
mdpi.com/journal/medicina

Special Issue Reprint

Diagnosis, Evaluation,  
and Management of 
Diseases during Pregnancy

Edited by 
Marius L. Craina and Elena Bernad



Diagnosis, Evaluation, and
Management of Diseases
during Pregnancy





Diagnosis, Evaluation, and
Management of Diseases
during Pregnancy

Editors

Marius L. Craina

Elena Bernad

Basel • Beijing • Wuhan • Barcelona • Belgrade • Novi Sad • Cluj • Manchester



Editors

Marius L. Craina

“Victor Babes” University of Medicine

and Pharmacy from Timisoara

Timisoara

Romania

Elena Bernad

“Victor Babes” University of Medicine

and Pharmacy from Timisoara

Timisoara

Romania

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal

Medicina (ISSN 1648-9144) (available at: https://www.mdpi.com/journal/medicina/special issues/

Pregnancy Diseases).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, A.A.; Lastname, B.B. Article Title. Journal Name Year, Volume Number, Page Range.

ISBN 978-3-0365-9738-6 (Hbk)

ISBN 978-3-0365-9739-3 (PDF)

doi.org/10.3390/books978-3-0365-9739-3

© 2023 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license. The book as a whole is distributed by MDPI under the terms

and conditions of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

license.



Contents

About the Editors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

Soo Jung Kim, So-Yeon Shim, Hyun-Hae Cho, Mi-Hye Park and Kyung A. Lee

Prenatal Diagnosis of Fetal Obstructed Hemivagina and Ipsilateral Renal Agenesis (OHVIRA)
Syndrome
Reprinted from: Medicina 2023, 59, 703, doi:10.3390/medicina59040703 . . . . . . . . . . . . . . . 1

Eirini Giovannopoulou, Ioannis Tsakiridis, Apostolos Mamopoulos, Ioannis Kalogiannidis,

Ioannis Papoulidis, Apostolos Athanasiadis and Themistoklis Dagklis

Invasive Prenatal Diagnostic Testing for Aneuploidies in Singleton Pregnancies: A Comparative
Review of Major Guidelines
Reprinted from: Medicina 2022, 58, 1472, doi:10.3390/medicina58101472 . . . . . . . . . . . . . . 9

Andreea Roxana Florian, Gheorghe Cruciat, Georgiana Nemeti, Adelina Staicu, Cristina

Suciu, Mariam Chaikh Sulaiman, et al.

Umbilical Cord Biometry and Fetal Abdominal Skinfold Assessment as Potential Biomarkers
for Fetal Macrosomia in a Gestational Diabetes Romanian Cohort
Reprinted from: Medicina 2022, 58, 1162, doi:10.3390/medicina58091162 . . . . . . . . . . . . . . 27

Jara Pascual-Mancho, Pilar Pintado-Recarte, Jorge C. Morales-Camino, Carlos

Romero-Román, Concepción Hernández-Martin, Coral Bravo, et al.

Brain-Derived Neurotrophic Factor Levels in Cord Blood from Growth Restricted Fetuses with
Doppler Alteration Compared to Adequate for Gestational Age Fetuses
Reprinted from: Medicina 2022, 58, 178, doi:10.3390/medicina58020178 . . . . . . . . . . . . . . . 37

Marina Dinu, Anne Marie Badiu, Andreea Denisa Hodorog, Andreea Florentina

Stancioi-Cismaru, Mihaela Gheonea, Razvan Grigoras Capitanescu, et al.

Early Onset Intrauterine Growth Restriction—Data from a Tertiary Care Center in a
Middle-Income Country
Reprinted from: Medicina 2023, 59, 17, doi:10.3390/medicina59010017 . . . . . . . . . . . . . . . . 47

Felicia Fiat, Petru Eugen Merghes, Alexandra Denisa Scurtu, Bogdan Almajan Guta, Cristina

Adriana Dehelean, Narcis Varan and Elena Bernad

The Main Changes in Pregnancy—Therapeutic Approach to Musculoskeletal Pain
Reprinted from: Medicina 2022, 58, 1115, doi:10.3390/medicina58081115 . . . . . . . . . . . . . . 61
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Preface

Pregnancy is a unique period in a woman’s life. The physiological changes that occur help

the mother’s body to adapt to this transitional period. Ultrasonography is the most used imaging

exploration method in pregnancy. It has broad applicability in prenatal diagnosis, both regarding

the detection of foetal malformations and the evolution of the pregnancy. The pathologies that can

be associated with pregnancy can lead to maternal and foetal complications that require medical

interventions in order to complete the pregnancy in good conditions. This volume includes

studies on the diagnosis, evaluation and management of pathologies diagnosed during pregnancy.

The information provided in these pages will be helpful for specialists in the field of obstetrics

and gynaecology, potentially improving case management. The authors of the articles included in

this Special Issue aimed to present their personal achievements or structured information related

to specific essential topics in the form of reviews, and we thank them for their efforts. We also

thank the reviewers for their suggestions and recommendations, which increased the quality of

the manuscripts. Additionally, the Editorial Office of Medicine provided us with excellent support,

which significantly eased the Guest Editors’ job. This volume is the result of the combined efforts of

all involved.

Marius L. Craina and Elena Bernad

Editors
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Case Report

Prenatal Diagnosis of Fetal Obstructed Hemivagina and
Ipsilateral Renal Agenesis (OHVIRA) Syndrome

Soo Jung Kim 1, So-Yeon Shim 2, Hyun-Hae Cho 3, Mi-Hye Park 1 and Kyung A. Lee 1,*

1 Department of Obstetrics and Gynecology, Ewha Womans University College of Medicine, Ewha Womans
University Seoul Hospital, Seoul 07804, Republic of Korea; bossksj25@gmail.com (S.J.K.)
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* Correspondence: leekyunga@gmail.com; Tel.: +82-6986-1749

Abstract: Background: Obstructed hemivagina and ipsilateral renal agenesis (OHVIRA) syndrome,
also known as Herlyn-Werner-Wunderlich syndrome, is a rare syndrome characterized by the triad of
uterus didelphys, obstructed hemivagina, and ipsilateral renal agenesis. Most cases of OHVIRA have
been reported in adolescents or adults. Gartner duct cysts, including those manifesting as vaginal wall
cysts, are also rare. Fetal OHVIRA syndrome and Gartner duct cysts are difficult to diagnose. Case
Presentation: Here, the authors report a case of combined OHVIRA and Gartner duct cyst diagnosed
prenatally by ultrasonography, along with a brief review of the relevant published reports. A 30-year-
old nulliparous female was referred to our institution at 32 weeks’ gestation for fetal right kidney
agenesis. Detailed ultrasonographic examinations using 2D, 3D, and Doppler ultrasounds revealed
hydrocolpometra, and uterus didelphys, with a normal anus and right kidney agenesis. Conclusions:
When encountering female fetuses with ipsilateral renal agenesis or vaginal cysts, clinicians should
be aware of OHVIRA syndrome and Gartner duct cysts and perform systematic ultrasonographic
examinations for other genitourinary anomalies.

Keywords: Herlyn-Werner-Wunderlich syndrome; obstructed hemivagina and ipsilateral renal
agenesis syndrome (OHVIRA); Gartner duct cyst; prenatal diagnosis

1. Introduction

Obstructed hemivagina and ipsilateral renal agenesis (OHVIRA) syndrome, also
known as Herlyn-Werner-Wunderlich syndrome, is a rare syndrome characterized by the
triad of uterus didelphys, obstructed hemivagina, and ipsilateral renal agenesis. In 1922,
Purslow first reported this syndrome [1]. In 1971, Herlyn and Werner reported a case of
renal agenesis with a blind hemivagina, and Wunderlich described the association of renal
aplasia, a bicornuate uterus with a simple vagina, and an isolated hematocervix in 1976 [2].

OHVIRA syndrome is believed to be related to the abnormal development of the
Müllerian ducts during the eighth week of gestation, but the exact pathogenesis is unclear.
It is a rare congenital abnormality of the genitourinary system with an estimated incidence
of 0.1–3.8% [3]. Most cases have been reported in adolescents or adults after menarche
and have included progressive dysmenorrhea, abnormal pain, menstrual irregularities,
and pelvic masses. The clinical presentation of OHVIRA syndrome can vary significantly,
making it essential to consider differential diagnoses for unilateral kidney agenesis in
adolescent women, including obstructive genital tract anomalies and Gartner duct cysts. An
accurate diagnosis is crucial to preventing potential complications such as endometriosis,
infertility, and abortion. As a result, timely follow-up and treatment, particularly during
adolescence, can aid in preventing these long-term consequences. It is difficult to diagnose
fetal OHVIRA syndrome.

Medicina 2023, 59, 703. https://doi.org/10.3390/medicina59040703 https://www.mdpi.com/journal/medicina
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Gartner duct cysts occur as a result of obstruction of the mesonephric duct system
during fetal development and represent cystic remnants [4,5]. These cysts can be associated
with an abnormal genitourinary system, such as in the context of OHVIRA syndrome,
and they may be located submucosally along the anterior or lateral wall of the vagina [6].
Accurate diagnosis of Gartner duct cysts requires a combination of physical examination
and imaging modalities such as ultrasound and MRI. The management options for Gartner
duct cysts include aspiration, deroofing, or complete cyst removal via a vaginal approach.
The appropriate timing for treatment is not yet clear, particularly in the case of newborns.

Recently, fetal cases have been diagnosed thanks to the development and use of
prenatal ultrasound examinations. Here, the authors report a case of OHVIRA diagnosed
prenatally by ultrasound examinations, with Gartner duct cysts detected after birth.

2. Case

A nulliparous woman, aged 30 years, was referred to our institution at 32 weeks
of gestation for further investigation of fetal right kidney agenesis. The patient denied
experiencing any symptoms and had no relevant family history or prior kidney issues.
Prenatal screening tests, including the Sequential test, showed low risk, and the maternal
oral glucose tolerance test was normal. Upon physical examination, no specific findings
were noted, and the cervix was found to be closed.

A transabdominal ultrasound scan showed a normally growing female fetus with
right kidney agenesis. On a transabdominal ultrasound scan, the estimated fetal weight
and abdominal circumference were consistent with 32 weeks of gestation, with adequate
amniotic fluid and no placental abnormalities observed. The fetal brain and heart were
normal, and Doppler waveforms from the umbilical artery and middle cerebral artery
were within acceptable ranges. Additionally, detailed ultrasonographic examinations
using 2D and Doppler ultrasounds revealed right kidney agenesis, uterine didelphys,
hydrocolpometra, and a vaginal cyst (Figure 1A,B). Based on the imaging, fetal OHVIRA
syndrome was highly suspected.

 
Figure 1. Ultrasonographic findings at prenatal examination. (A) Color Doppler ultrasound of
the left kidney with the renal artery and right kidney agenesis (arrow) without the renal artery at
32 weeks of gestation. (B) Uterine didelphys with right hydrocolpometra (arrow), left uterus (dotted
arrow), and vaginal cyst (double-lined arrow) at 37 weeks of gestation.

At 39 weeks and 3 days of gestation, the amniotic sac membrane ruptured; however,
labor did not proceed, and an emergency cesarean delivery was performed at 39 weeks and
4 days of gestation. The patient delivered a healthy female newborn with a birth weight of

2
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3190 g, a 1 min Apgar score of 8, and a 5 min Apgar score of 10. There were no problems
during the postpartum period.

After birth, the newborn was admitted to the neonatal intensive care unit for evalua-
tion of the genitourinary system for any malformations. The newborn’s weight at birth,
3190 g, was appropriate for gestational age, and her height, head circumference, and chest
circumference were 51.5 cm, 34 cm, and 33 cm, respectively. The neonate appeared healthy
and active, with symmetric chest movements, normal breathing and respiratory patterns,
and no evidence of pectus excavatum. On the second day after birth, an abdominal ul-
trasound revealed probable right kidney agenesis with underlying uterine didelphys, a
small amount of fluid collected within the right side of the uterine fundus, and a fluid-filled
dilated right hemivagina. Additionally, the abdominal ultrasound detected three simple
cysts two days after birth.

Perineal inspection revealed a normal anus, a normally situated urethral meatus, a
bulge at the vaginal introitus, and a cystic mass protruding between the labia minora
(Figure 2A). The remainder of the physical examination was unremarkable.

 
Figure 2. (A) The cystic bulging mass (arrow) arising from the right vaginal wall between the labia
minora (dotted arrow) after birth. (B) On the initial ultrasound with a perineal approach, a fluid-
filled cystic lesion (arrow) in the right pelvic cavity was noted anterior to the rectum (dotted arrow).
(C) After aspiration, the previously observed cystic lesion collapsed (arrow).

When the baby was eight days old, an ultrasound-guided needle aspiration of the
cystic mass protruding between the labia minora, not the vaginal septum, was performed,
and yellow serous fluid was aspirated. The collapsed cystic lesion was observed after
the needle aspiration, and its appearance was suggestive of a Gartner duct cyst diagnosis
(Figure 2B,C).

A magnetic resonance imaging (MRI) scan of the baby’s abdomen and pelvis was
done to see how three cystic masses were related to the vaginal wall. The MRI, performed
on the fourth day after birth, revealed agenesis of the right kidney with a compensatory
hypertrophied left kidney (Figure 3A), uterine didelphys, an obstructed right hemivagina
with hydrocolpometra, a non-obstructed left hemivagina, and three cystic lesions along
the right hemivagina. These cystic lesions were thought to be tubulocystic anomalies
(Figure 3B,C). Therefore, the diagnosis of OHVIRA syndrome and Gartner duct cyst was
established (Figure 3D).

3
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Figure 3. (A) Coronal T2-weighted abdominopelvic magnetic resonance image showing an absent
right kidney (arrow) with compensatory left kidney hypertrophy. (B) Coronal T2-weighted image of
the pelvic area showing uterine didelphys with an obstructed right hemivagina and hydrocolpometra
(arrow) as well as the non-obstructed left hemivagina (dotted arrow). Three cystic lesions along
the right hemivagina were thought to be tubulocystic anomalies, suggesting a diagnosis of Gartner
duct cysts (double-lined arrows). (C) Axial T2-weighted images showing uterine didelphys (arrow).
(D) Schematic diagram of OHVIRA syndrome and possible Gartner cysts.

The newborn was discharged on the eleventh day after birth and examined 3 weeks
later, and there were no problems. The child is undergoing follow-up at an outpatient clinic
by a pediatric nephrologist.

3. Discussion

The true incidence of OHVIRA syndrome is unknown, but it is estimated to be between
0.1% and 3.8% [3]. Biological sex is established at fertilization, but the fetus begins to attain
sexual characteristics by the seventh week of gestation. The genital system is closely related
to the urinary system, and the development of these two systems is closely linked. The
development of the Müllerian ducts—the embryonic formation of the female reproductive
tract—includes elongation, fusion, canalization, and septal resorption. OHVIRA syndrome
is thought to result from abnormal development of the Müllerian ducts during the fetal
period, but the exact pathogenetic mechanism is unclear [3,7].

There are many classification systems for Müllerian abnormalities. The American Fer-
tility Society (AFS) classification has been most widely used since 1988. Recently, however,
new anatomic variants have been discovered, so a new classification was needed. The
American Society for Reproductive Medicine (ASRM) updated the AFS’s 1988 classification
with simple and descriptive terminology for identifying anomalies of the uterus, cervix,
and vagina. The ASRM Müllerian Anomalies Classification 2021 (MAC 2021) classifies Mül-
lerian anomalies into nine categories and provides guidance on diagnostic and treatment
options. Anomalies are classified into different categories based on descriptive terminology,
which include Müllerian agenesis, cervical agenesis, unicornuate uterus, uterus didelphys,
bicornuate uterus, septate uterus, longitudinal vaginal septum, transverse vaginal septum,
and complex anomalies [8].

The most common symptoms of OHVIRA syndrome are nonspecific, with patients
complaining of lower abdominal and pelvic pain, progressive dysmenorrhea, or cystic
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masses in the vaginal wall after menarche [9]. Additionally, the obstructed vaginal septum
affects the menstrual flow and causes urinary incontinence, endometriosis, and pelvic
infections, such as abscesses, pyosalpinx, and peritonitis [10]. Endometriosis and sub-
sequent pelvic adhesions may result in infertility or miscarriages [11]. The diagnosis of
OHVIRA syndrome is often delayed until after the early reproductive years due to the
normal external genitalia [12,13]. Moreover, ipsilateral anomalies of the urinary system,
such as kidney agenesis, dysplastic or polycystic kidney, and ectopic or duplicated ureters,
have been reported. Coexisting urologic anomalies can result in recurrent urinary tract
infections [10].

Early diagnosis of OHVIRA syndrome is important for managing clinical symptoms
and preventing complications. A speculum examination may reveal features suggestive of
OHVIRA syndrome, but radiologic examinations are essential for the definitive diagno-
sis [12]. MRI is the gold standard for imaging and identifying Müllerian anomalies, as it
provides details about uterine morphology and vaginal luminal continuity. MRI can also
identify renal abnormalities [14]. Additionally, 3D transvaginal ultrasound and 3D com-
puted tomography can provide accurate anatomical information about the uterine cavity’s
external contour and internal shape [10]. These results can help determine appropriate
treatment methods.

OHVIRA is typically diagnosed during the peri-pubertal period after the manifes-
tation of menstruation-related problems, including dysmenorrhea and pelvic pain. With
advances in sonographic imaging, neonatal diagnosis is becoming more frequent and often
occurs after the incidental identification of hydrocolpos or renal agenesis. On the other
hand, prenatal diagnosis of OVHIRA is extremely rare, with only two reported cases in
the literature to date. Han et al. described a case of prenatal diagnosis of OHVIRA at
37 weeks of gestation following visualization of an absent left kidney and a cystic mass in
the retrovesical space [15]. Tuna et al. reported a case of prenatal diagnosis of OHVIRA
at 36 weeks’ gestation after the detection of right renal agenesis and hydrocolpos. An
MRI was performed in both cases to confirm the diagnoses [2]. These cases emphasize the
significance of conducting a comprehensive prenatal sonographic examination to facilitate
timely identification of OHVIRA syndrome during the prenatal phase. It is important to
possess knowledge about OHVIRA syndrome for early diagnosis and subsequent treatment
to prevent potential complications such as endometriosis, infertility, and spontaneous abor-
tion. There is no clear optimal treatment for OHVIRA syndrome; however, most clinicians
agree that, in most cases, resection of the vaginal septum restores reproductive function [10].
The resection is usually not an emergency and should be performed around the pubertal
period, except for rare cases where OHVIRA is complicated by infections, such as pelvic
inflammatory disease and abscess formation [11,13]. Surgical treatment is important and
is the optimal treatment to relieve obstruction and symptoms, prevent complications of
retrograde flow, and preserve fertility [14,16]. OHVIRA with a didelphys uterus has not
been associated with infertility or pregnancy complications, such as spontaneous miscar-
riage or preterm delivery. However, OHVIRA with a septate uterus is a known risk factor
for infertility and a cause of pregnancy complications, and pregnancy outcomes can be
markedly improved after resection of the uterine septum [16]. The presence of a thick
vaginal septum may restrict the distal distension of the affected hemivagina, leading to ret-
rograde menstrual bleeding into the peritoneal cavity, ultimately resulting in endometriosis.
Patients with OHVIRA have been reported to have a prevalence of endometriosis as high
as 23%. Treatment with gonadotropin-releasing hormone analogs may be a good option for
maintaining amenorrhea and reducing pelvic pain associated with endometriosis [10,11].

Gartner duct cysts are extremely rare in fetuses and neonates. They result from ob-
struction of the mesonephric duct system during fetal development and have been reported
to be caused by a failure of separation of the ureteric bud from the mesonephric duct, but
this remains unclear [5]. Gartner duct cysts are located in the anterior or lateral wall of the
vagina. The vaginal cysts are lined with stratified squamous epithelium as they originate
from the Müllerian duct, while Gartner duct cysts are lined with cuboidal epithelium. The
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majority of cases are asymptomatic and detected incidentally. The association of Gartner
duct cysts with ipsilateral renal agenesis or dysplasia is infrequent and results from the
abnormal development of the ureter [6]. For an accurate diagnosis, a physical examination
and imaging tests, such as an ultrasound and an MRI, should be performed. During the
examination, the patient should be positioned in the frog-leg position, and the labia majora
should be delicately grasped and laterally pulled to examine the introitus and vagina.
The management options are aspiration, deroofing, and the removal of the entire cyst
through a vaginal approach [6]. The optimal timing for the treatment of Gartner duct cysts
remains uncertain, particularly in newborns. Nevertheless, the long-term prognosis is
generally favorable.

4. Conclusions

It is common for individuals with OHVIRA syndrome to exhibit symptoms such as
progressive dysmenorrhea, abnormal pain, menstrual irregularities, and pelvic masses after
the onset of menarche. Therefore, it is recommended that appropriate medical attention
and management, perhaps initiated during adolescence, be provided to individuals with
OHVIRA syndrome in order to prevent complications such as endometriosis, infertility,
and spontaneous abortion. OHVIRA syndrome is associated with a favorable prognosis,
and severe complications can be avoided by early diagnosis and surgical intervention.
Gartner duct cysts are rare, associated with renal anomalies, and have a favorable long-
term prognosis. The novel aspect of this report is the presentation of a case accompanied by
a Gartner duct cyst in addition to OHVIRA syndrome. Therefore, a differential diagnosis
is crucial since other genitourinary anomalies, such as Gartner duct cysts, may coexist.
Therefore, clinicians, especially obstetricians and pediatricians, should perform systematic
ultrasound examinations to identify any other genitourinary anomalies when encountering
female fetuses with ipsilateral renal agenesis or vaginal cysts.
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Abstract: Sophisticated screening protocols for genetic abnormalities constitute an important com-
ponent of current prenatal care, aiming to identify high-risk pregnancies and offer appropriate
counseling to parents regarding their options. Definite prenatal diagnosis is only possible by invasive
prenatal diagnostic testing (IPDT), mainly including amniocentesis and chorionic villous sampling
(CVS). The aim of this comparative review was to summarize and compare the existing recom-
mendations on IPDT from the most influential guidelines. All the reviewed guidelines highlight
that IPDT is indicated based on a positive screening test rather than maternal age alone. Other
indications arise from medical history and sonography, with significant variations identified between
the guidelines. The earlier time for amniocentesis is unequivocally set at ≥15 gestational weeks,
whereas for CVS, the earlier limit varies from ≥10 to ≥11 weeks. Certain technical aspects and
the overall approach demonstrate significant differences. Periprocedural management regarding
Rhesus alloimmunization, virologic status and use of anesthesia or antibiotics are either inconsistent
or insufficiently addressed. The synthesis of an evidence-based algorithm for IPDT is of crucial
importance to healthcare professionals implicated in prenatal care to avoid unnecessary interventions
without compromising optimal prenatal care.

Keywords: invasive prenatal diagnostic testing; chorionic villous sampling (CVS); amniocentesis;
indications; technique; complications

1. Introduction

Prenatal care involves providing a bundle of examinations and guidance to the preg-
nant woman, to promote education and awareness and prevent or ameliorate adverse
outcomes [1]. Detection of genetic abnormalities and birth defects has been a main focus of
prenatal screening policies, although screening has also expanded to include potentially
preventable adverse outcomes, including preeclampsia, preterm birth and stillbirth [2].
Genetic or birth defects complicate about 3% of births; chromosomal abnormalities in-
clude aneuploidies, translocations, deletions and duplications [3]. Major chromosomal
abnormalities affect up to 1 in 140 live births [4].

Prenatal screening protocols for common aneuploidies, especially trisomy 21, imple-
ment various sonographic and/or biochemical markers to produce a risk stratification [2].
During the past few decades, a substantial shift from maternal age alone-based screening to
more sophisticated combined screening protocols evolved in clinical practice [5,6]. Different
strategies of screening have been proposed in the literature, including integrated, stepwise
sequential or contingency screening that are available in the first and/or second trimesters
of pregnancy [7,8]. Aneuploidy screening has radically changed following the introduction
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of cell-free DNA (cfDNA) testing, which has been validated as a highly accurate screening
tool, especially in singleton pregnancies [9].

According to its definition, screening provides only a risk estimate and does not
constitute a diagnosis. Definite diagnosis is only achieved by cytogenetic analysis of cells
obtained through invasive prenatal diagnostic testing (IPDT); the latter includes chorionic
villous sampling (CVS) and amniocentesis as well as fetal blood sampling (FBS) under
specific indications [10,11]. The first diagnostic amniocentesis for trisomy 21 dates back
to 1968 [12], and the description of the technique preceded this by several years [13,14].
Amniocentesis became the gold standard of prenatal diagnosis during the 1970s, and CVS
was introduced a decade later [15,16]. Since then, as experience in IPDT has accumulated,
several alterations were implemented on indications, timing, technical aspects and cytoge-
netic analysis techniques; procedure-related complications were also described [11]. The
choice of the procedure is affected by both the operator’s expertise and the individual
patient’s preferences that are reflected in decision making. IPDT should be undertaken by
appropriately trained healthcare professionals, taking into consideration the inter-operator
variability, as well as the associated cost [17–19].

Several medical societies have developed guidelines to address the issues related to
IPDT and guide clinical practice, which has substantially evolved during the past few
decades. As there are considerable differences in recommended practices and approaches,
usually affected by cost-effectiveness analyses and associated healthcare policies, we de-
cided to undertake this review to summarize and compare the recommendations provided
by influential medical societies with regard to IPDT for fetal genetic defects and underline
potential agreements and disagreements.

2. Evidence Acquisition

The most recently published guidelines from seven medical societies on IPDT were
retrieved, and a descriptive review was performed. We included recommendations from
the National Society of Genetic Counselors (NSGC 2013) [7], the American College of
Obstetricians and Gynecologists and the Society for Maternal-Fetal Medicine (ACOG-
SMFM 2016) [20], the International Society of Ultrasound in Obstetrics and Gynecology
(ISUOG 2016) [21], the Human Genetics Society of Australasia and the Royal Australian and
New Zealand College of Obstetricians and Gynaecologists (HGSA—RANZCOG 2018) [22],
as well as the Royal College of Obstetricians and Gynaecologists (RCOG 2021) [23].

An overview of recommendations is presented in Table 1 (indications for IPDT),
Table 2 (amniocentesis), Table 3 (chorionic villus sampling) and Table 4 (periprocedural
management). Of note, the RCOG guideline does not make any reference to the indications
of IPDT.

Table 1. Summary of recommendations on the indications for invasive prenatal diagnostic testing.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG

Issued 2013 2016 2016 2018 2021

Title

NSGC Practice
Guideline: Prenatal

Screening and
Diagnostic Testing

Options for
Chromosome
Aneuploidy.

Prenatal Diagnostic
Testing for Genetic

Disorders.

ISUOG Practice
Guidelines: Invasive

procedures for
prenatal diagnosis.

Prenatal screening
and diagnostic
testing for fetal

chromosomal and
genetic conditions.

Amniocentesis and
chorionic villus

sampling.

Pages 12 14 13 35 15

References 44 74 106 47 55
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Table 1. Cont.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG

Issued 2013 2016 2016 2018 2021

Indications for IPDT

Positive screening
result.

Ultrasound findings
(NT > 3.0 mm or
>95th percentile).

Positive screening
result.

Ultrasound findings
(not specified).

Positive screening
result.

Ultrasound findings
(structural defects

associated with
chromosomal

abnormalities).

Positive screening
result. Not discussed

Past History Not discussed

Previous child or
fetus with

chromosomal
aneuploidy.

Known parental
carrier status.

Previous child or
fetus with

chromosomal
aneuploidy.

Known parental
carrier status.

Not discussed Not discussed

Maternal request Available to
all women.

Available to
all women.

Only under specific
circumstances.

Available to
all women. Not discussed

Maternal age Not discussed
Advanced maternal
age does not justify

invasive testing.

Advanced maternal
age does not justify

invasive testing.

Available to all
women irrespective

of age.
Not discussed

Assisted
Reproduction

Techniques (ART)
Not discussed Not discussed IVF or ICSI is not an

indication for IPDT. Not discussed Not discussed

Cell-free DNA A positive
cfDNA result.

A positive
cfDNA result.

A positive
cfDNA result.

A positive or a “no
call” cfDNA result. Not discussed

ICSI: intracytoplasmic sperm injection; IVF: in vitro fertilization; IPDT: invasive prenatal genetic diagnosis;
NT: nuchal translucency.

Table 2. Summary of recommendations on amniocentesis.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG

Issued 2013 2016 2016 2018 2021

Timing ≥15 weeks ≥15 weeks ≥15 weeks
≥15 weeks

Not recommended
before 14 weeks.

≥15 weeks

Technique Not discussed

Continuous
ultrasound guidance.

Sterile technique.
Needle size 22 G.

Continuous ultrasound
guidance.

Aseptic technique.
Maximum needle size 20–22 G.
Avoid placenta and placental

cord insertion site, especially in
Rhesus-negative women.

Not discussed
Continuous

ultrasound guidance.
Aseptic technique.

Complications

Fetal loss, limb
defects,

membrane
rupture.

Fetal loss, vaginal
spotting, membrane

rupture.

Fetal loss, chorioamnionitis,
membrane rupture.

Fetal injury, maternal
complications (rare).

Not discussed

Fetal loss, severe
infection, fetal injury,

maternal visceral
injury.

Maternal cell
contamination Not discussed Discard the first

1–2 mL. Discard the first 2 mL. Not discussed Risk 1–2%.

Table 3. Summary of recommendations on chorionic villus sampling.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG

Issued 2013 2016 2016 2018 2021

Timing Not discussed ≥10 weeks ≥10 weeks ≥11 weeks

≥10 weeks
If possible after

11 completed weeks,
when technically easier.
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Table 3. Cont.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG

Issued 2013 2016 2016 2018 2021

Technique Not discussed

Transabdominal or
transcervical

approach.
Continuous

ultrasound guidance.

Transabdominal or
transcervical

approach.
Continuous

ultrasound guidance.
Aseptic technique.

Not discussed
Continuous ultrasound

guidance.
Aseptic technique.

Complications

Fetal loss, limb
defects (especially
before 10 weeks).
Procedure-related

complications
comparable with

amniocentesis, only
in experienced

centers.

Fetal loss, vaginal
bleeding,

limb defects
(especially before

10 weeks).

Fetal loss, vaginal
bleeding, amniotic

fluid leakage,
chorioamnionitis.

Not discussed
Fetal loss, severe

infection, fetal injury,
maternal visceral injury.

Table 4. Summary of recommendations on periprocedural management at invasive prenatal diagnos-
tic testing.

NSGC ACOG-SMFM ISUOG
HGSA-

RANZCOG
RCOG

Issued 2013 2016 2016 2018 2021

Periprocedural
management Not discussed Not discussed

Provide a detailed report.
Ultrasound check for

fetal heart rate,
hematoma and amniotic
fluid after the procedure.

Not discussed
Need to have a written

consent form before
invasive testing.

Rhesus
alloimmunization Not discussed Not discussed

Check Rhesus and
alloantibodies.

Administer anti-D
immunoglobulin in

Rhesus-negative women
within 72 h, unless there
is proof that the alleged

father is Rhesus-negative.

Not discussed

Inform patients of
aftercare, including

Rhesus immunization in
non-sensitized

Rhesus-negative women.

Blood-borne viral
diseases Not discussed

Routine screening not
recommended.

Recommendations apply
to known

chronic infections.

Routine screening for
transmittable viral

diseases not
recommended.

Not discussed

Universal screening for
blood-borne viral disease
is recommended and is
performed by review of

previous records.

HIV, HBV, HCV Not discussed

Low incidence of HBV
vertical transmission with

low viral load. Risk for
HCV vertical
transmission

presumably low.
Low risk of HIV vertical
transmission in women

under antiretroviral
therapy and undetectable

viral load. Optimally
postpone invasive testing
until viral load is below

detection cut-off.
Data for CVS are limited.

Noninvasive testing is
preferable to invasive
procedures in known

HCV-, HBV- or
HIV-positive status.
If invasive testing is

performed, avoid the
placenta.

In cases of HBsAg
(+)/HbeAg (−) or HIV

(+) in HAART, the risk of
vertical transmission is

not increased.

Not discussed

HBV or HCV infection is
not a contraindication for
invasive testing. Minimal

risk for vertical
transmission for HBV

and low viral load and no
proven risk for HCV.

Withhold invasive testing
until HIV results

available.In cases of HIV
(+) under HAART, the
risk is low. Optimally,

postpone invasive testing
until viral load is below

detection cut-off.
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Table 4. Cont.

NSGC ACOG-SMFM ISUOG
HGSA-

RANZCOG
RCOG

Issued 2013 2016 2016 2018 2021

Aseptic technique Not discussed Sterile technique. Details
not specified.

Sterile gloves, gauzes,
needles, forceps. Skin

decontamination
(chlorhexidine or iodine).

Sterile drape.
Sterile bag for ultrasound

probe or probe
disinfection.
Sterile gel.

Sterile speculum and
disinfection of cervical
and vaginal mucosa for

transcervical CVS.

Not discussed

Skin decontamination.
Sterile bag for

ultrasound probe.
Sterile gel.

Anesthesia Not discussed Not discussed

Local anesthesia not
recommended for

amniocentesis. There are
no available data for

transcervical CVS.
Consider local anesthesia
for transabdominal CVS
to reduce discomfort and

maternal movement.

Not discussed Not discussed

Ultrasound
evaluation Not discussed Not discussed

Pre-procedural (HR, GA,
placenta, amniotic fluid).

Post-procedural (HR.
placenta, amniotic fluid).
Check for complications

immediately after or even
days after.

Not discussed Not discussed

Antibiotics Not discussed Not discussed Antibiotic prophylaxis
not recommended. Not discussed

Consider antibiotic
therapy in cases of
purulent or cloudy

amniotic aspirate or in
the presence of clinical

chorioamnionitis.

Thromboprophylaxis Not discussed Not discussed

Discontinuation of the
regimen in

women receiving
thromboprophylaxis or
low dose aspirin is not

recommended.

Not discussed Not discussed

Counseling

Refer for
genetic

counseling
when there are

concerns in
decision
making.

Offer pretest counseling.
Nondirective counseling.

Refer to genetic
counseling after a

suspected diagnosis of
aneuploidy or in complex

cases of mosaicism.

Offer pretest counseling.
Genetic counseling in

cases of sample
mosaicism.

Offer
individualized

counseling.
Genetic

counseling in
high-risk women

Pretest counseling by
appropriately trained

professionals.

HIV: human immunodeficiency virus; HBV: hepatitis-B virus; HCV: hepatitis-C virus; CVS: chorionic villus
sampling; HAART: highly active antiretroviral therapy; HR: heart rate; GA: gestational age.

3. Indications for Invasive Prenatal Diagnostic Testing

It is well-documented that prenatal screening for fetal aneuploidies should be of-
fered to all women [24]. Screening options are delineated by guidelines and local stan-
dards. However, as already mentioned, the result of a screening test does not constitute
a definite diagnosis. Definite diagnosis requires IPDT, which is generally reserved for
high-risk women.
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3.1. High-Risk Groups for Fetal Aneuploidy

Several reviewed guidelines recommend offering IPDT when a screening test is pos-
itive or above predetermined cut-off values, including variable protocols for combined
screening (NSGC, ACOG-SMFM, ISUOG, HGSA-RANZOG). Moreover, abnormal ultra-
sound findings represent another common indication for IPDT (NSGC, ACOG-SMFM,
ISUOG); however, specific ultrasound findings that require diagnostic testing differ among
these guidelines. In particular, ACOG-SMFM does not specify the ultrasound findings that
should prompt investigation with IPDT. However, it is stated that the risk fluctuates based
on the number and type of the anomalies. Wladimiroff et al. described the findings from
karyotyping a total of 170 fetuses with specific structural defects or fetal growth restriction,
polyhydramnios and fetal hydrops [25]. The majority of the cases included either one
major defect (including cardiac defects, duodenal atresia, omphalocele or cystic hygroma),
multiple minor defects or rare deficits; a chromosomal abnormality was detected in 20.5%
of the analyzed cases [25]. ISUOG defines abnormal ultrasound findings as the recognition
of a structural anomaly indicative of chromosomal abnormalities, but does not provide
specific information on these abnormalities. Additionally, the NSGC states that a nuchal
translucency (NT) measuring ≥ 3 mm or above the 95th percentile should be followed by
IPDT. Souka et al., in a review on the association between increased NT and major fetal
abnormalities in chromosomally normal fetuses, found that the prevalence of abnormalities
increases with NT thickness (1.6% in NT < 95th percentile, 2.5% for NT between 95th and
99th percentiles, up to 45% for NT ≥ 6.5 mm) [26].

3.2. Past History

A personal history of a previous child or fetus diagnosed with chromosomal abnor-
mality poses an independent indication for invasive testing (ACOG-SMFM, ISUOG). This
is derived and supported by data reporting increased risk of recurrence in subsequent
pregnancies [27]. Warburton et al. investigated the risk for trisomy recurrence combining
the data from two large databases; the risk for trisomy 21 recurrence is higher than the
expected based on maternal age, when the first occurrence was after 30 years of age [27].
Nevertheless, the risk of recurrence of a viable trisomy is multiplied by 1.6 to 1.8 after a
previous history of trisomy 21, 18 or 13, independently of the viability of the fetus [27].

As far as parental status is concerned, known carrier status for a balanced chromosomal
translocation or inversion or parental aneuploidy or mosaicism for aneuploidy justify
further diagnostic testing according to ACOG-SMFM and ISUOG. Parental carrier status
that has been diagnosed after a history of an affected child dramatically increases the risk
for chromosomal abnormality in the current pregnancy, compared to cases incidentally
diagnosed, with no previous history [28]. More specifically, the relevant risks are 5–30%
compared to 0–5% for translocations and 5–10% compared to 1–3% for inversions [28].

3.3. Maternal Request

NSGC, ACOG-SMFM and HGSA-RANZCOG support offering the option of IPDT to
all women, irrespective of age or other risk factors. According to ISUOG, however, IPDT is
not justified based solely on maternal request and should be offered only after extensive
counseling by an expert. The reasoning behind offering to all women the option of invasive
testing is supported by the fact that using array comparative genomic hybridization (array-
CGH) technology in pregnant women, irrespective of age, with normal ultrasound and
karyotype, the risk of finding a pathogenic copy number variant is >1% [29,30]. Taking
into consideration the distribution of maternal age, which gradually increases, the reduced
complication rates of invasive procedures and the personal beliefs and expectations of
each woman for their pregnancy, an individualized approach is encouraged to allow for
informed decisions regarding invasive testing [31,32].
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3.4. Maternal Age

ACOG-SMFM, ISUOG and HGSA-RANZCOG agree that maternal age as a standalone
criterion is not an indication for invasive prenatal testing. The concept of maternal age-
based strategies for IPDT has been re-evaluated in the past two decades [31]. There is a
shift towards screening-based risk stratification and maternal age is co-evaluated among
other factors, derived from screening protocols [32–35]. This shift is justified, as screening
strategies are evolving to become more sensitive and intend to minimize procedure-related
risks and costs, associated with invasive testing [31].

3.5. Assisted Reproduction Techniques

ISUOG recommends against routine IPDT following IVF or ICSI, in the absence of
other risk factors; however, in the context of ICSI due to oligospermia, it recommends
counseling of the couple for the higher risk of chromosomal abnormalities associated with
infertility in the male offspring. Bonduelle et al. investigated 1586 fetuses conceived by ICSI
and found a significantly higher rate of inherited chromosomal abnormalities in these cases,
compared to the general population (1.4% vs. 0.3%) [36]. The majority were attributed to
the male partner and associated with sperm quality, initially necessitating ICSI [36]. The
other guidelines do not make any relevant recommendation.

3.6. Cell-Free DNA

cfDNA is based on the analysis of circulating fractions of fetal DNA in maternal
serum to achieve prenatal screening for aneuploidies [37,38]. cfDNA is a screening and
not diagnostic test and therefore should not substitute IPDT (NSGC). The role of cfDNA
is either as a first-tier screening tool for fetal aneuploidy or as second-tier screening after
a positive screening result (derived, for example, from combined first trimester screen-
ing) and before IPDT is undertaken (HGSA-RANZCOG). The latter approach may place
some originally high-risk women at a low-risk level, and as they may avoid invasive
testing, some cases with aneuploidy may be missed [39]. In any case, a positive result of
a non-invasive prenatal test (NIPT) should be referred for IPDT (NSGC, ACOG-SMFM,
ISUOG, HGSA-RANZCOG). Moreover, low fractions of cfDNA in maternal serum (less
than 4%) may lead to an inconclusive test result, referred to as a “no call” result [24].
HGSA-RANZCOG suggests IPDT among other options (detailed ultrasound follow-up or
combined screening if not already performed or even repeat cfDNA, on the grounds of
a higher risk of aneuploidy). Pergament et al. analyzed cfDNA in 1051 pregnancies and
found that in cases of aneuploidy, a percentage as high as 16% did not return a result; in half
of these cases, the fetal fraction was below the 1.5th percentile compared to normal euploid
samples [40]. Moreover, a “no-call” result due to a low fraction of cfDNA was associated
with significantly higher odds for aneuploidy (OR: 5.7; 95% CI: 2.5–13.1), compared to
samples within the normal range [40]. Several studies have demonstrated that fetal fraction
is significantly higher in trisomy 21 and lower in trisomies 13, 18 and triploidies, compared
to euploid pregnancies [41,42].

Of note, there may be additional contributing factors to a “no-call” result in the context
of aneuploidy, other than low fetal fraction, that have not been extensively investigated
or understood [43]. Particularly, variables such as maternal body mass index, maternal
age, gestational age, medications, ethnicity and conception through assisted reproduction
techniques may also interfere with the fraction of cfDNA, acting as significant confounders
to the interpretation of the results [42,44,45]. Repeating the cfDNA test at a later gestational
age in these cases is reasonable (as cfDNA fraction increases with advancing gestational
age), but may delay definite diagnosis [43,45,46]. Previous screening results and ultrasound
findings should be taken into account in the interpretation of noninformative results and
clinical decision making [42].

Another concern is that confined placental mosaicism (CPM) is a common cause of a
false positive cfDNA result associated with a normal euploid fetus [47]. On the other hand,
CVS is associated with an incidence of about 2% of cell mosaicism, and only 13% of those
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cases correspond to true fetal mosaicism, as confirmed by amniocentesis [48]. Therefore,
since CPM may per se be the reason for an abnormal cDNA result, there are thoughts about
the potential superiority of amniocentesis over CVS to provide a definite diagnosis in such
cases [49]; however, this issue is not addressed by the reviewed guidelines.

4. Available Techniques for Invasive Prenatal Diagnostic Testing

4.1. Amniocentesis
4.1.1. Timing

All guidelines agree that amniocentesis should be performed only after 15 completed
gestational weeks. The reason for this recommendation is the well-documented higher risk
of procedure-related complications in cases of early amniocentesis, including pregnancy
loss, fetal congenital defects and membrane rupture at an earlier gestational age [50–53].

4.1.2. Technical Aspects

Amniocentesis involves the insertion of a needle system through the abdominal wall
into the amniotic cavity to obtain amniotic fluid for genetic analysis [54]. The sample
contains fetal exfoliated cells, transudate, fetal urine and secretions [54]. The maximum
caliber of the needle for amniocentesis is a key technical aspect. ACOG-SMFM recommends
a 22-gauge needle, whereas according to the ISUOG guidelines, either a 20 G or 22 G needle
may be used; a larger caliber needle is associated with quicker fluid aspiration without
increasing the risk of intrauterine bleeding [55]. Based on the findings of previous stud-
ies, transplacental needle passage increases the risk of contamination with blood [56–58].
Therefore, the passage of the needle through the placenta or at the placental cord insertion
site should be avoided, unless it is the only alternative to safely access an adequate am-
niotic fluid pool. ACOG-SMFM and ISUOG further underline the importance of such an
approach, especially for Rhesus-negative women, due to the potentially higher incidence of
feto-maternal hemorrhage and alloimmunization [58]. ISUOG, ACOG-SMFM and RCOG
highlight the necessity of continuous ultrasound visualization during the procedure. Of
note, the other guidelines do not make any relevant recommendation.

4.1.3. Maternal Cell Contamination

ACOG-SMFM, ISUOG and RCOG are the only guidelines that comment on the pos-
sibility of maternal cell contamination in the sample retrieved from amniocentesis. The
frequency of this condition greatly varies among different series and is higher in cases of
transplacental passage, need for second needle insertion, operator’s lack of experience and
blood staining of the amniotic fluid [59–61]. In order to avoid maternal contamination,
ACOG-SMFM and ISUOG encourage the disposal of the first 1–2 mL that are aspirated.
RCOG states that the possibility of maternal contamination during amniocentesis is 1–2%
but does not provide any further guidance on this matter.

4.1.4. Complications

Like any interventional procedure, amniocentesis is not without complications. In
fact, this is a key issue in counseling, as parents need to decide based on the trade-off
between the advantage of diagnosis and the associated risks. Fetal loss, postprocedural
fluid leakage, fetal defects and chorioamnionitis are the main concerns following amnio-
centesis; the rate of estimated procedure-related complications varies among studies and,
therefore, between different guidelines. According to ACOG-SMFM, amniocentesis has an
overall complication rate of 0.1–0.3%, as suggested by recent studies [62–64]. Akolekar et al.
conducted a systematic review and metanalysis on procedure-related fetal loss, including
42,716 women undergoing amniocentesis [62]. The procedure-related loss was estimated
at 0.11%. Similarly, Odibo et al. provided data from a single-center retrospective anal-
ysis of 11,746 women subjected to amniocentesis, and the associated risk was estimated
at 0.13% [63]. Moreover, Caughey et al. reported a fetal loss rate of 0.27% following
amniocentesis [64].
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NSGC agrees that fetal loss ranges between 0.1% and 0.3%, complying with the
lower risk estimates [65]. On the other hand, ISUOG and RCOG refer to slightly higher
miscarriage rates of 0.1–1% and <0.5%, respectively. A recent meta-analysis on procedure-
related losses, including 64,901 amniocentesis and 19,000 CVS, updated the procedure-
related fetal losses at 0.35% for both procedures [66]. According to ISUOG, fetal loss
increases with multiple needle insertions, blood contamination of the amniotic fluid and
the presence of an underlying fetal abnormality [67,68].

Rupture of membranes is another potential complication of amniocentesis, encoun-
tered in 1–2% of cases [53,69–71]. Congenital limb malformation is another concern; NSGC
estimates the possibility of clubfoot to be less than 1% [53,69,72]. Post-procedural infection
of the fetal membranes, clinically presenting as chorioamnionitis, is quite rare, with an
incidence of <0.1%, as described by ISUOG. Other severe feto-maternal complications have
been only occasionally reported and considered rare, such as sepsis, maternal visceral
injury or fetal injury. Of note, experience, reflected on the number of procedures performed
annually by each operator, also plays a critical role in the incidence of procedure-related
complications [73–75]. Baker et al. retrospectively investigated the effect of multiple vari-
ables on procedure-related fetal losses after CVS and amniocentesis and found a positive
association between increasing experience and lower procedure-related risks, highlighting
that actual risks may be lower than those initially estimated and on which routine counsel-
ing is based [76]. Therefore, counseling should be accordingly reformed to incorporate the
updated available evidence on associated risks.

4.2. Chorionic Villous Sampling
4.2.1. Timing

CVS is the only available diagnostic test during the first trimester (NSGC, ACOG-
SMFM, ISUOG, HGSA-RANZCOG, RCOG), as early amniocentesis before 14 weeks is
unanimously discouraged due to an unacceptably higher rate of complications [50–53].
However, the optimal gestational age after which CVS should be performed is not clear;
NSGC, ACOG-SMFM, ISUOG and RCOG set the safe limit to perform CVS at 10 weeks,
while HGSA-RANZOG recommends against CVS before 11 completed gestational weeks
due to a higher risk of limb defects. RCOG also states that CVS should ideally be performed
after 11 completed weeks, as the suboptimal development of the trophoblastic tissue
increases the technical difficulty of the procedure at an earlier gestational age.

4.2.2. Technical Aspects

CVS includes the introduction of a needle system through the abdomen (transab-
dominal) or the cervix (transcervical) to retrieve chorionic tissue from the developing
placenta for genetic analysis [19]. CVS can be safely carried out by either a transabdominal
or transcervical approach by continuous US guidance (ISUOG, ACOG-SMFM, RCOG).
ISUOG makes a recommendation on the needle size, recommending either a single needle
of 17–20 G or a two-needle system with outer needle size of 17/19 G and inner needle
size of 19/20 G. The variation in the technique and the needle size in clinical practice is
highlighted by the study of Carlin et al. that reviewed the individual preferences in U.K.
practice [77]. Like the amniocentesis technique, apart from ISUOG and RCOG, the other
guidelines do not make any relevant recommendation.

4.2.3. Complications

Regarding the risk of pregnancy loss, CVS is comparable to mid-trimester amniocente-
sis, when performed by experienced operators. ACOG-SMFM reports a procedure-related
loss of 0.22%, while ISUOG provides an estimate for fetal loss that greatly varies between
0.2% and 2% [62], underlining the absence of well-designed randomized controlled studies.
In the systematic review and meta-analysis conducted by Akolekar et al., which included
8899 CVS procedures, the risk was estimated at 0.22% [62]. NSGC sets the risk between 0.5%
and 1% and RCOG below 0.5%. Odibo et al. retrospectively evaluated the risk of pregnancy
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loss in 5148 CVS procedures and found a risk estimate of 0.2% and 0.5% for transabdominal
and transcervical procedures, respectively [78]. Interestingly, the risk was not statistically
different from the background risk in the control group [78]. CVS may also be associated
with vaginal bleeding in 10% or even 30% of cases after a transcervical approach [79,80].
In addition, amniotic fluid leakage and intra-amniotic infection are encountered much
less often (<0.5% and 1–2 per 3000 cases, respectively), according to ACOG-SMFM and
ISUOG [79]. As far as maternal safety is concerned, no cases of severe maternal adverse
outcomes have been described following CVS, or at worse, they are very rare [23].

4.2.4. Fetal Blood Sampling

FBS entails access to fetal circulation in order to obtain a blood sample for analysis.
Fetal blood is obtained via puncture of the umbilical vein, and therefore, also referred to as
“cordocentesis”. The umbilical vein can be accessed either at the cord (cord insertion or
independent loop) or even at its intrahepatic portion, according to placental location [81].
FBS is the first-line option for the hematologic assessment of the fetus in cases of severe
anemia or thrombocytopenia. However, its role in prenatal genetic diagnosis is limited [81].
The only guideline that refers to FBS as a means of prenatal diagnosis is ISUOG. FBS is
indicated in cases of mosaicism of the sample obtained from invasive testing, to exclude
true fetal mosaicism. Concerning indications, the ISUOG guideline refers to investigation
of mosaicism solely after amniocentesis with no referral to CVS. According to ISUOG,
cordocentesis for FBS can be performed from 18 completed weeks [81], and the risk of
procedure-related pregnancy loss is 1–2% [82]. However, this risk increases with gestational
age under 24 weeks, possibly due to associated structural malformations or fetal growth
restriction [83,84]. According to ISUOG, the optimal technique includes the use of a
20–22 G needle that is inserted to the cord, through the abdomen, under simultaneous
ultrasound visualization.

5. Periprocedural Management

The optimal management of a woman who has an indication for invasive diagno-
sis is minutely delineated by the ISUOG and RCOG guidelines (ACOG-SMFM makes
recommendations only for transmittable diseases).

a. Rhesus status

According to ISUOG, Rhesus status of the mother, along with the existence of alloanti-
bodies in the maternal serum, is a prerequisite before the procedure, in order to administer
immunoglobulin in Rhesus-negative women. Anti-D administration, when indicated,
should not delay more than 72 h from the procedure (ISUOG). Additionally, according to
ISUOG, immunization could be omitted, if the Rhesus status of the presumed father has
been confirmed as negative. RCOG states that Rhesus-negative women should be provided
appropriate aftercare for immunization but does not offer any further guidance.

b. Transmittable diseases

There is controversy regarding the need for screening for maternal blood-borne dis-
eases before IPDT. In particular, ISUOG recommends against routine screening, based
on available data indicating that vertical transmission is an unlikely event and may only
affect pregnancies with high maternal viral load [85,86]. ISUOG also states that when
invasive diagnosis is indicated, placental penetration should be avoided in women known
to be HIV-, HBV- or HCV-positive [85]. On the other hand, RCOG emphasizes the need
for universal screening or counseling for women who are unwilling to undergo virology
testing, for the potential of vertical transmission during the procedure. Data mainly pertain
to amniocentesis, as studies for vertical transmission of chronic infection in CVS are lacking.

5.1. HIV

ACOG-SMFM states that HIV transmission is not increased in women receiving
antiretroviral therapy and whose viral load is undetectable. The ISUOG recommendation
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agrees that HIV-positive women on highly active antiretroviral therapy (HAART) are not at
increased risk for vertical transmission [87], even if the viral load is high, as far as HAART
is initiated at least two weeks before the procedure [88,89]. Postponement of the procedure
until the viral load is undetectable is also suggested by ACOG-SMFM [85,90]. According to
RCOG, IPDT should be withheld until HIV results are available. For HIV-positive women
under HAART, therapy optimization to aim for undetectable viral load is reasonable before
any intervention, to minimize the risk of vertical transmission [91].

5.2. HBV

ACOG-SMFM aligns with the low incidence of neonatal infection in HBV-infected
mothers with low viral load but also underlines the relevant gap in the literature for
exposed cases [92]. RCOG considers the risk for vertical transmission for HBV infection to
be low unless the viral load exceeds the threshold of ≥7 log10 copies/mL; individualized
assessment of risk is thus recommended.

5.3. HCV

ACOG-SMFM comments on the paucity of knowledge regarding vertical transmis-
sion of HCV but states that the risk is presumably low [93]. ISUOG also underlines the
importance of counseling about the limited data on fetal infection for CVS or FBS, com-
pared to amniocentesis [85], while recommending that the option of non-invasive testing
should be considered in women with transmittable diseases, in the absence of adequate
high-quality evidence [69]. RCOG comments on the absence of evidence of HCV vertical
transmission [93].

5.4. SARS-CoV-2

During the SARS-CoV-2 pandemic, another issue is dealing with pregnant women
who tested positive and are in need of IPDT. Chronologically, the majority of the included
guidelines (except RCOG) preceded the pandemic and hence, relevant recommendations
are not available. The best available data, although limited, suggest that invasive testing
is safe in COVID-19-positive pregnant women and the risk of vertical transmission is
considered to be low [94].

c. Aseptic technique

To minimize the risk of infection, ACOG-SMFM, ISUOG and RCOG highlight the
importance of a sterile technique. Of note, ISUOG and RCOG encourage the use of a sterile
containment bag for the ultrasound probe and a separate sterile gel; decontamination of
the ultrasound probe after each procedure is an alternative to the sterile bag (ISUOG).
Moreover, both ISUOG and RCOG underline the significance of skin sterilization. ISUOG
suggests skin decontamination with a chlorhexidine or iodine disinfectant solution and the
use of sterile drape, and for transcervical CVS, the use of a sterile speculum and antisepsis
of the cervical and vaginal mucosa.

d. Local anesthesia

Application of a local anesthetic is not recommended in amniocentesis [95,96] and is
considered optional in transabdominal CVS by ISUOG [95–97]. Data for CVS through tran-
scervical approach are not available. For FBS, the ISUOG recommendation follows that for
transabdominal CVS [81]. The other guidelines do not make any relevant recommendation.

e. Other considerations

ISUOG explicitly states that ultrasound should be performed routinely both prior
and after completion of invasive diagnosis. Pre-procedural ultrasound aims at confirming
viability and gestational age and assessing the location of the placenta and the amount of
amniotic fluid [97]. Post-procedural ultrasound should include fetal heart rate, assessment
of the placenta and amniotic fluid to exclude complications associated with placental
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hematoma or post-procedural fluid leakage and may take place immediately after the
procedure or even days later, based on routine practice [67].

Routine antibiotic prophylaxis or any other medical therapy are generally not recom-
mended. However, RCOG states that if there are clinical signs of chorioamnionitis or a
macroscopic appearance of the amniotic fluid consistent with microbial infection, analysis
of the sample and initiation of antibiotic therapy is recommended.

Based on the results of studies investigating other invasive percutaneous proce-
dures [98], women receiving thromboprophylaxis or prophylactic low-dose aspirin are not
advised to discontinue the regimen, according to ISUOG.

f. Counseling

All guidelines underline the significance of proper genetic counseling in patients
at high risk of aneuploidy provided by an appropriately trained healthcare professional.
Pretest counseling should precede an invasive procedure to address the risks, the benefits,
the technical aspects and the available options in a nondirective manner. In cases of mo-
saicism, genetic counseling is recommended to discuss the possibility of fetal involvement
and allow for offering options (ACOG-SMFM, ISUOG). Counseling should be based on
evidence regarding the possibility of true fetal mosaicism. Malvestiti et al. investigated
the incidence of mosaicism in 60,437 CVS samples and found a percentage of 2%; of those,
1001 cases were subjected to amniocentesis [48].

6. Conclusions

Overall, the included guidelines all support the availability of definite diagnostic
testing to every pregnant woman after appropriate counseling and recommend IPDT based
on a positive screening result. Maternal age alone should not constitute an indication for
IPDT. There is, however, controversy among these guidelines on the additional indications
that may prompt diagnostic testing, such as patient history (personal or familial), known
carrier status of either parent, conception via ART or specific ultrasound findings, leading
to substantial differences in clinical practice.

There is general agreement on the appropriate timing for amniocentesis, which is
set at 15 weeks, whereas CVS is mostly recommended from 10 weeks, with the exception
of HGSA-RANZOG, which recommends that it is performed after 11 weeks. The recom-
mendations regarding counseling on complications rates are based on different studies
and thus there are certain differences. However, there is a clear trend to counsel patients
that complications are nowadays rarer than initially reported, and a significant decrease
with advancing operators’ experience is highlighted. Data on periprocedural management
such as Rhesus alloimmunization, virologic status, the role of anesthesia and antibiotic
administration are either inconsistent or insufficiently addressed.

The major strength of this comparative review is the synthesis of the most influential
guidelines on IPDT. However, there are certain limitations. First, we opted not to search for
all available guidelines systematically, because we intended to compare recommendations
only from major medical societies. Thus, we included five guidelines, published in the
English language, in our comparisons. Finally, the publication dates of the guidelines differ;
some discrepancies may be due to the fact that some of the guidelines were developed up
to nine years before and therefore may be partially outdated.

Amniocentesis and CVS are common procedures. However, our study has demon-
strated that current national guidelines are in many aspects contradictory and incomplete,
while international guidelines may not be able to be fully implemented in all settings due
to different cultural and economic conditions. Thus, the development of a standardized,
evidenced-based model for the efficient and safe use of IPDT is of paramount importance.
Such an approach should help reduce the heterogeneity in local practices and offer a high
level of prenatal care to all women, irrespective of national boundaries. The present review
aimed to identify similarities and dissimilarities on IPDT and also highlight potential fields
for future research. As knowledge accumulates, it becomes evident that the enormous
amount of information should be properly guided and communicated to healthcare profes-
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sionals in prenatal care with the aim to promote the health and well-being of every mother
and her fetus.
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Abstract: Background and Objectives: Gestational diabetes mellitus (GDM) is a pregnancy-associated
pathology commonly resulting in macrosomic fetuses, a known culprit of obstetric complications. We
aimed to evaluate the potential of umbilical cord biometry and fetal abdominal skinfold assessment
as screening tools for fetal macrosomia in gestational diabetes mellitus pregnant women. Materials
and methods: This was a prospective case–control study conducted on pregnant patients presenting at
24–28 weeks of gestation in a tertiary-level maternity hospital in Northern Romania. Fetal biometry,
fetal weight estimation, umbilical cord area and circumference, areas of the umbilical vein and arteries,
Wharton jelly (WJ) area and abdominal fold thickness measurements were performed. Results: A
total of 51 patients were enrolled in the study, 26 patients in the GDM group and 25 patients in the
non-GDM group. There was no evidence in favor of umbilical cord area and WJ amount assessments
as predictors of fetal macrosomia (p > 0.05). However, there was a statistically significant difference
in the abdominal skinfold measurement during the second trimester between macrosomic and
normal-weight newborns in the GDM patient group (p = 0.016). The second-trimester abdominal
circumference was statistically significantly correlated with fetal macrosomia at term in the GDM
patient group with a p value of 0.003, as well as when considering the global prevalence of macrosomia
in the studied populations, 0.001, when considering both populations. Conclusions: The measurements
of cord and WJ could not be established as predictors of fetal macrosomia in our study populations,
nor differentiate between pregnancies with and without GDM. Abdominal skinfold measurement
and abdominal circumference measured during the second trimester may be important markers of
fetal metabolic status in pregnancies complicated by GDM.

Keywords: gestational diabetes mellitus; fetal macrosomia; umbilical cord area; abdominal skinfold;
Wharton jelly

1. Introduction

Gestational diabetes mellitus (GDM) is defined as glucose intolerance newly diag-
nosed during pregnancy. Alongside type 1 and 2 diabetes mellitus, GDM prevalence has
increased dramatically worldwide in the past decades [1]. Associated perinatal maternal–
fetal consequences arise mostly from hyperglycemia per se but also due to complications
such as excessive maternal weight gain, miscarriage, fetal anomalies, pre-eclampsia and
fetal macrosomia.

Fetal macrosomia impacts both the fetal and maternal obstetric outcomes. Macrosomic
fetuses have an increased risk of perinatal death, birth trauma due instrumental delivery
and maneuvers required to address shoulder dystocia, neonatal hypoglycemia, hyperbiliru-
binemia, neonatal respiratory distress syndrome and longer neonatal intensive care unit
admission intervals. In adulthood, these children are prone to developing impaired glucose
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tolerance, metabolic syndrome and cardiovascular diseases. Maternal effects range from
complicated labor, higher rates of instrumental and operative deliveries and an increased
risk of postpartum hemorrhage sometimes requiring transfusion of blood products to per-
ineal trauma of different degrees, increased rates of caesarean deliveries and an augmented
long-term risk of genital organ prolapse [2,3].

Despite the advances in ultrasound equipment technology, standards and guidance
for fetal biometry measurements and better training of professionals, fetal macrosomia
continues to represent a diagnostic issue. Overestimation of fetal weight leads to many
unnecessary cesarean deliveries [4]. Contrarily, even correctly diagnosed, the outcome of
vaginal delivery cannot be accurately predicted except for extremely macrosomic fetuses.

The umbilical cord (UC), which connects the fetus and placenta, has been extensively
studied in recent years, anatomically, morphologically and by ultrasonography. It contains
the umbilical vessels (normally, two umbilical arteries and one vein) and the remnant of
the allantois, embedded in Wharton’s jelly (WJ)—a network of glycoprotein microfibrils,
collagen fibers and hyaluronic acid—surrounded by a single layer of amnion [5]. Wharton’s
jelly ensures a normal blood flow through the umbilical cord, preventing the collapse
or knotting of the cord and therefore the disruption of vascular flow through the blood
vessels. Various umbilical cord anomalies in size, vessel number, course and connection,
structure and configuration have been described, with sometimes no impact on the course
of pregnancy, but other times associated with various pregnancy conditions.

The umbilical cord is a vital structure for fetal development, and its detailed anal-
ysis can provide valuable information to allow the estimation of neonatal outcomes in
various pregnancy-related pathologies. Changes in the amount of Wharton’s jelly have
been linked to the occurrence of pregnancy-associated pathologies such as pregnancy-
induced hypertensive disease, gestational diabetes mellitus and stillbirth [6]. Decreases
in WJ quantity, changes in its protein structure and variations in the size of the umbili-
cal vessel area have been associated with the development of pre-eclampsia [7,8]. The
link between increased umbilical cord diameter and the development of GDM and the
relationship between IUGR and the reduced cord diameter with decreased WJ are sub-
jects of debate [7,9–11]. An increased diameter of the UC has been found in cases of fetal
macrosomia and aneuploidy [12–14].

The main objective of our study was to determine whether the ultrasound measure-
ment of umbilical cord anthropometric parameters (umbilical cord area, umbilical cord
vessel area, the amount of Wharton’s jelly) and fetal abdominal skinfold assessment can
be used as diagnostic or prognostic tools for fetal macrosomia in a selected population of
Romanian patients.

2. Materials and Methods

This was a prospective case–control study conducted between January 2021 and June
2021 in the Obstetrics-Gynecology I Outpatient Department of the Emergency Cluj-Napoca
County Hospital, Romania.

All procedures performed were in accordance with the national and European legisla-
tion (Declaration of Helsinki 1964), the enrollment of patients being carried out following
counseling and obtaining their informed consent.

Inclusion criteria for the study group were represented by pregnant women with
singleton pregnancies, during 24–28 weeks of gestation (WG), whose pregnancies were
monitored in the Outpatient Department of the Emergency Cluj-Napoca County Hospital,
with a planned delivery in the Obstetrics and Gynecology I maternity hospital.

The following represented study exclusion criteria: pre-existing type 1 or type 2
diabetes mellitus, the coexistence of pregnancy-associated pathologies, single umbilical
artery, patients whose pregnancies were not monitored in the Outpatient Department of
the ECCN, patient refusal to participate in the study.

All patients were evaluated and examined at the 24–28 WG pregnancy follow-up visit.
Upon presentation, they were counseled about the check-up protocol and study implica-
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tions and accepted or declined enrollment. Gestational diabetes mellitus screening by oral
glucose tolerance test (OGTT) was performed in the morning, followed by ultrasound as
the second step of evaluation. Patient family, medical, surgical and obstetric history, as
well as current pregnancy history, maternal and fetal outcome data, were collected from
medical records.

Screening for GDM was carried out according to IADPSG (International Association
of the Diabetes and Pregnancy Study Groups) recommendations, by performing the OGTT
with a 75 mg glucose load and 3 glycemia measurements: fasting, one hour and two hours
following glucose ingestion. Gestational diabetes was diagnosed when one of the three
values taken was altered: fasting blood glucose > 92 mg/dL (5.1 mmol/L), 1 h glycemia
level > 180 mg/dL (10 mmol/L), 2 h glycemia level > 153 mg/dL (8.5 mmol/L) [15]

Fetal biometry, fetal weight estimation based on the formula C of Hadlock et al. (Had-
lock C; log(10) BW = 1.335 − 0.0034(abdominal circumference (AC))(femur length (FL))
+ 0.0316(biparietal diameter) + 0.0457(AC) + 0.1623(FL)] [16] umbilical cord area and cir-
cumference, areas of the umbilical vein and arteries, WJ area and abdominal fold thickness
measurements were performed in all patients enrolled in the study by two examiners
specializing in maternal–fetal medicine who performed examinations alternatively. All
measurements were carried out using a GE VolusonE8 Expert with RAB6-D, 2–7 MHz
convex abdominal probe. Ultrasonographers were blinded regarding the diagnosis of GDM
(OGTT test results) in the respective pregnancy so as not to influence measurements.

Umbilical cord measurements were performed at the level of a free cord loop no
more than 2 cm away from the fetal abdominal wall [9]. The umbilical cord diameter was
meared circumferentially, outside the umbilical cord, using the “ellipse” measurement
function of the ultrasound machine followed by the automatic calculation of the measured
area (Figure 1A). Cord vessels and vessel area were similarly measured. The Wharton
jelly area was calculated by subtracting the areas of the umbilical vein and arteries from
the entire cross-sectional area of the cord. Fetal abdominal skinfold was identified as an
external hyperechogenic surface on the standard transverse plane for the assessment of the
abdominal circumference, the level at which measurements were performed. Fold thickness
was measured by placing one caliper precisely between the fetal skin and adjacent amniotic
fluid, with the second caliper being placed between the subcutaneous fat layer and the
anterior abdominal wall (Figure 1B) [17].

Figure 1. (A). Umbilical cord biometry ultrasound landmarks: a. umbilical cord area; b. umbilical cord
vein; c,d. umbilical cord artery; (B). Fetal transverse abdominal plane: e. fetal abdominal skinfold.

Macrosomia was defined as estimated fetal weight above the 95th centile for any
gestational age, at any point during pregnancy, or birth weight equal to or more than
4000 g [18].
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Statistical Analysis

Analysis was performed using MedCalc Statistical Software version 19.1.5 (MedCalc
Software, Ostend, Belgium; https://www.medcalc.org; Accessed on 25 May 2020). Con-
tinuous variables were tested for normality of distribution (Shapiro–Wilk test) and were
described by means ± standard deviation. Nominal data are characterized by means of
frequencies and percentages. Comparisons between groups were performed using the
Mann–Whitney or chi-square test, whenever appropriate. The model included the variables
that achieved a p value < 0.05 in the univariate analysis. A p value < 0.05 was considered
statistically significant.

3. Results

The study group consisted of 51 pregnant patients who presented for the 24–28 WG
follow-up visit and agreed to take part in the study. According to the OGTT test results,
patients were divided into two groups, the GDM patient group (26 patients) and the
non-GDM group, consisting of 25 patients.

The demographic characteristics of the study population are presented in Table 1.

Table 1. Demographic data of the study populations.

GDM Patients Study
Group (n = 26)

Non-GDM Patients
Study Group (n = 25)

p-Value

arithmetic mean ± SD *
Age (years) 32.5 ± 4.95 29.96 ± 3.72 0.044

Pre-gestational BMI 23.23 ± 4.00 22.22 ± 3.41 0.340
Pregnancy weight gain (kg) 13.35 ± 4.65 14.52 ± 5.26 0.402

Final BMI 28.13 ± 4.13 27.71 ± 4 0.718
number (%)

Provenance ** Urban area
Rural area

20 (76.9%)
6 (23.1%)

17 (68.0%)
8 (32.0%) 0.689

Family history of diabetes
mellitus 5 (19.23%) 3 (12%) 0.703

Smoking habit 3 (11.5%) 4 (16%) 0.703
* Standard deviation. ** According to the Organization for Economic Cooperation and Development (OECD)—
OECD Regional Outlook 2016—Productive Regions for Inclusive Societies, OECD Publishing, Paris, https:
//doi.org/10.1787/9789264260245-en (accessed on 27 July 2022).

Biometry evaluation for estimated fetal weight, as well as corresponding centiles
for gestational age, measurement of UC parameters and abdominal skinfold assessment
comparative results for the two groups are presented in Table 2.

Table 2. Fetal biometry, umbilical cord and abdominal skinfold measurement of the study populations
performed during the second trimester.

GDM Patients Study
Group (n = 26)

Non-GDM Patients
Study Group (n = 25)

p Value

Fetal estimated weight 2nd trimester (g) 951.96 ± 145.08 975.96 ± 233.07 0.659
Fetal weight 2nd trimester (centiles) 59.36 ± 11.44 55.92 ± 10.31 0.265

Umbilical cord area (cm2) 2.03 ± 0.48 1.86 ± 0.41 0.189
Umbilical cord circumference (cm) 5.05 ± 0.66 4.82 ± 0.57 0.201

Umbilical cord vein (cm2) 0.37 ± 0.13 0.32 ± 0.11 0.121
Umbilical cord artery 1 (cm2) 0.09 ± 0.11 0.07 ± 0.02 0.363
Umbilical cord artery 2 (cm2) 0.09 ± 0.13 0.07 ± 0.02 0.329

Wharton jelly (cm2) 1.46 ± 0.42 1.39 ± 0.35 0.517
Abdominal skin fold (cm) 0.32 ± 0.07 0.22 ± 0.07 0.000

Abdominal circumference (cm) 22.14 ± 1.28 22.16 ± 1.93 0.970
Abdominal circumference (%) 60.18 ± 23.74 53.76 ± 23.53 0.337

The characteristics of the study group patients from the perspective of obstetric out-
come, delivery and neonatal weight are presented comparatively in Table 3.
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Table 3. Pregnancy outcome parameters of the study group patients compared to the control
group patients.

GDM Patients
Study Group (n = 26)

Non-GDM Patients
Study Group (n = 25)

p Value

number (%)
Parity

Nulliparous
Multiparous

12 (46.2%)
14 (54.8%)

15 (60%)
10 (40%) 0.605

Route of delivery
Vaginal

C-section
10 (38.5%)
16 (61.5%)

11 (44%)
14 (56%) 0.907

arithmetic mean ± SD *
Birthweight (g) 3487.31 ± 435.75 3388 ± 548.54 0.477

Birthweight (centiles) 74.62 ± 22.89 71.72 ± 24.72 0.666
Macrosomia (>95 centile) 8 (30.8%) 8 (32%) 1.000

* standard deviation.

When considering the parity and route of delivery, in the GDM study group, most
patients were multiparous and gave birth via C-section.

The caesarean section indications were previous caesarean delivery (37.5% GDM,
42.8% non-GDM group), failed induction (25% GDM), breech presentation (6.25% GDM;
14.28 non-GDM), maternal pathology (31.25% GDM; 14.28% non-GDM) and placental
insufficiency (21.42% non-GDM).

Table 4 depicts the correlation between fetal ultrasound parameters and maternal
weight gain during pregnancy and term macrosomia.

Table 4. The correlations of fetal ultrasound measurements during the second trimester and fetal
macrosomia in both the entire group and the GDM population sample.

Mean ± SD * p Value

Correlations in the entire population sample (51 patients)
2nd-trimester estimated fetal weight—birthweight (%) 0.007

2nd-trimester estimated fetal weight (%) 57.67 ± 1.53
Birthweight (%) 73.20 ± 3.31

Normal weight
fetuses (n = 35)

Macrosomic fetuses
(n = 16)

Abdominal skinfold 2nd (cm)—term macrosomia 0.256 ± 0.012 0.295 ± 0.028 0.135
2nd-trimester estimated fetal weight (%)—term macrosomia 54.25 ± 1.63 65.16 ± 2.51 0.001

2nd-trimester abdominal circumference(%)—term macrosomia 49.83 ± 3.84 72.81 ± 4.34 0.001
Excessive maternal weight gain (kg)—term macrosomia 12.74 ± 0.69 16.50 ± 1.44 0.010

Correlations in the GDM group (26 patients)
2nd-trimester estimated fetal weight—birthweight (%) 0.012

2nd-trimester estimated fetal weight (%) 59.36 ± 2.24
Birthweight (%) 74.62 ± 4.49

Normal-weight
fetuses (n = 18)

Macrosomic fetuses
(n = 8)

Abdominal skinfold 2nd-trimester (cm)—term macrosomia 0.269 ± 0.011 0.369 ± 0.034 0.016
2nd-estimated fetal weight (%)term macrosomia 54.52 ± 2.36 70.25 ± 1.91 0.000

2nd-trimester abdominal circumference (%)—term macrosomia 51.58 ± 5.18 79.55 ± 5.25 0.003
Excessive maternal weight gain (kg)—term macrosomia 13.06 ± 1.07 14.00 ± 1.18 0.643

* standard deviation.

In the GDM patient group, there was a statistically significant correlation between the
second-trimester fetal weight and birthweight (p = 0.012), while no such correlation could
be established in the non-GDM pregnancy group.

Umbilical cord area and WJ amount assessment could not be established as predictors
of fetal macrosomia.
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However, there was a statistically significant difference between the abdominal skin-
fold measurement during the second trimester between macrosomic and normal-weight
newborns in the GDM patient group (p = 0.016). This confirms abdominal skinfold mea-
surement during the second-trimester ultrasound evaluation as a potential predictor of
fetal macrosomia at term in GDM pregnancies.

There was a statistically significant difference between the macrosomic and normal
weighted fetuses at term in the GDM patient group when considering the second-trimester
estimated fetal weight (p = 0.000), but also when considering the global prevalence of
macrosomia in the studied populations (p = 0.001). The same was true for the measurement
of the abdominal circumference during the second trimester with a p value of 0.003 for the
GDM group, respectively 0.001 when considering both populations.

We also found a statistically significant difference between the fetal macrosomia status
at term regarding the maternal weight gain during pregnancy when calculating for both
patient groups globally (p = 0.010), but not when considering only the GDM patient sample
(p = 0.643).

4. Discussion

The delivery of a macrosomic neonate leads to important maternal–fetal short- and
long-term consequences. Diagnosis and prevention of fetal macrosomia thus represent ob-
stetric priorities for reducing maternal and fetal morbidity. Several studies have suggested
that ultrasound evaluation of umbilical cord biometry parameters and abdominal skinfold
measurement could be a powerful adjunct in the prediction of term macrosomia [18,19].
Our purpose was to test the utility of these measurements as predictive and diagnostic
tools for fetal macrosomia in a Romanian population.

Measurement of umbilical cord parameters at the time of GDM screening, prior to the
initiation of dietary and therapeutic interventions, was targeted in our research. Ultrasound
measurements of the umbilical cord parameters and fetal abdomen showed higher values in
fetuses from mothers diagnosed with GDM, such as umbilical cord area, WJ area, abdominal
circumference and abdominal skinfold. Umbilical cord area and Wharton jelly could not be
established as predictors of fetal macrosomia in our study. Abdominal skinfold and the
abdominal circumference measurements in the second trimester were significantly higher
in the fetuses from GDM pregnancies compared to fetuses from non-GDM pregnancies.
The fetal abdominal skinfold, the abdominal circumference, estimated second-trimester
fetal weight and maternal weight gain during pregnancy were also statistically significantly
correlated with fetal macrosomia at term.

It has been reported that umbilical cord cross-sectional measurement and estimation
of umbilical cord components correlate with fetal size [20]. Our study demonstrated
a statistically significant relationship between estimated second-trimester fetal weight,
maternal weight gain during pregnancy and macrosomia at term/delivery.

A study conducted by Pietryga et al. evaluated umbilical cord and WJ areas in GDM
and non-GDM patients between 22 and 40 WG and concluded that there were no differences
between the parameters measured in the two groups and supported the limited value of
cord biometry as a predictor of macrosomia at birth in GDM patients [21].

In our study, we found no statistically significant correlations between umbilical cord
area umbilical cord area, the amount of cross-sectional WJ and birthweight, respectively,
in GDM and non-GDM patients. The explanation for this may be that in pregnancies
with GDM, treatment and diet applied after diagnosis prevent the development of fetal
macrosomia as well as the umbilical cord and WJ biometry. This conclusion was also
reached by Naylor et al., who showed that fetal birthweight is normal in GDM pregnancies
because of timely and proper treatment [22].

Structural or volume changes in the umbilical cord and the amount of Wharton’s jelly
have been shown to signal unfavorable maternal and fetal outcomes. These parameters may
provide information on the efficiency of management in various pregnancy-related patholo-
gies, such as pre-eclampsia, intrauterine growth restriction, stillbirth and intrapartum fetal
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distress [14]. Based on these premises, attempts have been made to incorporate cord area
measurement into fetal biometry assessment to improve detection of either macrosomia or
growth-restricted fetuses. Nomograms for gestational-age specific cord parameter values
have been calculated. It appears that umbilical cord area and WJ area gradually increase
up to 30 WG, reach a maximum value around 34 WG and then remain constant [20,23,24].

Weissman et al. confirmed the finding of increased cord areas in pregnancies com-
plicated by GDM on account of increased WJ measurements [25]. This is presumably
due to hemorrhage in the umbilical artery walls, increased permeability and subsequent
plasma extravasation [26]. The authors speculated that differences in WJ may be useful to
discriminate between constitutional macrosomia from macrosomia in GDM-complicated
pregnancies. However, in our study, there was no statistically significant difference between
the measurement of cord area and WJ between GDM and non-GDM pregnancies.

Several authors obtained similar results to ours regarding the correlation between
fetal weight at 24–28 WG and birthweight. A similar highly significant correlation between
fetal weight estimation at 26–28 WG and neonatal macrosomia at delivery was recorded by
Togni et al. This comes as proof of the correspondence between fetal biometry estimation
before 33–34 WG, the amount of WJ and excessive fetal weight at birth. It was also
postulated that, after 34 WG, the amount of WJ decreases progressively and its measurement
is no longer useful in estimating fetal weight [27]. A more recent study assessed the value
of abdominal circumference and estimated fetal weight growth velocity in the prediction of
macrosomia but established they do not improve detection as compared to the standard
third trimester estimation using the Hadlock formula [28]. The amount of fat in the
fetal body and therefore the thickness of the abdominal fold is influenced by numerous
factors, such as race, maternal BMI, maternal weight gain during pregnancy, family factors,
maternal hypertensive pathology or GDM [17,29,30].

Maternal hyperglycemia and subsequent fetal hyperglycemia lead to hyperactivation
of the pancreas with excessive insulin production. The endpoint of these physiopathologic
processes is a macrosomic fetus due to increased fat and protein stores.

Jain et al. found a highly significant statistical correlation between serial fetal abdomi-
nal circumference measurements at 30–32 and 36–38 WG, respectively, and increased birth
weight. In the same study, statistically significant differences were recorded at 30–32 WG
between fetal abdominal circumference values in GDM and non-GDM patients [31].

The finding of increased fetal abdominal skinfold in GDM patients resulting from
our research was also reported by de Santis et al., who noted an exponential increase with
gestational age and a higher developmental curve in fetuses from mothers with GDM
compared to control fetuses from non-GDM pregnancies [32]. Bernstein et al. studied
changes in fetal fat mass during pregnancy and found that it increased approximately
tenfold between 19 and 40 WG [33].

An increased pre-pregnancy BMI and excessive maternal weight gain in pregnancy
have been recognized as prerequisites for fetal macrosomia by many researchers [34–37].
Even a protective effect of low pre-pregnancy BMI in non-diabetic women has been
described [38,39]. In our study groups, maternal pre-pregnancy obesity did not corre-
late with macrosomia, while excessive pregnancy weight gain correlated with large fetuses
only when considering both groups and not the GDM category solely. This might be due to
the limited patient number studied.

The delivery route of GDM patients in our study group was clearly balanced towards
operative deliveries. Caesarean section accounted for 61.5% of the total number of deliv-
eries, similar to the value of 73.2% reported by Naylor, and this occurred when not all
the fetuses were macrosomic [22]. The high percentage of caesarean section deliveries,
even with a normal weight fetus, was due to the large number of patients with obstetric
indications, failed induction and patient refusal of induction.

There are several limitations to our study. Firstly, the size of the study groups, which
does not allow the generalization of results. Another potential limitation/aspect is related
to the technique of measuring cord parameters at the level of a single free cord loop. As
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this is not yet standardized, further studies are needed to establish the optimal number
and points of measurement, considering that the thickness of the umbilical cord may
vary along its length. Further research on larger groups of patients could help clinicians
to achieve a better selection of patients at risk of developing GDM and may open new
horizons in terms of early therapeutic management. Large-scale studies are needed to
assess the clinical value of including fetal adnexal measurements in fetal weight estimation
formulas. This is an easily reproducible technique, with a short learning curve, which
could easily be implemented as a screening tool for fetal macrosomia. Another limitation
of the current study is the lack of neonatal follow-up, which could allow the assessment of
postpartum complications. At the same time, a more detailed study regarding the prediction
of macrosomia might include the evaluation of maternal anthropometric parameters and a
second cord biometry measurement at term. The adjunct of these parameters could enhance
macrosomia detection.

5. Conclusions

In conclusion, in our study populations, the measurements of the cord and WJ could
not be established as predictors of fetal macrosomia, nor differentiate between pregnancies
with and without GDM. On the other hand, fetal abdominal skinfold measurement, fetal
abdominal circumference, estimated second-trimester fetal weight and maternal weight
gain during pregnancy may be important markers of fetal metabolic status in pregnancies
complicated by GDM.
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Abstract: Background and Objectives: Fetal growth restriction (FGR) is a severe obstetric disease
characterized by a low fetal size entailing a set of undesired consequences. For instance, previous
studies have noticed a worrisome association between FGR with an abnormal neurodevelopment.
However, the precise link between FGR and neurodevelopmental alterations are not yet fully under-
stood yet. Brain-derived neurotrophic factor (BDNF) is a critical neurotrophin strongly implicated in
neurodevelopmental and other neurological processes. In addition, serum levels of BDNF appears
to be an interesting indicator of pathological pregnancies, being correlated with the neonatal brain
levels. Therefore, the aim of this study is to analyze the blood levels of BDNF in the cord blood from
fetuses with FGR in comparison to those with weight appropriate for gestational age (AGA). Materials
and Methods: In this study, 130 subjects were recruited: 91 in group A (AGA fetuses); 39 in group B
(16 FGR fetuses with exclusively middle cerebral artery (MCA) pulsatility index (PI) < 5th percentile
and 23 with umbilical artery (UA) PI > 95th percentile). Serum levels of BDNF were determined
through ELISA reactions in these groups. Results: Our results show a significant decrease in cord
blood levels of BDNF in FGR and more prominently in those with UA PI >95th percentile in com-
parison to AGA. FGR fetuses with exclusively decreased MCA PI below the 5th percentile also
show reduced levels of BDNF than AGA, although this difference was not statistically significant.
Conclusions: Overall, our study reports a potential pathophysiological link between reduced levels of
BDNF and neurodevelopmental alterations in fetuses with FGR. However, further studies should be
conducted in those FGR subjects with MCA PI < 5th percentile in order to understand the possible
implications of BDNF in this group.
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1. Introduction

Fetal growth restriction (FGR) is a severe complication in pregnancy. It monopolizes
great resources of maternal fetal research, and though clearly stated in some guidelines [1],
inconsistency in terminology and definition hampers interpretation and comparison of
studies. Some define fetal growth as a statistical definition of fetal size below a certain
centile, referring to different thresholds for diagnosis. This also adds the possibility of
including normally grown fetuses as growth restricted as well as the opposite, as it is
difficult to predict the growth potential of a certain fetus [2]. The relationship between
FGR and abnormal neurodevelopment has been reflected in numerous studies where the
prenatal influence of poor growth on motor and executive functions in children has been
explored [3,4]. Antenatal surveillance of growth-restricted fetuses is based, amongst others,
on Doppler assessment [1]. The progression of FGR has been previously described and
undergoes several hemodynamic phases, passing through a decrease in the estimated fetal
weight centile below 10, followed by decreased pulsatility index (PI) in MCA and later, an
elevation of the umbilical PI until reaching the final phase that is the alteration of the ductus
venosus [5]. These stages have been related to postnatal neurodevelopment [6]. A condition
deserving a highlight is the fetal Doppler adaptation to growth restriction named “brain
sparing”. This phenomenon of cerebral vasodilation has been interpreted as an adaptive
mechanism, but more recent studies associate it with poor results in later neurodevelopment
and reviews have stated poor cognitive function and lower IQ scores [7,8].

The etiology of the neurodevelopmental alterations in FGR is not completely known.
It is based on abnormal feto–maternal exchange and fetal hypoxia because of a chronic
decrease in umbilical flow due to placental insufficiency [9]. Oxidative stress, neurotox-
icity, apoptotic degeneration and microglial-mediated neuroinflammation are the main
mechanisms related to brain injury in these fetuses [10–12].

On account of the difficulty of accessing the human brain in vivo, studies focused on
various animal models of hypoxia have attempted to identify these intermediate mecha-
nisms, studying neuronal growth, proliferation and survival after injury [13], the different
modifications depending on the brain area studied and the severity of the growth re-
striction [14]. Furthermore, initial investigations on non-invasive human proton magnetic
resonance spectroscopy have been ignited, showing higher lactate peaks on severely growth
restricted fetal brains [15] and on not so severely restricted fetuses, as in the Sanz-Cortes
study where late FGR and small for gestational age fetuses showed lower N-acetylaspartate
to choline ratios, attributable to either a delay in maturational processes or to neuronal
injury [16].

Other in vivo studies have tried to identify those intermediate steps centered on
proteins with an important role on prenatal neurodevelopment, such as reelin on fetuses
with FGR [17]. These studies try to find objective and reproductive data, easy to obtain as
cord blood, to set associations to prenatal conditions, such as FGR.

Although many molecules have been described as neurotrophic biomarkers, playing
important roles in neurodevelopment, neurotrophins are one of the most important actors
in brain development. They are involved in neuronal differentiation and synaptic plas-
ticity, also playing a central role in neuronal survival. Brain-derived neurotrophic factor
(BDNF) is one of the most studied neurotrophins and it is closely related to neuroinflam-
mation through its role as a modulator of neuroglia [18]. In animal models of intrauterine
growth restriction, it has been widely seen that BDNF is decreased especially in the hip-
pocampus [19,20], which is the brain region with the main expression of this neurotrophin,
enhancing neuronal plasticity and relating it to memory and learning [11]. Furthermore,
in vivo models have shown that the lack of microglia after cerebral ischemia increases
cytokine levels, findings consistent with the protective role of microglia in the removal of
waste products that indirectly relates BDNF to neuroinflammation and neuroplasticity [21].

BDNF alterations in neonates have also been studied as indicators of FGR, infection,
pre-eclampsia [22], hours of rupture of membranes, corticosteroid maturation and mag-
nesium sulfate treatment [23,24]. The largest study to date, related low levels of BDNF in
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dry blood tests (blood spots) taken on the first day of life in newborns with intrauterine
growth restriction [25]. Furthermore, there are studies that link lower levels of BDNF with
neonatal periventricular hemorrhage secondary to hypoxic-ischemic lesions [26]. Like-
wise, as a therapeutic approach, BDNF is being studied for neuroprotection, reducing cell
apoptosis in the face of external insults, promoting specific populations of neurons in both
central and peripheral nervous systems as well as after hypoxic or inflammatory brain
injuries [27–29]. On the other hand, since the origin of neonatal BDNF in cord blood is
believed to be a reflection of brain levels in animal studies [30], there are publications in
the medical literature that assess BDNF levels as a predictor of behavior diseases [31] and
its role in major depression, autism spectrum disorders and degenerative diseases [32,33].

Hence, due to the important role of BDNF in neurodevelopment as well as the exten-
sive published literature on the influence of prenatal variables on their levels in newborns,
this neurotrophin is a candidate for the study of intermediate processes that may relate
to the prenatal insult reflected as restricted intrauterine growth and impaired postnatal
neurodevelopment. Therefore, this study focuses on BDNF behavior from FGR fetuses cord
blood compared to fetuses with weight appropriate for gestational age (AGA).

2. Materials and Methods

2.1. Patients Selection and Fetal Growing Assessment

Pregnant patients were prospectively recruited during their visit at the Maternity Unit
of the Gregorio Marañón University Hospital. These pregnancies were dated using the
cranio–caudal length at their first trimester ultrasound. Cases were selected after estimating
fetal weight (EFW) by ultrasound using the Hadlock 4 formula and plotting the EFW on
our own population reference tables. When the EFW was below the 10th percentile, in
accordance with the ISUOG FGR criteria [1], a Doppler study was performed, assessing
the pulsatility index of the umbilical artery (UA PI), the PI of the middle cerebral artery
(MCA PI) and the mean PI of the uterine arteries (UtA PI) according to Ciobanu [34] and
Gomez [35] reference charts, respectively, with a maximum of 7 days prior to delivery.
In fetuses with adequate for gestational age weight, a Doppler study was not performed.
The birth weight was obtained at the delivery room for all fetuses except for 9 FGR who
were weighed within the first 12 h at the neonatal intensive care unit. Birth weights were
plotted to our neonatal birth weight reference. Exclusion criteria were fetus with known
congenital anomalies diagnosed prenatally or immediately postnatally, including genetic
conditions, clinical chorioamnionitis, use of illicit drugs or alcohol during pregnancy or
poor gestational control defined as first appointment beyond first trimester or less than
4 visits to the clinic [36]. Maternal data were withdrawn from the medical records during
hospital stays, such as for preeclampsia.

To carry out the BDNF nálisis according to FGR severity, the study subjects were
divided in two groups. Group A contained fetuses with weight appropriate for gestational
age (AGA) birth weight ≥ 10th percentile. Group B was made up of FGR fetuses (birth
weight < 10th percentile) with abnormal umbilical or cerebral Doppler study. Further
detailed Doppler assessment in FGR fetuses was performed in order to assess the effect of
brain vasodilation on BDNF levels. For that reason, we divided group B into two subgroups:
fetuses with decreased MCA PI < 5th percentile and fetuses with increased UA PI > 95th
percentile in order to assess the effect of cerebral vasodilation on BDNF levels.

2.2. Sample Collection, Initial Processing and Storage

Samples were collected at the time of delivery, prior to placenta evacuation and de-
posited into standard clinical tubes containing lithium heparin. The blood was centrifuged
within the first hour of birth at the Biochemistry department, by the on-call laboratory
technicians. Eppenddorf aliquots, a minimum of one and a maximum of three, coded
with the study identifier were stored in racks in a Thermo Scientific Fisher Forma freezer
at −86 ◦C. Thawing was carried out at room temperature and on only one occasion, no
subsequent freezing was performed.
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2.3. Determination of BDNF in Umbilical Vein by ELISA Methodology

BDNF determination was achieved by the Quantikine Human BDNF Immunoassay
assay (R&D Systems) according to the manufacturer’s instructions. This is a sandwich-type
solid phase ELISA. Anti-BDNF antibodies are immobilized on the surface of the wells of
the microplate. These antibodies capture the BDNF contained in the samples, controls
and calibrators and after washing a second antiBDNF, peroxidase enzyme-conjugated
antibody is added, leading to a colorimetric reaction by adding the substrate (3, 3′, 5,
5′-Tetramethylbenzidine), emitting a signal proportional to the BDNF concentration. The
absorbance of each sample is read spectrophotometrically at a wavelength of 450 nm.
Generation of a standard curve allows for identification of the protein concentration. The
intra assay and inter assay coefficients of variation for the ELISA were 5 and 9, respectively.
All samples were assayed in duplicate.

2.4. Statistical Analysys

For the statistical analysis, IBM SPSS Statistics V21.0 was used. Differences between
the groups of study were assessed using chi-square or non-parametric Mann-Whitney
test, based on the normal distribution of the variables in these different groups. When
assessing the influence of FGR on BDNF levels a multivariable linear regression model was
performed in order to adjust for fetal variables.

3. Results

Our sample consisted of 130 subjects: 91 in group A (AGA fetuses); 39 in group B
(16 FGR fetuses with MCA PI < 5th percentile and 23 with UA PI > 95th percentile). Fetal
Doppler measurement was performed a mean of 3 days before delivery.

Obstetric and neonatal characteristics of the two groups are shown in Table 1. The
characteristics surrogated to severity of FGR, such as cesarean section, admission to neona-
tal care unit and intraventricular hemorrhage were higher in group B. Birth weight, weight
centile and gestational age were higher in group A compared to group B. Other variables,
such as preeclampsia and increased PI UtA, also had different frequencies. Conversely,
inflammatory markers were controlled by leukocytosis and there were no significant
differences observed.

Table 1. Bivariate analysis of maternal and neonatal clinical characteristics of the study groups.

GROUP A
AGA

N = 91

GROUP B
FGR

N = 39
p

Maternal age (years) M (IQR) 32 (7) 34 (5) NS
Gestational age (weeks) M (IQR) 38 (4) 35 (5) <0.001

Fetal sex (female) n (%) 49 (54) 15 (38) NS
MgSO4 n (%) 0 9 (23) <0.001

Lung maturation n (%) 1 (1) 16 (41) <0.001
Cesarean section n (%) 11 (12) 25 (64) <0.001

UtA PI > p95 n (%) N/A 18 (46) N/A
Preeclampsia n (%) 1 (1) 6 (15) 0.005

Birth weight (g) M (IQR) 3290 (650) 1750 (870) <0.001
Weight centile M (IQR) 65 (45) 0 (1) <0.001

pH AU M (IQR) 7.29 (0.11) 7.26 (0.09) NS
Cord blood leukocytes (number/uL) M (IQR) 15,600 (6500) 12,700 (7500) NS

Neonatal care admission n (%) 6 (6.6) 25 (64) <0.001
Intraventricular hemorrhage n (%) 0 4 (10) 0.007

BDNF (pg/mL) M (IQR) 6980 (3735) 4838 (4724) 0.001
AGA: adequate for gestational age weight. FGR: fetal growth restriction; UtA PI: uterine artery pulsatility
index PROM: premature rupture of membranes; IQR: interquartile range; M: median; NS: no significative.
N/A: not applicable.
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The FGR group had 41% of fetuses who required corticosteroids for lung maturation
and 23% neuroprotection with MgSO4 due to prematurity. The four cases of intraven-
tricular hemorrhage diagnosed during admission to neonatal care were limited to the
germinal matrix.

Figure 1 shows the BDNF values according to the groups under study. We found significant
BDNF differences between medians in groups with non-parametric U Mann–Whitney test
(p = 0.002). As fetuses with impaired growth were more likely to be preterm, we adjusted for
gestational age to see the stability of the association with a linear regression (p = 0.034).

Figure 1. BDNF Box plot across study groups. p * is adjusted for gestational age with linear regression.

Subgroup analysis to assess the effect of decreased MCA PI on BDNF was performed.
Clinical characteristics and differences between both groups are shown in Table 2. BDNF
levels showed a downward trend, but no differences were found. AGA fetuses and FGR
fetuses with decreased MCA PI showed similar BDNF levels. Within FGR fetuses, no
differences were found between fetuses with decreased MCA PI and FGR fetuses with UA
PI > 95th percentile (Figure 2).

Table 2. Bivariate analysis of maternal and perinatal features between clinical subgroups.

AGA
N = 91

FGR with MCA
PI < 5th Exclusively

N = 16
p

Maternal age (years) M (SD) 32 (28–35) 34 (31–35) NS
Gestational age (weeks) M (IQR) 38 (36–40) 36 (35–38) 0.027

Fetal sex (female) n (%) 49 (54) 9 (56) NS
MgSO4 n (%) 0 3 (19) 0.003

Lung maturation n (%) 1 (1) 3 (19) 0.01
Cesarean section n (%) 11 (12) 10 (63) <0.001

UtA PI > p95 n (%) N/A 4 (25) N/A
Preeclampsia n (%) 1 (1.3) 4 (25) NS

Birth weight (g) m (SD) 3302 (442) 2069 (412) <0.001
Weight centile M (IQR) 65 (43–88) 1 (1–3) <0.001

pH AU M (IQR) 7.29 (0.11) 7.27 (0.08) NS
Cord blood leukocytes (number/uL) M (IQR) 15,600 (6500) 14,700 (7225) NS

Neonatal care admission n (%) 6 (6.6) 6 (37.5) 0.002
Intraventricular hemorrhage n (%) 0 0 NS

BDNF (pg/mL) m (SD) 6980 (3735) 6268 (3539) NS
PROM: premature rupture of membranes; AGA: adequate for gestational age weight. IQR: interquartile range;
SD: standard deviation. NS: no significative. N/A: not applicable.
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Figure 2. BDNF Box plot with subgroup of fetuses with brain sparing. p adjusted for gestational age
with linear regression.

4. Discussion

So far, this study is the first to demonstrate a decrease in BDNF on FGR fetuses with
a fetal Doppler alteration. This difference was mainly due to the low BDNF levels in the
subgroup of fetuses most severely affected with an increased umbilical Doppler PI, as it is
shown in Figure 2. BDNF concentration in FGR fetuses with decreased MCA PI exclusively
did not differ from the other fetuses, either AGA or FGR, with UA PI > 95th percentile.
Perinatal variables from FGR fetuses were different from AGA in those variables subrogated
to the growth restriction environment. Preeclampsia and increased uterine artery PI are risk
factors for growth restriction due to impaired placentation, and prematurity is common
amongst those fetuses as the optimal time of delivery is still under discussion [37]. This
explains why perinatal variables linked to gestational age, such as lung maturation and
neuroprotection with MgSO4 as well as preeclampsia rate and pathological UtA PI linked
to impaired placentation, were more likely on FGR group. Other variables also linked to
either prematurity and FGR, such as intraventricular hemorrhage, cesarean section rate
and neonatal care admission, were more frequent in the FGR group.

Studies in humans have also demonstrated decreased levels of BDNF in FGR fe-
tuses [25,38,39], regardless of adaptive fetal Doppler status. However, not all studies are
consistent with our findings. Malamitsi-Putchner observed there were no differences in
BDNF between growth-restricted and adequate newborns [40]. These study groups had no
differences in fetal Doppler; in fact, it was a recommendation that they carried out future
studies. Other studies from the same group evaluated fetal BDNF behavior in diabetic
mothers, seeing that the levels were lower than the healthy controls in the latter, regardless
of the FGR degree they had [38]. A decreased neonatal BDNF level in diabetic mothers
has been observed [41,42], and this effect could mask the one caused by the growth defect
since it was diagnosed by a birth weight centile lower than 5 exclusively without Doppler
evaluation. Another recent study found no differences between very low birth weight
FGR and very low birth weight AGA fetuses when assessing trophic biomarkers as BDNF
or vascular endothelial growth factor (VEGF). FGR criteria was again only a birth centile
threshold of 10th centile [43] without any examination of Doppler status. Paradoxically,
these groups had no birth weight differences. With this in mind, our study cohort had strict
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selection criteria, besides a birth weight centile classification for FGR condition; we also ap-
plied Doppler criteria, either umbilical or cerebral. This condition ensures a sample where
healthy fetuses that are small for gestational age are not included, thereby overcoming one
of the difficulties in the design of FGR studies.

Besides a rigorous selection of FGR fetuses, these studies have to deal with confound-
ing factors. Brain injury is sometimes overcome by prematurity in severe FGR; for that
reason, an adjustment for gestational age is advised. In our study, the association of the
severity of growth restriction with decreased BDNF persisted after adjustment for gesta-
tional age. Another study from our group observed on healthy term newborns that BDNF
cord blood levels decrease as gestational age at delivery increases (unpublished data). This
fact would also confirm a low BDNF on FGR despite its lower gestational age. In order to
cope with the prematurity confounding factor, Antonakopoulos et al. performed a BDNF
analysis on amniotic fluid on ongoing pregnancies. They found higher levels of BDNF on
amniotic fluid from small for gestational age (SGA) fetuses assessed early in the second
trimester. They did not study Doppler nor fetal growth status at the time of amniocentesis
as it was performed for other reasons, finding BDNF levels on large for gestational age and
SGA fetuses [44].

Another factor to consider is the treatment with corticoids, as it has been related to high
BDNF levels [23]. In our study, the FGR group had a higher proportion of antenatal steroids
for lung maturation (41%) but despite that fact, this group had the lowest concentrations
still after gestational age adjustment.

FGR fetuses have a described mechanism of adaptation to preserve important body
functions called “brain sparing”. In general, it has been observed that brain vasodilation
is associated with lower scores on cognitive neurodevelopmental scales at 2 years [45];
however, regarding motor alterations or low scores on early scales, no differences have been
seen when comparing to newborns without brain redistribution. This probably reflects
cognitive alteration rather than motor function, as attributed to the frontal cortex [7]. Re-
garding our fetuses with decreased MCA PI exclusively, we noted the finding of a decrease
in BDNF concentration although this was not statistically significant, especially after gesta-
tional age adjustment. When the target is set to study the consequences of “brain sparing”,
early and late FGR is an important factor as many of these fetuses with late onset FGR will
have a slower clinical progression and might be more likely to reach term [6]. Studies with
larger numbers should focus on this group of patients and long-term neurodevelopment
assessment is encouraged in matched case-control studies.

However, our study has some limitations, not only in the number recruited, but also the
possible confusion in the face of variables associated with the severity of FGR. Ventricular
hemorrhage occurred, although it was limited to germinal matrix, and intraventricular
hemorrhage can be associated with lower levels of BDNF [26]. Although we controlled for
prenatal malformations, known genetic conditions at birth and infectious diseases, one of
the variables that has been observed to modulate BDNF expression is maternal obesity and
we lacked this data [41]. Moreover, we did not perform Doppler exam on AGA fetuses;
this group might include fetuses who did not reach their growth potential, although the
interquartile range was from 43 to 88. Regarding prematurity, we tried to overcome this bias
through linear regression and gestational age adjustment. This handicap is present in many
studies focused on FGR. Assessing brain development, neurotrophic factors and postnatal
neurodevelopment with age matched controlled studies is of paramount importance but
also difficult to achieve as growth restriction is linked to prematurity and healthy preterm
fetuses are difficult to identify [37].

Even considering these BDNF differences in FGR, due to the fundamental role of
this neurotrophin in prenatal neurodevelopment, our study lacks postnatal follow-up.
Future studies of BDNF levels on growth restricted fetuses and linking to the evaluation of
subsequent neurodevelopment are necessary to elucidate the intermediate mechanisms
that cause such postnatal alteration. These should also serve to identify individuals at
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increased neurological risk and assess future intervention actions as it has already been
studied in hypoxic brain injuries in postnatal Noxa [46].

5. Conclusions

We have observed a significant decrease in cord blood BDNF in FGR with Doppler
alteration compared to AGA fetuses. This difference was greater between AGA and FGR
fetuses with UA PI > 95th percentile. Decreased MCA PI in FGR fetuses needs further
study as we could not find statistical differences on BDNF cord blood concentration when
compared to AGA fetuses, although lower levels were observed.
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Abstract: Background and Objectives: In this study, we aimed to describe the clinical and ultrasound
(US) features and the outcome in a group of patients suspected of or diagnosed with early onset
intrauterine growth restriction (IUGR) requiring iatrogenic delivery before 32 weeks, having no
structural or genetic fetal anomalies, managed in our unit. A secondary aim was to report the
incidence of the condition in the population cared for in our hospital, data on immediate postnatal
follow-up in these cases and to highlight the differences required in prenatal and postnatal care.
Materials and Methods: We used as single criteria for defining the suspicion of early IUGR the
sonographic estimation of fetal weight < p10 using the Hadlock 4 technique at any scan performed
before 32 weeks’ gestation (WG). We used a cohort of patients having a normal evolution in pregnancy
and uneventful vaginal births as controls. Data on pregnancy ultrasound, characteristics and neonatal
outcomes were collected and analyzed. We hypothesized that the gestational age (GA) at delivery is
related to the severity of the condition. Therefore, we performed a subanalysis in two subgroups,
which were divided based on the GA at iatrogenic delivery (between 27+0 WG and 29+6 WG and
30+0–32+0 WG, respectively). Results: The prospective cohort study included 36 pregnancies. We
had three cases of intrauterine fetal death (8.3%). The incidence was 1.98% in our population. We
confirmed that severe cases (very early diagnosed and delivered) were associated with a higher
number of prenatal visits and higher uterine arteries (UtA) pulsatility index (PI) centile in the third
trimester—TT (compared with the early diagnosed and delivered). In the very early suspected
IUGR subgroup, the newborns required significantly more NICU days and total hospitalization days.
Conclusions: Patients with isolated very early and early IUGR—defined as ultrasound (US) estimation
of fetal weight < p10 using the Hadlock 4 technique requiring iatrogenic delivery before 32 weeks’
gestation—require closer care prenatally and postnatally. These patients represent an economical
burden for the health system, needing significantly longer hospitalization intervals, GA at birth and
UtA PI centiles being related to it.

Keywords: early onset intrauterine growth restriction; ultrasound; uterine artery pulsatility index;
tertiary care center; middle-income country; number of prenatal visits

1. Introduction

Severe early-onset intrauterine growth restriction (IUGR) complicates around 0.4% of
pregnancies [1–3] and is associated with poor and very poor pregnancy outcome due to
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high morbidity and mortality. This is related primarily to premature iatrogenic delivery
both for fetal and for maternal indications [4]. Placental disease is associated with a low
volume of uteroplacental blood flow and a spectrum of hypertensive disorders. Thus, these
cases are often referred to tertiary centers.

The neonatal intensive care unit (NICU) stay is required in most cases and the long-
term neurodevelopmental sequelae are important, affecting more than two-thirds of these
babies. Survival rates for extremely early born growth-restricted babies (<28 weeks’
gestation—WG) vary from 7% to 33% [4–6]. Neonatal morbidity is gestational age (GA)
related [7] and related to the severity of IUGR also [8].

The costs of this population of fetuses/neonates include the cost of increased antenatal
surveillance (with or without hospitalization days), caesarean delivery, NICU care, routine
post-NICU follow-up, and specialized neurodevelopmental assessments and interventions.
Such costs represent an important economic burden, especially in developing and middle-
income countries. Safe pregnancy prolongation implies a higher number of prenatal
consultations [9].

Doppler waveform analysis in pregnancies complicated by IUGR helps in confirm-
ing/ruling out the compromise of uteroplacental circulation and placental hypoperfusion.
Currently, there are no specific evidence-based therapies for placental insufficiency and
for early-onset severe IUGR. Bed rest and hospital admission for surveillance are not sci-
entifically supported by randomized controlled trials. Many management strategies were
proposed and studied, including medical interventions, such as Sildenafil citrate [2,3].

IUGR remained the second leading cause of perinatal mortality following prematurity [10].
It has significant consequences on neonatal, childhood and adult morbidity [11]. Currently,
there have been scarce reports regarding early-onset IUGR in populations in Romania. This
study aimed to assess the prevalence at birth of early-onset IUGR requiring preterm birth
before 32 WG in a tertiary center and its associated factors. The end-target is to follow up
long-term this population of newborns.

2. Materials and Methods

We performed a nested cohort prospective study. It was designed and conducted
in the Prenatal Diagnosis Unit of the Emergency County Hospital of Craiova, which is a
tertiary referral university-affiliated Hospital in the south-west region of Romania.

The study included singleton pregnancies having an estimated fetal weight less than
the 10th percentile (<p10) at any scan between 22 and 32 WG and no known structural
or genetic abnormality. We used the Hadlock 4 technique [12] for the US estimation of
fetal weight (EFW). The cases falling under p10 (thus defined as suspected of having early
IUGR) were enrolled consecutively between 22- and 31+6 WG.

The study was carried out over a period of three years (1 September 2019–1 September
2022). We report data on 36 pregnancies with prenatal and postnatal care provided in our
hospital (complete follow-up, delivery, and postnatal care).

We used a poststudy selected control group. In this group, we included 56 cases
of normal pregnancies. The cases were retrospectively selected, consecutively, from the
population completely followed up and delivered in our hospital following the study
beginning date, September the 1st 2019: healthy mothers having singleton normal fetuses
(in terms of structure and growth curve) with pregnancies resulting in normal vaginal term
uncomplicated births.

Even if included in a low-risk pregnancy group at registration, all women having
prenatal care in our unit are offered and scheduled for the end of the first trimester (detailed
anomaly and “genetic” scan [13,14]), for a second trimester (structural survey—anomaly
scan) and a third trimester (well-being) US scan. If the prenatal exams (dating and FT
anomaly and genetic scan) lead to completely normal data, for the ST scan, the GA offered
is 20–23 weeks, and for the TT, it is 29–33 weeks.

In the study group, we included cases requiring hospitalization and/or followed up
as outpatients.
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We included exclusively pregnancies with a known gestational age (GA) confirmed
by US during the first trimester (before 13 weeks 6 days). Patients with fetal struc-
tural/chromosomal anomalies, uncertain gestational age and/or unavailable complete
data were excluded from the analysis.

We used for all cases a Voluson E10 (GE Medical Systems, Chicago, IL, USA) ultra-
sound machine equipped with a 4–8 MHz curvilinear transducer. When using color
Doppler, the mechanical and thermal indices were kept as low as possible (ALARA
principle) [15], and safety guidelines were followed [16].

All scans were performed by the author (obstetrician sonographer M.D.) and—in
selected cases—repeated by a senior consultant (S.T.). The study protocol was approved by
the university ethics committee, and informed consent was obtained from all participants
prior to enrolment.

Internal policy adjusted to current guidelines [17,18] was applied regarding the
administration of antenatal steroids for fetal lung maturity and magnesium sulfate for
fetal neuroprotection.

We used for the uterine arteries (UtA) [14,19], umbilical artery (UmbA) [14,20], middle
cerebral artery (MCA) [14,21] and ductus venosus (DV) Doppler [14,22] assessment the
technique previously recommended. We also calculated the cerebroplacental ratio (CPR) as
previously described [14,23].

We chose to report separately the Doppler indices for each uterine artery instead of
reporting the median of both. The observer diagnosed lateral placenta if more than half of
the placenta was seen on US on one side of the uterine cavity only. The corresponding (right
or left) uterine artery was named “placental”. The other one was named “non-placental”
uterine artery on the US form.

The timing of delivery was customized based on the gestational age, the severity of
the disease—depending on the results of fetal surveillance, the parents’ decisions, and a
team of senior consultants, including neonatologists. If the internal policy was not changed
by the attending physician (increasing or decreasing the intensity of prenatal care and the
frequency of medical visits) or on parental desire (e.g., transfer to another unit or fetal
abandonment), we proceeded as follows:

� In prestage I (defined as EFW between 10th centile and the 3rd centile), we used
weekly US monitoring regardless of the GA—amniotic fluid volume assessment
(using the deepest vertical pocket technique—DVP [24]), fetal biophysical profile
(BPP) [25] and Doppler interrogation at the two fetal sites (UmbA and MCA), the
CPR, both UtA and pulsatility index (PI); in this stage, we used US for EFW every
two weeks. If the BPP and Dopplers were normal, expectance was proposed until
32 WG, and the case was discarded from the study. If the BPP was abnormal, the case
was followed up daily. If there was a persistent abnormal BPP (below 5, two days
consecutively), we performed elective C-section before 32 WG, regardless of the
Doppler results.

� In stage I by Figueras [26] (EFW < 3rd centile or CPR < 5th centile or any UtA PI > 95th
centile), we offered the same weekly monitoring protocol and the same management.
If the BPP was normal, we monitored until we registered the case as advancing
toward stage II or until progressing over 32 WG. If the BPP was abnormal, the case
was followed up daily. If the BPP was persistently abnormal (below 5, two days
consecutively), we added the DV assessment, and we performed an elective C-section
before 32 WG regardless of the Doppler results.

� In stage II by Figueras [26]—defined as UmbA absent end-diastolic velocity (AEDV)—
we offered hospitalization. If the parents declined admittance, we re-examined twice
a week. Inpatients were also offered twice-weekly additional cardiotocography (CTG)
and DV assessment daily. In this stage, we performed an elective C-section before
32 WG in all cases.
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� In stage III by Figueras [26]—defined as UmbA reversed end-diastolic velocity (REDV),
we monitored cases by US daily. In surviving fetuses, we offered delivery by cesarean
section before 30 weeks based on the DV assessment.

� In stage IV by Figueras [26]—defined as reversed flow ductus venosus (DV), we
offered immediate delivery after 27 weeks by caesarean section to all couples. Benefits
and expectations were extensively explained to the parents in these cases.

Demographic data and maternal baseline characteristics, as well as data regarding the
course of pregnancy and newborn outcomes, were collected prospectively for the study
group and retrospectively (using the institution’s computerized database containing the
patient’s antenatal/intra/postnatal records) for the control group.

In the study group, all US data were collected more than once, according to the study
design. The statistical analysis was performed on the values at the beginning of the specific
trimester (the second or the third). Therefore, the processed values were the ones obtained
at 22 weeks’ or at the first prenatal visit in our unit—in all cases enrolled in the ST. The
data entering in the final analysis were obtained at 28 weeks’ gestation (in all cases already
enrolled) or at the first prenatal visit (at enrollment) in cases enrolled or referred to our unit
in the TT.

We collected maternal data and demographics, pregnancy complications, prenatal
care, US prenatal features, and postnatal data in newborns.

We perform routine screening for gestational diabetes mellitus (GDM). We use the
one-step approach: oral glucose tolerance test (OGTT) at 24–28 WG (without prior plasma
or serum glucose screening). We use a 75 g glucose load, and the glucose threshold values
are: for fasting—95 mg/dL, at 1 h—180 mg/dL and at 2 h later—155 mg/dL. We classified
the patient as positive in this study if two or more of the venous plasma concentrations
were met or exceeded [27].

Maternal blood pressure was measured automatically with a calibrated OMRON M6
Confort device, according to standard procedure. Blood pressure was measured in one
arm (right or left) without distinction, while women were seated and after a 5 min rest.
We defined gestational hypertension as a systolic blood pressure of 140 mmHg or more
or a diastolic blood pressure of 90 mmHg or more, or both, on two occasions at least 4 h
apart after 20 weeks of gestation in a woman with a previously normal blood pressure [28].
We defined preeclampsia as a systolic blood pressure of 140 mm Hg or more or a diastolic
blood pressure of 90 mm Hg or more with 300 mg or more of proteinuria. In the absence
of proteinuria, new-onset hypertension was determined with the new onset of any of
the following: thrombocytopenia: less than 100.000/mm3; renal insufficiency; impaired
liver function: elevated liver transaminases to twice normal concentration; pulmonary
edema; new-onset headache [28]. We defined HELLP syndrome as hemolysis, elevated
liver enzymes and low platelet count [29].

We tested for hereditary thrombophilia and defined positive cases if Factor V Leiden
homozygote mutation, antithrombin deficiency or protein C or protein S deficiency were
found [30].

We performed C-section in all cases, either elective or in emergency circumstances.
We collected data on the newborns during the postpartum hospitalization.
We defined neonatal resuscitation as the set of interventions at the time of birth to

support the establishment of breathing and circulation [31]. Respiratory distress was
diagnosed if the newborn presented apnea, cyanosis, grunting, inspiratory stridor, nasal
flaring, poor feeding, and tachypnoea (more than 60 breaths per minute), retractions in
the intercostal, subcostal, or supracostal spaces and if the newborn received surfactant in
the therapeutic scheme. Bronchopulmonary dysplasia was diagnosed if fibrotic opacities
and cystic changes on the chest imaging X-ray (and on the computed tomography—CT
scan) were found. The systemic blood pressure was measured noninvasively in all cases
(by means of oscillometric technique, using appropriately sized cuffs). A specific case was
reported as positive for hypotension if the abnormal values of systemic blood pressure
were documented in the newborn’s file and corrected by volume expansion, inotropes
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and corticosteroids. Persistent ductus arteriosus (PDA) was suspected on heart murmur
and diagnosed by means of postnatal echocardiography. All cases were offered serial
transfontanellar ultrasound (on days 3, 7, 14 and at discharge). All newborns benefited
from additional heat (warmers and/or incubators). The immature gastro-intestinal (GI)
system diagnosis was achieved after excluding other conditions, in babies having feeding
intolerances: vomiting, stomach bile, or both; abdominal distension, reduced or absent
bowel sounds and reduced or absent stool. All cases received empirical antibiotic treatment.
Cases with clinical symptoms and/or with abnormal results on laboratory tests (abnormal
white blood cell count, acidosis, hyperglycemia, lethargy, diminished responsiveness, fever,
abnormal breathing, and circulatory disorders) were classified as neonatal infection.

We report exclusively data on cases requiring delivery between 27 and 32 completed
weeks. By the internal unit’s policy, in cases of severely early restricted fetuses needing
iatrogenic delivery before 27 weeks, the parents are repeatedly counselled in multidisci-
plinary teams, and in utero transfer to superior centers is offered. Cases not requiring
ending the pregnancy before 32 completed weeks (those continuing the pregnancy later
than 32 weeks) were excluded from the analysis.

Statistical Analysis

Statistical analysis was performed using Minitab 17 Statistical Software. The distri-
butions of the continuous variables were tested for normal values by using the Anderson–
Darling test. Data with a normal distribution were presented as a mean value ± standard
deviation (SD); the data that did not have a normal distribution were presented as a median
and interquartile rate (IQR). To determine the statistical significance of the differences
between the two groups for non-normal data, we used the Mann–Whitney test, comparing
the medians (p value < 0.05), and for categorical data, we used the Chi-Square Test for
Association (p value < 0.05).

3. Results

We performed the observational study during a three-year interval, and we summa-
rized the workflow in Figure 1.

We had 30.5% self-presented cases and 69.4% referrals for sonography in our case
series. Most cases (83.3%) had fetal indications for C-section, and the remaining ones had
combined indications (fetal and maternal).

The general characteristics of pregnant women in the study are presented in Table 1.
Cases were significantly more likely to be smokers or ex-smokers than controls (p < 0.01)
and tended to be older (p = 0.053).

Among the 36 reported cases, we found in 30 cases exclusively laterally located
placentas. In the remaining six cases, with the placenta located rather centrally, the operator
decided on subjective criteria the assignment of the uterine arteries.

Both uterine arteries (placental and non-placental) assessed by means of spectral
Doppler in the ST and in the TT were abnormal in all cases in the study group.

CPR percentiles were abnormal in the TT in the study group.
The mean gestational age at delivery was 30.7 (27–32) weeks in the study group and

39 weeks (37–41) of gestation in the control group.
In the study group, we had three cases of intrauterine fetal death (incidence 8.3%).
The numbers of prenatal medical follow-up visits (the total number and the third

trimester number) in pregnant women included in the study are listed and compared
(Table 2).
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Figure 1. Flow chart diagram.
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Table 1. Demographic maternal characteristics in pregnancies with suspected early IUGR and control
group.

Characteristics susp Early IUGR Control p

Smoking/former smoker 66.67% 21.4% <0.01

Age 29.17 (19–37) 27.17 (18–35) 0.053

BMI 24.5 (19–27) 27.0 (17–31) 0.374
Abbreviations: IUGR intrauterine growth restriction, BMI body mass index. Age and BMI are expressed
as median.

Table 2. Number of prenatal visits in pregnancy and in the third trimester in the study IUGR group
versus the control group.

Variable susp Early IUGR Control p

Nr of prenatal visits 11.5 (10–30) 5 (5–6) <0.01

Nr of prenatal visits in the TT 6 (5–15) 2 (1–3) <0.01
Abbreviations: TT the third trimester, IUGR intrauterine growth restriction, Nr number.

The newborn data in the study group is summarized below (Table 3).

Table 3. Newborn data in pregnancies complicated with early IUGR.

Characteristic/Complications susp Early IUGR Controls p

Hospitalization days 36 (22–90) 3.8 (2–5) <0.01

Apgar Score 5.5 (1–8)

Resuscitation 17 (47.2%)

Birth percentile 1% (1–10%)

NICU days 10.5 (0–60)

Respiratory Distress Syndrome 20 (55.5%)

Bronchopulmonary Dysplasia 1 (2.7%)

Transient Apnea 36 (100%)

Hypotension 4 (11.1%)

PDA 15 (41.6%)

IVH 6 (16.6%)

PVL 2 (5.5%)

Hypothermia 0

Immature GI System 32 (88.8%)

NEC 1 (2.7%)

Anemia 36 (100%)

Jaundice 10 (27.7%)

Transient Hypoglycaemia 16 (44.4%)

Infection 9 (25%)
Abbreviations: NICU Neonatal intensive care unit, PDA Persistent ductus arteriosus, IVH intraventricular
hemorrhage, PVL periventricular leukomalacia, GI gastro-intestinal, NEC necrotizing enterocolitis.

As expected, the number of postnatal hospitalization days was significantly higher in
the suspected early IUGR group vs. the control group. The Apgar score and the number
of NICU days are expressed as median. Resuscitation measures were required at birth in
almost half of the population. During hospitalization, all newborns presented one or more
episodes of transient apnea. In very few cases, hypotension occurred. Persistent ductus
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arteriosus (PDA) was diagnosed frequently and was treated with anti-inflammatory non-
steroid drugs, fluid restriction and/or diuretic drugs. No case required surgical treatment
for PDA. All cases of intraventricular hemorrhage were mild. We had no case of large brain
bleeding, which was expected to induce permanent brain injury. No newborn developed
clinical signs of hypothermia. The single case of necrotizing enterocolitis received surgical
treatment in the third day of life. All neonates in the study group had various degree of
anemia, and all received blood products or transfusions. All neonates developed jaundice,
but most of them had minor forms. Transient hypoglycemia was present in almost half
of the cases immediately after birth. We had no case of severe persistent hypoglycemia.
Despite the routine empirical antibiotic treatment, we had nine severe cases of neonatal
infection. One only case had an early-onset form, while the remaining eight cases were
diagnosed with late onset infection.

To describe better the severity and the continuum of the disease in the study group,
we chose to perform a subanalysis and to compare the antenatal and the postnatal data
in 12 pregnancies with very early IUGR (requiring iatrogenic delivery between 27 and
29.6 weeks of gestation) and 24 pregnancies in which the delivery was delayed until
30–32 weeks of gestation.

The ultrasound data regarding the UtA centile in the TT in these two subgroups
is graphically represented and compared (Figure 2). In the extremely early suspected
IUGR group, we found a higher median than in the early suspected IUGR. The boxplot
of umbilical artery percentile revealed that in the very early suspected IUGR group, we
found a higher median than in the early IUGR group. Based on the Kruskal–Wallis test, the
differences between medians are statistically significant (p < 0.01).

Figure 2. Doppler indices compared in the two subgroups: very early IUGR (requiring iatrogenic
delivery between 27 and 29.6 weeks of gestation) and pregnancies which allowed continuing the
pregnancy until 30–32 weeks of gestation. (a) The boxplot of placental and non-placental uterine
artery assessed in the TT; (b) The boxplot of umbilical artery percentile. Abbreviations: TT third
trimester, UtA uterine artery, WG weeks’ gestation, Umb A umbilical artery.

Total prenatal visits in pregnancy and of TT visits revealed an increased number
of medical visits in the very early suspected IUGR subgroup (Figure 3). Based on the
Kruskal–Wallis test, the differences between medians are statistically significant (p < 0.01).
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Figure 3. (a) The boxplot of TT prenatal visits; (b) The boxplot of total number of scheduled medical
appointments. Abbreviations: WG weeks’ gestation, TT—third trimester.

In the very early suspected IUGR subgroup, we had higher median values for NICU
and total hospitalization days (21.5 days and 49 days, respectively) compared to the early
suspected IUGR subgroup (Figure 4). Based on the Kruskal–Wallis test, the differences
between medians are statistically significant (p < 0.01).

Figure 4. (a) The boxplot of NICU days in very early suspected IUGR subgroup vs. in the early
suspected IUGR subgroup; (b) The boxplot of hospitalization days in the very early suspected IUGR
subgroup vs. in early suspected IUGR subgroup. Abbreviations: GA gestational age, NICU neonatal
Intensive Care Unit, WG weeks’ gestation.

There were statistically significant differences between all US parameters in the very
early suspected IUGR subgroup compared with the early suspected IUGR subgroup.

4. Discussion

IUGR reflects an abnormal adaptive fetal growth in a deleterious environment. Among
all the modalities we have available to assess a fetus—we still do not know how each of
them (EFW, Doppler velocities, BPP score), isolated or in combination, will perform in
IUGR diagnosis and/or in deciding the time of the delivery [32]. Our data may be used
in forthcoming logistic and linear repression analyses needed to prove the independent
predictors for long-term outcome.

Our study targeted a very limited population of IUGR fetuses requiring early ia-
trogenic birth before 32 weeks. We confirmed the known association with hypertensive
disorders in pregnancy [33], which is present in 70% in this case series. We searched for as-
sociations with non-modifiable (hereditary thrombophilia [34]) and modifiable risk factors
(smoking) [35,36].
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Early-onset IUGR has significant risks for major and minor neonatal morbidity [37].
We confirmed that the neonatal care is influenced by the severity of prematurity. The NICU
days were significantly higher in the very early suspected/diagnosed and delivered group.

We also confirmed the recent reported high overall survival rates in IUGR suspected
before 32 WG [37]. We registered three fetal deaths in the study group, having an overall
in utero mortality of 8.3%. Among them, two fetuses did not benefit from medical man-
agement (fetal abandonment was decided by the parents). One fetus had the EFW < p3 at
26 WG, and the fetal demise occurred between two consecutive follow-up visits, at 29 WG.
We registered one only neonatal death in our cohort. Previous reports [38] showed 6%
mortality in the IUGR group and 24% severe morbidity.

We have no treatment for IUGR. The sole intervention having some treatment-like
effect is the early iatrogenic termination of pregnancy [39]. Yet, the antenatal detection
of inadequate fetal growth leads to increased surveillance and reduces the risk of fetal
death [40]. According to some results, the prenatal diagnosis may also improve perinatal
morbidity [41], although the scientific proof of this statement is still debated [42]. In our
case series, the intensity of prenatal care was amplified in early and very early suspicion of
IUGR. The total number of prenatal visits in pregnancy and the total number of TT visits
was significantly higher in the very early suspected IUGR subgroup. Both sets of figures
are much higher than the number recommended by the current guidelines in low-risk
pregnancies [43–45]. Defensive medicine may play a role in these results, but it cannot be
weighted from these data.

We did not report the CPR centiles to describe this population of fetuses, although
CPR proved to be superior to the UmbA Doppler assessment in the prediction of adverse
perinatal outcome [46,47] and in the prediction of long-term developmental problems [48].
Currently, there are no clinical trials investigating the effectiveness of the CPR in guiding
clinical management in IUGR, and it is still unclear to which subgroup of pregnant women
this applies best. In our case series, this parameter was abnormal in all cases in the TT.
Regarding the maternal interface, we confirmed [49] that all searched parameters were
abnormal in both trimesters.

A cost-analysis to follow our report may be appropriate due to the high number
of US scans, NICU and total hospitalization days needed in this high-risk population.
Our results have the potential to help local authorities in the healthcare system plan an
adequate strategy (primary care, medical education, audit, merged databases in university
centers, funding), adjusted for emergency state hospitals. Results may lead to appropriate
centralization to improve the neonatal outcome.

As limitations, we provide no long-term data on the neonates included in the study.
In this study, the US expertise of the primary referring doctors was not investigated.

In Romania, obstetricians ultrasonographers are the main healthcare provider responsible
for the assessment of fetal growth in low-risk pregnancies, and TT scan is optional. The
primary doctors’ skills are important for identifying impaired fetal growth and referring the
mother to a customized prenatal care. Unless placed in an at-risk category, the pregnancy
will not be monitored appropriately.

In IUGR, an impressive amount of recent research was published. Definitions of
IUGR and significant predictors varied largely throughout the last decades: AC < p10 and
UmbA PI > p95 [38] (consensus amongst 20 European experts in perinatology), AC < p10
or EFW < p5 and UmbA PI > p95 [50] (very wide GA considered). We defined “suspected
IUGR” as the US EFW less than the 10th centile prior to delivery. We are aware that most
researchers define IUGR as two components associated: small size and functional evidence
of placental impairment (abnormal Dopplers). We acknowledge the risk of including a
certain proportion of small for gestational age healthy fetuses (small sized and having
normal results on Doppler interrogation). Yet, we may assume that this population was
very limited, since we excluded all pregnancies continuing at 32 WA, and we had no
case of pregnancy with normal fetal BPP and normal velocities iatrogenically interrupted,
regardless the pEFW.
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It has been shown that multivariable Integrative models (using additionally maternal
characteristics and maternal biochemical markers) offer only modest improvement in the
detection of IUGR when compared with screening based on EFW centile alone [51].

We did not assess the data immediate before delivery. This might have an impact on
results due to the dynamic of US parameters [52].

We centered the study in a state hospital, having issues in subsidizing some of the
already known strategies to improve the IUGR detection in the antenatal period: FT
maternal serum placental growth factor (PlGF) and soluble forms-like tyrosine kinase-1
(sFLT) [51,53].

In our view, this report has also some advantages: we provided data on the character-
istics of the mother, US features and the type of prenatal surveillance, covering three years,
in a single tertiary center in an upper middle-income country.

Data obtained by a single operator using a single US equipment and a standardized
technique for Doppler interrogation assured homogeneity in this study. This has the
potential to lead to consistent results, given the considerable methodological heterogeneity
in studies reporting reference ranges for UmbA and MCA Doppler indices and CPR. Using
different references has important implications for clinical practice [51]

We did not use CTG and short-term variation of fetal heart rate in this population of
fetuses suspected of early-onset IUGR, as scientific proof for its benefits is still missing [53].

We had the opportunity to use the hospital’s electronic records, which improved the
retrospective collection of data in the control group.

In our view, the contextual factors should be considered. Our study interval over-
lapped the pandemics, and this heavily impacted the internal policy of the unit, the
continuity of care and the rate of admittance. This resulted most probably in biasing the
population selection, budgets, staffing, workload, safety, the practice climate, and the man-
agement decisions. On the other hands, the attempt to use the same guidelines in different
countries without local validation may be difficult, given the differences in the prevalence
of adverse pregnancy outcomes in different settings. The prevalence and the severity of a
disease influences the diagnostic performance; thus, context-specific guidance is necessary.
Given the local reporting gaps about the predictive ability of antenatal Doppler for adverse
pregnancy outcomes and for the pregnancy care costs, our data on a very high-risk fetal
population may prove informative.

5. Conclusions

Fetuses with isolated very early and early fetal growth restriction—defined as ul-
trasound estimation of fetal weight < p10 using the Hadlock 4 technique and requiring
delivery before 32 weeks’ gestation—are likely to be scanned more frequently, and new-
borns have longer hospitalizations. GA at iatrogenic birth and UtA PI centiles are related
to the latter. In developing and middle-income countries, cost-analysis studies should
be developed in the future due to the high number of prenatal visits, scans performed
by experts, NICU and total hospitalization days. This would help local authorities in
the healthcare system plan an adequate strategy (primary care, medical education, audit,
centralization and funding) to improve outcome in these cases.
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Abstract: Background and Objectives: During pregnancy, women undergo various physiological and
anatomical changes that are accentuated as the pregnancy progresses, but return to their previous
state a few weeks/months after the pregnancy. However, a targeted therapeutic approach is needed.
Most of the time, during this period, these changes precipitate the appearance of pain, musculoskele-
tal pain being the most common. Pregnant women should avoid treating musculoskeletal pain with
medication and should choose alternative and complementary methods. Exercise along with rest is
the basis for treating chronic musculoskeletal pain. Side effects of physical therapy are rare and, in
addition, it is not contraindicated in pregnant women. The benefits of this type of treatment in com-
bating pain far outweigh the risks, being an easy way to improve quality of life. The objective of this
article is to discuss the management of musculoskeletal pain during pregnancy, to identify the main
musculoskeletal pain encountered in pregnant women along with drug treatment, and to expose the
beneficial effects of alternative and complementary methods in combating pain. Materials and Methods:
A literature search was conducted using medical databases, including PubMed, Google Scholar, and
ScienceDirect, using the keywords “changes of pregnancy”, “musculoskeletal pain”, “pregnancy
pain”, “pain management”, “pharmacological approach”, “alternative and complementary treatment”
and specific sites. Information was collected from studies whose target population included pregnant
women who complained of musculoskeletal pain during the 9 months of pregnancy; pregnant women
with other pathologies that could increase their pain were not included in this review. Results: The
articles related to the most common non-obstetric musculoskeletal pain in pregnancy along with
pharmacological treatment options and alternative and complementary methods for musculoskeletal
pain management during pregnancy were selected. Conclusions: The results were used to guide
information towards the safest methods of therapy but also to raise awareness of the treatment criteria
in order to compare the effectiveness of existing methods. Treatment must consider the implications
for the mother and fetus, optimizing non-pharmacological therapeutic options.

Keywords: pregnancy; changes of pregnancy; musculoskeletal pain; treatment

1. Introduction

During pregnancy, a woman’s body undergoes various changes, both physiological
and anatomical, necessary to meet the increased metabolic needs in order to support the
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growing fetus, for its harmonious development and also to prepare the body for birth [1,2].
It has been observed that the first changes appear in the first trimester of pregnancy and
intensify once the final term is reached and return to normal a few weeks after birth [2].
The physiological changes produced by pregnancy are generally well tolerated by healthy
women, but certain changes are still likely to aggravate different pathologies or give
rise to a variety of disorders, especially musculoskeletal, which is the most common in
pregnancy [3]. A woman’s body undergoes major changes during pregnancy in all organs
to support both the mother and the fetus.

A proper diet is important at any time of life, especially during pregnancy. The diet
of the pregnant woman must provide nutrients and energy to support both the normal
requirements of the mother and the needs of the developing fetus. The recommended diet
for pregnant women does not differ much from the diet of an adult, necessarily comprising
a healthy, balanced and varied diet. For pregnant women, it is recommended to use foods
rich in minerals and vitamins, especially iron, vitamin D and folate [4]. Additionally, at the
time of conception, a balanced diet is required, and it is preferable for the woman to have a
healthy body weight with a body mass index of 20–25, since lower or higher values can
influence the fertility and harmonious growth of the fetus [5]. Excessive weight gain during
pregnancy has countless negative effects on the health of the mother and child, including
high blood pressure, diabetes, birth trauma and asphyxia. This weight gain in pregnant
women is associated with a higher risk of long-term obesity but also with the precipitation
of musculoskeletal pain [6]. Moreover, aside from diet, the evolution of pregnancy is
influenced by a multitude of factors, including age, previous experiences and family
history, as well as stress, smoking and excessive alcohol or coffee consumption [7]. Both
extremes of age considered appropriate for the conception of the child can cause unwanted
effects on pregnancy. Young mothers have a high risk of low birth weight, premature
birth and fetal death resulting from biological immaturity, lack of access to prenatal care to
socioeconomic factors. However, the mother’s advanced age is more strongly associated
with complications at birth [8]. There is a close relationship between healthy mothers and
healthy newborns, and proper nutrition and physical activity are key factors that contribute
to its achievement; factors that can prevent and combat musculoskeletal pain encountered
during pregnancy. Special attention was paid to physiotherapy in pregnancy with the help
of the American College of Obstetrics and Gynecologists guidelines in 2002 [9], which led
to studies focusing on the beneficial effects of exercise during pregnancy.

New detailed clinical trials are currently needed regarding the treatment of the most
common pain in pregnancy, adapted to current times with socio-economic or dietary modi-
fications; a treatment that must be correlated with physiological and anatomical changes
that normally occur in pregnant women. In the foreground should be non-pharmacological
treatment; physiotherapy being a method more easily accepted by pregnant women. This
paper provides a comprehensive look at the physiological and anatomical changes in
pregnancy, the main musculoskeletal problems and the treatment that can be addressed,
pharmacological treatment and especially non-pharmacological treatment, based on alter-
native and complementary methods.

2. Physiological and Anatomical Changes of Pregnancy

2.1. The Main Changes That Occur at the Organ Level

Regarding the cardiovascular system, during pregnancy heart rate can increase by
up to 60% with the highest values registered from week 20 until birth. Cardiac output
is required to increase and to maintain normal blood pressure. Initially, the increase in
cardiac output is achieved by an increase in stroke volume, followed at the end of the third
trimester by an increase in heart rhythm [2,10]. The highest increase in cardiac output
is achieved in the kidneys, uterus and skin to control the mother’s temperature and to
produce nutrients needed for the fetus and to eliminate fetal and maternal waste [11–13].
The presence of the pregnant uterus leads to the lateral movement of the heart. In the
first weeks of pregnancy, the pregnant uterus begins to cause the mechanical compression
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of the inferior vena cava and the descending aorta. Thus, a reduction in cardiac output
and venous return is observed, resulting in maternal hypotension and fetal acidemia. To
correct and compensate for compression, heart rate and sympathetic tone increase. In many
pregnant women, these mechanisms may be insufficient to support blood pressure and
aortocaval compression syndrome may set in. This hypotensive syndrome is accompanied
by symptoms such as pallor, dizziness, sweating and tachycardia, followed by bradycardia
and hypotension in the supine position, while the severe form can cause death [14,15].

During pregnancy, in the gastrointestinal tract, gastric motility is most affected. High
levels of hormones, especially progesterone, cause smooth muscle relaxation and decreased
bowel motility, thus prolonging gastric emptying time, leading to constipation [16]. Like-
wise, the progesterone-mediated relaxation of the lower esophageal sphincter induces a
decrease in its tone manifested as gastroesophageal reflux disease [17]. Additionally, high
hormone levels cause vomiting and nausea, known as morning sickness, which occur at any
time of the day in more than 70% of pregnant women. However, if these conditions increase
after week 20 or lead to ketosis with a massive weight loss, hyperemesis gravidarum can
be reached and intravenous vitamins and fluids may be needed [18].

Respiratory changes also occur in pregnant women. The diaphragm rises by about
2 cm, which leads to a 5% decrease in lung capacity. The current volume increases by up
to 40% leading to a decrease in the expiratory reserve volume by 20% and an increase in
ventilation per minute (VM). The increase in VM determines an increase in the level of
arterial (PaO2) and alveolar (PAO2) pressure but also a decrease in the partial pressure of
arterial carbon dioxide (PaCO2). The decrease in PaCO2 produces an increased gradient
of carbon dioxide (CO2) between mother and fetus, helping to deliver oxygen to the fetus
and eliminate CO2. Elevated progesterone levels create this gradient, with progesterone
being a respiratory stimulant that sensitizes CO2 receptors [19–21]. Dyspnea in pregnancy,
which occurs in about 70% of pregnant women is due to these low levels of PaCO2 as well
as decreased total lung capacity and increased VM. Thus, most often in the third trimester,
the pregnant woman may experience a feeling of shortness of breath [1].

In addition, renal changes were observed; renal plasma flow and glomerular filtration
rate were increased. This increase in glomerular filtration rate maintains plasma sodium
levels, which increase because of the activation the renin–angiotensin–aldosterone system,
and also lowers serum creatine and urea nitrogen in the blood [20]. At the renal level,
elevated progesterone levels work to reduce peristalsis, urethral tone and contraction
pressure, producing renal vasodilation. Furthermore, hormone levels, but also external
mechanical compression and changes in the urethral wall, can cause hydronephrosis and
hydroureter in the pregnant woman. Urinary tract infections, urinary incontinence and
nocturia are common in pregnancy. All changes that occur during this period return to the
previous state up to 6 weeks after birth [13].

Additionally, during pregnancy, plasma volume increases by up to 50% and erythro-
cyte volume by up to 30%. These significant changes can lead to physiological anemia and
decreased hematocrit, an effect that reduces blood viscosity and resistance to blood flow.
Regarding the number of leukocytes, they increase and can reach very high values during
labor, which can often explain the severity of the infection; however, these values do not
make the pregnant woman more prone to infections [22]. In general, the concentration of
platelets is maintained at normal values, but there are some cases in which their number
decreases (gestational thrombocytopenia) due to the increase in plasma volume, which
disappears after birth [23]. Fibrinolytic and coagulation pathways also undergo changes,
and venous stasis leads to an increased risk of thromboembolism, beginning in the first
trimester of pregnancy and lasting up to 3 months after birth [20].

In pregnant woman, high levels of estrogen stimulate the production of the thyroid-
binding globulin, leading to an increase in the total levels of triiodothyronine (T3) and
thyroxine (T4) by about 50%, while free T3 and T4 levels remain constant or slightly altered.
It also increases the production of hormones by the adrenal glands. Low blood pressure
and vascular resistance stimulate the renin–angiotensin–aldosterone system, resulting in
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an up to 10-fold increase in aldosterone at the end of the third trimester of pregnancy.
Moreover, there is an increase in the level of cortisol and adrenocorticotropic hormone, a
corticosteroid-binding globulin, which leads to a state of hypercortisol. On the other hand,
the high levels of estradiol in pregnancy result in an increase in prolactin that induces
growth in the pituitary gland [1,2,20].

2.2. Musculoskeletal Changes

Over time, it has been observed that many physiological and anatomical changes occur
in pregnant women that can affect the essential organs, but the most common are those at
the musculoskeletal level. Weight gain, the enlargement of the uterus with a shift in the
center of gravity and hormonal and vascular changes cause a number of musculoskeletal
problems. Changing the center of gravity causes lumbar lordosis with the flexion of the
neck and the drooping of the shoulders [24,25].

Mechanical pressure, elevated progesterone and relaxin levels increase joint laxity and
prepare a woman’s body for childbirth. Additionally, in pregnant women, fluid retention
causes the compression of soft tissues. All these changes that occur make the pregnant
woman susceptible to musculoskeletal disorders. Most pregnant women complain of mus-
culoskeletal disorders, and some of them show signs of disability. The majority conditions
have been described as spinal pain, pain in the upper and lower extremities, peripheral
neuropathy and muscle cramps. In addition, carpal tunnel syndrome, which results from
compression of the median nerve, is quite common in pregnant women [19,20,26]. Major
changes that occur in the body of pregnant women at different system level are shown in
Figure 1.

Figure 1. The main physiological and anatomical changes of pregnancy. (↑—increase, ↓—decrease).

These musculoskeletal disorders cause disabilities and loss of work capacity in preg-
nant women [27]. Pain during pregnancy can be of various causes and is not limited only
to labor pain. The non-obstetric causes of pain in pregnancy are common, from acute
conditions, such as infection or injury, to secondary pain from underlying medical condi-
tions. Pregnancy manifests physiological effects on a woman’s body, likewise influencing
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the endocrine, cardiovascular and renal systems as well as the musculoskeletal system.
Additionally, weight gain during pregnancy and the presence of the pregnant uterus put
pressure on the skeletal system. During the nine months of pregnancy, various changes
occur in the body. These physiological and anatomical changes precipitate the onset of pain
or may exacerbate pre-existing painful disorders.

Next, some aspects of the main imaging investigations for the diagnosis of muscu-
loskeletal disorders will be presented.

X-rays are among the oldest types of imaging available, which use electromagnetic
waves to produce an image. Bone lesions can be highlighted by radiography, but in order to
diagnose muscle disorders more advanced imaging explorations are needed. The possibility
that an X-ray taken during pregnancy will produce serious effects on the fetus is very small.
However, the risk of affecting the child depends on the amount of radiation exposure and
its gestational age. Thus, the exposure to high doses of radiation in the first two weeks
after conception can cause a miscarriage; exposure up to eight weeks can increase the
risk of congenital malformations; and up to week 16, high doses of radiation can lead to
intellectual disability. The dose of a single exposure to radiation is far lesser than the doses
associated with these risks. Another method of diagnosing musculoskeletal disorders is
computed tomography (CT), which investigates bone and muscle injuries. This method
offers a more detailed examination of body compared to radiography. It is not proven
that the fetus is affected by the amount of radiation used in CT. However, its use on the
abdomen or pelvic area is to be avoided in order to exclude any risk of developing cancer in
childhood. If the examination of both the mother and the fetus is necessary, other imaging
tests, such as ultrasound or magnetic resonance imaging (MRI), are used. Ultrasound
uses sound waves to photograph the inside of the body. Ultrasound captures images
of soft tissues, muscles and ligaments and can also diagnose musculoskeletal conditions
along with MRI. Ultrasound can easily detect the signs of inflammation at the muscle and
joint level. This imaging method is the most used for pregnant women, but if the images
obtained do not provide a clear answer, an MRI examination can be resorted to. MRI is
a method that uses radio waves and magnetic fields to capture images of the inside of
the body. MRI can capture images of the body’s soft tissues, even muscles, unlike X-ray
imaging. In addition, MRI can capture joint injuries, such as torn ligaments or cartilage.
There are no proven adverse effects due to the MRI either in the pregnant woman nor in
the fetus, and is a frequently used method today [28,29].

The main musculoskeletal pains encountered during pregnancy can be classified into
lumbar, pelvic and joint pain.

2.2.1. Lower Back Pain

Lower back pain occurs in about half of pregnant women and is considered a normal
pain during pregnancy [30]. A higher risk of lower back pain is associated with age, the
presence of pain before pregnancy and especially during menstruation, and ethnicity, par-
ticularly in African American and Caucasian individuals; although individuals of Hispanic
ethnicity do not show strong associations with lower back pain during pregnancy, nor do
factors such as caffeine, tobacco, oral contraceptive medication, parity and exercise [31,32].
Additionally, other factors that can contribute to lower back pain are the mechanical com-
pressions of the pregnant uterus that modifies the center of gravity and increases the force
applied to the spine, as well as the pelvic ligament laxity and vascular compression.

In addition, lower back pain encountered at night during pregnancy may be due
to venous engorgement in the pelvis. The growing uterus presses on the vena cava and
combined with fluid retention in pregnancy causes venous congestion and hypoxia in
the lumbar spine [33]. Some women experience this pain from the first trimester when
the mechanical pressure is not high, in this case the hormonal level being the factor that
influences the appearance of the musculoskeletal disorder [31]. Most women recover easily
in the first months after birth, of which only 50% seek professional medical assistance. The
rapid identification of pain and the application of specific methods of treatment according to
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the particularities of each individual ultimately leads to total recovery. However, pregnant
women who have gained more weight have a higher risk of postpartum lower back
pain [34].

The most affected musculoskeletal structures during pregnancy and postpartum are
the pubic symphysis and the sacroiliac joints. Most of the time it is difficult to establish the
exact cause of the pain based only on the anamnesis, and detailed imaging investigations
are required. Non-inflammatory causes of back pain, such as mechanical stress on the
pelvic area caused by pregnancy, can cause subchondral bone marrow edema that cannot
be differentiated from axial spondyloarthritis [35].

Bone marrow edema (BME) is a condition encountered in radiology described as
a nonspecific lesion pattern, characterized by a change in marrow signal intensity at
the level of the femoral head suggesting marrow infiltration through interstitial edema.
Many aspects can lead to bone marrow changes, especially at the level of the sacroiliac
joints, it is not yet clear whether postpartum bone marrow changes, which are mechanically
induced, are different from inflammatory sacroiliitis seen on MRI. From an imaging point of
view, spondyloarthropathy is characterized by BME around the sacroiliac joint (sacroiliitis)
and structural changes, such as the fatty replacement of the bone marrow at the sites of
inflammation, subchondral erosions and sclerosis [36].

The scientific team led by Agten compared the MRI results of the sacroiliac joints
subjected to mechanical stress due to pregnancy with those of a group of women known to
have spondyloarthritis to make the differential diagnosis. It was found that mechanical
pressure on the joints can lead to bone marrow edema, only inflammatory changes being
present, while in the group with spondyloarthritis, structural changes and erosions were
also evident. Thus, these findings may provide guidance to differentiate mechanically- and
hormonally-induced bone marrow changes and inflammatory sacroiliitis [37].

2.2.2. Pelvic Pain

Pelvic pain is described by pregnant women as a burning sensation, stabbing in
the sacral area or as pain in the pubic symphysis. This pain may radiate to the groin or
posterior thigh. The first symptoms appear during week 18 and reach a maximum intensity
in week 36 [38]. Pelvic girdle pains are not pains that normally occur in pregnancy, so it
is necessary to intervene as soon as possible in their treatment, otherwise they can lead
to severe pain. If timely therapeutic measures are taken, recovery is rapid. Up to 22%
of pregnant women may suffer from pelvic pain and up to 8% may experience severe
symptoms [39]. The causes of pelvic pain in pregnancy are multifactorial. Increased
movement of the pelvic girdle causes pain due to increased ligament laxity caused by high
levels of relaxin and estrogen. These high concentrations of hormones lead to enlargement
of the pubic symphysis, which results in pain due to the increased mobility of the joints.
Pelvic pain is amplified by mechanical exertion, anterior back pain or anterior pelvic
trauma [26,40].

Furthermore, it has been shown that high body mass index, multiparity, mental stress,
physical exhaustion and smoking are factors that can accelerate the onset of pelvic pain in
pregnancy [41].

Lumbar disc herniation is considered the most common pathology of the spine in
pregnant women; however, the condition is very rare in pregnant women compared to
pelvic pain, with an estimated occurrence of 1 in 10,000 women. In recent years, an increase
in the average age of women who become pregnant has been observed, a consideration
that may increase the incidence of lumbar disc herniation among pregnant women. The
most frequent symptoms were represented by radicular pain, along with the weakness
of the muscles innervated by the root of a spinal nerve, the reduced sensation in the
sensory distribution of a spinal nerve but also urinary incontinence. According to data from
the literature, no more than 15% of patients suffering from this disorder develop severe
neurological deficits. In terms of therapeutic management, it has been observed that the
majority of lumbar disc herniation sufferers do not require surgery [42].
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2.2.3. Joint Pain

Pregnant women may experience joint pain, which often raises the suspicion of inflam-
matory diseases, such as rheumatoid arthritis or systemic lupus erythematosus. However,
the development of new-onset inflammatory arthritis is rare during pregnancy, and there is
evidence that pregnancy protects against new-onset rheumatoid arthritis [43]. Soft tissue
swelling as well as joint laxity are physiological changes considered predisposing factors
for the development of joint pain. In addition, hormonal changes with increased levels of
progesterone, estrogen, relaxin and cortisol are associated with joint symptoms, stiffness
and even arthralgia [44]. A study by Choi et al. aimed to establish the incidence of arthritis
and arthralgia among pregnant women. Thus, of the 155 healthy pregnant women in
the study, 9% developed arthritis and 16% had arthralgia. These conditions intensified
in the third trimester of pregnancy, but the prognosis was generally good, with most of
the disorders improving rapidly, concluding that the proximal interphalangeal joint of the
hand was the most affected [45].

Another common condition is carpal tunnel syndrome, which occurs in the third
trimester of pregnancy and affects the wrist. Due to water retention during pregnancy,
the median nerve is subject to high compression. The symptoms are characterized by
pain, paresthesia and tingling in the distribution area of the median nerve, which intensify
after repeated movements and during the night [46]. Carpal tunnel syndrome developed
in pregnancy has a benign course, most symptoms disappear after birth. However, a
study of 45 pregnant women found that 49% still had symptoms 3 years postpartum [47].
Pregnant women undergo changes in every part of the body, and Figure 2 presents the
most representative changes in terms of posture.

Figure 2. Postural changes in pregnant women.

3. Treatment of Musculoskeletal Pain with Medication

The treatment of musculoskeletal pain should include a structured approach, combin-
ing non-pharmacological and pharmacological options, while surgery is only desired in
extreme situations, such as for acute disc herniation [48]. For the treatment of pregnant
women, the basic principle that must be observed is to reduce the use of drug therapy
as much as possible, taking into account that it can have harmful effects on the fetus,
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the mother and the harmonious development of pregnancy. Many aspects need to be
considered when setting up a treatment for a pregnant woman. A major limitation in
the administration of drugs in pregnancy is the presence of potential embryotoxic and
teratogenic effects of the therapeutic agent.

Liposolubility, molecular weight, maternal metabolism speed and the binding to
plasma proteins are the main parameters on which the presence of drugs in the fetal and
placental circulation depends. Most therapeutic agents reach the placental circulation
to a greater or lesser extent, with the exception of large molecules, such as insulin and
heparin. The stage with the highest teratogenic risk is the one between weeks 4 and 10
during the development of the organs. After this period, the action of drugs that cross the
placental barrier can reduce the amount of amniotic fluid, can delay the birth of the fetus
or can trigger certain pathologies [49]. A proportion of 3% of newborns have an obvious
congenital malformation at birth, of which only 25% develop genetic malformations, the
rest representing different causes, including the excess of drugs in pregnancy. On the
other hand, an impediment in the investigation of the teratogenic effect of therapeutic
agents is the specificity of the species. A well-known example is the administration of
thalidomide, which caused severe malformations of the limbs of newborns, although
studies on non-primates have not shown a teratogenic effect [50].

In the late 1970s, the Food and Drug Administration (FDA) implemented a cataloging
system that assesses the potential risks of pregnancy-administered drugs. This system,
based on scientific evidence, has classified drugs into five broad categories (Table 1).
However, despite knowledge of these aspects, the risks of using pain medication during
pregnancy are incomplete, and the benefit/risk balance must be analyzed in detail before
initiating drug treatment in the pregnant woman [51].

Table 1. The FDA’s classification of drugs used in pain management regarding pregnancy risk.

Classification Definition Examples References

Category A Controlled studies in pregnant women have not
shown a risk to the fetus. -

Category B

Animal studies have not shown toxic effects on the
fetus, but there are no controlled clinical trials in
humans. Animal studies have shown toxic effects
but have not been confirmed in studies in
pregnant women.

Acetaminophen

[52–55]Oxycodone
Lidocaine

Dexamethasone

Category C
Animal studies have shown teratogenic risk, but
no controlled studies have been performed in
pregnant women.

Piroxicam

[56–65]

Codeine
Hydrocodone

Diclofenac
Ibuprofen
Naloxone

Ketoprofen
Celecoxib
Naproxen
Tramadol

Category D
Positive evidence of fetal risk but their use is
accepted, the benefit of the mother outweighs
the risk of the fetus.

Acetyl salicylic acid [66]

Category X
Studies in both animals and humans have shown fetal
malformations or no evidence. The risks outweigh the
benefits, they are contraindicated in pregnancy.

Ergot derivatives [67]
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3.1. Non-Opioid Medications
3.1.1. Paracetamol (Acetaminophen)

Paracetamol is the most widely used analgesic in pregnancy. It has an analgesic po-
tency similar to aspirin, being considered an effective and safe therapeutic agent at standard
therapeutic doses throughout pregnancy. Acetaminophen is the main active substance
used by pregnant women to combat mild to moderate pain and fever, due to its painkiller
and antipyretic effects [68]. There are no studies showing congenital side effects. A study
of thousands of pregnant women has shown the safety profile of acetaminophen, with no
risk of malformations or other adverse effects of pregnancy [69,70]. Paracetamol has been
reported to possibly present a high risk of attention deficit hyperactivity disorder when ad-
ministered for more than 6 weeks, but according to the FDA these data are inconclusive [71].
Finally, several studies have evaluated the relationship between acetaminophen exposure
in pregnancy and abnormalities. Various observational studies have investigated the effect
of paracetamol on the reproductive and urogenital systems in thousands of mother–child
pairs. Some of these studies have suggested that prenatal exposure to acetaminophen poses
a high risk of cryptorchidism [72,73] and short anogenital distance (AGD), which is an
indicator of genital masculinity [74,75]. In addition, another study found a possible link
between paracetamol exposure and early puberty in females [76]. However, other studies
have shown that there is no major risk of hypospadias after exposure to paracetamol in
pregnancy [77–79].

Moreover, regarding the effects observed at the genital level following prenatal parac-
etamol exposure, possible neurological side effects have been identified. Observational
studies have reported several associations between the occurrence of neurological dis-
orders and the administration of acetaminophen during pregnancy, disorders such as
autism [80–82], attention deficit hyperactivity disorder, decreased IQ (intelligence quotient)
and speech/language delays, with exposure time having a significant influence [83–90].
Although paracetamol is considered a safe medication, based on the information gathered
on the implications for the pregnant woman, it is recommended to be administrated with
caution at the lowest effective dose and for the shortest period of time. These possible
anomalies are summarized in Figure 3.

3.1.2. Non-Steroidal Anti-Inflammatory Agents

The activity of NSAIDs (non-steroidal anti-inflammatory drugs) on the fetus is me-
diated by inhibiting the production of prostaglandins, which stimulate blood circulation
in the organs. The effects of nonsteroidal anti-inflammatory drugs on the fetus differ
depending on the period of pregnancy in which the mother used them [91]. In general,
nonsteroidal anti-inflammatory agents are divided into groups according to their chem-
ical structure and selectivity as follows: derivatives of salicylic acid (aspirin), propionic
acid (naproxen, ibuprofen), acetic acid (diclofenac, indomethacin), enolic acid (piroxicam,
metamizole) and selective cyclooxygenase-2 (COX-2) inhibitors (celecoxib). Figure 4 shows
the chemical structures of the most used substances from the NSAID class by pregnant
women. NSAIDs should be avoided during pregnancy, in the first trimester there is a
risk of miscarriage [92,93] and in the third trimester, these drugs may have a negative
effect on fetal circulation due to premature closure of the arterial canal and may present
a risk of oligohydramnios [94]. Treatment with NSAIDs can cause reversible infertility in
humans, as the inhibition of cyclooxygenases prevents normal reproductive processes. This
therapeutic class is frequently used by young women for the treatment of various patholo-
gies, even in the treatment of unruptured luteinized ovarian follicles. After stopping the
administration of NSAIDs, ovulation returns to normal. However, this effect can be used in
the planning of in vitro fertilization treatments. A representative that has demonstrated
this action in several studies is indomethacin. Indomethacin has been shown to prevent
follicular rupture and reduce premature ovulation, showing an increase in the recovery rate
of immature eggs [95]. In addition, the administration of NSAIDs in the third trimester of
pregnancy can narrow the arterial channel by inhibiting COX-2 and can cause pulmonary
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hypertension in the newborn. Diclofenac is the representative of the class that shows the
greatest power to inhibit prostaglandin E2 (PGE2) production both in vitro and in vivo.
Diclofenac is a low molecular weight molecule that easily crosses membranes, with an aver-
age maternal/fetus drug ratio < 1, concluding that over time it can accumulate in the fetal
tissue [96,97]. Metamizole sodium, withdrawn from the US but still available in Europe and
Latin America, has been studied for its toxic effect on the fetus. In Brazil, studies thereof
have not been associated with birth defects, intrauterine death or premature birth [98–100].
On the other hand, there are studies that associate the administration of dipyrone with the
appearance of Wilms tumors in children and in addition associate this drug with general
class side effects, such as oligohydramnios, by decreasing renal perfusion in the fetus [101].
Likewise, NSAIDs are drugs associated with increased labor duration and onset of labor.
Many pregnant women are exposed to this class of drugs, such as ibuprofen or naproxen,
because they are released without a prescription. Aspirin, at doses up to 80 mg/day, has
not been shown to pose a major risk to the mother and fetus, but when given in high doses,
it can cause intracranial hemorrhage in premature babies born before week 35 [102]. The
administration of low-dose aspirin (LDA) between 80 and 150 mg/day is currently one
of the key interventions for the prevention of preeclampsia, along with optimal calcium
intake and an appropriate lifestyle. Preeclampsia can cause severe complications for both
the mother and the fetus. Most guidelines recommend LDA as prophylaxis for women at
high risk of preeclampsia, but the method of identifying women at this risk has not been
clearly established [103].

 

Figure 3. Acetaminophen exposure in potential pregnancy-associated effects observed in human
studies. (↑—increase, ↓—decrease).
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Figure 4. Chemical structures of non-steroidal anti-inflammatory agents: (a) aspirin, (b) ibuprofen,
(c) diclofenac, (d) naproxen and (e) celecoxib.

3.2. Opioid Medications

According to the FDA classification, codeine and most opioid compounds are in
category C with potentially toxic to the fetus. The main compounds in this class are
morphine-like agonists (hydromorphone, hydrocodone, codeine, oxycodone), meperidine-
like agonists, and synthetic opioid compounds (tramadol). A study of 563 pregnant women
showed that mothers’ exposure to codeine (Figure 5a) in the first trimester could lead to
the birth of children with respiratory problems, with eight cases reported in this study [50].

Figure 5. Chemical structure of opioids: (a) codeine and (b) fentanyl.

In the case of pregnant women undergoing chronic opioid treatment, it is recom-
mended that the lowest dose be used or, if possible, that the therapeutic agent be dis-
continued gradually, initially being replaced with the methadone of buprenorphine, to
prevent withdrawal symptoms [104]. It has been observed that buprenorphine is an opioid
medicine, which has some advantages, namely that it rarely causes withdrawal symptoms
after stopping the administration and, in addition, mothers who receive treatment with this
substance give birth to children with higher weight and who need shorter hospitalization
times compared to other opioids [105]. Meperidine is not recommended for repeated
use due to its metabolite, normeperidine, which accumulates in the body and produces
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exciting effects on the CNS (Central Nervous System). Whenever it is necessary to resort to
opioid treatment, it is recommended to administer opioids without active metabolites [106].
Fentanyl (Figure 5b) patches are recommended as a treatment during pregnancy and
even during breastfeeding; however, in this case also, great attention must be paid to the
withdrawal symptoms [107].

3.3. Transdermal Therapies

Capsaicin and lidocaine in the form of topical treatment can be used to treat lower
back pain. Topical lidocaine 5% inhibits fast sodium channels in neuronal membranes,
stopping nociceptive activity potentials. While capsaicin acts as an agonist for the transient
receptor potential vanilloid subtype 1 (TRPV1) channel at the level of nociceptors. Their
adverse effects generally consist of localized erythema and skin rash [108].

According to the FDA, patches with 5% lidocaine are classified in category B regarding
the potential risk following administration to pregnant women. There are no studies on the
human species that affirm the safety of the drug, but in studies on rats, the transdermal
application of lidocaine in a dose of 30 mg/kg did not produce adverse reactions in the
fetus. In the Collaborative Perinatal Project, in the 293 children born to mothers exposed
to lidocaine in the first trimester of pregnancy, no increase in the frequency of congenital
anomalies was observed. The safety of topical capsaicin during pregnancy or breastfeeding
has not been established in humans. Animal studies have not shown fetal teratogenicity in
the development of the fetus, and knowing that small amounts are absorbed through the
skin, it is not considered to cause adverse reactions in humans [109].

4. Treatment of Musculoskeletal Pain by Alternative and Complementary Methods

Exercise and rest are the basis for treating chronic musculoskeletal pain. The main
goals of physical activity are to regain strength, endurance, flexibility and, especially, to
reduce chronic pain by modulating the biochemical processes in the body [110]. The side
effects of physical therapy are rare and are limited to musculoskeletal injuries, increased
pain, dehydration, hypo or hyperthermia and, in more severe cases, respiratory and
cardiac problems [111]. Physical therapy is not contraindicated for pregnant women.
The benefits of this type of treatment in combating pain far outweigh the risks, being an
easy way to improve quality of life. However, it is important to note that in the special
condition of pregnancy, physical therapy is recommended to be performed only under
the strict supervision of a person authorized in this field [48]. There are various physical
therapy programs that differ in intensity, frequency, design and area of action. In order to
relieve lower back pain, relaxation exercises and the correction of the sleeping position are
recommended. Exercise in water is used by pregnant women to combat the pain caused by
the mechanical pressure placed by the pregnant uterus on the muscles [112,113].

Non-invasive therapy is most often preferred over drug treatment, and surgery is
not considered an option during pregnancy. Specialists in this field use several treatment
techniques for pregnancy-associated lower back pain, including passive treatments, such
as rest, but especially active treatments, such as exercise [40].

4.1. Physical Exercises and Water Gymnastics

The effects of exercise during pregnancy and postpartum have been evaluated in
several randomized controlled trials [114–125]. In most studies, exercise has been associated
with other methods of physiotherapy, such as manual therapy, pelvic girdle strengthening
and physical therapy. In most cases where these physiotherapy techniques have been
used, positive effects on pain in pregnancy have been reported compared to control groups
or those undergoing only standard care [114,116,122,125]. However, one study found
that the group receiving acupuncture treatment had lower pain intensity and increased
physical activity than standard physical therapy treatment, home exercise, pelvic girdle
exercises, and massage [115]. Exercise-only therapy is an insufficient method of relieving or
combating pain in pregnancy, but it is still more successful than not intervening at all [126].
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No significant side effects of the stabilization exercises were reported, with the exception of
three women who reported a high intensity of pain during the exercises [127]. Some clinical
trials conducted in this regard have highlighted preventive exercises. In a randomized
clinical trial conducted in two groups, it was observed that pregnant women in the group
who exercised for 12 weeks (aerobic and strengthening exercises) both at home and in joint
sessions requested a lower proportion of medical leave due to pelvic pain than women in
the group that received only standard care associated with adequate information from a
specialist [119]. Furthermore, another study found that exercise decreased the incidence of
lower back pain at the end of pregnancy, with increased physical function [128]. Another
study compared lumbopelvin pain experienced by pregnant women exercising in water
and on land. It was observed that after performing the exercises in the water, the pain was
less intense and less medical leave was needed compared to the group who performed
exercises on land [129].

In another study, water gymnastics proved effective. Specifically, performing exercises
in the water once a week in the second half of pregnancy has significantly reduced back and
back pain, with no risk of urinary or vaginal infections following this therapy. Therefore,
the reduction of back pain has also reduced the need for medical leave because of this [111].

4.2. Manual Therapy

Massage therapy and chiropractic care are effective treatment options for pregnant
women suffering from lower back and pelvic pain. Regarding side effects, very few were
reported, not affecting the baby, lumbar spine or pelvis [130,131].

With the development of pregnancy, especially in the third trimester, the center of
gravity of the pregnant woman moves to the anterior and there is an increase in lumbar
lordosis, which has the effect of hyperactivity of the pelvic muscles and the hypermobility of
the joints. In this case, a chiropractor can intervene to help the pregnant woman reduce the
mechanical pain, and even giving advice about special pillows can significantly reduce these
problems in the pregnant woman. In addition, high pressure is exerted on the lower limbs,
requiring proper footwear, orthoses or massage to provide the necessary comfort [132].
Massage therapy has been shown to be effective in combating chronic and subacute back
pain in the general population [133]. Evidence for the effectiveness of manual therapy
in relieving pain in pregnant women is limited. A randomized clinical trial investigated
craniosacral therapy. It was reported that this therapy in combination with standard
therapy reduced the intensity of pain in the morning, with a slight impairment of function
compared to standard therapy alone [134]. Another study evaluated manual therapy, and
osteopathic therapy showed a decrease in pain intensity and disability compared to general
therapy without or with sham-ultrasound [135]. Osteopathic therapy approaches the whole
body, using classic techniques of light pressure, stretching and resistance [136]. Pregnancy
produces major changes in the musculoskeletal system, from the straining of ligaments
and the decrease in range of motion to an increase in muscle tension, causing pain. The
main aim of osteopathic treatment for pregnant women is to relieve pain and support
general function. Treatment includes soft tissue massage and the targeted mobilization
of affected muscles and joints. Gentle exercises at home are recommended to manage
symptoms but also to prepare the mother for the birth and for the life that follows. In
addition, osteopathic manipulative treatment is defined as a manually guided force therapy
by an osteopathic physician to support homeostasis and improve physiological function
that has been affected by somatic dysfunction [137].

4.3. Pelvic Belt

Another method of treatment for the removal of musculoskeletal pain in pregnant
women is the use of the pelvic girdle.

Randomized clinical trials have shown that using this method in women with pelvic
girdle pain reduced their disability and pain intensity compared to women who only
exercised or received general treatment information [117].
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Another randomized study in women with symphyseal pain showed that wearing
a stiff belt decreased pain in all patients, as well as in the group of those who exercised,
but the combination of the two methods did not show an improvement in reducing pain
intensity [138]. Moreover, in another study, lumbopelvic pain was reduced with the help
of two non-rigid belts, one of which showed greater efficacy, although there were no
significant differences between the two [139].

4.4. Acupuncture

Acupuncture is another technique for treating pain. Studies in this direction have
shown that needle therapy used in pregnant women has significantly reduced pain and
increased function [114,115,140,141]. One study found that the effectiveness of acupuncture
is similar to that of therapy by combining training, stretching for postpartum pain regres-
sion with manual therapy [142]. In addition, acupuncture did not cause serious adverse
reactions in either mother or fetus [127,143]. The main treatment methods used to combat
musculoskeletal pain are shown in Figure 6.

 

Figure 6. Pharmacological and non-pharmacological treatment of pain in pregnant women.

4.5. Electrotherapy

Exercise and manual therapy should be the main treatment methods for relieving
pelvic and lower back pain during pregnancy. However, if these techniques are not enough
or are limited due to pregnancy, electrotherapy can be used [144]. TENS (transcutaneous
electrical nerve stimulation) is a non-pharmacological method that uses a low-intensity
electrical current to inhibit the transmission of pain information to the central nervous
system [145]. The effectiveness of TENS was evaluated in a randomized clinical trial.
The results showed a decrease in pain intensity and an increase in function in pregnant
women who used this therapy compared to groups who used exercise or who received
paracetamol [146]. Evidence is limited, requiring more clinical trials.

Likewise, TENS can be used to reduce pain during labor, it has been shown to be a
safe technique for both mother and newborn [147].
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4.6. The Benefits of Physiotherapy

Exercise is recommended for pregnant women to limit weight gain but also to maintain
cardiovascular function and to prevent chronic diseases. Exercises on land or in the water, as
well as manual therapy, acupuncture and electrotherapy, have been shown to be beneficial
in combating muscle pain during pregnancy, as presented. Furthermore, exercise has
beneficial effects on other levels. Significant weight gain during pregnancy increases the risk
of many pathologies, from gestational diabetes to pregnancy-induced hypertension. Thus,
it has been found that frequent exercise during pregnancy reduces the risk of obesity and the
association with a healthy diet is the best method of weight control [148]. Another positive
finding of physiotherapy in pregnancy is the benefit regarding gestational diabetes. A
study conducted by Barakat and his team found that moderate exercise improves maternal
glucose tolerance without any signs of gestational diabetes [149]. Moreover, exercise in
women with gestational diabetes has reduced the need for insulin [150]. During pregnancy,
the woman undergoes various anatomical and physiological changes that can even lead to
an increased rate of urinary stress incontinence. In this regard, there have been studies that
have shown the benefits of pelvic floor exercises in preventing and treating this problem in
pregnancy [151,152].

However, one aspect that should not be overlooked is the psychological impact of
physiotherapy. Clinical studies have concluded that exercise is an ameliorating factor in
pregnancy and postpartum depression, improving the quality of life and the perception of
pain and general health [153–155].

5. Conclusions

Many women experience musculoskeletal problems during pregnancy, which often
limit their daily activities, so therapeutic intervention is needed to prevent or combat pain.
The information collected showed that alternative and complementary methods decrease
the intensity of pain and in addition help to improve musculoskeletal function. Although
there is clear evidence of the effectiveness of exercise therapy in combating lower back and
pelvic pain in pregnancy, it is not possible to specify exactly what kind of exercises are
suitable for each pregnant woman, the exercises being different in the studies. To be able to
compare the effectiveness of existing therapies, it is necessary to select groups according
to the same set of criteria. Further studies are needed to strengthen the effectiveness of
physical activity, as well as more robust data on the effectiveness of electrotherapy and
craniosacral and osteopathic therapy, as data are limited in this direction. An optimal level
of intensity of physical activities must be established to maintain the safety of the woman
and the fetus, and more detailed studies are required to determine the relationship between
the type of exercise, its dose, intensity, and desired response of preventing or treating
a problem.
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Abstract: Background and Objectives: International organisations recommend that women without
illness should have regular moderate-intensity physical exercise throughout their pregnancy and
postpartum period as a measure to prevent possible pathologies in both the mother and the newborn.
Physical activity during pregnancy reduces the likelihood of depression during pregnancy and after
childbirth, benefiting both the pregnant woman and the foetus. However, most pregnant women
are known to be inactive. The Pregnancy Physical Activity Questionnaire (PPAQ) analyses the level
of physical activity of pregnant women. These data are correlated with the variable depression, for
which the Edinburgh Postnatal Depression Scale (EPDS) during pregnancy was used. Materials and
Methods: The research employed a cross sectional study design on ninety-nine pregnant women.
Results: The data on physical activity in relation to depression in those pregnant women who had
not previously suffered from depression were 719.29 METS min/wk compared with 624.62 METS
min/wk in those who had. And for pregnant women who suffered from depression at the time of
the study, their physical activity was 698.25 METS min/wk, while those who did not suffer from
depression reached 826.57 METS. Conclusions: Pregnant women without depression are much more
active. A favourable employment situation or a high level of education is directly related to higher
physical activity. Physical activity and higher energy expenditure occur at home, as opposed to
activity carried out as transport, exercise or at work.

Keywords: gestational depression; maternal and child health; physical activity; pregnancy

1. Introduction

International and national organisations recommend that pregnant women without
illness should have regular moderate-intensity physical exercise throughout pregnancy
and during the puerperium [1,2] as around 60% of pregnant women are inactive [3]. Hence,
the need to prescribe the duration and intensity of physical exercise that a pregnant woman
should do [4], since physical exercise is known to prevent diabetes and hypertension [5].
Not forgetting that the practice of physical activity in turn has an impact on child health [6].

The World Health Organisation (WHO) warns that one in four people in their lifetime
may suffer from a mental illness, with depression being a very common disorder that can
cause sadness, feelings of guilt or shame, loss or interruption of appetite, fatigue and/or
lack of concentration [7]. On the one hand, there are studies that support that pregnancy
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and the postpartum period are protective periods for women against depression due to
the lower suicide rate [8], and a recent study conducted during the pandemic underlines
the idea that pregnancy has decreased depressive symptoms in this period compared to
nonpregnant women [9]. Research carried out in the United States warns that between
8% and 16% of women of reproductive age are affected by this mental pathology [10]. On
the other hand, other investigations affirm that the postpartum period increases the risk
of MDD (Major Depressive Disorder) [11]. Other studies indicate that women are 70%
more likely to suffer from this pathology than men, due to hormonal and/or psychosocial
changes experienced by women throughout their lives [12]. However, knowledge is scarce
regarding the mechanisms that give rise to mood disorders. Furthermore, studies have not
concluded whether increased oestrogen and progesterone affect mood [13,14], or whether
it is oestradiol and progesterone that influence levels of the neurotransmitters serotonin,
noradrenaline and dopamine that may influence depression [15,16]. In contrast, perinatal
mood alterations and psychological factors thought to influence fatigue during gestation
have been recognised for more than a century [17,18].

However, some studies show that physical activity during pregnancy reduces the
likelihood of depression during pregnancy, and regular physical activity during pregnancy
improves the mother’s mood, reduces maternal fatigue and reduces uncertainty about her
baby’s health [19–22]. In addition, yoga-based exercises have been found to have beneficial
effects on maternal mood and depression [23].

The aim of the present study was to analyse the level of physical activity performed
by pregnant women not only as physical exercise, but also when travelling, at home and at
work, using the Pregnancy Physical Activity Questionnaire (PPAQ). In addition, the data
correlate with the variable depression, so, it was interesting to know whether the depression
was pregestational or emerged during pregnancy. The analysis of the variable will be carried
out by means of the Edinburgh Postnatal Depression Scale (EPDS) during pregnancy.

2. Materials and Methods

2.1. Study Population and Design

The research employed a descriptive, correlational and cross-sectional method [24].
The overall research sample consisted of a total of 99 pregnant women, with a mean
age of 32.9 years and a standard deviation of 4.38, who received care throughout their
pregnancy at the Health Centre, in a health area of the province of Toledo (Castilla-La
Mancha, Spain). In this health area in 2020, according to the municipal census, there were
2570 women, of whom 1040 were of childbearing age (15–49 years). Taking as a reference
the 341,315 births in Spain in 2020, the sampling error was 9.85% (confidence level = 95%;
z = 1.96; p = q = 0.50; α = 0.05). The research was carried out between January 2019 and
March 2020. The inclusion criteria were women over 18 years of age, with a singleton
pregnancy and who voluntarily agreed to participate in the study. Exclusion criteria were
women with pregestational pathologies, such as hypertension, preeclampsia in previous
pregnancies or gestational diabetes.

In addition, the following dependent variables were used for the study: depression
before and during pregnancy, age, trimester of pregnancy, level of education, marital
status, not having offspring, economic resources and employment status. The independent
variables were physical activity at home, physical activity in transport, physical activity at
work and total physical activity.

2.2. Measuring Instruments

Two scales were used throughout the research, the first being the semiquantitative
questionnaire, Pregnancy Physical Activity Questionnaire (PPAQ) [25]. It is a specific
questionnaire of physical activity during pregnancy in which the amount of time the
woman is active is recorded. The measurement can be divided into days and reflects the
gestational trimester.
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The PPAQ is made up of 36 questions, 32 of which refer to the activities carried out by
the pregnant woman, including home and/or care of others (13 activities), occupational
(5 activities), sports and/or exercise (8 activities), transport (3 activities) and inactivity
(3 activities). The Likert scale is used as a response tool, where the response options range
from 0 to 5, where 0 means no physical activity at all, 1 less than half an hour a day, 2 from
half an hour to almost an hour, 3 from one hour to almost two hours, 4 from two to almost
three hours a day and 5 three or more hours a day.

The PPAQ questionnaire is an easy-to-use measurement tool, as it assigns a value to
each activity, expressed in METS, per hour during the week. Thus, according to the intensity
of each activity, it is classified as follows: Sedentary (1.5 METs), Light (1.5–3.0 METs),
Moderate (3.0–6.0 METs) and High (>6 METS) [26]. The results were analysed following the
Guidelines for data processing and analysis of international Physical Activity Questionnaire
(IPAQ) [27].

The second scale used was the Edinburgh Postnatal Depression Scale (EPDS) during
pregnancy [28,29]. The questionnaire is a validated screening instrument for the detection of
depressive symptoms during pregnancy, which consists of 10 items measuring depressive
symptoms on a Likert scale, where the scoring options for each item range from 0 to 4.
Thus, 0 means not at all, 1 infrequent, 2 sometimes and 3 frequently. So, at the end of the
questionnaire, the total response score can range from 0 to 30 points. This means that higher
scores indicate a higher probability of suffering from depression. Therefore, this scale is a
valid and sensitive instrument for predicting depressive disorders not only in the postnatal
but also in the prenatal period.

2.3. Statistical Analysis

The data collected were all quantitative, and the statistical package SPSS/PC ver. 25.0
(IBM, Chicago, IL, USA) was used for the analysis. After data collection, the data were
transferred to SPSS to create the database needed to study the information collected. Once
the database was created, women who did not meet the previously defined inclusion criteria
and requirements were removed from the database. Therefore, in turn, a nonparametric
correlational study with crosstabulations was carried out.

Median, mean, standard deviation (SD) or interquartile range (IR) were used to de-
scribe the parameters used. Differences in parameter distributions were analysed using
Student’s t-test, ANOVA or Mann–Whitney U test if the distribution deviated from normal-
ity. For categorical data, the chi-square test was used, and relationships between variables
were established with Pearson’s or Spearman’s correlation coefficients.

2.4. Ethical Considerations

The research was conducted according to the highest ethical standards in accordance
with the Declaration of Helsinki, the Guidelines of the International Conference on Har-
monisation of Good Clinical Practice and national ethical and legal requirements. All
participants signed an informed consent form prior to inclusion in the study, which could
be revoked at any time. The Clinical Research Ethics Committee of the Toledo Hospital,
Castilla-La Mancha Public Health Service (SESCAM), REC no. 125.

3. Results

3.1. Characteristics of the Sample

The descriptive analysis of the data reveals the following percentages of age of the
pregnant women: 5 (5.1%) of them were between 20–25 years old; 60 (60.6%) were between
26 and 35 years old, and 34 (34.3%) were between 36 and 40 years old. In relation to their
gestational trimester, 85 (85.9%) were in the first trimester, and 14 (14.1%) were in the
second trimester. Regarding marital status, 80 (80.8%) of the pregnant women reported
being married, and 19 (19.2%) reported being single. In terms of offspring, 50 (50.5%) of
the participating women have offspring compared to 49 (49.5%) who do not have any.
According to the level of studies, 44 (44.4%) of the women in the sample have university
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studies; 38 (38.4%) have secondary studies, such as baccalaureate or vocational training,
and 17 (17.2%) have only primary studies. As far as economic resources are concerned,
74 (74.7%) of the pregnant women said they were unemployed; 15 (15.2%) said they were
on sick leave, and 10 (10.1%) were working.

3.2. Physical Activity Carried out by the Pregnant Women in the Study

In order to analyse the physical activity of the women in the sample, the pregnant
women were divided into three age groups: (a) 20 to 25, (b) 26 to 35 and (c) 36 to 40 (Table 1).

Table 1. MET scores by activity block and age group.

N Mean
Standard
Deviation

Standard
Error

95% Confidence
Interval for the Mean

Lower Limit Upper Limit

MET Home

20 to 25 years old 5 597.38 276.86 123.82 253.61 941.15
26 to 35 years old 60 433.16 146.98 19.14 394.86 471.46
36 to 40 years old 34 417.61 173.99 29.84 356.90 478.32

Total 99 436.50 166.04 16.69 403.40 469.61

MET Transport

20 to 25 years old 5 49.00 31.30 14.00 10.13 87.87
26 to 35 years old 60 34.88 18.04 2.35 30.18 39.58
36 to 40 years old 34 33.97 14.64 2.51 28.86 39.08

Total 99 35.21 17.76 1.79 31.67 38.75

MET Exercise

20 to 25 years old 5 234.08 160.15 71.62 35.23 432.93
26 to 35 years old 60 145.74 140.80 18.33 109.05 182.44
36 to 40 years old 34 158.57 79.69 13.67 130.77 186.38

Total 99 153.84 123.96 12.46 129.12 178.57

MET Work

20 to 25 years old 5 119.14 102.09 45.66 −7.62 245.90
26 to 35 years old 60 79.53 76.61 9.97 59.56 99.49
36 to 40 years old 34 82.09 45.21 7.87 66.06 98.12

Total 99 82.14 68.54 6.92 68.40 95.88

PPAQ

20 to 25 years old 5 999.60 476.29 213.00 408.21 1590.99
26 to 35 years old 60 693.31 315.25 41.04 611.15 775.46
36 to 40 years old 34 689.83 187.55 32.16 624.39 755.27

Total 99 706.86 290.82 29.23 648.85 764.86

Once the groups were selected, women in the 20–25 age group had the highest MET
score. However, when correlating physical activity and level of education, in all the
crosstabulations, it was women with a university education who were more physically
active, irrespective of their age group.

However, when crossing the data with the variable employment status, in the first
two age groups, women who were working scored higher in METS, while women in the
third group scored higher for those who were on sick leave. According to the maximum
and minimum scores recorded by the women in the sample in relation to their employment
status, the highest scores in all blocks were obtained by working pregnant women, as
shown in Table 1.

However, when relating the results of physical activity with age and gestational
trimester, in all subgroups, the pregnant women in the second gestational trimester obtained
the highest scores: (a) 489.90 METS, (b) 38.50 METS and (c) 161.60.

However, when crossing the data with the variable of having offspring, it was in the
20 to 25 and 26 to 35 age groups that the pregnant women were most active, with the
women without offspring achieving the highest figures: group (a) 455.63 METS and group
(b) 165.42 METS.
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3.3. Depression and Physical Activity

Of the 99 women in the sample, 85.13% reported not having suffered from depression
before becoming pregnant, and 14.87% reported having suffered from depression before
their pregnancy.

The results of the PPAQ reveal that pregnant women who had not suffered from
depression before pregnancy were more physically active (Table 2). Thus, the maximum
score obtained by these women in each block was 1043 METS, 105 METS, 739 METS and
287 METS, respectively.

Table 2. PPQA results for the variable previous depression.

N Mean Standard Deviation Standard Error

95% Confidence
Interval for the Mean

Lower Limit Upper Limit

MET Home
No 86 445.12 168.53 18.17 408.98 481.25
Yes 13 379.45 141.09 39.13 294.19 464.71

Total 99 436.50 166.04 16.69 403.38 469.61

MET Transport
No 86 35.33 18.22 1.97 31.42 39.23
Yes 13 34.46 14.98 4.15 25.41 43.51

Total 99 35.21 17.76 1.79 31.67 38.75

MET Exercise
No 86 155.71 126.41 13.63 128.61 182.81
Yes 13 141.51 110.02 30.52 75.02 207.99

Total 99 153.84 123.96 12.46 129.12 178.57

MET Work
No 86 84.12 70.81 7.68 68.84 99.39
Yes 13 69.19 51.58 14.31 38.02 100.36

Total 99 82.14 68.54 6.92 68.40 95.88

PPAQ
No 86 719.29 299.23 32.27 655.14 783.45
Yes 13 624.62 219.25 60.81 492.12 757.11

Total 99 706.86 290.82 29.23 648.85 764.86

With regard to depression during pregnancy, 87.9% of the women in the sample did
not show depression when analysing their responses to the EPDS questionnaire, while
12.1% of the women in the sample showed depression when analysing their responses to
the EPDS questionnaire. When correlated with the results of the PPAQ, it was observed
that the pregnant women who suffered from depression were the women who obtained
the highest activity scores (Table 3).

When the sample was tested for normality (Kolmogorov–Smirnov test) with the inten-
tion of further statistical analysis, it was observed that the distribution of the sample is not
normal. Therefore, a nonparametric analysis was used to test two different groups. When
looking at the differences between the results of first trimester pregnant women and second
trimester pregnant women, no significant differences were found in either their physical
activity or mood. Then, when no significant differences were found, the level of physical
activity of the whole sample was analysed to see if it was having an influence. It was found
that 58.6% of the pregnant women engaged in light-intensity physical activity, and 41.4% of
the pregnant women were sedentary. To understand the data, a crosstabulation was carried
out to study the level of physical activity in relation to whether or not they were depressed
during pregnancy, but no significant differences were found (Pearson’s chi-square 0.985).
When the data on physical activity level were crosstabulated with prepregnancy depression,
no significant differences were found (Pearson’s chi-square 0.710).

Therefore, there is no correlation between the results of the Edinburgh scale and
physical activity that could serve as a diagnostic tool for perinatal depression. However,
there is a significant correlation of 0.570** between the score on the Edinburgh scale and
having depression during the first and second trimesters of pregnancy in the women in
the sample. The correlation between educational level and employment status was 0.321**.
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In turn, there was a significant negative correlation between employment status and the
Edinburgh scale—0.230*, between employment status and educational level—0.232* and
age group with the Edinburgh scale—0.346**.

Table 3. PPQA scores for depression during pregnancy.

N Mean Standard Deviation Standard Error

95% Confidence
Interval for the Mean

Lower Limit Upper Limit

MET Home

No 87 432.79 158.97 17.04 398.91 466.67

Yes 12 463.34 217.14 62.68 325.38 601.31

Total 99 436.50 166.04 16.69 403.38 469.61

MET Transport

No 87 34.84 16.88 1.81 31.24 38.44

Yes 12 37.92 23.96 6.92 22.69 53.14

Total 99 35.21 17.76 1.79 31.67 38.75

MET Exercise

No 87 147.02 116.52 12.49 122.19 171.86

Yes 12 203.29 166.45 48.05 97.53 309.05

Total 99 153.84 123.96 12.46 129.12 178.57

MET Work

No 87 77.27 63.46 6.84 63.66 90.87

Yes 12 117.02 93.74 27.06 57.45 176.58

Total 99 82.14 68.54 6.92 68.40 95.88

PPAQ

No 87 691.04 267.82 28.71 633.96 748.12

Yes 12 821.57 420.02 121.25 554.70 1088.43

Total 99 706.86 290.82 29.23 648.85 764.86

Finally, a chi-square test was performed to analyse whether there were significant
differences between pregnant women who suffered from depression during pregnancy,
taking into account whether they had previously developed depression, and the data
revealed that there were significant differences (Table 4).

Table 4. Differences between women with depression before and during pregnancy and those who
did not.

Chi-square 53.828 56.818
Df 1 1 1

Asymptotic sig. 0.000 0.000
1 df = Degree of freedom.

4. Discussion

The research study attempts to discover the possible relationship between physical
activity and predisposition to suffer from depression during pregnancy and/or the onset
of depression during the postpartum period.

It is known that regular physical activity contributes to good health and reduces the risk
of certain concomitant pathologies in pregnancy [3]. In addition, the American College of
Obstetrics and Gynecology states that physical activity during pregnancy prevents excessive
weight gain during pregnancy, reduces the risk of gestational diabetes, preeclampsia and
caesarean delivery. In turn, the British College, the Canadian Society of Obstetrics and
Gynaecology and the Spanish Society of Obstetrics and Gynaecology recommend 150 min
of moderate physical activity per week throughout pregnancy. Synthesising all this informa-
tion, the research carried out reveals that the women in the sample put all these physical
activity recommendations into practice, as the data show that the average total physical
activity carried out was 706.86 METS min/week, with 436.86 METS min/week at home and
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436.86 METS min/week at home. Being at home accounted for 436.50 METS, in transport
35.21 METS, as exercise 153.84 METS and at work 82.14 METS. They even put into practice
the recommendation proposed by the WHO on physical activity for pregnant women [30],
as the pregnant women performed physical activity within the range of 600 to 1500 METS,
which corresponds to moderate physical activity, with an average of 706.86 METS.

Studies related to activity in pregnancy show that it is at home that pregnant women
have the highest energy expenditure [19,31]. This was confirmed by the research, as the
pregnant women in the sample obtained a maximum value of 1043 METS of physical
activity at home, regardless of any variable.

Pregnancy is a complex period of time for both the woman and the new life that is being
engendered, as the great transformations that occur throughout gestation can lead to the
development of fatigue in the pregnant woman, due to the energy requirements demanded
by her foetus and the woman’s weight gain [32]. Thus, these coexisting factors together with
the hormonal changes that occur can interfere with the level of physical activity performed
by the mother throughout pregnancy, increasing her level of fatigue [15]. This in turn may
alter her emotional response to the problems of everyday life, leading to a variation in
her mood [33], which is likely to induce the development of perinatal depression [34].
However, of the 99 women in the sample, only 13.1% of the EPDS questionnaire revealed
that they suffered from depression during pregnancy, so, the data show that physical
activity prevented the development of this pathology. Furthermore, following the data,
they found that women who had never suffered from depression were more active than
those who had suffered from depression.

However, if we compare all the results obtained in the research with existing studies
on the subject, we can see that the studies confirm that mothers who are more physically
active suffer less depression and anxiety than mothers who are less physically active [35,36].

Limitations and Future Prospects

In our study, we found that women who had not been depressed prior to pregnancy
were the most active, but at the same time, we found that during pregnancy, they suffer a
longer period of depression than those who do not do physical activity. The study docu-
mented a correlation between the level of physical activity among pregnant women and
their depression status. The weakness of the study is its narrow focus on too few variables.
The relationship could be related to other variables that contribute to the existence of the
relationship (e.g., health conditions or leadership style in the workplace that contribute to
the existence of depression [37]). In a complementary study, we could analyse the reasons
why women who do physical activity suffer more depression than those who do not, as
subjectively we could think that this is due to different external factors that have not been
analysed on this occasion, such as greater difficulty in doing physical activity, extreme
bodily changes, etc.

On the other hand, it would be necessary to make a more specific selection of the
sample having participants between the three trimesters of pregnancy as well as taking
into account as a dependent variable the situation of pregnancy at risk. In addition, if it
was intended to analyse whether depression in pregnant women is palliated by the practice
of physical activity, it would have been convenient to do a good screening of the sample
and compare homogeneous and consistent groups of pregnant women with depression
and without depression to observe if the activity physical fitness improves the status in
women with depression.

In the future, a longitudinal study should be carried out to provide precise data on
each woman. We recommend extending the study with a larger representative sample to
avoid sampling bias, as well as using other advanced data analysis techniques, for example,
Structural Equation Modelling (SEM) or fsQCA. Especially fsQCA allows working with
small samples and overcomes some limitations of the dominant research logic [38].
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Lastly, it is recommended that a specialist in sports science, in collaboration with the
gynaecologist, prescribes physical activity for pregnant women, since benefits have been
found for the health of both the mother and the foetus.

5. Conclusions

In conclusion, the research reveals that regular physical activity is beneficial for the
women in the study. In relation to depression, pregnant women without depression are
much more active. In addition, having a favourable employment situation or a high level of
education is directly related to being more physically active when pregnant. Additionally,
the results show that the greatest energy expenditure and the greatest amount of physical
activity are carried out by pregnant women at home.
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Abstract: Background and Objectives: Preterm birth as a complex phenomenon is influenced by
numerous endogenic and exogenic factors, although its exact cause often remains obscure. According
to epidemiological studies, maternal periodontal diseases, in addition to affecting general health, can
also cause adverse pregnancy outcomes. Nonetheless, the existing results in the literature regarding
this topic remain controversial. Consequently, our study aimed to determine the connection between
poor maternal periodontal status and neonatal birth weight. Materials and Methods: A total of
111 primigravida–primiparous pregnant, healthy women underwent a periodontal examination
in the second trimester of their pregnancies. Probing depth (PD) and bleeding on probing (BOP)
were determined, and based on these diagnostic measurements, the patients were divided into
three subgroups according to their dental status: healthy (H, n = 17), gingivitis (G, n = 67), and
periodontitis (P, n = 27). Results: Considering that poor maternal oral status is an influencing factor for
obstetrical outcomes, the presence of PD and BOP (characterized by the sulcus bleeding index, SBI)
was evaluated. In the case of P, defined as PD ≥ 4 mm in at least one site and BOP ≥ 50% of the teeth, a
significant correlation between BOP and a low neonatal birth weight at delivery (p = 0.001) was found.
An analysis of the relationship between SBI and gestational age (GA) at the time of the periodontal
examination in the different dental status groups showed a significant correlation between these
parameters in the G group (p = 0.04). Conclusions: Our results suggest that a worse periodontal status
during pregnancy may negatively affect obstetrical outcomes, especially the prematurity rate and
newborn weight. Therefore, the importance of periodontal screening to prevent these complications
is undeniable.

Keywords: preterm birth; gingivitis; periodontitis; neonatal birth weight

1. Introduction

Prematurity is a global health issue that is becoming the leading cause of newborn
morbidity and mortality worldwide [1]. According to the latest data from the World Health
Organization (WHO), approximately 15 million preterm births (PBs) occur worldwide each
year [2]. Over the years, many risk factors have been identified that may be associated
with preterm birth and low birth weight, including age, tobacco use, alcohol use, and
infections [3]. In 1996, Offenbacher et al. were the first to report a possible correlation
between periodontal disease and preterm birth [4], and, since then, an increasing number
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of studies have addressed the relationship between the two conditions [5,6]. Periodontal
diseases include gingivitis and periodontitis, mainly caused by inappropriate oral hygiene
or dental plaque misalignment [7].

Gingivitis, a milder and reversible pathological condition, manifests itself as inflamma-
tion of the gums due to accumulated bacterial plaque. When chronic inflammation extends
from superficial to deep tissues, severe damage occurs in the tooth-supporting apparatus,
which can lead to periodontitis. Initially, the clinical signs of these periodontal ailments in-
clude gingival edema and bleeding, and in the case of insufficient oral hygiene and/or regular
dental care, with the deterioration of this condition and the development of periodontal
pockets, tooth loss can occur [8]. Interestingly, studies have shown that pregnancy-induced
hormonal changes can further aggravate gingival inflammation or the severity of pre-existing
periodontal diseases [9,10]. The elevated levels of progesterone and estrogen may increase
vascular permeability, making fibrous tissues more vulnerable to bacteria and resulting in
adverse gingival changes [11]. With this damaging phenomenon, oral pathogens (e.g., Gram-
negative microorganisms) and their bacterial products can easily reach the uterus through
the bloodstream, and, at the same time, microbial components and inflammatory mediators
derived from periodontal disease can also circulate to the liver, where they can initiate an
entire inflammatory cascade. Consequently, prostaglandin production increases, which may
cause preterm uterine activity, premature rupture of membranes, cervical insufficiency, and
preterm labor [12]. Scientific data have proven that preterm delivery is strongly associated
not only with a higher level of gingival prostaglandin E2 but also with increased neonatal
immunoglobulin M seropositivity for several oral bacteria.

In recent studies [13], the role and the clinical and microbiological management of the
oral microbiota have been described, focusing on the personalization of periodontal clinical
practices and a proactive approach.

Primarily, the most reliable diagnostic tools for the identification and classification of
periodontal diseases are probing depth (PD) and bleeding on probing (BOP), characterized
by the sulcus bleeding index (SBI) [14]. The present study aimed to evaluate the correlation
between periodontal status, based on a clinical examination of PD and BOP, and obstetrical
outcomes, including neonatal birth weight (BW) and gestational age (GA) at delivery.

2. Materials and Methods

2.1. Study Design

This prospective clinical study was conducted at the University of Szeged, Department
of Obstetrics and Gynecology, where, based on the authors’ previously published results,
a dental unit was installed and where the examination of the selected pregnant patients
was carried out. It is important to know that, in Hungary, all pregnancies that finish with
deliveries are recorded in the national health system database. Dental examinations are
compulsory during pregnancy, and this fact is noted in the Health Booklet, which follows
an expectant woman from the start to the end of her pregnancy. A total of 111 healthy,
without significant illnesses, primigravida–primiparous pregnant women were involved
in this study, which was ethically approved by the Human Investigation Review Board of
the Albert Szent-Györgyi Clinical Center, Szeged, Hungary, approval number (123/2019-
SZTE). Patients were selected during regular pregnancy-related ultrasound examinations,
performed around the gestational ages of 11 and 19 weeks. Multiple gestations or cases with
any associated diseases or regular medications were excluded. The study period for the
periodontal examinations was between 1 August 2019 and 29 February 2020. Szeged is the
county seat of Csongrád-Csanád County, with a population of about 159,000 inhabitants.
The Department of Obstetrics and Gynecology, a part of Albert Szent-Györgyi Medical
School, is a state-financed unit and the only place where childbirth (about 2500/year) takes
place in this city. Only inhabitants of Szeged were selected to take part in this study in order
to eliminate problems related to the scheduling of periodontal examinations for pregnant
patients from other places. The ultrasound examinations were performed by authorized
doctors, based on a previous schedule, with the medical unit conducting about 20 similar
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examinations/day. This number also includes pregnant women from other cities and villages
because the department is the regional tertiary medical unit for the southeastern part of
Hungary, serving four counties (Csongrád-Csanád, Békés, Bács-Kiskun, and the southern
part of Jász-Nagykun Szolnok), with a total population of about 1.6 million inhabitants. In
the study period, there were a total of 2860 ultrasound examinations, of which 1144 were
carried out on inhabitants of Szeged. Finally, of this number, 111 primigravida–primipara,
healthy women were included in the project and selected for periodontal examinations. The
health status of all 111 patients was monitored throughout their pregnancies; all women
gave birth at our institution. The patients were fully informed about the aim of this study,
and they took part voluntarily after signing a written consent form. A dental unit was
installed at the Department of Obstetrics and Gynecology, based on the author’s previous
studies concerning the association between maternal dental modification and obstetric
outcomes, and it was used for the dental examinations. It was equipped with good lighting
and the possibility of patient positioning. Gestational age was determined by carrying out
sonographic measurements of the embryos in the first trimester.

Periodontal examinations were performed after the ultrasound screening, based on
a previous appointment, by an experienced dentist, according to the WHO guidelines.
Patients’ periodontal status was determined using PD and BOP. A disposable periodontal
probe, which had a 0.5 mm diameter tip, was used for these measurements. PD was
measured at 6 sites per tooth (the mesiobuccal, midbuccal, distobuccal, mesiolingual,
midlingual, and distolingual sites), with the exception of the third molars, while BOP
was recorded after 15 s on a Yes/No scale at the same sites as where PD was previously
determined. The criteria used in each group were as follows: periodontally healthy patients
had a sulcus depth between 1 and 3 mm with non-detectable gingival bleeding; patients
with gingivitis had the same PD as healthy individuals, but they also had a BOP ≥ 25%;
and patients with periodontitis had a PD ≥ 4 mm in at least one site and a BOP ≥ 50%
of the teeth. The determination of periodontitis was based on PD and BOP, the two most
important periodontal parameters. The selection of these factors was based on our previous
clinical studies in this field. PD ≥ 4 mm is regarded as a “critical probing depth”, while
smaller PD values are considered normal. BOP is a well-accepted sign of periodontal
inflammation, and BOP and PD together are significant factors in the staging of periodontal
disease [5,6,14]. After the deliveries, GA and neonatal birth weight (BW) were analyzed, and
correlations regarding the patient’s previous periodontal status were explored. During the
examination carried out by the dentist, in all cases, the expectant women were instructed on
correct oral hygiene procedures, including toothbrush and dental floss usage. The patients
were classified into 3 categories based on the results of the aforementioned measurements:
17 healthy individuals (H), 67 patients with gingivitis (G), and 27 patients with periodontitis
(P). The BOP was recorded and determined for each tooth. The percentage of BOP cases
was calculated according to the total number of teeth of the patient, and this approach was
named the sulcus bleeding index (SBI). For example, if the total number of teeth was 28,
and BOP was found in 25 teeth, the SBI was 89.28%.

Delivery was considered at-term if it occurred after the completion of the 37th week.
Before this gestational age (24+0–36+6 weeks), it was noted as a preterm delivery. A low
BW was defined if the newborn weight was under the 5th percentile.

2.2. Statistical Analysis and Graph Editing

The recruited patients were divided into three groups according to their dental status. The
samples were characterised as the mean and standard deviation (SD) of the data. The group
means were compared by a one-way ANOVA, which can be considered a generalisation of
the Student’s two-sample t-test for more than two groups. The linear relationship between the
examined variables was also examined by the calculation of Pearson’s correlation coefficient
and the regression line. The significance of the correlation (its p-value) was also given.
Statistical analyses were performed using SPSS version 26, and p < 0.05 was considered to be
statistically significant. Graphs were edited in Microsoft Excel.
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3. Results

The recruited patients were divided into three groups, namely, H, G, and P, according
to the different dental statuses diagnosed during pregnancy. The low rate of cases with
a healthy dental status at the time of the periodontal examination was remarkable, and
this can be an important message related to the role of pre-conceptional periodontal care
for women who want to have a pregnancy in the near future. All patients enrolled in this
study gave birth to their newborns at the Department of Obstetrics and Gynecology, the
University of Szeged.

3.1. The Main Gestational Age at Dental Examination, Gestational and Maternal Age at Delivery
and Birth Weight at Delivery

The main gestational age at the dental examination, the gestational and maternal
ages at delivery, and the birth weight at delivery are presented in Table 1. As shown, the
observed difference in the birth weights of the three examined groups was found to be
statistically non-significant.

Table 1. Sample characteristics in different dental status groups. Results are shown as means (±SD).

Healthy (H)
n = 17

Gingivitis (G)
n = 67

Periodontitis (P)
n = 27

ANOVA

Gestational age at
dental examination (w) 16.24 ± 3.492 15.00 ± 3.516 14.00 ± 3.150 p = 0.111

Gestational age at
delivery (w) 38.53 ± 1.772 39.07 ± 1.454 38.67 ± 1.414 p = 0.253

Maternal age at
delivery (y) 31.25 ± 4.337 30.91 ± 5.197 29.53 ± 6.309 p = 0.464

Birth weight (g) 3518.82 ± 548.212 3402.24 ± 541.443 3396.67 ± 611.826 p = 0.726

Analysis of invariance: ANOVA.

3.2. Correlation between SBI and BW in Group P

After a further investigation of these data, it was clearly visible that the correlation was
the most pronounced and statistically significant in the P group, in which a significantly
lower newborn weight was observed with an increase in SBI. This means that a more severe
periodontal disease was associated with a lower BW (r = −0.587, p = 0.001). The data are
presented in Figure 1.

Figure 1. Correlation between SBI and BW in group P. Results are shown as means (±SD). BW = birth
weight; SBI = sulcus bleeding index; P = periodontitis; n = 111; and p < 0.05 was considered statistically
significant.
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3.3. Correlation between SBI and GA at Dental Examination in Different Dental Status Groups

A detailed analysis showed a significant positive correlation (r = 0.252, p = 0.04)
between SBI and patients’ GA at the dental examination in the G group. These detailed
data are presented in Figure 2 and Table 2, where the rate of G at the time of the dental
examination can be seen. Being a significant linear correlation, Figure 2 gives a more
detailed picture of this relationship.

Figure 2. Correlation between SBI and GA at dental examination in the G group. Results are shown
as means (±SD). G = gingivitis; GA = gestational age; SBI = sulcus bleeding index; n = 111; and
p < 0.05 was considered statistically significant.

Table 2. Correlation between SBI and GA at periodontal examination in different dental status groups;
p < 0.05 was considered statistically significant.

Group N Correlation Coefficient p Value

Healthy 17 r = −0.391 p = 0.120

Gingivitis 67 r = 0.252 p = 0.04

Periodontitis 27 r = 0.127 p = 0.527

Total 111 r = −0.035 p = 0.714

4. Discussion

Dental hygiene is very important during pregnancy. Preventive or diagnostic dental
treatment is highly recommended at any time throughout pregnancy, along with a proper
oral hygiene routine every day. Although we did not observe a connection between
poor dental status and premature delivery (Table 1), our results demonstrate a significant
correlation between P and a low BW at delivery (p = 0.001), meaning that pregnant women
with a higher BOP (and, subsequently, a higher SBI) might have an increased risk of
having lower BW newborns. These data are in line with the findings of Sanz et al., who
previously revealed the role of hormonal and inflammatory processes in premature birth as
a consequence of periodontal disease. Cytokine production and endotoxins released by oral
microorganisms evoke the activation of the inflammatory cascade, which may contribute to
the initiation of preterm parturition [15]. Preterm birth and a low BW may also carry a risk
of predisposition to later neurological and motor impairments, together with malnutrition
problems; thus, preventive medical interventions should be performed [16].

Moreover, in line with BW, gestational age at dental examination was also correlated
with BOP. Interestingly, G was found to be higher at a significant rate at the time of
the dental examinations (p = 0.04). In the context of these results, we verified that BOP
had a positive correlation with the patient’s gestational age at the medical check-ups,
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drawing our attention to the importance of dental screening. Based on these results, it
can be concluded that a worse periodontal status during pregnancy may negatively affect
obstetrical outcomes. As a methodological limitation of this study, we note the relatively
low number of cases. The most important cause of this was the beginning of the COVID-19
pandemic, which, at that moment, stopped study-related dental examinations. Moreover,
this patient number limitation makes it impossible to differentiate between late prematurity
(34+0–36+6 GW), prematurity (28+0–33+6 GW), and extreme prematurity (24+0–27+6 GW)
and examine their correlations with maternal dental status. Still, regarding these causes,
the results of our study have a powerful message, illustrating the importance of oral health
during pregnancy.

Similar to our findings, Cho et al. found that pregnant women with dental caries
participated in screenings less frequently [17]; however, clinical trials support the fact that
preventive dental care can play a major role in the improvement of birth outcomes [18]. Both
quantitative and qualitative studies regarding this issue have corroborated that women
may have fears of dental examinations during pregnancy [19]. Although a high proportion
of pregnant women experience dental problems (e.g., gingival bleeding, dental caries,
and tooth mobility), only 30–40% seek medical advice during pregnancy. There may be
many factors behind this pattern, but most of the time, it is due to a previous negative
experience or a lack of education regarding oral hygiene. Since there is a strong correlation
between poor dental status and pregnancy outcomes, raising awareness of oral health
is indispensable [20]. Preventive dental and periodontal care, especially before and, if
necessary, during pregnancy, is fundamental to maintaining both mothers’ and newborns’
health, and, for this exact reason, effective collaboration between obstetricians and dentists
is essential [21,22]. Oral health promotion and education about proper dental care in
pregnancy are indispensable for the prevention of pregnancy-associated complications,
such as prematurity and neonatal low BW.

However, Scribante et al. [13] focused on the role of the balance of oral dysbiosis.
They stated that using probiotics and paraprobiotics can lead to a statistically significant
reduction in oral pathogenic bacterial load.

5. Conclusions

Periodontal diseases, such as gingivitis and periodontitis, mainly occur due to inappro-
priate oral hygiene. Pregnancy-induced hormonal changes further aggravate pre-existing
periodontal diseases and can ultimately lead to adverse pregnancy outcomes. Our results
indicate that there is a connection between periodontal status during pregnancy and obstet-
rical outcomes. We, therefore, believe that periodontal health programs linked to maternity
are crucial for the prevention and diagnosis of periodontal diseases in pregnant women.
By means of oral health education, a higher proportion of pregnancy and birth-related
complications could be prevented.

Based on the obtained results, we can consider that poor maternal oral status is an
influencing factor for worse obstetrical outcomes. In particular, the dental modifications
associated with hemorrhage of the gingiva and periodontal pockets are involved. These
modifications are detectable as early as the first trimester, and they can influence obstetrical
outcomes, resulting, for example, in a lower newborn weight.
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Abstract: Background and Objectives: In pre-eclampsia, restricted blood supply due to the lack of
trophoblastic cell invasion and spiral artery remodeling is responsible for adverse pregnancies and
maternal outcomes, which is added to by maternal undernutrition. This study was designed to
observe the effect of multiple nutritional micronutrient supplements on the pregnancy outcomes of
underweight pre-eclamptic women. To investigate the effects of lipid-based multiple micr supplemen-
tations (LNS-PLW) on pregnancy and maternal outcomes in underweight primigravida pre-eclamptic
women. Materials and Methods: A total of 60 pre-eclamptic, underweight primigravida women from
the antenatal units of tertiary care hospitals in the Khyber Pakhtunkhwa Province, Pakistan, were
randomly divided into two groups (Group 1 and Group 2). The participants of both groups were
receiving routine treatment for pre-eclampsia: iron (60 mgs) and folic acid (400 ug) IFA daily. Group
2 was given an additional sachet of 75 gm LNS-PLW daily till delivery. The pregnancy outcomes of
both groups were recorded. The clinical parameters, hemoglobin, platelet count, and proteinuria
were measured at recruitment. Results: The percentage of live births in Group 2 was 93% compared
to 92% in Group 1. There were more normal vaginal deliveries (NVDs) in Group 2 compared to
Group 1 (Group 2, 78% NVD; group 1, 69% NVD). In Group 1, 4% of the participants developed
eclampsia. The frequency of cesarean sections was 8/26 (31%) in Group 1 and 6/28 (22%) in Group 2.
The number of intrauterine deaths (IUDs) was only 1/28 (4%) in Group 2, while it was 2/26 (8%) in
Group 1. The gestational age at delivery significantly improved with LNS-PLW supplementation
(Group 2, 38.64 ± 0.78 weeks; Group 1, 36.88 ± 1.55 weeks, p-value 0.006). The Apgar score (Group
2, 9.3; Group 1, 8.4) and the birth weight of the babies improved with maternal supplementation
with LNS-PLW (Group 2, 38.64 ± 0.78 weeks: Group 1, 36.88 ± 1.55; p-value 0.003). There was no
significant difference in systolic blood pressure, while diastolic blood pressure (Group 2, 89.57 ± 2.08
mmHg; Group 1, 92.17 ± 5.18 mmHg, p-value 0.025) showed significant improvement with LNS-PLW
supplementation. The hemoglobin concentration increased with the LNS-PLW supplement consumed
in Group 2 (Group 2, 12.15 ± 0.78 g/dL; Group 1, 11.39 ± 0.48 g/dL, p-value < 0.001). However, no
significant difference among the platelet counts of the two groups was observed. Conclusions: The
pregnancy and maternal outcomes of underweight pre-eclamptic women can be improved by the
prenatal daily supplementation of LNS-PLW during pregnancy, along with IFA and regular antenatal
care and follow-up.

Keywords: pre-eclampsia; lipid-based nutritional supplements; pregnancy outcome; maternal
outcome; Khyber Pakhtunkhwa Province of Pakistan
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1. Introduction

Pre-eclampsia is the most common hypertensive disorder in pregnancy. About 3–5%
of first pregnancies are complicated by pre-eclampsia globally, with a near 15% recurrence
rate in subsequent pregnancies [1]. It is characterized by hypertension, proteinuria, and
edema ≥20 weeks of gestation in women previously normotensive [2,3]. Pre-eclampsia
is a multisystem disorder with a placental origin and creates immediate and long-term
fetal and maternal complications. It is documented as one cause of maternal mortality,
morbidity, and stillbirths [4–6]. In Pakistan, approximately 19% of maternal mortality is at-
tributed to pre-eclampsia [7], rating only third after postpartum hemorrhage and sepsis [4].
Pre-eclampsia may be subclassified as mild and severe, depending upon the presence of
hypertension [1]: mild pre-eclampsia with BP (140–159/90–109 mmHg) and severe pre-
eclampsia with BP (≥160/110 mmHg) [8]. On the bases of gestational age, pre-eclampsia
can also be subclassified as being early-onset (≤34 weeks) due to fetal disorders, primarily
through imperfect placentation. Late-onset (≥34 weeks) is due to maternal disorders,
lowered maternal thresholds, and excessive physiological placentation [4]. Pre-eclampsia
occurs due to abnormal trophoblastic invasion, causing reduced placental perfusion and
the replacement of maternal arteriole endothelial cells through an imbalance between the
angiogenic and antiangiogenic factors. This, in turn, leads to the damage and dysfunction
of the endothelium of maternal arteries, leading to hypertension (due to vasoconstriction),
edema due to increased vascular permeability, and proteinuria (due to glomerular dam-
age) [1]. The angiogenic factors are essential for the vessel’s health and for new vessel
formation and organ development. In pre-eclampsia, the high levels of soluble fms-like
tyrosine kinase-1(sFIt-1), soluble Endoglin (sEng), and antiangiogenic factors affect the
levels of placental growth factor (PIGF), transforming growth factor β (TGEβ) and vascular
endothelial growth factor, respectively [1]. These low levels lead to endothelial dysfunction
and the clinical characteristics of pre-eclampsia [6]. The placental growth factor (PIGF)
and soluble fms-like tyrosine kinase-1(sFIt-1) are used to differentiate pre-eclampsia from
other diseases, like chronic hypertension and kidney diseases [5]. The pathophysiology of
pre-eclampsia occurs due to abnormal trophoblastic invasions, causing reduced placental
perfusion and the replacement of maternal arteriole endothelial cells through an imbalance
between the angiogenic and antiangiogenic factors [5].

Pre-eclampsia is (7.5%) more common among nulliparous women than parous women [7].
A young age, being underweight, and multiple pregnancies are also non-specific risk fac-
tors of pre-eclampsia [9]. Moreover, malnutrition, undernutrition, high-fat/fiber diets, and
micronutrient deficiency are risk factors for pre-eclampsia [10–12]. The nutritional status of
pregnant women plays a vital role in fetal growth and development [13,14]. In low-income
countries, maternal undernutrition and anemia are the common causes of maternal mortality
and morbidity. Women during pregnancy are at risk of nutritional deficiencies because of the
added burden of the metabolism of the fetus and the growing placenta [1]. The deficiency
of macro- and micronutrients is common among women of child-bearing age in developing
countries [8]. The association between multiple micronutrient deficiencies and the devel-
opment of pre-eclampsia has also been reported [14,15]. Therefore, undernutrition during
pregnancy affects not only the mother’s health but also the health of the growing fetus. In
order to balance and improve the micronutrient deficiencies and pregnancy outcomes, iron,
folic acid, calcium, and multiple micronutrient supplements are used during pregnancy and
before conception [4,5]. In order to improve maternal nutrition and pregnancy outcomes,
lipid-based multiple micronutrient supplements are given to underweight pregnant and
lactating mothers (LNS-PLW) in underdeveloped countries [6,7]. The benefits of lipid-based
multiple micronutrient supplementation have been assessed in normotensive undernourished
women [6]. The LNS-PLW is a peanut-based product from the World Food Program (WFP)
that is packed in a ready-to-use sachet of 75 gm, having an energy of 400 kcal (Table 1).
It is provided to childbearing-aged women to improve maternal nutrition and pregnancy
outcomes in underdeveloped countries like Pakistan [1,8].
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Table 1. Chemical composition of (LNS-PLW).

Nutrient Value Nutrient Value

Carbohydrate 35.4 g Biotin (Vitamin-B7) 45 mcg

Protein 10.5 g Folates (Vitamin-B9) 247 mcg

Fat (60%ω-3Fatty
Acid,20%ω-6FA) 24 g Cobalamine (Vit B12) 2.0 mcg

Retinol (Vitamin-A) 412 mcg Iron 10 mg

Cholecalciferiol
(Vitamin-D) 11.2 mcg Calcium 400 mg

Phytomenadione
(Vitamin-K) 20.2 mcg Zinc 8.2 mg

Tocoferol acetate (Vit-E) 12 mg Copper 1.0 mg

Ascorbate (Vitamin C) 45 mg Selenium 15 mcg

Thiamine (Vitamin-B1) 0.75 mg Iodine 75 mcg

Riboflavin (Vitamin-B2) 1.57 mg Magnesium 112 mg

Niacin (Vitamin-B3) 9.75 mg Phosphorus 337 mg

Pantothenic acid (Vit B5) 3.0 mg Potassium 675 mg

Pyridoxine (Vitamin-B6) 1.35 mg Manganese 0.9 mg

Total Energy = 400 kcal

The World Health Organization has recommended that pre-eclampsia screening
should be a part of routine antenatal investigation. Most of the routine antenatal investiga-
tions are done for the clinical condition which has already been present like screening for
viral disease or ultrasound-based screening for morphological abnormalities of the fetus.
There is no predictive screening for diseases that have not yet occurred or developed, for
example, pre-eclampsia and eclampsia. The outcomes of such a condition are alarming
once it develops; therefore, the early detection and prevention of prophylactic therapy
may be beneficial. This would enable the clinician to start timely preventive measures,
antenatal care, and prophylactic treatment [16,17]. Pre-eclampsia screening has no real cost
or side effect from its implementation; therefore, it must be part of the routine antenatal
investigation or examination [18]. There are different screening strategies for pre-eclampsia,
ranging from simple maternal history analysis to early screening biomarkers.

The screening approaches, which are in practice nowadays, include a detailed maternal
history [18], the measurement of mean arterial blood pressure of the pregnant mother,
performing Doppler ultrasounds on uterine arteries [19], the identification of serum cardio-
metabolic biomarkers [20], the identification of novel markers, like cell-free DNA [21],
multiple approaches, etc. [22]. The management of pre-eclampsia is divided into three
stages: prevention, early detection, and treatment. Dietary counseling, stopping smoking,
the management of pre-existing hepatic and renal diseases, giving low-dose aspirin before
12 weeks of pregnancy, calcium supplementation, antihypertensive drugs, and magnesium
sulfate are all prescribed for the prevention of eclampsia. Moreover, during hospitalization
due to severe pre-eclampsia (for the termination of the pregnancy), a cesarean section may
help in the management of the condition [23].

Pre-eclampsia is more common in primigravida, and it is associated with micronu-
trient deficiencies. Our country is facing a lack of a proper diet, especially for women
of childbearing age, due to poverty. Nutritional deficiency is one of the risk factors of
pre-eclampsia. To our knowledge, little evidence is available on the effect of LNS-PLW
in pre-eclamptic pregnancy and maternal outcomes in our region. The prevalence of un-
dernutrition at childbearing age is quite high; therefore, the current study was designed
and conducted to assess the impact of lipid-based multiple micronutrient supplementa-
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tion (LNS-PLW) on the maternal and pregnancy outcomes of pre-eclamptic underweight
women during their first pregnancy.

2. Methods

After screening, 463 pre-eclamptic women from April 2018-December 2019 (Figure 1)
we recruited, considering primigravida pre-eclamptic women whose BMI was less than
the requirement for their gestational age retrospectively on their first antenatal visit from
their antenatal record file. The BMI is calculated by using a computer pregnancy weight
gain calculator. This study was conducted in the tertiary health care facilities of Peshawar
(Lady Reading Hospital, Hayatabad Medical Complex) and Swat (Civil Hospital Matta),
Khyber Pakhtunkhwa (KP) province of Pakistan. The trial was approved by Khyber Med-
ical University, by the Advanced Study and Research Board, and the Ethical Committee
(No: DIR/KMU-AS&RB/EN/000527-18 August 2016) (DIR/KMU = EB/EN/000314 on
27 October 2016). The participants were divided by using a computer randomizer (version
3.0) (Medical University of Graz, Institute for Medical Informatics, Statistics and Docu-
mentation Auenbruggerplatz 2/5, A-8036 Graz, Austria) into two groups (Group 1 and
Group 2) and informed consent was obtained from them. The participants of both groups
received conventional treatment for pre-eclampsia and IFA daily. The Group 2 participants
received an additional 75 gm sachet of high-energy LNS-PLW supplement daily till delivery.
One participant of Group 2 disliked the taste of LNS-PLW, and another participant lost
contact and follow-up, so they dropped out. Two participants in Group 1 refused to con-
tinue, and two participants lost contact and dropped out. Therefore, 26 participants from
Group 1 and 28 participants from Group 2 completed the follow-up, and we collected their
pregnancy and maternal outcomes.

Figure 1. Flow chart showing the enrollment of the participants and intervention allocation. Abbrevi-
ations: PE: Preeclampsia, BMI: Basal metabolic index, IFA: Iron folic acid, LNS-PLW: Lipid based
nutritional supplements for pregnant and lactating women.

2.1. Data Collection

The socioeconomic data, family, and personal histories were recorded by predesigned
questionnaires given to each participant. The age, gestational age, anthropometric mea-
surements (height, weight, BMI), systolic and diastolic blood pressure, and the proteinuria
of the participants were measured. About 5 mL of blood was taken from each participant
at the time of enrollment and then delivered via an aseptic technique. The hemoglobin
and platelet counts were measured by Sysmex XE-2100 hematology analyzer (Sysmex
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Corporation, Shisumekkusu Kabushiki-gaisha, Tokyo, Japan). The LNS-PLW was provided
weekly and the empty sachets were collected to check their compliance. The leftovers in the
sachet were measured. The principal researcher reminded each participant, telephonically,
on alternate days to take their medication and LNS-PLW supplement. Their weight was
measured by a Beurer digital glass weight scale-GS 200 Allium (Lessingstraße 10 b 89231
Neu-Ulm, Germany), and for their height, a portable stadiometer (Seca Leicester 214)
(Hammer Steindamm 9-25. 22089 Hamburg, Germany) was used. The BMI kg/m2 of the
participants was measured. At 10 min intervals, the blood pressure of the patients was
measured three times by using a standard mercury sphygmomanometer, and the mean
was noted. Proteinuria was measured via the dipstick method. The mode of delivery was
also recorded.

2.2. Statistical Analysis

The Shapiro–Wilk test was used for normalizing the data; it was found to be normally
distributed. The demographic data were analyzed as descriptive statistics, and the values
were presented as mean ± standard deviation. The data of the two groups were compared
by student t-testing. For the statistical analyses, we used SPSS software 22 (IBM, Armonk,
NY, USA), and p < 0.05 was considered significant.

3. Results

The mean age of the participants (Group 1: 22.1 ± 3.3 years; Group 2: 23.3 ± 3.6 years,
p-value 0.17) ranged from 15–35 years. Their BMI at the first antenatal visit was calculated
retrospectively from their antenatal record (Group 1: 19.6 ± 1.3; Group 2: 19.7 ± 0.9, p-value
0.84). While the BMI kg/m2 at enrollment was recorded as Group 1: 22.6 ± 1.5 kg/m2; Group 2,
22.5 ± 1.3 kg/m2, p-value 0.459. The gestational age (from the first antenatal visit) was calcu-
lated retrospectively from participants’ antenatal records (Group 1: 19.8 ± 3.5 weeks; Group 2:
20.5 ± 3.1 weeks, p-value 0.45), while the gestational age at enrollment was 30.1 ± 2 weeks for
Group 1 and 29.8 ± 2.3 weeks for Group 2 (p-value 0.59). The baseline systolic blood pressure
was 146.7 ± 8.9 mmHg for Group 1 and 144.7 ± 6.8 mmHg for Group 2 (p-value 0.63), and the
diastolic blood pressure was 95.7 ± 5.2 mmHg for Group 1 and 95.5 ± 4.4 mmHg for Group 2
(p-value 0.89). The proteinuria recorded via the dipstick method at enrollment was as follows:
Group 1: 1.8 ± 0.7; Group 2: 1.9 ± 0.7 (p-value 0.34). The baseline hemoglobin concentration was
as follows: Group 1: 10.5 ± 0.8 g/dL; Group 2: 10.5 ± 0.9 g/dL (p-value 0.92). The platelets count
was as follows: Group 1: 202,166.67 ± 57,770.70/uL; Group 2: 196,200.00 ± 53,832.05/uL (p-value
0.68), taken during recruitment, as shown in Table 2.

The socioeconomic data of the study participants were collected; it was noted that 49%
of participants belonged to the low-income group, 28% to the middle-income group, and
only 23% belonged to the high-income group. The literacy rate among the participants was
also found to be low: 76.66% of women in the control group and 83.33 % in the LNS-PLW
group were found to be illiterate.

Maternal Follow-Up at Delivery

The supplements consumed by the two groups during the prenatal periods (IFA by
Group 1: 6.8 ± 1.9 weeks; IFA and LNS-PLW by Group 2: 8.8 ± 1.9 weeks; p-value 0.00).

The live birth in Group 2 was 93%, while in Group 1, it was 92%. The number of
normal vaginal deliveries in Group 2 was higher: Group 1: 69% NVD; Group 2:78% NVD.
In Group 1, 4% of the participants developed eclampsia as shown in Table 3.

The gestational age at delivery was higher in Group 2 (Group 1: 36.9 ± 1.6 weeks;
Group 2: 38.6 ± 0.8 weeks, p = 0.006).

The blood pressure was calculated after delivery; the systolic BP of both groups was
the same (Group 1: 135.7 ± 11.2 mmHg; Group 2: 131.3 ± 4.6 mmHg, p-value 0.07), while
the diastolic BP (Group 1: 92.2 ± 5.2 mmHg; Group 2: 89.6 ± 2.1 mmHg, p-value 0.025)
showed significant improvement in the LNS-PLW-consuming Group 2 as shown in Table 4.

105



Medicina 2022, 58, 1772

Table 2. Comparison of baseline parameters of the study groups.

Parameters
Group 1

n = 26
Mean ± SD

Group 2
n = 28

Mean ± SD
p-Value

Age (years) 22.1 ± 3.3 23.3 ± 3.6 0.17

Gest age at first
antenatal visit
retrospectively

(weeks)

20 ± 3.5 20.5 ± 3.1 0.45

BMI Kg/m2 at 1st
antenatal visit
retrospectively

19.6 ± 1.3; 19.7 ± 0.9 0.84

Gestational age at
enrollment in weeks 30.1 ± 2 29.8 ± 2.3 0.59

BMI Kg/m2 at
enrollment

22.6 ± 1.5 22.5 ± 1.3 0.46

Systolic Blood
Pressure mmHg 146.7 ± 8.9 144.7 ± 6.8 0.63

Diastolic Blood
Pressure mmHg 95.7 ± 5.2 95.5 ± 4.4 0.89

Hb g/dL 10.5 ± 0.8 10.5 ± 0.9 0.92

platelets count/uL 202,166.67 ± 57,770.70 196,200.00 ± 53,832.05 0.68

Table 3. Effect of supplementation on maternal and pregnancy outcomes.

Parameters
Group 1

n = 26
Group 2

n = 28

Live birth 92% 93%

NVD
C-section

18 (69%)
8 (31%)

22 (78%)
6 (22%)

Preterm babies 9 (35%) -

IUD/stillbirth 2 (8%) 2 (7%)

LBW 16 (61.5%) 8 (28.5%)

Eclampsia 1 (4%) -
Abbreviations: NVD: normal vaginal delivery; C-section: Caesarean section; IUD: intrauterine death; LBW: low
birth weight.

Table 4. Clinical and hematological parameters of study groups at delivery.

Parameters
Group 1

n = 26
Mean ± SD

Group 2
n = 28

Mean ± SD
p-Value

Supplements consume
(weeks) 6.8 ± 1.9 8.8 ± 1.9 0.00

Gestational age at
delivery 36.9 ± 1.6 38.6 ± 0.8 0.00

Systolic Blood Pressure
mmHg 135.7 ± 11.2 131.3 ± 4.6 0.07

Diastolic Blood Pressure
mmHg 92.2 ± 5.2 89.6 ± 2.1 0.02

Hemoglobin g/dL 11.4 ± 0.5 12.2 ± 0.8 0.001

BMI(kg/m2) at delivery 27.17 ± 1.39 27.38 ± 0.94 0.570

Birth weight of the baby 2.37 ± 0.21 2.49 ± 0.08 0.003

The blood samples were collected from the women after delivery and during their stay
in the hospital in order to compare the hemoglobin concentration. Hemoglobin concentration
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significantly improved with LNS-PLW supplementation (Group 1: 11.4 ± 0.5 g/dL; Group 2:
12.2 ± 0.8 g/dL, p-value 0.001).

4. Discussion

Pre-eclampsia is a common pregnancy-related complication that occurs in childbearing-
age women. It is responsible for poor maternal and fetal outcomes, fetal and maternal
mortality, and morbidity [15]. A balance nutritional intake during pregnancy is responsible
for the proper functioning of bodily systems [24,25]. Pregnancy is a condition for which
appropriate and balanced food intake is needed not only for the mother but also for the
growing fetus. Maternal undernutrition and malnutrition increase the risk of pre-eclampsia,
gestational hypertension, anemia, premature delivery, fetal and maternal mortality, and
morbidity [26,27].

In this study, the hemoglobin concentration significantly increased in Group 2 when
compared with Group 1. This may be due to the 10 mg of extra iron in the LNS-PLW sup-
plement with routine IFA (60 mg iron and 400 ug folic acid). In contradiction with findings,
a study was conducted in Malawi, in which three groups of women were supplemented
from ≤20 weeks of gestation with IFA (containing 60 mg of iron), MMN (containing 20 mg
of iron), and LNS (containing 20 mg of iron); at 36 weeks of gestation, the researchers com-
pared the women’s hemoglobin levels and reported higher concentrations of hemoglobin
in the IFA group [28]. Another study conducted in Bangladesh compared pregnant women
(≤20 weeks of gestation) who were receiving either IFA (60 mg of iron and 400 ug of
folic acid) or LNS (containing 20 mg of iron). They reported a higher concentration of
hemoglobin in the IFA group [29]. Similarly, a study conducted on Ghanaian women
reported higher hemoglobin concentrations in women using IFA (containing 60 mg of
iron) when compared to those given LNS (containing 20 mg of iron) from ≤20 weeks of
gestation [30]. The difference in our study was that, along with IFA (60 mg of iron), we
provided an extra 10 mg of iron in the LNS-PLW as well, whereas, in the above studies, the
researchers compared three groups of women with different supplements, i.e., IFA, MMN,
or LNS individually.

The diastolic blood pressure of the LNS-PLW consumers in the current study de-
creased significantly at delivery, while no difference was observed for their systolic blood
pressure. The LNS-PLW used in the current study was peanut-based, and 80% of its fat
content is composed of omega-3 (60%) and omega-6 (20%). Several meta-analyses and
trials reported the beneficial effects of ω-3 polyunsaturated fatty acid supplementation
on blood pressure control and cardioprotective measures [31]. Moreover, omega-3 may
also improve endothelial and vascular functioning and arterioles stiffness [32]. Few other
studies conducted on underweight pregnant women showed no difference in systolic and
diastolic blood pressure regarding LNS and IFA consumers, presumably due to the subjects
being normotensive women [33,34].

Pregnancy outcomes were compared. It was observed that the number of preterm
deliveries (<37 weeks) was 35% in Group 1, while all the women on LNS-PLW supplemen-
tation delivered after 37 weeks of gestation. The study reported that pre-eclampsia babies
are usually preterm [35]. However, a study conducted by Wen et al., 2018, reported that
supplementation with folic acid had no effect on babies’ gestational age and contradicts
our finding [36]. The difference in our observations may be due to the additional intake of
the LNS-PLW supplement along with IFA, whereas the study of Wen et al. assessed the
effects of folic acid only [36].

The gestational age of our participants at enrollment (in both groups) was found to be
below 34 weeks, meaning all were in the early-onset pre-eclampsia class. In the current
study, it was observed that the numbers of live births are higher in the LNS-PLW con-
sumers. Moreover, the number of intrauterine deaths (IUDs) is lower in the supplemented
group. These findings are in line with another study that reported that supplementation
in pre-eclampsia reduces IUD [37]. It was reported that multiple micronutrients (MMNs)
supplementations reduced the risk of preterm birth, while LNS supplementation showed
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no positive effects on the term of pregnancy [13,27]. The number of NVDs was higher
in Group 2 compared to Group 1, while 31% of the women in Group 1 had a caesarean
section. It is documented that the rate of cesarean section increases with the severity
of pre-eclampsia [38], and also micronutrient-deficient women have a greater risk of ce-
sarean delivery [39]. Similarly, Kiattisak et al., 2018, reported that pre-eclamptic women
had a higher occurrence of cesarean delivery [35,40]. In contrast to our findings, a study
compared the pregnancy outcome of IFA and LNS consumer groups and found no sig-
nificant difference in pregnancy and fetal outcomes regarding cesarean delivery in rural
Bangladesh [41].

The strength of the current study is the participant’s compliance and cooperation in
maintaining high-quality assurance during supplementation and data collection. Moreover,
the low dropout rate was made possible by the main researcher herself collecting the data
and following the participants.

This study has some limitations; firstly, the women in both groups were pre-eclamptic,
and for comparison, normal pregnant women were not recruited. Secondly, due to time and
resource constraints, we analyzed a small number of participants in only three antenatal units.

5. Conclusions

The prenatal use of LNS-PLW daily, along with IFA and regular follow-up, can improve
pregnancies and maternal outcomes by increasing the live birth and term of the babies
and decreasing maternal complications, like eclampsia and the number of deliveries by
cesarean section.
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Abstract: Long QT syndrome (LQTS) is majorly an autosomal dominantly inherited electrical dys-
function, but there are exceptions (Jervell and Lange-Nielsen syndrome is inherited in an autosomal
recessive pattern). This disorder prolongs ventricular repolarization and increases the risk of ven-
tricular arrhythmias, syncope, and even sudden cardiac death. The risk of fatal events is reduced
during pregnancy, but dramatically increases during the 9 months after delivery, especially in patients
with LQT2. In women with LQTS, treatment with β-blockers at appropriate doses is recommended
throughout pregnancy and the high-risk postnatal period. In this review, we summarize the manage-
ment of LQTS during pregnancy and beyond.

Keywords: long QT syndrome; pregnancy; β-blocker

1. Introduction

Concomitant cardiac pathology, including arrhythmogenic channelopathies, can com-
plicate the course of a normal pregnancy and could be related to additional risks for both
fetus and mother, including sudden cardiac death (SCD). Long QT syndrome (LQTS) is
a cardiac channelopathy, characterized by the prolongation of ventricular repolarization
and polymorphic ventricular tachycardia (VT) known as “Torsades de pointes”, leading
to syncope or SCD. The prevalence of LQTS is approximately 1 in 2000 individuals and
can be inherited (approximately 90%) or occur de novo (10%) [1]. LQTS is caused by
mutations in several ion-channel genes. The commonest mutations are located in the
potassium-channel KCNQ1 (LQT1) and hERG (LQT2) genes, and in the sodium-channel
SCN5A (LQT3) gene [2]. These three major genetic subtypes account for approximately 80%
of all LQTS cases [3]. There are various subtype-specific triggers for cardiac events in LQTS.
Patients with LQT1 experience most of their cardiac incidents as the result of increased
adrenergic activity during exercise, especially swimming, or emotional stress. Audible
stimulation, such as a ringing telephone or an alarm clock, may provoke LQT2 onset,
whereas patients with LQT3 are more likely to have events while resting or sleeping [4].
Women with congenital or acquired LQTS have longer QT intervals and are more likely to
develop polymorphic ventricular arrhythmia (VA) or SCD than men [5]. These differences
may exist due to alterations of sex hormone levels, dependent on the various menstrual
cycle periods, gestation, and the postnatal period, which are related to alterations in QT
duration and frequency of cardiac events [6,7].

2. Physiological Changes Induced by Pregnancy

Several gradual physiological developments happen during gestation, such as cardiac
remodeling and increased cardiac output. Increased heart pulse in pregnancy results in
the shortening of QT intervals, therefore it could be protective in patients with LQTS.
Conversely the postnatal period is associated with rapid changes in hemodynamics and
increased risk of life-threatening arrhythmias. In women with LQTS, the risk of VT and
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SCD is higher in the postpartum period when compared with the relatively low risk during
pregnancy [6]. This may be due to the decrease in the heart rate and the prolongation of
the QT interval. It has been discussed that altered sleep patterns, physiological stress, and
intense auditory stimuli after childbirth may also contribute to adrenergically mediated
cardiac events. The risk of SCD in pregnant women with LQTS was evaluated in a ret-
rospective study [7]. It was reported that the first 40 weeks after giving birth are related
to an elevated risk of cardiac disturbances (syncope, aborted cardiac arrest (CA), or SCD)
compared with the prepregnancy period of 40 weeks. Moreover, the postpartum period
increases the risk for first cardiac events in asymptomatic women with LQTS. Seth et al.’s [6]
findings indicate that the 9-month period after childbirth is related to a 2.7-fold elevated
risk of a cardiac emergency and a 4.1-fold elevated risk of a life-threatening incidents in
comparison to the time before the first conception. After the 9-month postpartum period,
the risk of cardiac events reverts to the baseline prepregnancy risk. The risk of cardiac
events during pregnancy may vary among different LQTS genotypes. Postpartum cardiac
events are more commonly reported in patients with the LQT2 mutation than those with
the LQT1 or LQT3 genotypes [6,8].

Changes in sex hormone levels may play a role in modulating cardiac repolariza-
tion. Estrogen and progesterone are arrhythmogenic sex hormones and their changes
during pregnancy and the postpartum period could potentially provoke cardiac events [9].
Rodriguez et al. [10] reported that in patients with a drug-induced LQTS type, the QT
interval length varies in different periods of the menses, with a shorter QT interval dur-
ing the luteal period when progesterone levels are increased, compared to the follicular
period with higher estradiol concentrations. This research showed a proarrhythmic effect
of estradiol and an antiarrhythmic effect of progesterone, with a reduced susceptibility to
sympathetic stimuli. Unfortunately, we could not find any systematic reviews investigating
the impact of different sex hormone levels on QT interval duration in women with congeni-
tal LQTS. Odening et al. [11] analyzed the prepubertal ovariectomized transgenic LQT2
rabbits, which were treated with estradiol, progesterone, or placebo. The study showed
that progesterone significantly reduced potential triggers for polymorphic VT, such as
bigeminy and couplets, and completely eliminated the occurrence of polymorphic VT. In
addition, it was observed that progesterone prevents against a SCD, suggesting that high
progesterone levels during pregnancy are protective. Moreover, the reduction in proges-
terone levels during the postpartum period is also associated with postpartum arrhythmias
and SCD in patients with LQT2 [8]. Contrariwise, estradiol has an effect by steepening the
QT/RR ratio, prolonging cardiac refractoriness, and altering the spatial pattern of disper-
sion of action potential duration, that results in the promotion of polymorphic VA and SCD.
Odening et al. [12] published a case report of a female with LQTS in pregnancy and the
postnatal period. Although her medical history suggested LQTS type 2, none of the known
mutations were found, except for a polymorphism in KCNE1. During pregnancy and while
breastfeeding, her QTc interval length continued to be normalized. The electrocardiogram
(ECG) showed prolonged QTc duration when the patient was no longer breastfeeding or on
hormone-based contraceptives. The alterations of the ECG indicate a hormonal influence
on the QTc duration in women with LQTS. Prospective case-control studies are needed to
evaluate the arrhythmogenic effect of sex hormones in pregnant women with LQTS.

3. Management of Patients with Long QT Syndrome

Use of β-blockers is the cornerstone of managing congenital LQTS due to its significant
reduction in life-threatening arrhythmic risk [13,14]. Their usage significantly reduces a
major cardiac event rate during the high-risk postpartum period from 3.7% to 0.8% [6].
According to 2017 American Heart Association (AHA), American College of Cardiology
(ACH), and the Heart Rhythm Society (HRS) guidelines on VA and SCD, and the 2018
“European Society of Cardiology (ESC) guidelines” for management of cardiovascular
diseases during pregnancy, β-blockers are recommended during and after pregnancy
in women with congenital LQTS (recommendation Class I, level of evidence C) [15,16].
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Ishibashi et al. [17] in their multicentre study revealed that treatment with β-blockers is
essential for the protection of cardiac events during pregnancy and the postnatal period in
patients with LQTS. In their study, 136 pregnancies in 76 pregnant women with LQTS were
divided into two groups: on β-blocker therapy (β-blockers group) and without β-blocker
therapy (non-β-blockers group). During pregnancy and the postnatal period, 14 (11%)
cardiac events occurred—all in the non-β-blocker group. Not all β-blockers are the same
in the treatment of LQTS. It is shown that the nonselective β-blockers propranolol and
nadolol (both are pregnancy risk category C) are significantly more effective than relatively
β-1 cardioselective metoprolol (pregnancy risk category C) in preventing cardiac events
in symptomatic patients [18]. Furthermore, propranolol has a significantly better QTc
shortening effect compared to nadolol and metoprolol, especially in high-risk patients
with markedly prolonged QTc. Unfortunately, no randomized clinical trials analyzing the
comparative efficacy of different β-blockers for the treatment of LQTS during pregnancy
have been conducted [14].

The safety and efficacy of β-blocker use for pregnant women with LQTS and their
offspring remains questionable. There is a concern that this treatment may increase the risk
of intrauterine grown retardation and malformation in the fetus [17]. In the same study
by Ishibashi et al., the frequency of low birthweight infants was significantly higher in the
β-blockers group compared with the non-β-blockers group (p = 0.024). Although the mean
birth weight was within normal range, the birth weight was lower in the β-blockers group
than in the non-β-blockers group. This difference between groups may have occurred
because the β-blockers group was diagnosed as higher gestational risk, and more than
half of the β-blockers group patients had undergone an elective Cesarean delivery before
the end of full gestational period. The most used β-blocker in this investigation was
propranolol, but events of low birthweight infants did not differ between the different
types of β-blockers. Also, there were no significant differences in congenital malformations
between the groups.

Huttunen et al. [19] found that LQT1 patients, exposed to maternal β-blocker treatment
during pregnancy, were significantly smaller at birth than patients who weren’t exposed
to β-blocker therapy. However, the study showed a rapid catch-up growth during the
first year of life. Marshall et al. [20] observed that β-blocker therapy does not increase
the risk of fetal distress and miscarriages, even though these infants weigh lower than
infants of mothers with LQTS not receiving this therapy. Based on a meta-analysis [21], the
first-trimester β-blocker use in general showed no increased odds of any major (non-organ
specific) birth defects. On the other hand, examining organ-specific malformations, a 2-fold
increase in the risk of cardiovascular defects and an over 3-fold increase in oral clefts
and neural tube defects were observed. These data are difficult to interpret due to small
numbers of heterogenous studies, lack of statistical significance and potential biases. In
addition, β-blockers are secreted in breast milk, however the risk of adverse effects is low in
neonates with normal renal and hepatic functions [22]. Hence, it is safe and recommended
to continue β-blockers during pregnancy and the postpartum period, at least 40 weeks
after delivery [7], in women with LQTS.

Amiodarone (pregnancy risk category D) is contraindicated, as it promotes additional
prolongation of the QT interval, herewith it has been related with fetal growth retardation,
premature labor, and hypothyroidism [15]. In select LQT3 patients, mexiletine or ranolazine
(pregnancy risk category C) can benefit as an add-on therapy to prevent cardiac events in
pregnancy. Mexiletine is a class IB antiarrhythmic agent, a late sodium channel blocker that
significantly shortens the QT interval [16]. Ranolazine is an antianginal drug used for the
treatment of chronic angina. Chorin et al. [23] reported the first long-term study of this
drug for LQT3. Ranolazine has been shown to reduce the QT interval of LQT3 harboring
the SCN5A-D1790G mutation. There are many genotypic and phenotypic variants in LQT3
that have differing responses to medications, therefore, patients with LQT3 should have a
full biophysical assessment of the individual channel mutants and genotypes [24].
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The implantation of an implantable cardioverter-defibrillator (ICD) should be consid-
ered prior to the pregnancy in women with high-risk factors for a SCD [25]. Conversely, ICD
implantation during pregnancy does not increase the risk of major ICD-related problems,
such as lead prolapse, lead dysfunction or lead thrombus, under appropriate management
and is recommended if an indication emerges [26,27]. Implantation, for ICD ideally single
lead, can be done safely, especially if the fetus is beyond 8 weeks of gestation [25]. Pro-
gramming of the device should be intended to increase the threshold for shock therapies by
prolonging the duration of tachycardia episode detection to prevent shock therapies in self-
terminating episodes. Immediate electrical cardioversion is recommended for sustained
VT regardless of its impact on hemodynamics [16,25].

4. Risk Evaluation and Delivery Strategy

For all women with an inherited arrhythmia syndrome, such as LQTS, a multidisci-
plinary team with expertise in pregnancy, cardiac arrhythmias and genetics should carry
out risk assessment and provide pre-pregnancy care [15]. The risk evaluation of LQTS is
challenging. The most potent factors predicting CA are LQT2 or LQT3 genotypes, previous
events, and degree of QT prolongation [13,16]. QT-interval prolonging drugs and safety
data should be checked carefully during pregnancy. Pregnant women suffering from hy-
peremesis should be closely monitored for electrolyte imbalance, such as hypokalemia and
hypomagnesemia. Usage of antiemetic medications may also prolong the QT interval. An
ECG, heart ultrasound, and an exercise test are recommended before becoming pregnant.
Moreover, Holter monitoring may be useful for a channelopathy. All regular prenatal and
peripartum examinations and testing, led by obstetrics, remain an important part of care.

Childbirth may be related to changes in volume, electrolyte disturbances, acute pain,
adrenaline release, and the urgent use of antiemetics and anesthetics [28]. The above con-
ditions could complicate the course of childbirth and lead to complications. The 2018 ESC
guidelines provide the framework of risk stratification, monitoring and treatment during
labor and delivery, which has been developed by expert consensus (see Table 1) [15,28].
The induction of labor should be considered at 40 weeks of gestation. Patients with LQTS,
who are at moderate to high-risk, should be supervised at a tertiary center by the expert
team, including obstetric and cardiac nurses, an anesthesiologist, a cardiologist with the
expertise in inherited arrhythmia syndromes, and an expert obstetrician. In high-risk LQTS,
Caesarean delivery is recommended, whereas in low-risk or medium-risk LQTS, the mode
of delivery is advised by obstetricians. In the absence of obstetric contraindications, vaginal
delivery is considered the safest mode of delivery. According to Tanaka et al. [29], each
mode of delivery in women with LQTS has a low likelihood of cardiovascular events, but
there is a higher Caesarean delivery rate due to non-reassuring fetal status in labor. It is
important to mention that most women (92%) used β-blockers in this study, which may
have helped to prevent cardiovascular events during labor.

Unfortunately, there are no clinical trials that generalize optimal anesthetic manage-
ment in pregnant women with LQTS, and thus the findings are derived from case reports.
In order to avoid life-threatening arrhythmias in LQTS patients, sympathetic activity should
be minimized. It is reported that this goal can be achieved with combined spinal-epidural
anesthesia [30]. Spinal anesthesia alone is not administered for LQTS patients, as it leads to
sudden hemodynamic changes and increased risk of VA and CA [31]. Conversely, epidural
anesthesia is associated with gradual alteration in hemodynamics. However, all possible
options during childbirth should be discussed and scheduled in advance. For patients in
the high-risk LQTS group, continuous ECG monitoring during labor is recommended. It
is important to be prepared for intravenous administration of a β-blocker in moderate to
high-risk LQTS patients, and for intravenous administration of selected antiarrhythmic
medication, such as lidocaine or mexiletine, in case of an emergency in a high-risk LQTS
patient (see Table 2). Esmolol, which is rapidly up-titrated and has a short half-life period,
can be used if possible. Commonly available alternatives are intermittent intravenous
metoprolol and propranolol [28].
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Table 1. Recommended level of care during labor for women with LQTS. Adapted from the 2018 ESC
guidelines [15] and Roston et al. [28].

Risk of Arrhythmia with
Hemodynamic Impairment

during Labor
LQTS Phenotype

Level of
Surveillance

Class a Level b

Low-risk • LQTS with no previous
events and QTc ≤ 470 ms 1 I C

Medium-risk
• LQTS with remote events,
• LQTS with no previous

events and QTc ≥ 470 ms
2 I C

High-risk • Any other LQTS with
latest incidents * 3 I C

Descriptions of the planned actions
Level of surveillance

1 2 3

Consultation with a cardiologist +

Prescribe/terminate the required medication if necessary + + +

Consultation with an expert team at tertiary center + +

Method and location of delivery recommended by midwives + +

Labor at thoracic operating theatre (Cesarean delivery advised) +

Heart rhythm assessment (telemetry, external heart rate monitor) (+) +

Intravenous line, administration of β-blocker if necessary + +

Arterial line +

Be prepared to administer selected antiarrhythmic drugs IV +

Exterior cardioverter-defibrillator on unit + +

* Latest incidents are described as arrhythmogenic syncope and/or seizures, CA and/or persistent VA in the last 1 year
with adequate medication therapy. CA—cardiac arrest; LQTS—long QT syndrome; ms—milliseconds; QTc—corrected
QT interval; IV—intravenous; VA—ventricular arrhythmia. a Class of recommendation, b level of evidence.

Table 2. Treatment of unstable cardiac rhythm disturbances of LQTS in pregnancy. Adapted from
Roston et al. [28].

Therapy for Acute Presentation Transition to Chronic Therapy

1st line: IV or oral β-blocker Increase β-blocker ± add mexiletine

2nd line: IV MgSO4, lidocaine, mexiletine Consider K+ supplement ± LCSD (best
delayed until post-partum)

3nd line: transvenous pacing * Consider for ICD indication **
* Before considering a permanent device, a temporary transvenous pacemaker should be attempted. ** The ICD
should only be implanted according to strong recommendations. Echocardiography or other non-radiological
technique should be used. IV—intravenous; LCSD—left cardiac sympathetic denervation; ICD—implantable
cardioverter-defibrillator.

5. Postpartum Follow Up

So far, there are no general recommendations and approved schemes for how women
with LQTS should be supervised after delivery. Different follow up strategies may vary
depending on the consensus of the healthcare facility. Women with LQTS should be checked
by an experienced cardiologist within the first weeks after delivery and every month for
the first 9 months to evaluate efficacy of treatment, ECG, and symptoms [32,33]. Dose
adjustment of β -blockers may be needed. Optimal postpartum care remains the same as in
routine cases.
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6. Conclusions

A pregnancy heart team is necessary to evaluate the risk and monitor women with
LQTS carefully throughout the pregnancy and delivery. Changes of estradiol and proges-
terone levels during pregnancy may play a role in arrhythmogenesis. Additional caution
may be required in the 9-month postnatal period, which is associated with an increased
risk of cardiac events, especially in patients with LQT2. Consequently, the close cardiac
follow up with monitoring of ECG during the postnatal period is essential. Treatment with
β-blockers is important to protect women with LQTS from cardiac events during pregnancy
and the postnatal period. The benefits of β-blockers are outweighed by the risks to the
foetus. Genetic counselling and testing for mutations in LQTS patients provide important
prognostic and therapeutic information that can help family members understand the risks.
However, a negative genetic result does not rule out the diagnosis of LQTS, as has been
confirmed by clinical evaluation. In conclusion, pregnancy planning is mostly safe and not
contraindicated in LQTS.
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Abstract: The umbilical cord is a critical anatomical structure connecting the placenta with the
foetus, fulfilling multiple functions during pregnancy and hence influencing foetal development,
programming and survival. Histologically, the umbilical cord is composed of three blood vessels:
two arteries and one vein, integrated in a mucous connective tissue (Wharton’s jelly) upholstered by
a layer of amniotic coating. Vascular alterations in the umbilical cord or damage in this tissue because
of other vascular disorders during pregnancy are worryingly related with detrimental maternofoetal
consequences. In the present work, we will describe the main vascular alterations presented in the
umbilical cord, both in the arteries (Single umbilical artery, hypoplastic umbilical artery or aneurysms
in umbilical arteries) and the vein (Vascular thrombosis, aneurysms or varicose veins in the umbilical
vein), together with other possible complications (Velamentous insertion, vasa praevia, hypercoiled or
hypocoiled cord, angiomyxoma and haematomas). Likewise, the effect of the main obstetric vascular
disorders like hypertensive disorders of pregnancy (specially pre-eclampsia) and chronic venous
disease on the umbilical cord will also be summarized herein.

Keywords: umbilical cord; vascular malperfusion; pre-eclampsia; chronic venous disease

1. Introduction

The umbilical cord is an anatomical structure composed of two arteries and a vein
covered by Wharton’s jelly derived from allantois, which in turn is upholstered by a layer
of amniotic coating [1]. The umbilical cord connects the foetus and the placenta and
ensures adequate nutrition, foetal oxygenation, and proper waste elimination. The integrity
of the maternal-foetal circulation is essential for the correct development and survival
of the foetus. If foetal oxygenation is compromised, foetal hypoxia can affect essential
systems such as the cardiovascular system or the central nervous system. Abnormalities
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or complications that affect these functions involve foetal and neonatal compromise and
increase perinatal morbidity and mortality [2].

Both umbilical arteries arise from the internal iliac arteries and are responsible for
returning deoxygenated blood from the foetus to the mother. The two arteries converge
in the chorionic arteries of the placenta, and their position in the cord is variable. At the
histological level, they are characterized by a small lumen comprising a muscular middle
layer and an external circular layer and lacking an internal elastic lamina. There is a variant
called the single umbilical artery in which there is only one umbilical artery, which can be
the result of aneuploidies or congenital anomalies or simply an incidental finding.

The umbilical vein results from the convergence of the chorionic veins and is responsi-
ble for the supply of oxygenated blood to the foetus. It is characterized by a wider lumen,
with an internal elastic limiting layer and a lax muscular layer in a circular arrangement.
During embryogenesis, a right umbilical vein develops that normally degenerates during
embryonic development but can persist as a variant in the form of a supernumerary vessel.
The umbilical vein connects with the systemic circulation of the foetus through the ductus
venosus, which drains into the inferior vena cava. When the cord is detached after birth, the
structures contained in the cord sheath remain at the base. The closed blood vessels remain
permeable during the first weeks of life. Finally, the umbilical arteries will be defined at
the lateral umbilical ligaments, the umbilical vein at the round ligament, and the ductus
venosus at the ligamentum venosus.

Wharton’s jelly is derived from mesoblastic cells of the embryonic pedicle and is
composed of a hydrophilic extracellular matrix that is rich in water, proteoglycans, and
hyaluronic acid. Wharton’s jelly provides supportive and protective functions against
compression.

The umbilical cord usually inserts in the placenta centrally or eccentrically, which is
considered a normal cord insertion. However, there are insertion abnormalities such as
marginal insertion, velamentous insertion, or vasa praevia [1].

Velamentous insertion of the umbilical cord consists of the divergence of umbilical
vessels, unsupported by the umbilical cord or placental tissue, as they traverse amnion and
chorion before reaching the placenta [3]. It is characterized by the presence of membranous
umbilical vessels in the region of placental insertion, little Wharton jelly and susceptibility
to compression with the danger of hemorrhage and fetal exsanguination. Vasa praevia
consists of an anomaly of the umbilical vessels that cross the membranes of the low uterine
segment, unsupported by umbilical cord or placental tissue, with a high risk of rupture of
the vessels [3].

Ultrasound examination of the umbilical cord can be performed from the eighth gesta-
tional week and is key during prenatal follow-up [4]. There is no consensus about umbilical
cord examination among the different societies’ guidelines. The International Society of
Ultrasound in Obstetrics and Gynecology, do not recommend checking specifically for
possible umbilical cord abnormalities [5]. However, the American Institute of Ultrasound
in Medicine (AIUM) guidelines highlight the importance of umbilical cord ultrasound
examination between second and third-ultrasound examinations [4].At the anatomic level,
its foetal and placental insertion, number of vessels, length, diameter, coiling, and vascular
anomalies are important [4].

The average thickness of the cord varies and depends on the length of gestation.
A cord with a diameter of less than 1 cm is considered thin [6].

The length of the cord is variable between sexes and gestational age; in term gestations,
cords shorter than 35 cm are considered short, and those longer than 70 cm are considered
long [6].

Coiling corresponds to the winding pattern of the umbilical arteries around the um-
bilical vein; 1–3 coils per 10 cm of length is considered normal [1]. In most cases, the
pattern is to the left and is evaluated by calculating the coiling index (inverse of the distance
separating two spiral turns).
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Correct foetal growth and development are also determined by correct placental
development. Dysregulation of cell differentiation during placental angiogenesis implies
an alteration in the primitive foetal circulation, which may indicate abnormal intrauterine
growth [7]. The perinatal and neonatal implications of incorrect placental development
vary greatly depending on its severity.

Several factors have been linked to changes in foetal blood flow, including the presence
of vascular alterations during pregnancy, which in turn encompass anomalies and vascular
alterations in the umbilical cord [8].

2. Vascular Alterations of the Umbilical Cord and Its Impact on the Foetus and Newborn

2.1. Arterial Vascular Alterations of the Umbilical Cord

Single umbilical artery (SUA) is a variation of cord anatomy in which only a single
umbilical artery is present. The absence of the left umbilical artery is more frequent than
the absence of the right artery. SUA occurs in approximately 0.5–5% of spontaneous
pregnancies, although it depends on the population studied [9]. It is usually the result of
an atresia or secondary atrophy of one of the arteries, but it may also be due to a primary
agenesis of an umbilical artery or the persistence of the single allantoic artery that originates
the umbilical arteries. It can be properly diagnosed with a color Doppler ultrasound of the
paravesical umbilical vessels [3].

There is no clear relationship between SUA and certain foetal or neonatal pathologies,
although studies suggest increased risks of preterm delivery, caesarean section, low birth
weight, small newborn for gestational age and admission to the NICU [10]. The association
of SUA with other chromosomal or anatomical abnormalities may also imply changes in
foetal and neonatal development [9,11]. The highest incidence of malformation associated
has been found in the urinary sytem, cardiovascular system and digestive system [9] If these
malformations are present, a genetic testing should be performed [9] such as amniocentesis
for karyotype [11].

A similar anomaly is hypoplastic umbilical artery, in which two umbilical arteries are
present but one has a significantly smaller diameter than the other, with an artery-to-artery
diameter difference of more than 50 per cent [12], which increases blood flow resistance.
It can be explained by an atrophy of an artery in late pregnancy. Its association with
other abnormalities also affects foetal and neonatal prognosis [12]. Some abnormalities
found included trisomy 18, polyhydramnios, congenital heart disease, and fetal growth
restriction [12].

Supernumerary vessels are rare in humans, and it is usually a result of the persistence
of the right umbilical vein.

Aneurysms in umbilical arteries have also been described. They are a very rare
condition and are identifiable by the turbulent pulsatile flow at the ultrasound level. They
usually occur together with SUA [10] and are detected in areas near the placental insertion
site that are less protected by Wharton’s jelly, usually during the second or third trimester
of gestation. They are associated with delayed intrauterine growth, SUA, aneuploidy like
trisomy 18, cardiac abnormalities and foetal demise [13]. When aneurysm is detected a
detailed ultrasaound examination with fetal echocardiography and karyotype should be
considered, as well as early delivery [13].

2.2. Venous Vascular Disorders of the Umbilical Cord and Their Impact on the Foetus and Newborn

Vascular thromboses (umbilical cord thrombi) mainly affect the umbilical vein and
have been related to other cord abnormalities such as anomalous venous insertion of the
cord, an excess of cord coiling, long cords, narrowed cord and little Wharton jelly [14].
They are related to FGR (Fetal Growth Restriction), foetal demise and hypoxic-ischemic
encephalopathy [14], so fetus should be closely monitored and a cesarean section surgery
should be recommended even without delay [14,15].
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These thromboses can be favoured by aneurysms or varicose veins in the umbilical
vein, which are identifiable at the ultrasound level as turbulent nonpulsatile flows in
areas of dilation. They are more frequent than umbilical artery aneurysms. Vascular
thromboses are diagnosed by visualizing dilations greater than 9 mm in diameter or with a
diameter greater than 50% of the unaffected vessel and can be intra- or extra-abdominal [16].
Maternal coagulation disorders, vascular endothelial damage and elevated blood glucose
have been proposed as possible determining factors to the formation of thrombosis [14]
however, the pathogenesis has not been fully elucidated.

Umbilical vain varix is a focal dilatation of the intrabdominalumbilical vein, which
has a varix diameter at least 50% wider than the diameter of the intrahepatic umbilical
vein [17]. It appears as a fusiform cystic structure.The presence of umbilical venous varices
as the only alteration does not usually have foetal repercussions [18]. However, in some
studies, the presence of intra-amniotic varicose veins is also related to an increased risk of
intra-amniotic haemorrhage, low birth weight and foetal demise [17,19] so fetal monitoring
is highly recommended.

2.3. Other Vascular Disorders

The insertion of the umbilical cord is almost always central or paracentral and co-
incides with the anchorage of the amnion. Velamentous insertion of the umbilical cord
consists of the divergence of umbilical vessels, unsupported by the umbilical cord or pla-
cental tissue, as they traverse amnion and chorion before reaching the placenta [3]. It is
characterized by the presence of membranous umbilical vessels in the region of placental
insertion, little Wharton jelly and susceptibility to compression. Vasa praevia consists in
an anomaly of the umbilical vessels that cross the membranes of the low uterine segment,
unsupported by umbilical cord or placental tissue, with a hight risk of rupture of the ves-
sels [3]. It occurs in 1% of pregnancies [6] and it is more frequent in twin pregnancies [20].
Membrane rupture can cause vessel rupture with a risk of exsanguination and foetal demise.
Flow compression can translate into placental infarcts and limb amputations [21–25]. In
addition, the risks of low birth weight and perinatal death are increased [20,26].

Although prenatal diagnosis is difficult, the coiling pattern of the umbilical vessels
and its relationships with venous percussion and fetoplacental blood flow have also been
studied. A hypercoiled or hypocoiled cord has been associated with increased risks of
adverse perinatal events and foetal demise [27].

A hypocoiled or hypercoiled cord has also been associated with increased risks of
preterm childbirth, loss of foetal well-being, meconium in amniotic fluid, Apgar > 7, small
for gestational age, foetal and cardiac abnormalities, foetal demise and NICU admission [28].
The coil pattern of the umbilical cord also seems to have implications for fetoplacental flow,
as cords with segmented patterns and linked patterns may result in chronic foetal vascular
obstruction and stillbirth [29].

In addition, the absence of proper cushioning by Wharton jelly in thin cords seems to
favour vascular compression, with consequent repercussions for foetal flow and uterine
growth [30]. A thin umbilical cord with little Wharton jelly has been associated with small
placental size and low birth weight; that is, a thin umbilical cord seems to be related to
placental insufficiency, intrauterine growth restriction and low birth weight [31–34].

Regarding the length of the umbilical cord, a short umbilical cord has also been related
to a higher incidence of adverse events such as urgent caesarean section or low birth
weight [32,34]. A longer cord allows wide foetal movements that can increase the risk of
crossed and circular entanglement and true cord knots, which can lead to foetal demise [35].

Angiomyxoma, previously also called haemangioma, is an infrequent tumour that
arises from the proliferation of mesenchymal angiogenic cells in close relationship with
the umbilical vessels [36]. They are usually incidental ultrasound findings, although they
can contribute to the involvement of adjacent vessels, favouring hydrops or cord torsion.
They are visualized with solid-cystic, echogenic and vascularized mass lesions, usually
located in the area of foetal insertion [37]. In some cases, they have been related to foetal
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demise due to the risk of compression of vessels, rupture and formation of haematomas
that compromise the umbilical flow with the foetus [38].

Haematomas of the cord produced by the extravasation of blood from the umbilical
vein to Wharton’s jelly have also been described. Although they are infrequent, they can
be spontaneous [39] and have a benign course. However, they are usually associated with
invasive procedures, infections or morphological abnormalities [40]. They usually have an
isoechoic and heterogeneous appearance on ultrasound. This bleeding can be a cause of
loss of foetal well-being, intrapartum asphyxia and hypoxic-ischaemic encephalopathy in
the newborn [40]. Some studies relate it to oligoamnios in the third trimester, which can
increase susceptibility to cord compression [41]. It has also been related to the performance
of amniocentesis in the second trimester and an increased risk of prenatal and perinatal
death [41].

2.4. Foetal Programming: How Vascular Alterations in the Umbilical Cord Can Impact on the
Foetus and Newborn

Vascular alterations of the umbilical cord, among other placental or maternal vascular
pathologies such as chorioamnionitis, hypertension or preeclampsia [42–44] can affect
foetal oxygenation during pregnancy. Foetal hypoxia results in anaerobic metabolism in
which organic acids such as lactate and ketoacids are produced, leading to metabolic or
mixed acidosis.

Different environmental or non-environmental stimuli that make up the intrauterine
environment can affect gene expression in the umbilical cord and placenta [45]. The
epigenetic changes produced by DNA methylation in different tissues can be decisive in the
development of the umbilical cord, placenta, and therefore in the fetus and newborn [45].
These changes conform the concept of fetal health programming. During pregnancy, the
hypoxia produced by these vascular alterations leads to a state of fetal programming that
can affect the health of the newborn and subsequent development during childhood and
adulthood [46,47], affecting cardiac, cerebral or renal function [46]. This concept of fetal
programming is evolving as the mechanisms that explain it become clearer [46].

Foetal vascular malperfusion is one of the main patterns of placental damage and is
the second most frequent cause of cerebral palsy. Involvement of the umbilical cord has
been associated with greater foetal vascular malperfusion at the distal villous level [8].

The pH of arterial and venous blood extracted from the cord at the time of birth can be
useful to identify newborns at higher risk of an adverse event in the first hours of life [48],
although the criteria for performing this measurement are not clearly established. A pH
lower than 7 is a criterion of neonatal asphyxia [48], although the extraction of the umbilical
vein or artery should be taken into account. Although this is closely related to neonatal
morbidity and mortality, the consequences for the foetus and newborn vary [49], and most
newborns do not present long-term neurological or behavioural alterations [50–52].

In addition, elevated lactate is a predictor of short-term neonatal morbidity [53] and
is associated with increased risks of moderate-severe encephalopathy, cerebral palsy and
other cognitive and neurodevelopment alterations [54].

The Apgar Score is used as a quick assessment of the newborn [55] consisting in the
assessment of: heart rate, respiratory effort, muscle tone, color and reflex irritability.

Perinatal risk factors can affect the immediate general condition of the newborn [56].
A reduced value in Apgar score could be a predictor of neonatal mortality, especially in
very preterm infants [57,58]. However, it is not appropriate to use it alone to identify
asphyxia [55]. Also, a high Apgar score could not be sufficient to identify well being
newborns as mild metabolic acidosis could be missed [59].

Some studies show a significant and positive correlation between Apgar score and
cord pH values [60–62]. This correlation has been proved specially in high-risk pregnancies,
where the use of cord pH and Apgar Score could be crucial [56].
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3. Umbilical Cord Alterations Related to Non-Hypertensive Maternal Diseases

Many pregnant women suffer endocrine disorders before and during pregnancy. These
conditions have been identified as major contributors to stillbirth [63].

Diabetes Mellitus and carbohydrate intolerance are some frequent metabolic diseases
during pregnancy that could affect the structure of the umbilical cord. Some studies suggest
that even with optimum glycemic control, diabetes mellitus may be a cause of placental
alterations and vascular dysfunction [64–66]. Mothers with gestational diabetes mellitus
show a down-regulation of vascular endothelial growth factor A (VEGFA), which has
a critical role in angiogenesis, producing an abnormal coiling pattern of the umbilical
cord [67]. Histopathologic changes have also been described such as a discontinuous
endothelial cell of the intima, extravasation of arterial blood to Wharton’s jelly, thinner
vein wall, and larger lumen [68]. Also, hypo-coiling has been described as one of the main
abnormal patterns of coiling in gestational diabetes [69].

Nowadays, obesity has become a frequent condition among pregnant women. Usually
is accompanied by other important conditions such as hypertension and diabetes. It is
one of the most important preventable causes of stillbirth [70]. A recent study suggests
that umbilical cord abnormalities may account for approximately one-fourth of the effect
of obesity on the risk of stillbirth at term [71]. Umbilical hyper coiling, velamentous and
marginal cord insertion, thrombosis, and long cord have been described in obese women
and all these complications are common causes of stillbirth [71]. Moreover, low umbilical
cord blood pH has been found in obese pregnant women, proving that obesity can be an
independent risk factor for fetal acidosis at birth increasing newborn morbimortality [72].

4. Hypertensive Disorders and Chronic Venous Disease during Pregnancy: Placental
and Umbilical Cord Alterations

4.1. Hypertensive Disorders during Pregnancy

Both the placenta and the umbilical cord are vascular structures that can be altered by
systemic or local vascular changes, including those produced by hypertensive disorders of
pregnancy such as chronic hypertension, pregnancy-induced hypertension, preeclampsia,
HELLP syndrome and eclampsia [73].

Pregnancy-induced hypertension has been linked to histopathological changes in
umbilical vessels. Specifically, a decrease in the lumen of the umbilical vein has been
described, along with thickening of the tunica media, increased elastic fibres and decreased
collagen fibres [44]. The haemodynamic alterations resulting from these changes would
impact foetal blood flow and the foetus. These vascular histopathological changes produce
an increase in resistance to the flow of the uterine artery. Recently, it has been proposed
that analysis of flow velocity waveforms using machine learning analysis, could be useful
to improve the diagnosis of umbilical cord abnormalities [74].

Preeclampsia is a pregnancy condition in wich new-onset hypertension occurs after
20 weeks of gestation and it is related to severe obstetric complications. If affects 2–8% of
pregnancies ant it is associated with complications such as FGR and preterm delivery [43].

Decreases in the venous area and wall thickness of the umbilical cord have been
observed in pregnant women with preeclampsia and may impact cardiovascular devel-
opment in the foetus and newborn [43]. However, other studies have reported increased
wall and tunica media thickness and an increase in the wall-luminal ratio [53]; therefore,
more studies analysing these structural changes are needed. The utility of Doppler ultra-
sonography in predicting pre-eclampsia has not been extensively studied [75]. However,
some studies show that abnormal Doppler ultrasonography has good overall sensitivity in
predicting pre-eclampsia [75]. Some studies have also found relationships of preeclampsia
with hypercoiling, marginal and paramarginal insertion, and SUA [73].
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4.2. Chronic Venous Disease during Pregnancy: Placental and Umbilical Cord Alterations and
Their Impact on the Foetus and the Newborn

Chronic venous disease (CVD) is a vascular disorder characterized by increased venous
hypertension and insufficient venous return from the lower limbs [76]. The haemodynamic
changes that occur during pregnancy, such as vasodilation, compression of iliac veins
and venous stasis, favour its development [77–80]. CVD has been associated with several
alterations in placental structure and function [80–82]. However, the foetal and neonatal
repercussions remain unclear and require comprehensive investigation.

At the placental level, CVD has been linked to changes at the level of placental
angiogenesis [80], including increases in lymphangiogenesis and angiogenesis. However,
the impacts of CVD on placental function, the foetus and the newborn are still unclear.

Elevations of the markers VEGF, TGF beta and PEDF have been observed in the
placentas of pregnant women with CVD [81]. These changes suggest that CVD affects the
proper development and functioning of the circulatory system, which ensures the correct
supply of nutrients and oxygen to the foetus.

CVD has been linked to an increase in the production of reactive oxygen species (ROS)
in the venous wall and plasma of affected patients. Elevation of oxidized NADPH (NOXs)
has been linked to placental pathology [83] and hypertensive disorders of pregnancy, such
as preeclampsia [84]. This oxidative stress has also been detected in the umbilical cord
and umbilical foetal blood [85]. At the umbilical level, increases in the gene and protein
expression of NOX-1, NOX-2, iNOS, HIF-1alpha and MDA have been observed [86].

Oxidative stress has been linked to ultrasound and cardiotocographic alterations [87,88]
such as intrauterine growth retardation, foetal growth restriction, or preterm delivery.
According to the foetal programming hypothesis, this oxidative stress is thought to affect
the subsequent development of neonatal pathology [87].

In addition, decreases in the expression of cadherin, cadherin 17 and cadherin 6 in the
placentas of pregnant women with CVD have been described [89]. Some studies suggest
that cadherins are involved in changes in placentation [90–92].

Moreover, pregnancy itself is a proinflammatory state [93,94]. The foetus and neonate
are also participants in this proinflammatory state [95]. Some studies have shown that
gestational CVD favours this proinflammatory state, as indicated by increases in the levels
of proinflammatory cytokines (IL-6, IL-12, TNF-α, IL-10, IL-13, IL-2, IL-7, IFN-γ, IL-4,
IL-5, IL-21, IL-23, GM-CSF, chemokines (fractalkine), MIP-3α and MIP-1β) in pregnant
women with CVD and in the umbilical cord blood of their newborns [76]. At the foetal and
neonatal levels, this proinflammatory profile has been related to multiple pathologies, such
as preeclampsia, preterm delivery, and the development of bronchial hyperresponsiveness
or overweight during the first years of life and therefore forms part of the so-called “foetal
programming” [46,47].

5. Conclusions

The umbilical cord is the link between the foetus and mother and is key in the proper
functioning of foetal-placental circulation. As showed in Figure 1, there are plenty possible
vascular alterations that may affect the umbilical cord and maternofoetal structures. These
vascular alterations of the umbilical cord can compromise or modify foetal blood flow.
Hence, changes in the umbilical cord can have a variety of perinatal and neonatal level
implications depending on clinical severity as showed in Table 1. Alterations at the level of
the umbilical cord are closely related to foetal programming and thus impact the health
of the newborn at birth and in later childhood. This array of vascular alterations and
CVD emphasizes the need for more studies that allow the establishment of ultrasound,
anatomical, histological or plasma markers for the early diagnosis of foetal or prenatal
pathologies to prevent foetal and neonatal morbidity and mortality.
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Figure 1. Histological description and vascular alterations observed in the umbilical cord or affecting
the umbilical cord, along with the many maternofoetal consequences derived.

Table 1. Main vascular alterations of the umbilical cord and their impact on the foetal well-being and
the newborn.

Pathology
Cause and Risk

Factors
Vascular Alteration Impact References

Single umbilical
artery (SUA)

Primary agenesis,
atresia, or secondary

atrophy.
Chromosomal
abnormalities.

Variation of the anatomy
of the cord in which only
a single umbilical artery

is present. Absence of the
left umbilical artery is

more frequent. Occurs in
0.5–5% of spontaneous

pregnancies.

There is no clear relationship of
this isolated variant with a certain

foetal or neonatal pathology,
although studies suggest that

there could be increased risks of
preterm delivery, caesarean

section, low birth weight, small for
gestational age newborn and
admission to the NICU. The

association of SUA with other
chromosomal or anatomical

abnormalities (malformation of
the urinary system, cardiovascular
system and digestive system) may
also imply changes in foetal and

neonatal development.

[9–11]

Umbilical artery
aneurysm SUA. Trisomy 18.

Turbulent pulsatile flow
at the ultrasound level.
Found in areas close to
the placental insertion

site that are less
protected by Wharton’s
jelly, usually during the

second or third trimester
of gestation.

They are associated with delayed
intrauterine growth, aneuploidy

and foetal demise.
[13]
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Table 1. Cont.

Pathology
Cause and Risk

Factors
Vascular Alteration Impact References

Pregnancy-induced
hypertension

Risk factors: primary
hypertension, renal

disease, diabetes,
multiple gestations.

Decrease in the lumen of the
umbilical vein, thickening of
the tunica media, increase in

elastic fibres and a decrease in
collagen fibres.

Influences foetal blood flow
and potentially the foetus [44,74]

Preeclampsia Unknown cause.

Decreased venous area and
wall thickness in the umbilical
cords. Other studies show an
increased wall thickness, with
increases in the thickness of the
tunica media and wall-luminal
ratio. Some studies also show
relationships of preeclampsia
with hypercoiling, marginal
and paramarginal insertion

and SUA.

Associated with FGR (foetal
growth restriction) and
preterm delivery. Some

studies suggest relationship
with hyoercoiling, marginal
and paramarginal insertion

and SUA.

[43,73,75]

Vascular thrombosis:
umbilical cord

thrombi.

Maternal coagulation
disorders, vascular

endothelial damage,
elevated blood glucose.

Risk factors:
hypercoiling, long cord,

narrowed cord.

They mainly affect the
umbilical vein and are related
to vellum insertion of the cord
and an excess of cord coiling,

with long cords and little
Wharton jelly.

They are related to FGR and
foetal demise. [14,15]

Varicose veins or
umbilical vein

aneurysms

No specific causes and
risk factors known.

They are more frequent than
umbilical artery aneurysms.

Turbulent nonpulsatile flows
occur in dilation zones. They
are diagnosed by visualizing

dilations greater than 9 mm in
diameter or with a diameter

greater than 50% of the
unaffected vessel. They can be

intra- or extra-abdominal.

They do not usually have
foetal repercussions. Some

studies have found an
increased risk of

intra-amniotic haemorrhage,
low birth weight or foetal

demise.

[17–19]

Velamentous cord
insertion and vasa

praevia.

No specific causes and
risk factors known.

Velamentous insertion of the
umbilical cord consists of the

divergence of umbilical vessels,
unsupported by the umbilical
cord or placental tissue, as they
traverse amnion and chorion
before reaching the placenta
with little Wharton jelly and
susceptibility to compression.

Vasa praevia consists in an
anomaly of the umbilical

vessels that cross the
membranes of the low uterine

segment, unsupported by
umbilical cord or placental
tissue, with a hight risk of

rupture of the vessels

The rupture of membranes
can cause the rupture of

vessels with risk of
exsanguination and foetal
demise. Flow compression
can translate into placental

infarcts and limb
amputations. In addition,

there are increased risks of
low birth weight and

perinatal death.

[20–26]
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Table 1. Cont.

Pathology
Cause and Risk

Factors
Vascular Alteration Impact References

Hypercoiled
umbilical cord

No specific causes and
risk factors known.

Modifies fetoplacental
flow.

Increased risk of adverse perinatal
events and foetal demise,

increased risk of preterm delivery,
loss of foetal well-being,

meconium amniotic fluid, Apgar >
7, small for gestational age, foetal
and cardiac abnormalities, foetal

demise and admission to the
NICU.

[28,29]

Hypocoiled umbilical
cord

No specific causes and
risk factors known.

Modifies fetoplacental
flow.

Increased risk of adverse perinatal
events and foetal demise, chronic

foetal vascular obstruction,
stillbirth, increased risk of preterm
delivery, loss of foetal well-being,
meconium amniotic fluid, Apgar >
7, small for gestational age, foetal
and cardiac abnormalities, foetal

demise and admission to the
NICU.

[28,29]

Thin umbilical cord No specific causes and
risk factors known.

Favours vascular
compression with

repercussions for foetal
flow and uterine growth.

Small placental size, low birth
weight, placental insufficiency,

intrauterine growth restriction and
low birth weight.

[30,31,33,34]

Long umbilical cord No specific causes and
risk factors known. Greater than 70 cm.

They allow wide foetal
movements with greater risk of

crossed and circular entanglement
and true cord knots, which

increases the risk of foetal demise.

[35]

Short umbilical cord No specific causes and
risk factors known. Less than 35 cm.

Higher incidence of adverse
events such as urgent caesarean

section or low birth weight.
[32,34]

Umbilical
angiomyxoma or

haemangioma

Mostly incidental.
Risk factors: Hydrops,

cord torsion, foetal
demise, rupture,

haematomas.

Infrequent tumour that
arises from the
proliferation of

mesenchymal angiogenic
cells in a close

relationship with the
umbilical vessels. Solid
cystic mass, echogenic

and vascularized lesions,
usually located in the

area of foetal insertion.

Foetal demise due to the risk of
compression of vessels, their

rupture and formation of
haematomas that compromise the

umbilical flow to the foetus.

[36–38]

Umbilical
haematoma

Mostly spontaneous.
Risk factors: Invasive

procedures
(amniocentesis),

infections, oligoamnios
and morphological

abnormalities.

Extravasation of blood
from the umbilical vein

to Wharton’s jelly.

Loss of foetal well-being,
intrapartum asphyxia and

hypoxic-ischaemic
encephalopathy in the newborn.

Oligoamnios in the third trimester.
Increased risks of prenatal and

perinatal death.

[39–41]
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Table 1. Cont.

Pathology
Cause and Risk

Factors
Vascular

Alteration
Impact References

Chronic venous
disease

Vsodilation,
compression of iliac

veins and venous stasis
during pregnancy,

favour its development.

Increases in the gene and protein
expression of NOX-1, NOX-2, iNOS,

HIF-1alpha and MDA. This oxidative
stress has been linked to ultrasound and

cardiotocographic alterations [87,88]
such as intrauterine growth retardation,

foetal growth restriction, or preterm
delivery. Some studies have shown that

gestational CVD favours this
proinflammatory state, as indicated by

increases in the levels of
proinflammatory cytokines (IL-6, IL-12,
TNF-α, IL-10, IL-13, IL-2, IL-7, IFN-γ,

IL-4, IL-5, IL-21, IL-23, GM-CSF,
chemokines (fractalkine), MIP-3α and
MIP-1β). This proinflammatory profile
has been related to multiple pathologies,
such as preeclampsia, preterm delivery,

and the development of bronchial
hyperresponsiveness or overweight

during the first years of life and
therefore forms part of the so-called

“foetal programming

[46,47,76,85,87,88]
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of the apgar score and the biochemical correlation of fetal well-being—A prospective observational clinical study. J. Mother Child
2021, 22, 238–246. [CrossRef]

63. Monari, F.; Menichini, D.; Salerno, C.; Donno, V.; Po’, G.; Melis, B.; Facchinetti, F. Impact of endocrine disorders on stillbirth: A
prospective cohort study. Gynecol. Endocrinol. 2022, 38, 483–487. [CrossRef]

64. Campbell, I.W.; Duncan, C.; Urquhart, R.; Evans, M. Placental dysfunction and stillbirth in gestational diabetes mellitus. Br. J.
Diabetes Vasc. Dis. 2009, 9, 38–40. [CrossRef]

65. Leach, L.; Taylor, A.; Sciota, F. Vascular dysfunction in the diabetic placenta: Causes and consequences. J. Anat. 2009, 215, 69.
[CrossRef]
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Abstract: The diagnosis of infective endocarditis (IE) during pregnancy is accompanied by a poor
prognosis for both mother and fetus in the absence of prompt management by multidisciplinary teams.
We searched the electronic databases of PubMed, MEDLINE and EMBASE for clinical studies address-
ing the management of infective endocarditis during pregnancy, with the aim of realizing a literature
review ranging from risk factors to diagnostic investigations to optimal therapeutic management
for mother and fetus alike. The presence of previous cardiovascular pathologies such as rheumatic
heart disease, congenital heart disease, prosthetic valves, hemodialysis, intravenous catheters or
immunosuppression are the main risk factors predisposing patients to IE during pregnancy. The
identification of modern risk factors such as intracardiac devices and intravenous drug administration
as well as genetic diagnostic methods such as cell-free deoxyribonucleic acid (DNA) next-generation
sequencing require that these cases be addressed in multidisciplinary teams. Guiding treatment
to eradicate infection and protect the fetus simultaneously creates challenges for cardiologists and
gynecologists alike.

Keywords: infective endocarditis; pregnancy; cardiovascular maternal risk; multidisciplinary
approach; heart team

1. Infective Endocarditis during Pregnancy—An Introduction to a Complex Issue

Cardiovascular disease is responsible for complications in 1–4% of pregnancies and
25% of maternal deaths [1]. Infective endocarditis (IE) is a rare condition during pregnancy,
with an extremely rare incidence rate of less than 0.01% [2]. From 1893 when the first
case of IE was reported by William Bart Osler to the present day, advances in diagnostic
methods and the development of new therapeutic molecules have allowed for prompt
diagnosis as well as the possibility of quickly administering a targeted antibiotic regimen to
reduce the risk of morbidity and mortality for both mother and fetus. The use of multiple
imaging assessment methods affords the possibility of surgical intervention during the
acute infectious process as well as the development of therapeutic guidelines with clear
indications for the use of antibiotics in pregnancy which have laid the foundation for
the clear management of this pathology, but with multiple challenges remaining for both
mother and fetus [3,4].
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IE is an infection of the endocardium and predominantly affects the anatomical struc-
tures on the left side of the heart [5]. The emergence of bacterial agents resistant to standard
antibiotic therapy, the increasing identification of “modern” risk factors such as intracardiac
devices and intravenous drug administration and the increasing prevalence of nosocomial
infections are current challenges with multiple implications for pregnant women with IE,
both medically, socially and economically [6,7].

The prognosis of patients with IE depends on the age at which pregnancy is achieved,
as it is known that young age is associated with a high risk of obstetric complications.
Epidemiological data in the literature highlights the high mortality rate of these pathologies,
both for the mother (22%) and the fetus (15%) in the absence of prompt management from
multidisciplinary teams [8].

Cardiovascular risk assessment is important to perform at every pregnancy, especially
in patients with a history of heart disease prior to pregnancy. The guidelines of the Euro-
pean Society of Cardiology [9] for the assessment of cardiovascular disease recommend
the application of the World Health Organization (WHO) classification of maternal car-
diovascular risk assessment, with prognostic and therapeutic implications alike. A large
proportion of clinical cases reported in the literature present as complications or cause of
death the occurrence of heart failure or an acute embolic cardiovascular event [10].

This article aims to review the latest information from the literature on the complex
management of IE during pregnancy starting from modern risk factors, plus genetic and
molecular diagnostic methods, to potential therapeutic targets contributing to a multidisci-
plinary and integrative approach to these cases.

2. Materials and Methods

We searched the electronic databases of PubMed, MEDLINE and EMBASE for clinical
studies addressing the management of infective endocarditis during pregnancy, with the
aim of conducting a review of recent literature on this topic, from pathophysiological
mechanisms to risk factors, signs and symptoms, as well as therapeutic management,
maternal and fetal outcome and future research directions.

We used the following words or phrases for searching: “infective endocarditis” or
“pregnancy”, plus one of the following (in various associations): “cardiovascular risk”,
“cardiovascular mortality”, “cardiovascular prognosis”, “cardiovascular risk factors”, “fetal
risk”, “fetal outcome”. Observational studies, including prospective or retrospective
cohort studies, RCTs, meta-analyses, guidelines and case reports related to our topic were
included. All selected articles were then reviewed individually to select additional relevant
publications from the reference section. Two independent reviewers selected studies by
analyzing the title and abstract.

3. From Pathophysiology to Multidisciplinary Assessment

There are few cases reported in the literature of IE in pregnant women, which increases
the importance for the academic world to understand the underlying mechanisms, the risk
factors involved, the discovery of incriminating microorganisms and optimal therapeutic
management, with maximum benefits for both fetus and mother.

3.1. Hemodynamic and Immunologic Adaptations during Pregnancy

The main physiological changes occur in the first weeks of pregnancy when some of the
pregnant patients will exhibit clinical manifestations suggestive for various cardiovascular
pathologies which were subclinical until that moment [11]. During pregnancy, a number
of hemodynamic changes occur at the cardiovascular level predominantly affecting the
hemodynamic status [12,13].

Heart rate increases on average by up to 25%, steady throughout pregnancy until the
third trimester [14–16]. Starting from the 25th week of pregnancy, there is an increase in
plasma volume on the one hand and on the other hand a 30% reduction in red blood cells
which leads to dilution anemia [17,18].
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The cardiac output increases as the pregnancy progresses, reaching in the third
trimester 45% higher than baseline. Some patients may experience increases in cardiac
output both at onset through increased stroke volume and in progression through vena
cava compression [19].

Changes in blood pressure values should be carefully monitored during pregnancy
to assess the hemodynamic impact on both mother and fetus [20,21]. Vascular resistance
occurring in the first trimester of pregnancy will lead to a decrease in blood pressure values,
especially for the systolic component where values can be up to 15 mmHg lower [11,22,23].
In a patient with right heart IE, the increased blood volume and hemodynamic changes
described above create an increased pressure environment that can easily lead to pulmonary
embolism. Systemic embolisms can occur in a similar way in pregnant patients with left
heart IE [24].

During pregnancy a number of immunological adaptations occur to adapt to the fetus
which increase the risk of infections [25,26]. During pregnancy, there are oscillations in
immune status, with data in the literature showing a global suppression [27]. Different
stages of pregnancy are associated with a distinct maternal immunological profile. Thus,
if in the first trimester studies have shown the existence of a significant inflammatory
substrate, the second trimester is characterized by a reduced inflammatory status creating
a predisposition for the occurrence of infections [28]. If we corroborate these data with
the presence of the risk factors mentioned above, we get a picture of a complex pathology,
which requires a rapid and efficient multidisciplinary approach.

3.2. Demographics and Risk Factors

Demographic Data

The risk of developing IE for women with congenital heart disease is lower than
that of men due to better dental and hand hygiene as well as lower rates of smoking
and intravenous drug use [29–31]. Increased life expectancy and the rise in healthcare-
associated infections have led to an increased incidence of IE among women, while in men
studies have reported a decrease in incidents with age [32]. Gender also influences the
mortality rate, with women having a higher risk than men [33]. An increased susceptibility
to infections secondary to the relative immunosuppression associated with pregnancy
exacerbates the negative impact of IE on both mother and fetus, both during pregnancy
and in the first weeks postpartum [34].

Kebed et al. [35] conducted a systematic review based on an analysis of 72 clinical trials
including 90 patients with peripartum IE. 98% of patients had native valve infections, with
the most common cardiac structure involved being the mitral valve. In the antibiotic era, IE
is no longer a disease of underdeveloped countries. Similar epidemiological phenomena
have been reported in high income countries due to rising living standards and prophylactic
antibiotic administration [36,37].

Risk Factors

The risk factors responsible for the development of IE in pregnant women are similar
to those of the general population, the three main etiologies being intravenous drug
administration, congenital heart disease and rheumatic heart disease [38,39]. 0.5% of
patients with congenital heart disease develop IE during pregnancy [9].

In the past, the most common causes of IE in young people were rheumatic heart
disease or congenital heart disease. Advances in technology have led to changes in the
panel of predisposing factors over time, with age, frailty or the presence of comorbidities
increasingly being blamed instead of prosthetic valves, hemodialysis, intravenous catheters
or immunosuppression [40,41] (Figure 1).

Over 75% of patients who develop IE secondary to intravenous drug administration have
endocardial damage, most commonly secondary to septic embolization at injection sites [42].
Tricuspid valve involvement is objectified in most cases, whereas pulmonary valve lesions
are much rarer [43,44]. Isolated pulmonary valve IE is a rare entity, with few such cases
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reported in the literature, especially in pregnant women. Risk factors include pulmonary
valve abnormalities, intravenous drugs or the presence of right heart catheters [45].

Figure 1. Risk factors involved in the onset of infective endocarditis in pregnancy.

There are few cases in the literature of IE involving devices used to close atrial sep-
tal defects in pregnant patients one year after the procedure. In a case series published
by Amedro et al. [46], none of the 22 patients with atrial septal defects closed with min-
imally invasive surgery developed IE at more than one year. This clinical finding has
a pathophysiological basis in the observation that bacterial insemination occurs before
neo-endothelialization of implanted devices, most commonly in the first 3 months [47].

Pregnant women may associate a partially immunocompromised status that increases
their risk of developing IE in the context of the presence of comorbidities with prognostic im-
plications on the course of pregnancy or fetal viability. This justifies the continuation of an-
tibiotic therapy beyond the 6-month period indicated by current clinical guidelines [48,49].
The susceptibility of pregnant women to certain infectious diseases or the modulation of
their severity is closely related to the placental immune response and its tropism for certain
pathogens [49,50]. These rare cases present diagnostic and treatment challenges, due to the
lack of accurate therapeutic recommendations. Most pregnant women have been excluded
from clinical trials that have investigated the indications for percutaneous closure of atrial
septal defects or patent foramen ovale [51–53].

Bicuspid aortic valve is the most common congenital disease, affecting 1–2% of the
general population. The occurrence of IE in these patients involves the presence of a
susceptible endothelium which allows for the aggregation of platelets and fibrin at this
level, with the consequent formation of thrombi which represent a favorable site for the
proliferation of microorganisms [54].

In the literature, there are extremely few clinical cases reported of patients with mitral
valve IE requiring simultaneous valve replacement and assisted cesarean delivery. One of
the main concerns in these situations is the safety of the fetus which may be jeopardized
by the need for a cardiopulmonary bypass [55]. The highest risks have been reported in
fetuses with a gestational age of 26 weeks and a reported survival rate of less than 28% [56].

Etiological Agents

Streptococci and staphylococci are the main etiological determinants of IE [57]. Staphy-
lococci are the most common pathogens, with Staphylococcus aureus being an increasingly
isolated pathogen that has a negative prognostic role [58–60]. IE can coexist with other
infections, usually caused by the same pathogen. The etiological agents of left heart IE are
predominantly streptococci, with staphylococci more commonly associated with right heart
involvement [61]. These cases are extremely rare in pregnancy, with very few such clinical
scenarios reported in the literature. One such example is a Streptococcus oralis infection
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that caused IE and meningitis simultaneously [62]. Streptococcus oralis causes meningitis in
patients undergoing spinal anesthesia or certain dental procedures, and is rarely associated
with neonatal meningitis or maternal sepsis [63].

Bacillus cereus is a rare pathogen responsible for the occurrence of IE in the general
population, with less than 20 such clinical cases reported to date. It occurs most commonly
in drug users or those with implanted cardiac devices. Shah et al. [64] isolated Bacillus cereus
in the tricuspid valve of a 25-week pregnant patient, this being the first case of Bacillus cereus
infection in a pregnant woman. Khafaga et al. [58] reported for the first time Staphylococcus
lugdunensis as an etiologic agent of IE in a pregnant woman. Staphylococcus lugdunensis is a
coagulase-negative, skin commensal staphylococcus that colonizes the perineum [65,66].

Most cases of pregnant IE reported in the literature have a bacterial infection as a
microbiological substrate, with rare cases of fungi underlying this potentially fatal compli-
cation for both mother and fetus [67,68]. IE with fungal pathogens such as Zygomycetes are
frequently nosocomial, secondary to prolonged antibiotic therapy or intravenous catheteri-
zation [69,70]. Such a clinical situation was encountered in a pregnant woman previously
diagnosed with positive serology for hepatitis B [67].

3.3. Diagnosis and Management

The diagnostic and therapeutic management of these cases must be prompt, taking into
account the maternal impact of the associated morbidity and mortality as well as the high
risk of fetal death [29,35,71]. The management of IE in pregnant women must be carried out
in multidisciplinary teams that individualize the therapeutic plan and identify the optimal
time for surgery (in selected situations) and pregnancy termination [72]. Literature data
show a reduction of in-hospital (p < 0.001) and one-year mortality for pregnant patients
treated with multidisciplinary teams [73–75]. The development of such models of good
practice for the benefit of patients is an ongoing concern of clinicians and researchers in the
field alike, with the well-being of the mother and the fetus at the center [75,76].

Clinical Picture

The clinical picture of pregnant patients with IE may be the classic one with fever,
vascular murmurs, petechiae and clinical signs associated with anemia and emboliza-
tion [2], or may be partially masked by other symptoms associated with pregnancy. Special
attention should be paid to fever in pregnancy, as it is a symptom frequently associ-
ated with various causes such as chorioamnionitis, pneumonia, various viral infections
and pyelonephritis [77].

Diagnostic Methods

The diagnostic algorithm of pregnant patients with IE is similar to that of the pathology
in the general population. Identification of the infectious agent is achieved by bacterial
cultures which remain the standard test for pregnancy IE. In patients with negative cultures,
direct serological testing is performed. The guidelines of the European Society of Cardiology
recommend the collection of three blood cultures from different venipuncture sites, taken
at an interval of at least one hour between the first and the last [31,78]. Alternatively,
molecular testing (e.g., PCR testing for Tropheryma whipplei) or histopathological testing
using resected valves can be used. The modified Duke criteria help establish the diagnosis
of IE based on clinical, echocardiographic or microbiological findings [79,80].

Cell-free deoxyribonucleic acid (DNA) next-generation sequencing is a useful diag-
nostic tool, superior to the methods presented above because of the longer time interval
in which it can identify the pathogen compared to standard blood cultures [81–83]. Circu-
lating cell-free DNA was first discovered in 1948 by Mandel et al. [84,85]. Blood contains
small amounts of it, predominantly from bacteria, and is a veritable reservoir of genetic
material from all the body’s cells [86,87]. There are different types of cell-free DNA, the
most common being circulating tumor DNA, cell-free mitochondrial DNA, cell-free fetal
DNA and donor-derived cell-free DNA [88]. Recent studies have appreciated cell-free DNA
as a potential clinical biomarker associated with endothelial dysfunction [89].
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Cell-free DNA sequencing provides a rapid, non-invasive diagnosis, representing
the only diagnostic resource in some cases of IE in which the infectious agent could not
be identified by conventional microbiological identification methods [90]. In addition to
diagnosis, this method can also be used for monitoring infectious pathologies or for early
identification of recurrences, but further studies are needed on the decay of it in blood
after treatment [91]. Decay kinetics after treatment have not been extensively reviewed
in the literature to date, with few reports in the literature. Solanky et al. [91] presented
the case of a 53-year-old patient diagnosed with IE involving Bartonella quintana at the
level of the biological aortic prosthesis and periodically monitored decay kinetics after
parenteral antibiotic therapy and valve resection. The group of investigators observed
that after 4 weeks of parenteral antibiotic therapy, the cell-free DNA sequencing signal
decreased by approximately 80%. Following excision of the aortic bioprosthesis, the
decrease in cell-free DNA sequencing occurred in two phases, a rapid one in the first 24
h and a slow one occurring up to 48 h after surgery, which justifies its use as a method of
monitoring the response to antibiotic therapy.

Cell-free DNA sequencing and other state-of-the-art molecular methods are showing
their usefulness in the etiological diagnosis of IE, especially in those with negative bacterial
cultures [92,93]. A representative example is metagenomic next-generation sequencing,
which according to clinical studies published to date has a higher sensitivity than classical
diagnostic methods [94,95]. Duan et al. [96] analyzed a group of 109 patients, both with and
without different infectious pathologies, and demonstrated that although the sensitivity of
the method is superior, no statistically significant differences were reported in specificity
compared to cultures (p = 0.41). Comparing the infectious and non-infectious groups of
patients, the investigators demonstrated that the duration of hospitalization and the 28-day
death rate in the first group were statistically significant and superior. Advanced statistical
techniques identified age as a determinant parameter in obtaining positive metagenomic
next-generation sequencing analysis results.

Microbial cell-free DNA has a sensitivity of 89.3% and a specificity of 74.3% compared
to blood cultures, with each additional day that positive results are reported associated
with a 2.89-fold increased risk of metastatic infection (p = 0.0011) [97]. A recently published
systematic review included a total of 13 clinical trials using this genetic diagnostic method
in IE. Until August 2022, metagenomic next-generation sequencing has been used to
identify gram positive cocci (8.9% of cases), coagulase-negative staphylococci (17.6% of
cases), streptococci (37.5% of cases) and Enterococcus faecalis (6.6% of cases) [92].This method
not only enjoys advantages such as reduced processing time, the provision of real-time
information and ease of obtaining a blood sample, but also a number of disadvantages such
as the high cost of the molecular extraction technique and the lack of guidelines to give this
method the status of an alternative technique to conventional diagnostic methods due to
the lack of large clinical studies on large groups of patients confirming the data existing so
far from limited reports (Figure 2) [98].

Cell-Free DNA has also been identified in pregnant patients in the maternal circulation.
In 1997, a group of investigators identified Y-specific DNA fragments in the serum and
plasma of pregnant patients, representing approximately 3.4–6.2% of the plasma [99]. This
discovery led over time to the use of this genetic material for prenatal aneuploidy screening.
Particularly for pregnant women, the significant correlations are between the vegetation
length and the serum matrix metalloproteinase-9 level and the occurrence of embolic
events. Based on this observation, Thruny et al. [100] demonstrated that 64% of patients
with new embolic events had vegetations greater than 10 mm in size and a serum matrix
metalloproteinase-9 titer greater than 167 ng/mL [101].

Multimodal Imaging Assessment

The imaging assessment of a pregnant woman with IE should focus on reducing the
risk of fetal irradiation. The most commonly used methods of assessment and diagnosis
are transthoracic echocardiography and nuclear magnetic resonance [77,102,103]. Echocar-
diographic identification of vegetations requires transesophageal echocardiography as
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soon as possible in patients at high risk of complications [78] (Figure 3). The CAPREG
II study evaluated pregnant patients with various cardiovascular pathologies to identify
predictors associated with a high risk of maternal complications such as mechanical pros-
thesis, high-risk associated aortic disease, pulmonary hypertension and chronic coronary
syndrome [104]. Echocardiography also identifies a number of negative prognostic factors
such as the presence of systolic dysfunction, the presence of a subaortic gradient of more
than 30 mmHg or a pulmonary artery systolic pressure value of more than 50 mmHg
in the absence of obstruction in the right ventricular outflow tract [105]. In addition
to transthoracic echocardiography, transesophageal echocardiography is an additional
imaging investigation required for patients with IE and mechanical valve prosthesis [106].

Figure 2. Advantages and disadvantages of using cell-free DNA sequencing in patients with IE.

Figure 3. Echocardiographic findings in pregnant patients with IE (a,b): transthoracic echocardiogra-
phy, aortic valve vegetations; (c): transesophageal echocardiography; (d): transthoracic echocardiog-
raphy, aortic regurgitation secondary to aortic valve vegetation).

The persistence of the vegetation after the appearance of clinical signs of systemic
embolization, plus the presence of a vegetation at the level of the anterior mitral valve
of more than 10 mm, as well as the increase in the size of the vegetation at the end of
the antimicrobial treatment, are echocardiographic arguments suggesting the need for
surgery [107]. In terms of valve damage, a systematic review published by Kebed et al. [61]
on 90 patients with peripartum IE highlights predominantly mitral valve damage in 30%
of cases and then tricuspid valve damage in 25.6% of cases. The presence of IE involving
the aortic valve was reported in a small number of cases (17.8%), with the percentage
being half for the pulmonary valve (7.8%). The investigators of the same study highlighted
concomitant damage to several valves in 12% of patients.
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Valve dysfunction suggested by acute aortic or mitral regurgitation with associated
signs of ventricular dysfunction or acute heart failure unresponsive to treatment along with
valve perforation or rupture complete the list of indications for surgical treatment [78]. The
greatest risk of embolization is for vegetations larger than 10 mm located in the anterior
mitral valve [108,109]. Valvular perforations, valvular or perivalvular destructions, as well as
myocardial abscesses, are echocardiographic features frequently encountered in patients with
aortic bicuspid disease [110]. Lack of echocardiographic signs does not exclude IE, requiring a
comprehensive, multidisciplinary interpretation of the clinical and paraclinical picture [7].

Therapeutic Management

Antibiotic administration must follow several principles in pregnant woman with IE
and must be prompt, prolonged, personalized and combined [111]. Drug treatment of IE in
pregnancy follows the principles of that given to the general population, but special attention
must be paid to the fetotoxic effects of certain antibiotics [29]. Antibiotics are divided into
several categories according to the safety associated with administration during pregnancy.
Penicillin, ampicillin, amoxypenicillin, cephalosporins and erythromycin have no toxic effects
on the fetus and can be administered to pregnant patients with IE in all trimesters according to
clinical guidelines. Aminoglycosides, quinolones and tetracycline are recommended to be used
in severe cases with a reserved prognosis for the mother, taking into account the associated
risks. The same careful discernment is required for vancomycin, imipenem, rifampicin and
teicoplanin, whose effects on the fetus cannot be excluded [9].

In pregnancy, it is recommended to delay surgery until the infection is eradicated.
In high-risk situations for both mother and fetus, it is recommended to initiate antibiotic
treatment for a short period of time prior to surgery despite the associated risk of pulmonary
embolism [112]. Surgeries performed at a low gestational age are accompanied by low
maternal risk, but fetal complications are frequently reported [113]. It is not recommended
to perform surgery under 24 weeks of pregnancy, but to postpone it until 28 weeks of
gestation due to the high risk of fetal death associated with insufficient growth [114].
Intravenous systems used with extracorporeal circulation for the removal of vegetation can
be used as an alternative in the case of high-risk pregnancies [115].

In this population, special attention should be paid to metabolism in relation to the
metabolism of administered medication, especially anesthetics [113]. From an obstetrical
point of view, it is recommended to monitor the uteroplacental perfusion to maintain a mean
arterial value above 70 mmHg in order to maximize its vascularity [116,117]. Pregnancy
imposes a number of restrictions on the medications that can be administered, with current
European guidelines recommending avoidance of renin-angiotensin-aldosterone system
inhibitors and aldosterone antagonists [9,118,119]. Restrictions are also placed on inhaled
anesthetics, propofol and ketamine, which stimulate neuronal apoptosis and thus negatively
modulate the neuronal development of the fetus [120–122].

Intravenous tocolytics and antiepileptic medication are recommended during surgery
to prevent the onset of labor [123]. Continuous monitoring of the fetus with cardiotocogra-
phy is also recommended [2].

3.4. Complications and Prognostic Aspects of IE in Pregnant Women

The presence of IE in a pregnant patient, regardless of etiology, is accompanied by a
high risk of short- and medium-term mortality due to multiple associated complications.
Fetal viability may also be compromised in the absence of prompt management [124].
More than half of patients with IE deliver before term, at an average gestational age
of 32 weeks [125]. The small number of cases presented in the literature provides little data
on neonatal prognosis [126].

The most common complications that occur are congestive heart failure, perivalvular
extension and systemic embolization (up to 50%) [127]. Literature data states that 50–60%
of pregnant patients with IE develop some form of heart failure [128]. A recent clinical
study published by Pillai et al. shows a correlation between the risk of occurrence of
maternal complications (especially acute pulmonary oedema or congestive heart failure)
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and the risk class associated with pregnancy according to the WHO classification [124].
A recent analysis of 382 pregnant patients with IE reports cerebrovascular thrombosis
(p < 0.001) and gastrointestinal (p = 0.007) and obstetric clots (p < 0.001) as the main post-
partum complications, with negative socio-economic and medical impact [34]. Moreover,
the percentage of patients where cesarean delivery was performed was higher compared
to a cohort of pregnant women without an IE (56.1% vs. 2.2%) [34]. Humbert et al. [129]
developed an algorithm to predict patients at high risk of cerebral embolism in which
six variables were included: age, diabetes mellitus, atrial fibrillation, embolism prior to
antibiotics, vegetation length and Staphylococcus aureus as etiologic agent. The greatest risk
of embolization is in the first week after diagnosis [6,130]. Depending on the associated
comorbidities, systemic embolization can occur in up to 50% of cases [65].

Mycotic aneurysms are another common complication in patients with IE, most com-
monly affecting the cerebral arteries in the intracranial segments [131,132]. Other com-
plications rarely seen in pregnant patients with IE are splenic infarction and pulmonary
embolism, the latter secondary to right heart IE [133,134]. Coronary embolization is a
rare complication in pregnant women with IE and may be the etiological cause of silent
myocardial infarction [55].

Complications in fetus are also varied and are accompanied by increased morbidity
and mortality. IE during pregnancy increases the risk of stillbirth (odds ratio 2.96) or
preterm birth (odds ratio 3.61) at an average gestational age of 32 weeks [34]. Premature
birth is associated with a variety of fetal complications, the most common being low birth
weight, low APGAR scores at birth, respiratory distress syndrome and intraventricular hem-
orrhage [73,135,136]. Clinical data show that about half of all newborns require prolonged
hospitalization in the intensive care unit [73].

The appearance of pseudoaneurysms, fistulas and abscesses are other complications
reported so far [137]. Surgical treatment becomes necessary if drug therapy is ineffective.
Fetal viability also guides the need to induce labor before or during cardiac surgery [9].
Indications for surgery in pregnancy-associated IE are heart failure secondary to acute
valvular regurgitation, large vegetations, sepsis or embolization [138].

The management of these cases is extremely complex, in which multidisciplinary
teams must choose the best therapeutic strategy for mother and fetus alike [73]. Based
on literature data, three types of clinical scenarios have been synthesized, with varying
implications depending on the clinical and paraclinical data of the pregnant woman. The
performance of cardiac surgery and continuation of pregnancy depends on several prog-
nostic factors, the most important being the negative impact of cardiopulmonary bypass on
the fetus and adverse effects associated with medication, especially vasoactive agents such
as warfarin [55]. Vaginal or cesarean delivery followed by surgery is the second clinical
scenario, which may induce worsening of heart failure in patients with hemodynamic insta-
bility. Another treatment option is to perform simultaneous caesarean section and cardiac
surgery, paying special attention to the increased bleeding risk secondary to heparinization
associated with cardiovascular bypass.

Cardiac surgery is also associated with a high risk for the fetus. Clinical guidelines
recommend postponing cardiac surgery as much as possible until 6 weeks postpartum, and if
not possible then to perform cardiac surgery in the second trimester between 13–28 weeks of
pregnancy [139,140]. In some cases, the fetus may have transient or spontaneous bradycardia,
which may subside at the end of surgery. As an alternative to fetal heart rate monitoring,
uterine activity can be monitored. Early surgical treatment reduces the risk of embolization
compared to conventional drug management by up to 25% (p = 0.02) [141]. Pre-pregnancy
valve damage negatively influences the prognosis of pregnant women after surgery [142].

Cardiopulmonary bypass (CPB) is the biggest challenge of surgery, with literature data
recommending caesarean birth prior to surgery to minimize the risk of death, which can be
as high as 15% [143]. Cardiopulmonary bypass was first used in 1959 in a 6-week pregnant
woman who underwent surgery to close an atrial septal defect [144]. CPB performed
immediately postpartum carries a high risk of uterine bleeding, but the literature confirms
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that it can be performed relatively safely during pregnancy [58,145]. The main effects
of cardiovascular bypass on the fetus are related to a number of factors such as timing
of heparinization, infusion fluid temperature, infusion rate and associated pressure and
temperature of the pregnant woman. Fetal death most commonly occurs during the cooling
and rewarming periods of the bypass [39]. Maintaining the activated clotting time for more
than 300 s prevents blood clots in the CPB circuit.

In the case of fetuses with a low gestational age, it is recommended to adjust cardiopul-
monary bypass parameters by increasing infusion rates, maintaining normothermia and
pulsatile flow and continuous monitoring of fetal heart rate [146]. The viability of the placenta
is dependent on both maternal and fetal factors. Utero-placental hypoperfusion leads to
bradycardia and fetal hypoxia [147]. Approximately one hour after interruption of a cardiopul-
monary bypass, the fetus progressively develops respiratory acidosis secondary to increased
placental vascular resistance through activation of eicosanoid products. This increase in fetal
vascular resistance is poorly tolerated by the immature fetal myocardium [148–150].

Prematurity and stillbirth occur most frequently in urgent cases, accompanied by
high surgical risk, multiple maternal co-morbidities or low gestational age [145]. Peri-
operatively, administration of progesterone prevents uterine contractions and magnesium
sulphate and atosiban contribute to fetal protection and maintenance of viability [140]. It is
recommended as much as possible to reduce the CBP time, increase the infusion rate and
continue antibiotic therapy for up to 6 weeks after surgery [151].

Prevention of massive postpartum hemorrhage events is achieved in some situations
by uterine balloon tamponade, ligation of branches of the uterine artery and concomitant
administration of intravenous oxytocin [151].

IE is associated with a higher risk of death for both mother and fetus. Cardiac surgery
during pregnancy is associated with a high maternal mortality rate of up to 7%, regardless of
the gestational age of the fetus or the practice of caesarean section before [139]. Fetal survival
is superior in the case of caesarean birth prior to surgery [139]. The highest risk of death is
reported in fetuses under 26 weeks gestational age [56]. Death rates vary according to the
location of the lesions, being about 40% for the aortic valve, 22% for the mitral valve and 10%
for the tricuspid valve [152]. There is a direct proportional relationship between maternal and
fetal mortality in relation to cardiac surgery. Thus, if the risk of maternal death is minimal in
the second trimester (4.6%), and doubles in the third trimester (8.8%), the risk of fetal death
decreases with increasing gestational age, reaching 29% in the third trimester compared to
45% in the first weeks of pregnancy. Cesarean birth before valve replacement is accompanied
by the lowest risk for the fetus (6.7%), while for the mother no significant differences were
reported compared to the existing statistical data for the 3rd trimester (8.8% vs. 8.3%) [139].

4. Impact of COVID-19 on the Etiopathogenic Mechanisms of IE

The COVID-19 pandemic was the biggest medical, economic and human challenge of
the last decade [153,154]. Since the first infections and until now, multiple clinical studies
have been conducted on the impact of this virus on patients with cardiovascular disease or
who are apparently healthy. These results involving both diagnostic and therapeutic roles
have ensured the dynamics of therapeutic strategies. A number of specific physiological
conditions, such as pregnancy, were also investigated.

Epidemiological studies have shown that SARS-COV2 infection per se has been as-
sociated with a high risk of complications in pregnant patients (regardless of gestational
stage), with these complications including high risk of pre-eclampsia, premature birth and
gestational diabetes [155,156]. Pregnant women are more susceptible to significant compli-
cations, with a high risk of death secondary to a viral infection due to physiological changes
in the respiratory and immune systems during pregnancy and the puerperal period [157].

The link between COVID-19 and IE has been investigated in several clinical trials
and two potential, independent mechanisms have been proposed [158]. Based on an
animal model, Liesenborghs et al. [159] emphasize the idea that endothelial injury predis-
poses patients to IE secondary to S. aureus insemination. The same group of investigators
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point to a second potential mechanism, focusing on the inflammatory process in heart
valves that stimulates bacterial adhesion by increasing the expression of certain structures.
Rajan et al. [160] analyzed the effects of COVID-19 on pregnant women with rheumatic
heart disease and observed a high risk in both groups, with no statistical significance,
however, in terms of both maternal and fetal risk. The proposed mechanisms require
further clinical studies to confirm or disprove the connection between the two pathologies.

5. Future Directions

The management of IE during pregnancy is extremely challenging in terms of the
complications that can arise for both mother and fetus, as well as the limitations of medica-
tion [161]. Changing the mode of antibiotic therapy administration from intravenous to oral
(with the use of two different antibiotics with different mechanisms of action) in patients
with left heart IE is non-inferior according to the results of the Partial Oral Treatment of
Endocarditis trial [162,163]. Overuse of antibiotics has led to the emergence of resistance in
many bacterial strains, which requires clinical research to find new molecules that can be
administered to pregnant women with IE [164]. One such example is daptomycin which
is recommended for patients with right-sided Staphylococcus aureus IE, unresponsive to
conventional treatment [165,166]. There are not enough clinical trials to date to allow or
prohibit its use in pregnancy [167].

Clinical data on the use of ultrasound contrast agents during pregnancy are conflicting,
but current recommendations are still directed towards avoiding its use as much as possi-
ble [168]. Sonobactericide non-invasively removes IE biofilm using ultrasound-activated
lipid-coated microbubbles [169,170]. Recent in vitro clinical studies have demonstrated
the efficacy of microbubbles against IE-associated biofilm caused by Staphylococcus au-
reus by 84% degradation [171]. In a similar study, Kouijzer et al. [172] demonstrated that
vancomycin-decorated microbubbles are able to bind to the cell walls of gram-positive
bacteria. However, the promising results presented above require further clinical research
specifically targeting pregnant patients with IE.

Recently, the first non-antibiotic antimicrobial direct lytic agent was tested by Fowler et al. [173]
in a cohort of patients with both right- and left-sided IE determined by Staphylococcus
aureus. The investigators demonstrated that this potential therapeutic target induced a
rapid bacteriolytic effect by eradicating the biofilm to which the synergistic effect associated
with antibiotic therapy was added [174]. This direction of research is a promising one, with
multiple therapeutic and prognostic implications among IE patients.

6. Conclusions

IE in pregnancy is an ongoing challenge both diagnostically and therapeutically be-
cause of the poor prognosis (for both mother and fetus) in the absence of prompt and
comprehensive management. The approach to these cases must be multidisciplinary in
order to decrease the risk of maternal and fetal morbidity and mortality. The develop-
ment of new diagnostic methods based on molecular genetics (such as cell-free DNA)
offers future prospects for the early identification of rare microbial agents encountered
in everyday practice. Facilitating the opportunity for surgical intervention, decreasing
maternal mortality and choosing the optimal antibiotic therapy are some of the benefits of
considering cases of pregnant IE in multidisciplinary teams.
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Abstract: Information about the impact of SARS-CoV-2 infection on pregnant women is still limited
and raises challenges, even as publications are increasing rapidly. The aim of the present study was
to determine the impact of SARS-CoV-2 infection on preterm birth pregnancies. We performed a
prospective, observational study in a COVID-only hospital, which included 34 pregnant women with
SARS-CoV-2 infection and preterm birth compared with a control group of 48 healthy women with
preterm birth. The rate of cesarean delivery was 82% in the study group versus 6% for the control
group. We observed a strong correlation between premature birth and the presence of COVID-19
symptoms (cough p = 0.029, fever p = 0.001, and chills p = 0.001). The risk for premature birth is
correlated to a lower value of oxygen saturation (p = 0.001) and extensive radiologic pulmonary lesions
(p = 0.025). The COVID-19 pregnant women with preterm delivery were older, and experienced an
exacerbation of severe respiratory symptoms, decreased saturation of oxygen, increased inflammatory
markers, severe pulmonary lesions and decreased lymphocytes.

Keywords: COVID-19; pregnant women; gestation age; preterm birth; birth rate; SARS-CoV-2

1. Introduction

Coronavirus disease-2019 (COVID-19) was declared a pandemic on 11th March
2020 [1]. For pregnant women, the mortality rate in cases of SARS-CoV-2 infection was
reported at around 25% in the early studies [2]. These studies found no evidence that
indicates an increased susceptibility in pregnant women. However, more recent studies
suggest a role of this virus in mortality and morbidity due to cardiorespiratory and immune
system involvement, which may determine an abnormal response to SARS-CoV-2 infection
in pregnancy [3–5].

Information about SARS-CoV-2 infection in pregnant women, the fetus, and the
neonatal prognosis is still limited even if the number of published articles is increasing.
There are studies that describe the prevalence of maternal and neonatal SARS-CoV-2
outcomes [1,2] and suggest a possible increased risk of preterm delivery in cases of pregnant
women with COVID-19 [3]. The aim of the present study was to evaluate the impact of
SARS-CoV-2 infection on preterm birth among COVID-positive pregnant women.

2. Methods

We conducted a prospective cohort observational study (based on STROBE Statement)
which included pregnant women with SARS-CoV-2 infection and preterm delivery. Patients
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delivered at “Saint John” Hospital, “Bucur” Maternity, a tertiary COVID-only health facility.
Since 19 March 2020, “Bucur” Maternity was destinated by the Romanian Ministry of
Health as the Department of Obstetrics and Gynecology responsible only for obstetrical
and gynecological SARS-CoV-2 infection pathology associated.

The center where the study was conducted had an operating permit from the Bucharest
Public Health Directorate for only 17 places in the obstetrics and gynecology ward and six
places in the intensive care unit exclusive for COVID-19 patients. In this situation, only
pregnant SARS-CoV-2-positive patients were admitted and cared for and we acted as a
tertiary referral center for the whole south part of Romania (more than half of the Romanian
population which is about 19 million persons).

Therefore, among the whole cohort of patients with SARS-CoV-2 infection, we selected
women with preterm delivery from March 2020 to June 2021, which constituted the study
group. The study obtained the approval of the ethical committee. Patients were included
after signing their informed consent. We compared the study group with SARS-CoV-2
infection and preterm birth (COVID-19) with a historical control group of healthy women
with preterm birth (non-COVID-19) who were hospitalized between March 2018 and March
2020 in the same department. The study was non-randomized. The control group was
selected using the DRG (Diagnosis-Related-Group) code O.60 for preterm delivery.

The inclusion criteria were: singleton pregnancy, spontaneous pregnancy, gestational
age between 24 and 36 weeks, RT-PCR (Real Time-Polymerase Chain Reaction) test positive
for SARS-CoV-2, live fetus (ultrasound fetal viability), and adult women (range: 18–47).

The exclusion criteria were: age under 18 years, ART (Assisted Reproduction Tech-
niques), pregnancy-associated pathologies, stillbirth, multiple pregnancies, previous pre-
mature birth, cervical incompetence, presence of pessary or cerclage, and the refusal of
different investigations or treatment.

The analyzed parameters were: maternal age, obstetrical history of abortion, parity,
rupture of membranes, gestational age at birth, days of ongoing COVID infection, birth
type, COVID-19 symptoms, maternal and newborn evolution, CRP (C-Reactive Protein)
level, leucocyte and lymphocyte values, and thoracic X-ray. All variables were obtained
from the patient’s observation file.

Statistical analysis was performed using Statistical Package for Social Sciences SPSS
Statistic software, version 23 (Armonk, New York, NY, USA). (SPSS). Frequencies and
descriptive data as well as correlations were recorded. A p-value < 0.05 was considered
statistically significant. Pearson correlation was used for bivariate variables.

3. Results

In the period of study, 377 pregnancies with COVID 19 were admitted and 238 births
(204 at term and 34 preterm births) occurred in our tertiary center. The overall rate of
premature births was 14.28%; this rate was 8.2% during the previous non-COVID period in
our clinic.

Our study included 34 pregnant patients with SARS-CoV-2 infection and preterm
delivery compared with 48 patients from the control group.

Within the control group, we had eight cases of extremely preterm birth (<28 weeks
gestational age, seven cases of moderately preterm birth (28 weeks to 31 weeks gestational
age), and 33 cases of late preterm birth (32 weeks to 36 weeks+ 6 days gestational age),
whereas within the SARS-CoV-2 group, there were three cases of extremely preterm births,
four cases of moderate preterm, and 27 cases of late preterm births. The compared control
and study group characteristics are illustrated in Table 1.

The obstetrical characteristics of the studied groups were similar. There was a higher
percentage of pregnant women over 41 years old with COVID-19 who gave birth prema-
turely compared with healthy women. Within the COVID-19 group, we observed a lower
percentage of extremely preterm births and higher percentages of moderate to late preterm
births compared with the control. The major and significant difference among the two
studied groups was the highest rate of cesarean section performed in COVID-19 patients
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for preterm delivery. The rate of cesarean delivery was increased in the COVID-19 period
due to clinical indications, severe maternal clinical conditions and fetal distress (Table 2),
which also justifies the increased rate of induced preterm births.

Table 1. Clinical characteristics of the patients.

MATERNAL
CHARACTERISTICS

COVID-19
PATIENTS (%)

NON-COVID-19
PATIENTS (%)

p VALUE

MATERNAL AGE (YEARS)
18–30 41 52.1 <0.001
31–40 46.2 43.8 <0.001
≥41 12.5 4.2 <0.001
GESTATIONAL AGE (WEEKS)
<28 7.7 16.7 <0.01
28–31 12.8 14.6 <0.01
32–36 79.5 68.8 <0.01
BIRTH TYPE
VAGINAL 18 94 <0.001
CESAREAN SECTION 82 6 <0.001
SPONTANOUS PRETERM
BIRTHS

24 84 0.024

INDUCED BIRTH PRETERM
BIRTHS

76 16 0.012

Table 2. Cesarean section indications.

Cesarean Indications
(Percentage)

COVID-19 Patients (n = 34) Non-COVID-19 Patients (n = 48)

Previous C-section 4.7 67
Exacerbation of symptoms 33.5 -

Labor dystocia 37.2 -
Fetal distress 24.6 33

We observed that the rate of cesarean section in the COVID-19 group of preterm labor
was increased (82%) in this period and that two of the most frequent indications were the
symptoms exacerbation, such as severe acute respiratory distress (33.5%) and fetal distress
(24.6%), in comparison with only 6% in the non-COVID-19 group with previous C-section
and fetal distress as indications.

The mean gestational age for COVID-19 diagnosis was 33.8 ± 8.2 weeks, with 7.4% of
women being diagnosed in the first trimester, 9.7% in the second trimester, and 82.9% in
the third trimester of pregnancy. Patients were asymptomatic in 63.2% of cases. The most
common symptoms were cough (23%), followed by shortness of breath (21.6%), and fever
(12.2%). Overall, 82% had cesarean section and 18% had a vaginal birth.

The distribution of the group according to the interval since the positive result of the
RT-PCR test is illustrated in Table 3, from which we can observe that the highest proportion
of premature births is represented by patients in the first four days of disease.

Regarding the biological markers, we found an inversed correlation between the
value of CRP (C-Reactive Protein) and gestational age at birth (p = 0.001) or leucocyte
count (p = 0.001). So, the risk of premature birth increases with the augmented value of
inflammatory markers (Table 4). The lymphocyte count was indirectly correlated with
the COVID-19 symptoms and the necessity of delivery. Patients with lower number of
lymphocytes had more severe COVID-19 symptoms and more often underwent induced
preterm delivery (p = 0.001).

In the group of pregnant women with SARS-CoV-2 infection, a strong correlation was
established between premature birth and the presence of COVID-19 symptoms (cough
p = 0.029, fever p = 0.001, and chills p = 0.001). The risk for premature birth is correlated with
the decreased value for oxygen saturation (p = 0.001) and extensive radiologic pulmonary
lesions (p = 0.025); the chest X-ray were taken with all standard protective measures for the
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patient. So, the risk for premature birth increased with moderate and severe infection with
SARS-CoV-2 in the present study.

Table 3. COVID-19-related characteristics in the study group.

COVID-19 Characteristics Days Percentage (%)

Days of infection 1–4 days 59
5–9 days 32

10–14 days 9
Symptoms asymptomatic 53

mild 25.7
moderate 11

severe 10.3
Maternal outcome curred 58.82

improved 20.59
transfer 20.59

Newborn outcome good 41.2
improved 50
transfer 2.9

dead 5.9

Table 4. CRP level.

CRP Level (Values
Interval/mg/dL-Percentage)

COVID-19 Patients (n = 34) Non-COVID-19 Patients (n = 48)

<0.5 7.8 52.1
0.5–49 73.4 43.7
50–99 13.6 2.1
>100 5.2 2.1

We also identified a strong correlation between severe maternal symptoms such as
respiratory distress and newborns’ outcome (p = 0.001). Women with severe respiratory
distress delivered newborns who required neonatal intensive care. In the study group,
the rate of perinatal death was about 5.9%, mainly related to prematurity. Gestational age
at diagnosis, birth weight, and maternal ventilatory support were the main risk factors
associated with adverse fetal outcomes.

The severity of symptomatology was correlated with cesarean birth rate (p = 0.034).
Patients who experienced an exacerbation of severe respiratory symptoms delivered mostly
by cesarean section. A total of 20.59% of patients had an unfavorable outcome, with
mechanical ventilation and intubation before or after delivery and the transfer in intensive
care units that could provide a higher degree of support.

4. Discussions

Pregnant women have a higher susceptibility to respiratory pathogens due to the
adaptive anatomical and physiological changes in the respiratory system that occur during
pregnancy, and these viral infections can induce pregnancy complications [3,6].

The purpose of this study was to determine the impact of SARS-CoV-2 infection on
preterm birth, and we demonstrated that the rate of cesarean delivery was higher in the
COVID-19 period due to severe maternal clinical conditions and fetal distress in comparison
with the non-COVID-19 group. A strong correlation was observed between severe maternal
symptoms such as respiratory distress and poor newborns’ outcome (p = 0.001).

Oltean et al.’s review suggests elevated rates of ICU admission, C-sections, pre-
eclampsia, placenta praevia, gestational diabetes, placental abruption, preterm birth, and
elevated levels of CRP in women with COVID-19 in comparison to pregnant women with-
out SARS-CoV-2 [7]. In our study, we identified that an increased CRP level is a risk factor
for preterm birth.
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Women with severe symptoms are more susceptible to adverse outcomes such as
premature birth, even if pregnancy itself does not appear to aggravate the course of clinical
characteristics or symptomatology of COVID-19 pneumonia [3,8]. Our study revealed the
same pattern.

Increased levels of inflammatory markers are a risk factor that associated with other
immunologically mediated processes are thought to play a role in the preterm birth syn-
drome [9].

According to Silva et al., the inflammatory status can promote conditions such as
pre-eclampsia, intrauterine growth restriction, or premature birth [10]. Based on our
clinical research, the gestational age decreased with the increased levels of inflammatory
markers, so the inflammatory status may be the promotor factor for preterm delivery also
in SARS-CoV-2-associated pregnancies.

We found a decreased rate of extremely preterm births in the COVID-19 group and
an increased rate of moderate to late preterm births within the control group. In a Dan-
ish review, the rate of extremely premature birth also decreased during the COVID-19
lockdown [11].

As DiMascio et al. found, the main determinants of adverse perinatal outcomes in
fetuses from mothers with COVID-19 infection are maternal ventilatory support, early
gestational age at infection, and low birth weight [12]. We identified a strong correlation
between severe maternal symptoms such as respiratory distress and newborns’ outcome.
The results of our study showed that in pregnancies with COVID-19, the rate of perinatal
death was also increased, mainly related to prematurity. Gestational age at diagnosis,
birth weight, and maternal ventilatory support were the factors associated with adverse
fetal outcomes.

Since the onset of the COVID-19 epidemic, pregnant women with suspected or con-
firmed SARS-CoV-2 infections have undergone cesarean delivery in the absence of other
obstetric indications in order to reduce the risk of intrapartum transmission, as some
authors showed [13]. According to Bellos’s meta-analysis, from currently available case
series, a higher than expected number of preterm deliveries and cesarean sections are found
in SARS-CoV-2 pregnancies [14]. Several studies have established that the incidence of
premature and cesarean births increased during the pandemic period. There are cohort
studies describing a limitation of risk in patients with severe forms of the disease, possibly
with associated comorbidities. The main factors that may increase the risk of preterm labor,
premature rupture of membranes, preterm birth, and abnormal fetal heart rate are fever and
hypoxemia, but preterm births also occur in pregnant women with mild to moderate forms
of the disease. Changes in prenatal care and increased stress during the pandemic may also
increase the incidence of preterm births. One of the limitations of multiple studies is that
spontaneous preterm birth is not differentiated from iatrogenic preterm birth. It appears
that most cases of COVID-19 in the third trimester are delivered by planned cesarean
section for the management of severe maternal illness, which may be partly explained
by the obstetric decision to deliver due to the severity of the maternal infection (bilateral
pneumonia with respiratory failure and shock) [14].

As can be seen in our results, the rate of preterm births and cesarean sections are
increased due to severe maternal clinical conditions, and fetal distress compared to non-
COVID patients. Unless fetal extraction is required to improve maternal oxygenation,
SARS-CoV-2 infection is not an indication for delivery. There are several studies describing
a direct association between preterm birth and COVID-19 infection [15,16]. From the onset
of the pandemic, the majority of pregnant women confirmed with SARS-CoV-2 infection
have given birth by cesarean section, with no other obstetrical indication [17].

Other poor outcomes in pregnant women with COVID-19, such as pre-eclampsia,
preterm birth, and delivery by emergency cesarean section, are responsible in a cohort
study for a high rate of fetal deaths [18]. In our study, there is a strong correlation between
the type of delivery and COVID-19 symptoms. All symptomatic pregnant women delivered
by cesarean section. In Allotey’s analysis, an increased rate of preterm birth was observed
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in the COVID-19 pandemic compared to the worldwide reference rate. The same finding
was observed in our study as well. The vaginal preterm birth rate was relatively low (5–6%),
which is comparable to the general population [19,20] as the rate in the present.

The placental characteristics of pregnant women confirmed with SARS-CoV-2 infection
were associated with perinatal outcomes, and it was determined that placental patterns
indicate no clear evidence of transplacental transmission of SARS-CoV-2 or significant
impact on perinatal outcomes in both mild and severe cases [21]. Multiple studies have
reported no evidence of SARS-CoV-2 presence in the placenta, amniotic fluid, or cord
blood [15,22]. Since there is no proof of vertical transmission, COVID-19 is not an indication
for cesarean section in order to prevent transmission during expulsion [15,23]. In our study,
no newborn was confirmed with SARS-CoV-2 infection by RT-PCR testing at 24 h and 48 h
after birth within.

Similar to the results of Papanou’s meta-analysis, the present study finds that the rate
of preterm births increased during the pandemic due to iatrogenic involvement [24]. At the
time when our study started, the vaccination of pregnant women against SARS-CoV-2 was
not yet approved. As a consequence, no pregnant women were vaccinated and we could
not determine what impact it would have had in reducing the risk of maternal, birth, and
neonatal outcomes. According to Heather S. Lipkind et al., COVID-19 vaccination during
pregnancy was not related to preterm birth or low gestational age at birth overall, compared
with unvaccinated pregnant women [25]. The available data suggest that vaccination during
pregnancy is associated with antibodies against SARS-CoV-2 transmission to the fetus,
but the level of protection of the newborn provided by transplacental and breast milk
antibodies is unclear [26].

The limitations of our study were: the reduced number of patient, the study was
performed during the first period of the pandemic and there were no evidence about the
vaccine anti SARS-CoV-2 on pregnant women. Meanwhile, the number of patient treated
in our COVID exclusive center provided the largest cohort of the pregnancies infected with
SARS-CoV-2 in our country and can be considered also the main strength.

The impact of the SARS-CoV-2 pandemic on obstetrical population and neonates
is a subject of intense debate with the unpredictable outcome and frequent changes in
pathogenicity and contagiosity of the virus variants. Considering morbidity and mortality
of the prematurity SARS-CoV2 impact on premature birth is a matter of intense debate.

5. Conclusions

The present study investigates the main characteristics of COVID-19-associated preterm
deliveries in a tertiary center providing exclusive care for those patients and having the high-
est level of experience in Romania. The pregnant women with COVID-19 with preterm de-
livery were older women, who experienced an exacerbation of severe respiratory symptoms,
decreased saturation of oxygen, increased inflammatory markers, extensive pulmonary
lesions and decreased lymphocytes. The preterm delivery was mainly induced and by ce-
sarean section and the newborns required intensive care more often than the ones delivered
by healthy mothers.
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Abstract: Background and Objectives: Preterm birth (PTB) is associated with important neonatal mortal-
ity and morbidity. The aim of this study was to retrospectively evaluate the average treatment effects
on the treated and the efficacity of various therapeutic interventions for PTB in a cohort of patients
with singleton pregnancies and short cervical lengths. Materials and Methods: This observational
retrospective study included 1146 singleton pregnancies at risk of PTB that were segregated into the
following groups: intravaginal progesterone (group 1), Arabin pessary (group 2), McDonald cerclage
(group 3), intravaginal progesterone and Arabin pessary (group 4), and intravaginal progesterone
and cerclage (group 5). Their treatment effects were evaluated and compared. Results: All evalu-
ated therapeutic interventions significantly reduced the occurrence of late and early preterm births.
The risk of late and early PTB was lowered for those pregnant patients who received progesterone
and pessaries or progesterone and cerclage in comparison with those who received only proges-
terone. The extremely PTB risk of occurrence was significantly lowered only by the administration
of progesterone in association with cervical cerclage in comparison with progesterone monother-
apy. Conclusions: The combined therapeutic interventions had the highest efficacy in preventing
preterm birth. An individualized evaluation is needed to establish the best therapeutic approach in
particular cases.

Keywords: preterm birth; progesterone; cervical cerclage; pessary

1. Introduction

Preterm birth (PTB), defined as any birth before 37 complete weeks of gestation, is
an important public health problem responsible for approximately 2.5 million neonatal
deaths per year worldwide [1]. Gestational age sub-groups (such as extremely preterm, very
preterm, moderate preterm, and late preterm), the occurrence of preterm birth (spontaneous
versus medically induced), and pathophysiological background are examples of common
classification criteria of categorization systems [2]. PTB may occur naturally, as a result
of spontaneous preterm labor and/or preterm pre-labor membrane rupture, or under the
direction of a healthcare professional by cesarean delivery or labor induction.
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The complications of PTB include acute respiratory distress syndrome (ARDS), necro-
tizing enterocolitis (NE), sepsis, intraventricular hemorrhage (IVH), hypoxic–ischemic
encephalopathy (HIE), seizures, and cerebral palsy, as well as feeding difficulties and visual
or hearing impairment [3–6]. Follow-ups of these patients reveal a higher prevalence of
neurodevelopmental problems, along with social-emotional and learning difficulties [7,8].

A plethora of risk factors for the prediction of preterm birth have been proposed [9–12],
but only a few of them have remained consistent throughout the literature. Maternal char-
acteristics are the most studied, and it was proven that ethnicity, extremes of maternal age,
low maternal education, smoking, illicit drug consumption, personal history of preterm
birth, short cervical length (less than 2.5 cm), and maternal comorbidities (vaginal or sys-
temic infections, autoimmune disorders, thrombophilia, etc.) were significantly associated
with the occurrence of PTB [13–16]. Moreover, some hormonal and vitamin imbalances
have been proposed as risk factors for pregnancy complications, such as PTB [17]. Thus,
correcting these imbalances will result in improving the overall health status of these
patients [18,19].

Preterm birth has also been linked to placental, uterine, or fetal abnormalities such
as placental abruption, placenta previa, polyhydramnios, uterine malformations, uterine
fibromas, and fetal structural or chromosomal defects [20–23]. There is a lack of agreement
over whether prior uterine surgery (curettage, hysteroscopy, myomectomy, and multiple
previous cesarean surgeries) increases the risk of preterm birth or not, and although
systematic reviews have found only modest associations, they were unable to account for
all possible confounders [24–27].

Various treatment strategies for PTB have been proposed, including vaginal proges-
terone, pessaries, and cerclage, with or without the association of tocolysis. For a woman
with a short cervix and a history of spontaneous preterm delivery, the National Institute
for Health and Care Excellence’s (NICE) preterm birth guidelines suggest giving the op-
tion of vaginal progesterone or cervical cerclage [28]. NICE also advises women with
low cervical lengths (25 m) or histories of spontaneous preterm birth to take into account
vaginal progesterone [28]. Vaginal progesterone has recently been the subject of large,
negative, randomized controlled trials [10,11], which have raised questions regarding its
efficacy [29,30].

On the other hand, Care et al. evaluated, in a systematic review and meta-analysis,
61 trials that compared the efficacy of various interventions for the prevention of preterm
birth in singleton pregnancies, and the authors concluded that vaginal progesterone was
associated with fewer women with preterm births <34 weeks (odds ratio (OR): 0.50, 95%
confidence interval (CI): 0.34–0.70), along with Shirodkar cerclage (effect size (ES): 0.06,
95% CI: 0.00–0.84), and vaginal pessary (ES: 0.65, 95% CI: 0.39 to 1.08) [31]. Still, there is
a great heterogeneity regarding the recommendations of various therapeutic strategies,
and the PTB prevention protocols differ between healthcare institutions. Moreover, current
data from observational studies were determined after the evaluation of small cohorts of
patients over short timeframes, thus providing low-quality evidence.

In 2022, Pacagnella et al. published a multicenter, open-label, randomized controlled
trial that evaluated the efficacy of the cervical pessary in addition to vaginal progesterone
for the prevention of preterm birth in women with shortened cervixes, and the authors
concluded that the combination therapy did not decrease rates of neonatal morbidity or
mortality [32]. On the other hand, they showed that the combination progesterone–pessary
had significantly lower rates of overall preterm births compared to monotherapy.

There are various formulations of progesterone that can be administered orally, in-
travaginally, or intramuscularly. A recent randomized clinical trial of 150 pregnant pa-
tients at risk of preterm birth, who had received oral Dydrogesterone (30 mg/day), 17α-
hydroxyprogesterone caproate (17α-OHPC, 250 mg intramuscular, weekly), or nothing,
showed that progesterone caproate obtained superior results in prolonging the latency
period until birth and improving neonatal outcomes in comparison with oral progesterone
and placebo [33].
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Very few observational studies have evaluated the treatment effects of various strate-
gies used in monotherapy or combined therapies. Therefore, the aim of this study was to
retrospectively evaluate the average treatment effects and efficacies of various therapeutic
interventions for preterm birth in a cohort of patients with singleton pregnancies and short
cervical lengths.

2. Materials and Methods

This observational retrospective study included 1146 singleton pregnancies with
asymptomatic short cervixes that were evaluated at the tertiary maternity hospital ‘Cuza-
Voda’, Iasi, Romania, between January 2017 and December 2021. Ethical approval for this
study was obtained from the Institutional Ethics Committees of ‘Cuza-Voda’ Maternity
Hospital (No. 2052/16.02.2021) and the University of Medicine and Pharmacy ‘Grigore T.
Popa’ (No. 101/08.07.2021). Informed consent was waived for this study, but all participants
included in the study signed a consent form for the use of anonymized clinical data in
further studies. All methods were carried out in accordance with relevant guidelines
and regulations.

Inclusion criteria comprised singleton pregnancies with certain first-trimester dating,
maternal age ≥18 years old, and short cervical lengths (less than 2.5 cm) that presented
at our institution between 18 and 22 weeks of gestation for fetal morphological evalua-
tion. The exclusion criteria referred to twin pregnancies, structural or chromosomal fetal
abnormalities, patients with preterm labor, premature rupture of membranes, or vaginal
infections, patients with clinical emergencies who could not receive one of the proposed
therapeutic approaches, stillbirth, and incomplete medical records.

The risk of preterm birth was considered in the presence of short cervical length (less
than 2.5 cm) measured by transvaginal ultrasound using an E8 scanner with a 5–15 MHz
transvaginal probe (GE Medical Systems, Milwaukee, WI, USA), as recommended by
ISUOG [34].

Each physician chose the therapeutic approach for these pregnant patients based
on local protocols and international guidelines [35–38], while taking into account the
patient’s preference and compliance with a specific treatment. Intravaginal progesterone
was administered to asymptomatic patients with or without a personal history of PTB and
short cervical length (less than 25 mm). The Arabin pessary was chosen for a patient with
or without a personal history of PTB if the vaginal ultrasound indicated signs of cervical
incompetence (cervical shortening and funneling). Cervical cerclage was recommended
for a patient with a personal history of PTB and short cervical length or in the presence of
major clinical modifications of the cervix (cervical effacement or dilation), with or without a
protrusion of the amniotic sac, even in the absence of a personal history of PTB. Intravaginal
progesterone was added to cervical cerclage or Arabin pessary at the physician’s discretion,
especially when the cervical length was less than 15 mm.

The patients were segregated into the following groups depending on the employed
therapeutic approach: intravaginal progesterone (200 mg/day)—group 1 (n = 562 patients),
Arabin pessary—group 2 (n = 286 patients), McDonald cerclage—group 3 (n = 128 patients),
intravaginal progesterone and Arabin pessary—group 4 (n = 101 patients), and intravaginal
progesterone and cerclage—group 5 (n = 69 patients).

The evaluated outcomes were represented by preterm birth between 32 and 36 + 6 weeks
of gestation (late preterm), 28 and 31 + 6 weeks of gestation (early preterm), and at less than
28 weeks of gestation (extremely preterm). From the patient’s medical records, we also
retrieved demographic data, a personal history of preterm birth, thrombosis, or ischemic
placental disease, and comorbidities (thrombophilia, autoimmune disorders, etc.), as well
as neonatal outcomes, such as birth through cesarean delivery, Apgar scores at 1 and 5 min,
neonatal intensive care unit admission (NICU), the presence of IVH, cerebral palsy, ARDS,
necrotizing enterocolitis, the need for mechanical ventilation, and neonatal death.

Pearson’s chi-squared test was used to determine whether there is a statistically
significant difference between the expected frequencies and the observed frequencies in one
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or more categories of clinical characteristics. For continuous variables, results were given
as mean and standard deviation (SD), and between-group differences were assessed using
ANOVA. For the multivariate analysis of treatment groups, we used multinomial logistic
regression, adjusted for maternal age, smoking status, and the presence of comorbidities.
For binary outcomes, relative risk (RR) and 95% CI values were calculated. We also
calculated average treatment effects on the treated (ATT) using regression adjustment and
compared the logarithmic odds ratios (logORs) of various therapeutic interventions for
the evaluated outcomes. A p-value less than 0.05 was considered statistically significant.
The statistical analyses were performed using STATA SE (version 17, 2022; StataCorp LLC,
College Station, TX, USA).

3. Results

This observational retrospective study included 1146 pregnant patients with sin-
gleton pregnancies, segregated into five groups: intravaginal progesterone—group 1
(n = 562 patients), Arabin pessary—group 2 (n = 286 patients), McDonald cerclage—group 3
(n = 128 patients), intravaginal progesterone and Arabin pessary—group 4 (n = 101 patients),
and intravaginal progesterone and cerclage—group 5 (n = 69 patients).

The clinical characteristics of the evaluated groups and the results from the univariate
analysis are presented in Table 1. Pregnant patients who underwent cervical cerclage had
the highest rates of preterm births in their personal history (39.06%), followed by patients
who received intravaginal progesterone and Arabin pessaries (30.69%) and intravaginal
progesterone and cerclage (26.08%). We found a statistically significant difference regarding
this aspect between groups (p < 0.001).

Table 1. Univariate analysis of the clinical characteristics of the patients included in our study.

Patient’s Data
Group 1

(n = 562 Patients)
Group 2

(n = 286 Patients)
Group 3

(n = 128 Patients)
Group 4

(n = 101 Patients)
Group 5

(n = 69 Patients)
p-Value

Maternal age, years
(mean and standard

deviation)
29.46 ± 6.59 30.34 ± 6.54 29.98 ± 6.60 29.83 ± 6.85 30.67 ± 6.19 0.31

Medium (n/%)
Rural = 291 (51.9%)

Urban = 270
(48.1%)

Rural = 138 (48.1%)
Urban = 149

(51.9%)

Rural = 68 (53.1%)
Urban = 60 (46.9%)

Rural = 52 (51.5%)
Urban = 49 (48.5%)

Rural = 42 (60.9%)
Urban = 39.1 (47%) 0.41

Smoking (n/%) Yes = 13 (2.3%) Yes = 10 (3.49%) Yes = 7 (5.5%) Yes = 5 (5.0%) Yes = 4 (5.8%) 0.19
Personal history of

preterm birth (n/%) Yes = 34 (6.04%) Yes = 47 (16.43%) Yes = 50 (39.06%) Yes = 31 (30.69%) Yes = 18 (26.08%) <0.001

Personal history
of thrombosis (n/%) Yes = 2 (0.35%) Yes = 1 (0.34%) Yes = 0 (0%) Yes = 0 (0%) Yes = 0 (0%) 0.47

Diabetes (n/%) Yes = 6 (1.1%) Yes = 2 (0.7%) Yes = 1 (0.8%) Yes = 1 (1%) Yes = 0 (0%) 0.91
Thrombophilia (n/%) Yes = 5 (0.88%) Yes = 2 (0.69%) Yes = 1 (0.8%) Yes = 0 (0%) Yes = 0 (0%) 0.98

Personal history
of autoimmune
disorders (n/%)

Yes = 18 (3.2%) Yes = 14 (4.89%) Yes = 8 (6.25%) Yes = 5 (4.95%) Yes = 0 (0%) 0.33

Personal history of
ischemic placental

disease (n/%)
Yes = 7 (1.24%) Yes = 4 (1.39%) Yes = 2 (1.56%) Yes = 1 (1%) Yes = 0 (0%) 0.98

Cervical length, mm
(mean and

standard deviation)
22.1 ± 2.16 20.25 ± 2.21 19.75 ± 1.70 18.75 ± 3.59 16.5 ± 3.87 0.14

We evaluated the average treatment effects of various therapeutic interventions, and
we described them considering the main outcomes. The average treatment effects on the
treated (ATT) analysis (Table 2) revealed that all therapeutic interventions significantly
reduced the occurrence of late and early preterm births. Progesterone in combination with
cervical cerclage had the highest impact on the occurrence of both late (ATT = −0.28; 95%CI:
−0.48–0.08; p = 0.006) and early (ATT = −0.21; 95%CI: −0.35–0.37; p = 0.009) PTB. On
the other hand, only progesterone intravaginally administered significantly reduced the
occurrence of extremely preterm birth (ATT = −0.07; 95%CI: −0.13–0.10; p < 0.001).
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Table 2. Average treatment effects on the treated of the evaluated therapeutic interventions for
preterm birth.

Treatment

Late Preterm Birth Early Preterm Birth Extremely Preterm Birth

ATT
95%CI
Lower
Bound

95%CI
Upper
Bound

p-Value ATT
95%CI
Lower
Bound

95%CI
Upper
Bound

p-Value ATT
95%CI
Lower
Bound

95%CI
Upper
Bound

p-Value

Progesterone −0.14 −0.19 −0.09 <0.001 −0.07 −0.13 0.11 <0.001 −0.07 −0.13 0.10 <0.001

Pessary −0.16 −0.28 −0.05 <0.001 −0.10 −0.17 0.21 0.03 0.06 −0.01 0.13 0.09

Cerclage −0.14 −0.31 −0.01 0.01 −0.08 −0.19 0.23 0.02 0.06 −0.04 0.17 0.255

Progesterone
and pessary −0.18 −0.35 −0.01 0.03 −0.07 −0.21 0.16 0.01 0.16 −0.03 0.35 0.09

Progesterone
and cerclage −0.28 −0.48 −0.08 0.006 −0.21 −0.35 0.37 0.009 0.09 −0.09 0.29 0.306

Table legend: ATT—average treatment effect on the treated; CI—confidence interval.

Graphical representations of the comparisons between evaluated therapeutic inter-
ventions for the reduction of various types of preterm birth are presented in Figures 1–3.
The highest performance in the reduction of late PTB was achieved by the combination of
progesterone and cerclage (logOR: −5.34; 95% CI: −6.34–−4.34), followed by progesterone
and pessary (logOR: −4.79; 95% CI: −5.58–−4.00). The lowest performance, in this case,
was achieved by the administration of progesterone in monotherapy (logOR: −2.02; 95%
CI: −2.29–−1.74).

 
Figure 1. Comparison between therapeutic interventions for the reduction of late preterm birth.

  

Figure 2. Comparison between therapeutic interventions for the reduction of early preterm birth.
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Figure 3. Comparison between therapeutic interventions for the reduction of extremely preterm birth.

When evaluating the reduction of early preterm birth through therapeutic interven-
tions, our results indicated that both cervical cerclage (logOR: −3.69; 95% CI: −4.51–−2.86)
and the combination of progesterone and cerclage (logOR: −3.69; 95% CI: −4.68–−2.69)
achieved similar performances, closely followed by the combination of progesterone and
pessary (logOR: −3.48; 95%CI: −4.29–−2.67).

In the case of extremely preterm birth, the results indicated a non-significant influence
of the evaluated therapeutic interventions over the pregnancy’s course and a tendency for
these interventions to be associated with increased odds of PTB.

In our cohort of patients, the risk of occurrence of late preterm birth was significantly
higher for pregnant patients who received progesterone in comparison with those who
received Arabin pessaries (RR: 3.13; 95% CI: 2.42–4.04; p < 0.001) or cervical cerclage
(RR: 2.73; 95% CI: 1.93–3.86; p < 0.001) (Table 3). On the other hand, the risk was significantly
lower for patients who received progesterone and pessaries (RR: 0.36; 95% CI: 0.24–0.54;
p < 0.001) or progesterone and cerclage (RR: 0.30; 95% CI: 0.18–0.52; p < 0.001) in comparison
with those who received only progesterone, translating into a risk reduction of 64% for the
first treatment option and 70% for the second treatment option.

Table 3. Calculated relative risks for various therapeutic interventions in relationship with the
evaluated outcomes.

Therapeutic
Intervention

Late Preterm Birth Early Preterm Birth Extremely Preterm Birth

RR and 95% CI p-Value RR and 95% CI p-Value RR and 95% CI p-Value

Progesterone vs. pessary 3.13 (2.42–4.04) <0.001 3.73 (2.37–5.88) <0.001 4.81 (2.49–9.26) <0.001

Progesterone vs cerclage 2.73 (1.93–3.86) <0.001 3.57 (1.87–6.83) <0.001 4.16 (1.71–10.12) 0.001

Cerclage vs. pessary 0.87 (0.57–1.32) 0.52 1.04 (0.49–2.20) 0.11 1.15 (0.40–3.28) 0.78

Progesterone + pessary
vs progesterone alone 0.36 (0.24–0.54) <0.001 0.44 (0.24–0.78) 0.005 0.59 (0.28–1.23) 0.15

Progesterone + pessary
vs. cerclage 0.79 (0.47–1.32) 0.37 1.58 (0.69–3.61) 0.27 2.45 (0.82–7.35) 0.10

Progesterone + pessary
vs. pessary 1.14 (0.72–1.82) 0.55 1.65 (0.82–3.28) 0.15 2.83 (1.13–7.11) 0.05

Progesterone + cerclage
vs. progesterone alone 0.30 (0.18–0.52) <0.001 0.49 (0.26–0.91) 0.02 0.27 (0.08–0.84) 0.02

Progesterone + cerclage
vs. pessary 0.96 (0.53–1.73) 0.91 1.84 (0.88–3.81) 0.10 1.31 (0.37–4.60) 0.66
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Table 3. Cont.

Therapeutic
Intervention

Late Preterm Birth Early Preterm Birth Extremely Preterm Birth

RR and 95% CI p-Value RR and 95% CI p-Value RR and 95% CI p-Value

Progesterone + cerclage
vs. cerclage 0.84 (0.45–1.58) 0.60 1.76 (0.74–4.17) 0.19 1.13 (0.28–4.56) 0.85

Progesterone + pessary
vs. progesterone

+cerclage
1.18 (0.61–2.29) 0.61 0.89 (0.39–2.01) 0.79 1.61 (0.43–5.92) 0.47

Table legend: RR—relative risk; CI—confidence interval; vs.—versus.

The risk of occurrence of early preterm birth was similarly increased in patients who
received progesterone in comparison with those who received Arabin pessaries (RR: 3.73;
95% CI: 2.37–5.88; p < 0.001) or cervical cerclage (RR: 3.57; 95% CI: 1.87–6.83; p < 0.001).
The risk was also lowered for those patients who received progesterone and pessaries
(RR: 0.44; 95% CI: 0.24–0.78; p = 0.005) or progesterone and cerclage (RR: 0.49; 95%
CI: 0.26–0.91; p ≤ 0.02) in comparison with those who received only progesterone, trans-
lating into a risk reduction of 56% for the first treatment option and 51% for the second
treatment option.

The same pattern of increased risk of extremely preterm birth was observed for pa-
tients who received progesterone in comparison with those who received Arabin pessaries
(RR: 4.81; 95% CI: 2.49–9.26; p < 0.001) or cervical cerclage (RR: 4.16; 95% CI: 1.71–10.12;
p = 0.001). However, the risk of occurrence was significantly lowered only by the administra-
tion of progesterone in association with cervical cerclage in comparison with progesterone
monotherapy (RR: 0.27; 95% CI: 0.08–0.84; p = 0.02).

Finally, we evaluated and compared neonatal outcomes using multinomial logistic re-
gression (Table 4). Our analysis revealed that late preterm neonates were born significantly
more frequently through cesarean section (p < 0.001), required significantly more invasive
ventilation (p < 0.001), and developed ARDS after birth (p < 0.001). Moreover, the Apgar
scores at 1 and 5 min of less than seven were significantly prevalent in this group.

Table 4. Pregnancy and neonatal outcomes in preterm deliveries.

Outcome
Late Preterm Birth Early Preterm Birth Extremely Preterm Birth

aOR and 95% CI p-Value aOR and 95% CI p-Value aOR and 95% CI p-Value

Cesarean delivery 2.11 (0.35–5.41) <0.001 0.95 (0.70–1.29) 0.78 0.88 (0.49–1.57) 0.68

Apgar score at 1 min < 7 1.82 (1.42–2.31) <0.001 1.79 (0.68–4.41) 0.007 1.83 (0.19–4.51) 0.008

Apgar score at 5 min < 7 1. 21 (0.45–3.58) <0.001 2.65 (1.55–4.55) <0.001 1.28 (0.45–3.44) 0.03

NICU admission 0.96 (0.67–1.38) 0.84 1.26 (0.17–4.21) <0.001 0.72 (0.18–2.87) <0.001

Necrotizing enterocolitis 0.44 (0.16–1.85) 0.79 1.04 (0.55–2.65) <0.001 1.97 (0.49–3.35) <0.001

Invasive ventilation 1.39 (0.54–3.09) <0.001 1.42 (0.73–2.10) <0.001 1.47 (0.25–2.75) <0.001

ARDS 1.56 (0.37–3.32) <0.001 1.38 (0.38–2.44) <0.001 2.32 (0.92–3.37) <0.001

Cerebral palsy 0.96 (0.08–4.83) 0.67 0.20 (−0.30–0.72) 0.42 1.99 (0.26–4.04) 0.035

Visual or hearing
impairment 0.48 (0.02–2.52) 0.43 0.90 (−0.86–2.68) 0.31 1.67 (0.08–4.68) 0.003

Intraventricular
hemorrhage 0.56 (0.37–1.32) 0.06 0.38 (−0.38–1.14) 0.32 2.32 (0.92–3.37) <0.001

Neonatal death 0.68 (0.36–1.82) 0.79 1.04 (−0.55–2.65) <0.001 1.97 (0.49–3.35) <0.001

Table legend: aOR—adjusted OR; CI—confidence interval; NICU—neonatal intensive care unit; ARDS—acute
respiratory distress syndrome.
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Early preterm neonates were admitted to the NICU significantly more frequently
(p < 0.001), were diagnosed more frequently with necrotizing enterocolitis and ARDS
(p < 0.001), and required more invasive ventilation (p < 0.001). In addition, they were more
prone to receive an Apgar score of less than seven at 1 (p = 0.007) and 5 min (p < 0.001) and
had higher rates of neonatal death (p < 0.001).

Extremely preterm neonates were the most fragile group, having significantly higher
rates of NICU admission (p < 0.001), necrotizing enterocolitis (p < 0.001), intraventricular
hemorrhage (p < 0.001), cerebral palsy (p = 0.035), visual or hearing impairment (p = 0.003),
neonatal deaths (p < 0.001), ARDS (p < 0.001), and invasive ventilation (p < 0.001), as well
as lower Apgar scores at 1 (p = 0.008) and 5 min (p = 0.03).

4. Discussion

This retrospective study evaluated the effectiveness of various therapeutic interven-
tions for preterm birth and compared their treatment effects, considering preterm delivery
as an outcome in three gestational age categories. The average treatment effects on the
treated indicated that all therapeutic interventions significantly reduced the occurrence of
late and early preterm birth, with the highest impact achieved using the combination of
progesterone with cervical cerclage. On the other hand, only progesterone intravaginally
administered significantly reduced the occurrence of extremely preterm birth.

Similar results were obtained when we compared the occurrence of various types of
preterm birth depending on the therapeutic interventions employed. The highest perfor-
mance for the reduction in late PTB was achieved using the combination of progesterone
and cerclage, followed by progesterone and pessary. The lowest performance, in this case,
was achieved by the administration of progesterone in monotherapy.

When evaluating the reduction in early preterm birth using therapeutic interventions,
our results indicated that both cervical cerclage and the combination of progesterone and
cerclage achieved similar performances, closely followed by the combination of proges-
terone and pessary. On the other hand, in the case of extremely preterm birth, the results
indicated a non-significant influence of the evaluated therapeutic interventions over the
pregnancy’s course and a tendency for these interventions to be associated with increased
odds of PTB.

These results can be explained by the fact that extremely preterm labor is more dif-
ficult to manage and that therapeutic interventions such as cervical cerclage are often
performed in emergencies. A meta-analysis of 12 observational studies, which evaluated
the effectiveness of emergency cerclage versus expectant management on maternal and
perinatal outcomes, indicated that cerclage was superior to expectant management for
the reduction in preterm delivery rates before 28 and 32 weeks of gestation, but these
results were based on low-quality evidence [39]. Nevertheless, the intraoperative rupture
of membranes is a risk associated with emergency cerclage that ranges from 4% to 9%, and
this procedure’s apparently positive effects appear to be greatly reduced in the presence of
chorioamnionitis [40–42].

In our cohort of patients, the risk of the occurrence of late preterm birth was sig-
nificantly higher for pregnant patients who received progesterone in comparison with
those who received Arabin pessaries or cervical cerclage. On the other hand, the risk was
significantly lower for patients who received progesterone and pessaries or progesterone
and cerclage in comparison with those who received only progesterone. Our results are in
line with previously published data.

A Cochrane systematic review that evaluated the efficacy of cervical pessaries for
preventing preterm birth in comparison with other therapeutic interventions in women
with singleton pregnancies at risk of preterm delivery indicated that the cervical pessary
reduced the risk of delivery before 34 weeks (RR: 0.72; 95%CI: 0.52–1.02) or before 37 weeks
(RR: 0.89; 95%CI: 0.73–1.09) in comparison with vaginal progesterone administration [43].

Another Cochrane systematic review that evaluated the effect of cervical cerclage ver-
sus other therapeutic interventions in patients at risk of premature delivery concluded that
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there is not enough quality evidence to determine whether cerclage is more or less effective
than progesterone administration, either vaginally or intramuscularly, for the prevention of
PTB [44]. On the contrary, a recent indirect comparison meta-analysis concluded that both
vaginal progesterone and cervical cerclage are equally effective in preventing PTB [45].

Our results indicated that the risk of early PTB was also lowered for those pregnant pa-
tients who received progesterone and pessaries or progesterone and cerclage in comparison
with those who received only progesterone, translating into a risk reduction of 56% for the
first treatment option, and 51% for the second treatment option. Our results were confirmed
by a randomized controlled trial that evaluated the outcomes of combined therapy (cervi-
cal cerclage with progesterone) in comparison with progesterone monotherapy and that
outlined pregnancy prolongation for preterm labor at 24–28 weeks in the case of combined
intervention [46]. Moreover, another recent randomized controlled trial concluded that the
cervical pessary was not non-inferior to vaginal progesterone for preventing spontaneous
birth before 34 weeks of gestation in pregnant women with short cervixes [47].

The extremely PTB risk of occurrence was significantly lowered only by the administra-
tion of progesterone in association with cervical cerclage in comparison with progesterone
monotherapy. Similar results were obtained in a retrospective cohort study by Enakpene
et al., that revealed a higher performance of the combination therapy (cerclage and proges-
terone) in preventing extremely preterm birth (<28 weeks of gestation) in comparison with
progesterone monotherapy (RR: 0.23; 95%CI: 0.10−0.54, p = 0.001) [48].

Our study also outlined significant personal histories of preterm birth for pregnant
patients who received cervical cerclage, intravaginal progesterone and Arabin pessary,
or intravaginal progesterone and cerclage, in accordance with the published data [49].
Regarding neonatal outcomes, both late and early preterm neonates were significantly
associated with adverse outcomes, such as acute respiratory distress syndrome, the need for
mechanical ventilation, or low Apgar scores. Extremely preterm neonates were significantly
more fragile, with higher rates of neonatal deaths, intraventricular hemorrhage, cerebral
palsy, and visual or hearing impairment in addition to the previously mentioned adverse
neonatal outcomes, which are commonly encountered after preterm deliveries as stated in
the literature [50–52].

The limitations of this study are represented by its retrospective approach, unicentric
design, and small sample size. On the other hand, this study has the advantage of following
pregnancy outcomes in a 4-year timeframe for patients with singleton pregnancies at risk
of PTB who received therapeutic interventions in monotherapy or combined therapies.

Further prospective multicentric randomized controlled trials should be conducted in
order to comparatively evaluate the performance of combined therapeutic interventions
such as cerclage and progesterone versus progesterone monotherapy for the prevention
of PTB.

5. Conclusions

All evaluated therapeutic interventions significantly reduced the occurrence of late and
early preterm births. The highest performance in the reduction of late PTB was achieved
by the combination of progesterone and cerclage, followed by progesterone and pessary.
Both cervical cerclage and the combination of progesterone and cerclage achieved similar
performances regarding the rates of early PTB, closely followed by the combination of
progesterone and pessaries.

The risk of late and early PTB was lowered for those pregnant patients who received
progesterone and pessaries or progesterone and cerclage in comparison with those who
received only progesterone. The extremely PTB risk of occurrence was significantly low-
ered only with the administration of progesterone in association with cervical cerclage in
comparison with progesterone monotherapy.

Further prospective studies will be needed in order to elucidate the performance of
combined therapies for the prevention of PTB. In addition, an individualized assessment
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of pregnant patients, with the identification of maternal or sonographic risk factors for
preterm birth, will allow prompt administration of treatment tailored to their risk profile.
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Abstract: Background and objectives: Thrombophilia in pregnant women is a condition whose incidence
is constantly increasing worldwide, and, under these conditions, the development of preventive
procedures is becoming essential. In this study, we aimed to evaluate thrombophilia in pregnant
women in the western part of Romania and to establish anthropometric characteristics, socioeconomic
features, and genetic and risk factors. Material and Methods: 178 pregnant women were divided into
three study groups, according to the type of thrombophilia, aiming to carry out the genetic profile
and the acquired one. Anthropometric measures and biological tests were performed. Results: The
mixed type of thrombophilia predominates. The particularities of pregnant women diagnosed with
thrombophilia are higher age, living in an urban environment, with normal BMI, approximately
36 weeks of gestational period, and having at least one miscarriage. Regarding the most frequent
thrombophilic genetic markers, we obtained the MTFHR gene mutation C677T and A1298C, followed
by the PAI-1 4G/5G gene mutation. Smoking represents an aggravating factor in the evolution of
this pathology, manifested through the increase of D-dimers and the decrease in antithrombin values,
simultaneously with the increase in therapeutic need. Conclusions: The predominance of MTHFR and
PAI-1 4G/5G gene polymorphism is a particularity of pregnant women with thrombophilia from the
western part of Romania. Smoking is confirmed as an important risk factor in spontaneous abortion.

Keywords: thrombophilia; pregnant women; miscarriage

1. Introduction

Thrombophilias can be categorized as either acquired or inherited [1]. Mixed throm-
bophilia is a condition that can result from both hereditary and nongenetic sources. The
risk of venous thromboembolism (VTE) is associated with thrombophilia—a condition that
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ultimately results in thrombosis, particularly in women who are pregnant [2]. Although
expensive, testing for thrombophilia entails a comprehensive range of coagulation and
genetic tests, and interpretations call for clinical expertise [3]. Strong evidence linking
unfavorable pregnancy outcomes with thrombophilia in pregnancy is limited. The most
common factor in maternal thromboembolism is inherited thrombophilia. This is also
linked to a higher risk of some unfavorable pregnancy outcomes, such as fetal loss in
the second and third trimesters, abruptions, severe intrauterine growth restriction, and
early-onset, severe preeclampsia [4,5]. The hemostatic system changes during pregnancy
to become hypercoagulable, which raises the risk of thrombosis throughout pregnancy
and reaches its peak at term [5]. One of the risk factors among reproductive diseases is
represented by hereditary thrombophilia [1].

While acquired forms of thrombophilia are linked with both venous and arterial
events, inherited forms are mostly linked with a tendency to VTE. Antiphospholipid an-
tibodies (aPL) are what define antiphospholipid syndrome (APS) as an acquired form
of thrombophilia, which is clinically indicated by arterial or venous thrombosis. The
diagnosis is based on the Sydney criteria, which include one clinical criterion (preg-
nancy morbidity or serious or venous thrombosis) and one laboratory criterion (detec-
tion of abnormally high levels of high levels of IgM/IgG anticardiolipin antibodies, of
anti-beta 2 glycoprotein-I antibodies, or of lupus anticoagulant). This is also linked to obstet-
ric difficulties [1]. There are two categories of inheritable thrombophilic states, classified by
Pinjala et al., namely, major or common inherited thrombophilias [6]. However, factor V Lei-
den and the prothrombin gene mutation G20210A are the most frequent causes of hereditary
thrombophilia. Protein C and S and antithrombin abnormalities are less frequent but they
represent the most severe triggers [6]. In addition, there is a connection between heritable
thrombophilias and homozygosity for the methylene tetrahydrofolate reductase (MTHFR),
which causes hyperhomocysteinemia, and poor pregnancy outcomes [5]. In addition to
genetic thrombophilia, acquired hemostasis disorders can also result in hypercoagulable
diseases. Due to increased procoagulant factors and decreased anticoagulants, as well as
other alterations of the hemostasis, acquired states might maintain a prothrombotic situa-
tion [7]. Hyperhomocysteinemia, antiphospholipid antibody syndrome, increased levels of
procoagulant factors, and decreased levels of anticoagulants are the main acquired diseases
associated with thrombophilia [7]. A pregnant woman diagnosed with thrombophilia
should be assessed for most risk factors, often referred to as triggers for first or recurrent
thrombosis, while determining the best prophylaxis [7]. One identified pathogenic factor
causing severe pregnancy problems is thrombophilia. Procoagulant factors that have under-
gone modifications—mutant genes with a high prevalence that raise the risk of developing
thrombosis—have been researched [1,8,9]: MTHFR homozygous or heterozygous mutation
in the C677T and A1298C positions, FVL gene homozygous or heterozygous mutation
in the G1691A position, prothrombin gene homozygous or heterozygous mutation in the
G20210A position, or the polymorphism of PAI-1 [1]. The hemostasis undergoes major
alterations throughout a normal pregnancy, which favors procoagulants. On the other
hand, during pregnancy, anticoagulant levels may slightly rise (in the case of tissue factor
pathway inhibitor, or TFPI, the principal coagulation initiator), remain stable (in the case of
antithrombin and protein C), or certainly decrease (protein S) [4]. A pregnancy’s favorable
outcome is correlated with good placental development [10]. Women who have a prior
history of pregnancy difficulties, notably recurrent loss or a prior stillbirth, are treated with
a thromboprophylactic dose of low-molecular-weight heparin (LMWH). The use of aspirin
and LMWH increases the chance of live births [5]; the follow-up is adjusted based on the
side effects that may occur in each patient.

Either laboratory proof of a thrombophilic deficiency or discoveries of thrombotic
alterations in placental histology specimens from the affected pregnancy serve as the
foundation for this statement [5]. The use of medicine must begin early in pregnancy
(preferably at six weeks gestation) before the main trophoblast invasion is complete to
reap the full benefits of these treatment approaches [5]. Preterm birth, which affects
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5–13% of deliveries in affluent nations, is a significant contributor to infant morbidity and
mortality. Though the role of thrombophilia as a risk factor is unknown, genetic throm-
bophilia has the potential to induce preterm delivery [11]. Prematurity, whose causes are
still unknown, is a public health issue due to its multifactorial nature, but also because
of associated factors such as social class, demographics, biological, genetic, reproductive,
environmental, behavioral, and psychosocial conditions. The accessibility to the quality
of healthcare services [12] can also lead to premature birth. Newborns delivered before
37 weeks of pregnancy are considered preterm. Based on gestational age, preterm birth is
divided into the following subcategories: extremely early (less than 28 weeks), very early
(28 to 32 weeks), and moderate to late preterm (32 to 37 weeks) [13]. Premature newborns
have more pronounced hemostatic system differences than term infants, although their
hemostatic system development is hastened [14]. It is debatable as to how to treat expectant
women who have thrombophilia. There is a wealth of research on the possible connection
between thrombophilia and several obstetric problems. Placenta-mediated problems, mis-
carriages, and fetal losses are the most common obstetric complications that thrombophilia
has been linked to [15].

This study aims to comprehensively evaluate thrombophilia in pregnant women in
the western part of Romania, taking into account anthropometric characteristics—such as
age, body mass index, gestational period, the weight of the newborns, socioeconomic, and
risk factors and the genetic markers involved in thrombophilia.

2. Materials and Methods

We started our case-control study with 450 patients grouped into three samples: pa-
tients with inherited thrombophilia, acquired thrombophilia, and mixed (inherited and
acquired) thrombophilia, with 150 individuals in each group. After applying the inclu-
sion and exclusion criteria, we were left with 178 patients: based on the type of throm-
bophilia, we had 28.65% (51 patients) with inherited thrombophilia, 28.65% (51 patients)
with acquired thrombophilia, and 42.7% (76 patients) with mixed (inherited and acquired)
thrombophilia.

The thrombophilia-specific investigation panel aims to carry out the genetic profile
and the acquired one: methylenetetrahydrofolate reductase (MTHFR) gene mutation, pro-
thrombin (factor II) gene mutation, factor V Leiden gene mutation, plasminogen activator
inhibitor gene mutation-1 (PAI-1), factor XIII gene mutation, glycoprotein IIb/IIIa gene
mutation, fibrinogen gene mutation, the angiotensin converting enzyme gene mutation
(ACE_insertion_deletion), the angiotensinogen gene mutation (AGT mutation M235T),
the serine/threonine kinase gene mutation (ATR-1 Mutation A1166C), respectively, the
Cystathionine Beta-Synthase gene mutation (CBS 844ins68), the evaluation of the status
of antithrombin, lupus anticoagulant, anticardiolipin, and antiphospholipid antibodies,
homocysteine, protein C, protein S, and of D dimers. Genetic testing for thrombophilia
mutations entails the analysis of genes using various techniques such as DNA microarrays
and real-time polymerase chain reactions.

The database was gathered using the Microsoft Excel software. For the statistical
analysis we used two different software: JASPv16.4 and Microsoft Excel. After applying
a descriptive analysis to our database, we applied the Shapiro–Wilk test to see the data
distribution and decide upon the type of tests that would be used. The Mann–Whitney
U-test was used to see if we had significant differences between the two different groups.
The Kruskal–Wallis test was used when we analyzed medical tests between our three
groups, and the Friedman test was applied to see the D-dimers’ value evolution during
pregnancy. At the end of the study, we ran a regression analysis and calculated the
correlation coefficients. The significance level was set at α = 0.05 for the whole study.
The noninvasive, case–control study was conducted on a cohort of 450 pregnant women,
diagnosed with thrombophilia, in the western part of Romania, evaluated in routine clinical
practice between 2018 and 2020. Because of the pandemic situation, in the last year of our
study period (2020), the number of patients who sought proper care decreased significantly.
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The cohort was divided into three groups, depending on the type of thrombophilia. In
the first group, 150 patients diagnosed with hereditary thrombophilia were enrolled. The
second group of 150 patients was diagnosed with acquired thrombophilia. Finally, the
third group consisted of 150 patients diagnosed with mixed thrombophilia. The study
population included Caucasian women, with singleton pregnancy at the time of enrolment,
with available results for inherited, acquired, and mixed thrombophilia, and with positive
obstetrical history (recurrent pregnancy losses); the exclusion criteria were nonpregnant
women, subjects with twin pregnancies, and pregnant women that had incomplete results
for the thrombophilia screen. The use of the database was possible with the agreement
of the Bioethics Commission of Victor Babes University of Medicine and Pharmacy, No.
2 Eftimie Murgu Square, Timisoara, Romania (51/28.09.2018); the informed consent was
obtained from all subjects involved in the study. The study was conducted following the
ethical principles set out in the Helsinki Declaration.

3. Results

In Table 1, the impact of age, the body mass index (BMI), the gestational period (GP),
and the newborns’ weight are presented. It may be observed that the differences appear in
the GP and the weight of the newborns (see Figures 1 and 2). If we study the number of
pregnancies and miscarriages, we observe that higher values are detected in the case of
inherited thrombophilia (see Figure 3). Regarding the environmental setting, 79.78% of our
patients were from an urban environment having a median age higher than those living in
rural areas (32 years old vs. 28 years old), an outcome that is expected for a Western type
of society [16]. A 2019 study on 818 pregnant women [17] determined that the mean age
of the enrolled pregnant woman diagnosed with thrombophilia who used LWMH during
pregnancy was 33.9 years old, with an SD ± 4.9 years. Similar to these findings, our patients
have approximately the same age range (group 1—33 years old, with an IQR ± 5 years,
group 2—30 years old, with an IQR ± 7 years, and group 3—30.5 years old, with an
IQR ± 7 years). The risk of maternal and fetal difficulties during pregnancy, such as
stillbirth, small-for-gestational-age births, preterm birth, preeclampsia, and maternal death,
increases in women as age enhances, presenting as hazard gain as age increases [18].
Smoking is one of the most important risk factors for worse pregnancy outcomes [19],
and it affected all three groups of our study by aggravating some biological changes such
as an increase in D-dimers levels during the last trimester of pregnancy and a decline
in antithrombin levels; we also obtained that pregnant smokers needed higher doses
of anticoagulant, approximatively over 20%. We tested the D-dimers evolution during
pregnancy for all the studied groups and we registered a significant increase in our values
in all scenarios, regardless of the type of thrombophilia that our patients had.

According to the objectives of the study, to highlight the particularities of throm-
bophilia in the western part of Romania, the characteristic profile of the patient with
thrombophilia regarding the anthropometric parameters provides an average age of the
patients of 32.8 years in the first group, 31 years in the second group, and 31.3 years in
group 3, an average BMI value of 22.9 in the first group, 22.2 in the second group, and
22.9 in the third group, and an average gestational period of 37.3 weeks in the first group,
35.8 weeks in the second group, and 35.4 weeks in the third group. In terms of the average
weight of the newborn, we observe a value of 2842.2 g in the first group, 2724.5 g in the
second group, and 2634.5 g in the third group. To properly provide therapies for preterm
labor and premature infants, accurate gestational dates during pregnancy are necessary;
we also investigated this aspect, and we obtained that the gestational period (GP) and the
newborns’ weights show discrepancies.
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Table 1. Descriptive analysis upon anthropometric characteristics (IQR—interquartile range).

Variables
Age (Years) BMI (G (kg)/h2 (m2) GP (Weeks) Newborn Weight (g)

1 2 3 1 2 3 1 2 3 1 2 3

Valid 51 51 76 51 51 76 51 51 76 51 51 76

Missing 0 0 0 0 0 0 0 0 0 0 0 0
Mean 32.8 31 31.3 22.9 22.2 22.9 37.3 35.8 35.4 2842.2 2724.5 2634.5

Median 33 30 30.5 20.8 19.8 20.8 38 37 36 3100 2700 2780

Minimum 21 23 23 15.9 17.2 15.9 30 30 30 1240 1300 1240

Maximum 45 49 49 34.9 34.9 34.9 40 40 42 3770 3740 3880

IQR 5 7 7 6.8 3.8 5.8 1 6 6 660 1000 935

Figure 1. The gestational period is presented in three studied groups, using raincloud plots (in this
type of graphical representation, we can see a complete data distribution, by density and by box plots).
In group 1, the GP was significantly higher (p = 0.032 < 0.05, p value obtained from Kruskal–Wallis
test; groups 1 and 2 contain 51 patients each, group 3 contains 76 patients).

Figure 2. The newborn weight is presented in three studied groups, using raincloud plots; there were
no statistically significant differences between the studied groups (p > 0.05, p value obtained from
Kruskal–Wallis test; groups 1 and 2 contain 51 patients each, group 3 contains 76 patients).
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Figure 3. The differences between the number of pregnancies and miscarriages in all studied groups,
using raincloud plots. A significant decrease was observed (p < 0.001, p value obtained from Kruskal–
Wallis test; groups 1 and 2 contain 51 patients each, group 3 contains 76 patients).

To monitor the treatment response during pregnancy, we ran some specific medical
tests such as D-dimers (ng/mL) and the levels of antiXa (anti Xa levels UI/mL) in all three
pregnancy trimesters; the results are presented in Table 2. To establish the acquired form of
thrombophilia, we ran the tests presented in Table 3.

Table 2. The quarterly evolution of the parameters studied for therapeutical orientation (95% confi-
dence interval (median ± 1.5 IQR); IQR—interquartile range).

Medical Tests

95% Confidence Interval

Group
1 (n = 51)

Group
2 (n = 51)

Group
3 (n = 76)

D-dimers
ng/mL—Trim1 (102.87; 790.87) (116.3; 672.3) (121.82; 889.82)

D-dimers
ng/mL—Trim2 (1108.3; 1719.7) (1106.8; 1778.3) (1105.5; 1715.3)

D-dimers
ng/mL—Trim3 (1688.8; 2400.5) (1690.5; 2409.9) (1637.1; 2408.2)

anti Xa levels
UI/mL—Trim1 (0.24; 0.52) (0.13; 0.77) (0.10; 0.79)

anti Xa levels
UI/mL—Trim2 (0.26; 0.44) (0.22; 0.44) (0.21; 0.43)

anti Xa levels
UI/mL—Trim3 (0.35; 0.48) (0.34; 0.47) (0.29; 0.47)

The analysis of the genetic markers is presented in Table 4. In terms of the genetic
markers involved, the highest frequency is represented by the MTFHR gene mutation C677T
and A1298C, followed by the PAI-1 4G/5G gene mutation and the factor XIII gene mutation.
In our research, the MTHFR_C677T mutation was homozygous in 11.76% of the cases from
group 1 and heterozygous in 52.95% of the cases from the same group. The MTHFR_A1298C
mutation was heterozygous in 35.29% of group 1 and 46.05% of group 3. We found the
homozygote form of PAI-1 4G/5G in 31.37% of our patients diagnosed with hereditary
thrombophilia, and in 22.37% diagnosed with the mixed type. Likewise, the women from
our study diagnosed with mixed thrombophilia tested positive in 3.95% of the cases for the
homozygote form of ACE_insertion_deletion mutation (angiotensin converting enzyme
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gene), which was demonstrated to increase miscarriage risk in European women [20,21].
We obtained that 10.53% of the women diagnosed with mixed thrombophilia in our analysis
tested positive for the heterozygous form of this mutation. However, early pregnancy loss
is linked to homozygosity for the FXIII 34Leu polymorphism [22], which was the case in
13.72% of our patients (diagnosed with inherited thrombophilia, the factor XIII G1002T
mutation (Val34Leu) was in the homozygote form).

Table 3. The analysis of the parameters involved in tests performed to establish existence of the acquired
form of thrombophilia (95% confidence interval (median ± 1.5 IQR); IQR—interquartile range).

Medical Tests

95% Confidence Interval

Group
1 (n = 51)

Group
2 (n = 51)

Group
3 (n = 76)

Lupus Anticoagulant (ratio) (1.03; 36.35) (0.97; 33.09) (0.05; 44.77)

Anti Cardiolipin antibodies IgG (U/mL) (0.25; 2.49) (0.16; 2.2) (0.14; 1.9)

Anti Cardiolipin antibodies IgM (U/mL) (0.02; 1.5) (0.05; 1.21) (0.01; 1.29)

Protein C (%) (6.92; 131.48) (1.28; 120.88) (20.6; 132.2)

Protein S (%) (4.3; 106.3) (0.7; 98.3) (3.9; 115.5)

Antithrombin (%) (15.77; 122.57) (3.99; 104.15) (24.23; 123.83)

Homocysteine (micromole/L) (0.16; 8.56) (0.13; 9.73) (0.1; 10.5)

The most frequent form of thrombophilia found in our study was the mixed one
(42.7%). None of the patients was diagnosed with APS. Regarding the genetic factors in-
volved in thrombophilia, it is important to start monitoring an early pregnancy of a woman
diagnosed with this pathology to know when to start the proper treatment. Nevertheless,
a 2002 study presented that mothers who have the factor V G1691A or factor II A (20210)
mutation are far more likely to give birth to babies who are underweight at birth [23].
All women with a known personal history of preeclampsia, recurrent miscarriages, fetal
growth restriction, first-trimester abortion, mid-trimester abortion, placental abruption, or
intrauterine mortality should undergo a clinical and paraclinical examination for throm-
bophilia [7,24,25]. We applied the Mann–Whitney U-test to see if there were statistically
significant differences in the age of our patients based on their environment, and we ob-
tained significant differences (p < 0.001) in all three groups (see Table 5, Appendix A); the
age of the patients who were from an urban environment is significantly higher compared
with the patients from a rural area. This can be explained by the fact that patients from
urban areas tend to form families later than those from rural areas. To quantify the impact
of thrombophilia type in miscarriages, we applied a Kruskal–Wallis test, and we obtained
significant differences (p < 0.001). The highest chance of a miscarriage was registered in
the case of inherited thrombophilia (see Figure 4). We applied the Friedman test to see the
D-dimers evolution in the pregnancy trimesters for all the studied groups. We obtained
in all scenarios a significant increase (p < 0.001) in our values, regardless of the type of
thrombophilia that our patients had. All the results are plotted in Figure 5.
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Table 4. Analysis of the genetic markers of thrombophilia in the three studied groups.

Mutation
Group 1 (n = 51) Group 2 (n = 51) Group 3 (n = 76)

Present Absent Present Absent Present Absent

MTHFR_C677T 11.76% homozygote
52.95% heterozygote 35.29% 0% 100% 13.16% homozygote

56.58% heterozygote 30.26%

MTHFR_A1298C 7.84% homozygote
35.29% heterozygote 56.86% 0% 100% 6.58% homozygote

46.05% heterozygote 47.37%

Factor V Leiden 9.2% heterozygote 90.2% 0% 100% 11.84% heterozygote 88.16%

Prothrombin gene G20210A
(Factor II) 1.96% heterozygote 98.04% 0% 100% 10.53% heterozygote 89.47%

Glycoprotein IIb/IIIa T1565C 13.72% heterozygote 86.28% 0% 100% 10.53% heterozygote 89.47%

PAI_1_4G/4G 0% 100% 0% 100% 9.21% homozygote 90.79%

PAI_1_4G_5G 31.37% homozygote
39.22% heterozygote 29.41% 0% 100% 22.37%homozygote

35.53% heterozygote 42.11%

PAI_1_5G_5G 0% 100% 0% 100% 6.58% homozygote
1.32% heterozygote 92.11%

FactorV_R2 1.96% heterozygote 98.04% 0% 100% 17.11% heterozygote 82.89%

B_Fibrinogen G455A 7.84% heterozygote 92.16% 0% 100% 3.95% homozygote
7.89% heterozygote 88.16%

ACE_insertion_deletion
(angiotensin converting enzyme

gene)
0% 100% 0% 100% 3.95% homozygote

10.53% heterozygote 85.53%

AGT
mutationM235T (the

angiotensinogen gene)
0% 100% 0% 100% 2.63% homozygote

11.84% heterozygote 85.53%

FactorV 4070_AgtG 0% 100% 0% 100% 2.63% homozygote 97.37%

factor XIII G1002T mutation
(Val34Leu)

13.72% homozygote
23.53% heterozygote 62.75% 0% 100% 2.63% homozygote

40.79% heterozygote 56.58%

ATR-1 Mutation A1166C
(serine/threonine kinase gene) 0% 100% 0% 100% 1.32% homozygote

7.89% heterozygote 90.79%

CBS 844ins68 (the Cystathionine
Beta-Synthase gene) 0% 100% 0% 100% 2.63% homozygote 97.37%

Table 5. Comparative analysis of thrombophilia-specific parameters (groups 1 and 2 contain 51
patients each, group 3 contains 76 patients).

Variables in Study Type of Test Obtained p Value Conclusion

Differences in age based on
the patient’s environment Mann–Whitney U-test

p < 0.001—group 1
The age is higher for the

patients who are living in
urban areas

p < 0.001—group 2

p < 0.001—group 3

LMWH dose (mL) for
smokers and nonsmokers

Mann–Whitney U-test

p = 0.048—group 1
Smokers have higher values

for LMWH doses in all groupsp = 0.046 —group 2

p = 0.038—group 3

D-dimers values in the third
trimester of pregnancy for
smokers and nonsmokers

Mann–Whitney U-test

p = 0.019—group 1
Smokers have higher values

of D-dimers in all groupsp = 0.023—group 2

p = 0.013—group 3
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Table 5. Cont.

Variables in Study Type of Test Obtained p Value Conclusion

Antithrombin values in the
third trimester of pregnancy
for smokers and nonsmokers

Mann–Whitney U-test

p = 0.009—group 1
Smokers have lower values of

antithrombin in all groupsp = 0.003 —group 2

p = 0.007—group 3

Thrombophilia type—the
impact in miscarriages Kruskal–Wallis test p < 0.001

The highest chance for a
miscarriage is in the case of

inherited thrombophilia

The antithrombin values
within the three groups Kruskal–Wallis test p = 0.045

The lowest values are in the
second group—acquired

thrombophilia

The D-dimers evolution
during the pregnancy

trimesters for all three groups
Friedman test

p < 0.001—group 1 The D-dimers values are
increasing significantly in all

three groups
p < 0.001—group 2

p < 0.001—group 3

Figure 4. The miscarriage risk, compared between our groups. A significant decrease can be observed
within the studied groups, and the lowest rate was reported in group 3 (p < 0.001, p value obtained
from Kruskal–Wallis’s test; groups 1 and 2 contain 51 patients each, group 3 contains 76 patients).
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Group 1, n = 51 
inherited thrombophilia 

Group 2, n = 51 
acquired thrombophilia 

Group 3, n = 76 
mixed thrombophilia 

Figure 5. The D-dimers evolution during pregnancy, based on the type of thrombophilia (groups 1, 2,
and 3—p < 0.001, p value obtained from the Friedman test).

4. Discussion

In our research, our results show that women diagnosed with thrombophilia are more
likely to suffer pregnancy losses. Studying thrombophilic conditions will help us develop
preventative strategies. This could be a new area of study for Romania’s western region
addressing women who have experienced previous miscarriages and could undergo a
national screening protocol. A wide variety of coagulation and genetic tests are required to
be performed, and their interpretations necessitate clinical knowledge. Therefore, women
ought to, at the very least, undergo genetic testing.

Analysis of the miscarriage risk shows that women who had a history of losses before
the current pregnancy were more likely to develop recurrent pregnancy loss (RPL) in the
absence of appropriate treatment, confirming similar observations of other groups [26].

A meta-analysis of 81 case–control studies conducted in 2021 summarized that the
risk of RPL may be greatly increased by the FVL mutation [27]; if the death was a stillbirth,
FVL and fetal loss were significantly linked [28]. We found the heterozygote form of this
mutation in 9.2% of our patients diagnosed with hereditary thrombophilia, and in 11.84%
diagnosed with the mixed type.

Considered to be a crucial regulator of the fibrinolytic system is PAI-1. Therefore, any
deviation from normal in this gene may impact hemostasis. Increased fibrin formation
is linked to the PA1-1 4G/5G and may disrupt placenta circulation and implantation,
potentially leading to pregnancy loss [20]. Pregnancy complications tested positive for the
prothrombin G20210A mutation in 57.9% of patients [29] with an additional increased risk
of early pregnancy loss and preterm placental abruption linked to the heterozygous GA
variation [29,30].

According to research carried out in 2018 [22], women who experienced several
miscarriages had a considerable increase in factor XIII V34L mutations.

Hyperhomocysteinemia is primarily caused by MTHFR gene polymorphism [31].
Dai et al. hypothesized that excessive homocysteine levels and the MTHFR 677CT and
1298AC genotypes together enhanced the aberrant lipid metabolism in RPL patients [31],
so this may be a further direction of research for the western part of Romania regarding
women with a history of miscarriages. We prescribed thrombolytics, namely Aspirin, to
women with antithrombin, protein C, or protein S deficiency, following recommendations
of a certain study in which aspirin enhances implantation and placentation and has va-
sodilatory effects through boosting prostacyclin production, according to multiple earlier
studies [32]. Aspirin may help endothelial dysfunction and appears to have a direct impact
on platelets [33].

Smoking is a risk factor manifested in all three groups by the aggravation of some
characteristic biological changes, such as the increase in D-dimers values in the last trimester
of pregnancy and the decrease in antithrombin values. We applied the Mann–Whitney
U-test to the thrombophilia-specific medical tests to see if smoking habit can influence
the parameter of thrombophilia-specific medical tests. We evaluated in groups a part of
it as well as the whole sample and we obtained significant results (p < 0.05) in the case
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of LMWH dose (ml) in all three groups (group 1, p = 0.048; group 2, p = 0.046; group 3,
p = 0.038); the values of smoker patients are significantly higher. We have significant
results (p < 0.05) in the case of D-dimers ng/mL in the third trimester of pregnancy in
all three groups (group 1, p = 0.019; group 2, p = 0.023; group 3, p = 0.013); the smoker
patients had higher values. Finally, significant results (p < 0.05) were obtained in the case
of antithrombin values in all our groups (group 1, p = 0.009; group 2, p = 0.003; group 3,
p = 0.007); the smoker patients in this case had significantly lower values. When we
analysed the antithrombin values within our groups, we obtained significant differences
(p = 0.045 < 0.05), the lowest values being registered in the second group—acquired
thrombophilia; in groups 1 and 3 we observed almost the same mean values.

Combining preventive dosages of LMWH and aspirin starting before the second
trimester of pregnancy has been shown to minimize the incidence of miscarriage in women
with genetic thrombophilia [34,35]. LMWH dose adjustments during pregnancy by an-
tifactor Xa activity levels were typical in this retrospective observational cohort analysis of
gravidas maintained on LMWH for prophylaxis or treatment of VTE. More frequent moni-
toring of antifactor Xa levels is recommended in pregnant patients for which a specified
target of antifactor Xa is aimed for [36,37].

Various studies [5,38,39] have suggested that certain thrombophilic variants are linked
to miscarriages. All of these matched the findings of our study.

5. Conclusions

From the point of view of the thrombophilia profile performed in the western part of
Romania, the mixed type of thrombophilia predominates. The particularities of pregnant
women diagnosed with thrombophilia are higher age, living in an urban environment, nor-
mal BMI, approximately 36 weeks of gestational period, and having at least one miscarriage.
Regarding the most frequent thrombophilic genetic markers, we obtained the MTFHR
gene mutation C677T and A1298C, followed by the PAI-1 4G/5G gene mutation. Another
important aspect was the impact of the smoking habit in thrombophilic pregnant women:
smoking represents an aggravating factor in the evolution of this pathology, manifested
through the increase of D-dimers and the decrease in antithrombin values, simultaneously
with the increase in therapeutic need.
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Appendix A

A raincloud plot was used in order to obtain a complete picture of data dynamics
(when we had to analyze the difference between two samples (e.g., environment, smoker),
the p value was obtained from the Mann–Whitney U-test; when we had to analyze the
differences between the studied groups, we applied the Kruskal–Wallis test).

183



Medicina 2023, 59, 851

Differences in age based on
the patient’s environment, a

significant decrease was
observed in the age of patients

coming from a rural
environment (p < 0.01).

LMWH dose (mL) for
smokers and nonsmokers—a
significantly higher value of

LMWH was registered in
smoking patients (p = 0.048).

D-dimers values in the third
trimester of pregnancy for

smokers and nonsmokers; a
significantly higher value was
registered in smoking patients

(p = 0.013).

Antithrombin values in the
third trimester of pregnancy

(smokers and nonsmokers). A
significant decrease was

observed in smoking patients
(p = 0.007).

Thrombophilia type—the
impact in miscarriages—a
significant decrease was

observed in the third group (p
< 0.001).

The antithrombin values
within the three groups. A

significantly lower
antithrombin value was

registered in the second group
(p = 0.045).
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Abstract: Thrombophilia is a genetic predisposition to hypercoagulable states caused by acquired
haemostasis conditions; pregnancy causes the haemostatic system to become hypercoagulable, which
grows throughout the pregnancy and peaks around delivery. Genetic testing for thrombophilic
gene mutations is evaluated using different methodologies of real-time polymerase chain reaction
and DNA microarrays of specific genes. Adapting the general care of the pregnant woman to the
particularities caused by thrombophilia is an important component, so screening is preferred to assess
the degree of genetic damage that manifests itself as a risk of thrombosis. The major goal of this
narrative review was to quantitatively evaluate the literature data on the specific care of pregnant
women with thrombophilia that are at risk of developing unplanned miscarriages.

Keywords: thrombophilia; pregnancy; genetic testing; screening; narrative review

1. Introduction

Thrombophilia [1,2] is defined as a predisposition for thrombosis, occurred as a result
to a genetic defect (hereditary); it may be diagnosed postnatally (acquired). Thrombosis
develops secondary to the alteration of one or more components of the haemostasis, which
includes coagulation factors, plasmatic proteins, blood flow, vascular surfaces and cellular
elements that finally lead to a hypercoagulable state. This results in arterial or venous
thrombosis. A reasonable approach of a patient with thrombosis starts with the attempt to
characterize the hypercoagulable condition as hereditary or acquired. Pregnancy modifies
the haemostatic system into a hypercoagulable condition, which is absolute around delivery.
Recurrent pregnancy loss (RPL) is described as two or more unplanned miscarriages,
which involves about 5% of women of reproductive age [3]. Novel studies indicate that
thrombophilia is one of the causes that leads to RPL [2,3]. Hereditary states develop due
to the presence of some mutations that change a gene that codifies a plasmatic protein
involved in the anticoagulant mechanism [4].

Hereditary thrombophilia represents one of the risk factors among reproductive dis-
orders. Thrombophilia expresses an important trend that finally leads to thrombosis [5].
The coagulation system may deviate to a thrombotic condition, which may be character-
ized as a thromboembolic pathology. This deviation is generated due to various factors,
mainly because of the coagulation factors and their synergy, but likewise, because of their
connection with blood components and other cells [5]. The possibility of getting diagnosed

Medicina 2022, 58, 692. https://doi.org/10.3390/medicina58050692 https://www.mdpi.com/journal/medicina
187



Medicina 2022, 58, 692

with thrombosis enhances with age, as a result of various factors, pregnancy being one of
them. Venous thromboembolism (VTE) is known as a pathology expressed by multiple
factors, being the ultimate clinical clue of genetic or acquired ones. A patient that may
develop thrombosis should be tested for thrombophilia, so a woman with a known pro-
thrombotic condition has to be evaluated as such [6]. Bates et al. confirmed in one of their
latest studies that 1.2 in every 1000 deliveries are complicated by VTE. The necessity to
consider both foetal and mother well-being makes diagnosis, prevention, and treatment of
pregnancy associated VTE particularly problematic. Current guidelines [6] deal with these
difficult challenges. Thrombophilia testing is frequently requested in clinical practice by
asymptomatic persons with a family history of VTE. The presence of thrombophilia is not
predicted by having a family history of VTE, but women who plan to become pregnant
may benefit from thrombophilia testing [7].

2. Aetiology of Thrombophilia

The phrase “thrombophilia” was first mentioned in 1937, when Nygaard and Brown
characterized unexpected occlusion of large arteries, sometimes with associated VTE, but
the familial habit of thromboembolic pathology was largely analysed by Jordan and Nan-
dorff in 1956 [5]. The research of hereditary thrombophilia began by studying families with
a known history of VTE [5]. Back in the 1900s, hereditary thrombophilia was considered to
be a rare genetic disorder. Specific tests for hereditary thrombophilia developed throughout
time [5]. The chance of a thrombotic episode to occur increases in the presence of several
risk factors like aging, immobilization, prolonged orthostatism, obesity, diet, smoking,
elevated oestrogen levels, birth control intakes (increases the chances of a VTE up to three
times), and last but not least, pregnancy and the postpartum period [4,5]. The relation
made among VTE and inherited thrombophilia was proved after performing case–control
studies (Figure 1) [5]. It was estimated that 50% of the thrombotic episodes may happen all
of a sudden, 30% are related to pregnancy and 20% are linked with surgery [5].

Figure 1. Progression of hereditary thrombophilia testing (information taken from [5]).

Friederich et al. confirmed in their research that if a venous thromboembolic episode
happens during pregnancy or within three months of childbirth, it is pregnancy related [8].
The incidence of VTE in pregnancy increases up to five times, with a rate of 0.76-1.72 out of
1000 pregnancies, but most thrombotic events occur mostly in the puerperal period [9].

When assessing the optimal prophylaxis, a patient diagnosed with thrombophilia
should be evaluated for the majority of risk factors, known as triggers for first or recurrent
thrombosis. Along these lines, when concluding the thrombotic profile of the patients,
genetic risk factors should be considered as well as acquired ones, considering that obesity,
trauma, acute medical conditions, surgery or malignancies are defined by increased levels
of procoagulant factors. In contrast, pregnancy is associated with decreased anticoagulant
factors levels [1].

Knowledge about the aetiology of VTE is improving as time goes by, but screening
for hereditary thrombophilia is most of the times not convenient, even though it should
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be noted that pregnant females have an undoubtedly elevated risk of developing VTE,
especially if they have affirmative family antecedents for VTE [5].

Particularities of the Hemostatic System in Pregnancy

The chances of bleeding and thromboembolic events are elevated during pregnancy.
The utero-placental entity is unique, and its most significant function is to maintain contact
between the maternal and foetal circulations, which is a necessity for foetal survival, so the
circulation must be developed and sustained [10].

In humans, foetal haemoglobin (HbF) represents almost 2% of the total haemoglobin
(Hb) in adults [10]. It is assumed that the physiological function of HbF enables the
transition of oxygen from maternal to foetal blood. The interchange of gases such as oxygen
and carbon dioxide as well as nutrients must be allowed at the boundary between the
maternal and foetal circulations, so, since bleeding and thrombotic activities may impair
this critical feature, the rehabilitation of the utero-placental circulation requires multiple
systems [10,11]. Coagulopathies in pregnancy, such as deep venous thrombosis (DVT)
and repeated pregnancy losses (RPL), may contribute to obstetric emergencies, but these
events might be obviated if women would be carefully observed for warning signs that
could suggest the need for testing to detect these undesired incidents [12]. Coagulopathies
could be predicted by basic laboratory studies, such as a global coagulation panel like
complete blood count (CBC), prothrombin time (PT), partial thromboplastin time (PTT)
and plasma fibrinogen. The placenta is a highly advanced pregnancy organ that facilitates
natural foetal growth and development [13]. Changes in the growth and function of
placentas’ have dramatic implications on the foetus and its capacity to deal with the
intrauterine habitat. In the existence of genetic thrombophilic mutations, considering
the number of studies supporting or not the link between hereditary thrombophilia and
pregnancy complications, it is impossible to determine the precise risk figures for serious
adverse effects [11]. Pregnancy is a prothrombotic condition, and prothrombotic events
are obvious as gestation advances. The development of sufficient placental circulation
is needed for a healthy pregnancy, and hereditary thrombophilia can be a risk factor for
placenta-mediated pregnancy adverse effects [12]. Gestation induces a 2 to 3-fold rise
in fibrinogen concentrations, as well as a 20% to 1000% raise in factors VII, VIII, IX, X,
and XII, all of which peak at delivery [14]. During normal pregnancy, blood coagulation
factor XIII, XII, X, VIII, von Willebrand factor, ristocetin cofactor, factor VII, and fibrinogen
increase dramatically, and the most pronounced improvements are observed in the third
trimester [10]. These modifications guard against potentially lethal haemorrhage during
pregnancy and through the third stage of gestation, but they also raise the likelihood of
maternal thromboembolism [10]. In 1000 patients, the incidence VTE is estimated to be
between 0.5 and 2.2. It is five times higher among pregnant women, with the highest risk of
thrombosis registered between week 6 and 12 after childbirth [15]. The increased levels of
oestrogen and progesterone during gestation lead to a hypercoagulable condition, resulting
in an upregulation of the clotting factors and a reduction in the levels of anticoagulants [15].

Inherited thrombophilia is assumed to be present in up to 50% of venous thrombotic
events that occur during gestation and puerperium, and is well-known that thrombosis
during pregnancy, as well as underlying thrombophilia, may have severe consequences
for both the mother and the foetus [15,16]. Biological hypercoagulability is a term used to
explain variations in blood coagulation and fibrinolysis which have a thrombotic aspect
during gestation, and increased fibrin turnover is a result of hypercoagulation. This is
demonstrated by increased concentrations of D-Dimers (D-D), the most susceptible marker
of secondary fibrinolytic activation [17].

3. Classification of Thrombophilias

Thrombophilia is divided in two main groups—inherited and acquired.
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3.1. Hereditary Thrombophilia

The inheritable thrombophilic states [18] may be subdivided in two parts: common,
respectively, major inherited thrombophilias [1]. Additionally, they may be classified
into two categories: in the first one, inhibitors of coagulation are decreased—deficiency
of coagulation inhibitor factor such as antithrombin III (AT III), protein C and protein
S deficiency; in the second category, coagulation factors are elevated—activated Protein
C resistance (APC), Factor V Leiden, prothrombin gene mutation, increased levels of
VIII, IX, XI factors, and dysfibrinogenemias. The first category is more predisposed to
thrombosis than the second one, which is more likely to be associated with the first event
of thrombosis [18].

Therefore, regarding inherited thrombophilia, the most common causes are the pro-
thrombin gene mutation G20210A and factor Leiden, concluding up to 70% of the diagnosed
inherited forms of thrombophilia. The less common but most severe triggers are the defects
of protein C and S and of antithrombin III [1,4,5,18].

3.2. Acquired Thrombophilia

Besides inherited thrombophilia, hypercoagulable conditions may also be generated
by acquired pathologies of the haemostasis. Acquired states can sustain a prothrombotic
condition due to increased procoagulant factors and decreased anticoagulants besides
other modifications of the haemostasis [1]. The major acquired pathologies linked to
thrombophilia are the following: hyperhomocysteinemia, antiphospholipid antibody syn-
drome (APS), elevated levels of procoagulant factors and reduced levels of anticoagulants.
Normally, these levels are balanced naturally, but they can be modified due to acquired
factors or because of aging [1,4]. APS is an immune mediated disorder, defined by obstet-
rical or thrombotic circumstances [1]. An obstetrical APS is represented by preeclampsia
(PE), recurrent miscarriages, foetal growth restriction (FGR), first trimester abortion (FTA),
mid-trimester abortion (MTA), placental abruption (PA) or intrauterine death [1,3], yet
a thrombotic APS is defined by venous or arterial thrombosis [1]. Antiphospholipids
antibodies [aPL] (primarily anticardiolipin) are responsible for setting the APS, together
with the detection of lupus anticoagulant [1,3]. The diagnosis of this immune mediated
disorder is confirmed if at least one of the clinical manifestations specified earlier is proven
and if aPL are described in more than two occasions.

Regarding the risk for thrombosis, it may be subdivided into high risk, moderate and
low risk thrombophilia; high risk thrombophilia includes antithrombin III, protein C and
protein S deficiency, moderate risk thrombophilia consists of factor V Leiden, prothrombin
gene mutation and factor VIII, and last but not least, low risk thrombophilia covers for
factor IX, factor XI and hyperhomocysteinemia [19].

3.3. Grading the Risk
3.3.1. High Risk Thrombophilia
Antithrombin III Deficiency (AT III)

AT III is one of the essential plasmatic inhibitors for the activated coagulation factors,
immediate aim being for sure thrombin [20]. Deficiency of AT III is established to be a risk
factor for venous thrombosis, considering that acquired deficiencies are more common,
but it may be fixed by administrating the proper anticoagulation regimen [20]. When
heterozygous mutations are detected in the AT gene, this may be followed by AT defects,
which are defined by decreased inhibition of factor Xa [1]. Measuring the level of AT III
should be performed before administrating the anticoagulation with heparins or with low
molecular weight heparins. It is established to increase the risk of thrombosis up to 50%.

Protein C and S Deficiencies

Protein C and S deficiencies, rare pathologies are described by a reduction in the activ-
ity of protein C, respectively S, [21,22]; protein C deficiency was identified by Mammen et al.
in 1960, yet Stenflo et al. named it the way we know it today. It is known to increase the
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risk of thrombosis up to 20%, unlike protein S, which increases this risk up to 10%. Thus,
hereditary deficiency of both protein C and S leads to an elevated thrombin production
and predilection to thrombosis [1].

3.3.2. Moderate Risk Thrombophilia
Activated Protein C Resistance and Factor V Leiden

Activated Protein C Resistance was described for the first time in the early 1990s by
Dahlback and Hildebrand [18]; they discovered an error regarding the anticoagulant re-
sponse while activating protein C (APC). APC resistance was demonstrated to be inherited
and linked with hereditary thrombophilia [23]. Factor V Leiden, a hereditary defect of
haemostasis, and also a low risk factor for thrombosis, linked with the possibility of de-
veloping first and recurrent venous thromboembolism, was included in various screening
programs. It is also associated with thrombosis, particularly in women known with other
risks factors, such as pregnancy, older age, oral contraceptive intakes, hyperhomocysteine-
mia, and deficiencies of protein C and protein S [18,24].

Prothrombin Gene Mutation (Factor II)

Prothrombin, or factor II, precursor of the thrombin [25], was first mentioned in 1996
by Poort et al. [18]; prothrombin G20210A mutation is known for the changing of the
guanine nucleotide (G) with the adenine nucleotide (A) in the 20210 position, and it affects
up to 6% of the population, increasing eventually the risk of thrombosis. Even though its
heterozygous posture is known as a low risk factor for developing associated VTE compli-
cations, this risk is increased during pregnancy [25]. Nevertheless, both oral contraceptives
intakes and pregnancy eventually develop an increased prothrombin activity [25].

Factor VIII

Patients with records of VTE have presented elevated levels of factors VIII, IX and
XI [18], although it is uncertain how increased levels of coagulation factors interfere with the
risk of thrombosis, but once the level of factor VIII increases, so does the risk of thrombosis
(up to 10%).

3.3.3. Low Risk Thrombophilia
Hyperhomocysteinemia

The demethylation of methionine forms the amino-acid-homocysteine [1]. Homocys-
teine is a commonly developing amino-acid [26]. Increased levels of homocysteine, called
hyperhomocysteinemia may result from all sorts of hereditary factors or from a diet poor
in folic acid and B vitamins. Elevated levels in pregnancy may end up with recurrent
pregnancy loss, but the presence of methylenetetrahydrofolate reductase gene (MTHFR)
in the absence of elevated levels of homocysteine is not linked with a significant risk of
thrombosis [1].

4. Thrombophilias and Complications in Pregnancy

Pregnancy is a state described as carrying a foetus within the female body that usually
ends through miscarriage or delivery [27]. Hereditary and acquired thrombophilias are
responsible for more than 50% of the thrombotic events diagnosed during pregnancy
and the postnatal period [28]. Along with birth and the postnatal period, haemostatic
problems may occur, which involve important complications regarding morbidity and
mortality for the mother and foetus as well [29]. Because pregnancy and the postnatal
period are well known risk factors for thrombosis, it is established that pregnant women
may develop venous thromboembolism in 50% of the cases. On the other hand, any
pregnant woman deals with physiological adjustments during pregnancy that end up
interfering with biochemical parameters. These adjustments lead to a hypercoagulable
condition, so the risk of venous thromboembolism affects 1 in 1600 births [30].
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Haemostasis is a vital equilibrium that includes the natural anticoagulation system,
fibrinolysis and procoagulants [31]. Normal pregnancy is linked with significant changes
in the haemostasis [31], so the procoagulants outcome end up being predominant. Seri-
ous pregnancy complications—preeclampsia (PE), recurrent miscarriages, fetal growth
restriction (FGR), first trimester abortion (FTA), mid-trimester abortion (MTA), placental
abruption (PA) or intrauterine death [3,32]—increase both maternal and foetal morbidity
and mortality [28]. Adequate uterine blood flow and normal placental evolution contribute
to a typical pregnancy outcome, which is related with significant changes in the coagu-
lation and anticoagulation process, and there is noticed an important boost towards the
coagulation factors—fibrinogen, prothrombin, VII, VII, X and XII [28].

On the other hand, in pregnancy, anticoagulant levels might increase lightly (tissue
factor pathway inhibitor -TF- the primary initiator of coagulation) [33]; they may also
remain stable (antithrombin III and protein C) or they may diminish unquestionably
(protein S).

Thrombophilia is known as a pathogenic factor for serious pregnancy complications.
Modifications of the procoagulants factors—mutant genes with great prevalence able to
increase the risk in developing thrombosis have been studied [28,30]: homozygous or
heterozygous mutation in the methylenetetrahydrofolate reductase gene (MTHFR) in the
C677T and A1298C positions, the homozygous or heterozygous mutation of the factor V
Leiden (FVL) gene in the G1691A position, homozygous or heterozygous mutation of the
prothrombin gene in the G20210A position (factor II) or the polymorphism of plasminogen
activator inhibitor-1 (PAI-1) 4G/4G mutations [28,30,34].

A favourable result of a pregnancy is related to normal placental formation [34].
Coagulation factor XIII has an important impact regarding its formation, since it is implied
in cross-linking fibrin and it is known to be affecting the fibrinolysis. For factor XIII, a
frequent polymorphism is connected with an early cross-link and a diminished perceptivity
to fibrinolysis. Therefore, factor XIII Val34Leu polymorphism may destroy fibrinolysis,
and might increase the general risk for RPL [34]. An equivalence between thrombosis,
pregnancy complications and thrombophilia persists to be studied [30].

4.1. Screening Options

Screening for thrombophilia does not interfere with the proper management prac-
ticed in pregnancy, recurrent pregnancy losses or infertility issues. A study conducted
by Ashraf in 2019 highlighted findings from 1995 to 2017 regarding the importance of
genetic thrombophilia testing, in patients that were susceptible of having hypercoagulable
conditions [35]. Thrombophilia screening is questionable [36]. Nowadays, laboratories
performing various sets of tests regarding the diagnosis of thrombophilia are developing
quickly [37]. Screening for hereditary thrombophilia was first mentioned in 1965, when a
family was diagnosed with a deficiency of the serine protease inhibitor antithrombin. Later,
a few irregularities have been linked with hereditary thrombophilia, and a vast set of tests
have been implemented by laboratories in order to identify patients with these irregulari-
ties. Testing for hereditary thrombophilia implies a wide variety of coagulation and genetic
tests [38], although testing is costly, and interpretations require clinical competence. Specific
tests for thrombophilia should not be performed during a thrombotic episode, because the
results may be influenced by a few factors, and yet the existence of inherited thrombophilia
does not interfere with the primary management of VTE. Screening for thrombophilia
involves an ample set of tests, that may include the following parameters: prothrombin
G20210A, factor V Leiden (FVL), factor V HR2, factor XIII V34L, plasminogen activator
inhibitor-1 4G/5G (PAI-1), methylene tetrahydrofolate reductase (MTHFR) C677T, MTHFR
A1298C, β-fibrinogen-455 G>A, apolipoprotein E (Apo E), angiotensin-converting enzyme
I/D, apolipoprotein B R3500Q [39]; measurements of protein C, protein S, antithrombin III
are also performed, as well as analysis of homocysteine levels [38], and last but not least,
tests to distinguish values of lupus anticoagulant, anticardiolipin antibodies and anti-beta 2
glicoprotein-I antibodies in order to confirm or infirm the presence of antiphospolipid syn-
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drome (APS) [37,40]. It is essential to be aware of the drugs taken at the time of testing—for
instance, while administrating low molecular weight heparin (LMWH), antithrombin levels
may decrease [38]. It is well known that screening for acquired conditions of thrombophilia
should be taken into consideration in all situations of thrombosis, although testing for
hereditary conditions is improbable to be always useful [41].

Therefore, when should specific tests be performed and who should be tested? In most
of the cases, where VTE is suspected and where trigger factors are obvious. Determining
proper conditions in order to initiate screening may be useful for the patient as soon as a
suitable treatment is prescribed.

Thrombophilic states should be studied in order to be able to take precautionary
measures such as: improved prophylaxis in case of pregnancy, avoidance of combined oral
contraceptive pill intake (OCP) or of hormonal therapy [41]. Inherited thrombophilia may
be associated with VTE in pregnancy, and it may lead to complications such as recurrent
pregnancy loss. Based on consensus expert opinion, a manuscript published in 2016 by
the Anticoagulation Forum provides practical clinical guidelines on the prevention and
specific treatment of obstetric-associated VTE [42].

Screening for thrombophilia in pregnancy is tempting and is widely used, because
it raises the occasion of prescribing antiplatelet drugs and anticoagulant therapy in order
to reduce the risks of thrombotic events. Thrombophilia, a disorder that finally leads
to thrombosis, is linked with an important risk of VTE, especially in women who are
prescribed OCP, hormonal therapy or who are pregnant. A few analysis performed over
the years have tried to set up the cost effectiveness of testing for thrombophilia. In a
study conducted by Wu et al. [43], it was established that performing routine screening for
thrombophilia in women before pregnancy it is not profitable, economically speaking [41].
This cost effectiveness study was carried out through UK National Health Services, in order
to establish the cost effectiveness of common and selective screening, regarding personal
or/and a family history of VTE in comparison with no testing for thrombophilia. The
unfavourable complications were linked with screening and no screening in the assumed
groups, so four screening theories were tested, as follows: screening 10.000 women in each
theory—prior OCP intake, at week 6 of pregnancy, prior prescribing hormonal therapy and
last but not least, prior surgeries [43]. The women from the pregnancy group, who were
tested positive for thrombophilia, in order to prevent RPL and VTE, would be prescribed
prophylaxis drugs. In the common testing, all the patients would be screened; still, in
the selective testing, only the patients known with a previous VTE or a family history
of thrombosis would be screened. Therefore, in an assumed model of 10,000 patients,
where the routine testing has not been performed, unfavourable complications would be
encountered in 7 women on OCP, 2921 pregnant ones, 104 patients prescribed hormonal
therapy and 1265 women subject to surgeries [43]. Regardless, thrombophilia screening
still remains questionable [36].

4.2. Clinical Evaluation

A clinical evaluation for thrombophilia should be performed for all of the patients
who had experienced an episode of VTE [44], or for women with a known personal
history of preeclampsia, recurrent miscarriages, foetal growth restriction, first trimester
abortion, mid-trimester abortion, placental abruption or intrauterine deaths [1,3]. The
evaluation starts with an accurate family and personal history for thrombosis, past clinical
antecedents, associated pathologies and interpretation of the existing risk factors. An
entire physical examination is recommended, paying increased concentration to skin,
lymphatic, peripheral arterial and venous, cardiorespiratory, abdominal, urinary and
neurological system.

VTE may be separated in idiopathic–unprovoked and secondary-provoked. Pro-
voked VTE is characterized by transitory–reversible, minor and major risk factors or by
irreversible–persistent ones; thrombophilic conditions should be evaluated in order to
improve prophylaxis in case of the existence of the following risk factors—non-provoking
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ones—age, sex, combined oral contraceptive pill intake (OCP) or of hormonal therapy, and
of provoking ones—pregnancy, long-distance-travel, trauma, surgery, immobilization or
cancer [42,44]. Distinction between forms of VTE influences the treatment judgment.

One in 1000 pregnancies is known with associated VTE, and the risk of thrombosis
is higher in the postpartum period [45,46]. The majority of the symptoms that may claim
deep venous thrombosis (DVT) like dyspnea, tachycardia, groin discomfort, unilateral
leg pain and swelling are known as physiological transformations in pregnancy, and
eventually most of the women presenting these changes will not develop DVT, but the
risk of pregnancy-associated-VTE is increased up to ten times in this category, unlike the
non-pregnant same age control-lot [45]. Women with a history of recurrent miscarriages
are investigated for thrombophilia in order to set the proper pregnancy-management [45].

4.3. Methodology and Patient Management

Inherited thrombophilias are associated with early pregnancy loss, taking into account
an important risk of VTE. This state continues to be a valuable cause of maternal morbidity
and mortality [47]. Pregnancy is known to have a five-fold increase in developing VTE,
this risk being multiplied up to twenty times during the postpartum period [48]. Due to
probable maternal and foetal complications, a proper therapeutic strategy during pregnancy
is quite demanding. Various therapeutic methods have been taken into consideration
regarding the management of pregnant women diagnosed with hereditary thrombophilia,
such as: anticoagulants, antiplatelets drugs and vitamins [6,42,49]. When choosing an ideal
treatment for a pregnant woman with inherited thrombophilia, additional risks must be
deliberated, regarding its efficacy and safety. Evidence and guidance are followed in order
to establish clinical decisions regarding duration of thrombolytics and anticoagulation
in pregnant women diagnosed with hereditary thrombophilia. The novel guidelines of
American Society of Hematology for the management of venous thromboembolism in the
context of pregnancy are improved from the ones followed in 2012 and in 2016 [6,42,50].

4.3.1. Anticoagulants during Pregnancy

When inherited thrombophilia is confirmed, antepartum prophylaxis should be ini-
tiated immediately, since the risk of VTE seems to develop early in pregnancy [49]. The
administration of anticoagulants during pregnancy is challenging, due to possible associ-
ated complications [47]. Likely side effects of maternal anticoagulant treatment may include
teratogenicity, bleeding, and recurrent pregnancy loss [47]. The anticoagulants of choice
are low-molecular-weight heparin (LMWH) and unfractionated heparin (UFH), owing the
ability of not crossing the placenta, being safe for the foetus [47]. Vitamin K antagonists,
warfarin for instance, crosses the placenta, being disclosed as potential causer for the
enumerated complications—for example, it may lead to the hypoplasia of the nasal bone, if
it is administrated between weeks 6 and 12 of pregnancy, or it may cause anomalies of the
central nervous system in any trimester [47]. In a study conducted in vitro in 2002 [49,51],
there was no trace of transplacental transfer of fondaparinux, which is a synthetic pentasac-
charide, an antithrombotic agent that selectively inhibit coagulation factor Xa. Even though
it has been described being a safe agent, it may cause foetal teratogenicity, so its usage is
mainly restrictive. LMWH known for their elevated bioavailability, have shorter polysac-
charide chains and lower molecular weights unlike UFH, with no need in performing
regular coagulation tests [52,53]. LMWH can be self-administrated, subcutaneously once
a day. If possible, checking out anti Xa levels and testing D-Dimers should be performed
monthly during a pregnancy, in order to prevent secondary complications [53,54]. As all
heparins, LMWH dosing is based on a patients’ weight, but administrating it in accordance
to anti Xa levels remains disputed [47]. The optimal therapeutic dose for prophylaxis is not
clear, and it has not been demonstrated if dose adaptation in order to maintain clear-cut
anti Xa levels increases prophylactic efficacy or safety [47]. On the other hand, UFH may
be linked with thrombocytopenia, osteoporosis and maternal bleeding, so LMWH are pre-
ferred for a long-term prophylaxis [53]. When extended anticoagulation is needed during
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pregnancy, maternal complications may occur as well. All anticoagulants are likely to cause
bleeding, allergic reactions or pain at the injection’s sites—but this should not lead to the
interruption of the treatment [52]. While hereditary thrombophilias are mostly linked with
an inclination to VTE, acquired forms are associated with both venous and arterial events.
APS represents an acquired form of thrombophilia, defined by the presence of antiphos-
pholipid antibodies (aPL), clinically characterized by arterial or venous thrombosis. This
is also associated with obstetric complications, the diagnosis being based on the Sydney
criteria: one clinical criteria (pregnancy morbidity or arterious or venous thrombosis) and
one laboratory criteria (high value of lupus anticoagulant, of anticardiolipin antibodies
IgM/IgG or of anti-beta 2 glicoprotein-I antibodies IgM/IgG) [40,49,54,55]. Although
antiphospolipid syndrome (APS) was first identified as an autoimmune thrombophilia,
we now know that additional mechanisms besides coagulation-mediated thrombosis play
a role in various clinical presentations; for example, complement activation may play a
role in placental damage, which can result in fetal loss [56]. Even though anticoagulants
and thrombolytics are the most administrated drugs in order to prevent pregnancy-related
complications in women diagnosed with hereditary thrombophilia (Table 1) [54], at the
time of delivery, the risk of haemorrhage may occur in anticoagulated women, but it can be
reduced with careful preparation (Table 2) [49].

Table 1. Preferred prophylaxis in order to prevent pregnancy-related complications in women
diagnosed with inherited thrombophilia—summary of recommendations (American College of
Chest Physicians).

Prevention of Pregnancy-Related
Complications

Recommendations

No previous VTE
HIGH RISK: homozygosity for the mutation of factor V Leiden or the
presence of prothrombin gene mutation
√

Absence of a family history of VTE: � antepartum clinical surveillance
� post-delivery prophylaxis up to 6 weeks

√
With a positive family history of VTE:

� antepartum prophylaxis

� post-delivery prophylaxis

LOW RISK: other forms of
thrombophilias√

Absence of a family history of VTE: � antepartum and post-delivery clinical surveillance

√
With a positive family history of VTE: � antepartum clinical surveillance

� post-delivery prophylaxis up to 6 weeks

Previous VTE
MODERATE AND HIGH RISK:

� antepartum prophylaxis

One or multiple episodes of VTE: � post-delivery prophylaxis up to 6 weeks

LOW RISK:
One episode of VTE, linked with a temporary risk factor, that is not
pregnancy-related:

� antepartum clinical surveillance

Information taken from [25,54,55].

Anticoagulants should be started postpartum as soon as proper haemostasis is estab-
lished [54]. LMWH can be initiated 12–24 h postpartum in deliveries without associated
complications. If warfarin is preferred to be used post-delivery, it may be initiated ex-
actly like LMWH. Not only warfarin, but also LMWH is safe for breastfeeding patients.
Postpartum prophylaxis is recommended for nearly six weeks, with prophylactic doses
of LMWH or UFH, with D-Dimers tested regularly [49,54]. Clinical trials evaluating oral
anticoagulants such as direct thrombin and anti Xa inhibitors, as well as apixaban agents,
excluded pregnant women from taking part in them, taking into account that potential
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foetal or maternal complications are not known, so the use of this kind of anticoagulants
should be avoided [55].

Table 2. Management at the time of labour.

Administrated Agents—
Should Be Interrupted 12–24 h Prior to

Elective Induction of Delivery

Recommendations
If Unplanned Delivery Happens,
Neuroaxial Anaesthesia Should

Not Be Performed

UFH � checking activated partial thromboplastin time and considering administrating
protamine sulphate in case it is prolonged to reduce the risk of bleeding.

LMWH
information taken from [49]

� checking out anti Xa levels and testing D-Dimers;
� in case of bleeding, protamine sulfate may offer limited neutralization;
� major bleeding—recombinant activated factor VII concentrate in case there is

lack of response to classic therapy;

4.3.2. Thrombolytics during Pregnancy

Antiplatelets drugs cross the placenta, and a few studies performed on animals showed
that thrombolytics may boost the risk of congenital abnormalities, but the information
obtained from studies performed on human subjects is contradictory [55,57]. However,
aspirin (acetylsalicylic acid) may be administrated in pregnancy for explicit indications,
considering that in the course of the second and of the third trimester of pregnancy, it has
not been associated with an increased risk of pregnancy loss. A meta-analysis conducted by
Kozer [57–59] found no significant risks regarding congenital abnormalities that were linked
with aspirin intake, among exposed infants, but it may lead to gastroschisis if taken during
the first trimester—five case–control reports confirmed this risk [60]. When questioning
if antiplatelets are appropriate to be prescribed in high risk pregnancies, probable risks
should be considered as well [57].

4.4. Prevention
Prevention for Adverse Pregnancy-Related Complications

Women who accomplish the APS syndrome criteria, and are also known with three or
more recurrent pregnancy losses, are advised to take antepartum prophylactic or interme-
diate dose of UFH, or prophylactic doses of LMWH associated with aspirin 75 mg up to
100 mg daily [55]. Nonetheless, the results obtained from one multicenter randomized trial,
which was based on the association of LMWH with low-dose aspirin, initiated before the
12th week of pregnancy, showed a reduction in early pregnancy losses in women diagnosed
with hereditary thrombophilia. Taken together, women known to have hereditary throm-
bophilia, treated with a combination of prophylactic doses of LMWH and aspirin, initiated
before the second trimester of gestation, have had a reduced risk of miscarriage [58].

Treatment choices are questionable. A conventional antithrombotic treatment option
for primary and secondary prophylaxis regarding thrombotic events during pregnancy
includes anticoagulation LMWHs. Pregnancy raises the risk of VTE, so pharmacological
prophylaxis is usually prescribed for women who have had a previous episode of VTE
during pregnancy [59]. Heparin and its subsidiaries may strive a helpful effect by limiting
gestational vascular complications [60]. Regarding thromboprophylaxis, it has been proven
that LMWHs and low dose aspirin (ASA) are really effective in pregnancy, with excellent
live birth rates.

4.5. Prognostic Outcomes

Predicting the risk of VTE continues to be challenging and although various efforts
have been accomplished in order to establish predictive-biomarkers, only D-dimers remain
the most used one [61]. Preeclampsia (PE) is one of the most frequent pregnancy complica-
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tions that leads to maternal morbidity and mortality globally, and it may be triggered by
genetic conditions such as thrombophilia [3,62].

5. Micro RNAs in Pregnancy

The study of micro RNAs (miRNAs) in thrombophilia seeks for a lot of debate. MicroR-
NAs are small, single-stranded endogenous RNAs that regulate the expression of different
target genes post-transcriptionally [63]. The first miRNA, lin-4, was discovered in 1993 as a
22-nucleotide non-coding RNA that controlled the timing of post embryonic development
in Caenorhabditis elegans by repressing lin-14 protein expression, and let-7, the second
miRNA discovered, was analysed in nematodes. Nowadays, there are known more than
one thousand human miRNAs, each likely regulating hundreds of target genes, and they act
as valuable gene regulators to regulate different physiological events, including placental
development [63].

During pregnancy, the placenta is a transient organ, acting as the junction between
maternal and foetal setting. Expanding evidence indicates that miRNAs are important
regulators of placental growth [64].

Research on prognosis is significant. More women are now living with hereditary
thrombophilia, and nowadays prognosis research seeks to understand and enhance future
outcomes, and it provides critical evidence to translate findings from laboratory to human,
and from clinical research to clinical practice [65].

In a study conducted in 2020 [66], there were families who had experiences with an
idiopathic thrombosis episode—except those with antithrombin deficiency or who have
a mutation in factor V Leiden, that volunteered to participate. Patients ceased treatment
with oral anticoagulants and antiplatelet medications (slightly 15 days before extraction)
as well as heparin medication prior to collection of blood samples (partly 24 h before).
This study that analyses the connection between miRNA production and VTE revealed
16 miRNAs of interest that were identified. Therefore, genetic and epigenetic studies are
needed to find biomarkers of thrombosis and to identify their clinical applications in the
discovery phase, and the internal validation phase showed four of those to be differentially
expressed in patients with VTE: hsa-miR-126-3p, hsa-miR-885-5p, hsa-miR-194-5p, and
hsamiR-192-5p [66].

Not only did the four validated miRNAs display a big association with VTE, but they
are also possible predictors of this pathology, therefore, four differentially expressed plasma
miRNAs are described in VTE [66].

It has been estimated that the rate of spontaneous pregnancy loss is 30%; the human
placenta has been shown to contain a significant number of miRNAs that are implicated
in its growth [67]; as in more, during the peri-implantation cycle, miRNAs control uterine
gene expression associated with inflammatory responses and participate in maternal–foetal
immune tolerance [67]. The correlation of aberrant miRNA expression with different
human diseases linked to reproductive conditions has been seen in various studies [62].

It is important to establish whether genetic polymorphisms display a correlation with
idiopathic recurring pregnancy loss in miRNA machinery genes.

High quality research is important in order to define pathways by which polymor-
phisms of miRNA machinery genes influence the production of RPL, considering these
wide potential uses of prognostic factors [67].

The majority of studies on birth cohorts utilizing miRNAs as biomarkers in pregnancy
have focused on determining the link between environmental contaminants and alterations
in the miRNA-ome in placental samples [68].

6. Conclusions

The main objective of the study was to quantitatively assess the literature data associ-
ated with the management of pregnant women with thrombophilia. An essential element
would be the rectification of the notion of thrombophilia and an appropriate preventive
activity instituted before pregnancy. Since in most cases the pregnant woman is exposed
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to coagulation disorders occurring during pregnancy, an equally important element is to
adapt the general management of the pregnant woman to the particularities generated by
thrombophilia. Thus, the following directions of approach to the management of pregnant
women with thrombophilia are outlined:

• In screening, the degree of genetic damage that manifests as thrombotic risk is assessed.
Depending on this, treatment with anticoagulant and antiaggregant drugs is tailor-
made for each patient.

• Following the high degree of risk amplified by the evolution of pregnancy, the fre-
quency of patient monitoring will be increased to avoid any thrombotic event that
could endanger pregnancy.

• Postpartum, antithrombotic prevention will be maintained, therapy being adapted to
the degree of risk associated with the severity of thrombophilia.

A future direction in the management of pregnant women with thrombophilia will
include mandatory microRNA profiling, which will be a useful tool in both diagnosis and
monitoring and prognosis.
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Abstract: Background and Objectives: Minimally invasive procedures, such as double-J ureteric stenting,
could be a promising therapeutic alternative to conservative management of obstructive urinary tract
pathology. We aimed to evaluate the safety and effectiveness of double-J ureteric stenting in pregnant
women with ureterohydronephrosis or urolithiasis, along with their infectious complications, and
to assess the pregnancy outcomes of this cohort of patients in comparison with a control group.
Materials and Methods: This observational retrospective study included 52 pregnant patients who
underwent double-J ureteric stenting for urologic disorders in the Urology Department of ‘C.I. Parhon’
University Hospital, and who were followed up at a tertiary maternity hospital- ‘Cuza-Voda’, Iasi,
Romania. The control group (63 patients) was randomly selected from the patient’s cohort who
gave birth in the same time frame at the maternity hospital, without urinary pathology. Clinical,
sonographic, and laboratory variables were examined. Descriptive statistics, non-parametric tests,
and a one-to-one propensity score-matched analysis were used to analyze our data. Results: The
univariate analysis indicated a significant statistical difference between the control group and the
interventional group regarding maternal age (p = 0.018), previous maternal history of renal colic
(p = 0.005) or nephrolithiasis (p = 0.002). After applying the propensity score-matched analysis,
cesarean delivery rates (p < 0.001), preterm labour (p = 0.039), premature rupture of membranes
(p = 0.026), preterm birth rates (p = 0.002), and post-partum UTI rates (p = 0.012) were significantly
different between the control group and the matched treatment group. Ureterohydronephrosis,
whether simple (n = 37; 71.2%) or infected (n = 13; 25%), was the main indication for double-J ureteric
stenting. Complications such as pain (n = 21; 40.3%), stent migration (n = 3; 5.76%) or encrustation
(n = 2; 3.84%), as well as reflux pyelonephritis (n = 2; 3.84%) and gross hematuria (n = 1; 1.92%) were
recorded during follow-up. Conclusions: Our results show that double-J stenting is a safe and effective
treatment option for pregnant patients with obstructive urological disorders.

Keywords: double-J stent; ureterohydronephrosis; urolithiasis; pyelonephritis; urosepsis; pregnancy

1. Introduction

Ureterohydronephrosis (UHN) is a common maternal adaptation to pregnancy, affect-
ing more than 40% of pregnancies, and is more prevalent in the third trimester [1]. The
anatomical changes of the pyelocaliceal system are predominantly encountered in the right
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side, due to the anatomical relationship of the ureter with iliac and ovarian vessels [2].
Ureterohydronephrosis, along with hormonal and immune changes, predispose pregnant
women to infectious complications that range between simple urinary tract infections to
urosepsis [3].

Urolithiasis (UL) development during pregnancy is supported by systemic, nephro-
logical and mechanical changes [4], and is associated with important adverse pregnancy
outcomes such as preterm birth, preeclampsia or gestational hypertension [5]. If left un-
treated, obstructive uropathy can lead to urosepsis and renal failure, which could ultimately
result in preterm birth, abruptio placentae, stillbirth, or maternal mortality [6–8].

Prenatal management of urinary tract pathology is based on correct diagnosis and
individualized treatment. Ultrasonography (USG), magnetic resonance imaging (MRI),
complete blood count (CBC), inflammatory markers (C-reactive protein—CRP), renal
function tests, urinary analysis, and urine culture are useful diagnostic tools for detection
of urinary tract disorders during pregnancy [5,9,10].

Individualized treatment of urinary pathology during pregnancy consists of a con-
servative (hydration, analgesia, and/or antibiotic treatment) and a surgical approach.
The surgical approach is mainly represented by ureteric stent insertion, percutaneous
nephrostomy (PCN) and ureteroscopic extraction of the calculus [11–13].

Ureteric stenting is a minimally invasive procedure with a good safety profile during
pregnancy that can be used for drainage of the obstructed and/or infected urinary system
in patients with symptoms refractory to conservative approaches and/or changes in renal
function, pain visual analogue score, obstruction or hydronephrosis grading [14]. The pro-
cedure can be easily performed in the lithotomy position, without general anaesthesia [15].

The aim of this study was to evaluate the safety and effectiveness of double-J ureteric
stenting in pregnant women with ureterohydronephrosis and renal obstruction due to
calculi or physiological obstruction, along with their infectious complications, and to assess
the pregnancy outcomes of this cohort of patients in comparison with a control group.

2. Materials and Methods

We conducted an observational retrospective study of all pregnant patients who under-
went double-J ureteric stenting for urologic disorders (ureterohydronephrosis, urolithiasis,
and their infectious complications) in the Urology Department of ‘C.I. Parhon’ University
Hospital, Iasi, Romania, between January 2014 and December 2020. All patients were
followed up at a tertiary maternity hospital- ‘Cuza-Voda’, Iasi, Romania. The control group
was randomly selected from the patient’s cohort who gave birth in the same time frame at
the maternity hospital, without urinary tract pathology.

Ethical approval for this study was obtained from the Institutional Ethics Committees
of ‘Cuza-Voda’ Maternity Hospital (No. 2871/05.03.2022) and ‘C.I. Parhon’ University
Hospital (No. 1808/04.03.2022). Informed consent was obtained from all participants
included in the study. All methods were carried out in accordance with relevant guidelines
and regulations.

Medical records of patients were systematically reviewed and data obtained. Exclu-
sion criteria comprised patients who had multiple pregnancies, ectopic pregnancies, first
and second trimester abortions, fetal intrauterine demise, fetuses with chromosomal or
structural abnormalities, intrauterine infection, incomplete medical records, incorrect/lack
of first trimester sonographic pregnancy dating or who were unable to offer informed
consent due to various reasons (age less than 18 years old, intellectual deficits, psychiatric
disorders, etc.).

A total of 284 pregnant women with urological disorders were admitted at ‘C.I. Parhon’
University Hospital during our study period. Pregnant patients who underwent double-J
ureteric stenting were evaluated, and 52 patients were included in our study. The fol-
lowing variables were recorded: demographic data, the patient’s medical history, renal
clinical manifestations (febrile syndrome and renal colic) laboratory parameters (CBC,
CRP, urinalysis and urine culture), indications for double-J ureteric stenting, duration of
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the procedure and hospitalization, associated medical treatment, type of complications,
and pregnancy outcomes (type of birth, newborn’s gender, Apgar score, preterm labour,
premature rupture of membranes, preterm birth, fetal growth restriction, preeclampsia,
neonatal intensive care unit (NICU) admission, fetal death, and post-partum UTI). The
Apgar score, developed by Dr. Virginia Apgar, was used to assess the status of infants after
delivery [16]. It comprises 5 components: (1) color; (2) heart rate; (3) reflexes; (4) muscle
tone; and (5) respiration [17]. Each of these components is given a score of 0, 1, or 2. An
Apgar score less than 7 indicated the need for special neonatal care, while a score between
7 and 10 was considered reassuring.

All pregnancies were dated by an experienced obstetrician with an early ultrasound
scan using an E8/E10 (General Electric Healthcare, Zipf, Austria) scanner with a 4.8 MHz
transabdominal probe (GE Medical Systems, Milwaukee, WI) between 10 + 0 to 13 + 6 weeks
to determine gestational age by measuring the crown-rump length (CRL) [18].

Ultrasound evaluation was also performed by experienced urologists for diagnostic
purposes using Siemens ACUSON ×300 or ACUSON REDWOOD (Siemens Healthcare,
Erlangen, Germany, gmbH) scanners, with a 3.5 MHz transabdominal probe. At ultrasound
evaluation, we could only assess calculi in the pyelocaliceal system, lumbar and pelvic
ureter. The patients presenting with UHN without an ultrasound objectification of a calculi
were considered as no-lithiasis patients.

UHN grading, adapted after the Society for Fetal Urology (SFU) system, was consid-
ered as follows: (a) grade I: minimal changes in urinary stasis; (b) grade II: slight dilation of
the renal pelvis involving major calyces; (c) grade III: moderate dilation of the renal pelvis
involving major and minor calyces; (d) stage IV: severe dilation with compression on the
renal parenchyma [19,20].

In the presence or absence of cystitis symptoms, flank pain, nausea/vomiting, temper-
ature (>38 ◦C), and/or costovertebral angle tenderness were used as diagnostic criteria for
acute pyelonephritis [21] More than 105 colony-forming units (CFU)/mL was considered a
positive urine culture.

Urosepsis was diagnosed in patients meeting two or more of the following criteria
according to the quick sepsis-related organ failure assessment (qSOFA): (1) respiratory
rate of ≥22 breaths/min; (2) altered consciousness (Glasgow Coma Scale score of <13);
(3) systolic blood pressure of ≤100 mmHg [22].

The ureter was stented under local anaesthesia, using pregnancy-approved antibiotic
prophylaxis. The procedure was conducted using an Olympus rigid cystoscope, 21CH.
A 6, 7 or 8CH, 26, 28 cm length, JJ ureteric stent (MEDpro Medical B.V., Fernendal, The
Netherlands) was inserted retrogradely over a guidewire. The ureteric stent’s location was
confirmed by observing the stent markings and distal coiling, as well as intraoperative
sonographic stent placement inside the pyelocaliceal system. During the procedure, no
fluoroscopy was employed.

When the symptomatology subsided or the urosepsis cleared, the patients were dis-
charged. All recommended antibiotic regimens followed the European Association of
Urology guidelines [23].

Statistical analysis was performed using SPSS software (version 28.0.1, IBM Corp,
Armonk, NY, USA). Each variable was evaluated with chi-squared and Fisher’s exact tests
for categorical variables, and T-tests for continuous variables. One-to-one propensity score-
matched analysis was performed using Stata SE (version 15, StataCorp LLC), considering
demographic characteristics as treatment independent variables, and comparing pregnancy
outcomes (type of birth, preterm labour, premature rupture of membranes, preterm birth,
neonatal intensive care unit admission rates, and post-partum UTI rates) between the
control group (without double-J stent) and treatment group (with double-J stent). A p value
less than 0.05 was considered statistically significant.

203



Medicina 2022, 58, 619

3. Results

A total of 52 pregnant patients who underwent double-J ureteric stenting were in-
cluded in our study. A group of 63 patients, who gave birth at ‘Cuza Voda’ Hospital,
without urological illnesses and interventions during pregnancy served as our control
group. The demographic characteristics, comorbidities, and pregnancy outcomes of cases
and controls are presented in Table 1.

Table 1. Demographic characteristics, comorbidities, and pregnancy outcomes of the evaluated groups.

Variable Without Double-J Stent (63 Patients) With Double-J Stent (52 Patients) p Value

Demographic
characteristics

Age 28.7 ± 5.75 26.12 ± 5.74 0.018
Number of gestations 2.25 ± 1.45 2.40 ± 2.13 0.65
Parity 1.87 ± 1.28 2.02 ± 1.87 0.62

Comorbidities

Previous cesarean
section

No 53 (46.1%)
Yes 10 (8.7%)

No 44 (38.3%)
Yes 8 (7%) 0.94

Placenta praevia No 58 (50.4%)
Yes 5 (4.3%)

No 48 (41.7%)
Yes 4 (3.5%) 0.96

Gestational
hypertension

No 57 (49.6%)
Yes 6 (5.2%)

No 50 (43.5%)
Yes 2 (1.7%) 0.23

Preeclampsia No 62 (53.9%)
Yes 1 (0.8%)

No 49 (42.6%)
Yes 3 (2.6%) 0.22

Previous renal colic No 61 (53%)
Yes 2 (1.7%)

No 42 (36.5%)
Yes 10 (8.6%) 0.005

Previous
nephrolithiasis

No 62 (53.9%)
Yes 1 (0.8%)

No 43 (37.3%)
Yes 9 (7.8%) 0.002

In vitro fertilization No 62 (53.9%)
Yes 1 (0.9%)

No 51 (44.3%)
Yes 1 (0.9%) 0.89

Pregnancy
outcomes

Type of birth Cesarean 28 (24.3%)
Vaginal 35 (30.4%)

Cesarean 40 (34.8%)
Vaginal 12 (10.4%) <0.001

Newborn’s gender Female 31 (27%)
Male 32 (27.8%)

Female 26 (22.6%)
Male 26 (22.6%) 0.93

Apgar score 8.73 ± 1.24 8.02 ± 1.56 0.007

Preterm labour No 54 (46.9%)
Yes 9 (7.8%)

No 36 (31.3%)
Yes 16 (13.9%) 0.03

Premature rupture
of membranes

No 62 (53%)
Yes 1 (1.7%)

No 44 (33%)
Yes 8 (12.1%) 0.006

Preterm birth No 61 (53%)
Yes 2 (1.7%)

No 38 (33%)
Yes 14 (12.1%) 0.002

Fetal growth
restriction

No 61 (53%)
Yes 2 (1.7%)

No 47 (40.8%)
Yes 5 (4.3%) 0.15

Preeclampsia No 62 (53.9%)
Yes 1 (0.9%)

No 51 (44.3%)
Yes 1 (0.9%) 0.89

NICU admission No 59 (51.3%)
Yes 4 (3.4%)

No 42 (36.5%)
Yes 10 (8.6%) 0.03

Fetal death 0 (0%)

Post-partum UTI No 61 (53%)
Yes 2 (1.7%)

No 40 (34.8%)
Yes 12 (10.4%) <0.001

Our data indicated a significant statistical difference between the control group and the
interventional group regarding maternal age (p = 0.018), previous maternal history of renal
colic (p = 0.005) or nephrolithiasis (p = 0.002), type of birth (p < 0.001), newborn’s Apgar
score at 5 min (p = 0.007), preterm labour rates (p = 0.03), premature rupture of membranes
(p = 0.006), preterm birth (p = 0.002), neonatal intensive care unit (NICU) admission rates
(p = 0.03), and post-partum UTI rates (p < 0.001).

After applying the one-to-one propensity score-matched analysis, only cesarean deliv-
ery rates (p < 0.001), preterm labour (p = 0.039), premature rupture of membranes (p = 0.026),
preterm birth rates (p = 0.002), and post-partum UTI rates (p = 0.012) were significantly
different between the control group and the matched treatment group (Table 2).
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Table 2. Results from the propensity score match analysis.

Outcome Robust Standard Error (RSE) Coefficient
95% Confidence Interval

p Value
Lower Limit Upper Limit

Type of birth (cesarean) 0.089 0.362 0.186 0.538 <0.001

Preterm labour 0.091 0.160 −0.018 0.340 0.039

Premature rupture of membranes 0.055 0.105 −0.002 0.214 0.026

Preterm birth 0.075 0.236 0.087 0.384 0.002

Fetal growth restriction 0.050 0.056 −0.041 0.15 0.26

Preeclampsia 0.018 −0.008 −0.044 0.027 0.63

NICU admission 0.064 0.086 −0.039 0.213 0.17

Post-partum UTI 0.066 0.166 0.036 0.296 0.012

The most frequent pathogens responsible for post-partum UTI were Escherichia coli
(interventional vs. control groups, 3:1 cases), Klebsiella spp. (interventional vs. control
groups, 3:1 cases), Enterococcus spp. (interventional vs. control groups, 3:0 cases), followed
by Enterobacter spp. (interventional vs. control groups, 1:0 cases) and Staphylococcus spp.
(interventional vs. control groups, 1:0 cases). These UTI were treated with Amoxicillin-
clavulanic acid 1 g b.i.d or Cefuroxime 1.5 g b.i.d in the post-partum period for 10–14 days.

A total of 52 pregnant patients underwent double-J ureteric stenting in the Urology De-
partment. The mean gestational age at the moment of the procedure was 23.21 ± 7.11 weeks
(Table 3). The majority of the procedures were performed in the second trimester (n = 29,
55.8%), and only five procedures were performed in the first trimester of pregnancy.

The mean values and standard deviations (SDs) of pre-procedural leukocytosis and
serum CRP were 15,345.23 ± 2340.4/mm3 and 123.32 ± 46 mg/L, respectively. We observed
a significant reduction in the post-procedural leukocytosis (8650.8 ± 1890.3/mm3), but
we did not evaluate the post-procedural CRP levels due to a slower resolution of the
inflammatory syndrome.

The main pathogens that determined urinary tract infection were Escherichia coli
(n = 19; 36.5%), Klebsiella spp. (n = 5; 9.61%), Enterococcus spp. (n = 4; 7.6%), followed by
Serratia spp. (n = 2; 3.8%) and Staphylococcus spp. (n = 1; 1.92%). Only 4 cases (7.6%)
had UTIs resulting from multidrug resistant Escherichia coli, and all of them developed a
septic condition.

Antibioprophilaxis, consisting of Ceftriaxone 2 g b.i.d, was administered before proce-
dure, and was continued for 14 days, if the urinary infection was confirmed by a positive
culture of urine. Pyelonephritis in pregnancy was treated with either intravenous Amoxi-
cillin Amoxicillin 1 g q.d.s plus Gentamicin 5 mg/kg/day for 14 days or Ceftriaxone 2 g
b.i.d. Urosepsis cases were evaluated in the intensive care unit, and received Ceftriaxone
2 g b.i.d, Piperacillin/tazobactam 4.5 g t.i.d or Meropenem 1 g t.i.d (for multiresistant
bacteria), along with supportive treatment.

Ureterohydronephrosis, whether simple (n = 37; 71.2%) or infected (n = 13; 25%), was
the main indication for double-J ureteric stenting in our cohort of patients. The right side
was the most affected, and bilateral occurrence of the simple UHN was encountered in
three cases (5.8%), while bilateral infected UHN manifested in two cases. (3.8%)

The mean duration of the procedure was 28.32 ± 13.4 min. Double-J ureteric stent
insertion was performed in 46 cases (88.4%), while in six cases (11.6%) double-J stents were
replaced because they were in place for at least 6 weeks. We used only local anesthesia
for performing these procedures. The mean duration of the hospitalization in the Urology
Department was 5.19 ± 1.98 days.

205



Medicina 2022, 58, 619

Table 3. Summary of double-J ureteric stenting.

Variable Mean (±SD) or n (%)

Timing of the procedure (weeks of
gestation/trimester of pregnancy)

Mean (SD) 23.21 ± 7.11
First trimester 5 (9.6%)
Second trimester 29 (55.8%)
Third trimester 18 (34.6%)

Leukocytosis Pre-procedure 15,345.23 ± 2340.4/mm3

Post-procedure 8650.8 ± 1890.3/mm3

CRP Pre-procedure 123.32 ± 46 mg/l

Urinalysis and urine culture

Leukocyturia 31 (59.6%)
Escherichia coli 19 (36.5%)
Klebsiella spp. 5 (9.61%)
Enterococcus spp. 4 (7.6%)
Serratia spp. 2 (3.8%)
Staphylococcus spp. 1 (1.92%)

Indications for double-J stenting

Simple UHN 37 (71.2%)
Simple UHN location:

• Left 11 (21.2%)
• Right 23 (44.2%)
• Bilateral 3 (5.8%)

Infected UHN 13 (25%)
Infected UHN location:

• Left 1 (1.9%)
• Right 10 (19.2%)
• Bilateral 2 (3.8%)

UHN grade 1.67 ± 0.51
Urolithiasis 14 (26.9%)
Urolithiasis location:

• Left 5 (9.6%)
• Right 8 (15.4%)
• Bilateral 1 (1.9%)

Urosepsis 15 (28.8%)
Pyelonephritis 3 (5.7%)
Pyelonephritis location:

• Left 1 (1.9%)
• Right 2 (3.8%)

Types of interventions Double-J ureteric stent insertion n = 46 (88.4%)
Double-J ureteric stent replacement n = 6 (11.6%)

Associated procedures Retrograde ureteroscopy with lithotripsy 1 (1.92%)
Endoscopic lithotripsy 1 (1.92%)

Complications

Pain/ urinary discomfort 21 (40.3%)
Stent migration 3 (5.76%)
Stent encrustation 2 (3.84%)
Reflux pyelonephritis 2 (3.84%)
Gross hematuria 1 (1.92%)

Duration of hospitalization 5.19 ± 1.98 days

Duration of the procedure 28.32 ± 13.4 min

In two cases, additional procedures were required. In one case, retrograde ureteroscopy
with lithotripsy (n = 1; 1.92%) was performed for a pelvic ureteral calculus, followed by
double-J stent insertion. Because a wire could not be passed through the cystoscope and
the obstructive calculus was smaller than 10 mm in diameter, we performed retrograde
ureteroscopy with lithotripsy. In another case, due to significant calcification of the distal
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end of the double- stent, endoscopic lithotripsy (n = 1; 1.92%) was performed in order to
retrieve the stent for replacement. Intravenous general anesthesia without oro-tracheal
intubation was performed in these two cases.

A total of 21 patients (40.3%) reported pain or urinary discomfort after the proce-
dure, and we administered intravenous Acetaminophen 1 g b.i.d, Metamizole 1 g b.i.d
or Drotaverine hydrochloride 40 mg b.i.d. Stent migration (n = 3; 5.76%) or encrustation
(n = 2; 3.84%), as well as reflux pyelonephritis (n = 2; 3.84%) and gross hematuria (n = 1;
1.92%) were other complications recorded during follow-up. No maternal or fetal death
was recorded following the procedure.

4. Discussion

In this retrospective study, we assessed the safety and effectiveness of double-J ureteric
stenting in pregnant women with ureterohydronephrosis, renal obstruction due to calculi
or physiological ureteral obstruction, and their infectious complications, as well as the
pregnancy outcomes of this cohort of patients in comparison with a control group.

Our results showed that the double-J stenting is a safe and effective treatment option
for pregnant patients. Most of the procedures were performed during the second trimester.
It was reported that double-J ureteric stenting can be difficult in the third trimester due to
the tortuosity of the ureter [24]. However, we did not confirm this aspect because all our
patients had successful stenting, regardless of the trimester of pregnancy.

The main indication for these procedures was UHN, simple (71.2%) or complicated
with infection (25%). Right ureterohydronephrosis was the most frequently encountered in
our cohort of patients. This aspect can be explained by the dextrorotation of the uterus dur-
ing pregnancy with subsequent vascular compression, and by the anatomical relationship
of the ureter with iliac and ovarian vessels [25,26]. All patients had complete resolution of
the hydronephrosis on follow-up renal ultrasound and regression of hydronephrosis and
urinary symptoms after ureteral stenting.

Escherichia coli, Klebsiella spp., and Enterococcus spp. were the main determinants of
infectious complications in our cohort of patients. This bacterial spectrum corresponds
to the pathogenic microorganisms associated with UTI in pregnancy [27–29]. All patients
underwent antibioprophilaxis with a third-generation cephalosporin, Ceftriaxone, which
was continued for 14 days if an UTI was confirmed by urine culture.

Complicated UTIs such as pyelonephritis were treated with either a combination of
intravenous Amoxicillin plus Gentamicin or Ceftriaxone for two weeks. The use of an
aminoglycoside was considered after weighting the risks and benefits of this drug during
pregnancy, and all patients agreed with its administration after a proper counseling. Current
literature data, although limited, does not support an association between Gentamicin use
and increased risk of birth defects or audiologic deficits [30–32].

In the case of urosepsis, supplementary antibiotic options included Piperacillin/tazobactam
and Meropenem along with supportive treatment, as recommended by current guide-
lines [23,33]. Meropenem was reserved for the treatment of severe infections caused by
extended-spectrum β-lactamases (ESBL) positive Escherichia coli.

The mean duration of the procedure was 28.32 ± 13.4 min. Unilateral placement of
the double-J ureteric stent was performed in the majority of cases (n = 46; 88.4%), and in
12 cases (23%) double-J stents were replaced because they were in place for at least 6 weeks.
The mean duration of the hospitalization was 5.19 ± 1.98 days. We must emphasize
that all procedures of double-J insertion were made in an emergency regime due to the
known fact that lumbar pain secondary to physiologic ureteral obstruction, symptomatic
lithiasis, and ascending urinary infections carry a higher risk for poor maternal and fetal
outcomes [34–36]. We preferred to rapidly solve the urinary stasis and avoid the prolonged
conservative approach reported in other studies [37–39]. Furthermore, we postponed
ureteroscopy or percutaneous nephrolithotomy until after birth.

In two cases, additional procedures were required. Retrograde ureteroscopy with
lithotripsy was performed for a pelvic ureteral calculus, followed by double-J stent insertion.
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Due to significant calcification of the distal end of the double-J stent, endoscopic lithotripsy
was performed for another case in order to retrieve the stent for replacement. In our study,
we replaced 12 double-J stents that were placed for more than 6 weeks. It has been reported
that if a double-J stent is indwelled for 6 weeks, 6–12 weeks, or greater than 12 weeks, the
rates of stent encrustation are 9.2 percent, 47.5 percent, and 76.3 percent, respectively [40].
The general opinion is that within 6 weeks to 6 months, the stent should be replaced or
removed [40–42]. After birth, the stents were removed, and we performed a urography to
identify calculi.

In our cohort of patients, the complication rates were low, and no fetal or mater-
nal morbidity was recorded. Similar rates of stent migration, stent encrustation, reflux
pyelonephritis, and hematuria were reported in other series of pregnant patients [15,43].

As for pregnancy outcomes, it appeared that the cesarean rate was significantly higher
in the interventional group compared to the control group (34.8% vs. 24.3%), and the Apgar
score at birth appeared to be significantly lower in the interventional group (8.02 ± 1.56 vs.
8.73 ± 1.24).

Preterm labour, as well as premature rupture of membrane rates, were significantly
higher in the interventional group. Tocolysis included calcium channel blockers (Nifedip-
ine), magnesium sulphate (also used for neuroprotection) or betamimetics (Hexoprenaline).
The results from the univariate analysis showed that preterm birth rates, as well as NICU
admission rates, were significantly higher in the interventional group. However, the
propensity score match analysis did not support the higher NICU admission rates in the
control group. No neonatal death was recorded. Similar findings were outlined in pregnant
patients with a urologic pathology [44,45].

Postpartum UTIs were more frequently encountered in the interventional group, and
the bacterial spectrum responsible for postpartum UTIs was similar to that described in
the pre-procedural urine culture, with Escherichia coli, Klebsiella spp., and Enterococcus spp.
being the most prevalent. The higher risk of postpartum urinary infection can be explained
by the presence of double-J stents, which increase this risk, and by low patient compliance,
persistent infections, or reinfections.

The main limitation of our study was that we could not include the majority of
pregnant patients operated on at ‘Parhon Hospital’ during the selected period due to the
lack of data about obstetrical outcomes. Other limitations included the retrospective and
unicentric study design. A greater cohort of patients recruited from multiple centers would
allow a more comprehensive picture of the issue.

5. Conclusions

In this study, we provided consistent data that support our approach of urologic
emergencies during pregnancy. Double-J stenting is a safe and effective procedure that can
be easily performed throughout pregnancy using only local anesthesia.

Further research is needed to evaluate larger cohorts of patients with various poor
obstetrical outcomes possibly associated with the double-J ureteric stenting procedure.
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Abstract: Background and Objectives: The prevalence of gestational diabetes mellitus (GDM) signif-
icantly varies across different ethnic groups. In particular, Africans, Latinos, Asians and Pacific
Islanders are the ethnic groups with the highest risk of GDM. The aim of this study was to evaluate
the impact of ethnicity on pregnancy outcomes in GDM. Patients and Methods: n = 399 patients with
GDM were enrolled, n = 76 patients of high-risk ethnicity (HR-GDM), and n = 323 of low-risk ethnicity
(LR-GDM). Clinical and biochemical parameters were collected during pregnancy until delivery.
Fetal and maternal short-term outcomes were evaluated. Results: HR-GDM had significantly higher
values of glycosylated hemoglobin checked at 26–29 weeks of gestation (p < 0.001). Gestational
age at delivery was significantly lower in HR-GDM (p = 0.03). The prevalence of impaired fetal
growth was significantly higher in HR-GDM than LR-GDM (p = 0.009). In logistic regression analy-
sis, the likelihood of impaired fetal growth was seven times higher in HR-GDM than in LR-GDM,
after adjustment for pre-pregnancy BMI and gestational weight gain (OR = 7.1 [2.0–25.7] 95% CI,
p = 0.003). Conclusions: HR-GDM had worse pregnancy outcomes compared with LR-GDM. An
ethnicity-tailored clinical approach might be effective in reducing adverse outcomes in GDM.

Keywords: gestational diabetes mellitus; GDM; race; ethnicity; pregnancy; pregnancy outcomes;
pregnancy complications; large for gestational age

1. Introduction

Gestational diabetes mellitus (GDM) refers to “diabetes diagnosed in the second or
third trimester of pregnancy that was not clearly overt diabetes prior to gestation” [1]. This
condition is broadly diffused worldwide, even though its prevalence is largely influenced
by race or ethnicity, as well as by the heterogeneity of the diagnostic criteria adopted in
different countries.

It is well known that belonging to specific ethnicities significantly increases the risk of
developing GDM. Specifically, high-risk ethnic groups are South and East Asians, Africans,
Hispanics, Native Americans and Pacific Islanders [2–5]. Adverse fetal and maternal outcomes
are recognized to be associated with GDM. Perinatal complications encompass impaired fetal
growth, which include large for gestational age (LGA, neonatal weight > 90th percentile)
and, to a lesser extent, small for gestational age (SGA, neonatal weight < 10th percentile)
newborns [6]. Moreover, offspring of women with GDM have increased risk of fetal malforma-
tions, rendering antenatal and perinatal management mandatory [7,8]. Maternal short-term
complications include preterm delivery, gestational hypertension, preeclampsia and increased
rate of caesarean section [9,10]. As for long-term complications, both mothers and infants have
an increased likelihood of developing type 2 diabetes (T2D), metabolic syndrome, obesity,
and cardiovascular disease (CVD) later in life [9–11]. In light of this, prompt diagnosis and
appropriate management of GDM, together with long-term follow-up of patients and infants
might effectively limit the burden of GDM-related adverse outcomes.
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In recent years, the volume of human migration to high income countries has been
increasing due to political issues and economic crises. Migration flow includes a large num-
ber of women of childbearing age, markedly influencing the patterns of reproductive health
in receiving countries [12]. Ethnic minorities carry with them their genetic background and
lifestyle habits, which inevitably merge with high income countries’ cultures, increasing
the risk of developing cardiovascular and metabolic diseases [13,14]. Although pregnancy
and birth are physiological events, migrants might experience substantial language and
cultural barriers that limit their access to maternal and neonatal care in destination coun-
tries [15]. There is growing concern about the high risk of pregnancy complications and
adverse outcomes in ethnic minorities, which urges the adoption of pregnancy monitoring
schedules and health policies tailored for ethnic-specific characteristics, in order to reduce
the impact of the increased burden of these diseases on healthcare systems.

The understanding of the differences between specific ethnic groups helps in manag-
ing pregnancy complications and might considerably limit the burden of GDM. Several
retrospective cohort studies have observed ethnic disparities in short-term and long-term
outcomes of GDM, reporting conflicting results. In particular, an increased risk of adverse
fetal outcomes has been reported in high-risk ethnicities compared to low-risk counter-
parts [16,17]. However, other studies showed only a modest impact or no effect of race or
ethnicity on pregnancy outcomes [18–20]. Of note, not all high-risk ethnic groups have
been linked to adverse outcomes. Specifically, Asians were consistently reported to have
the lowest risk of LGA and macrosomia compared with other ethnicities [21–23].

The aim of this study was to evaluate the impact of ethnicity on short-term pregnancy
complications, in order to identify relevant risk factors for adverse perinatal outcomes in
patients with GDM.

2. Patients and Methods

2.1. Patients

This study involved n = 399 patients with GDM, n = 76 of high-risk ethnicity (HR-
GDM), and n = 323 of low-risk ethnicity (LR-GDM), recruited in the outpatient clinics of
Policlinico Umberto I, “Sapienza” University Hospital of Rome, between 2015 and 2021.
LR-GDM were all Caucasian, while HR-GDM were 71.1% Asian, 15.8% African, 13.1%
Hispanic. All subjects gave their informed consent for inclusion before they participated in
the study. The study was conducted in accordance with the Declaration of Helsinki, and
the protocol was approved by the Hospital Ethics Committee of “Sapienza” University of
Rome (project identification code 3830, date of approval 22 October 2015).

Current recommendations were applied to diagnose GDM [24]. Exclusion criteria
were: age < 18 years; pre-pregnancy diabetes (T2D and Type 1 diabetes); alcohol or drug
abuse; psychiatric diseases; multiple pregnancy. The patients were evaluated monthly
from diagnosis until delivery. A detailed medical history was collected (age, ethnicity,
family history, physiological, obstetrical, pharmacological anamnesis, previous diseases).
Anthropometric and vital parameters were obtained (weight, BMI, blood pressure, and
heart rate). The following laboratory parameters were collected: fasting plasma glucose
(FPG), 1-h and 2-h PG after 75-g oral glucose tolerance test (OGTT), glycated haemoglobin
(HbA1c), total cholesterol [TC], triglycerides [TG], high density lipoprotein cholesterol
[HDL-c], calculated low density lipoprotein cholesterol [LDL-c]), complete blood count.
Information about therapy for GDM (diet or insulin) and other therapies (antihypertensive,
other drugs) was also collected. Fetal ultrasound parameters at third trimester and delivery
outcomes were obtained (gestational week at delivery, type of delivery, neonatal weight,
Apgar index, maternal and fetal complications).

A follow-up visit 6–12 weeks after delivery was performed to check post-partum
OGTT results.
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2.2. Statistical Analysis

Mean values ± standard deviations are reported for continuous variables. Frequencies
are reported for categorical variables. Kolmogorov–Smirnov testing was used to check for
normal distribution of variables. Differences between groups were tested with unpaired
sample t-testing or Mann–Whitney U testing, according to normal or skewed distribution,
respectively. Categorical variables were compared with Fisher’s exact test. Differences
between groups were evaluated with a linear model, adjusting for covariates. Univariable
and multivariable regression analyses were performed to evaluate the association between
the variables of interest, adjusting for confounding factors. A p-value < 0.05 was considered
statistically significant. Statistical analysis was performed with IBM SPSS Statistics software
version 23 (Chicago, IL, USA).

3. Results

The clinical and laboratory parameters of the enrolled population are reported in
Tables 1 and 2, respectively. The fetal US parameters at the third trimester are shown in Table 3.

Table 1. Clinical parameters.

HR-GDM
n = 76

LR-GDM
n = 399

p-Value

Age (years) 31.6 ± 5.0 34.8 ± 5.4 <0.001 *
Gestational week at enrolment (n) 27.4 ± 6.1 27.6 ± 5.3 0.78
Pre-pregnancy BMI (kg/m2) 26.6 ± 6.0 26.6 ± 6.7 0.97
3rd trimester BMI (kg/m2) 29.9 ± 6.6 30.0 ± 6.3 0.92
Family history of T2D (%) 60.6 36.1 <0.001 *
Previous GDM (%) 20.5 9.0 0.012 *
Nulliparity (%) 26.0 34.3 0.21
Previous miscarriages (%) 24.7 37.6 0.17 ‡
Insulin therapy (%) 50.0 40.1 0.15
Gestational hypertension (%) 5.4 8.1 0.63

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; BMI: body mass index; T2D: type 2 diabetes; SBP:
systolic blood pressure; DBP: diastolic blood pressure; * p < 0.05; ‡ Adjusted for age. Data are expressed as
mean ± standard deviation or as frequencies.

Table 2. Laboratory parameters.

HR-GDM
n = 76

LR-GDM
n = 399

p-Value

FPG (mg/dL) 99.6 ± 16.3 92.5 ± 14.7 0.18
Gestational week OGTT (n) 23.1 ± 5.6 24.6 ± 4.7 0.035 *
Glycaemia T0 16–18 w (mg/dL) 94.9 ± 14.8 92.9 ± 11.1 0.55
Glycaemia T60 16–18 w (mg/dL) 188.1 ± 31.3 171.7 ± 40.6 0.14
Glycaemia T120 16–18 w (mg/dL) 146.6 ± 34.9 144.8 ± 36.7 0.85
Glycaemia T0 24–28 w (mg/dL) 91.3 ± 11.8 88.0 ± 11.5 0.09
Glycaemia T60 24–28 w (mg/dL) 177.6 ± 35.0 176.9 ± 32.5 0.90
Glycaemia T120 24–28 w (mg/dL) 153.9 ± 30.7 149.4 ± 34.5 0.42
HbA1c (26–29 w) (%) 5.6 ± 0.4 5.3 ± 0.5 <0.001 *
TC (mg/dL) 230.2 ± 46.9 252.5 ± 57.5 0.06
LDL-c (mg/dL) 120.4 ± 43.6 140.3 ± 49.4 0.056
HDL-c (mg/dL) 63.2 ± 16.7 72.0 ± 26.4 0.13
Triglycerides (mg/dL) 233.5 ± 60.1 222.5 ± 101.8 0.59

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; w: weeks; FPG: fasting plasma glucose; OGTT:
oral glucose tolerance test; HbA1c: glycated hemoglobin; TC: total cholesterol; LDL-c: LDL-cholesterol; HDL-c:
HDL-cholesterol; * p < 0.05; Data are expressed as mean ± standard deviation.
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Table 3. Fetal ultrasound parameters (third trimester).

HR-GDM
n = 76

LR-GDM
n = 399

p-Value

Gestational week (n) 29.2 ± 4.9 30.1 ± 4.3 0.34
BPD (mm) 72.6 ± 13.6 76.6 ± 14.0 0.24
HC (mm) 255.3 ± 52.0 280.8 ± 38.8 0.06
AC (mm) 247.1 ± 66.1 264.6 ± 61.0 0.24
FL (mm) 55.4 ± 12.5 58.4 ± 9.8 0.24
HL (mm) 49.1 ± 11.7 52.5 ± 7.5 0.16
EFW (g) 2033.2 ± 467.0 1911.8 ± 564.0 0.48

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; BPD: biparietal diameter; HC: head circumference;
AC: abdominal circumference; FL: femur length; HL: humeral length; EFW: estimated fetal weight; data are
expressed as mean ± standard deviation.

Mean age was significantly lower in HR-GDM than in LR-GDM (31.6 ± 5.0 vs.
34.8 ± 5.4 years, p < 0.001)

The prevalence of first-degree family history of T2D was significantly higher in the
HR-GDM group than in the LR-GDM group (60.6% vs. 36.1% p < 0.001).

A greater percentage of patients in the HR-GDM group had previous GDM, compared
with the LR-GDM patients (20.5% vs. 9.0%, p = 0.012).

HbA1c values checked at 26–29 weeks of gestation were higher in HR-GDM patients
compared with LR-GDM patients (5.6 ± 0.4 vs. 5.3 ± 0.5%, p < 0.001).

Delivery data were available for n.28 HR-GDM patients and n.83 LR-GDM patients
(Table 4). Gestational age at delivery was significantly lower in HR-GDM than in LR-GDM
(37.1 ± 1.3 vs. 38.3 ± 1.8 weeks, p = 0.03).

Table 4. Neonatal parameters and pregnancy outcomes.

HR-GDM
n = 28

LR-GDM
n = 83

p-Value

Gestational week delivery (n) 37.1 ± 1.3 38.3 ± 1.8 0.009 *
Caesarean section (%) 72.2 66.7 0.78
Impaired growth 35.7 12.0 0.009 *

LGA (%) 21.4 7.2 -
SGA (%) 14.3 4.8 -

Apgar score 8.6 ± 0.6 9.0 ± 0.9 0.07
Hypoglycemia (%) 16.7 2.4 0.13
Jaundice (%) 8.3 2.5 0.41
ARDS (%) 0 2.4 1.00

HR-GDM: High-risk ethnicity; LR-GDM: low-risk ethnicity; LGA: large for gestational age; SGA: small for
gestational age; ARDS: acute respiratory distress syndrome; * p < 0.05; Data are expressed as mean ± standard
deviation or as frequencies.

The prevalence of impaired fetal growth was 18% in the whole population (LGA 10.8%
and SGA 7.2%), and was significantly higher in HR-GDM (35.7% vs. 12.0%, p = 0.009).

According to logistic regression analysis, the likelihood of impaired fetal growth was
four times higher in HR-GDM patients than in LR-GDM patients (OR = 4.1 [1.5–11.2]
95% CI, p = 0.007). In the multivariate model, HR-GDM was an independent predictor of
impaired fetal growth, after adjustment for pre-pregnancy BMI and gestational weight gain
(OR = 7.1 [2.0–25.7] 95% CI, p = 0.003).

Only 16.1% of patients adhered to the follow-up visit 6–12 weeks after delivery.

4. Discussion

GDM can lead to severe pregnancy complications and has become a major public
health problem worldwide.

In this study, a sample of pregnant women with GDM were followed-up until delivery
and pregnancy outcomes were compared according to ethnicity.
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Relevant differences emerged between patients belonging to ethnic groups consid-
ered high-risk and low-risk for GDM, both in the baseline risk factors, and in pregnancy
outcomes. In particular, the HR-GDM group were significantly younger than LR-GDM
patients, despite the comparable prevalence of nulliparity between the two groups. This
aspect might mirror relevant cultural differences in approaches to pregnancy across differ-
ent ethnic groups. Furthermore, a greater proportion of HR-GDM patients had first-degree
family history of T2D, which is another major risk factor for GDM. These findings are in
line with previous evidence indicating diverse background characteristics between Cau-
casian and non-Caucasian women with GDM [20,25,26]. Specifically, in a retrospective
analysis conducted in Italy, Caucasian GDM patients were significantly older than non-
Caucasians [20]. In another study, non-Caucasian women with GDM were younger and
had higher prevalence of family history of T2D compared with Caucasian women [26].

It is well established that previous history of GDM markedly increases the incidence
of GDM in subsequent pregnancies [27]. In this study, the percentage of women with
recurrent GDM was higher in the HR-GDM group compared with the LR-GDM group
(20.5% vs. 9%), despite the younger age of HR-GDM patients. Accordingly, although the
rate of GDM recurrence is not yet well defined, studies in which the majority of patients
belonged to high risk ethnic groups reported higher GDM recurrence rates than studies
involving mostly low-risk populations [28].

Although it remained in the normal range, HbA1c measured at GDM diagnosis in
the early third trimester was significantly higher in HR-GDM compared with LR-GDM,
reflecting higher mean glycemic levels in the previous three months in the high-risk patients.
Although OGTT is the gold standard for GDM diagnosis due to its high sensitivity and
specificity, it has been observed that HbA1c values in the first trimester of pregnancy
are predictive of GDM and postpartum T2D [29–32]. In addition, several studies have
suggested an association between different cut-off levels of HbA1c during pregnancy and
adverse outcomes in GDM [29,33–36]. The mean value of HbA1c decreases by 0.5% in
pregnancy compared with pre-pregnancy values, mainly due to the shorter half-life of
erythrocytes [37]. In light of this, some studies have tried to define a pregnancy-specific
normal range of HbA1c, which seems to stand between 4.3 and 5.4% [38]. Values above this
range have previously been associated with poor pregnancy outcomes in GDM [29,33–36].
Accordingly, compared with LR-GDM women in this study, HR-GDM had mean values of
HbA1c above this range and a more frequent occurrence of birth weight impairment. In light of
this, further studies are necessary to define the role of HbA1c in predicting GDM and adverse
outcomes. In particular, a pregnancy-specific HbA1c cut-off might have clinical usefulness for
identifying at an early stage pregnancies with increased risk of GDM complications, helping
physicians in tailoring GDM management according to risk stratification.

In this study, impaired fetal growth was more frequent in HR-GDM patients than
in LR-GDM patients, even after adjustment for confounding factors. In recent decades, a
growing number of studies have reported ethnic disparities in the development of GDM
complications. Most of these studies showed that high-risk ethnicities were associated with
a greater risk of poor pregnancy outcomes, compared with low-risk ethnicities. In particular,
Silva et al. observed that Pacific Islanders and Filipinos had increased prevalence of macro-
somia compared with Japanese, Chinese, and Caucasian women [17]. Similarly, in another
retrospective study, non-Caucasian patients had more frequent occurrence of macrosomia
and LGA, regardless of confounding factors such as BMI and maternal glycemic control [39].
Of note, the risk of adverse perinatal outcomes seems to vary substantially even across
high-risk ethnicities. In particular, Asian women with GDM, especially South Asians, have
been consistently reported to have lower risk of LGA and macrosomia compared with other
ethnic groups [21,23,30,40]. Some studies have found that non-Hispanic black women with
GDM had the highest risk of LGA [21,23,30,40]. Meanwhile, in another study, the high-
est risk of Caesarean section and perinatal complications (LGA, neonatal hypoglycemia)
was associated with Hispanic ethnicity compared with other groups, including African
patients [16]. However, the proportion of black patients included in the latter analysis was
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relatively low. On the other hand, not all studies have observed relevant differences in
perinatal outcomes among different ethnic groups [19,20].

Several studies have focused on other outcomes such as incident diabetes after GDM,
reporting conflicting results. Specifically, Shen et al. observed that Chinese women with
previous GDM had the greatest risk of T2D in the following 10 years, whereas African Amer-
ican and Caucasian women had intermediate and low risk, respectively [41]. Conversely, in
a recent meta-analysis including more than 80,000 women with previous GDM, the highest
incidence of T2D after GDM was associated with black ethnicity [42,43]. In our study, only
a small proportion of women underwent post-partum screening (16.1%). Due to the lack of
data about OGTT 6–12 weeks after delivery, the incidence of post-partum diabetes in this
population could not be estimated. Overall, rates of recommended post-partum screen-
ing are reportedly low (around 40–50%) [42–44] and seem to be associated with several
socio-cultural factors, including education, parity, and race or ethnicity [44]. These results
suggest the need for urgent strategies to increase post-partum follow-up adherence, in
order to reduce the burden of long-term maternal and fetal complications of GDM, namely
T2D and cardiovascular diseases, through appropriate preventive intervention programs.

Overall, in light of these findings, specific ethnic groups that are at high risk of
complications might benefit from more tailored education and intervention strategies and
follow-up programs in the management of GDM. Moreover, the monitoring of HbA1c
might be of clinical utility to avoid poor maternal and fetal outcomes in pregnant women
with GDM.

The main limitations of this study were the retrospective nature of the analysis and the
small number of patients included in the evaluation at term and after delivery, which calls
for cautious interpretation. Future studies with larger sample sizes and longer follow-ups
are mandatory to confirm these findings.

5. Conclusions

Ethnic groups at high risk of developing GDM had worse glycemic control at GDM
diagnosis, lower gestational age at delivery, and increased risk of impaired fetal growth.

Given the implications of poor perinatal outcomes associated with GDM, the adoption
of ethnic-specific management strategies might be useful in clinical practice.
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Abstract: Background and Objectives: There are no reports showing the hematopoietic effect of TJ-108
on pregnant women. The aim of this study was to investigate the effect of TJ-108 on the hemoglobin
and hematocrit levels, and white blood cell and platelet counts of pregnant women complicated with
placenta previa who were managed with autologous blood storage for cesarean section. Materials
and Methods: We studied two groups of patients who were complicated with placenta previa and
who underwent cesarean delivery. Group A consisted of women who were treated with oral iron
medication (100 mg/day), and Group B consisted of women who were treated with TJ-108 at a dose
of 9.0 g per day, in addition to oral iron medication, from the first day of blood storage until the
day before cesarean delivery. To evaluate the effect of TJ-108, the patients’ red blood cell (RBC); Hb;
hematocrit (Ht); white blood cell (WBC); and platelet count (PLT) levels were measured 7 days after
storage and at postoperative days (POD) 1 and 5. Results: The study included 65 individuals, 38 in
group A and 27 in group B. At the initial storage, a 0.2 g/dL reduction in Hb levels was observed,
as compared to the initial Hb levels, in the TJ-108 treated patients, whereas a 0.6 g/dL reduction in
Hb levels was observed in the non-TJ-108 treated group. On the other hand, regarding the second
and subsequent storages, no significant difference was found in the decrease in the Hb levels of both
groups. Conclusions: This study is the first report showing the effect of TJ-108 on improving anemia in
pregnant women, presumably by its boosting effect on myelohematopoiesis. Therefore, the combined
administration of both iron and TJ-108 is effective as a strategy for pregnant women at a high risk of
PPH due to complications such as placenta previa.

Keywords: Ninjinyoeito; autologous blood storage; postpartum hemorrhage; hematopoiesis;
pregnancy; placenta previa

1. Introduction

Postpartum hemorrhage (PPH) is one of the leading causes of maternal death. Multi-
disciplinary treatment, including blood transfusion, should be set up beforehand, especially
for pregnant women at a high risk of PPH due to such conditions as placenta previa or
placenta accreta [1]. Hemorrhage during cesarean section that is associated with placenta
previa is highly correlated with the need for allogenic blood transfusion [2]. Despite the
markedly improved safety of allogenic blood transfusion, the risk of transmission of viral
or bacterial infection cannot be completely eliminated [3]. Placenta previa is one of the
most serious complications during pregnancy and is associated with increased blood loss
at delivery; it is also an important cause of serious fetal and maternal morbidity and mor-
tality [4]. Prenatal diagnosis, followed by the careful planning of cesarean delivery and
preparation for possible blood loss by a multidisciplinary team, reduces the risk of fetal
and maternal morbidity and mortality [5]. Allogeneic blood transfusion has been used for
postpartum hemorrhage, although there are substantial risks, such as viral infection, allergy,
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posttransfusion immune suppression and graft versus host disease [6]. The usefulness of
autologous blood transfusion has been previously reported [7–9]; however, this method of
blood storage can lead to preoperative anemia.

As an alternative to allogenic blood transfusion, preoperative autologous blood storage
is useful [10], although the process can induce anemia.

Ninjinyoeito (TJ-108) (Tsumura Co., Tokyo, Japan) is a Japanese herbal medicine that
has been used to improve anemia in patients for several years [11]. TJ-108 is composed of
12 unrefined ingredients in fixed proportion: 3.0 g of ginseng; 4.0 g of Japanese angelica
root; 2.0 g of peony root; 4.0 g of rehmannia root; 4.0 g of atractylodes rhizome; 4.0 g of
poria sclerotium; 2.5 g of cinnamon bark; 1.5 g of astragalus root; 1.5 g of unshiu peel;
2.0 g of polygala root; 1.0 g of schisandra fruit; and 1.0 g of glycyrrhiza. However, to
our knowledge, there have been no reports showing the hematopoietic effect of TJ-108 on
pregnant women until now.

The aim of this study was to investigate the effect of TJ-108 on the hemoglobin and
hematocrit levels, and white blood cell and platelet counts of pregnant women com-
plicated with placenta previa who were managed with autologous blood storage for
cesarean section.

2. Materials and Methods

This retrospective observational study was approved by the institutional review board
(Approved Number: 2022-030, 13 June 2022). Between January 2016 and December 2020,
pregnant women who underwent cesarean delivery with the indication of placenta previa
were selected for this study. Patients whose hemoglobin (Hb) level was less than 10.0 g/dL
were excluded from this study. Cesarean delivery was performed at 36 or 37 gestational
weeks. Data of each patient were retrospectively obtained from medical records.

Autologous blood storage was performed when the patient’s Hb level was above
10.0 g/dL and canceled at less than 10.0 g/dL. All patients had 300 mL of blood stored
each time for a maximum of 1200 mL (4 times). The initial storage was scheduled according
to the gestational weeks. The storage was scheduled every week until 7 days before the
scheduled day of cesarean delivery. All patients took a daily oral iron medication (100 mg
per day) from the day of the initial storage until the day before the cesarean delivery. From
2019, TJ-108 prescriptions in addition to iron administration were initiated for all women
who performed autologous blood storage.

We studied two groups of patients. Group A consisted of women who underwent
cesarean delivery between January 2016 and December 2018 who did not take TJ-108.
Group B consisted of women who underwent cesarean delivery between January 2019 and
December 2020 who were treated with TJ-108 at a dose of 9.0 g per day, in addition to the
oral iron medication, from the first day of blood storage until the day before the cesarean
delivery. Informed consent for the research was obtained from all patients. We informed
the patients of their choice to opt-out.

To evaluate the effect of TJ-108, red blood cell (RBC); Hb; hematocrit (Ht); white blood
cell (WBC); and platelet count (PLT) levels were measured after 7 days of storage and at
postoperative days (POD) 1 and 5. For laboratory tests, serum aspartate aminotransferase
(AST); alanine aminotransferase (ALT); creatinine; blood urea nitrogen; sodium; potassium;
and chlorine were measured on the day of storage and at POD 1.

Cesarean delivery was performed on the scheduled day for non-eventful patients, and
emergency cesarean delivery was performed in cases with bleeding or uterine contraction.
All patients were allowed to take clear liquid until 3 h before the scheduled operation
and were administered a continuous infusion of lactate Ringers’ solution (200 mL/h). The
intraoperative loss of blood (including amniotic fluid) was estimated by measuring the
amount of blood in the suction collection unit and by weighting the used surgical gauzes.

Continuous variables were expressed as median (range), and categorical variables
were expressed as a number (%). Statistical analyses were examined using the Mann–
Whitney U-test and Fisher’s exact test performed with BellCurve for Excel (Social Survey
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Research Information Co., Ltd., Tokyo, Japan). A p-value of < 0.05 was considered to
indicate significance.

3. Results

During the survey period, 38 patients were treated without TJ-108 (Group A), and
27 patients were treated with TJ-108 (Group B). Table 1 shows the clinical characteristics
of the participants in both groups, and the characteristics were not significantly different
between the two.

Table 1. Clinical characteristics of participants.

Variables

Group A Group B

p Value
n = 38 n = 27

Number or Median (Range)
Number or

Median (Range)

Age (year) 35 (28–44) 34 (24–44) 0.310

Height (cm) 160 (140–165) 160 (151–169) 0.329

Body weight before pregnancy (kg) 52 (41–65) 51 (44–87) 0.669

BMI at before pregnancy (kg/m2) 20.7 (16.4–27.8) 20.4 (17.5–32.7) 0.926

Body weight at birth (kg) 61 (47–72) 59 (50–89) 0.680

BMI at birth (kg/m2) 24 (21.0–28.5) 24.2 (19.3–33.5) 0.963

Gestational age (week) 37.0 (34.4–37.3) 37 (32.4–37.7) 0.942

Primigravida (%) 15 (39.5) 15 (55.6) 0.200

ART (%) 6 (15.8) 7 (25.9) 0.314

Emergency cesarean delivery (%) 7 (18.4) 6 (22.2) 0.706

Apgar score 1 min 8 (1–9) 8 (3–9) 0.660

Apgar score 5 min 9 (5–9) 9 (6–9) 0.225

Birth weight (g) 2643 (1966–3440) 2500 (1917–3035) 0.250

Male (%) 24 (63.2) 11 (40.7) 0.074

Female (%) 14 (36.8) 16 (59.3) 0.074

BMI: body mass index; ART: assisted reproductive technology.

The characteristics of maternal and neonatal outcomes data are shown in Table 2.
Allogeneic transfusion during cesarean delivery was not significantly different between the
two groups, and there was no significant difference between the two in the total amount
of blood storage. The median autologous transfusion was 300 mL in both groups, and
the frequency of transfusion during cesarean section or blood loss wase not significantly
different between the two groups.

Table 3 shows the results of the patients’ complete blood count before and 7 days
after the initial blood storage of both groups. Hb levels were significantly higher in Group
B at 7 days after the initial storage (Group A: 10.0 g/dL; Group B: 10.6 g/dL. p = 0.001,
95% confidence interval, 0.13–1.01) (Figure 1a,b). Moreover, the Hb level in Group B was
reduced by 0.2 g/dL, as compared to the initial Hb level before storage, whereas the Hb
level was reduced by 0.6 g/dL in Group A (p = 0.012). The cancellation rate of blood storage
in the next instance was significantly lower in group B due to the reduced decrease in
hemoglobin levels.
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Table 2. Operative outcomes of both groups.

Variables

Group A Group B

p Valuen = 38 n = 27

Number or
Median (Range)

Number or
Median (Range)

Total of autologous blood storage (mL) 600 (300–1200) 600 (300–1200) 0.589

Blood transfusion
during cesarean

section

Autologous
transfusion (mL) 300 (0–1200) 300 (0–1200) 0.336

Allogeneic
transfusion (%) 8 (21.1) 8 (29.7) 0.121

RBC (unit) 0 (0–10) 0 (0–8) 0.729

FFP (unit) 0 (0–10) 0 (0–6) 0.779

PC (unit) 0 (0–10) 0 (0–0) 0.919

Infusion (mL) 1950 (850–4300) 1450 (700–3400) 0.186

Blood loss (mL) 1835 (340–7500) 1760 (895–5500) 0.863

Urine output (mL) 110 (0–550) 80 (0–500) 0.105

Operation time (min) 65 (39–148) 68 (41–104) 0.739
RBC: red blood cell; FFP: fresh frozen plasma; PC: platelet concentrates.

Table 3. Blood cell counts and differences in the initial autologous blood storage.

Group A Group B

p Value38 Storage
(n = 38)

27 Storage
(n = 27)

Median (Range) Median (Range)

Cancellation rate of next storage (%) 17 (44.7) 3 (11.1) 0.004 *

Hb level before storage (g/dL) 10.5 (10.0–12.6) 10.8 (10.2–12.1) 0.070

Hb level after 7 days of storage (g/dL) 10.0 (8.3–11.6) 10.6 (9.5–12.3) 0.001 **

Amount of change in Hb (g/dL) −0.6 (−2.1–0.4) −0.2 (−1.5–0.6) 0.012 *

Ht level before storage (%) 31.9 (29.6–39.5) 32.3 (29.8–36.3) 0.394

Ht level after 7 days of storage (%) 30.5 (27.7–36.5) 32.1 (28.4–36.4) 0.015 *

Amount of change in Ht (%) −1.8 (−5.8–1.9) −0.7 (−2.5–1.2) 0.015 *

RBC level before storage (×104/μL) 356 (296–433) 354 (318–430) 0.730

RBC level after 7 days of storage
(×104/μL) 333 (270–396) 349 (299–398) 0.125

Amount of change in RBC (×104/μL) −24 (−69–12) −11.5 (−45–12) 0.003 **

Hb: hemoglobin; Ht: hematocrit; RBC: red blood cell. * p < 0.05, ** p < 0.0.

Table 4 shows the results of the parameters after the second and subsequent storages
in both groups. There were no significant differences in Hb and Ht levels (Hb: 10.7 vs. 10.5;
p = 1.000, Ht: 32.2 vs. 31.8; p = 0.259, respectively) (Figure 1c,d).

No significant differences were found between the two groups regarding white blood
cell and platelet levels after 7 days of blood storage, and regarding Hb, Ht and RBC on
POD 1 and 5. Blood tests on POD 1 showed elevated AST and ALT in two cases in group A
and two cases in group B. No other abnormalities were found in other laboratory values.
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Figure 1. The dot-plot diagram shows the distribution of hemoglobin values (a) before the initial
storage; (b) seven days after the initial storage; (c) before the second or subsequent storage; (d) seven
days after the second or subsequent storage. ** p < 0.01, N.S: not significant.

Table 4. Blood cell counts and differences in the second and subsequent storages.

Group A Group B

p Value55 Storage
(n = 38)

38 Storage
(n = 27)

Median (Range) Median (Range)

Cancel rate of next storage (%) 6 (10.9) 1 (2.7) 0.137

Hb level before storage (g/dL) 10.6 (10.0–11.8) 10.5 (10.0–12.3) 0.769

Hb level after 7 days of storage (g/dL) 10.7 (9.1–11.8) 10.5 (9.9–11.5) 1.000

Amount of change in Hb (g/dL) −0.1 (−1.0–1.1) 0.0 (−1.4–0.6) 0.692

Ht level before storage (%) 32.2 (29.0–37.2) 31.8 (28.9–36.4) 0.367

Ht level after 7 days of storage (%) 32.2 (28.8–37.2) 31.7 (28.6–34.1) 0.259

Amount of change in Ht (%) 0.2 (−3.4–3.2) −0.1 (−3.1–2.7) 0.629

RBC level before storage (×104/μL) 343 (305–404) 337 (298–398) 0.205

RBC level after 7 days of storage
(×104/μL) 344 (292–392) 332 (297–384) 0.082

Amount of change in RBC (×104/μL) −4 (−36–24) −8 (−34–18) 0.841

Hb: hemoglobin; Ht: hematocrit; RBC: red blood cell.

4. Discussion

The present study first revealed that the reduction in Hb levels in the TJ-108 treated
patients was significantly less than that observed in the non-TJ-108 treated patients 7 days
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after storage. At the initial storage, a 0.2 g/dL reduction in Hb levels was observed, as
compared to the initial Hb levels in the TJ-108 treated patients, whereas a 0.6 g/dL reduction
in Hb levels was observed in the non-TJ-108 treated group. On the other hand, regarding
the second and subsequent storages, no significant difference was found in the decrease in
Hb levels of both groups.

Takano et al. reported that an oral administration of TJ-108 protected against hemato-
toxicity in mice treated with 5-fluorouracil (5-FU), which causes severe anemia [12]. They
showed that TJ-108 inhibited 5-FU-induced decreases in peripheral reticulocyte and bone
marrow cell counts on day 10, and markedly hastened their recovery on day 20 in a dose-
dependent manner. Erythroid progenitor colonies, such as colony forming units-erythroid
(CFU-E) and burst forming units-erythroid (BFU-E) formed by marrow cells from mice
treated with 5-FU were significantly increased by an oral administration of TJ-108 [13].

In the differentiation of erythroblastic cells, BFU-E becomes CFU-E cells, and they
then differentiate into erythroblasts. During the late stage of erythroid differentiation,
proerythroblasts undergo mitosis to produce basophilic, polychromatic and orthochromatic
erythroblasts, and these orthochromatic erythroblasts expel their nuclei to generate reticu-
locytes. Finally, the reticulocytes mature into RBC, initially in bone marrow, and then in the
circulation [14]. In these processes of RBC differentiation, EFU-E or CFU-E are in an earlier
stage of differentiation dependent on erythropoietin, and erythroblast or normoblasts are
in a later stage of differentiation dependent on iron. [15]. In our study, TJ-108 showed a
significant potentiate effect in hematogenesis at the initial storage, yet it had no effect at
the second and subsequent blood storages. This may be because TJ-108 stimulated BFU-E,
CFU-E or the upper stream of differentiation of erythroblasts and showed a synergistically
boosting effect on myelohematopoiesis with iron preparation. Promoting hematopoiesis
after blood storage takes some time, and the TJ-108-treated group showed an early effect
due to boosting. Therefore, it showed a difference from the non-treated group. However,
after the second and subsequent storage, the hematopoiesis of the non-treated group caught
up, and no difference was observed.

Hatano et al. reported that angelica roots, one of the components of TJ-108, increase
the recovery of erythrocytopenia and stimulates the differentiation of erythroid progenitors
without promoting erythropoietin synthesis. They also reported that TJ-108 lowered plasma
interferon-γ levels, which may suppress the activity of erythroid progenitor cells. They
considered the possibility that the polysaccharides in angelica roots promote hematopoiesis
by activating immature erythroid cells, in part, by suppressing cytokine secretion [16].

Presently, complementary and alternative medicines, such as traditional Japanese
Kampo medicines, are frequently used together with Western medicines for the treatment
of various diseases, including anemia. Motoo et al. showed a randomized controlled
trial with TJ-108 for patients complicated with hepatitis C and receiving ribavirin, which
is known to cause severe anemia. They reported that a maximal decrease in Hb in the
TJ-108 group was significantly smaller than that in the control group (TJ-108: 2.59 g/dL
vs. non-TJ-108: 3.71 g/dL, respectively). They also concluded that TJ-108 could be used as
a supportive remedy to reduce the ribavirin-induced anemia in the treatment of chronic
hepatitis C [13].

In Japan, the current health insurance system covers the prescription of Kampo
medicines including TJ-108, available as both herbs for decoctions and extract formu-
lations. It has been reported that herbal medicines are widely used worldwide to treat a
variety of ailments during pregnancy [17–19]. Though there have been no reports of TJ-108
being administered to pregnant women, the herbal medicines that comprise TJ-108 have
been reported to be safe for use in pregnant women [20].

There were some limitations to this study. Firstly, as we did not evaluate the condition
of iron or related inspection items (reticulocytes, ferritin, transferrin saturation, vitamin B12
and folates), we were unable to determine the effect of TJ-108 on bone marrow’s ability to
produce new blood cells. Secondly, we retrospectively reviewed a relatively small number
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of patients. Further studies are needed to elucidate the effect of TJ-108 on bone marrow
activity in autologous blood storage.

5. Conclusions

This study is the first report showing the effect of TJ-108 on improving anemia in
pregnant women, presumably with a boosting effect on myelohematopoiesis. It is suggested
that the combined administration of iron and TJ-108 is an effective strategy for pregnant
women at a high risk of PPH such as placenta previa.
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Abstract: Background and Objectives: The consumption of dietary supplements has increased over
the last decades among pregnant women, becoming an efficient resource of micronutrients able to
satisfy their nutritional needs during pregnancy. Furthermore, gestational drug administration might
be necessary to treat several pregnancy complications such as hypertension. Folic acid (FA) and
folate (FT) supplementation is highly recommended by clinicians during pregnancy, especially for
preventing neural tube birth defects, while labetalol (LB) is a β-blocker commonly administered as
a safe option for the treatment of pregnancy-related hypertension. Currently, the possible toxicity
resulting from the co-administration of FA/FT and LB has not been fully evaluated. In light of these
considerations, the current study was aimed at investigating the possible in vitro cardio- and hepato-
toxicity of LB-FA and LB-FT associations. Materials and Methods: Five different concentrations of LB,
FA, FT, and their combination were used in myoblasts and hepatocytes in order to assess cell viability,
cell morphology, and wound regeneration. Results: The results indicate no significant alterations in
terms of cell viability and morphology in myoblasts (H9c2(2-1)) and hepatocytes (HepaRG) following
a 72-h treatment, apart from a decrease in the percentage of viable H9c2(2-1) cells (~67%) treated
with LB 150 nM–FT 50 nM. Additionally, LB (50 and 150 nM)–FA (0.2 nM) exerted an efficient wound
regenerating potential in H9c2(2-1) myoblasts (wound healing rates were >80%, compared to the
control at 66%), while LB-FT (at all tested concentrations) induced no significant impairment to
their migration. Conclusions: Overall, our findings indicate that LB-FA and LB-FT combinations
lack cytotoxicity in vitro. Moreover, beneficial effects were noticed on H9c2(2-1) cell viability and
migration from LB-FA/FT administration, which should be further explored.

Keywords: labetalol; folic acid; folate; dietary supplements; cytotoxicity

1. Introduction

The last few decades have seen extensive growth in the consumption of dietary sup-
plements (DTs), which can be defined as oral products administered with the purpose of
correcting one’s dietary deficiencies. DTs containing micronutrients (e.g., vitamins and
minerals) play a vital role in satisfying maternal nutritional requirements during pregnancy,
which are insufficiently met through their daily diets [1]. Furthermore, micronutrient
deficiency during pregnancy has been correlated with serious maternal and fetal health
issues, such as congenital malformations and pre-eclampsia [1,2]. Thus, in order to prevent
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possible nutrient inadequacies during pregnancy, DTs are highly recommended by clini-
cians, becoming a common practice among pregnant women worldwide [1,3]. In particular,
folic acid (FA) supplementation (at intake levels of 400 μg to 5 mg/day) is recommended
for all women of reproductive age both in the periconceptional period and up until the
12th week of pregnancy [4,5].

FA is a synthetic dietary supplement belonging to a family of water-soluble vitamins
typically referred to as “folates” or “vitamin B9” [6,7]. FA plays an essential role in DNA
synthesis, repair, and methylation [8], and its maternal supplementation has been correlated
with a reduced risk of developing neural tube birth defects [5]. However, FA needs to
undergo several transformations within the human body in order to become metabolically
active [9]. This process includes the reduction of FA to dihydrofolate (DHF) and tetrahydro-
folate (THF), followed by its conversion to the biologically active 5-methyltetrahydrofolate
(5-MTHF) [6]. 5-MTHF represents the predominant form found in plasma (>90% of total
folate) and the main active metabolite of the ingested FA [9].

Many physiological changes occur during pregnancy to enable proper placental and
fetal development. Unfortunately, these changes might affect preexisting maternal dis-
eases or even result in pregnancy-related disorders [10]. Hypertension represents the most
commonly encountered medical complication during pregnancy (up to 10% of pregnan-
cies) and is the leading cause of maternal, fetal, and neonatal morbidity and mortality
worldwide [11–13]. Pregnancy-related hypertensive disorders, which have been associated
with an increased risk of developing maternal type 2 diabetes and cardiovascular disease
in later life [14,15], cover a broad spectrum of conditions, including chronic hyperten-
sion, gestational hypertension, pre-eclampsia, and pre-eclampsia superimposed on chronic
hypertension [16,17]. While the definitive treatment for acute hypertensive syndromes
occurring during pregnancy is delivery, antihypertensive medication is one of the most
employed management strategies in preventing maternal cerebrovascular and cardiac
complications. Antihypertensive agents that are widely recommended to control maternal
hypertension during pregnancy should not impair the uteroplacental and fetal circulation,
and present limited toxicity to the fetus [16]. In current practice, the first-line pharmacolog-
ical treatment of pregnancy-related hypertensive disorders is based on antihypertensive
drugs, such as methyldopa and labetalol, while the second-line strategy includes nifedipine,
verapamil, clonidine, and hydrochlorothiazide [18].

Labetalol (LB) is a β-blocker medication commonly recommended as a safe option for
the treatment of maternal hypertension during pregnancy [19,20]. Compared to other β-
blockers, LB contains both selective α-adrenergic and non-selective β-adrenergic blocking
activities in a single agent and preserves the uteroplacental blood flow. However, despite
its favorable safety profile, LB has been associated with several side effects, including
hypotension, bradycardia, cardiac impairment, and maternal hepatotoxicity [21,22].

The leading hypothesis of this study was that labetalol-folic acid or folate co-administration
during pregnancy might result in deleterious side effects, which, to the best of our knowl-
edge, lack any investigation so far. Thereafter, the aim of the current paper was to portray an
in vitro toxicological profile of labetalol associated with folic acid and folate using healthy
myoblasts and hepatocytes as models for compound-induced cardio- and hepato-toxicity.

2. Materials and Methods

2.1. Reagents

Labetalol hydrochloride (LB), folic acid, folate (as 5-Methyltetrahydrofolic acid),
trypsin-EDTA solution, phosphate saline buffer (PBS), dimethyl sulfoxide (DMSO), fe-
tal calf serum (FCS), penicillin/streptomycin, insulin from bovine pancreas, hydrocortisone
21-hemisuccinate sodium salt, and MTT (3-(4,5 dimethylthiazol2-yl)-2,5-diphenyltetrazolium
bromide) reagent were purchased from Sigma Aldrich, Merck KgaA (Darmstadt, Germany).
Dulbecco’s Modified Eagle Medium (DMEM; ATCC® 30-2002™) was purchased from
ATCC (American Type Cell Collection, Lomianki, Poland), and William’s E Medium was
purchased from Gibco Waltham, MA, USA.
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2.2. Cell Culture

Myoblast (heart, myocardium) immortalized cell line (H9C2(2-1); code CRL-1446™)
was provided as a frozen vial by ATCC. The cells were cultured in their specific media
(DMEM). Hepatic immortalized cell line (HepaRG; code HPRGC10) was purchased from
ThermoFisher Scientific (Gibco Waltham, MA, USA) and cultured in William’s E Medium
enriched with insulin and hydrocortisone 21-hemisuccinate sodium salt at final concen-
trations of 4 μg/mL and 50 μM, respectively. Both media contained a 10% FCS and 1%
penicillin (100 U/mL)/streptomycin (100 μg/mL) mixture. The cells were kept in an
incubator at 37 ◦C and 5% CO2 during the experiments.

2.3. Cellular Viability

To evaluate the impact of LB, FA, and FT on the viability of myoblasts and hepatocytes,
the MTT technique was applied. Briefly, H9c2(2-1) and HepaRG cells were cultured in
96-well plates (104 cells/well) and stimulated for 72 h with LB (10, 25, 50, 100, and 150 nM),
FA, and FT (0.2, 1, 10, 25, and 50 nM). The stock solution of LB was prepared by dissolving
the substance in distilled water, while the FA and FT stock solutions were prepared in
DMSO. The FA and FT solutions were further diluted in distilled water and culture media
for in vitro testing. At the end of the treatment, fresh media (100 μL) and MTT reagent
(10 μL) were added to the wells, and the plates were incubated at 37 ◦C for another 3 h.
Finally, the solubilization solution (100 μL/well) was added to each well. The plates were
kept at room temperature for 30 min, protected from light, and the absorbance values were
measured at two wavelengths (570 and 630 nm) using Cytation 5 (BioTek Instruments Inc.,
Winooski, VT, USA).

2.4. Cellular Morphology and Confluence

To verify the influence of LB-FA and LB-FT associations on the morphology and
confluence of H9c2(2-1) and HepaRG cells, a bright field microscopic examination was
performed. The cells were photographed at the end of the 72-h treatment period using
Cytation 1 (BioTek Instruments Inc., Winooski, VT, USA). The obtained pictures were
processed using the Gen5™ Microplate Data Collection and Analysis Software (BioTek
Instruments Inc., Winooski, VT, USA).

2.5. Wound Regeneration

The regenerating potential of LB, FA, FT, and their combinations on healthy H9c2(2-1)
and HepaRG cells following wounding was evaluated by applying the wound healing
(scratch) assay. In brief, the cells (105 cells/mL/well) were cultured in 12-well plates, and
a manual scratch was made in the middle of each well. The cells were treated with the
test compounds for 24 h, and representative images were taken at 0 h and 24 h using an
Olympus IX73 inverted microscope equipped with a DP74 camera. The wound widths
were measured at the end of the treatment with CellSense Dimension 1.17 (Olympus,
Tokyo, Japan). The quantification of the effects in terms of cell migration was performed
by calculating the wound healing rates (%) according to a formula used in our previous
work [23,24].

2.6. Statistical Analysis

All data are expressed as the means ± SD, and the differences were compared by
one-way ANOVA analysis followed by Dunnett’s multiple comparisons post-test. The used
software was GraphPad Prism version 9.2.0 for Windows (GraphPad Software, San Diego,
CA, USA, www.graphpad.com). The statistically significant differences among the data are
marked with * (* p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001).
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3. Results

3.1. Cellular Viability

The effects of LB, FA, FT, and their combinations on the viability of healthy myoblasts
were evaluated following a prolonged treatment (72 h). LB induced a dose-dependent
decrease in the viability of H9c2(2-1) cells, the most prominent effect being recorded at
150 nM (~79%) (Figure 1A). Similarly, FA lowered the cell viability in a concentration-
dependent manner up to ~82% at 50 nM (Figure 1B). FT determined a significant increase
in the percentage of viable cells at the lowest concentration of 0.2 nM (~127%), while at the
highest concentration of 50 nM, the viability was reduced to ~83%. A similar trend was
noticed in the HepaRG cells (Figure 1B), their viability being dose-dependently reduced
following the single treatments. The lowest cell viability percentages were registered at
the highest concentrations tested, as follows: LB 150 nM—88%, FA 50 nM—81%, and FT
50 nM—84%.

Figure 1. The impact of a 72-h treatment with labetalol (LB), folic acid (FA), and folate (FT) on the
viability of (A) H9c2(2-1) and (B) HepaRG cells. The data are expressed as the mean values ± SD of
three independent experiments performed in triplicate (n = 3). The statistical differences between the
control and the treated group were quantified by one-way ANOVA analysis followed by Dunnett’s
multiple comparisons post-test (* p < 0.05; ** p < 0.01).

The impact of the LB–FT combination on the myoblasts’ viability was concentration-
dependent. The addition of LB 50 nM to the FT treatment exerted a stimulatory effect (138%
for FT 25 nM, and 106% for FT 50 nM). On the other hand, LB 150 nM combined with FT
25 and 50 nM reduced the cell viability to ~96% and ~68%, respectively. The impact of LB
combined with FA on the viability of H9c2(2-1) cells was insignificant (compared to the
control) (Figure 2A). In the case of the HepaRG cells (Figure 2B), a reduction in cell viability
was observed following the combination of LB 50 and 150 with FA 0.2 nM (~91%, and ~87%,
respectively) and FT 50 nM (~92% and ~86%, respectively). The other treatment regimens
led to cell viabilities that were similar to untreated cells (around the value of 100%).
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Figure 2. The impact of a 72-h treatment with LB–FA and LB–FT on the viability of (A) H9c2(2-1)
cells and (B) HepaRG cells. The data are expressed as the mean values ± SD of three independent
experiments performed in triplicate (n = 3). The statistical differences between the control and
the treated group were quantified by one-way ANOVA analysis followed by Dunnett’s multiple
comparisons post-test (** p < 0.01; *** p < 0.001).

3.2. Cellular Morphology and Confluence

The morphological evaluation (Figures 3 and 4) indicated no significant confluence
changes in the H9c2(2-1) and HepaRG cells following the 72 h treatment with LB–FA and
LB–FT. However, the addition of LB 150 nM induced a slight decrease in the cell confluence
(most visible for FT 50 nM in the H9c2(2-1) cells and FA 50 nM in the HepaRG cells).

 

Figure 3. Morphological analysis of H9c2(2-1) myoblasts following the 72-h combined treatment of
LB 50 and 150 nM with FA (0.2 and 50 nM) and FT (25 and 50 nM).
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Figure 4. Morphological analysis of HepaRG hepatocytes following the 72-h combined treatment of
LB 50 and 150 nM with FA (0.2 and 50 nM) and FT (25 and 50 nM).

3.3. Wound Regeneration

In order to assess whether LB, FA, FT, and their combinations interfere with the
migration of H9c2(2-1) cells, a wound healing assay was performed. The wound healing
rate of untreated H9c(2-1) cells (control) reached the value of ~66% (out of 100%, indicating
full scratch closure) following 24 h. Compared to the control, the single treatment of the
H9c2(2-1) cells with LB and FA inhibited wound healing at both tested concentrations
following 24 h of treatment. FT, on the other hand, exerted an inhibitory effect at 25 nM,
while slightly stimulating wound regeneration at 50 nM with a wound healing rate of
~70%. The results also suggest that all combinations, except for LB 150 nM–FA 50 nM
(wound healing rate = ~53%), stimulate cell migration and wound healing following 24 h
of treatment. Compared to untreated cells, the strongest stimulatory effects were recorded
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when LB (at concentrations of 50 and 150 nM) was combined with FA 0.2 nM with wound
healing rates of ~85% and ~88%, respectively. The results are presented in Figure 5.

Figure 5. Representative images highlighting the impact of LB, FA, FT, and their combinations on
wound regeneration in H9c2(2-1) cells following a 24 h treatment, and graphic representations of
the calculated wound healing rates for each treatment regimen (single and combined). The white
lines indicate the wound area. The scale bars indicate 100 μm. The data are expressed as the mean
values ± SD of three independent experiments performed in triplicate. The statistical differences
between the control and the treated group were quantified by one-way ANOVA analysis followed by
Dunnett’s multiple comparisons post-test (* p < 0.05; ** p < 0.01; *** p < 0.001).
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4. Discussion

The safety of the individual administration of folic acid/folate and labetalol during
pregnancy has already been documented in the literature [5,25]; however, studies regarding
the possible toxicity caused by their co-administration are scarce. Driven by the lack of data
on this subject, the current study was designed to examine the potential in vitro cardio-
and hepato-toxicity resulting from drug (LB)–dietary supplement (FA/FT) association
that might occur during pregnancy. This study was conducted using two immortalized
healthy cell lines—H9c2(2-1) myoblasts and HepaRG hepatocytes. The selected cardiac cells
have proliferated well in vitro and have been used as an in vitro model in cardiotoxicity
analyses, studies regarding the metabolic activity of the heart and mechanisms involved in
myocyte damage, as well as in evaluations of compound-induced toxic effects [26,27]. In
particular, their applicability in various in vitro studies results from the close morphological
resemblance of H9c2 cells to immature embryonic cardiomyocytes. The cardiotoxicity of a
given drug can be assessed through the evaluation of cell parameters such as morphology
and proliferation. According to a recent study by Witek et al., the response of H9c2 cells to
cytotoxic agents is highly dependent on the number of cell passages, this in vitro model
being reliable if only cultured at low passages [26]. Thereafter, the cells employed for
this study were cultured at low passages to avoid any lack of reliability. HepaRG is an
immortalized human hepatic progenitor cell line recently emerging as a useful in vitro
model for toxicological evaluations, representing one of the most employed cell lines for
the study of drug-induced toxicity [28–30]. Compared to primary hepatocytes, HepaRG
cells are more advantageous in terms of availability and reproducibility [28].

Considering that pregnancy has been associated with profound physiological changes
affecting drugs’ pharmacokinetics [31], the LB, FA, and FT concentrations (expressed as
nM) used for the in vitro experiments were chosen based on previous studies illustrating
their blood levels in pregnant women following oral administration [32,33]. Thereafter, the
concentrations of interest for this study were as follows: LB—50 and 150 nM; FA—0.2 nM;
FT—25 nM. Additionally, we tested high concentrations of FA and FT (50 nM).

First, the possible cytotoxicity caused by a prolonged treatment (72 h) of H9c2(2-1)
and HepaRG cells with LB, FA, FT, and their combinations was evaluated. The results
indicate a dose-dependent decrease in the percentages of viable H9c2(2-1) and HepaRG
cells following their individual treatments with LB, FA, and FT (Figure 1). LB produced no
significant alterations in terms of cell viability—the H9c2(2-1) and HepaRG percentages
were up to 79% and 88%, respectively—while FA exerted a similar effect (cell viabilities
of 82% and 81%, respectively) at the highest concentration tested (50 nM), which exceeds
physiological FA blood levels [33]. FT, on the other hand, showed a stimulatory effect on
the viability of H9c2(2-1) at 0.2 nM, which might be linked to the currently available reports
indicating the benefits of FT supplementation during pregnancy in preventing congenital
heart defects [34–36]. Furthermore, observational studies have suggested the ameliorative
property of FT intake on cardiovascular morbidity and mortality [37].

The impact of the association of LB with FA on the viability of H9c2(2-1) and HepaRG
cells was statistically non-significant (Figure 2A,B). Similarly, the viability of the HepaRG
cells following the LB–FT treatments was comparable to the control (Figure 2B), suggesting
good biocompatibility. Interestingly, the individual treatments with LB 50 nM and FT
25 nM led to viability values of 84% and 96% in the H9c2(2-1) cells, while their combination
improved cell viability up to 127%. The in vivo administration of FA, which is known to be
subsequently converted into active folate [9], has been found to mitigate the cardiotoxicity
induced by several drugs, including celecoxib and doxorubicin [38,39]. Thereafter, our
in vitro results suggest that FT treatment can alleviate the viability-reducing effects exerted
by LB on healthy myoblasts. However, this protective property exerted by FT has been
noticed only at low concentrations, while at high concentrations (LB 150 nM and FT
50 nM), their association led to cardiac cytotoxicity, with cell viability of ~68% (Figure 2A).
Regarding cellular morphology analysis, in comparison to the control, no significant
morphological changes were noticed at the end of the combined 72 h treatment, apart from
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a slight confluence reduction in the H9c2(2-1) cells (Figure 3) treated with LB 150 nM–FT
50 nM and in the HepaRG cells (Figure 4) treated with LB 150 nM–FA 50 nM, data that are
in correlation with the viability results.

Further, the influence of LB, FA, FT, LB–FA, and LB–FT on wound regeneration was
assessed using the H9c2(2-1) cell line. As can be seen in our results (Figure 5), the individual
treatment of the H9c2(2-1) cells with LB (50 and 150 nM), FA (0.2 and 50 nM), and FT 25 nM
inhibited wound healing following 24 h of treatment, while FT 50 nM slightly stimulated the
motility of myoblasts. To the best of our knowledge, the effect of LB on wound healing has
not been evaluated so far. However, other β-blockers were included in similar studies. One
such example is the study conducted by Cuesta et al. showing that propranolol treatment
delayed wound healing in vitro in primary human umbilical vein endothelial HUVEC
cells [40]. Regarding the wound healing properties of FA, Pakdemirli et al. highlighted
in a recent in vitro study on HUVEC cells that FA (at μM concentrations) is effective for
improving endothelial damage [41]. According to our data showing a better healing
property of FA at 50 nM compared to 0.2 nM, it can be assumed that high concentrations
of FA are required to promote wound regeneration. The association between LB (50 and
150 nM) and FA 0.2 nM proved beneficial for the wound regeneration of myoblasts, a
significant increase in cell migration being recorded at the end of the treatment (wound
healing rates > 80%). The combined LB–FT treatment induced no significant impairment
during the cardiac healing process in vitro.

5. Conclusions

The current study was proposed to evaluate the possible toxicity induced by labetalol
association with folic acid and folate on cardiac and hepatic cells, considering their possible
association in clinical practice. The main conclusion of the study is that in vitro LB–FA and
LB–FT exerted no cardio- or hepato-toxicity at known plasmatic concentrations. On the
contrary, LB–FT improved the viability of H9c2(2-1) myoblasts, while LB–FA demonstrated
cardiac healing properties, suggesting a possible benefit for cardiac function resulting from
their co-administration, which should be explored in future studies.
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Abstract: Background and objectives: Urinary incontinence is any involuntary loss of urine. It may
result in anxiety, depression, low self-esteem and social isolation. Perineal massage has spread as a
prophylactic technique for treating complications during labor. Acknowledged effects of perineal
massage are reduction of incidence and severity of perineal tear and use of equipment directly related
to the intrapartum perineal trauma. The aim of this study was to determine the effectiveness of
massage in urinary incontinence prevention and identification of possible differences in its form of
application (self-massage or by a physiotherapist), with the previous assumption that it is effective
and that there are differences between the different forms of application. Materials and Methods: A
controlled clinical trial with a sample of 81 pregnant women was conducted. The participants were
divided into three groups: a group that received the massage applied by a specialized physiotherapist,
another group that applied the massage to themselves, and a control group that only received
ordinary obstetric care. Results: No differences were identified in the incidence or severity of urinary
incontinence among the three groups. The severity of the incontinence was only affected by the body
mass index and the weight of the baby at the time of delivery. Conclusions: A relationship between
perineal massage interventions and development of urinary incontinence has not been observed.

Keywords: musculoskeletal manipulations; primary prevention; perineum; obstetric labor complications;
physical therapy modalities

1. Introduction

Urinary incontinence (UI) is defined by the International Continence Society as any
involuntary loss of urine [1]. It may result in anxiety, depression, low self-esteem and
social isolation [2]. There are three types of UI: stress UI—loss of urine upon effort or
physical exertion (jumping) or sneezing or coughing due to the lacking capacity of the
musculoskeletal system to compensate the increase in intra-abdominal pressure; urgency
UI—loss of urine associated with a sudden and urgent need of urinating due to spasms
of the bladder detrusor muscle; and mixed UI, when the patient shows a combination of
both stress and urgency UI [3,4]. All cases are an important medical, social and economic
problem that has an impact of the quality of life of women and that shows a growing
tendency (though their prevalence is very different among different geographic regions
and dependent on age) [5].

In recent years, perineal massage has spread as a prophylactic technique for com-
plications during labor [6]. Acknowledged effects of perineal massage are reduction of
incidence and severity of perineal tear and use of equipment directly related to the intra-
partum perineal trauma [7,8]. In addition, the incidence of the two conditions (perineal
tear and use of equipment) has been associated with the duration of delivery (especially
the second phase). This has been related to the greater incidence of postpartum complica-
tions [9,10].
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Therefore, we conclude that perineal massage has preventive effects on UI develop-
ment in postpartum. The present investigation was consequently considered necessary
in order to determine the effectiveness of massage in UI prevention and identification of
possible differences in its form of application (self-massage or by a physiotherapist).

2. Materials and Methods

2.1. Design and Sample

A controlled non-randomized study was conducted with a sample of women selected
from the maternity unit of their primary care center (first obstetric consultation with
matron and/or gynecologist or through information leaflets, handed at the care attention
center). Recruitment was carried out through three primary care centers served by the same
hospital for six months. The women were selected through their interest in participating
in the study by the information provided to them in their Primary Care Center (first
obstetric consultation with a midwife and/or gynecologist or by notice through information
brochures in their own clinic).

The sample was calculated using the G Power software package. The effect size was
set as 0.5; α = 0.05; sample size = 81; actual power = 0.95 or 95%.

The inclusion criteria for participation were the following: (a) being aged between
18 and 40; (b) expecting a full-term delivery (week 37 or later); (c) expecting a singleton
pregnancy; (d) expecting uncomplicated gestation and delivery; (e) not participating in any
other psychoprophylaxis intervention; (f) delivering at Hospital Nuestra Señora de Son-
soles (Spain); (g) giving informed consent of participation in the study and attending to all
intervention and or evaluation sessions. The exclusion criteria defined were: (a) any counter
indication for perineal massage; (b) medical diagnosis of any pelvi-perineal pathology
prior to becoming pregnant; (c) any records on cesarean delivery (in the present or previ-
ous deliveries); and (d) presence of UI prior to delivery identified through International
Consultation on Incontinence Questionnaire-Short Form (ICIQ-SF) [11].

The sample consisted of 81 women (Figure 1). Throughout the course of the investiga-
tion, there was no sample loss.

Figure 1. CONSORT flow diagram.
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2.2. Procedure

The research protocol was registered in ClinicalTrials.gov (ID: NCT05114811) on
10 November 2021. Participants were divided into three groups according to their personal
preference: perineal massage (n = 27); self-massage group (n = 27), and a control group
(n = 27) which had regular obstetric attention (regular medical control and information
sessions with matron).

All participants signed an informed consent form according to Declaration of Helsinki
(rev. 2013) and were also informed on the confidentiality of their personal data. Study had
been previously approved by the Ethics Committee of the University of León, Spain (code:
021-2018).

Data collection took place in one evaluation session on the 5th or 6th postpartum week
through a self-informed questionnaire where participants registered: characteristics of
delivery (week of gestation, weight of the baby, duration of labor, posture, tear, episiotomy,
use of equipment and/or analgesia), quality of life through the King’s Health Questionnaire
(KHQ), and UI incidence through ICIQ-SF (punctuation higher than 0) and description
(quantity of loss of urine and how this affects to their daily life), identified in the items
included in the questionnaire.

The ICIQ-SF is a condition-specific questionnaire that assesses the subjective symptoms
and quality of life of women with urinary incontinence [12,13]. The questionnaire consists
of four items pertaining to the frequency of leakage, amount of leakage, interference with
everyday life, and the perceived cause of leakage. For the first three questions, the patients
were asked to rate their answers on a Likert scale where the maximum scores possible
(corresponding to the greatest severity of the condition) were 5, 6, and 10, respectively.
For the last question, the purpose of which was to diagnose the type of incontinence, the
patients were asked to indicate all the circumstances under which urine leakage occurred.
The scores for the frequency of leakage, amount of leakage, and interference with everyday
life were added up to obtain the total score. The total score ranged from 0 to 21, and the
higher the score, the more severe the condition [14]. The internal consistency of the Spanish
version of this questionnaire is 0.89 for its Cronbach’s alpha score [15].

Finally, the KHQ is a condition-specific questionnaire that assesses the quality of life
of women with urinary incontinence [16]. The KHQ consists of 21 items in the following
nine domains: general health perceptions, incontinence impact, role limitations, physical
limitations, social limitations, personal relationships, emotions, sleep/energy, and inconti-
nence severity. Each KHQ domain provided a score, and the scores ranged from 0 to 100,
the higher scores indicating poorer quality of life. The internal consistency of the different
dimensions included in this questionnaire as well as its complete structure in its Spanish
version is Good (0.65 < Cronbach’s alpha score > 0.92) [17].

2.3. Interventions Applied

(a) Perineal self-massage intervention. As described in a previous publication [16], self-
massage group received standing instructions on perineal massage during pregnancy:
it should be performed at least twice a week (on alternate days) for 10 min using a
water-base lubricant from the 34th gestation week until delivery.

(b) Perineal massage intervention. Perineal massage was applied by a physiotherapist
expert in Urogynecol. and obstetrics over 6–10 sessions (from 34th gestation week
until delivery) of 30 min each on a weekly basis. The intervention protocol has been
used previously [16]. The procedure included direct manual techniques, the use of the
EPI-NO® device (Northampton, UK), and another external manual technique [18].

2.4. Statistical Analysis

The statistical analysis was carried out by an investigator blinded to experimental
groups (unaware of the meaning of codification of the database of the three sample sub-
groups). The sample was described by descriptive statistical descriptions (frequency,
percentages, media and typical deviation).
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Kolmogorov–Smirnov tests and Levene’s test for equality of variances were applied to
check the distribution of the data for the pretreatment measure of the outcome variables
in the three experimental conditions. Since the results confirmed normal distribution and
equality of variances, in categorical variables independent samples Chi-square test and
Fisher exact test were used to verify the homogeneity of the groups, using Cramer’s V
as measure of the effect sizes. The three groups’ repeated measure analyses of variance
(ANOVA) were used to assess changes in clinical variables and psychosocial functioning,
computing pairwise differences using Bonferroni correction, and partial eta-squared (η2

p)
was calculated to assess effect sizes. All effect sizes were interpreted using the benchmarks
provided by Cohen [19] (η2

p: small <0.06, medium >0.06 and <0.14, and large >0.14;
Cramer’s V: small <0.3; medium >0.3 and <0.6, and large >0.6).

A correlation analysis was conducted between the impact of the quality of life due to
UI and the quantity of loss of urine and other obstetric variables to find out the relationship
between them. Moreover, we applied linear regression models using both the dependent
variable and the independent, obstetric variables adjusted by age. R2 statistic was used to
evaluate the fit in the linear regression models. Omega squared was calculated to evaluate
the size of the effect of the models. All calculations were performed using the STATA
software v.13 (Stata Corp., College Station, TX, USA). The significance level was set at
p < 0.05.

3. Results

Descriptive analysis of the sample (Table 1) identified significative differences in the
age variable between the control and massage subgroups (p < 0.01; η2

p = 0.11). Obstetric
characteristics (Table 2) were statistically different only in relation to the incidence of
episiotomy (X2 = 23; p < 0.001; V = 0.53).

Table 1. Descriptive data of the sample (mean ± standard deviation).

All
(n = 81)

Control
(n = 27)

Self-Massage
(n = 27)

Massage
(n = 27)

Age (years) 32.6 ± 4 30.7 ± 4.3 a 33.2 ± 3.2 33.8 ± 3.8 a

Height (cm) 164 ± 6.2 163.4 ± 6.3 163.8 ± 5.5 164.7 ± 6.9
Weight (kg) 58 ± 8.3 58.2 ± 9.3 59.1 ± 8.9 56.8 ± 6.5

Body Mass Index (kg/m2) 21.6 ± 2.8 21.8 ± 2.8 22 ± 2.9 21.2 ± 2.9
Weight gain (kg) 12 ± 4 12.6 ± 4.8 11.9 ± 3.4 11.5 ± 3.8

Deliveries (nº) 1.3 ± 0.5 1.4 ± 0.5 1.2 ± 0.4 1.4 ± 0.6
Labor week (nº) 39.3 ± 1.7 39 ± 2.3 39.4 ± 1.6 39.5 ± 1.2

Baby weight (kg) 3.3 ± 0.4 3.3 ± 0.5 3.2 ± 0.2 3.4 ± 0.3
Duration of labor (hours) 10.9 ± 8.1 9.3 ± 6.6 13 ± 9.3 10.4 ± 8.2

ANOVA significant results: a p < 0.05; control vs. massage.

A correlation analysis was conducted between the duration of labor and the weight
of the baby and did not result statistically significative (p > 0.05). The association of
quality of life and age, weight of the mother, body mass index (BMI), weight gained
during pregnancy, duration of labor (p > 0.05) was also analyzed. Quality of life was only
significantly correlated inversely with the week of delivery (r = −0.6; p = 0.006) and the
weight of the baby (r = −0.6; p = 0.005) and directly with the quantity of urine loss (r = 0.7;
p = 0.005). Quantity or loss of urine was only correlated to the BMI (r = 0.6; p = 0.03).

The linear regressions used as dependent variables were the following: number of
deliveries, BMI, weight gained during pregnancy, week of delivery, severity of tear, duration
of labor and weight of the baby (Table 3). The quality of life was only affected by the week
of delivery and the weight of the baby at the time of delivery (−0.61 < B > −0.25; p < 0.01;
0.25 < ω2 > 0.26) and the quantity of urine loss was only affected by the BMI and the weight
of the baby at the time of delivery (B = 0.04; p < 0.05; 0.04 < ω2 > 0.2).
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Table 2. Delivery and urinary incontinence characteristics [data provided: n (percentage)].

All
(n = 81)

Control
(n = 27)

Self-Massage
(n = 27)

Massage
(n = 27)

Episiotomy * 35 (43.2%) 19 (70.4%) 14 (51.9%) 2 (7.4%)
Perineal tear:

No 57 (70.4%) 15 (55.6%) 20 (74.1%) 22 (81.5%)
Mild 17 (21%) 8 (29.6%) 5 (18.5%) 4 (14.8%)

Moderate/severe 7 (8.6%) 4 (14.8%) 2 (7.4%) 1 (3.7%)
Position:

Lithotomy 63 (77.8%) 25 (92.6%) 21 (77.8%) 17 (63%)
Sideways 5 (6.2%) 1 (3.7%) 3 (11.1%) 1 (3.7%)
Sit/squat 11 (13.6%) 1 (3.7%) 2 (7.4%) 8 (29.6%)
Standing 2 (2.5%) 0 (0%) 1 (3.7%) 1 (3.7%)

Instrumental:
No 64 (71.9%) 17 (63%) 23 (85.2%) 24 (88.9%)

Vacuum 10 (12.4%) 6 (22.2%) 1 (3.7%) 3 (11.1%)
Forceps 7 (8.6%) 4 (14.8%) 3 (11.1%) 0 (0%)

Analgesia:
No 16 (19.8%) 4 (14.8%) 5 (18.5%) 7 (25.9%)

Local 2 (2.5%) 1 (3.7%) 1 (3.7%) 0 (0%)
Epidural 63 (77.8%) 22 (81.5%) 21 (77.8%) 20 (74.1%)

Urinary incontinence:
No 56 (69.1%) 18 (66.7%) 15 (55.6%) 23 (85.2%)
Yes 25 (30.9%) 9 (33.3%) 12 (44.4%) 4 (14.8%)
Severity of urinary incontinence (perception of amount of urine from leaks):

Nothing 56 (69.1%) 18 (66.7%) 15 (55.6%) 23 (85.2%)
Little 24 (29.6%) 8 (29.6%) 12 (44.4%) 4 (14.8%)

Moderate 1 (1.2%) 1 (3.7%) 0 (0%) 0 (0%)
A lot 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Quality of life (mean ± standard deviation):
0–100 points 39.6 ± 20.1 31.4 ± 34.1 57.3 ± 13.4 50 ± 18.9

Chi-squared significant results: * p < 0.001.

Table 3. Linear regression models of impact of urinary incontinence on quality of life and severity of
urinary incontinence in relation to obstetrics variables (continuous variables) adjusted by age.

Variable
Quality of Life UI Severity

B SE R2 B SE R2

Number of deliveries −0.27 1 0.003 0.02 0.11 0.001
Body Mass Index 0.02 0.18 0.001 0.04 * 0.02 0.05

Weight gain 0.04 0.16 0.003 0.01 0.01 0.002
Labor week −0.61 ** 0.2 0.286 −0.01 0.03 0.99
Perineal tear −0.97 0.99 0.04 0.08 0.121 0.005

Duration of labor 0.01 0.06 0.002 0.01 0.007 0.002
Baby weight −0.25 ** 0.01 0.3 0.04 ** 0.001 0.005

UI: urinary incontinence; B: regression coefficient; SE: standard error; R2: coefficient of determination. * p < 0.05;
** p < 0.001.

4. Discussion

The objective of the present investigation was to determine the effectiveness of massage
in UI prevention and identification of possible differences between its mode of application
(self-massage or by a physiotherapist). After analysis of the results obtained, this interven-
tion seems to have no influence on UI postpartum nor the severity of its consequences.

Prevalence of postpartum UI was not related with the distinction among the sample
subgroups. This phenomenon was also identified by Eason et al. [20] with the peculiarity
that it was identified three months postpartum; in the present study, such relation was
discarded even in the early puerperium. Though perineal massage has been associated with
a lower incidence in and use of equipment in labor, and these two phenomena have been
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repeatedly related to UI prevalence [21,22], we have not been able to establish a relationship
between applied interventions and development of UI in the present study.

Severity of UI was also associated with the mother’s BMI (registered during the first
trimester of pregnancy). This association is consistent with previous publications and has
been thoroughly studied [23,24]. Previous studies have associated the weight of the baby
with the incidence of UI postpartum [25,26], but this is the first investigation that associates
it only with severity.

In the massage group, we identified that an incidence of episiotomy was statistically
lower than in the control group and the self-massage group. However, no relevant dif-
ferences were identified between the latter two groups. Such findings were consistent
with previous investigations which had already identified the preventive effect of perineal
massage on episiotomy [27–29], although this is the first time that a lower efficiency of
auto-applied massage is stated, despite the fact that auto-applied massage has been a
popular recommendation of professional obstetricians, especially during the recent months
when health care assistance was generally not on-site due to the COVID-19 pandemic [30].

Duration of labor was not significantly associated with the weight of the newborns; this
contradicts what has been published by a recent paper [31]. In any case, it is an association
which has hardly been investigated in scientific literature. It has been established that active
labor lasts for less than 12 h [32]; the only group that lasted longer was the self-massage
group, and the group that lasted the least amount of time on delivery on average was the
control group. Consequently, the present study discarded the influence of perineal massage
on duration of delivery, regardless of its application mode. Therefore, the physiological
mechanism by which perineal massage reduces the development of intrapartum perineal
trauma appears to have no correlation with its influence on duration of delivery.

The authors must recognize that this research has methodological limitations. Fun-
damentally, the sample size (although representative and with proven statistical power)
is small. Furthermore, the fact that the information analyzed was obtained through ques-
tionnaires means that the data could be biased or unreliable. It would have been an added
value to the present investigation to include long-term follow-up of the characteristics of
the participants’ urine leakage. Finally, the authors must acknowledge the implicit bias
in the way the women were divided into the three subgroups: the fact that the women
themselves decided whether or not to undergo perineal intervention could mask some
extraneous variable that was not taken into account.

In any case, this investigation also presents strengths such as being the first with this
research objective and containing a multitude of obstetric variables that act as extraneous
variables not considered on other occasions. Furthermore, it should be the fruit of future
research to assess whether the interventions evaluated here could have more significant or
better effects on maternal perineal health if applied for a longer period of time (not only in
the last weeks of gestation).

5. Conclusions

We have not been able to establish a relationship between applied interventions and
development of UI in the present study. In the massage group, we identified an incidence
of episiotomy statistically lower than in the other two. However, there were no differences
in the incidence of episiotomy between the control and self-massage groups.

The results presented should be taken into account by health care professionals spe-
cializing in obstetrics; though prepartum perineal massage has physical and psychological
benefits for women, there is no evidence that such procedure decreases incidence of post-
partum UI. It is necessary to carry out more investigations studying the specific effects and
benefits of perineal massage during pregnancy.
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Abstract: Background and Objectives: The aim was to evaluate the severity of obstetrical bleeding in
the third trimester associated with COVID infection in placenta previa and accreta. Materials and
Methods: A retrospective study was conducted to compare the risk of obstetrical bleeding in the case of
placenta previa with or without associated SARS-CoV-2 infection. Patients presenting with placenta
previa before labor were classified into three groups: group A (control) as no infection throughout
their pregnancy, group B as confirmed infection during the 1st trimester, and group C as confirmed
infection at the time of delivery. Infected patients were stratified according to the severity of signs
and symptoms. The severity of obstetrical hemorrhage at birth was assessed quantitatively and
qualitatively. All placentas were analyzed histologically to identify similarities. Results: Prematurity
and pregnancy-induced hypertension appear significantly related to SARS-CoV-2 infection during
the 3rd trimester. Placenta accreta risk increases significantly with infection during the 1st trimester.
No statistically significant differences in the severity of hemorrhage associated with childbirth in
cases with placenta previa between groups A and C but increased obstetrical bleeding mainly due to
emergency hemostatic hysterectomy in group B driven by placenta accrete were detected. Obstetrical
hemorrhage at birth in the case of coexistence of the infection was found not to correlate with
the severity of the viral disease. Meanwhile, the number of days of hospitalization after birth is
related to the specific treatment of COVID infection and not related to complications related to birth.
Conclusions: The study finds an increased incidence of placenta accreta associated with placenta
previa in cases where the viral infection occurred in the first trimester of pregnancy, associated with
an increased incidence of hemostasis hysterectomies in these patients. Placental histological changes
related to viral infection are multiple and more important in patients who had COVID infection in
the first trimester.

Keywords: obstetrical bleeding; SARS-CoV-2; placenta previa; placenta accreta

1. Introduction

The COVID-19 pandemic is a reality of the last few years that has created important
medical problems that were unforeseen and difficult to control, evaluate, and solve in
absolutely all medical fields. Some of the most frequently encountered and controver-
sial pathologies are related to the spectrum of coagulopathies, thrombosis, and bleeding
associated with infection with the SARS-CoV-2 virus, with specific complications [1].

The impact of SARS-CoV-2 infection on the pregnant woman, fetus, and newborn is
still little known, both regarding the short-term consequences during pregnancy, at the
time of birth, or the long-term, distant consequences. The histopathological changes at
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the placental level during pregnancy are already known: changes that are nonspecific
but are responsible for the increased rate of premature birth and hypertension induce
pregnancy [2]. Although the syncytiotrophoblast is an effective barrier to viral infections,
the existence of infection at the placental level and transplacental transmission to the fetus
during pregnancy by aspiration of amniotic fluid has been demonstrated [2–4].

Numerous clinical data suggest that exacerbation of the immune response in preg-
nancy associated with cytokine storm caused by infection with the SARS-CoV-2 virus could
more easily trigger varying degrees of consumption coagulopathy [5,6]. There are currently
insufficient data on the severity of obstetrical bleeding in the third trimester associated
with COVID infection.

In recent years, the incidence of hemorrhages in the third trimester is increasing
especially because of the increased incidence of births by cesarean section in the context
of practicing defensive obstetrics, the increasing maternal age at first birth, and the use
of assisted human reproduction techniques [7]. We can already observe the negative
consequences related to this aspect by the increasing number of pregnant women with
non-intact uteri (due to prior delivery by cesarean section) which also leads to an increased
incidence of low-lying placenta and abnormal adhesions to the placenta in the following
pregnancies. We can currently say that placenta previa is the main cause of obstetrical
bleeding in the third trimester of pregnancy [8].

2. Materials and Methods

We conducted a retrospective study whose objective is to compare the risk of obstetrical
bleeding in the case of placenta previa associated with SARS-CoV-2 infection with the
risk of obstetrical bleeding related to the placenta previa unrelated to the SARS-CoV-2
infection. The study included patients who gave birth in the St. Pantelimon Obstetrics and
Gynecology Clinic in Bucharest and Bucur Maternity of Saint Johns’ Hospital in Bucharest
between January 2018 and December 2021. During the 2020–2022 period, Bucur Maternity
acted as a support maternity unit for pregnant women with SARS-CoV-2 infection.

The study was carried out with the agreement of the Ethics Council of the Hospital of
Obstetrics and Gynecology “Saint Pantelimon”, Bucharest, and of the Ethics Committee of
the Bucur Maternity “Saint John’s” Clinical Hospital, Bucharest.

Three study groups were considered:

• Group A—patients with placenta previa who do not have SARS-CoV-2 infection
diagnosed from the moment of conception until birth;

• Group B—patients with placenta previa who have a history of SARS-CoV-2 infection
in the first trimester of pregnancy and who are negative at the time of birth;

• Group C—positive SARS-CoV-2 patients at the time of birth only.

Patients that were diagnosed positive for SARS-CoV-2 at the time of birth and were
also positive in the first trimester and/or second trimester of pregnancy were decided to
be excluded from the study to isolate the effects of infection per trimester. No patients
were found to fit in the above-mentioned situation. Similarly, in the case that patients were
found to be positive during the second trimester but not during delivery, it was decided
that they should form a group of their own. Again, no such patients were identified.

The demographic, obstetrical, birth method, and status/history of SARS-CoV-2 infec-
tion were obtained from the patients’ observation sheet. Positive SARS-CoV-2 infection
was diagnosed based on the results of the nasopharyngeal sample collected at the time
of hospital admission and a positive result validated by an accredited laboratory; either
PCR tests for the SARS-CoV-2 virus or antigenic tests were considered. Only patients for
whom there was a positive PCR test result or an antigen test performed at an accredited
laboratory during the first or second trimesters were considered as having reliable evidence
of past infections.
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SARS-CoV-2 infection at the time of birth was classified in the following categories [1,9]:

• Asymptomatic if the PCR test is positive but without respiratory or general symptoms;
• Mild if there were any of the following signs or symptoms: fever, chills, mild cough,

headache, etc., but without shortness of breath, chest pain, or breathlessness;
• Moderate if there are respiratory difficulties, suggestive pulmonary imaging, and/or

SpO2 > 94%;
• Severe if the respiratory rate is over 30 breaths per minute, SpO2 < 94%, severe

breathlessness, cough, altered general condition, and severe respiratory failure.

The severity of obstetrical hemorrhage at birth was assessed according to the pre-
operative and postoperative values of hemoglobin and the calculated percentage loss of
blood volume taking into consideration the effect of the number of blood units (erythrocyte
concentrates) that were transfused. The average duration of the days of hospitalization and
the intra- and post-operative complications were used as a qualitative aspect of the severity
of obstetrical hemorrhage according to the data from the specialized literature [1,10,11]. All
these aspects were retrospectively recorded from the patients’ observation sheets.

The diagnosis of placenta previa was made based on the preoperative ultrasound
examination performed during the evolution of pregnancy after 20 weeks of amenor-
rhea, with the classification of the anatomical variants of placenta previa being made as
follows [12,13]:

• Grade I: low-lying placenta: placenta lies in the lower uterine segment, but its lower
edge does not abut the internal cervical orifice (lower edge 0.5–2.0 cm from the inter-
nal orifice);

• Grade II: marginal previa: placental tissue reaches the margin of the internal cervical
orifice, but does not cover it;

• Grade III: partial previa: placenta partially covers the internal cervical orifice;
• Grade IV: complete previa: placenta completely covers the internal cervical orifice.

The groups were compared with descriptive and bivariate statistics using Student’s
t-test for continuous variables. Chi-square test or Fisher’s test were used for categorical
variables. ANOVA test was used to determine if there is a statistically significant difference
between two or more categorical groups. All analyses were completed using Addinsoft
(2022) and XLSTAT statistical and data analysis solution, New York, NY, USA.

We analyzed macroscopic and histopathological aspects of all the placentas with the
help of the Department of Pathological Anatomy within the two clinics. Ultrasound exami-
nation was performed before birth, and the diagnosis of placenta accreta was suspected in
all cases. The definite diagnosis of placenta accreta was made only after the histopathologi-
cal evaluation of postoperative certainty. In all cases with placenta accreta, an emergency
hemostatic hysterectomy was performed.

3. Results

Between January 2018 and December 2022, the number of births in the two clinics was
10,026. The study group includes 154 patients who gave birth in these two maternity wards
between January 2018 and December 2021, namely 87 (56.49%) cases during 2018–2020 and
67 (43.51%) cases during 2020–2021 with the diagnosis of placenta previa.

Group A includes 120 negative cases during pregnancy and childbirth for COVID
infection (77.92%), group B includes 15 cases that presented the infection in the first trimester
(9.74%), and group C includes 19 positive cases for COVID at birth (12.34%).

Demographic data and aspects related to SARS-CoV-2 infection are presented in
Table 1. p-values shown in the tables are derived using one-way ANOVA testing between
all three different groups unless otherwise stated, where groups were tested in pairs using
t-test. In some cases, p-value was not calculated on the basis that either it was not significant,
or comparisons between the related groups were considered either out of the scope of this
research or not clinically significant.
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Table 1. Demographic, obstetrical, and related characteristics of SARS-CoV-2 infection. Percentages
quoted are based on specific categories expressed in comparison to the respective group.

Group A
COVID-Negative

(n = 120)

Group B
COVID-Positive

in Trimester I
(n = 15)

Group C
COVID-Positive

during Labor
(n = 19)

p-Value (a = 0.05)

Age (in years) 25.7 ± 5.9 27.2 ± 6.0 25.6 ± 5.7 0.680

Body mass index 24.5 ± 6.1 25.9 ± 7.2 25.1 ± 5.7 0.679

Tobacco consumption

0.785• None
• Smoker

85 (70.83%)
35 (29.17%)

11 (73.3%)
4 (26.7%)

13 (68.42%)
6 (31.58%)

Parity
0.885

• Nulliparous
• Multiparous

73 (60.83%)
47 (39.17%)

9 (60.00%)
6 (40.00%)

12 (63.16%)
7 (36.84%)

Gestational age (in weeks) at the
time of delivery Between:

Group A and B: 0.0675
Group A and C: 0.0345• Preterm, < 37 weeks

• At term ≥ 37 weeks
29 (24.16%)
91 (75.84%)

4 (26.67%)
11 (73.33%)

7 (36.84%)
12 (63.15%)

Placenta previa

p >> 0.05
• Grade I
• Grade II
• Grade III
• Grade IV

23 (19.10%)
41 (34.17%)
32 (26.67%)
24 (20.06%)

3 (20.00%)
3 (20.00%)
4 (26.67%)
5 (33.33%)

3 (15.79%)
5 (26.32%)
6 (31.57%)
5 (26.32%)

Placenta accreta spectrum (PAS) 12 (10.00%) 5 (33.33%) 3 (15.79%) 0.496

Fetal weight (g) 2759 ± 352 2899 ± 458 2650 ± 424

Apgar Score at 1 min postpartum 8 ± 1 9 ± 1 8 ± 1

Mode of delivery

>>0.05• Vaginal
• Cesarean section

23 (19.17%)
97 (80.83%)

3 (20.00%)
12 (80.00%)

3 (15.79%)
16 (84.21%)

Anesthesia type

• None
• Spinal/epidural
• General

12 (10.00%)
86 (71.67%)
22 (18.33%)

2 (13.33%)
10 (66.66%)
3 (20.00%)

2 (10.52%)
10 (52.63%)
7 (36.84%)

The severity of SARS-CoV-2
infection

• Asymptomatic
• Mild
• Moderate
• Severe

0
0
0
0

3 (20.00%)
7 (46.67%)
5 (33.33%)

0

4 (21.05%)
9 (47.37%)
5 (26.31%)
1 (5.27%)

Table 2 includes comparative data on the severity of obstetrical hemorrhage between
the three study groups.

We also performed a comparative analysis between the severity of obstetrical hemor-
rhage and the clinical form of the COVID infection, with data presented in Table 3.

Table 4 presents the analysis of the causes of hysterectomy of hemostasis in the
study groups.

From the histopathological point of view, placental changes were analyzed in all
groups, comparatively analyzing (Table 5) the incidence of abnormalities associated with
COVID infection in pregnancy, according to the studies carried out so far [2,4].
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Table 2. Comparison between the three groups on the severity of obstetrical hemorrhage and
postoperative morbidity.

Group A
(n = 120)

Group B
(n = 15)

Group C
(n = 19)

p

Preoperative/Prelabor
hemoglobin (g/dL) 11.3 ± 0.7 11.7 ± 1.2 11.5 ± 0.9 >>0.05

Postoperative/Postpartum
hemoglobin (g/dL) 10.2 ± 0.6 9.7 ± 1.1 10.2 ± 0.8

Between:
Group A and B: 0.022

Group A and C: >>0.05

Decrease in hemoglobin (%) 11.2 ± 3.5 17.8 ± 4.1 13.5 ± 3.9
Between:

Group A and B: 0.023
Group A and C: 0.065

Blood transfusion—
erythrocytes concentrate (IU) 2.3 ± 1.1 3.9 ± 2.2 2.1 ± 1.2

Hospitalization (days)

• 3–5 days
• 6–7 days
• >7 days

45 (37.5%)
59 (49.16%)
16 (13.30%)

3 (20.00%)
7 (46.67%)
5 (33.33%)

5 (26.31%)
10 (52.63%)
4 (21.05%)

No complications 87 (72.5%)

Complications

• Bladder injury
• Coagulopathy
• Uterine relaxation
• Infection
• Hysterectomy
• Re-exploration
• Thrombosis

5 (4.17%)
1 (0.83%)
5 (4.17%)

0
12 (10%)
1 (0.83%)

0

2 (13.3%)
1 (6.66%)

0
1 (6.66%)
4 (26.67%)

0
1 (6.66%)

1 (5.26%)
0

1 (5.26%)
1 (5.26%)
3 (15.79%)

0
1 (5.26%)

Table 3. Comparison between the severity of obstetrical bleeding and the clinical form of
SARS-CoV-2 infection.

Asymptomatic
Form
(n = 7)

Mild
Form

(n = 16)

Moderate
Form
(n = 8)

Severe
Form
(n = 1)

p-Value
(a = 0.05)

Preoperative/Prelabor
hemoglobin (g/dL) 11.2 ± 1.2 11.4 ± 1.1 10.5 ± 2.1 9.8 ± 1.5

Postoperative/Prelabor
hemoglobin (g/dL) 10.1 ± 0.9 10.7 ± 1.5 9.8 ± 1.8 9.7 ± 1.2

Decrease in hemoglobin (%) 10.1 ± 0.5 9.5 ± 1.7 11.5 ± 1.6 6.5 ± 1.9 p > 0.05

Blood transfusion—
erythrocytes concentrate (IU) 1.6 ± 1.0 1.8 ± 1.6 2.2 ± 2.0 2.1 ± 1.8

Hospitalization (days)

• 3–5 days
• 6–7 days
• >7 days

5 (71.42%)
1 (14.29%)
1 (14.29%)

10 (62.50%)
3 (18.75%)
3 (18.75%)

5 (62.50%)
1 (12.50%)
2 (25.00%)

0
0

1 (100.00%)

No complications

Complications

• Bladder injury
• Coagulopathy
• Uterine relaxation
• Infection
• Hysterectomy
• Re-exploration
• Thrombosis

0
0

1 (14.2%)
0
1
0
0

1 (6.25%)
0
0
1
3
0
0

1 (12.50%)
0

1 (12.50%)
0

2 (25.00%)
0

1 (12.50%)

1 (100.00%)
1 (100.00%)

0
1 (100.00%)

0
0

1 (100.00%)
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Table 4. Causes of hysterectomy of hemostasis per group. Percentages quoted to indicate the
percentage of hysterectomy cases per group.

Cause
Group A
(n = 120)

Group B
(n = 15)

Group C
(n = 19)

p-value
(a = 0.05)

PAS 3 (2.50%) 3 (20.00%) 1 (5.26%) 0.0243

Uterine relaxation 4 (3.33%) 0 1 (5.26%)

Uterine myoma 2 (1.67%) 1 (6.67%) 0

Other 1 (0.83%) 0 1 (5.26%)

Total per group 10 (8.33%) 4 (26.67%) 3 (20.0%) 0.0126

Table 5. Comparison of placenta microscopic features of COVID-19 versus the control group A
(non-COVID placenta previa group).

Microscopic Features
Group A

(n = 120), Control Group
Group B
(n = 15)

Group C
(n = 19)

Increased microcalcifications 15 (12.50%) 5 (33.33%) 5 (26.31%)

Chorangiosis 5 (4.17%) 4 (26.66%) 3 (15.79%)

Villous agglutination 3 (2.50%) 3 (20.00%) 3 (15.79%)

Increased fibrin deposits 11 (9.17%) 4 (26.67%) 5 (26.31%)

Local thrombosis 13 (10.83%) 5 (33.33%) 4 (21.05%)

Increased syncytial knotting 2 (1.67%) 5 (33.33%) 2 (10.53%)

Delayed villous maturity 4 (3.33%) 3 (20.00%) 2 (10.53%)

4. Discussion

Regarding the demographic data, there are no statistically significant differences in
terms of age, parity, BMI, or tobacco consumption between group A and group B or C as
proven when testing for homogeneity.

There are no statistically significant differences between the obstetrical data, but still,
the patients who had COVID in the first or third trimester during pregnancy have an
increased rate of premature birth, independent of the coexistence of the placenta previa.
This increase premature birth is only found to be statistically significant for group C
(p = 0.0345, < 0.05) and not for group B (p = 0.0675, < 0.05). These data are similar to those in
the literature that attests to the increased incidence of premature birth and the association
with pregnancy-induced hypertension in the 3rd trimester (17% vs. 8.7% for preterm birth,
18.9% vs. 7.8% for preeclampsia) [1,14,15]. When analyzing using unadjusted odds ratios, it
was found that it is 45.4% for group C and only 12.4% for group B more likely in comparison
to group A to deliver prematurely.

Concerning the fetal outcome, as defined by fetal weight and Apgar score, homogene-
ity was confirmed between group A and group B or C. There are no statistically significant
differences in fetal prognosis (weight, Apgar score). The birth was performed in 125 cases
(81.17%) by cesarean section and in only 29 cases (18.83%) vaginally, with these being the
cases with minimal bleeding and 1st degree placenta previa. There are no significant differ-
ences in the mode of delivery between groups, and correlation testing proved that COVID
infection, albeit in the 1st trimester or active irrespective of severity, did not significantly
influence delivery mode.

There are no statistically significant differences (p >> 0.05 using one-way ANOVA)
between the three groups regarding the type of placenta previa.

An increased incidence of placenta accreta is observed in the group of patients who
had SARS-CoV-2 infection in the first trimester of pregnancy (weeks 5–14 of amenorrhea)
at the time of trophoblast formation. The odds ratio (OR) for placentation not to be accreta
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in group B was calculated at 0.22 (0.065–0.759, CI 95%) and 0.592 in group C (0.151–2.332,
CI 95%).

Most COVID infections are asymptomatic and mild, without statistically significant
differences between the three groups. There was only one serious case with respiratory fail-
ure that required hospitalization in the intensive care unit, with the birth being performed
by emergency cesarean section surgery for maternal purposes at 35 weeks of amenor-
rhea. Maternal and fetal evolution was favorable, with an increased number of days of
hospitalizations (27 days).

It is worth noting an increased incidence of pregnancies with placenta previa (154 cases
out of the total of 10,026 births, 1.536%) compared to the data from the specialized literature,
(0.15–1.1%) [16,17], which is explained by the framing of the two centers in which the
study was conducted in the category of grade III maternity wards, with a significantly
increased addressability of pregnancies with high obstetrical risk. In addition, between
2020–2021, Bucur Maternity Hospital was the only unit in Bucharest and the surrounding
areas dedicated to childbirth assistance exclusively for patients with COVID infection.
There are no differences in the incidence of pregnancies with placenta previa in the period
2018–2019 (1.5%) compared to the period 2020–2012 (1.582%).

To date, there are very few studies to try to evaluate blood loss at birth and postopera-
tive morbidity in obstetrical bleeding associated with COVID infection, and the studies that
have been conducted include a small number of cases [1]. For the non-pregnant population,
there are studies and case presentations that report morbidity and mortality associated with
COVID infection, and the data are still controversial due to the heterogeneity of laboratory
data and the difficulty of unitary quantification of blood loss. More data are needed in this
regard, and the present study aims to guide the public and anesthesiologists in establishing
as correctly as possible the hemorrhagic risk for these pregnant women, especially when it
is associated with other obstetrical causes of severe hemorrhage.

4.1. Hemostasis Changes in COVID Infection

Abnormalities of blood clotting are characteristic of COVID infection, directly propor-
tional to the severity of the disease. Starting from an altered inflammatory response, the
balance between pro and anticoagulant factors changes and endothelial dysfunction plays
a major role [18]. Changes in blood growth during the COVID infection proved to be the
main prognostic factor regarding the evolution of the disease [19].

There is also thrombocyte hyperactivity that is more pronounced in severe cases
and that participates in thrombotic complications [18]. Patients with increased platelet/
lymphocyte ratio have an increased duration of the disease [19,20]. The SARS-CoV-2 virus
inhibits hemopoiesis via CD-13 receptors, which leads to the possibility of thrombocytope-
nia, especially in the case of increased bleeding in other coexisting pathologies. [18]

The initial procoagulant status was initially considered to be part of the first phase of
the disseminated intravascular coagulation (DIC) process but is currently considered not to
meet the DIC criteria of the International Society of Thrombosis and Haemostasis [18].

4.2. Hemostasis in Pregnancy

Pregnancy is a procoagulant diathesis with the increase of prothrombotic factors VII,
VIII, X, XI, von Willebrand, and fibrinogen and the decrease of the S protein and the
alteration of the fibrinolysis. It is mandatory to recognize all prothrombotic risk factors for
pregnant women to establish thromboprophylaxis in pregnancy and postpartum [21], with
COVID infection being part of this category.

4.3. Impact of COVID on Blood Clotting during Pregnancy

Since the first trimester of pregnancy, COVID association increases thrombotic risk,
with the risk being maximum in the third trimester, in association with maternal obesity,
thrombotic history, thrombophilia, age over 35 years, and diabetes mellitus [3]. The
risk is directly proportional to the severity of the viral infection, with the condition of
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bed immobilization of the pregnant woman adding to the additional factors related to
prolonged venous stasis [19,20].

Under the conditions of association of severe obstetrical bleeding in the third trimester
with COVID infection, all these factors cause an increased risk of developing DIC [18–20].

In our study, initial preoperative/prelabor hemoglobin levels had no significance dif-
ference between the three groups (p >> 0.05), while postoperative/postpartum hemoglobin
levels were significantly different between group A and B (p = 0.022) and not between A
and C (p = 0.0045). Similarly, when blood loss during delivery was expressed as a per-
centage decrease of hemoglobin during labor, groups A and B had a significant difference
(p = 0.023), and groups A and C did not (p = 0.065). All in all, values of paraclinical analyses
and postoperative morbidity did not yield statistically significant differences in the severity
of hemorrhage associated with childbirth in cases with placenta previa between groups
A and C but did between groups A and B, primarily driven by an increased incidence of
obstetrical bleeding and emergency hemostatic hysterectomy in group B of patients who
had SARS-CoV-2 infection in the first trimester (p = 0.0243, CI 95%). This result is related to
a significantly increased incidence (p = 0.496, CI 95%) of abnormal adhesions of the placenta
(Table 1) and an increased rate of hysterectomies of hemostasis (p < 0.05), as shown in
Table 2.

General anesthesia by orotracheal intubation (IOT) predominates in the group of
patients with placenta accreta (Table 1), but this is mainly driven by operative considerations
rather than COVID status.

The results overlap with the data of other studies [1,21] that do not identify an in-
creased risk of obstetrical hemorrhage at birth in the case of coexistence of the infection,
and there is no correlation with the severity of the viral disease (Table 3). One-way ANOVA
proved no significant differences between groups.

The number of days of hospitalization after birth is increased for medium and severe
cases related to the specific treatment of COVID infection and not related to complica-
tions related to placenta previa. A correlation study between hospitalization days and
infection severity yielded an r2 value of 0.886 in comparison to hospitalization days and
complications directly linked to PAS of 0.456.

Intraoperative lesions of the bladder, coagulopathy, and reinterventions were more
common in group B and related to hysterectomies of hemostasis, but again, statistically,
no significance could be proven (p >> 0.05). There are no statistically significant differ-
ences between uterine relaxation, postoperative infection, or thrombotic complications.
It should be mentioned that in all cases, postoperative antithrombotic prophylaxis with
low-molecular-weight heparin preparations was performed.

According to the data from the literature [1,3,5], the incidence of emergency hemostatic
hysterectomies in pregnancies associated with the placenta previa is increased (4, 4–5, 9%).
Further, a statistically significant increase in the incidence of emergency hysterectomies
was found between group A and groups B and C cumulatively (p = 0.0126, CI 95%), while
no significant difference was found between groups B and C.

Table 4 presents the analysis of the causes of hysterectomy of hemostasis in the study
groups. It provides the insight that the increased incidence of hysterectomies is mainly
driven by PAS in group B. with a significant difference in comparison to groups A and C
(p = 0.0243, p < 0.05, CI 95%), while in group C, there is not a specific cause predominating,
and in group A, PAS and uterine relaxation remain the predominant causes.

The necessity of hemostasis hysterectomy was achieved mainly for abnormal adhe-
sions of the placenta (placenta accreta), their incidence being superior in the group of
patients who had SARS-CoV-2 infection in the first trimester of pregnancy (p = 0.243,
a = 0.05), without there being statistically significant differences between the main risk
factors of the placenta accreta between the three groups (Table 4). The highest incidence of
placenta accreta associated with placenta previa was found in group B of the study, between
groups A and C. The OR for placentation not to be accreta in group B was calculated at
0.22 (0.065–0.759, CI 95%) and 0.592 in group C (0.151–2.332, CI 95%). There is an increased
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risk of placental changes for group B of the patients who had COVID infection in the first
trimester of pregnancy compared to those who were positive at the time of birth, i.e., those
who presented the infection in the third trimester.

However, analyzing all the cases with placenta previa, we identified that study group
B of the patients with a history of SARS-CoV-2 infection in the first trimester of pregnancy
and who, compared to the positive patients in the third trimester or those who have no
history of COVID infection, had a statistically significant difference regarding the possibility
of a severe obstetrical hemorrhage at birth. No testing for COVID-19 has been done at
the placental level under any circumstances. No case of COVID infection was registered
in newborns in the case of maternal infection at the time of birth; all newborns with
COVID-positive mothers were tested at the time of birth. Group B recorded the highest
loss of blood volume, on average 17.1 ± 3.5%, followed by group C with 13.5 ± 3.9%
in comparison to group A at 11.2 ± 3.5%, with statistical significance when comparing
group A with B or C (p = 0.0234 and p = 0.0445, respectively, for CI 95%) and having
considered transfusions. In terms of transfusions, group B had the largest average with
3.9 ± 2.2 units in comparison to group A or B with 2.3 ± 1.1 or 2.1 ± 1.2, respectively.
Statistical significance was identified only between groups B and A but not for groups
A and C. The average number of days of hospitalization was maximum, where most
intra- and postoperative complications occurred. In this regard, it is worth noting the
statistically significant difference regarding the hysterectomies of hemostasis, the maximum
percentage being in the group of patients who had COVID infection in the first trimester,
with most of them having as an indication the placenta accreta. The increased incidence
of hysterectomies is mainly driven by PAS in group B with a significant difference in
comparison to groups A and C (p = 0.0243, p < 0.05, CI 95%), while in group C, there is
not a specific cause predominating, and in group A, PAS and uterine relaxation remain the
predominant causes.

There are no statistically significant differences between the three groups related to
the risk factors known for PAS.

Starting from these statistical results, we analyzed data from the specialized literature
related to the placental histopathological changes in the COVID infection that could explain
the practical clinical aspects revealed by the present study [22–24].

It is well-known that the immune status in pregnancy is modified in the sense of
adapting to accept an allograft that is the product of conception, leading to a specific
immune maternal response to the different types of infections that may occur during
pregnancy [25,26]. During the COVID infection, the functionality of the NK cells is also
altered, which overlaps with the reduction of their number that occurs physiologically
during pregnancy [25,26]. In pregnancy, there are alterations of the CD4+ population,
predominantly of the phenotype T-Helper-2 compared to T-Helper-1, which explains
maternal immune tolerance [25].

In the task, there is a special pattern of recognition of Toll-like receptors (TLRs), espe-
cially TLR4. Three levels of activation of these receptors shall be described. The first level is
represented by the activation from the first trimester at the time of implantation of the blasto-
cyst, the second occurs in the second trimester to reduce the pro-inflammatory phenomena
that would be physiologically stimulated by fetal growth, and the last is represented by the
increased activation in the third trimester to support labor and delivery [26,27]. Infection
with the SARS-CoV-2 virus prevents the release of proteins that become ligands for TLR
molecules, which exacerbates the immune response from the moment of implantation and
formation of the placenta. Further studies will determine whether these phenomena are the
basis of the increased susceptibility to infection of the pregnant woman or are protective
against infection during pregnancy [26].

The SARS-CoV-2 virus penetrates the nasal mucosa by binding to the angiotensin-
converting enzyme 2 receptors (ACE2), which is also found in the digestive tract, placenta,
ovary, uterus, and vagina. Intracellular penetration is facilitated by the spike protein at the
viral level via trans-serine membranes protease 2 (TMPRSS2) [26]. The cells with the highest
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susceptibility to being virally infected are those that express both ACE2 and TMPRSS2 [26].
The cells of syncytio- and cyto-trophoblasts express ACE2 from week 7, and thus, there is
the possibility of transplacental transmission from the onset of pregnancy.

There are no studies that identify placental pathological changes at the macroscopic
level. From the microscopic point of view, non-specific changes such as old or recent
microthrombi, infarcts, and fibrin deposits that move the villi of the spines towards the
periphery have been described [27]. In cases with reduced maternal-traumatic infusion, the
characteristic lesions were those of chorangiosis (the presence of over 10 terminal villi with
over 10 capillaries in over three different placental areas), delay in villous maturation [27],
and increased syncytial knotting [28]. Chorangiosis is an adaptive response to reduce blood
infusion that causes hypoxia and is associated in most cases with maternal desaturation [23].
Increased syncytial knotting appears to be related to the state of hypercoagulability in the
COVID infection [29].

Inflammatory lesions at the placental level have been suggested by the increased
number of Hoffbauer cells at this level, which is known to be involved in the vertical
transmission of viral infections [28]. These are macrophages localized since the beginning
of pregnancy at the level of the chorionic villi, being involved in phagocytosis of the
apoptotic material and antigen presentation in response to infectious agents.

The starting point of PAS is an incorrect decidualization, which leads to an abnormal
invasion of the trophoblast from the moment of its formation. From the histopathological
point of view, there is an increased incidence of placental basal chorionic inflammation,
maternal vascular changes that lead to abnormalities of maternal circulation, and placental
intervillous hemorrhages. Microscopic examination of the placenta will reveal in all cases
the presence at the level of the placental basal plaque of myometrial fibers [28].

The development of the placenta is a multifactorial complex and incompletely known
process. Hypotheses related to placental abnormal adhesions converge on a combination of
the absence of basal plaque, exaggerated extravillous trophoblastic invasion, and abnormal
maternal vascular proliferation [24,26,28]. Multiple parallels were made between the
abnormal placental invasion in PAS and the tumor proliferation model, in both cases
being an increased ability of trophoblastic cells to overcome the local immune systems,
induce exaggerated angiogenesis, and activate tissue invasion, often associating a localized
inflammatory process [28].

A long-studied aspect is the association between PAS and chronic basal inflammation.
It is not known exactly which lymphocytic subpopulations [22] are involved and what their
contributions are. Ernst et al. [24] demonstrated that there is an increased lymphocytic
infiltrate at the level of the placental implantation site in the case of PAS compared to other
pathologies. There appears to be a low number of CD4+ T lymphocytes and an increase
in CD25+ lymphocytes compared to normal pregnancy, suggesting a suppression of the
immune response mediated by T cells. Increased trophoblastic invasion without differences
in cellular dendritic density suggests an immunological dysfunction at the deciduous
level [1,22]. In addition, natural killer deciduous cells (dNK), which are the only natural
killer cells that play an important role in the early stages of pregnancy, are significantly
reduced in the placentas of PAS [22].

There is an obvious overlap between the local and general uterine disturbances that
lead to the appearance of PAS in general and the placental changes generated by the
COVID infection, which could explain the increased incidence of PAS in cases where the
viral infection occurred in the first trimester of pregnancy.

The histological analysis of the placenta previa of the patients included in the present
study identifies in the case of patients with infection in the I and II trimesters of the
increased prevalence of microcalcifications, fibrin deposits, chorioangiosis lesions, syncial
knotting, and local villous inflammation towards patients who did not have the infection
in pregnancy. These lesions have significantly increased incidence for patients who had the
infection in the first trimester of pregnancy and who present PAS; the group of patients with
COVID infection at birth has an increased incidence of local thrombosis. These changes
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could be in the context of the procoagulant status given by the viral infection or represent a
pattern of abnormal proliferation of the trophoblast.

The study makes an important contribution to placental histopathological changes
related to SARS-CoV-2 virus infection and the increased risk for abnormal placenta adhe-
sions even in conditions of mild or symptomatic infections. Cesarian is important to be
performed in a third-degree maternity ward with addressability for high obstetrical risk
cases, including SARS-CoV-2 infection.

The limit of the study is given by the fact that there may be cases of asymptomatic COVID
infections, so the number of patients who presented the infection in the first trimester can be
changed. These preliminary data should be confirmed by more extensive studies that include
a larger number of patients, but the present results may be a starting point for future research.

5. Conclusions

SARS-CoV-2 is the pathogen responsible for the current pandemic situation, and there
is still no complete data on all the pathophysiological aspects related to this infection. Its
implications on pregnancy and maternal and fetal prognosis in the long term is further
researched, as the complete discovery of these can be useful in the correct evaluation of
many infectious pathologies in pregnancy. There are certain data related to the increased
incidence of hypertension induced by pregnancy, premature birth, and low fetal birth
weight in pregnant women with COVID infection in pregnancy. There are not yet enough,
and complete studies related to hemorrhages in pregnancy associated with this infection
and this study can complete these data. The results of the study confirm the data from the
specialized literature that do not report an increased incidence and severity of bleeding
in the third trimester under the conditions of COVID infection at birth in patients with
placenta previa. However, the study finds an increased incidence of PAS associated with
placenta previa in cases where the viral infection occurred in the first trimester of pregnancy,
associated with an increased incidence of hemostasis hysterectomies in these patients.
Consequently, we consider that a perspective study should be pursued regarding timeliness
of COVID infection during pregnancy and PAS-associated placenta previa. Further, we
wish to draw attention to medical professionals that timeliness of past COVID infections is
another parameter that perhaps needs to be taken into consideration while probing for a
patients personal history. Lastly, placental histological changes related to viral infection are
multiple and more important in patients who had COVID infection in the first trimester.
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Abstract: Background: Pregnancy induces a physiological prothrombotic state. The highest risk period
for venous thromboembolism and pulmonary embolism in pregnant women is during the postpartum
period. Materials and Methods: We present the case of a young woman who gave birth 2 weeks before
admission and was transferred to our clinic for edema. She had an increased temperature in her right
limb, and a venous Doppler of the limb confirmed thrombosis of the right femoral vein. From the
paraclinical examination, we obtained a CBC with leukocytosis, neutrophilia, and thrombocytosis,
and a positive D-dimer test. Thrombophilic tests were negative for AT III, lupus anticoagulant
negative, and protein S and C, but were positive for heterozygous PAI-1, heterozygous MTHFR
A1298C, and EPCR with A1/A2 alleles. After 2 days of UFH with therapeutic APTT, the patient
had pain in her left thigh. We performed a venous Doppler, which revealed bilateral femoral and
iliac venous thrombosis. During the computed tomography examination, we assessed the venous
thrombosis extension on the inferior cava, common iliac, and bilateral common femoral veins.
Thrombolysis was initiated with 100 mg of Alteplase given at a rate of 2 mg/h; however, this did
not lead to a considerable reduction in the thrombus. Additionally, the treatment with UFH was
continued under therapeutic APTT. After 7 days of UFH and triple antibiotic therapy for genital sepsis,
the patient had a favorable evolution with remission of venous thrombosis. Results: Alteplase is a
thrombolytic agent that is created with recombinant DNA technology, and it was successfully used to
treat thrombosis that occurred in the postpartum period. Conclusions: Thrombophilias are associated
with a high VTE risk but also with adverse pregnancy outcomes, including recurrent miscarriages
and gestational vascular complications. In addition, the postpartum period is associated with a
higher VTE risk. A thrombophilic status with heterozygous PAI-1, heterozygous MTHFR A1298C,
and EPCR with A1/A2 positive alleles is associated with a high risk of thrombosis and cardiovascular
events. Thrombolysis can be successfully used postpartum to treat VTEs. Thrombolysis can be used
successfully in VTE developed in the postpartum period.

Keywords: postpartum; venous thrombosis; pregnancy; management
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1. Introduction

Pregnancy induces a physiological prothrombotic state. The highest risk period for
venous thromboembolisms is during the postpartum period [1]. Pregnancy increases the
risk of thrombosis due to the hormonal, biological changes in the body. These changes
occur in the blood flow via venous stasis from a pregnant uterus; changes in the vascular
wall and coagulation factors (increased levels of factor II, V, VII, VIII, IX, X, von Willebrand
factor); and increased D-dimer, fibrinogen, activation of platelets, and activity levels of
natural anticoagulants (protein C, protein S, and plasminogen activator inhibitor-1). All
these changes persist for another 6 weeks postpartum [2–4]. The VTE risk is higher in
the third trimester, but the highest risk is observed postpartum. Thus, the relative risk
is 20 times higher in the first six weeks postpartum, and 80% of these thrombotic events
occur in the first three weeks postpartum [2]. Compared with the nonpregnant state, the
6-week postpartum period is associated with increases in stroke risk by a factor of 3 to 9,
in myocardial infarction risk by a factor of 3 to 6, and in venous thromboembolism risk
by a factor of 9 to 22 [5]. The risk can persist up to 12 weeks after delivery, but it is higher
in the first 6 weeks. Guidelines recommend LMWH (Low Molecular Heparin) 6 weeks
postpartum [6]. The obstetric complications associated with VTE are pregnancy loss, IUGR
(Intrauterine Growth Retard), fetal death, abruptio placentae, and PE (Preeclampsia) [7,8].
Women experience five times more frequent DVT during pregnancy due to their hyper-
coagulability state, which is a defense mechanism against excess bleeding in the case of
a miscarriage and childbirth [7,8]. In developing countries, postpartum hemorrhage is a
frequent cause of death in pregnancy. The frequency of the risk of thrombosis increases in
trimester III and postpartum, presenting the following clinical characteristics limb edema,
skin changes, ulcerations, and recurrent thrombosis. Frequent associations with DVT are
inherited thrombophilia, acquired thrombophilia, a history of thrombosis, heart disease,
and sickle cell disease. To this, we add obesity, age over 35 years old, multiparity, nulliparity,
immobilization in bed or sedentary lifestyle, smoking, assisted reproduction procedures,
diabetes, infections, and caesarean sections. Virchov’s triad is an essential pathogenic
mechanism as it involves venous stasis, endothelial damage, and hypercoagulability [3].
Antiphospholipid syndrome [APS] and autoimmune diseases are also responsible for re-
current thrombosis. APS promotes a hypercoagulation state during pregnancy. APS is an
autoimmune disease characterized by the presence of antiphospholipid antibodies that
promote recurrent arterial and venous thrombosis, which is accompanied by important
complications during pregnancy; these complications are sometimes catastrophic and
can lead to the failure of multiple organs [9]. Clarifying the pathogenic mechanism is
essential when providing therapy for the disease [9]. The antibodies that must be tested
to confirm the disease are the lupus anticoagulant, antibodies against cardiolipin, and
antibodies against beta 2 glycoprotein [10]. They are sources of procoagulant cell activation.
They activate the complement cascade, which leads to an increase in the capillary perme-
ability, the activation of platelets and neutrophils, and the release of cytokines and TNF
alpha from monocytes, which accelerate inflammation and trigger the coagulation cascade.
They activate endothelial cells that produce prothrombotic molecules via the activating
complement [11].

The management consists of administering anticoagulants, among which the preferred
one is LMWH; with the necessary precautions, anticoagulants produce HIT syndrome
with thrombocytopenia and are administered with caution in renal diseases, depending
on molecular weight and the chain, being cleared from the body by the kidneys. Warfarin
transplacentally passes, which causes fetal bleeding, neurological damage, stillbirths, and
low intelligence, which is why it is not used during pregnancy. In the case of Direct Factor
Xa inhibitors, we do not know their side effects during pregnancy [3].

Identifying patients at risk of thrombosis and using anticoagulant prophylaxis in those
patients during pregnancy and 6 weeks postpartum is important. In total, 15% of the
population has thrombophilia, and thrombophilia is associated with DVT in proportions
up to 50% in certain conditions [3]. The most serious form is that with homozygous Leyden
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Factor V. Protein C and S deficiencies, as well as prothrombin G20210A or antithrombin
deficiencies are also important. The American College of Chest Physicians recommends
prophylaxis with LMWH in all pregnant women with a history of VTE and thrombophilia
or in those with a history of more than two DVT episodes, without consensus regarding
the dose. For those with thrombophilia without VTE, prophylaxis with LMWH is not
recommended until postpartum [3,12,13]. In recent years, VTE risk has increased [14].

Pregnancy with thrombophilia induces a high-risk state for VTE, and sepsis only
increases the risk. Assisted human reproduction methods also increase the VTE risk
to a lesser extent [15]. A series of pathological conditions besides APS and hereditary
thrombophilia can be associated with thrombotic risk: von Willebrand disease, sickle cell,
inflammatory bowel disease, heart disease, smoking, immobilization, maternal age, obesity,
and being African American. The recommended prophylaxis is LMWH [16,17].

Inherited bleeding disorders are pathological conditions that are also accompanied
by VTE and determine mortality with a 6% prevalence [16]. The most common inherited
bleeding disease is hemophilia, but it is very rare, not specific to pregnancy, and can appear
in newborns who have thrombotic and hemorrhage disorders. In pregnancy, diagnosing
bleeding disorders is difficult due to the lack of specific laboratory tests [18]. Thrombotic
microangiopathy (TMA) consists of TTP (Thrombotic Thrombocytopenic Purpura) and
HUS (Hemolytic Uremic Syndrome), which is associated with increased mortality and
is difficult to diagnose [16]. Cardiac valvulopathies with valve prostheses, especially
mechanical, are associated with a state of increased hypercoagulability, which requires
management with a multidisciplinary team of cardiologists, obstetricians, anesthesiologists,
neonatologists, and radiologists [16].

Thromboses are 75–82% venous and 20–25% arterial. VTEs occur during pregnancy
in 0.5–2/1000 women. VTEs are responsible for 1.5 deaths per 100,000 deliveries in the
USA [17].

In pregnant women, most thrombotic events occur in the left iliofemoral and inferior vena
cava because of the increased venous stasis and compression by the pregnant uterus [5,19].

This manuscript is about the progression of thrombosis under LMWH treatment in
a 20-year-old postpartum woman without prothrombotic risk factor and which evolved
unexpectedly aggressively, so thrombolysis was necessary.

2. Case Report

We present the case of a 20 year old woman giving birth 2 weeks before admission.
This was her second pregnancy; her first pregnancy was carried out to term without
complications, and she had no family history of VTEs and no other known risk factors. The
delivery occurred without complications, and the baby had an Apgar score of 10. During
the pregnancy, the patient gained 30 kg in weight. At the time of the delivery the risk of
VTE was low and prophylaxis was not indicated.

Two weeks after the delivery, the patient was admitted to the gynecology ward for right
limb edema with erythema and a local increased temperature. After conducting a venous
Doppler evaluation, right femoral and popliteal vein thrombosis was confirmed. The patient
was transferred to the cardiology department for treatment and further investigations.

On admission, she was hemodynamically stable, and at the physical exam, she
presented with right limb erythema, edema, and warm skin, with a positive Homans
sign and normal pulmonary murmur without lung crackles. Her respiratory rate was
22 breaths/min, and her SaO2 = 94%, and she had a normal cardiac rhythm with no added
heart sounds, an arterial blood pressure of 110/60 mmHg, a heart rate of 76 bpm, and no
other remarkable findings on the clinical exam. The gynecological examination revealed a
normal appearance and physiological involution of the uterus without signs of bleeding.

From the paraclinical examination, we obtained a CBC with leukocytosis, neutrophilia,
WBC = 14.71 × 103/μL and NEU = 11.61 × 103/μL, anemia with Hb = 11.5 g/dL,
HT = 35%, MCH = 24.63 pg, thrombocytosis with PLT = 439 × 103/μL, CRP = 35.42 mg/L,
fibrinogen = 558.99 mg/dL, and D-dimer = 760 μg/mL. The thrombophilic tests were con-
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ducted with AT III in normal ranges, a negative lupus anticoagulant, and S and C proteins
in normal ranges. Following the investigation for hereditary thrombophilia, the tests
were positive for the heterozygous PAI-1, MTHFR A1298C, EPCR with A1/A2 alleles,
and homozygous 4G/4G genotype, which corresponds to minor thrombophilia. These
associations decrease the plasma levels of inhibitor activator plasminogen and the fibri-
nolytic activity with a high thrombosis risk. With this new information, adding sepsis and
thrombophilia, the patient’s risk score for VTE increased to high risk. The results of the
ECG at admission demonstrated the following: a sinus rhythm with 130 bpm and an QRS
axis +60 degrees without other changes in the ST segment (Figure 1).

 

Figure 1. Sinus tachycardia, no pathological changes.

Echocardiography was performed, and the results revealed normal cardiac cavities, a
normal LV ejection fraction, and diastolic dysfunction grade I without valvular dysfunction
or pericardial effusion.

In our clinic, the patient received treatment with UFH (Unfractioned Heparin), thera-
peutic APTT, and analgesics for 2 days, and she experienced no reduction in the edema of
her limbs. The patient was treated with heparin to treat an intense pain in her left thigh,
and a venous Doppler was performed, which confirmed the bilateral iliac and femoral
vein thrombosis. We decided to initiate thrombolysis on a central venous catheter with
Alteplase, which did not lead to a considerable reduction in the thrombus, followed by
UHF therapy by using therapeutic APTT.

The results of the abdominal and pelvic computed tomography examination revealed
venous thrombosis in the inferior cava vein with an extension to both the common iliac
veins and internal and external iliac veins, and it also extended to the bilateral femoral
veins (Figure 2). The pulmonary artery and its branches were completely opacified without
signs of pulmonary thromboembolism. Additionally, minimal basal right pleural fluid
was observed.

Her general condition was worsening with important inflammatory syndrome and
important leukocytosis with neutrophilia, and the anemia was also worsening with Hb =
9.6 g/dL, HT = 30.9%, MCH = 23.83 pg, MCV = 76.52 fL, and low seric iron at 13 ug/dL.
We combined biological cultures with negative blood cultures and a positive culture from
pharyngeal and nasal exudate to treat the Pseudomonas. Antibiotic therapy with 1 g/8 h
of meropenem, 2 g/24 h of vancomycin, and 2 g/24 h of metronidazole was administered
for 10 days to treat genital sepsis, and the patient experienced clinical improvements.

Post-thrombolysis, the patient received UFH for 7 days under the therapeutic con-
trol of APTT, triple antibiotic therapy, beta blockers, gastric antisecretory, and parenteral
hydration, which resulted in a favorable evolution and a remission of the limb edema
and inflammatory syndrome. The patient was discharged with an order to undergo an
anticoagulant treatment of 15 mg of Rivaroxaban twice a day for 14 days and 20 mg/twice
a day for the antiaggregant therapy. During the follow-up 2 months later, we found that
the patient had partial right superficial vein thrombosis without other thromboses, but
due to a genetic mutation, the patient was advised to take long-term oral anticoagulation
medications. After long-term follow-up, at the Doppler ultrasound one year later, the
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partial right superficial vein thrombosis persisted. In this situation, it is recommended to
continue the anticoagulation with aspenter and take into account the other procoagulant
pathologies that could be triggered during a new pregnancy.

Figure 2. Venous thrombosis in inferior cava vein with extension to the common iliac veins and
bilateral femoral veins (red arrow).

3. Discussion

The thrombophilia, postpartum status, and sepsis were the factors that induced DVT
in our young patient after her second pregnancy.

The highest risk period for venous thromboembolisms and pulmonary embolisms
in pregnant women is during the postpartum period. Any prophylaxis against these
events should be particularly targeted for postpartum women. Risk factors to be con-
sidered include prior VTE, familial VTE history, the presence of known thrombophilia,
caesarean delivery, prolonged antepartum immobilization, increased body mass index
(BMI), considerable pregnancy complications, and medical comorbidities [19].

Data, largely from retrospective cohorts and case–control studies, have shown that
inherited thrombophilias are not only associated with VTE but also with adverse pregnancy
outcomes, including recurrent miscarriage and gestational vascular complications. The
most common inherited thrombophilias are Factor V Leiden (FVL) and Factor II (prothrom-
bin) G20210A, which affect 3–11% of the population; less prevalent (<1%) are inherited
thrombophilias, including protein C, protein S, an antithrombin deficiency, dysfibrinogene-
mia, and hyperhomocysteinemia [12,20,21].

A thrombophilic status with heterozygous PAI-1 and MTHFR A1298C and EPCR with
A1/A2 positive alleles together are associated with decreasing plasma levels of inhibitor
activator plasminogens and a decrease in fibrinolytic activity with a high thrombosis
risk [22].

The results of prospective and retrospective studies have demonstrated a modest
association of homocysteine with venous thrombosis, but when associated with other
mutations such as PAI-1 heterozygous, homocysteine increases the cardiovascular and
VTE risks. Heparins, UFH, and LMWH are the preferred agents for anticoagulation in
pregnancy because they show no transplacental passage. Both heparins and warfarin are
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safe for the infant during breastfeeding. Under DOACs (Direct acting oral anticoagulants),
breastfeeding is not recommended as no evidence of its safety exists [23].

Because anticoagulant treatment is proposed in 91% of cases, the preferred treatment
would be LMWH as it has a strong safety profile, does not cross the placenta, and lowers
the risk of preeclampsia; intra-arterial thrombolysis is used in 20% of cases, and a thrombec-
tomy with thrombolysis is used in 8% of cases, with excellent outcomes if the diagnosis
is correct [13,24]. DVT in pregnancy is associated with high morbidity and mortality. Pul-
monary embolisms cause maternal death. DVT leads to long-term complications. Women
develop DVT five times more frequently during pregnancy. Apart from the standard
treatment, which is anticoagulation, an endovascular inferior cava filter can be installed,
and the pharmacomechanical catheter for directed thrombolysis is only used in pregnancy
or in the case of massive life-threatening situations as it has been associated with abruptio
placentae, premature birth, and fetal damage [3,4]. When administering LMWH, antiFactor
Xa dosage is not necessary in pregnancy and coumarins are contraindicated, but elastic
compression is beneficial [4,13]. In the case of APS resistant to treatment, new therapeutic
strategies should also be searched [25].

The signs used to provide a DVT diagnosis are swelling of the legs, discomfort,
erythema, abdominal or pelvic pain, edema, and dyspnea [3,4]. D dimers are not measured
because they are increased in pregnancy anyway. The diagnosis consists of imaging
by CT, MRI, and a color Doppler with intraluminal echoes [3,26]. Compression duplex
ultrasonography is also indicated in deep thrombosis and pulmonary imaging for possible
pulmonary embolisms, and EKG shows tachycardia and nonspecific features that suggest
pulmonary embolisms, oxygen saturation, or angiography in nonpregnant/postpartum
patients, in addition to the leg circumference being 2 cm larger [4]. A Doppler velocimetry
is essential in fetal assessment [25].

In inherited bleeding disorders, the management, as well as the diagnosis, is more
complicated. Two types of TMA thrombotic microangiopathies exist: Thrombotic throm-
bocytopenic purpura (TTP) and hemolytic uremic syndrome (HUS). They can appear
during pregnancy or postpartum. TTP can be acquired or can be a congenital deficiency of
ADAMTS 13, and this especially occurs in the second and third trimester of pregnancy. The
treatment consists of restoring ADAMTS 13 activity with plasmapheresis and immunosup-
pressive agents [27]. A HUS atypical complement is triggered by pregnancy. The treatment
consists of the anti-C5 humanized monoclonal antibody eculizumab. We found that both
situations were associated with pre-eclampsia and HELLP syndrome. We identified that
the von Willebrand cleaving protease ADAMTS 13 is a major factor in TTP pathogenesis
and clinically determined neurological damage, renal failure, and thrombosis. In HUS, we
found that the dysregulation of the alternate complement pathway was a mechanism of
HUS occurrence, and in this case, ADAMTS 13 was over 10% [18,27].

Only a few available sensitive laboratory tests exist, and the current ones are insuffi-
cient to make a diagnosis. This results in diagnostic challenges, problems in the current
treatment, and the need for guidelines for more efficient management [11]. In some preg-
nancy complications associated with thrombosis or hemorrhage, the proteins that control
blood clotting become overactive, and DIC sets in. From this point of view, the DIC dis-
seminated intravascular coagulation score would be useful in predicting uncontrolled
coagulopathy [18]. It consists of determining the complete blood cell count, prothrombin
time (PT), partial thromboplastin time (APTT), fibrinogen, and D dimers. However, the
DIC score is modified during pregnancy and cannot be used because fibrinogen increases,
platelets decrease, and the PT and PTT do not change during pregnancy. Only modified
PTs are used as DIC indicators. DIC indicators are present during uncontrolled bleeding
at birth, abruptio placentae, placenta previa, uterine rupture, cervical and vaginal lacer-
ation, infections, surgical techniques, and HELLP syndrome. Corrected by surgery and
blood transfusions, DIC is associated with thrombocytopenia below 50,000, prolonged
PT, increased dimers, and low fibrinogen. Additionally, an algorithm that compares the
types of bleeding and thrombosis that can appear in pregnancy with the laboratory tests
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specific to each disease would also be useful in terms of making life-saving diagnoses and
management [18].

Von Willebrand disease seems to affect 0.01–1.3% of the general population, and it is the
most common inherited mild bleeding condition. Because a high risk of bleeding is present
at birth, F VIII must be restored. Blood-product administration is performed to manage
PPH, and therefore it requires massive transfusion protocols, laboratory monitoring, and a
multidisciplinary approach [16].

Pregnancy failure is prevented by conventional therapy in women with APS. Various
treatment strategies are leading to remarkably higher live birth rates. Conventional therapy
consists of a prophylactic dose of heparin plus a low dose of aspirin to prevent pregnancy
loss, and for those with a history of thrombosis, a therapeutic dose of heparin with LDA
is provided instead. Here, we add intravenous immunoglobulin, low-dose prednisolone,
plasmapheresis, and immunoadsorption. New clinical studies are needed. During diagno-
sis, in addition to antibody dosing, a Doppler velocimetry showing notch on the uterine
arteries suggests a poor prognosis. The activation of complement cascades and inflamma-
tion are involved in trophoblast invasion disorder [28]. An innovative treatment would
be the slow infusion of the tissue-type plasminogen activator in the case of thrombosed
mechanical valves [29]. A risk of hemorrhage and preterm birth exists.

Choosing contraceptives after venous thromboembolism (VTE) is challenging because
hormonal contraceptives may increase the risk of recurrent VTE. Estrogen contraceptives
are usually contraindicated in women with a personal VTE history, and the use of oral
progestin-only contraceptives is still being studied. Nonhormonal contraceptives are
recommended [30]. For the next pregnancy of this patient, and to reduce the associated
risks, we recommend using LMWH after conception.

A multidisciplinary team that includes a cardiologist, hematologist, and gynecologist
is required to prevent thrombotic events in the future, especially if a third pregnancy is
desired, as her VTE risk score is high, even in the absence of an infection. Considering the
long-term follow-up with the presence of residual thrombosis at such a young age with
minor thrombophilia, which does not explain the dramatic evolution of VTE that appeared
in this case, we suggest future investigation of all conditions presented here as possible
procoagulant pathologies.

4. Conclusions

Thrombophilias are associated with a high VTE risk but also with adverse pregnancy
outcomes, and the postpartum period is associated with a higher VTE risk. One’s throm-
bophilic status is associated with a high risk of thrombosis and cardiovascular events in the
postpartum period. Thrombolysis can be successfully used in this situation, and Alteplase
is a thrombolytic agent that is created with recombinant DNA technology and was effective
in this case, along with LMWH.
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Abstract: Tubal ectopic pregnancies remain a challenging and life-threatening obstetric condition
in the early stages that unavoidably lead to abortion or rupture, further reflected by the associated
maternal mortality. Therefore, in the present case report, we report the experience of a 36-year-old
woman who presented to our Emergency Department with a history of moderate hypogastric pain,
mild vaginal bleeding, and bilateral mastalgia, symptoms that started 20 days ago after uterine
curettage for a declarative eight-week pregnancy. On admission, a physical examination showed
regular standard signs. The ultrasound examination revealed in the left abdominal flank a gestational
sac with a live fetus corresponding to the gestational age of 13 weeks. Given the position of the
gestational sac, we suspected a possible abdominal pregnancy. Independently on her human chorionic
gonadotropin (hCG) of 33.980 mIU/mL and hemoglobin (Hb) of 13.4 g/dL, the exact location of
the pregnancy following ultrasound was hard to establish. Magnetic resonance imaging (MRI)
examination was requested, after which we suspected the diagnosis of ovarian pregnancy. Given the
paraclinical and clinical context of the worsening of painful symptoms, we decided to perform an
exploratory laparoscopy in the multidisciplinary team (digestive and vascular surgeon) that showed
the existence of a tubal pregnancy.

Keywords: tubal pregnancy; ectopic pregnancy; live fetus; first trimester

1. Introduction

According to the Centers for Disease Control and Prevention (CDC), ectopic pregnancy
is a life-threatening condition in the early stages. Per current figures, it accounts for 2% of
all cases, oscillating from 1.3% to 2.4% [1]. In terms of the actual incidence, the evidence is
contradictory since studies are lacking [2].

An ectopic pregnancy defines the implantation outside the endometrial cavity [3] of
the fertilized ovum found in the blastocyst stage. In 70–90% of cases, it takes place in the
fallopian tubes within the ampulla. However, numerous other sites were described over
the years, surrounding the fimbrial, isthmic, and interstitial segments. There are also data
referring to the ovary, the myometrium, the cervix, the abdomen, and cesarean (C)-section
scar [4,5], with most ectopic pregnancies diagnosed between 6 and 10 weeks of gestation [6].
Circumstances that describe cases in advanced stages also exist in the literature.

Moreover, a rupture might occur between the 5th to 9th week of pregnancy in situa-
tions of ectopic pregnancy, leading to abdominal or pelvic pain, amenorrhea, and in limited
scenarios, vaginal bleeding [7]. It is rare for an ectopic pregnancy to advance into the
2nd trimester without the presence of symptoms, and a proper diagnosis can avert rupture.
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Therefore, this manuscript aims to further provide evidence to the literature with a
rare case report of a live 13-week ectopic tubal pregnancy, the sole documented occurrence
in Romania, uncomplicated at this age of gestation.

2. Case Presentation

2.1. Patient Information

A 36-year-old female (T.I.), gravida 1, para 0, presented to our Emergency Department
reporting moderate hypogastric pain, mild vaginal bleeding, and bilateral mastalgia. During
the interview, she declared that symptoms started 20 days ago, despite her medical record
without registration. On admission, a physical examination showed typical vital signs.

2.2. Clinical History

Retrospectively, she had amenorrhea for eight weeks with a positive pregnancy test
result but decided to follow an elective curettage in another medical center. She stated that,
before the curettage, she did not undergo a pelvic ultrasound examination.

2.3. Diagnostic Assessment and Investigations

The transvaginal pelvic ultrasound examination showed, in the left abdominal flank,
a gestational sac with a live fetus corresponding to the gestational age of 13 weeks and
an empty uterine cavity with no fluid in the pouch of Douglas (Figures 1–3). Given the
position of the gestational sac, we suspected a possible abdominal pregnancy, but the exact
anatomical location of the pregnancy following ultrasound was hard to establish. The phys-
ical examination of the breast and ultrasound excluded noncylic mastalgia. The patient’s
serum hCG was 33.980 mIU/mL with no signs of anemia, having a Hb of 13.4 g/dL. The
results of the other paraclinical tests (blood and urine biochemistry) were within normal limits.

Figure 1. Transvaginal ultrasound from a 36-year-old woman with a left ectopic tubal pregnancy of
13 weeks of gestation. Ultrasound showed uterine body with linear endometrium and no gestational sac.

We conducted the MRI exam that showed a suspicion of ovarian pregnancy according
to the description: on the left ovarian topography, there is a suggestive aspect for the
gestational sac, inside which a living fetus was seen (spontaneous movements during the
examination), and a placenta developed at the level of the lower wall; the gestational sac
with global dimensions of ~53/64/65 mm (a-p/t/c-c) and with localization in the front
of external iliac vascular bundles; on the right side, the gestational sac comes into contact
with the sigmoid, without signs of invasion; venous dilatations of the utero–ovarian plexus
developed perilesionally around the formation; uterus in anteroversion/anteroflexion
without expansive formations; the linear endometrium (5 mm), empty uterine cavity, cervix
without expansive formations; right ovary with normal follicular appearance; no free fluid
in the abdominal cavity; no pelvic lymphadenopathy (Figure 4a–c).
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(a) (b) 

Figure 2. (a) Ultrasound showed in the left abdominal flank a gestational sac with a live fetus
corresponding to the gestational age of 13 weeks. (b) Ultrasound showed gestational sac with fetus
corresponding to 13 weeks.

Figure 3. Ultrasound examination of the fetus cardiac activity.

Figure 4. Cont.
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Figure 4. MRI examination: coronal T2-weighted (a), axial T2-weighted (b) sagittal T2-weighted
(c)—show the ectopic pregnancy on the left ovarian topography.

Given the paraclinical and clinical context—the uncertainty of the positive diagnosis
of the exact anatomical location of the pregnancy and accentuation of the abdominal
pain—we decided to perform an exploratory laparoscopy in the multidisciplinary team
(digestive and vascular surgeons) after obtaining informed consent. We actually found that
it was a tubal pregnancy localized in the intestinal portion of the fallopian tubes, not an
ovarian pregnancy (according to MRI) or abdominal pregnancy (according to ultrasound)
(Figure 5a,b). The right ovary, fallopian tube, and the left ovary looked normal. In this
context, we decided to perform a left salpingectomy (Figure 6). Her postoperative outcome
was favorable, and the serum hCG levels decreased to <50 mIU/mL on the fourth day after
surgery. Following the salpingectomy, the specimen (fetus and fetal annexes) were sent for
anatomopathological examination (Figure 7a,b).
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(a) (b) 

Figure 5. (a) Intra-operative image indicating the gestational sac on the left fallopian tube.
(b) Intra-operative image indicating the gestational sac on the left fallopian tube.

 
Figure 6. Intra-operative image after left salpingectomy.

  
(a) (b) 

Figure 7. Anatomopathological specimen with the fetus after the removal of the tubal pregnancy
from two distinct perspectives (a,b).

3. Discussion

Ectopic pregnancy is an obstetric first-trimester pregnancy complication [8] with a vast
repertoire of locations (ampulla—70% [5], isthmus—12%, fimbria—11.1%, and interstitium—
2.4%) [9]. The estimated prevalence oscillates at around 18%, while morbidity and mortality
accounting for 9% and 13% of all related deaths [1]. The cases of ectopic pregnancy reaching
the second trimester are rare [2].

A tubal pregnancy may emerge to a most symptomatic phase as a consequence of
the lack of submucosal layer within the fallopian tube wall. It enables ovum implantation
within the muscular wall, considering that trophoblasts rapidly proliferate and erode this
muscularis layer. Such a phenomenon usually causes tubal rupture and might occur at
7.2 weeks ± 2.2 with significant hemodynamic consequences. As already mentioned, in
some rare cases, the fallopian tubes dilate to accommodate a pregnancy until the second or
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third trimester of pregnancy [9]. The possible factors responsible for this situation can be
represented by the tubal structural anomalies that cause an increase in the elasticity of the
fallopian tube and the abnormalities of the trophoblastic invasion that does not penetrate
the entire tubal wall. This argument emphasizes the risk of missing the early diagnosis of
ectopic pregnancy. On two previous occasions from the literature, the authors reported
ectopic pregnancies at an advanced gestational age [10,11]. In our case, the fact that a
standard pelvic ultrasound (with its limitations) was not performed to locate the pregnancy
before the curettage increased the risk of not diagnosing the tubal pregnancy, with possibly
important implications for the final diagnosis.

Three distinct management procedures are currently applied to target an ectopic
pregnancy. Thus, clear documentation is mandatory considering the fulminant attendance
to an outpatient department for a proper diagnosis. It is imperative to remember the
threats since the correct method relies on the ongoing examination based on a series of
clinical factors [12]. In the case of a ruptured ectopic pregnancy, surgery is compulsory. A
laparoscopy is preferred when the patient is hemodynamically stable, which is a procedure
associated with shorter operative times and hospital stays reflected in the intra-operative
blood loss and analgesia requirements [13–15]. On the other hand, a laparotomy should be
provided to patients when presenting with a rupture and in a state of hypovolemic shock
and compromised. A salpingectomy is reserved for cases where the contralateral tube
is healthy; where the fallopian tube or the concerned fragment that contains the ectopic
gestation is removed, a salpingostomy involves the removal of the ectopic pregnancy
by dissecting the tube and fallopian tube, in situ, to preserve the fertility status [16].
Three teams performed systematic reviews whose objective was to report the reproductive
outcomes in patients with a healthy contralateral tube, including studies evaluating the
patient selection, surgical procedure, and follow-up period [17–19], but several manuscripts
declare conflicting results [20,21].

Moreover, it is known that the chance of an intrauterine pregnancy is not increased after
salpingostomy in contrast to salpingectomy, conservative surgical techniques without exposing
women to significant tubal bleeding shortly post-operation, and the need for further treat-
ment of persistent trophoblast [16] and supports current guidelines regarding the laparoscopic
salpingectomy as the method of choice when there is a healthy contralateral tube [22].

As already mentioned, a laparoscopic salpingostomy should be conducted in the
presence of contralateral tubal disease to preserve the fertility potential. Serum β-hCG
levels following tubal bleeding are pointers, where the size of the ectopic pregnancy when
>2 cm or β-hCG concentrations are >3000 IU/L or higher shortly before the surgery [23]. In
such circumstances, women should undergo serial β-hCG measurements and methotrex-
ate (MTX). Despite salpingostomy implications on costs, post-operative follow-up, and
treatment of persistent trophoblast [24], it will surpass salpingectomy in terms of assisted
conception avoidance [21].

The second alternative is medical treatment involving the usage of MTX [25–27], a
folic acid antagonist associated with rapid cell division and mitosis arrest [16,28]. MTX
is required when the patients are hemodynamically stable with unruptured tubal ectopic
pregnancy with insignificant manifestations and diminished volume of free intraperitoneal
fluid on ultrasound scan. Presently, intramuscular MTX is extensively used because of its
efficiency when administered in a single dose [24,29].

Congruent with the previous aspects regarding patient suitability, several indexes
such as weight and height alongside blood count correlated with other standard tests for
kidney and liver functionality are needed. Although the cases are limited, the regime might
cause hair loss or lead to toxicity of the bone marrow or of the liver. The most common
symptoms include abdominal discomfort and bloating for approximately half a week [30].

While 14–20% of the women that underwent a single dose will need to repeat the
process [31,32] due to the β-hCG concentration not dropping below 15% on day 4–7 after
treatment, 10% must undergo surgery [33]. A less common approach for patients who have
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β-hCG levels > 5000 IU/L constitutes the direct injection of MTX into the ectopic pregnancy as a
multi-dose protocol (day 1, 3, 5, and 7) and leucovorin (0.1 mg/kg on day 2, 4, 6, and 8) [34].

The last approach rotating around ectopic pregnancies is when they spontaneously
resolve without any intervention via regression or tubal abortion as a conservative strat-
egy [29]. The individual must not portray indications or symptoms of a ruptured ectopic
pregnancy and be stable, with a consistent drop of serum β-hCG or progesterone and
assessment of β-hCG (<1000 IU/L) [35] up to 3 times per week and ultrasonography with
relatively high success rates in between [36].

Unfortunately, some results indicate a risk of recurrence of 10% in women with
a known history of ectopic pregnancy and may increase to 25%. The most common
risk factors are advanced maternal age (AMA), smoking, in vitro fertilization (IVF), and
infertility due to previous abdominopelvic surgery or adhesions caused by infections or
pelvic inflammatory disease [37–39]. It is possible that women who achieve pregnancy via
assisted reproductive technology (ART), among which multiple embryo transfers (ETs) and
tubal factor, have an increased risk of ectopic pregnancy [40].

The incidence might increase mainly because of sexually transmitted diseases (STDs) [5].
This is why patients must undergo transvaginal ultrasonography and measurement of serum
β-hCG as per the guidelines issued [6]. Women using an intrauterine device (IUD) are at a
lower risk of suffering an ectopic pregnancy in comparison to women not using contraception.
However, in 53% of cases, an ectopic pregnancy might occur despite the presence of an
IUD [41]. Implicitly, there are also numerous non-related ectopic pregnancy factors, counting
C-section, oral contraceptives (COCs), or emergency contraception failure [42].

In our case, there was no associated risk factor. The anatomopathological report
revealed, besides the classical representative aspects of tubal ectopic pregnancy (chorionic
villi within the lumen of the tube), the presence of an important chronic inflammatory
infiltrate at the level of the remaining tubal wall, possibly having to do with a history of
pelvic inflammatory disease. However, it is essential to specify that the patient comes from
a disadvantaged socioeconomic area with limited access to medical diagnostic services.
A chronological overview of the previous case reports that report 13-week tubal ectopic
pregnancies are discussed below (Table 1). Although numerous references concerning
ectopic pregnancies can be found in the literature, those highlighting a 13-week tubal
ectopic pregnancy are relatively limited.

Table 1. A retrospective overview of 13-week tubal ectopic pregnancies.

Year of Publication Age of Patient Common Clinical Signs, Intervention and Weeks of Gestation Reference

2018 31-year-old

amenorrhea for three months and one week;
abdominal pain;

Hb 8.5 g/dL;
β-hCG 80.427, 9 mIU/mL;
salpingo-oophorectomy

[43]

2019 39-year-old

abdominal pain;
vaginal bleeding;

Hb 8.7 g/dL;
β-hCG 55.713 mIU/mL;

salpingectomy

[44]

2020 38-year-old

amenorrhea for three months;
abdominal pain;

Hb 3.2 g/L;
β-hCG 11.300 IU/mL;

salpingectomy

[45]

Hamura et al. [46] performed a retrospective case review study over 56 months,
analyzing the medical records of 73 women from Papua New Guinea. They reveal a rate
of ectopic pregnancy of 6.3 per 1000 deliveries, with no maternal death, from which 85%
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were parous, 67% rural dwellers, and 62% with a documented history of sub-fertility, all
following salpingectomy. Davenport et al. [47] conducted a retrospective cohort study
between 2004 and 2018 in which they assessed 216 patients who received a single dose of
intramuscular MTX (50 mg/m2) for the diagnosis of tubal ectopic pregnancy. Thus, aiming
to investigate the time to resolution when the serum hCG < 5 IU/L, respectively, the need
for rescue surgery, they noted a median time of 22 days to resolution with rescue surgery.
For an hCG < 1000 IU/L, the median was 20 days, but when hCG > 2000 IU/L, the median
was 34.5 days.

Based on all aspects, bedside point-of-care ultrasound (POCUS) is crucial for physi-
cians since it reflects the time of diagnosis and patient and detects ruptures of ectopic
pregnancies and ongoing abdominal bleeding. Thus, POCUS retains the sensitivity for
ruptured ectopic pregnancies to detect an empty uterus, free fluid, gestational sac(s), and
extrauterine masses [48].

Given the dimensions of the tubal pregnancy, in some cases, a transvaginal ultrasound
(TVS) alone may not be the appropriate approach to differentiate between an abdominal
and a tubal pregnancy, an MRI being necessary. However, TVS) and the assessment of
β-hCG have both sensitivity and specificity compared with transabdominal ultrasound
(TUS) in ectopic pregnancy diagnosis [49].

4. Conclusions

We presented a rare case of a 36-year-old woman with a live ectopic left tubal preg-
nancy corresponding to 13 weeks of gestation. To the authors’ best knowledge, this is the
sole documented evolving tubal ectopic pregnancy in Romania, uncomplicated at this age.
The diagnosis of such a pregnancy is an imaging challenge due to its rarity and location, and
despite MRI examination, the diagnosis was certainly possible only after laparoscopy. The
other peculiarity of the case is the failure to diagnose the ectopic pregnancy before performing
the curettage on request. Therefore, an ectopic pregnancy diagnosis should always be ruled
out in the first trimester of a pregnancy before an elective curettage. In addition, the diagnosis
of a tubal pregnancy at 13 weeks of gestation using imaging remains a challenge.
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Abstract: Background: Trophoblastic tissue reimplantation after laparoscopic salpingectomy is a very
rare complication. These cases may present a diagnostic challenge and the majority of patients need
a surgical treatment. Case presentation: A 31-year-old patient came to a tertiary referral center for
nausea and pain in the upper left abdominal quadrant. Ultrasound and abdominal CT scan showed a
68 × 60 × 87 mm size heterogenic mass below the spleen with arterial extravasation from the lower
spleen pole. Recent history of surgery for ectopic pregnancy and serum hCG testing allowed to
diagnose extratubal secondary trophoblastic tissue reimplantation below the spleen. Embolization
of the bleeding vessel and successful treatment with methotrexate was achieved. Conclusions: In
cases of a nondisseminated trophoblastic tissue reimplantation, consider embolization and treatment
with methotrexate if the patient is hemodynamically stable; thus, secondary surgical treatment
is preventable.

Keywords: trophoblastic tissue reimplantation; embolization; methotrexate

1. Introduction

Ectopic pregnancy occurs in 1–2% of all pregnancies [1,2]. The rate of persistent ectopic
pregnancy after expectant management, surgical or methotrexate treatment is reported in
4–15% of the cases [3,4]. Ectopic pregnancy tissue reimplantation is a very rare complication.
A total of 25 cases of reimplantation of trophoblastic tissue following laparoscopic removal
of ectopic pregnancy have been reported in the period from January 1989 to January 2018,
and only a few of these cases describe peritoneal trophoblastic implantation following
laparoscopic salpingectomy [5–9]. To our knowledge, only two similar cases have been
reported since 2019 [10,11].

In the latest ectopic pregnancy treatment guidelines, there is no necessary follow-up
after salpingectomy, as it is considered a definitive treatment for tubal pregnancy [3]. In this
report, we present a clinical case of trophoblastic tissue reimplantation below the spleen
following laparoscopic bilateral salpingectomy.

2. Clinical Case

A 31-year-old woman was sent to the emergency department of a tertiary referral
center due to an unknown diagnosis. The patient was feeling nauseous and complained of
intensifying pain in the upper left abdominal quadrant.

The woman was hemodynamically stable. During physical examination, abdominal
muscle tension was observed, and there was no rebound tenderness. Ultrasound revealed
a mass in the upper left side of the abdomen and a small amount of unclear fluid around
the intestines. In the blood test, only leukocytosis of 17.3 × 109/L was abnormal.
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Three weeks earlier, in a regional hospital, she was diagnosed with ectopic preg-
nancy (7 weeks of gestation) in her left fallopian tube. Left laparoscopic salpingostomy
was planned, although salpingectomy was performed due to heavy bleeding. Data on
ultrasound findings before surgery was not available. The serum human chorionic go-
nadotropin (hCG) concentration was not tested. Histological reports showed no chorionic
villus, and only several trophoblasts were seen in the surgically removed material. In the
past, the woman had had two normal deliveries, pelvic inflammatory disease and one
more ectopic pregnancy in her right fallopian tube. Therefore, she underwent laparoscopic
right salpingectomy.

A computed tomography (CT) scan was performed to differentiate the mass found
on ultrasound. Abdominal and pelvic CT showed a 68 × 60 × 87 mm heterogenic mass,
likely a hematoma, which was below the spleen. Pelvis was filled with hemorrhagic fluid,
and the uterus was enlarged. Arterial extravasation was spotted from the lower spleen
pole. Conventional angiography of the splenic artery was performed, and extravasation
was identified in the region below the spleen. The vessel was embolized (Figure 1A–E).
Due to the unknown origin of the hematoma and the recent history of surgery for ectopic
pregnancy, and gynecologist consultation was sought. The gynecologist ordered a urine
pregnancy test, which was positive. The serum human chorionic gonadotropin (hCG)
concentration was 3363.6 U/L. The clinical case was considered a rare pathology of ex-
tratubal secondary trophoblastic tissue reimplantation. As the bleeding was stopped with
embolization, a conservative two-dose methotrexate (MTX) treatment protocol with MTX
50 mg per square meter of body surface area intramuscularly (mg/m2 BSA i/m) on day 1
and day 4 was administered. Abdominal pain did not intensify; subjectively, the woman
started feeling better. The decrease in serum hCG concentration between days 4 and 7 was
24.1% (i.e., more than 15%); thus, hCG testing was repeated weekly (Chart 1). Menstruation
renewed 29 days after the first dose of MTX. Seven months later, the CT scan showed that
the size of the heterogenic mass below the spleen decreased to 18 × 14 × 16 mm (Figure 1F).

Chart 1. Serum hCG concentration drop and methotrexate administration.
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Figure 1. Axial and coronal 15 mm maximum intensity projections (contrast-enhanced computed
tomography (CE-CT) in the emergency department, prior to embolization), large hematoma is seen in
the upper left abdomen (blue outline) with active arterial extravasation (white arrow) (A,B). Digital
subtraction angiography of coeliac trunk shows unusual large arterial branch (white arrowheads)
descending from the splenic artery to lower abdomen—most likely hypertrophied left epiploic artery
(C). Selective angiography with micro catheter shows slow arterial extravasation (white arrow) (D).
Post-embolization image (E) with embolizing coils (black arrows) above and below extravasation site,
also stagnated contrast medium in hematoma can be seen (white arrow). Significant size reduction of
hematoma is seen at 7 month follow-up CT image (blue outline) (F).

3. Discussion

The extratubal secondary trophoblastic tissue reimplantation following surgical re-
moval of an ectopic pregnancy is estimated to be found in 1–1.9% of the cases, and it seems
that there is an equal distribution between salpingostomy and salpingectomy [9]. Given
that these cases may present a diagnostic challenge and are usually detected via sudden
abdominal pain and acute hemoperitoneum, it is necessary to prevent and diagnose such
cases in the early period after the primary surgery [10]. Current guidelines state that
hCG follow-up after laparoscopic salpingostomy should be made 7 days after the surgery,
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then one measurement per week until a negative result is obtained. A subsequent urine
pregnancy test could be performed 3 weeks after salpingectomy [2,3].

In our clinical case, salpingostomy was considered first, because the patient previously
had an ectopic pregnancy and underwent contralateral laparoscopic salpingectomy. When
the bleeding began, salpingectomy was performed, and there was a possible dissemination
of trophoblastic tissue. Our case supports the recommendation of some authors regarding
postoperative hCG monitoring if the specimen was fragmented during salpingectomy and
if there could have been spillage of the trophoblastic tissue [11,12]. It would have been
reasonable to have performed serial hCG measurements given the attempted salpingostomy.
In addition, it is important to avoid iatrogenic dissemination of trophoblast tissue through
surgery. It is recommended to limit the use of the Trendelenburg position thorough suction
and the removal of blood clots, abundant irrigation of the abdominal cavity, and careful
removal of the pregnancy tissue [5,9].

To diagnose the peritoneal reimplantation of trophoblastic tissue can be very difficult.
The symptoms vary from abdominal pain and vaginal bleeding to hemorrhagic shock.
The time period from the first operation until the patient returned to the hospital varied
from 7 to 51 days. Therefore, it is important to consider the possibility of persistent or
reimplanted trophoblastic tissue even though weeks have passed since the primary opera-
tion [9,11]. In our case, the patient was hospitalized 21 days after the surgery for ectopic
pregnancy due to abdominal pain and intra-abdominal bleeding. These cases are hard
to interpret through ultrasound, and often auxiliary examinations (abdominal, pelvic CT
and/or magnetic resonance imaging (MRI)) are requested. MRI could be the key diagnostic
method if hCG continues to rise. It also assists in determining the location of the possible
reimplantation and helps to plan surgical steps [13,14]. In the presented case, trophoblastic
tissue reimplantation diagnosis was not easily made. The patient was thoroughly inves-
tigated by an emergency physician and a surgeon. After a CT scan, hemorrhage of an
unknown origin was considered; accordingly, the bleeding was managed with embolization.
A certain diagnosis of extratubal secondary trophoblastic tissue reimplantation was made
only after a gynecologist’s consultation, urine pregnancy test, and serum hCG testing.

The treatment of trophoblastic tissue reimplantation depends on whether the patient is
hemodynamically stable [8,9]. Schyum AC et al. presented a literature review of trophoblas-
tic tissue reimplantation in which all patients needed surgical treatment: laparoscopy in
40% (10/25) and laparotomy in 28% (7/25). The surgical method was not stated in eight
of the twenty-five cases. MTX was only used as an additional treatment during or after
the second operation [9]. However, MTX can be one of the primary treatment options for
hemodynamically stable patients [10]. Our clinical case suggests that if a nondisseminated
trophoblastic tissue implant after salpingectomy is diagnosed in a hemodynamically stable
patient, embolization of the bleeding vessel and treatment with MTX can be considered.
After embolization, MTX concentrations in trophoblastic tissue were appropriate as the
serum hCG count continued to fall.

4. Conclusions

The diagnosis of the peritoneal reimplantation of trophoblastic tissue can be very
challenging; thus, it is very important to avoid iatrogenic dissemination of trophoblast
tissue through operation and to follow up serum hCG even after salpingectomy, especially
when the conditions of trophoblastic tissue removal are questionable. If a nondisseminated
trophoblastic tissue implant after salpingectomy is diagnosed prior to the development of
massive intra-abdominal hemorrhage, we suggest considering embolization of the bleeding
vessel and treatment with methotrexate.
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Abstract: The term intramural (interstitial) ectopic pregnancy refers to a pregnancy developing
outside the uterine cavity, with a gestational sac implanted into the interstitial part of the Fallopian
tube, surrounded by a layer of the myometrium. The prevalence rate of interstitial pregnancy
(IP) is 2–4% of all ectopic pregnancies. Surgery is the primary treatment for interstitial ectopic
pregnancy; the pharmacological management of ectopic pregnancy, including IP, in asymptomatic
patients includes systemic administration of methotrexate. In this report, we present two cases of
this rare pregnancy type, reviewing our management technique and treatment ways presented in the
literature. In our patients, the management was initially conservative and included methotrexate,
administered as intravenous bolus injection, regular beta-human chorionic gonadotropins (β-HCG)
level measurements in peripheral blood, and monitoring of the patient’s general condition. Due to
signs of intra-abdominal bleeding in patient A and inadequate β-HCG level reduction in patient
B, both patients eventually underwent laparoscopic cornual resection. Pregnancy, implanted into
the interstitial part of the Fallopian tube and surrounded by myometrial tissue with myometrial
invasion of the trophoblast, poses a serious diagnostic challenge to modern gynecology due to
particularly low sensitivity and specificity of symptoms, and may require both pharmacological and
surgical treatment.

Keywords: pregnancy; ectopic; laparoscopy; clinical decision making

1. Introduction

The term intramural (interstitial) ectopic pregnancy refers to pregnancy developing
outside the uterine cavity, with a gestational sac implanted into the interstitial part of the
Fallopian tube, surrounded by a layer of the myometrium, i.e., the middle uterine wall layer,
composed mainly of smooth muscle cells (myocytes), as well as the supporting interstitial
and vascular tissue [1–3]. The interstitial part of the Fallopian tube is approximately 1–2 cm
long and 0.7 mm wide [1]. According to the literature, cornual pregnancy specifically refers
to the presence of a gestational sac within a rudimentary uterine horn, a unicornuate uterus,
the cornua of a bicornuate uterus, or a septate uterus [4,5].

The prevalence rate of interstitial pregnancy (IP) is estimated to be 2–4% of all ectopic
pregnancies by most authors [2,3,5–9] and may range from 6–8%, according to some stud-
ies [10]. Due to particularly low sensitivity and specificity of symptoms, it poses one of the
largest diagnostic and treatment challenges in modern gynecology. The symptoms, includ-
ing pelvic, abdominal, or chest pain, vaginal bleeding, intra-abdominal bleeding, hypov-
olemic shock or uterine rupture are only manifested after 12 gestational weeks in over 20%
of cases. They can be life-threatening, and the condition has a mortality rate of up to 2% [1].
The classic clinical triad of ectopic pregnancy, including abdominal pain, vaginal bleeding,
and amenorrhea, is only present in 40% of cornual pregnancies [1,3,4,8,11]. Implanta-
tion into the tubal wall and myometrial invasion of the trophoblast significantly impede
ultrasound-based differential diagnosis of intrauterine or cornual pregnancy [3,8,12–14].
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The ultrasound diagnostic criteria, developed to identify intramural pregnancy, in-
clude [3,8,12–15]:

• An empty uterine cavity;
• A chorionic sac located eccentrically and at >1 cm from the lateral edge of the uter-

ine cavity;
• A thin (<5 mm) myometrial layer surrounding the chorionic sac;
• The interstitial line sign;
• No double decidual sac sign, typically seen in the intrauterine pregnancy.

The treatment strategies should be individualized, but surgery is still the main treat-
ment of interstitial ectopic pregnancy [9,14]. A number of laparoscopic or laparotomic
techniques are available, including cornual resection, salpingectomy, cornuostomy, or hys-
terectomy. Due to significant advances in endoscopic surgery in recent years, laparoscopic
techniques are currently the treatment of choice in the IP [9,10,16] and is preferable to an
open approach [15] with laparoscopic cornuotomy or cornual wedge resection [17]. The
choice depends on the patient’s condition, availability of medical equipment, and surgical
skills of a gynecologist [9,18,19], but laparoscopy has replaced surgical treatments used
previously, which included uterine horn resection or even hysterectomy [20].

The pharmacological management of an ectopic pregnancy, including IP, in asymp-
tomatic patients includes the systemic administration of methotrexate (MTX). However, in
cases of an IP > 5 cm in diameter, this method fails in 9–65% of cases [19]. In the general
population, the failure percentage is estimated to be 25% and additional, surgical treatment
is often needed [18]. MTX can also be administered directly into the gestational sac dur-
ing a local hysteroscopic injection in patients diagnosed at an early stage of IP [21]. This
method is described as effective and allows patients to avoid a surgical scar on the uterine
muscle [18].

The aim of this study is to present two cases of uterine horn pregnancy to discuss
the complexity of the issue and to share our experience in this field as well as review the
literature to gain an indication of the different treatment methods.

2. Presentation of Case Reports

2.1. Case 1 (Patient A)

Patient A, a 17-year-old primiparous woman (G0P0A0), was admitted to the De-
partment of Maternal and Child Health, Obstetrics and Gynecology University Hospital,
Poznan University of Medical Sciences on 31 July 2019. She was referred by her gyne-
cologist, with an ambulatory diagnosis of 10 weeks of ectopic IP located within the right
uterine horn. This diagnosis was confirmed during hospitalization. The β-HCG level on
admission was 22,344 mIU/mL. On admission, the patient reported blood-stained vaginal
discharge and the absence of other symptoms. The vaginal examination carried out fol-
lowing her giving consent and in the presence of her legal guardian yielded the following
findings: ectocervix small, clear and smooth with a punctuate os; moderate amount of
dark bloody discharge; uterine body anteroflexed, round, normal in size and mobility;
ovaries and Fallopian tubes normal on palpation; no pelvic masses; negative peritoneal
signs. A transvaginal ultrasound revealed a uterine body sized 56 × 32 mm, homogeneity
in echotexture, and endometrium thickness up to 10 mm. A gestational sac (GS) (15.5 mm
in diameter—4w6d, with an embryo crown rump length—CRL = 12 mm − 7w3d) was
located interstitially in the right uterine corn, near to the right proximal tubal ostium. Fetal
heart rate was 120 bpm. The ovaries appeared normal. There was no free fluid within the
cul-de-sac (Figure 1A,B).
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(B) 

Figure 1. (A,B)—Patient A—a 2D transvaginal ultrasound of an interstitial ectopic pregnancy within
the right uterine horn in different dimensions.

Following clinical assessment and based on the wishes expressed by the patient and her
legal guardian, pharmacological treatment with methotrexate and leucovorin was started,
in line with current guidelines. Methotrexate (100 mg) was administered on 2 August 2019,
5 August 2019, 8 August 2019, and 11 August 2019, followed by oral leucovorin 15 mg. The
β-HCG levels were determined accordingly, and the results are shown in Table 1.

Table 1. Serum β-HCG levels in the patient A, July/August 2019.

Date 31 July 5 August 8 August 9 August 14 August 16 August

β-HCG
(mIU/mL) 22,344 29,502 15,735 17,138 13,171 6463

The follow-up ultrasound on 8 August 2019 confirmed the embryo demise within the
right uterine horn. Despite receiving a satisfactory response to the systemic treatment with
methotrexate, a surgical intervention followed, due to signs of intra-abdominal bleeding
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found on ultrasound and increasing abdominal pain. On 16 August 2019, the patient
underwent a laparoscopy. Intraoperative findings included an enlarged right uterine horn
which was approx. 3 cm in diameter. It contained the ectopic gestational sac and, as a result,
was significantly hyperemic and swollen. Right salpingectomy was performed, followed by
bipolar cautery along the margin of the ectopic gestational sac, and right cornual resection
was performed (with morcellation). The stages of the surgery are shown in Figure 2A,B.

 

 

(A) 

(B) 

Figure 2. (A) Patient A—interstitial ectopic pregnancy within the right uterine horn, viewed from
the abdominal cavity. (B)—Patient A—Postoperative view following the cornual resection due to
interstitial pregnancy. Hemostatic effect after the minimally invasive surgery.

The serum β-HCG level on 19 August 2019 was 232 mIU/mL. The postoperative
course was uneventful. The patient was discharged home in a stable condition and with
recommendations of combined hormonal contraception.

2.2. Case 2 (Patient B)

Patient B, a 33-year-old woman (G1P0A1) presenting with a 7-week interstitial, ectopic
pregnancy located in the left uterine horn was admitted to the Department of Maternal
and Child Health, Obstetrics and Gynecology University Hospital, Poznan University of
Medical Sciences on 8 December 2020. She had undergone laparotomic right salpingo-
oophorectomy in 2006 due to mature teratoma of the right ovary. Her last menstruation was
on 20 October 2020. The β-HCG level on admission was 5632 mIU/mL. The patient was
asymptomatic. The vaginal examination confirmed a small ectocervix, clear and smooth
with a punctuate os, normal vaginal discharge, anteroflexed uterine body, normal in size
and mobility, left ovary and Fallopian tube normal on palpation, no pelvic masses, and
negative peritoneal signs. A transvaginal ultrasound revealed a live intramural pregnancy
within the interstitial part of the left Fallopian tube in the left uterine horn, interstitial
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line sign, myometrial layer surrounding the gestational sac in all projections, cornual
bulge, and moderately severe edema where the trophoblast invaded the myometrium.
There was also quite significant vascular proliferation within the enlarged uterine horn. A
pseudogestational sac, 3 mm in diameter, was found within the uterine cavity. The mass
of a total size of 11 mm presented with a detectable fetal heart rate and CRL of 2 mm. Its
interstitial location was confirmed. The 6 mm wide chorionic ring containing the yolk sac
was imaged. The ovaries appeared normal. There was no free fluid within the cul-de-sac
(Figure 3).

 

Figure 3. Patient B—2D transvaginal ultrasound of IP within the left uterine horn, cornual bulge.

Following clinical assessment and a case manifestation, based on the patient’s wishes,
pharmacological treatment with MTX and leucovorin was started, in line with current
guidelines. MTX (100 mg) was administered on 8 December 2020 and 11 December 2020,
followed by oral leucovorin 15 mg. The β-HCG levels were determined accordingly, and
the results are shown in Table 2.

Table 2. Serum β-HCG levels in the patient B, December 2020.

Date 8 December 11 December 14 December

β-HCG (mIU/mL) 5632 5927 5739

The follow-up ultrasound on 14 December 2019 confirmed the embryo demise within
the left uterine horn. Due to an unsatisfactory response to pharmacological treatment, a
surgery was offered, and the patient consented. On 15 December 2020, laparoscopy was
carried out. The procedure revealed a left uterine horn with a tubal fragment preserved
after the previous surgery, with tumor-like appearance, 4 cm in diameter, with a soft and
heavily vascularized structure. The gestational sac with the fragment of the uterine horn
and tubal stump were dissected from the uterine body and resected. Hemostasis was
achieved by cautery. The postoperative course was uneventful.

The patient was discharged home on 17 December 2020 in a stable condition with the
recommendation of using combined hormonal contraception.
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3. Discussion

IP may cause life-threatening complications, as a rare and highly dangerous form of
ectopic pregnancy, with its lack of specific manifestations, and so its early diagnosis is
crucial. Traditionally, the treatment of IP has been surgical and may include hysterectomy
or cornual resection by laparotomy or laparoscopy [1,4,9,12,18–20].

The advances in minimally invasive surgery have provided more therapeutic options
for the treatment of ectopic pregnancies, including the combination of systemic and local
hysteroscopic administration of MTX [9,14,20–24]. This is an interesting and promising
approach, but this type of treatment requires both implementation in the clinics (including
the equipment) and skilled gynecologists to be carried out safely.

Surgical laparotomy is the only appropriate route in the case of unstable hemody-
namic women with a suspicion of rupture or recurrent IP [24]. More conservative surgical
approaches have been proposed, and currently laparoscopy is the most commonly adopted
technique of elective surgery [12]. In the case of Patient A, the decision for surgical man-
agement, mentioned as one of the treatment options, was made based on intra-abdominal
bleeding exponents shown on ultrasound imaging and peritoneal symptoms. Despite the
implementation of systemic MTX treatment, with βhCG showing a decreasing trend, there
were symptoms of IP rupture and incipient hypovolemic shock.

Cornual or minicornual resection can be performed in the case of a viable IP with a
history of failed therapeutic strategy [25] instead of a cornuostomy that could be adopted
with an IP of less than 4 cm in diameter [26]. In the last few years, more conservative
surgical alternatives, such as cornuostomy rather than cornuectomy, have been introduced
to better preserve uterine integrity for future fertility [25,26].

Some cases of laparoscopic cornuostomy have been reported in the literature [2,3,6,27].
However, patients with a history of ipsilateral salpingectomy should be cautioned regarding
the possibility of IP. Laparoscopic cornuostomy appears to be an appropriate treatment
for IP in patients wishing to preserve fertility, and the use of concomitant prophylactic
MTX may reduce the risk of persistent ectopic pregnancy, especially among patients
with ruptured masses and high β-HCG levels [28]. Po et al. [17] stated that clinicians
may perform either laparoscopic cornuotomy or cornual wedge resection because both
procedures have comparable results, but this summary statement was rated as conditional
and low in the GRADE evidence quality.

The treatment should be personalized in a way that considers the obstetric history of the
patients, the gestational age at the diagnosis, and their desire for future pregnancies [9,14].
Stabile et al. [14] proposed a multidose MTX intramuscular regimen, combined with
mifepristone (600 mg orally), in asymptomatic women with low serum levels of β-HCG
at an early gestational age. It can be also considered in asymptomatic women with a
strong motivation for future conceptions, although in the case of high serum levels of
β-HCG, additional dose(s) of MTX may be necessary. The overall efficacy of a single
MTX dose is estimated to be 65–95%, and such a variability is due to several factors: the
baseline level of β-HCG (the lower the level, the higher the efficacy of the treatment),
the rate of serum β-HCG growth over 48 h prior to MTX administration, the visibility of
specific elements of the fetal egg on ultrasound, and the rate of decrease in β-HCG levels
after the implementation of the pharmacological treatment [29]. Our patient described
as a B, despite of the implementation of MTX treatment and leucovorin, presented a
non-satisfactory response to drug treatment (β-HCG serum level decreased <15% of the
initial level). After discussing possible management routes, the patient consented for a
laparoscopic surgery.

Tulandi and Al-Jaroudi [30] discussed the management of 32 interstitial pregnancy
cases. Eight women were treated with MTX either systemically (n = 4), locally under
ultrasonographic guidance (n = 2), or under laparoscopic guidance (n = 2). Eleven patients
were treated by laparoscopy and 13 by laparotomy. Systemic MTX treatment failed in
three patients, and they required surgery. Persistently elevated serum β-HCG levels were
found in one patient after laparoscopic cornual excision, and she was successfully treated
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with MTX. Subsequent pregnancy was achieved in 10 patients. No uterine rupture was
encountered during pregnancy or labor [30].

Alagbe et al. [31] reported a case of a right interstitial ectopic pregnancy diagnosed in
a 39-year-old woman. The gestational sac diameter was 2.7 cm, equivalent to 7 weeks of
gestation. The patient was admitted for medical management (using intramuscular MTX 75
mg) and serial ultrasound monitoring. The ultrasound revealed a persistent gestational sac
on the 8th day, following MTX injection. On day 10, however, the gestational sac completely
disappeared [31].

Dagar et al. [1] retrospectively analyzed three cases of interstitial pregnancy. In the
third case they combined both modalities, local and systemic MTX administration, along
with local KCl injection. This was one of the few case reports of such an approach.

The combined method, described as hysteroscopy-assisted laparoscopy, was described
by some authors as an alternative minimally invasive approach that could be appropriate in
some patients with IP. The prerequisites included early recognition of the abnormality and
the woman’s hemodynamically stable condition [32,33]. Katz et al. [32] presented two cases
of patients with diagnosed IP who were successfully treated with laparoscopic-assisted
hysteroscopy. The evacuation of the gestational sac was carried out transvaginally under
laparoscopic supervision. Similarly, Feng et al. [33] described a case of a patient diagnosed
with IP. They were initially unsuccessfully treated with MTX, and then subsequently with
laparoscopic-assisted hysteroscopy [33]. In all the cases presented, cornual resection was
not necessary, which is undoubtedly an advantage of this method [32,33].

Kahramanoglu et al. [34] presented four cases of patients with IP. In that series, each
patient needed a different treatment modality—a single dose of MTX, laparotomy, hys-
teroscopy followed by vacuum aspiration, and vacuum aspiration under laparoscopic
control. The treatments depended on the patients’ presenting symptoms, β-HCG levels,
and ultrasound images. This article perfectly illustrates the complexity of the IP [34].

In 2021, Marchand et al., presented a comprehensive systematic review [35] and a
meta-analysis [36] of the patients diagnosed with IP in which they compared the outcomes
of the laparoscopic surgery versus laparotomy treatment. The first paper included one
case series study, one cross-sectional study, and four retrospective cohort studies with
70 cases of IP in the laparoscopic surgery group and 83 cases in the laparotomy surgery
group [35]. The authors concluded that laparoscopic management was associated with a
shorter postoperative hospital stay.

In the mentioned meta-analysis [36] and the review [35], the authors compared the
effects of laparoscopic versus laparotomy treatment in 855 women with IP. They included
65 case reports, 23 cohort studies, 6 case series, and 2 case–control studies, meeting the
search criteria. They found that 723 women underwent laparoscopy, while 132 were treated
with laparotomy [35]. The analysis demonstrated more favorable outcomes of laparoscopy
vs. laparotomy, i.e., less bleeding during surgery, shorter duration of the procedure and
the hospital stay, and a higher risk of rupture of ectopic pregnancy when laparotomy was
performed. In conclusion, the authors suggested laparoscopy as the first-choice method
when a surgical approach is necessary in patients diagnosed with IP [35].

The condition of ectopic pregnancy can develop rapidly, leading to hemodynamic
instability and death. Thus, it is important to promptly recognize the classic ultrasound
presentation. The awareness of appropriate diagnostic approaches, differential diagnoses as
well as conservative and surgical treatment methods are equally vital [1,9,14–18,29,32–36].

It is difficult to identify a single management method of uterine horn pregnancy due
to the highly variable response to treatment and the dynamics of the development of
symptoms, which can threaten the health and life of patients. In the literature, particular
management approaches have been proposed, but the level of evidence for them was
low [15,17].
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4. Conclusions

The effectiveness of pharmacological treatment depends on a variety of factors, and
the patient should remain under careful observation until a treatment course is completed.
The dynamic development of endoscopic surgery in recent years has made the laparoscopic
techniques the treatment of choice in IP. The development of minimally invasive techniques
allows for less burdensome treatment of patients with IP, but requires experience in the use
of this technique in order to treat the ectopic pregnancy.
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Abstract: Background and Objectives: Fetal ovarian cysts (FOCs) are a very rare pathology that can be
associated with maternal–fetal and neonatal complications. The aim of this study was to assess the
influence of ultrasound characteristics on FOC evolution and therapeutic management. Materials
and Methods: We included cases admitted to our perinatal tertiary center between August 2016
and December 2022 with a prenatal or postnatal ultrasound evaluation indicative of FOC. We
retrospectively analyzed the pre- and postnatal medical records, sonographic findings, operation
protocols, and pathology reports. Results: This study investigated 20 cases of FOCs, of which 17 (85%)
were diagnosed prenatally and 3 (15%) postnatally. The mean size of prenatally diagnosed ovarian
cysts was 34.64 ± 12.53 mm for simple ovarian cysts and 55.16 ± 21.01 mm for complex ovarian cysts
(p = 0.01). The simple FOCs ≤ 4 cm underwent resorption (n = 7, 70%) or size reduction (n = 3, 30%)
without complications. Only 1 simple FOC greater than 4 cm reduced its size during follow-up, while
2 cases (66.6%) were complicated with ovarian torsion. Complex ovarian cysts diagnosed prenatally
underwent resorption in only 1 case (25%), reduced in size in 1 case (25%), and were complicated
with ovarian torsion in 2 cases (50%). Moreover, 2 simple (66.6%) and 1 complex (33.3%) fetal ovarian
cysts were postnatally diagnosed. All of these simple ovarian cysts had a maximum diameter of
≤4 cm, and all of them underwent size reduction. The complex ovarian cyst of 4 cm underwent
resorption during follow-up. Conclusions: Symptomatic neonatal ovarian cysts, as well as those that
grow in size during sonographic follow-up, are in danger of ovarian torsion and should be operated
on. Complex cysts and large cysts (with >4 cm diameter) could be followed up unless they become
symptomatic or increase in dimensions during serial ultrasounds.

Keywords: fetal ovarian cysts; ultrasound evaluation; complicated cysts; therapeutic approach

1. Introduction

Ovarian cysts are one of the rarest gynecological disorders that develop during fetal
life and could have important consequences both in utero and after birth. The estimated
incidence of fetal ovarian cysts (FOCs) is cited in the literature as 1 in every 2500 live
births [1]. FOCs typically manifest as functional or benign cysts, with the prevailing
hypothesis regarding their etiology attributing their development to augmented levels
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of maternal estrogens, fetal gonadotropins, and placental human chorionic gonadotropin
(HCG) in the fetus [2]. Newborn ovarian neoplasms, including cystadenomas, teratomas,
and granulosa cell tumors, are rare occurrences [3].

A typical ultrasonographic presentation of a fetal ovarian cyst is that of an abdominal,
usually anechoic, and thin-walled cyst, located superiorly and parasagittally to the bladder
in a female fetus [4]. However, it is important to consider various differential diagnoses
for FOC such as urachal cyst, mesenteric cyst, intestinal duplication anomalies, intestinal
obstruction, and lymphangioma [5]. In rare cases, the identification of a “daughter cyst”
serves as a distinctive sign of ovarian cyst presence [4,6].

FOCs are classified into two categories based on ultrasound (US) criteria, as established
by Nussbaum: simple and complex [4]. A complex cyst is typically characterized by
heterogeneity, the presence of hyperechogenic components, a thickened wall, free-floating
material, fluid–fluid levels, and intracystic septations. Conversely, a simple cyst is typically
described as an intrapelvic structure that is spherical, thin-walled, anechoic, unilocular,
and less than 2 cm in diameter [4].

Fetal ovarian cysts typically exhibit stability throughout gestation and are known
to dissolve spontaneously within the first few months following delivery. However, in
rare instances, FOCs can lead to complications, such as torsion or bleeding during the
prenatal period [7]. A retrospective study by Toker Kurtmen et al., which examined 28 cases
of antenatal ovarian torsion, revealed that it can be misdiagnosed as a variety of cystic
disorders, including intestinal duplication cyst/mesenteric cyst, complex ovarian cyst,
mature cystic teratoma, and simple renal cyst [8]. Ovarian loss is commonly associated
with torsion, which is often detected prenatally by alterations in the ultrasound image from
a simple to a complex appearance, as well as an increase in size [9].

Following a diagnosis of fetal ovarian cysts, routine serial ultrasound examinations
are necessary to monitor for any structural changes or complications such as massive
hemorrhage, cyst rupture, or ovarian torsion resulting in infarction [10]. Large cysts may
result in complications such as ascites due to the rupture of the cystic wall; mass effect;
compression of ureters, inferior vena cava, and large and small intestines; intraabdominal
adhesions; respiratory compromise; and ovarian torsion with or without autoamputation
of the ovary [11,12]. To prevent such complications, some surgeons recommend prenatal
aspiration of large fetal ovarian cysts, particularly for those greater than 4 cm in diameter.

A recent scoping review by Bucuri et al. reported a 34% higher risk of complications
in cases of a complex fetal ovarian cyst diagnosis, based on an evaluation of 15 articles
published within the last 10 years [13]. In addition, a systematic review and meta-analysis
by Bascietto et al., based on 34 studies published up to 2017, showed a higher risk of ovarian
torsion for cysts measuring ≥40 mm compared with those measuring less than 40 mm (odds
ratio—OR: 30.8; 95% CI: 8.6–110.0) [7]. The authors also reported a recurrence rate of 37.9%
(95% CI: 14.8–64.3%) for cases that underwent in utero aspiration, as well as a pooled
proportion of 10.8% (95% CI: 4.4–19.7%) for ovarian torsion and 12.8% (95% CI: 3.8–26.0%)
for intracystic hemorrhage after birth.

Pre- and postnatal management of fetal ovarian cysts is often a topic of debate among
clinicians. Despite clinicians’ concerns regarding the safety of fetal cyst aspiration, Bagolan
et al. [14] recommended prenatal cyst aspiration if the cyst diameter is greater than 5 cm or
if the diameter increases by more than 1 cm per week. On the other hand, some authors
suggest that there is no need for postnatal surgical treatment for simple ovarian cysts with
the largest diameter of <5 cm or <4 cm [11,15].

Given the heterogeneous therapeutic approaches and rarity of this disorder, there is
a need for more descriptive studies on FOC management to establish a comprehensive
database for future meta-analyses. Therefore, the aim of this study was to evaluate the
impact of ultrasound characteristics on the evolution and therapeutic management of FOCs.
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2. Materials and Methods

This retrospective cohort study comprised a population of 20 pregnant women who
were assessed at the Clinical Hospital of Obstetrics and Gynecology “Cuza-Voda” in
Iasi, Romania, between August 2016 and December 2022, based on prenatal or postnatal
ultrasound evaluations indicative of a fetal ovarian cyst. The Institutional Ethics Committee
of Hospital “Cuza Voda”, Iasi, Romania (No. 790/25.01.2017) provided approval for the
study, and all legal guardians of the newborns included in the study provided informed
consent. All procedures were conducted in compliance with applicable regulations and
guidelines.

We tested two hypotheses in accordance with the existing literature [9,15,16]. The
first hypothesis postulates that simple cysts, small cysts (≤4 cm), and those that show a
tendency to decrease in size during fetal life through regular follow-up, will regress and
thus should be monitored in the postnatal period. The second hypothesis suggests that
complex cysts, large cysts (>4 cm), or those with an increasing size during follow-up in fetal
life, have a propensity for torsion with ovarian amputation, and thus necessitate surgical
intervention in postnatal life [9,15,16].

The study included female fetuses with cystic masses in the lower abdomen, either
unilateral or bilateral, that exhibited characteristics of simple or complicated ovarian cysts
as per the Nussbaum categorization. Complicated ovarian cysts were defined as those
having a fluid–debris level indicative of internal hemorrhage, septations with or without
internal echoes, calcifications, or a solid component, in accordance with the literature [17].
Patients with urachal cysts, mesenteric cyst, intestinal duplication abnormalities, intestinal
obstruction, and lymphangioma were excluded from the study, as well as those with
incomplete medical records or whose mothers were unable to provide informed consent.

The present study retrospectively collected data on gestational age at diagnosis, sono-
graphic characteristics of ovarian cystic masses, and pre- and postnatal care from the
medical records of the patients. The admission diagnosis was confirmed using an obstetri-
cal ultrasound examination, which was performed using an E8 scanner with a 4.8 MHz
transabdominal probe (GE Medical Systems, Milwaukee, WI, USA), and the examination
was completed by a vaginal approach using an intravaginal probe of 5–15 MHz when the
fetal abdomen was accessible.

Periodic ultrasound scans were carried out until delivery to monitor the evolution
of the cystic masses. Only cases with a high degree of confidence in the presumptive
ultrasound diagnosis were included in the study, and no ultrasound-guided cyst aspiration
was performed during pregnancy.

Postpartum ultrasound examinations were performed by neonatologists within 72 h
of birth using a GE machine with a transabdominal 7.5 MHz transabdominal transducer
(GE Medical Systems, Milwaukee, WI, USA). All neonates underwent examinations by
neonatologists, radiologists, and pediatric surgeons after birth. Patients with simple
FOCs that had the largest diameter of 4 cm or less were followed up postnatally with
a transabdominal ultrasound examination at 6 months of age. Patients with large ovarian
cysts (>4 cm) or complex structures were considered emergencies and referred to the
pediatric surgery department for evaluation and surgical treatment.

The study recorded the ultrasound features and size of ovarian masses in neonates,
with subsequent management consisting of sonographic follow-up or surgical intervention,
including ovariectomy, cystectomy, or removal of an autoamputated ovary. No laparoscopic
or ultrasound-guided aspiration was performed on neonates. Postnatal final diagnoses and
outcomes were also documented. A perspective on the evolution of FOCs in our cohort of
patients is presented in Figure 1.
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Figure 1. Flowchart of the evolution of FOCs in our cohort of patients.

The data were compiled into a database using SPSS software (version 28.0.1, IBM
Corporation, Armonk, NY, USA), and the results were analyzed using descriptive statistics.
Continuous data were expressed as means and standard deviations, while categorical data
were reported as numbers and percentages. Each variable was evaluated with chi-squared
and Fisher’s exact tests for categorical variables, and with t-tests for continuous variables.

3. Results

The present study investigated 20 cases of fetal ovarian cysts, with 17 cases (85%) being
diagnosed prenatally and 3 cases (15%) postnatally. The prenatally diagnosed fetal ovarian
cysts (FOCs) were classified as simple in 13 cases (76.48%) based on their ultrasound
appearance, whereas 4 cases (23.52%) were deemed complex. Among the simple FOCs
diagnosed prenatally, the majority (n = 10, 76.92%) had a maximum diameter of 4 cm or
less, while only 3 cases (23.08%) had a larger diameter. Conversely, all complex FOCs (n = 4,
100%) diagnosed prenatally had a maximum diameter larger than 4 cm.

The mean gestational age at prenatal diagnosis and standard deviation were 26 ± 2.02 weeks
for simple ovarian cysts and 32 ± 1.06 weeks for complex ovarian cysts. In terms of the size of
prenatally diagnosed ovarian cysts, the mean size was 34.64 ± 12.53 mm for simple ovarian cysts
and 55.16 ± 21.01 mm for complex ovarian cysts, achieving statistical significance (p = 0.01).

Regarding fetal ovarian cyst management, the simple FOCs with a maximum diameter
of 4 cm or less, identified during prenatal and/or postnatal examinations, underwent
resorption (n = 7, 70%) or size reduction (n = 3, 30%) without complications. However, only
1 simple FOC greater than 4 cm reduced in size during follow-up, while 2 cases (66.6%) were
complicated with ovarian torsion. Complex ovarian cysts diagnosed prenatally underwent
resorption in only 1 case (25%), reduced in size in 1 case (25%), and were complicated with
ovarian torsion in 2 cases (50%).

No other fetal intra-abdominal malformations were identified during serial ultrasound
evaluations, but two cases of ovarian cysts were associated with polyhydramnios. More
images corresponding to the described cases can be found in the Supplementary Materials
(Figures S1–S5). Only one case with a bilateral ovarian cyst was diagnosed and had a
simple echogenic structure.

Moreover, 2 simple (66.6%) and 1 complex (33.3%) fetal ovarian cysts were postnatally
diagnosed. All of these simple ovarian cysts had a maximum diameter of 4 cm or less, and
all of them underwent a reduction in size. The mean diameter and standard deviation
of the simple cysts diagnosed in the postpartum period (in the first 72 h of life) were
29.4 ± 10.5 mm. The complex ovarian cyst of 4 cm underwent resorption during follow-up.

Taken together, our cohort of patients comprised 15 simple (75%) and 5 complex
(25%) FOCs. The demographic characteristics of the pregnant patients, fetal ovarian cysts’
location, and pregnancy outcomes are included in Table 1.

Patients diagnosed with simple fetal ovarian cysts were born from significantly younger
mothers compared with those diagnosed with complex fetal ovarian cysts (p < 0.001). The ma-
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jority of patients were born by cesarean section in both groups, but no statistically significant
difference could be found between them regarding the type of birth.

The birthweight of newborns with complex ovarian cysts was significantly lower than
the birthweight of those with simple FOCs (p = 0.01). However, we could not find any
statistically significant difference between groups regarding their Apgar score at 1 min
(p = 0.14) or the rate of preterm birth (p = 0.07).

Table 1. Clinical characteristics and ultrasound findings of FOC.

Parameter
Simple Cyst

n = 15
Complex Cyst

n = 5
p Value

Mother’s age (years) 26.1 ± 2.7 34 ± 2.1 <0.001

Gestation 1.9 ± 0.5 1.6 ± 1.1 0.40

Nulliparity (%) Yes = 6 (40%) Yes = 3 (60%) 0.43

GA at birth (weeks) 39 ± 0.36 37.2 ± 4.33 0.10

Type of birth (n/%) Cesarean: 11 (73.3%)
Vaginal: 4 (26.7%)

Cesarean: 3 (60%)
Vaginal: 2 (40%) 0.57

Birthweight (g) 3374.54 ± 212.99 3080 ± 141.76 0.01

Apgar score at 1 min (mean ± SD) 8.64 ± 1.68 8.19 ± 1.93 0.14

Preterm birth (n/%) Yes = 0% Yes = 1 (20%) 0.07

Cyst location
Right: n = 10 (66.7%)

Left: n = 4 (26.7%)
Bilateral: n = 1 (6.7%)

Right: n = 4 (80%)
Left: n = 1 (20%)

Bilateral: n = 0 (0%)
0.78

Table legend: GA: gestational age; US: ultrasound.

After birth, patients with simple cysts <4 cm in diameter (5 cases, 25%) were referred
for an ultrasound follow-up at 6 months. All simple cysts were reduced in size at the
6-month follow-up, with a mean diameter and standard deviation of 22.16 ± 0.98 mm. No
other complications occurred. Meanwhile, patients with cysts with a diameter of >4 cm
or with a complex structure (n = 4, 20%) were sent to surgery. Another two cases of FOC,
which had an indication for surgery, underwent a conservative approach. The parents of
1 patient, with US features suggesting a fetal teratoma, opted for follow-up every 6 months,
and during 3 follow-ups the cyst reduced its size to 4 cm. This patient underwent an MRI
examination both prenatally and postnatally which confirmed the diagnosis of teratoma.
Another patient had a complex cyst, but because of prematurity (delivery at 31 weeks), the
surgical procedure was postponed, and the cyst disappeared in the next 4 months.

Two ovariectomies, one cystectomy, and a laparoscopic adnexectomy for the removal
of an autoamputated ovary were performed on four patients with suspicion of ovarian
torsion, which was further confirmed through surgery. During follow-up, all of these
individuals were either symptomatic or had significant ovarian cyst growth. All surgical
interventions were performed in the first weeks of life, and no complications occurred
during or after surgery. Pathology reports indicated four hemorrhagic cysts.

4. Discussion

The aim of this study was to assess the influence of ultrasound characteristics on FOC
evolution and therapeutic management. Our findings are consistent with previous studies
examining various aspects related to FOC, thereby confirming our initial hypothesis.

The diagnosis of FOC is based on two non-specific ultrasound criteria: positive criteria,
which involve the identification of a fluid-filled mass located in the lower and lateral region
of the abdomen, above the bladder of a female fetus, and negative criteria, which involve
a sonographic examination to confirm the integrity of the urinary and gastrointestinal
tracts [18].
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A pathognomonic sign for ovarian fetal cysts is the ‘Daughter Cyst Sign’, with a
reported 82% sensitivity and 100% specificity [6]. It is a small, round, anechoic structure
within a cyst, attached to its wall, and pathological studies demonstrated it was a follicle
inside an ovarian cyst [6]. In our series, we observed this sign in 5 out of 17 cases diagnosed
during prenatal sonographic examination.

Differential diagnosis is an important step in the prenatal and postnatal evaluation
of fetal ovarian cysts, as many other abdominal or pelvic masses can mimic this pathol-
ogy [19,20], and serological markers could be helpful in the postnatal differentiation of
various types of masses [21,22]. Thus, we included only cases with highly suggestive ultra-
sound appearances of FOC in our study. The four surgeries performed in the postpartum
period confirmed the cystic structures as belonging to the ovaries. No other associated
structural abnormalities of the urinary or gastrointestinal tract were encountered during
ultrasound examinations or during laparoscopic procedures.

Most fetal ovarian cysts are diagnosed during the third trimester. Chen et al. reported
that 87.2% of fetal ovarian cysts were diagnosed after 28 weeks of gestation [9]. Moreover,
Rotar et al. indicated in an observational study a mean gestational age of 31.28 weeks for
the initial diagnosis of fetal ovarian cysts [23]. In our series, 8 cases (40%) were diagnosed
during the second trimester, at the time of morphological ultrasound; 9 cases (45%) were
diagnosed during the third trimester; and the remaining 3 cases (15%) were diagnosed
after delivery, when an abdominal US was performed for clinical symptoms: abdominal
enlargement in all cases, and tachycardia and vomiting in 2 cases.

The effectiveness of MRI in the diagnosis of prenatal and neonatal cysts is controversial.
In contrast to the major contribution of MR imaging in fetal neoplasms, the clinical influence
of MRI on the perinatal management of ovarian cysts may be limited [24]. Furthermore,
when compared with the imaging of ovarian masses in pediatric and adult cohorts, where
MRI can provide crucial information in confirming the diagnosis and selecting treatment,
the importance of MRI in prenatal ovarian cyst management is minor [24]. In our series, an
MRI was performed both prenatally and postnatally for a single case of complex neonatal
cyst, suggesting a teratoma, because despite the physician’s recommendation of surgery,
the parents opted for a follow-up, so we needed a second opinion regarding the diagnosis.

Most fetal ovarian cysts spontaneously regress during fetal life or during the neonatal
period [25]. Others persist, and even increase in size, with a higher risk of complications
such as ovarian torsion with the risk of autoamputation, intracystic hemorrhage, bowel
obstruction, mass effect, or rupture, thus increasing the risk of surgical intervention, some-
times resulting in the loss of the gonad [26]. In our series, we had spontaneous resorption
of FOC in 9 cases, the majority of whom (7 cases, 35%) were simple and had the largest
diameter of 4 cm or less.

Regarding the prediction of complications and surgical need in FOC, considering cyst
size, many authors support the following determinants of the neonatal outcome: a 4 cm
cutoff, the US appearance (simple or complex), and the progression of the cysts during
follow-up [7,27,28]. Small, unilocular cysts appear more likely to spontaneously resolve,
whereas larger, complex cysts are at higher risk of persistence, complications, and surgical
interventions [15].

Other authors recommend a cutoff of 50 mm for the cystic diameter to differentiate
between cysts that spontaneously disappear and those at risk of complications [14,29]. In
Bagolan’s statistics, 85% of ovarian cysts in neonates with a diameter of >50 mm required
ovariectomy [14]. On the other hand, cysts less than 2 cm, and also very large cysts which,
due to their volume, cannot be mobilized to twist, are almost never complicated by torsion.

In our series, all 4 cysts operated on for ovarian torsion had a diameter of > 4 cm. It
is important to note that simple cysts, after torsion, increase in size and become complex
in structure [30]. Moreover, the fluid–debris level seems to be a significant hallmark for
ovarian torsion on ultrasound examination [17]. In our study, only two out of four cases
of ovarian torsion were determined to be complex cysts. On the other hand, all cysts that
suffered torsion increased in volume at serial US follow-ups.
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Therapeutic approaches for ovarian fetal and neonatal cysts are still controversial.
A recent study has shown that simple cysts smaller than 50 mm on postnatal imaging
will likely spontaneously resolve and can be monitored using serial ultrasound exami-
nations [29]. Due to the risk of bleeding, rupture, or intestinal blockage, several studies
have recommended that neonatal cysts with complex characteristics be operated on as
soon as possible [31–33]. Other publications, on the other hand, indicate a high rate of
spontaneous remission of complicated cysts without complications, which we also found
in our research [34,35].

Papic et al. found that postnatal torsion during observation is uncommon and that
observation has no negative impact on the rate of ovarian preservation [29]. Given these
findings, all asymptomatic neonatal ovarian cysts should be treated with surveillance. If
surgery is required, an ovarian-preserving strategy should be used for all cysts, regardless
of size, complexity, or the presence of prenatal or postnatal torsion, wherever possible [36].

We did not perform prenatal aspiration of the fetal cyst, which some authors have
advocated because of the risks of preterm labor, chorioamnionitis, fetal injury, and fetal pain,
as cited in the literature [36,37]. Furthermore, recurrence may occur due to persistent fetal
exposure to hormonal stimulation after the procedure until birth [38]. The effectiveness
of prenatal intrauterine aspiration in preventing neonatal surgery was compared with
expectant treatment in a randomized open trial conducted by Diguisto et al. on 61 pregnant
women whose fetuses were diagnosed with an anechoic ovarian cyst mass [36]. The authors
reported that this procedure was associated with higher rates of in utero involution of cysts
(47.1%; relative risk—RR: 2.54, 95%CI: 1.07–6.05), as well as reduced rates of oophorectomy
after birth (3.0%; RR: 0.13, 95%CI: 0.02–1.03).

Our results support the conclusions of Dimitriaki et al. [39], suggesting that symp-
tomatic neonatal ovarian cysts and those with increasing size at serial US follow-ups are at
risk of torsion and must be operated on. For all ovarian cysts suspected of torsion, the diag-
nosis was confirmed intraoperatively, and one of the ovaries had already self-amputated at
the time of surgery. Although all the cysts that became torsioned had a diameter of >4 cm,
smaller dimensions than 4 cm cannot be considered a resorption criterion.

A multicentric retrospective study by Tyraskis et al. evaluated the risk of ovarian torsion
in relationship to FOC size [40]. Their results showed that the rate of ovarian torsion increased
from 0% in cysts measuring less than 20 mm to 33% in cysts measuring more than 50 mm, but
they failed to demonstrate a statistically significant difference in this overall trend.

Our study has several limitations. First of all, this study has a retrospective design and
includes a small number of patients. Furthermore, prenatal sonographic data on the size
and changes in the appearance of the cyst throughout pregnancy were lacking for certain
individuals, resulting in the diagnosis being made after birth in three patients.

Additionally, even if ultrasound imaging of the ovaries in the neonatal period can rule
out autoamputation, the ovarian origin of the cyst, and even the diagnosis of hemorrhagic
cyst without torsion, cannot be supported in cases where the cysts have been resorbed
without surgical confirmation.

The strength of this study is the fact that it assessed the pre- and postnatal management
of fetal ovarian cysts, which is a rare gynecological disorder, and our results could represent
a base, along with other descriptive studies, for future meta-analysis that could offer
clinicians a better assessment of the therapeutic strategies’ utility.

5. Conclusions

In conclusion, symptomatic neonatal ovarian cysts and those with increasing size at
serial US follow-up are at risk of torsion and should be operated on. Complex cysts and
large cysts (with a >4 cm diameter) could be followed up, unless they become symptomatic
or increase in dimensions during serial ultrasounds.

The most important complication of fetal ovarian cysts is ovarian torsion, which represents
a surgical emergency, and clinicians should be aware of this clinical scenario in the presence of
large ovarian cysts with a complex ultrasound appearance and specific symptomatology.
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FOCs can also have a malignant nature and should be carefully examined by a multi-
disciplinary team for specific symptoms, imaging features, and clinical risk factors in order
to provide the best therapeutic management.
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Abstract: This report describes a rare case of fetal anemia, confirmed as a mitochondrial disease
after birth, treated with intrauterine transfusion (IUT). Although mitochondrial diseases have been
described in newborns, research on their prenatal features is lacking. A patient was referred to
our institution at 32 gestational weeks owing to fetal hydrops. Fetal anemia was confirmed by
cordocentesis. After IUT had been performed three times, the anemia and associated fetal hydrops
showed improvement. However, after birth, the neonate had recurrent pancytopenia and lactic
acidosis. He was eventually diagnosed with Pearson syndrome and died 2 months after birth. This is
the first case report of fetal anemia associated with mitochondrial disease managed with IUT.

Keywords: anemia; blood transfusion; case report; hydrops fetalis; mitochondrial diseases; Pearson
syndrome

1. Introduction

Fetal anemia is a rare condition that can cause fetal hydrops, fetal distress, and even-
tually fetal death if left untreated. Fetal anemia has many causes. However, the leading
cause is an alloimmune disease, and the incidence has been rapidly decreasing owing to
the use of immunoglobulins [1]. Nonimmune-related causes include parvovirus B19 in-
fection, fetomaternal hemorrhage, monochorionic pregnancy complications, and other
rare diseases [2]. Intrauterine transfusion (IUT) effectively treats fetal alloimmune anemia
and nonimmune-related diseases [3]. However, to date, few reports have been published
regarding the outcomes of rare diseases that cause fetal anemia. Herein, we report an
extremely rare case of fetal anemia associated with Pearson syndrome. Although there
was a limit to prenatal diagnosis, this rare mitochondrial disease can cause fetal anemia [4].
This is the first report on fetal anemia caused by mitochondrial disease managed with IUT.

2. Case Presentation

A 38-year-old, high-risk pregnant primiparous woman visited our hospital at 32 gesta-
tional weeks owing to fetal hydrops and oligohydramnios observed on ultrasonography.
She had no remarkable medical or family history. Antenatal examination conducted at
another hospital 3 weeks before her first visit to our hospital revealed no abnormal find-
ings. The fetus was hydropic with generalized skin edema, ascites, pericardial effusion,
cardiomegaly, and bilateral hydrocele (Figure 1A,B). The estimated fetal weight was 1873 g
(50th percentile), which might have been overestimated owing to fetal ascites. No other
structural abnormalities were noted.

Medicina 2022, 58, 328. https://doi.org/10.3390/medicina58030328 https://www.mdpi.com/journal/medicina
307



Medicina 2022, 58, 328

Figure 1. Initial ultrasonographic findings show fetal ascites (A) and pericardial effusion with
cardiomegaly (B). Middle cerebral artery peak systolic velocity on Doppler ultrasonography before
intrauterine transfusion was 87 cm/s (1.95 MoM) (C).

Doppler ultrasonography revealed that the middle cerebral artery peak systolic ve-
locity (MCA-PSV) was 87 cm/s (1.95 MoM) [5], indicating fetal anemia (Figure 1C). Cor-
docentesis confirmed severe anemia with a hemoglobin level of 1.4 g/dL. To prevent
abrupt changes in the fetal cardiovascular system and to improve fetal anemia, IUT was
performed three times at 32.0, 32.1, and 32.4 gestational weeks with transfused volumes
of 34, 50, and 48 cm3, respectively. After the IUTs, the MCA-PSV and hemoglobin levels
improved to 56 cm/s (1.3 MoM) and 9.8 g/dL, respectively. The toxoplasmosis, rubella,
cytomegalovirus, and herpes simplex virus (TORCH) panel test and parvovirus B19 test
from the maternal blood and amniotic fluid were negative. Fetal karyotyping from the
amniotic fluid revealed normal findings. Maternal ABO/Rh typing and antibody screening
tests revealed O, Rh+ and negative antibodies to rule out alloimmune fetal anemia. In
addition, the blood type of the fetus examined with cordocentesis was O, Rh+.

The patient was followed up weekly. The fetal hydropic features, generalized skin
edema, ascites, pericardial effusion, cardiomegaly, and bilateral hydrocele were fully
resolved two weeks after IUT, and the umbilical artery and ductus venosus Doppler
ultrasonography findings were normal. The MCA-PSV was 54.19 cm/s (1–1.3 MoM); thus,
no additional IUT was required. The patient underwent elective cesarean delivery at
39.0 gestational weeks and gave birth to a 2110 g male neonate, with 1 and 5 min Apgar
scores of 6 and 7, respectively. The neonate’s birth weight was below the third percentile.
No gross anomalies were noted.

The neonate was admitted to the neonatal intensive care unit for further evaluation.
Initial abdomen ultrasonography showed diffuse dense calcifications in the bilateral adrenal
glands. Brain ultrasonography and echocardiography revealed no structural abnormalities.
The neonate’s blood type was O, Rh+, and antibody screening was negative. In addition,
the TORCH study and direct Coombs’ test were negative. However, initial white blood cell
(WBC), hemoglobin (Hb), and platelet (Plt) levels were 3400/μL, 6.5 g/dL, and 156,000/μL,
respectively. The initial lactic acid level was 8.0 mmol/L. Peripheral blood smear revealed
sideroblastic anemia. Laboratory examinations responded only temporarily to blood
transfusion and revealed recurrent pancytopenia and lactic acidosis within a few days.
The patient was discharged after repeated blood transfusions. When the patient was
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rehospitalized due to pancytopenia, his WBC, Hb, and Plt levels were 2500/μL, 6.1 g/dL,
and 25,000/μL, respectively. Wolman disease or mitochondrial disease was most likely.
His triglycerides, cholesterol, and cortisol levels were normal; thus, the likelihood of
Wolman disease was low. Whole exome sequencing for lysosomal acid lipase enzyme gene,
mitochondrial deoxyribonucleic acid (DNA) gene mutation, urine organic acid analysis,
and acylcarnitine profiling were performed on the 10th day after birth. Mitochondrial gene
mutation (m.9424_14840del of the mitochondrial genome) was observed by polymerase
chain reaction sequencing using peripheral blood with normal findings of the other studies.
The neonate was diagnosed with Pearson syndrome, a mitochondrial disease. Having
pancytopenia, the neonate was prone to infection. He died of sepsis secondary to a hospital-
acquired Klebsiella pneumoniae infection at two months.

3. Discussion

Owing to the advances in diagnosis and treatment in the last 20 years, the survival rate
of patients with fetal anemia has improved. For decades, fetal anemia had been diagnosed
using invasive techniques such as amniocentesis and cordocentesis. In 2000, MCA-PSV
Doppler assessment was introduced to predict fetal anemia. However, it has a 10–18% false
positivity rate, requiring cordocentesis for confirmation [6]. Nonetheless, it is still widely
used as a noninvasive technique for screening fetal anemia [5].

Known causes of fetal anemia include alloimmune anemia, congenital infection, hem-
orrhage, monochorionic pregnancy complications, and fetal or placental tumors [2,7]. How-
ever, only a few reports have described rare causes of fetal anemia. For example, Amann
et al. [7] reported 15 cases of fetal anemia, the causes of which were determined after birth.
Among the causes were Blackfan–Diamond anemia, elliptocytosis, hemochromatosis, and
mucopolysaccharidosis type VII.

Mitochondrial diseases are rare, with a prevalence of 1 in 10,000 births [8], and can
be caused by mitochondrial or DNA mutations. The incidence of mitochondrial DNA
(mtDNA) deletion disorder does not increase with maternal age [9]. These diseases present
a complexity of clinical features and genetic factors, and various features can be exhibited
in different organs. Before 4 years of age, the fatality rate is reportedly 57% [10]. The
presented case is the first report on a fetus with mitochondrial disease managed with
IUT. The fetus showed antenatal features of mitochondrial disease such as fetal growth
restriction, oligohydramnios, and fetal anemia [4].

Pearson syndrome, a mitochondrial disease, occurs due to a single, large-scale mtDNA
deletion gene defect. The main clinical features of Pearson syndrome are sideroblastic
anemia, lactic acidosis, and pancreatic exocrine disorder [11]. Sideroblastic anemia is
transfusion-dependent anemia, which might explain why IUT resolved the fetal anemia-
associated hydrops in this case. However, studies on the perinatal outcomes of Pearson
syndrome with severe fetal anemia are lacking.

4. Conclusions

Although extremely rare, mitochondrial disease may cause severe fetal anemia, which
can be treated with IUT. However, congenital genetic disorders or hematologic diseases
might have a worse prognosis after birth. Therefore, the findings in this report are mean-
ingful in counseling parents about the need for postnatal evaluation and the possibility of
fatal prognosis, depending on the diagnosed or suspected cause of fetal anemia.
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Abstract: Down syndrome is the most common chromosomal abnormality diagnosed in newborn
babies. Infants with Down syndrome have characteristic dysmorphic features and can have neu-
ropsychiatric disorders, cardiovascular diseases, gastrointestinal abnormalities, eye problems, hear-
ing loss, endocrine and hematologic disorders, and many other health issues. We present the case of
a newborn with Down syndrome. The infant was a female, born at term through c-section. She was
diagnosed before birth with a complex congenital malformation. In the first few days of life, the new-
born was stable. In her 10th day of life, she started to show respiratory distress, persistent respiratory
acidosis, and persistent severe hyponatremia, and required intubation and mechanical ventilation.
Due to her rapid deterioration our team decided to do a screening for metabolic disorders. The
screening was positive for heterozygous Duarte variant galactosemia. Further testing on possible
metabolic and endocrinologic issues that can be associated with Down syndrome was performed,
leading to hypoaldosteronism and hypothyroidism diagnoses. The case was challenging for our
team because the infant also had multiple metabolic and hormonal deficiencies. Newborns with
Down syndrome often require a multidisciplinary team, as besides congenital cardiac malformations
they can have metabolic and hormonal deficiencies that can negatively impact their short- and
long-term prognosis.

Keywords: Down syndrome; newborn; galactosemia; hypothyroidism; hypoaldosteronism;
multidisciplinary team

1. Introduction

Down syndrome is one of the most frequent chromosomal abnormalities diagnosed
in newborn babies. It is also called Trisomy 21, because it is determined by the presence
of an extra 21st chromosome [1–4]. A recent study [5] estimated that, in Europe in 2015,
there were 419,000 people with Down syndrome. Patients affected by this syndrome can
have multiple medical issues that can range from intellectual disability to congenital heart
malformations, celiac disease, and endocrine disorders [3,6,7].
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Studies report that the incidence of congenital cardiac malformations associated with
Down syndrome is around 45–50% of the individuals affected by this syndrome [8]. The
most common cardiac defects identified prenatally in fetuses with Down syndrome are
atrioventricular septal defects, ventricular septal defects, secundum atrial septal defects,
and persistent arterial ducts [9–11].

Patients with Down syndrome also have higher rates of endocrine disorders such as obe-
sity, diabetes mellitus, short stature, vitamin D deficiency, and thyroid dysfunction [12–14].

Life expectancy in patients with Down syndrome has improved significantly. In United
States of America in the 1950s, the median life expectancy age was 4 years; in 2010, it was
as high as 58 years [15].

The medical management of newborn babies diagnosed with Down syndrome re-
quires a multidisciplinary team. The long- and short-term prognosis of these patients is
improved by reliable screening programs that help identify associated malformations as
soon as possible.

2. Case Report

We present the case of a newborn baby, a girl, born at term. Her birth weight was
3990 g, and she was born at the gestational age of 38–39 weeks (postmenstrual gestational
age). The pregnancy was surveyed by a Gynecology and Obstetrics specialist. It was
considered a high-risk pregnancy, due to the facts that her mother had had a previous
cesarean-section and the fetus was diagnosed in utero with a cardiac malformation. She
was born through cesarean-section, and her APGAR score was 8 at one minute.

Right after birth, the newborn had a satisfactory general appearance; she had facial
features characteristic for Down syndrome, no heart murmurs, and no other noticeable
distress signs. Due to the fact that the medical team knew this infant had a congenital
cardiac malformation, she was admitted to the Neonatal Intensive Care Unit (NICU).

The cardiology consultant diagnosed the patient with a complete atrioventricular canal
defect with a large atrial septal defect (type C according to the Rastelli classification [16]),
grade II left and right atrioventricular valve regurgitation, and small functional atria
(Figure 1). Medical treatment with furosemide, spironolactone, and captopril was recom-
mended and started with good tolerance and evolution. In her second day of life, a systolic
murmur of grade II/VI could be heard on cardiac auscultation.

For the first seven days of life the newborn baby continued to be stable, with a good
general appearance, some jaundice, and stable respiration with a SpO2 of 96% in atmo-
spheric air. The neonatology medical team was able to start enteral nutrition with good
digestive tolerance. She was bottle fed with milk formula (partially hydrolyzed milk
formula). She had a 10% body weight loss. Blood tests, as well as abdominal and trans-
fontanellar ultrasound, were within normal range.

In the 9th day of life, her general appearance changed; the jaundice suddenly accentu-
ated (transcutaneous bilirubin 13.8 mg/dL), the systolic murmur accentuated (grade III/VI),
and her body weight decreased. She started to require fraction of inspired oxygen (FiO2)
of 40% to keep her SpO2 over 95% and she also developed signs of respiratory distress
(intercostal, subcostal retractions, polypnea with approximately 70 respirations/minute,
bradycardia with ventricular rate of 90–100 bpm). From this moment forward, she required
continuous oxygen supplementation (both invasive and noninvasive respiratory support)
as well as respiratory stimulation (kinesiotherapy).

Because of the rapid and sudden deterioration, the medical team decided to ask for
a metabolic diseases panel. The results showed increased levels of galactose. Investiga-
tions continued in this direction with dosing of Galactose-1-phosphate uridylyl trans-
ferase, which confirmed the diagnosis of heterozygote galactosemia or homozygous Duarte
2 variant. The patient was started on a specific galactosemia milk formula (soy based), and
24 h later we were able to wean her off the ventilator, since her respiratory function had
improved significantly.
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Figure 1. Echocardiography of the patient showing atrial septal defect, inlet type ventricular septal
defect, one atrioventricular valve and balanced ventricles.

During her entire hospitalization time, the infant had hyponatremia (dropping as
low as 130 mmol/L). Therefore, the suspicion of hypoaldosteronism was raised and sub-
sequently confirmed through aldosterone dosing. Treatment with Fludrocortisone was
initiated, with a dose of 0.1 mg/day with good tolerance and favorable evolution (normal-
ization of serum sodium level).

Screening for other possible endocrinological issues was in order at this time, and
this showed hypothyroidism, thus adding to her medication Levothyroxine in a dose of
25 μg/day.

This patient spent a total of 80 days in our hospital. Her evolution was uncertain, with
ups and downs, including respiratory distress syndrome of varying severity, and blood gas
analysis showing high pCO2 values (as high as 60–70 mmHg) and low pO2 values. She
repeatedly needed mechanical respiratory support through orotracheal intubation. Despite
maximal medical treatment and the extensive efforts of a multidisciplinary medical team,
she had multiple episodes of severe bradycardia and desaturation which were ultimately
unresponsive to resuscitation maneuvers.

Newborn babies born with complete atrioventricular canal defect (CAVC) can present
at birth with slight cyanosis due to high vascular pulmonary resistance. Cardiac insuf-
ficiency signs usually appear in the first month of life, as pulmonary neonatal vascular
resistance decreases physiologically and the shunt flow increases [17,18]. In our patient,
cardiac failure signs were early, at one week postnatal age. The newborn had tachypnea,
needed oxygen supplementation, and had feeding difficulties and growth failure, making
her congenital cardiac malformation the main cause for her respiratory distress.

Another cause for respiratory distress in newborn babies is infection. Patients with
cardiac failure can have recurrent respiratory infections [17,18]. Ventilation pneumonia
is a common occurrence in infants that require intubation and mechanical ventilation
for a large amount of time. It is usually considered a nosocomial infection and defini-
tive diagnosis criteria include: more than 48 h of mechanical ventilation; changes in
blood gases; a need to increase ventilation parameters; temperature instability; tachypnea,
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wheezing, cough, or abundant secretions; changes in cardiac rhythm; and leukocytosis.
Three signs or symptoms from those listed above are necessary to diagnose ventilation
pneumonia [19]. Our patient had clinical criteria for ventilation pneumonia and needed
prolonged mechanical ventilation.

In patients with CAVC and Down syndrome, pulmonary hypertension appears earlier
and has increased severity due to genetic factors, pulmonary hypoplasia, and associated
chronic hypoventilation [17,20]. Among the causes of pulmonary hypertension in newborn
babies, there is alveolar hypoxia due to respiratory failure, alveolar hypoventilation due to
abnormalities of the central nervous system, and acidosis and shock due to left ventricular
dysfunction [18]. Our patient met these criteria. The X-ray (Figure 2) had non-specific find-
ings: cardiac enlargement with signs of overload on pulmonary circulation and dilatation
of the pulmonary artery [17]. In our case, the X-ray showed these suggestive findings.

Figure 2. X-ray for the patient at approximately one month age. The patient was intubated and
mechanically ventilated. We noticed the enlarged cardio-thoracic index (>0.6), pulmonary hypoventi-
lation, and accentuation of pulmonary hilum.

We took into consideration other causes for respiratory failure—narrow respiratory
airway, laryngomalacia, hypotonia—that are specific to a patient with Down syndrome.
Prolonged endotracheal intubation can be associated with subglottic stenosis, tracheo-
bronchomalacia, and chronic lung disease. We did take all these possible diagnoses into
consideration for our patient. The ENT specialist was able to exclude laryngomalacia and
congenital obstruction of upper respiratory airways.

3. Discussion

Down syndrome, besides being the most frequently identified chromosomal abnormal-
ity, is also one of the most studied in the last 150 years. The most frequent malformations
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associated with Down syndrome are cardiac, gastrointestinal, musculoskeletal, urinary,
and endocrine [7,11,21,22]. In the presented case, the congenital cardiac malformation
was diagnosed before birth, which required the patient to be taken in charge in a level III
maternity ward with an advanced NICU and a multidisciplinary team.

As we previously mentioned, this patient presented with respiratory distress almost
throughout her entire hospitalization. This led the medical team to multiple differential di-
agnoses, such as pneumonia, pulmonary edema, and ear, nose and throat (ENT) pathology.
Confirming the cardiac malformation in the first 24 h of life allowed the medical team to ini-
tiate specific treatment as soon as possible and to initiate advanced monitoring. There were
multiple causes for her respiratory distress, starting with her complex cardiac malformation,
pulmonary hypertension secondary to the cardiac malformation, a narrow upper respira-
tory tract that is specific to Down syndrome, gastrointestinal reflux, and her metabolic and
endocrine associated disorders (hypoaldosteronism, hypothyroidism, galactosemia).

Galactosemia is an inborn error of metabolism that affects carbohydrate metabolism.
Severe galactose-1-phosphate uridylyl transferase (GALT) deficiency and classic galac-
tosemia can be deadly for newborns [23–25]. There are certain variants of galactosemia.
The Duarte variant is characterized by GALT activity of about 50% in the red blood cells (if
homozygotes). Heterozygotes for the Duarte variant have about 75% GALT activity [26].
Although classic galactosemia is considered to be a medical emergency, the Duarte variant
is considered to be asymptomatic and usually does not necessitate a galactose restricted
diet [27,28]. Our patient had no digestive symptoms specific to classic galactosemia (she
had good digestive tolerance, no loose stools, no emesis). Her blood work did not show
metabolic acidosis but respiratory acidosis, which is atypical for galactosemia. However,
the respiratory distress and respiratory acidosis improved significantly when a galactose-
restrictive diet with a soy-based formula was initiated.

Hypoaldosteronism is an endocrine disorder characterized by aldosterone deficiency
or defective aldosterone activity on the tissue level. The severity is usually inversely related
to age [29]. The most frequent clinical findings are hyperkaliemia, hyponatremia associated
with hypovolemia, and metabolic acidosis [30]. In our patient, what raised the suspicion
was persistent hyponatremia, despite appropriate intravenous correction. We decided to
verify the serum cortisol level (which was within normal range) and serum aldosterone
level (low level). Thus, oral treatment with fludrocortisone was initiated.

When compared to the general population, patients with Down syndrome are 25–38-fold
more likely to have thyroid dysfunction [31,32]. In patients with Down syndrome, screening
for thyroid using thyroid-stimulating hormone (TSH), free T4, and free T4 should be
started at birth and repeated at 6 months, 12 months, and annually thereafter [33–35].
This recommendation is supported by the fact that, in our patient, the initial newborn
screening was negative for hypothyroidism. The medical team decided to repeat thyroid
functional tests and could diagnose hypothyroidism and initiate appropriate treatment
with Levothyroxine.

The decision to start feeding our patient with hydrolyzed milk was made for the
prevention of necrotizing enterocolitis (NEC), as the newborn was diagnosed with severe
heart disease. NEC is an ischemic and inflammatory necrosis of the bowel, primarily
affecting premature neonates after the initiation of enteral feeding, but 10% of all cases
of NEC occur in term infants [36]. Risk factors for this group of term neonates include
congenital heart disease with presumed low intestinal perfusion [20]. The pathogenesis
of NEC is multifactorial, and additional risk factors for this pathology include ischemia,
intestinal dysbiosis, and formula feedings; almost all newborns with NEC received enteral
nutrition before the onset of the disease [20,36]. Infants with congenital heart disease
may have compromised bowel perfusion, making them susceptible to ischemic injury;
hypoxic/ischemic events play a greater role in the pathogenesis of NEC [36]. For the
prevention of NEC, several strategies are needed, including the exclusive use of breast
milk and minimizing exposure to empiric antibiotic therapy [20]. Enteral feeding provides
a necessary substrate for the proliferation of enteric pathogens. Hyperosmolar formulas
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or medications may alter mucosal permeability and cause mucosal damage. Human
milk, with the benefit of providing immunoprotective as well as local growth promoting
factors, significantly lowers the risk of NEC [36,37]. Moreover, enteral immunoglobulin
A-immunoglobulin G (IgA-IgG) feeding also decreased the risk for NEC in preliminary
clinical studies [36]. Our patient could not be fed with breast milk because the mothers’
lactate secretion was installed late after the cesarean section; she initially had hypogalactia
and later was discharged from our hospital unit. In our unit, there is no breast milk
bank, and in this situation, we chose to feed the newborn with hydrolyzed milk, the most
appropriate formula in this case with risk factors for NEC. Another risk factor for NEC
is bacterial colonization; bacteria including Escherichia coli, Klebsiella species, Clostridia
species, and Staphylococcus epidermidis are implicated in NEC [36].

This case is unique because of the coexistent conditions of our patient. In patients
with Down syndrome, congenital cardiac malformations are quite frequent, ranging from
20 to 57.9% depending on the study [38]. Most studies report atrioventricular septal
defect as being one of the most frequent congenital heart diseases associated with Down
syndrome [39–41]. Although our patient had one of the most frequent congenital heart
defects associated with Down syndrome, it was not isolated, being associated with other
defects, thus being life threatening and requiring medical treatment. Hypothyroidism is
known to be frequently associated with Down syndrome [42]. We did not find reports of
other cases of Down syndrome associated with galactosemia, but there are recent studies
and theories about different metabolic deficiencies associated with Down syndrome [43].
Although not unexpected, the association of Down syndrome, congenital heart disease,
and hypothyroidism, with the addition of Duarte galactosemia, is of interest due to the
challenges multiple-pathology cases imply for the medical team. The sudden deterioration
of this patient had multiple etiological factors: pulmonary, cardiac, neurological, metabolic,
and hormonal, and the management was complex.

Communication with the parents of the child with Down syndrome is very important
in the diagnosis, treatment, and follow-up of such patients. Their families have complex
needs and lives. It is important for them to understand the importance of a multidisciplinary
team and have a good collaboration with such a team [44].

Limitations in our approach to this case arises from the fact that all interdisciplinary
consultations occurred in other medical units (cardiology, ENT, endocrinology, pediatric
neurology, genetics) and required the newborn baby being transported to those hospitals,
involving additional stress for the patient.

Although not unexpected, the association of Down syndrome, congenital heart disease,
and hypothyroidism, with the addition of Duarte galactosemia, is of interest due to the
challenges multiple-pathology cases imply for the medical team. The sudden deterioration
of this patient had multiple etiological factors: pulmonary, cardiac, neurological, metabolic,
and hormonal, and the management was complex.

In the medical field, maybe more than anywhere else, it is important to keep an open
mind and think outside of the box when searching for the right diagnosis and treatment.

Even if there are known associations, such as Down syndrome with congenital car-
diac malformations and hypothyroidism, we should always take into consideration other
possible diagnoses.

Any newborn baby can have congenital metabolic disease that are clinically difficult
to diagnose.

The newborn screening national program should include as many metabolic disorders
as possible.

4. Conclusions

In conclusion, the case we presented emphasizes the need for a multidisciplinary team
in the management of such a complex case. Endocrine dysfunction had an important impact
on the evolution of this patient, thus adding to the importance of screening for endocrine
disorders in patients with Down syndrome, even if the initial evaluation is normal.
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Regardless of the severity of the disease and the prognosis, any newborn has the right
to advanced medical assistance. The parents of this newborn were aware of the severity
of the disease before she was born, decided to continue with the pregnancy, and did not
regret their decision as far as we know.
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Abstract: Background and Objectives: Clinical fetal thyrotoxicosis is a rare disorder occurring in 1–5%
of pregnancies with Graves’ disease. Although transplacental passage of maternal TSH receptor
stimulating autoantibodies (TRAb) to the fetus occurs early in gestation, their concentration in
the fetus is reduced until the late second trimester, and reaches maternal levels in the last period
of pregnancy. The mortality of fetal thyrotoxicosis is 12–20%, mainly due to heart failure. Case
report: We present a case of fetal and neonatal thyrotoxicosis with favorable evolution under proper
treatment in a 37-year-old woman. From her surgical history, we noted a thyroidectomy performed
12 years ago for Graves’ disease with orbitopathy and ophthalmopathy; the patient was hormonally
balanced under substitution treatment for post-surgical hypothyroidism and hypoparathyroidism.
From her obstetrical history, we remarked a untreated pregnancy complicated with fetal anasarca,
premature birth, and neonatal death. The current pregnancy began with maternal euthyroid status
and persistently increased TRAb, the value of which reached 101 IU/L at 20 weeks gestational age and
decreased rapidly within 1 month to 7.5 IU/L, probably due to the placental passage, and occurred
simultaneously with the development of fetal tachycardia, without any other fetal thyrotoxicosis
signs. In order to treat fetal thyrotoxicosis, the patient was administered methimazole, in addition
to her routine substitution of 137.5 ug L-Thyroxine daily, with good control of thyroid function in
both mother and fetus. Conclusions: Monitoring for fetal thyrotoxicosis signs and maternal TRAb
concentration may successfully guide the course of a pregnancy associated with Graves’ disease. An
experienced team should be involved in the management.
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1. Introduction

Fetal thyrotoxicosis represents a rare disorder that complicates 1 out of 4000–50,000 preg-
nancies. The most important etiology of fetal thyrotoxicosis is represented by Graves’ dis-
ease [1]. Other rare involved etiologies are thyrotropin-receptor activating mutations [2,3] and
an alpha subunit G protein-activating mutation, known as McCune–Albright syndrome [4].
In pregnant patients suffering from Graves’ disease, 1 out of 70 pregnancies will develop fetal
thyrotoxicosis, while pregnant patients requiring antithyroid treatment in the last trimester
have a 22% chance of delivering a baby with neonatal thyrotoxicosis [5]. Thyroid stimulating
hormone (TSH) is synthesized beginning at the 10th–12th gestational week, when the fetal thy-
roid begins to concentrate iodine and has the ability to produce iodothyronines. The hormone
production is quantitatively reduced until the 18th–20th week of gestation, after which it
intensifies gradually [6]. In the first trimester, the maternal thyroid hormones are fundamental
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for the normal development of the fetus in the absence of a functional fetal thyroid. The
placental passage of maternal thyroid hormones has been demonstrated in newborns with
congenital absence of the thyroid, where cord serum concentrations of thyroid hormones
were between 20 and 50% of those of euthyroid newborns [7]. Fetal, followed by neonatal,
thyrotoxicosis occurs when transplacental passage of the TSH receptor antibodies (TRAb)
reaches a high serum concentration, and it is increased in the second half of the pregnancy,
when the placental permeability reaches a maximum capacity [8]. TRAb could either
stimulate the fetal thyroid, resulting in thyrotoxicosis, or have an inhibiting effect, inducing
fetal hypothyroidism [9]. Fetal thyrotoxicosis is considered to be a rare disease due to the
fact that maternal immunity in pregnancy is modulated, and, therefore, the TRAb serum
concentration should diminish [10]. Maternal medical history of Graves’ disease, despite
being euthyroid under anti-thyroid therapy or in substitution treatment after radioiodine
treatment or thyroidectomy, is of the utmost importance considering the potentially ele-
vated TRAb serum levels [11]. Studies have shown that fetal and neonatal thyrotoxicosis
occurs only in women with three to five times the normal serum concentrations of stimulat-
ing TRAb [9]. Regarding the neonatal prognosis, the majority of newborns from mothers
suffering from Graves’ disease has goiter. Newborns with manifest thyrotoxicosis are
recognized by restlessness, jitteriness, irritability, tachycardia, arrhythmias, systemic and
pulmonary hypertension, cardiac failure, periorbital edema, exophthalmia, lid retraction,
insatiable appetite, diarrhea, weight loss, sweating, flushing, hepatosplenomegaly, thymic
enlargement, persisting acrocyanosis, lymphadenopathy, advanced bone age, microcephaly
or craniosynostosis [12]. Neonatal improvement is strongly associated with the moment
of maternal TRAb disappearance from fetal circulation [12]. The fetal prognosis is mostly
favorable with the optimum therapy promptly instituted. Unfortunately, however, some
infants have low intelligence quotients despite being treated for neonatal thyrotoxicosis,
suggesting the complexity of fetal or neonatal hyperthyroidism’s effect on the developing
central nervous system. Other long-term complications of neonatal thyrotoxicosis are
craniosynostosis, growth retardment, hyperactivity and behavioral issues [13]. Rarely,
neonatal Graves’ disease may convert into central hypothyroidism with decreased TSH
secretion, due to intrauterine exposure to elevated serum thyroid hormone concentrations
during a vital phase of development [14].

We present the case of fetal, followed by neonatal, thyrotoxicosis with good neonatal
evolution under substitution therapy combined with thioamides in a pregnant woman
with prior thyroidectomy, with elevated TRAb serum concentration from the beginning of
the pregnancy.

2. Case Presentation

A 37-year-old pregnant Caucasian female, 170 cm and 65 kg, presented in our medical
unit for pregnancy monitoring. She was known to have Graves’ disease and orbitopathy,
being euthyroid in substitution treatment with Levothyroxine 112.5 μg, 1 g calcium car-
bonate in association with 1 μg alfacalcidol daily, for postoperative hypothyroidism and
hypoparathyroidism after a thyroidectomy performed 12 years prior. From the patient’s
obstetrical history, we noted a miscarriage and an iatrogenic premature delivery, which
occurred at the age of 29 by emergency Cesarean section at 31 gestational weeks, of a
1400 g newborn with cardiac insufficiency due to manifest fetal hyperthyroidism with
goiter, tachycardia, hydrops and associating fetal cerebral ventriculomegaly, gradually
progressing to postpartum hydrocephaly. The newborn deceased at 21 days postpartum
due to bronchopulmonary complications. The evolution of this previous pregnancy was
marked by a massive increase of the TRAb serum concentration, with no treatment for the
fetal hyperthyroidism.

The actual pregnancy started under neural tube defect protection with 400 μg folic
acid and 400 μg calcium L-methylfolate, 400 IU vitamin E, enoxaparin 4000 IU and 150 mg
aspirin daily for the thromboembolic disease prophylaxis in the context of the existing
1691G>A heterozygote Factor V Leiden mutation. The levothyroxine dose was increased
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to 150 μg daily. A non-invasive prenatal DNA screening test was performed for the entire
genome at 12 gestational weeks. A fetal fraction of 7.83% was tested and it revealed low
risk for the trisomies 21, 18, 13, 9, 16 and 22; aneuploidies XO, XXX, XXY and XYY; and for
the microdeletion or duplication syndromes.

The normal course of the pregnancy was disturbed at 23 gestational weeks, when the
fetal heart rate began to increase up to 180 bpm and we observed a fetal hyperdynamic
status. At that moment, there were no fetal signs of cardiac failure or goiter. One week later,
the levothyroxine dose was decreased to 137.5 μg daily. As there was no improvement in
the fetal heart rate (Figure 1), in collaboration with the endocrinologist, a dose of 10 mg
methimazole daily was introduced into the patient’s treatment in the 26th gestational week.

Figure 1. Fetal tachycardia at 26 weeks of gestation despite reducing the daily Levothyroxine dose.

During the 30th gestational week, the patient was administered four doses of 8 mg
dexamethasone to aid in the acceleration of fetal lung maturity. The pregnancy was closely
monitored using ultrasound markers. We examined the early signs of fetal cardiac failure,
the size and vascularization of the fetal thyroid, the fetal heart rate, the maternal TRAb
serum concentration and the thyroid function tests (Figure 2). The methimazole dose was
gradually increased, as our patient, at 31st gestational weeks, received 30 mg methimazole
daily, divided into three doses (Figure 3).

We monitored the fetal thyroid vascularization and dimensions, which were in the
normal range according to the gestational age (Figure 4).

Due to fetal status deterioration, which was suspected at the ultrasound evaluation of
the Doppler parameters and the fetal biophysical profile, an emergency Cesarean section
was performed at 35 weeks of gestation, and a male fetus weighing 2530 g and 50 cm in
length was delivered, with an APGAR score of 6 at 1 min and 8 at 5 min. Mild perinatal
hypoxia, a tight double nuchal cord and the presence of meconium in the amniotic fluid
were noticed. The patient received ablactation treatment with cabergoline to decrease
the risk of further TRAb passage to the fetus. The newborn had a 32 cm fronto-occipital
head circumference, a 30 cm chest circumference, mild exophthalmia, moderate congenital
ventriculomegaly (occipital horns of the lateral ventricles of 14 mm and, respectively,
16 mm), no clinical or ultrasound heart abnormalities and normal heart rate. The fetal
thyroid function tests were performed at birth from the cord blood, confirming the fetal
thyrotoxicosis with fT4 > 100 pmol/L, T3 = 8.4 nmol/L (N = 1.23–4.22 nmol/L) and TRAb
39.74 UI/L, and were also performed at 48 h and 72 h after delivery. After that, the newborn
was closely monitored and administered thiamazole at 0.5–2 mg/kg bodyweight daily,
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beginning with the second day of life, with dose adjustment depending on the thyroid
hormone values and with liver function under close monitoring. Propranolol was also
administered at a dose of 2 mg/kg bodyweight daily in order to control the fetal tachycardia.
The medication was decreased gradually as the newborn’s clinical status improved and the
TRAb serum concentration declined. At 2 months, the baby had a significant decrease in
TRAb serum concentration (2.45 UI/L) with subclinical hyperthyroidism (TSH < 0.005, fT4
9.8 pmol/L), and presented a normal development.

Figure 2. Maternal TSH values before pregnancy, throughout pregnancy and postnatally as compared
to normal TSH values in pregnant and non-pregnant women The maternal TSH values were monitored
before and during the pregnancy, with a monthly frequency at the beginning of the second trimester;
further, with the appearance of the ultrasonographic signs of fetal thyrotoxicosis, the monitoring
frequency increased. The TSH values had a descending tendency with the advancing pregnancy.

Figure 3. Maternal TRAb levels before pregnancy, throughout pregnancy and postnatally. The
decrease of TRAb values in the 23rd gestational week corresponded to the appearance of fetal
thyrotoxicosis ultrasonographic signs. The Levothyroxine was increased in the first trimester, with a
decrease in the 23rd gestational week. Methimazole was introduced in the 26th gestational week.
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Figure 4. 2-D Ultrasonographic measurements of the fetal thyroid at 30 weeks and 3 days of gestation:
right thyroid lobe measures 1.48/1.33 cm and the left thyroid lobe measures 1.70/1.07 cm.

3. Discussion

The particularity of this case consists of a pregnant patient who had very high TRAb
serum levels from the beginning of the pregnancy, after 12 years since the thyroidectomy,
with the initiation of the thioamide treatment in the second trimester with good fetal and
neonatal prognosis.

The 2017 American Thyroid Association (ATA) Guidelines for the Diagnosis and
Management of Thyroid Disease during Pregnancy [15] and the Postpartum, as well as
the 2018 European Thyroid Association (ETA) Guideline for the Management of Graves’
Hyperthyroidism [16], are against iodine ablative therapy for Graves’ disease treatment
during pregnancy. A future pregnancy should be postponed for 6 months until the patient
is euthyroid, after iodine ablative therapy and after introducing levothyroxine substitution
treatment. In addition, ETA does not recommend iodine ablative therapy while breast-
feeding [16]. ATA recommends surgical treatment in cases of thyrotoxicosis resistant to
high doses of thioamides, and the timing of the intervention should be in the second
trimester [17]. ETA recommends thyroidectomy in cases of allergy or contraindications to
thioamides [16]. Besides the risk of infection or bleeding, the risk of parathyroid glands
injuries is not negligible, so it is fundamental to evaluate the need for active vitamin D
supplementing in order to avoid additional fetal and neonatal adverse outcomes [18].

Regarding thioamide drugs (propylthiouracil, methimazole and carbimazole), both
propylthiouracil (PTU) and methimazole (MMI) are associated with the risk of birth de-
fects: MMI has a risk of 3–4% [19] and PTU 2–3%, but less severe [20]. ATA and ETA
recommend avoiding antithyroid drugs in the first trimester, but if the case imposes imme-
diate treatment, PTU is preferred for this gestational period [16,21]. After 16 gestational
weeks, ETA recommends switching PTU to MMI if medical treatment is required, as well
as measuring the maternal FT4 and TSH every two weeks after treatment initiation [16].
Thioamides inhibit the production of thyroid hormones. The main side effects occurring in
the mother are allergic reactions, agranulocytosis (0.15%) and liver failure (<0.1%) [22,23].
When recommending PTU therapy, it is advisable to monitor hepatic enzymes for the risk
of liver failure. Besides having teratogenic effects, thioamides have been associated with
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certain birth defects. MMI carries the risk of aplasia cutis, dysmorphic facies, choanal or
esophageal atresia, abdominal wall defects (omphalocele), ventricular sept defects and eye
and urinary system abnormalities [19,24,25]. PTU is linked with fetal face and neck cysts,
as well as with urinary tract anomalies occurring in males [15]. In our case, we delayed
the thioamide treatment and introduced thiamazole in the 26th gestational week, after
excluding a possible iatrogenic thyrotoxic effect of levothyroxine on the fetus and, thus,
avoiding the risk of fetal malformations due to thioamides in the first trimester.

In the literature, the possibility of performing a scintigraphy to assess the remnant
tissue of the thyroid gland after thyroidectomy, or an ectopic localization of thyroid tissue
in order to evaluate the best candidates for radioiodine ablation therapy for Graves’ or-
bitopathy, have been described [26,27]. In our case, the patient did not benefit from this
type of investigation prior to the pregnancy.

An article published by Batra et al. in 2015 [28] describes the difficulties encountered
while managing two cases of severe thyrotoxicosis during pregnancy, with fetal and sub-
sequent neonatal thyrotoxicosis in a woman with subtotal thyroidectomy for recurrent thy-
rotoxicosis, followed by hypothyroidism. the authors concluded that early diagnosis and
proper treatment may improve fetal morbidity and mortality. Moreover, another case report,
published by Sato et al. in 2014 [29], communicates the positive effect of thioamides, more
specifically of methimazole, when administered to a pregnant woman who received radical
treatment 7 years prior to pregnancy and who presented with oligohydramnios, fetal tachy-
cardia, fetal goiter and accelerated bone maturation in the early third trimester of pregnancy.
After 2 weeks of treatment, the fetal heart rate and amniotic fluid index were normal for the
gestational age, and after 4 weeks, the fetal thyroid had a normal circumference.

ATA and ETA recommend testing TRAb serum concentration in early pregnancy, along
with a laboratory assessment of the TF in patients presenting a history of Graves’ disease
treated with ablation, either surgically or with radioiodine. In case of a high maternal TRAb
serum concentration, the testing should be repeated between 18–22 gestational weeks [16,30].
If a high TRAb serum concentration is detected (more than three times the upper normal
maternal limit or more than 5 IU/L), according to ATA, the mother is counseled to receive
thioamides in the third trimester, and further TRAb testing should be conducted between
30–34 gestational weeks in order to estimate the need for the newborn to be monitored and, if
necessary, to receive treatment [30]. Besides monitoring the maternal hormones, our monthly
maternal TRAb serum concentration monitoring plan was extremely helpful in observing the
dynamics of the antibodies and in identifying the moment of the placental TRAb passage
to the fetus. This corresponded with the appearance of the early fetal thyrotoxicosis signs,
namely fetal tachycardia and fetal hyperdynamic status.

Another particularity is represented by the fact that, even though most newborns
from mothers with Graves’ disease present a goiter, in our case, despite the presence of the
manifest neonatal hyperthyroidism, the newborn did not have a goiter.

Finally, Graves’ disease being an autoimmune disease, despite the fact that our patient
received radical treatment, the autoimmune disease remained active and could endanger
each and every future pregnancy. Thus, it is important to monitor the maternal TRAb and
the hormonal status of the mother, considering the transplacental passage that is currently
incompletely discovered and explained in the current literature, and which occurs in every
pregnancy (Figure 5).
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Figure 5. Transplacental passage of maternal hormones, medication and antibodies during preg-
nancy in women with or without thyroidectomy; TSH = thyroid stimulating hormone; TRAb = TSH
receptor antibodies.

4. Conclusions

The first signs of fetal thyrotoxicosis are fetal tachycardia and fetal hyperdynamic
status. We consider it fundamental to monitor the maternal TRAb and thyroid function
monthly in order to detect the passage of transplacental antibodies to the fetus, and to
establish the optimum treatment so that the mother and fetus have the chance for a normal
life. A substitution therapy combined with thioamides could be recommended in cases of
pregnant women with postprocedural hypothyroidism and active autoimmune disease.
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