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Motto:

“Coming together is a beginning, working together is success, keeping together is
progress”

Henry Ford.
Dear Colleagues,

Medicine of the 21st century requires multidisciplinary problem solving, for the best
diagnostic and therapeutic results, to improve the healthcare of our patients.

The rapidly changing field of medicine and healthcare is increasingly adopting sci-
entific and technological innovations, making interdisciplinary collaborations especially
important. In this context, medical disciplines are becoming increasingly interlinked with
other specialties and fields. A more interdisciplinary approach to the patient is needed,
especially for complex patients with numerous comorbidities, most of them usually elderly
and fragile. The greatest challenges to human health lie at the intersection of different
medical fields. An interdisciplinary medical team is more and more necessary, with the
rapid expansion of medical knowledge. Healthcare professionals need to acquire new
skills regarding patient care delivery, which facilitate a better interaction between them.
Healthcare is a team project and collaboration among practitioners is the key to optimal
patient outcomes. Each member of the healthcare team has different and specific knowl-
edge and skills, allowing them to contribute to a better case management. An effective
interdisciplinary team may decrease the costs associated with healthcare, improve patient
satisfaction, and decrease the number of medical errors and morbimortality, ultimately
leading to prolonged survival of our patients and a better quality of life.

Given the importance of interdisciplinarity in the field of medicine and research, the
journal Medicina published a very successful Special Issue on this subject, “Interdisciplinary
Medicine”. The articles included in this Special Issue demonstrate that every patient
is a team project. Reviews and original articles dealing with interdisciplinary medical
issues, as well as articles providing an up-to-date overview of the diagnostic protocols and
individualized treatments for patients with multiple comorbidities, were published. The
broad international distribution of the authors, with different backgrounds, demonstrates
that healthcare challenges are similar in different countries. I invite you to read the articles
of “Interdisciplinary Medicine”, to understand the new directions in the field of healthcare
and the challenges associated with them.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Background and Objectives: Identifying risk factors associated with psychiatrist-confirmed
anxiety and depression among young lung cancer patients is very difficult because the incidence
and prevalence rates are obviously lower than in middle-aged or elderly patients. Due to the nature
of these rare events, logistic regression may not successfully identify risk factors. Therefore, this
study aimed to propose a novel algorithm for solving this problem. Materials and Methods: A total of
1022 young lung cancer patients (aged 20-39 years) were selected from the National Health Insurance
Research Database in Taiwan. A novel algorithm that incorporated a k-means clustering method with
v-fold cross-validation into multiple correspondence analyses was proposed to optimally determine
the risk factors associated with the depression and anxiety of young lung cancer patients. Results: Five
clusters were optimally determined by the novel algorithm proposed in this study. Conclusions: The
novel Multiple Correspondence Analysis—k-means (MCA-k-means) clustering algorithm in this study
successfully identified risk factors associated with anxiety and depression, which are considered
rare events in young patients with lung cancer. The clinical implications of this study suggest that
psychiatrists need to be involved at the early stage of initial diagnose with lung cancer for young
patients and provide adequate prescriptions of antipsychotic medications for young patients with
lung cancer.

Keywords: young lung cancer; depression; anxiety; multiple correspondence analysis; k-means clustering

1. Introduction

Lung cancer is a very aggressive malignant disease; people who smoke or are exposed
to polluted environments or with genetic mutation may be at significantly higher risk of
lung cancer [1-3]. Published studies have shown that Asian women who never smoke
still have a higher risk of lung cancer compared with women in European countries or
the United States [4,5]. Based on a worldwide report issued by the International Agency
for Research on Cancer in 2018, for both males and females, lung cancer had become the
most prevalent cancer globally (with incidence rate of 11.6% of all cancers) and had been
ranked as the leading cause of cancer death (death rate of 18.4% of the total cancer deaths).
The economic burden of treatments and care for lung cancer has also globally increased
in recent years [6,7]. Published studies have showed that lung cancer is significantly
associated with older age (70 years old being the average age of initial diagnosis) [7,8],
but very low incidence rate in young people aged 2040 years around the world [8]. In
recent decades, due to the dramatic improvements of clinical treatments and screening
techniques for lung cancer, the survival of newly diagnosed lung cancer patients has been
significantly prolonged [9,10] and the incidence rate in young patients with lung cancer also
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increased [1,5,8]. Published studies also showed that young patients with lung cancer had
better treatment outcomes of receiving surgery, chemotherapy, or radiotherapy and have
relatively longer relapse-free survival, which indicates that young lung cancer patients are
more likely to have prolonged survival [11-13].

Therefore, young patients with lung cancer are a noteworthy group of patients, be-
cause they have obviously lower incidence rate and prevalence rate than middle-age or
elder people and they may have longer survival time. Liu et al. (2019) [14] used a retrospec-
tive review of patients with lung cancer in one hospital in China from January 2010 to June
2017, the prevalence of lung cancer in young adults aged between 18 and 35 years old was
1.37%; and Rich et al. (2015) [15] also used a retrospective cohort review using a validated
national audit dataset and the results showed that the prevalence of lung cancer in young
adults aged between 18 and 39 years was 0.5%. The overall incidence and prevalence in
elder age groups (>50 years old) was increasing in recent decade, however, the incidence
and prevalence of lung cancer in young adults (<40 years old) can be still regarded as
relatively low in nowadays global cancer epidemiology. Recent studies showed that young
lung cancer survivors are also at a high risk of psychiatric diseases, such as anxiety and
depression in the following years of survival [16-18]. However, most of the published
studies used self-reported scales or questionnaires to measure anxiety and depression
instead of using diagnoses by psychiatrists; therefore, the so-called depression or anxiety
in published studies can solely regarded as depression symptoms or anxiety symptoms.
For example, Yan et al. [17] showed that the anxiety and depression prevalence rates of
lung cancer patients were 43.5% and 57.1% by using the Hospital Anxiety and Depression
Scale (HADS), which look high proportions in lung cancer patients. In addition, if young
lung cancer patients who may have prolonged survival and are at high risk of psychiatrist-
confirmed depression and anxiety, they will consume considerable medical resources due to
the additional treatments for psychiatric diseases [6,19]. Nevertheless, there is still a lack of
literature investigating risk factors associated with psychiatrist-confirmed depression and
anxiety in young lung cancer patients. This study was aimed to develop a novel algorithm
for identifying risk factors for psychiatrist-confirmed anxiety and depression in young lung
cancer patients aged 20-39 years old by using the population-based database (National
Health Insurance Research Database (NHIRD) in Taiwan), which can assist clinicians or
young patients with lung cancer in preventing anxiety and depression at early stages.

2. Materials and Methods
2.1. Study Design and Study Database

This study design of this research adopted the secondary analysis of longitudinal data
from NHIRD. The study database used here was retrieved from the NHIRD in Taiwan.
Since the National Health Insurance (NHI) program was launched on 1 March 1995, the
NHI program provided healthcare service coverage to more than 99% of the population by
2017 [20]. The NHIRD includes medical reimbursement records for outpatient and inpatient
healthcare services, hospital or clinic visits, dental service visits and traditional Chinese
medicine service visits. All of the reimbursement records for diagnostic and medical-
related procedures for diseases are based on the international classification of diseases
(ICD)—ninth and tenth revisions (after 1 January 2016 [21]) of the clinical modification
(CM, or ICD-9-CM and ICD-10-CM, respectively)—and on a procedure coding system for
all medical service claims.

2.2. Ethics Statement

The ethical review of this study was approved by the Institutional Review Board
of the School of Nursing, National Taipei University of Nursing and Health Sciences
(approval number: IRB# CN-IRB-2011-063). The date of approval was 23 October 2011. The
encryption and protection of the personal information from the NHIRD were performed
by the National Health Insurance Administration in Taiwan by using a complex double
encryption procedure. In addition, because the present study was a secondary data analysis,
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written informed consent forms were not required from the recruited or selected patients.
This study was also registered at Open Science Framework (OSF, reference osf.io/fkhm8
(accessed on 15 March 2021)).

2.3. Study Population and Possible Risk Factors Selection

The ICD-9-CM codes that were used to define patients with depression were 296.2X—
296.3X, 300.4 and 311.X and the ICD-9-CM codes used to define patients with anxiety were
300.XX, 291.89 and 292.89. In Taiwan, if cancer patients are suspected of having depression
or anxiety, they are refereed by the oncologists to psychiatrists, which is recorded as the
first National Health Insurance (NHI) outpatient visit. After the referral, the cancer patients
receive some psychological tests by clinical psychologists and the cancer patients are
diagnosed by psychiatrists again to determine if they need anti-depressant or anti-anxiety
medications; this is recorded as the second NHI psychiatric visit. After a period of time,
the cancer patients need to be confirmed again by psychiatrists; therefore, to confirm that
a cancer patient has depression or anxiety usually needs at least three outpatient visits
and the prescription of anti-depressant or anti-anxiety drugs. In this study, young lung
cancer patients that were aged 20-39 years and who were newly diagnosed with lung
cancer (ICD-9-CM code = 162.XX) between 1 January 2001, and 31 December 2007, were
retrieved from the NHIRD. Young lung cancer patients who died or withdrew from the
NHI program during the study period were excluded. Young patients with lung cancer
who had been diagnosed with baseline psychiatric diseases, such as depressive disorder
(ICD-9-CM codes: 296.2X-296.3X, 300.4 and 311.X), anxiety states (ICD-9-CM codes: 300.XX,
291.89 and 292.89), bipolar disorders (ICD-9-CM codes: 296.0, 296.1, 296.4, 296.5, 296.6,
296.7, 296.8, 296.80 and 296.89), or alcohol-induced mental disorders (ICD-9-CM codes:
V113, 9800, 2650, 2651, 3575, 4255, 3050, 291, 303 and 571.0-571.3) between 1 January and
31 December in 2001 were also excluded. In order to avoid selecting false-positive patients
with depression and anxiety, young lung cancer patients with at least three consecutive
corresponding diagnoses were eligible to be coded as having depression and anxiety.

The possible risk factors associated with depression and anxiety among lung cancer pa-
tient were determined based on Park et al. [19], who investigated if hypertension, diabetes
mellitus, history of tuberculosis, liver disease (liver cancer and liver cirrhosis), end-stage
renal disease, coronary artery disease (including heart failure), stroke (ischemic stroke and
hemorrhage stroke) and Chronic obstructive pulmonary disease (COPD) are risk factors
associated with anxiety and depression after surgical treatment for lung cancer; and Clarke
and Currie [20], who took into account heart disease, stroke, cancer, diabetes mellitus,
rheumatoid arthritis and asthma as the possible risk factors associated with depression
and anxiety in cancer patients. Therefore, in this study, we took into account diabetes melli-
tus (DM), hypertension, asthma, liver cirrhosis, COPD, autoimmune diseases (including
rheumatoid arthritis, systemic lupus erythematosus and aplastic anemia), cerebral diseases
(including ischemic stroke, hemorrhage stroke and transient ischemic attack (TIA)), heart
failure, hepatitis B virus (HBV), renal diseases and osteoporosis.

2.4. Combining Multiple Correspondence Analysis and the K-Means Clustering Algorithm with
v-Fold Cross-Validation (MCA—k-Means Clustering Algorithm)

The raw data matrix was first transformed into a matrix with solely index variables
(i.e., encoded as 0 or 1) through multiple correspondence analysis (MCA) [21,22], which
was the data preprocessing procedure for the raw data matrix. The index variables indicate
the levels of all of the categorical variables in this study. The MCA then converted all index
variables into multi-dimensional Euclidean coordinates. The multi-dimensional Euclidean
coordinate matrix derived from the MCA could be considered a high-dimensional dataset
that could be carried into the further optimal clustering algorithm. In order to determine
the optimal clustering in the high-dimensional dataset obtained from the MCA, the k-
means clustering algorithm with v-fold cross-validation was applied to obtain the optimal
clustering. The algorithm is described in detailed in the following:
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2.4.1. Step 1. Multiple Correspondence Analysis
Let Mk be the raw data matrix with I subjects and k categorical variables.
(1) Transform the raw data matrix into a Burt matrix:

e If a categorical variable is binary, then place it in the Burt matrix as an original
variable matrix.

e Ifa categorical variable has more than two levels (i.e., Ji > 2 levels), then convert
this variable into an index variable (containing only 0 and 1); this forms an
indicator matrix I x J, where each column contains index variables coded with
Oorl.

Place all index variable columns together to form the indicator matrix Xjj.
Calculate the Burt matrix as (Xix ])’ Xix]-

(2) Calculate the column and row coordinates as follows:

e The total orders of My, k (N) are observed and the probability matrix is defined
asP=N—1X.

e  Define r as the vector of the row totals of P (i.e., r = P1, where 1 is a unit vector of
ones) and define c as the vector of the column totals of P. Then, Dc = diag{c} and
Dr = diag|r}.

e  Calculate the Euclidean coordinates by using a singular value decomposition
method as follows:

_1 1
D, ? (z - rcT) D;? = PAQT

where A and A = A? are the diagonal matrix of singular values and the matrix
containing eigenvalues, respectively. Therefore, the row and column coordinate
matrices (F and G, respectively) are calculated as follows:

F=D, 2PA

_1
G =D;2QA
(3) The number of dimensions is determined using an inertia value as follows:

e  The inertia value is calculated based on a Pearson chi-squared (x?) value from
the rows and columns to identify their coordinate centers as follows:

d, = diag{FF" } and d. = diag{ GG }.

e If a subset of F or G is selected, then the inertia values for the row and column
coordinates are calculated as:

diug{FF’T} diag{GG'T}
Inertia, = — N and Inertia. = — N
where F' and G’ are subsets of F and G.

2.4.2. Step 2. K-Means Clustering with v-Fold Cross-Validation

The k-means clustering algorithm with v-fold cross-validation was applied to analyze
the F and G that were obtained from the MCA [23,24]. The algorithm is as follows:

(1) Determination of the range of numbers of clusters for the k-means clustering algo-
rithm: In this study, the number was set from k = 2 to 1, where n < 10;

(2) Determination of the initial cluster centers: The initial cluster centers were selected
at random;

(3) Iteration scheme: Assigning all index variables to their nearest cluster centers. The
Euclidean distance was used as the distance measurement in the iterative classifica-
tion scheme;
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@)

®)
(6)

@)
®)

To determine the optimal clustering, v-fold cross-validation was applied to estimate
the optimal number of clusters and the optimal clustering. The details of the v-fold
cross-validation are as follows:

(a) Divide F or G into v folds (denoted F; or G;, I =1, ..., v), in this study, we set
v=>5;

(b) For i =1 to v, take F; or G; as the testing set and {F}\F; or {G}\G; as the
training sets;

(c) Compute the mean Euclidean distances, which are called the clustering costs
in this study, within each cluster of training sets, set these as the new cluster
centers and replace the cluster centers of the previous step;

(d) Compute the mean Euclidean distances of each index variable (or the level of
all of the categorical variables) of the testing set from the new cluster centers
derived from the training sets;

Iterate from (1);

If k = j, which indicates the minimum mean Euclidean distances (i.e., minimal cluster-
ing cost) of each index variable of the testing set, j would be the optimum number
of clusters.

Clustering stopping rule: If I Djy1 — Dj | <0.01, then stop further dividing and clustering.
Regarding the determination of number of clusters, we adopted the method proposed
by Wang [25], the optimal algorithm will iterate in order to classify factors into
different numbers of clusters, calculate the cluster cost (in this study, we used the
mean sum of squares within clusters as the cluster cost measurement) and compare
the sums of squares between clusters. If the sum of squares of k clusters did not show
statistically significant difference from k + 1 clusters, the optimal number of clusters is
determined as k.

The MY Structured Query Language (MySQL) was used for selection, linkage, process-

ing and cleaning of the dataset from the NHIRD. The algorithm we proposed in this study
was implemented with STATISTICA Data Miner ver. 10.0 (StatSoft, Inc., Tulsa, OK, USA).

3. Results

In the present study, 1022 young lung cancer patients aged 20-39 years were studied

and their demographic information is shown in Table 1. The study sample comprised
520 male (50.9%) and 502 female patients (49.1%); 154 of the patients were aged 20-29 years
old (15.1%) and 868 patients were aged 30-39 years old (84.9%).

Table 1. Demographic information of the study sample (1 = 1022).

Variable n (%)
Sex
Female 502 49.1
Male 520 50.9
Age
2029y 154 15.1
30-39y 868 84.9
Charlson comorbidity index (CCI)
CCI=0 870 85.1
CCl=1 91 8.9
CCI>2 61 6
Diabetes mellitus (DM)
Yes 23 23
No 999 97.7
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Table 1. Cont.

Variable n (%)

Hypertension

Yes 23 2.3

No 999 97.7
Asthma

Yes 16 1.6

No 1006 98.4
Liver cirrhosis

Yes 9 0.9

No 1013 99.1
Chronic obstructive pulmonary disease (COPD)

Yes 51 5

No 971 95
Autoimmune diseases

Yes 8 0.8

No 1014 99.2
Cerebral diseases

Yes 11 1.1

No 1011 98.9
Heart failure

Yes 2 0.2

No 1020 99.8
Hepatitis B virus (HBV)

Yes 34 33

No 988 96.7
Renal diseases

Yes 6 0.6

No 1016 99.4
Osteoporosis

Yes 16 1.6

No 1006 98.4
Depression

Yes 25 24

No 997 97.6
Anxiety

Yes 15 1.5

No 1007 98.5

As a result of the k-means clustering of F and G, which were Euclidean coordinate
matrixes derived from the multiple correspondence analysis (MCA) and by using v-fold
cross-validation, the clustering costs of different numbers used for the k-means clustering
algorithm are shown in Figure 1. According to the results shown in Figure 1, on the basis
of the clustering cost, there was no statistically significant difference between using five
clusters or six clusters. Based on the principal of parsimony of clustering, the optimum
number of clusters was determined to be five. Table 2 presents the clustering results that
comprise these five clusters. Table 2 indicates that anxiety was clustered with osteoporosis
and depression was clustered with the lack of diabetes mellitus (DM), Charlson comorbidity

index (CCI) = 0 and female sex.
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Figure 1. Cluster costs of different numbers of clusters resulting from k-means clustering combined

with v-fold cross-validation.

Table 2. Results of the multiple correspondence analysis (MCA) and k-means algorithm with v-fold
cross-validation.

Variable Final Classification

—_

Autoimmune disease = Yes
Cerebral disease = Yes
Heart failure = Yes
Osteoporosis = Yes
Anxiety = Yes
Depression = Yes
DM = No
Age: 2029y
Age: 30-39y
CCI=0
Sex = Female
DM = Yes
Hypertension = Yes
Asthma = Yes
Liver cirrhosis = Yes
COPD = Yes
HBV = Yes
CCI>2
Depression = No
Hypertension = No
Asthma = No
Liver cirrhosis = No
COPD = No
Autoimmune disease = No
Cerebral disease = No
Heart failure = No
HBV = No
Osteoporosis = No
Anxiety = No
CCI=1
Sex = Male
Note: DM = Diabetes mellitus; CCI = Charlson comorbidity index; COPD = Chronic obstructive pulmonary
disease; HBV = Hepatitis B virus.
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In addition, in the present study, a control arm statistical analysis was also performed
using a multiple logistic regression model, which is the most widely used method for
investigating risk factors associated with diseases. Table 3a shows the results of score tests
of both dependent variables—depression and anxiety—for each independent variable. In
Table 3a, no statistical significance was observed for any of the independent variables with
these two dependent variables, indicating that using a stepwise variable selection strategy
(forward or backward variable selection) cannot be used to find any statistically significant
predictors. Furthermore, Table 3b shows the results of the multiple logistic regression
model (without variable selection procedures), which also indicated that there were no
statistically significant predictors (except for constant terms for both dependent variables).

Table 3. (a) Score test results for each variable of the logistic regression model. (b) Results of multiple logistic regression

models for depression and anxiety.

(a)
DV = Depression DV = Anxiety
Variable
Score p-Value Score p-Value
Sex: Male vs. Female 0.485 0.486 0.108 0.742
Age: 30-39 vs. 2029 years 0.017 0.895 0.036 0.85
CCI=1vs.CCI=0 2.505 0.113 0.368 0.544
CCI>2vs. CCI=0 1.661 0.197 0.966 0.326
DM: Yes vs. No 0.59 0.442 0.35 0.554
Hypertension: Yes vs. No 0.357 0.55 0.35 0.554
Asthma: Yes vs. No 0.408 0.523 2.571 0.109
Liver cirrhosis: Yes vs. No 0.228 0.633 0.135 0.713
COPD: Yes vs. No 0.053 0.818 0.09 0.764
Autoimmune: Yes vs. No 0.202 0.653 0.12 0.729
Cerebral diseases: Yes vs. No 0.279 0.597 0.166 0.684
Heart failure: Yes vs. No 0.05 0.823 0.03 0.863
HBV: Yes vs. No 1.74 0.187 0.524 0.469
Renal diseases: Yes vs. No 0.151 0.697 0.09 0.764
Osteoporosis: Yes vs. No 0.408 0.523 2.571 0.109
(b)
DV = Depression DV = Anxiety
Variable Beta S.E. Od?gll{{f tio p-value Beta S.E. Od‘(:lcs)II{{)a tio p-value
Sex: Male vs. Female —0.352 0.418 0.703 0.399 —0.122 0.530 0.885 0.818
Age: 30-39 vs. 20-29 years —0.010 0.561 0.990 0.986 0.038 0.781 1.038 0.961
CCI=1vs.CCI=0 —17.329 4055.844 <0.001 0.997 0.302 0.872 1.353 0.729
CCI>2vs. CCI=0 1.377 0.829 3.964 0.097 —15.014 4327.707 <0.001 0.997
DM: Yes vs. No —18.980 7844.428 <0.001 0.998 —14.048 6665.142 <0.001 0.998
Hypertension: Yes vs. No 1.217 1.092 3.377 0.265 —16.095 7460.922 <0.001 0.998
Asthma: Yes vs. No —17.069 8269.606 <0.001 0.998 18.338 6580.883  92,044,936.212 0.998
Liver cirrhosis: Yes vs. No —16.960 11,705.571 <0.001 0.999 —16.057 11,754.148 <0.001 0.999
COPD: Yes vs. No —0.177 1.116 0.838 0.874 —16.910 6580.883 <0.001 0.998
Autoimmune: Yes vs. No —17.528 12,892.859 <0.001 0.999 —17.150 13,490.401 <0.001 0.999
Cerebral diseases: Yes vs. No —17.579 11,033.665 <0.001 0.999 —16.307 11,052.028 <0.001 0.999
Heart failure: Yes vs. No —18.191 25,475.907 <0.001 0.999 —16.436 26,494.679 <0.001 1.000
HBV: Yes vs. No 0.225 0.962 1.252 0.815 —16.248 6243.383 <0.001 0.998
Renal diseases: Yes vs. No —18.808 16,186.569 <0.001 0.999 —14.876 14,129.940 <0.001 0.999
Osteoporosis: Yes vs. No —17.344 9805.003 <0.001 0.999 1.507 1.131 4.511 0.183
Constant —3.468 0.561 0.031 <0.001 —4.152 0.778 0.016 <0.001

Note: S.E. = Standard Error; DM = Diabetes mellitus; CCI = Charlson comorbidity index; COPD = Chronic obstructive pulmonary disease;

HBV = Hepeatitis B virus.

4. Discussion

The objective of this study aimed to develop a novel algorithm for identifying risk
factors for anxiety and depression in young lung cancer patients aged 20-39 years by using
the population-based database (National Health Insurance Research Database (NHIRD)
in Taiwan), which are regarded rare events and very limited number of methods were
proposed to solve this problem. A novel algorithm was proposed in this study which
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integrated v-fold cross-validation into MCA-k-means clustering for solving the problem of
determining risk factors associated with rare events.

Compared with the results of a univariate analysis using traditional multiple logistic
regression analysis, which is a widely used method for determining risk factors associated
with diseases (see Table 3), the results showed that none of the risk factors were statistically
significantly associated with anxiety and depression, respectively, in young patients with
lung cancer. Moreover, some parameter estimates were very unreliable because of their
large standard errors (even bigger than the parameter estimates). In Table 3a, for the
depression outcome variable, CCI =1 vs. CCI =0, DM, asthma, liver cirrhosis, autoimmune
diseases, cerebral diseases, heart failure, renal diseases and osteoporosis indicated that
parameter estimates were unreliable and exhibited extremely low odds ratios (ORs); for the
anxiety outcome variable, CCI > 2 vs. CCI = 0, DM, hypertension, asthma, liver cirrhosis,
chronic obstructive pulmonary disease (COPD), autoimmune diseases, cerebral diseases,
heart failure, hepatitis B (HBV) and renal diseases also indicated that the parameter es-
timates were unreliable and exhibited extremely low odds ratios (ORs), or an extremely
high OR for asthma. Previous studies have indicated that parameter estimation methods
such as maximum likelihood estimation provide biased or inestimable estimates for rare
events [26,27]. According to King and Zeng (2001) [28], logistic regression would sharply
underestimate the probability of rare events. For resolving the problems, some methods
have been proposed, but there is still a lack of optimal methods and agreements on how to
better estimate the coefficient of logistic regression for rare event data. In this study, not
only were the dependent variables (depression and anxiety) rare events, but so were the
independent variables, which may have resulted in many zeros in the database and the
estimation of the standard error may have been biased. The novel algorithm proposed in
this study can be considered to be a good approach for resolving rare event problems. In
addition, compared with the results using self-reported questionnaire or inventory, such as
Yan et al. [17], which used binary logistic regression analysis and the results showed that the
risk factors of both anxiety and depression were lack of surgery and age; however, binary
logistic regression did not successfully identify statistically significant risk factors in this
study and the difference can be resulted from different operational definitions of depression
and anxiety. Both kinds of studies using self-reported questionnaires or ICD-9-CM codes
by psychiatrist-confirmed diagnoses provide different contributions to the clinical practices.
Studies using self-reported questionnaires or inventory to measure depression and anxiety
are more likely to look for factors associated with the self-perceived depression symptom
and anxiety symptoms, which may be easier to express by patients themselves and some
behavior interventions may be suggested, such as exercise, focus group consultant or health
promotion life adjustment. However, the results of the current study using ICD-9-CM
codes of depression and anxiety which are confirmed by psychiatrists, what young patients
with lung cancer need are not only behavior interventions, but also the prescriptions of
antidepressant drugs or anti-anxiety drugs, or the psychiatric hospitalization.

The advantages of the MCA-k-means clustering algorithm proposed in this study
are: (1) the adoption of the clustering-based method to determine risk factors associated
with rare events, which may avoid the parameter estimation problems encountered when
using conventional logistic regression models; (2) the algorithm can take more than one
dependent variable (>2) into account simultaneously, especially for easily confused dis-
eases, for example, anxiety and depression in this study. In comparison with a logistic
regression model, it deals with only one dependent variable at a time. (3) The algorithm
determines the optimum number of clusters by using the v-fold cross-validation algorithm;
through the repeated random sub-sampling scheme, all observations were used for both
the training and validation sets and each observation was used for validation exactly once,
which can help determine the optimum number of clusters with less influence from rare
event data, such as the dataset used in this study.

Regarding the final clustering results of this study (see Table 2), the results indicated
that anxiety was clustered with osteoporosis and depression was clustered with the lack
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of DM, CCI = 0 and female sex in young patients with lung cancer. These factors were
optimally clustered with anxiety and depression. The results obtained in this study are
validated by other studies that have indicated that patients with anxiety and osteoporosis
easily encounter more complications than those with several other disease groups [29-31].
The results of this study indicate that young patients with lung cancer and osteoporosis
are also at a high risk for the onset of anxiety. In addition, young female lung cancer
patients were also at a higher risk of the onset of depression. Previously published studies
have shown that female cancer patients are at significantly higher risk of depression than
males [29,32,33]. In this study, the clustering results also supported that young female lung
cancer patients were at a higher risk of the onset of depression.

This study still had some limitations. First, although the National Health Insurance
(NHI) program in Taiwan covers more than 98% of the Taiwanese population [34-36], the
NHIRD does not provide information about some potential confounding factors, such as
smoking, alcohol consumption, exercise habits, diet and lifestyle, which may also influence
the association with the risk of anxiety and depression. Second, some young lung cancer
patients who experience anxiety and depression may not consult psychiatrists; they usually
express their concerns about their cancer diseases to their oncologists and the oncologists
may easily neglect or ignore their patients’ anxiety and depression symptoms. Thus,
cancer patients may search for religious help or may isolate themselves from people or
medical professionals; therefore, the number of patients with anxiety and depression may
be underestimated. Third, because the young patients with lung cancer enrolled in this
study were primarily of the Chinese or Han ethnicities, the results derived from the novel
algorithm proposed here require further examination and validation for generalization to
other ethnicities. Furthermore, according to Lu et al. (2019) [37], in recent decades, the
overall incidence of lung cancer initially increased and then gradually decreased. The
surgical rate and radiotherapy rate for lung cancer showed a general downward trend,
while the chemotherapy rate experienced a significantly increasing trend [30]. Although
the five-year relative survival rate has increased over the years, it has remained very low
for the last 20 years [31]. Therefore, this study, which used a nationwide database from
2001 to 2007, can still provide useful findings for clinicians.

5. Conclusions

The novel MCA-k-means clustering algorithm in this study successfully identified
risk factors associated with anxiety and depression, which are considered rare events
in young patients with lung cancer. The clinical implications of this study suggest that
psychiatrists need to be involved at the early stage of initial diagnose with lung cancer for
young patients and provide adequate prescriptions of antipsychotic medications for young
patients with lung cancer.
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Abstract: Background and Objectives: This study investigates the impact of age upon the safety and
outcomes of laparoscopic cholecystectomy performed for acute cholecystitis, by a multivariate ap-
proach. Materials and Methods: A 2-year retrospective study was performed on 333 patients admitted
for acute cholecystitis who underwent emergency cholecystectomy. The patients included in the
study group were divided into four age subgroups: A <49 years; B: 50-64 years; C: 65-79 years;
D >80 years. Results: Surgery after 72 h from onset (p = 0.007), severe forms, and higher American
Society of Anesthesiologists Physical Status Classification and Charlson comorbidity index scores
(p <0.001) are well correlated with older age. Both cardiovascular and surgical related complications
were significantly higher in patients over 50 years (p = 0.045), which also proved to be a turning point
for increasing the rate of conversion and open surgery. However, the comparative incidence did not
differ significantly between patients aged from 50-64 years, 65-79 years and over 80 years (6.03%,
9.09% and 5.8%, respectively). Laparoscopic cholecystectomy (LC) was the most frequently used
surgical approach in the treatment of acute cholecystitis in all age groups, with better outcomes than
open cholecystectomy in terms of decreased overall and postoperative hospital stay, reduced surgery
related complications, and the incidence of acute cardiovascular events in the early postoperative
period (p < 0.001). Conclusions: The degree of systemic inflammation was the main factor that influ-
enced the adverse outcome of LC in the elderly. Among comorbidities, diabetes was associated with
increased surgical and systemic postoperative morbidity, while stroke and chronic renal insufficiency
were correlated with a high risk of cardiovascular complications. With adequate perioperative care,
the elderly has much to gain from the benefits of a minimally invasive approach, which allows a
decreased rate of postoperative complications and a reduced hospital stay.

Keywords: acute cholecystitis; laparoscopic cholecystectomy; elderly; safety

1. Introduction

As the world population is aging, there is an increased surgical demand for elderly
people. Geriatric surgery is presently a topic of research, as many surgeons acknowledge
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there are specific features regarding the type of surgery, the duration and intensity of
treatment and the significant complications related to the therapeutic approach at advanced
ages. The term of “frailty” is often used to describe a vulnerability, a lack of resilience of
the elderly to stress and increased demands upon the function of organs or systems. [1-3]
Understanding the specific age-related challenges may help improve perioperative care by
a multidisciplinary approach [3-5].

Acute cholecystitis is one of the most frequent conditions requiring abdominal surgery
in emergencies in elderly people [6]. The current guidelines recommend surgery as soon as
possible because evidenced-based clinical studies confirmed that an early treatment reduces
the total hospital stay and does not increase the complication or conversion rates [7-11].

Laparoscopic cholecystectomy has become the “gold standard” due to its undeniable
advantages in reducing pain and postoperative complications. Together with the develop-
ment of anesthesia and intensive care skills and techniques, the safety limit for performing
laparoscopy has also increased nowadays towards the age of 80-85 years.

In previously published studies on the results of laparoscopic cholecystectomy in the
elderly, the age considered as a threshold differs: some studies consider it to
be 65 years [12-14], 70 years [15] or 75 years [16], while several studies refer to outcomes of
laparoscopic cholecystectomy in extreme ages, such as over 80 years of age [6,17-21]. Most
studies compare the conversion rate and the incidence of postoperative complications in
groups of young vs. elderly patients. There are limits in terms of reporting the results, as
the effect of age is difficult to be dissociated from the presence of comorbidities, which are
obviously more common with aging. Other studies [14,22-24] compared the complications
of laparoscopic vs. classical cholecystectomy in elderly patients and found better outcomes
with a minimally invasive approach.

This study aims to investigate the impact of age upon the safety and outcomes of
laparoscopic cholecystectomy performed for acute cholecystitis, by a multivariate approach.
The novelty factor is that age is analyzed in correlation with the anesthetic-surgical systemic
risk factors and with the severity of the infectious process. The preoperative variables
which correlate best with surgical decisions and postoperative outcomes were analyzed.

2. Materials and Methods
2.1. Study Design

A 2-year retrospective study was performed on the patients admitted in the 4th
Department of Surgery, Emergency University Hospital Bucharest for acute cholecystitis
who underwent emergency cholecystectomy, between January 2018 and December 2019.
Data were collected from observation charts and postoperative notes.

The diagnosis of acute cholecystitis was assessed according to Tokyo Guidelines,
based on clinical findings (Murphy sign; right upper quadrant pain, tenderness, palpable
mass, fever), laboratory inflammation tests and an ultrasound exam confirming gallstones
and thickness of the gallbladder wall. The inclusion criteria for the study consisted of:
(I) emergency admission for acute cholecystitis followed by cholecystectomy during the
same hospital admission, (II) accurate documentation of the clinical signs, paraclinical
data, surgery and complications. Exclusion criteria were: (I) associated pancreatitis or any
(II) malignancy.

The preoperative evaluation of the anesthetic-surgical risk was based on the American
Society of Anesthesiologists Physical Status Classification (ASA PS). The severity of acute
cholecystitis was evaluated according to Tokyo Guidelines criteria (TG13/TG18) (Table 1).
Charlson Comorbidity Index (CCI) scores were calculated retrospectively for the patients
enrolled in the study based on the comorbidities documented in the observation charts.
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Table 1. Tokyo Guidelines (TG13/TG18) severity risk scale [9,25].

Acute cholecystitis with organ/system (renal,
Grade III (severe) acute cholecystitis cardiovascular, hepatic, respiratory, neurologic,
hematologic) dysfunction

Acute cholecystitis associated with:

1. WBC*>18,000/mmc
Palpable tender mass in the right upper
abdominal quadrant

3. Marked local inflammation

4. Onset>72h

Grade II (moderate) acute cholecystitis

Acute cholecystitis which does not meet

Grade I (mild) acute cholecystitis criteria for grade IT or III

* WBC—white blood cells.

The management of acute cholecystitis was according to the Tokyo Guidelines 2018
flowchart [25] based on the severity of symptoms, ASA and CCI index. Emergency laparo-
scopic cholecystectomy was performed as soon as possible to be performed safely, within
a time frame of 96 h after the admission. Broad spectrum intravenous antibiotic therapy
was used in all cases. In mild cases, we used intravenous ceftriaxone (1 g/12 h), and in
medium and severe cases we used a combination of ceftriaxone or piperacillin/tazobactam
(4 g +0.5g/8h) and metronidazole (1 g/12 h). The antibiotic therapy was initiated in
emergency and continued up to 24-48 h postoperatively, in cases with a favorable outcome.
In cases with pyocholecystitis, parietal micro-abscesses, or pericholecystic abscess, bile was
sent for a microbiological exam, and antibiotic therapy was adjusted later in correlation
with the antibiogram. Low-molecular-weight Heparin for thrombosis prophylaxis was
used as a routine pre and postoperatively during the hospital stay, according to body
weight and comorbidities, in doses starting from 0.4 mL/day to 1.2 mL/day.

Conversion to open surgery was used as a second option of bailout procedure, after
“fundus first”, when technical difficulties were encountered and critical view of safety in the
Calot triangle was not achieved. Subtotal cholecystectomy was considered a technical solu-
tion in difficult cases, and it can be performed either laparoscopically or by open surgery,
depending on the surgeon’s experience and the local technical conditions. Drainage was
used in all these patients.

Patients with ASA > 3 and CCI > 6 or sepsis underwent fluid rebalance and general
supportive care before surgery.

2.2. Data Comparison and Statistical Analysis

The patients included in the study group were divided into 4 age-subgroups:
A: <49 years; B: 50-64 years; C: 65-79 years; D: >80 years.

The main outcomes were: mortality rate and incidence of major systemic and surgery
related complications. Secondly, the rate of laparoscopic cholecystectomies and the rate of
conversion were analyzed comparatively in the four age-subgroups. A statistical analysis
was performed to assess the association correlations between age and anesthetic-surgical
risk, the severity forms of acute cholecystitis and post-operatory outcomes.

Pearson chi square, Fisher’s exact test and the Linear-by-Linear association test
(Mantel-Haenszel test for trend) were used to evaluate the association between discrete vari-
ables, the ANOVA test was used for continuous variables and Fisher’s linear discriminant
analysis was used for multivariate analysis. IBM SPSS Statistics 22 was applied.

In order to describe the preoperative and intraoperative patients’ characteristics which
determined the applied surgical procedure (LC = Laparoscopic Cholecystectomy, Conver-
sion or OC = Open Cholecystectomy), we have used the stepwise variant of Fisher’s linear
discriminant analysis. The Canonical Discriminant Function is displayed in standardized
form in order to allow the comparison of the importance of each variable. Cross-validation
models were used to evaluate the statistical power of discrimination.
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3. Results
3.1. Demographic Data and Preoperative Evaluation

A total of 345 patients, aged between 18 and 91 years, were admitted in emergency
with the diagnostic of acute cholecystitis during January 2018 and December 2019. A
total of 12 patients (3.47%) did not undergo cholecystectomy during the same hospital
admission and were excluded from the statistical analysis. In one case (0.28%), a man aged
87, with severe cardiac insufficiency and sepsis (ASA IV), emergency cholecystostomy was
performed. Drainage of the bilious-purulent content of the gallbladder allowed recovery
in a case in which general anesthesia was considered not appropriate due to high risk of
death. Conservative management was used in 11 cases (3.18%). Four cases refused surgery
(aged between 42 and 83 years), while in seven cases cholecystectomy was postponed by
the surgeon for various reasons (Table 2).

Table 2. Demographic and clinical data of non-operated patients.

Returned for Elective Surgery

No. Age TG 13/18 Severity Form Reason for Postponed Surgery during the Study Period
1 37 mild Refused surgery no
Associated giant right renal cyst;
2 39 mild deferred to urology after conservative  yes, 4 months later
management
3 53 moderate Neglected arterial hypertension * yes, after one month
4 53 mild Refused surgery no
5 57 moderate Morbid obesity (BMI ** 43) no
. Ultrasound (US) and ComP uted yes, for further evaluation and
6 61 mild tomography (CT) exam raised lective oncological sureer
suspicion of gallbladder carcinoma 8 sery
7 64 mild Morbid obesity (BMI 41) no
8 69 mild Refused surgery yes, 6 months later
. US and CT exam raised suspicion of yes, for further evaluation and
9 72 mild . ;
colon cancer elective oncological surgery
Increased anesthetic risk due to severe
10 82 moderate L - no
cardiac insufficiency
11 86 mild Refused surgery no

* hypertension—Blood pressure (BP) of 22 mmHg at admission. As the patient responded to medical therapy for acute cholecystitis, he was
referred to a cardiologist and asked to return for elective surgery, under adequate medication. ** BMI — body mass index.

A total of 333 patients (96.54%) underwent emergency cholecystectomy and were
further included in the statistical analysis. The distribution of patients follows a multiple
peak pattern, suggesting the overlay of multiple populations (Figure 1).
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Figure 1. Age distribution of patients with emergency cholecystectomy for acute cholecystitis in the
study group (n = 333).
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There were no statistically significant differences in terms of gender distribution in
the four subgroups (Table 3). Presentation at more than 72 h after onset was considered a
sign of severity of the level of local inflammation according to the Tokyo Guidelines. In the
study group, there was a upward trend correlated with age and surgery after 72 h from
onset, confirmed by the Linear-by-Linear association test (p = 0.007).

Table 3. Demographic and preoperative data in the 4 age-subgroups.

Group A B C D Total p Value
Age (years) <49 50-64 65-79 >80 18-91
Number 122 111 66 34 333
Onset>72h 59.8% 69.4% 75.8% 79.4% 68.2% p=0.007 D
Female (%) 29.5% 29.7% 36.4% 26.5% 30.6% p=0716 @
Severity forms TG13/TG 18
Mild 36.10% 27% 22.70% 11.80%  27.90%
Moderate 61.50% 68.50% 65.20% 70.60%  65.50% p <0.001 ™M
Severe 2.50% 4.50% 12.10% 17.60%  6.60%

Leukocytes > 18,000/mmc 2.5% 7.2% 12.1% 14.7% 7.2% p=0025@
Fibrinogen > 400 mg/dL 34.4% 48.6% 60.6% 67.6% 47.7% p=0.007 M
Creatinine > 1.2 mg/dL 19% 19.8% 37.9% 50% 26.2% p<0.001 D

Aspartate transaminase (AST),
Alanine transaminase (ALT) > 33.6% 38.7% 28.8% 47.1% 35.7% p=0.268 @
40 UL/L
INR(mternatlpnal normalized 0 279 0 5.9% 1.5% p=0.039 @
ratio) > 2
Bilirubin > 1.2 mg/dL 11.4% 9.9% 24.2% 29% 15.31% p=0.045@
Sign of acute cardiac o o o o o o)
insufficiency at admission *** 2.5% 9.9% 21.2% 44.1% 12.9% p <0.001
Neurologic decompensation at 0 0 0.015% 0.029%  0.006% N/A
admission
ASA PS risk
I 33.60% 18% 6.10% 0 19.50%
I 54.10% 57.70% 53% 44.10%  54.10%
I 12.30% 20.70% 37.90% 44.10%  23.40% p <0.001 M
v 0 2.70% 3% 8.80% 2.40%
Y 0 0.90% 0 2.90% 0.60%
ccl
0 88.40% 60.30% 28.70% 20.50%  58.80%
1 5.70% 14.40% 27.20% 26.50%  15.30%
2 1.60% 14.10% 21.20% 20.60%  8.40%
3 5.70% 11.70% 12.10% 8.80% 9.30% p<0.001 M
4 1.60% 3.60% 4.50% 14.70%  5.10%
5 0 1.80% 3% 0 1.20%
>6 0.80% 1.80% 0 8.80% 1.80%

Footnote: @ Test of Linear-by-Linear Association; @) Fisher’s exact test; ASA PS: American Society of Anesthesiologists Physical Status
Classification; TG13/18: Tokyo Guidelines classification risk; CCI: Charlson Comorbidity Index. *** described according to Common Guide
of diagnostic and treatment of Acute Cardiac Insufficiency of European Society of Intensive Therapy and European Society of Cardiology:
(i) Aggravated preexisting cardiac insufficiency (edema of the lower limbs, congestion); (ii) Hypertensive Cardiac insufficiency (high
BP, tachycardia, signs of vasoconstriction); (iii) Pulmonary acute edema: acute respiratory disfunction, with tachypnea and orthopnea,
5a0, < 90% before oxygen administration; (iv) Acute coronary syndrome; (v) Cardiogenic shock: hypotension requiring vasopressor
medication, signs of organ hypoperfusion, with oliguria.

The moderate forms (TG 13/18) were the most frequent in all age groups. However,
the statistical analysis showed a tendency for the mild forms to decrease with age, with a
corresponding increase in the severe forms with organ/system decompensation (Figure 2),
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with statistically significant differences being observed between group A on the one hand
and groups C and D on the other hand (p < 0.001). The same differences were observed for
the leukocytes > 18,000/mmc and fibrinogen > 400 mg/mL.

100

80

AGE

20

T T
Mild Moderate Severe
TG13-TG18

Figure 2. Boxplot representation of age distribution by Tokyo Guidelines TG13/TG18 Classification.

The age of 65 represents a statistically significant demarcation limit in terms of associ-
ated comorbidities and anesthetic-surgical risk. CCI correlates well with age (Spearman rho
0.462, p < 0.001). In groups C and D compared to groups A and B, there were significantly
fewer patients with ASA PS risk I and significantly more patients with ASA PS > 3, with
the increase in the ASA score with age being confirmed by the Linear-by-Linear association
test (p < 0.001).

The incidence of signs of acute cardiac insufficiency at admission significantly in-
creased with age, from 2.5% in group A to 44.1% in group D. Similar correlations were
found with creatinine levels > 1.2 mg/mL, an expression of a pre-existing age-related limi-
tation of renal function, with decompensation in the context of systemic inflammation and
sepsis. There were only five cases with INR > 2. It correlated with chronic anticoagulant
therapy for cardiovascular associated comorbidities.

3.2. Surgical Approach and Postoperative Outcomes

As general management, the laparoscopic approach was the first choice for all pa-
tients of all ages. Open cholecystectomy was performed only when laparoscopy was not
considered safe due to comorbidities or local conditions.

We noted a statistically significant difference between the age distribution for LC
compared to OC and conversion: the mean age for LC is 55, while the mean age for OC and
conversion is 68 (p < 0.001 for ANOVA test). However laparoscopic cholecystectomy was
the most frequent procedure in all subgroups, with superior outcomes when compared
to open surgery and conversion in terms of hospital stay and surgical and cardiovascular
complications (p < 0.001).

Furthermore, the linear-by-linear association shows an increase in the conversion
rate with age (p < 0.001). The frequencies of the conversion rate and the classic surgical
approach were significantly higher in patients aged over 50.

Conversion to open was a surgical decision due to elective (lack of advancing in dis-
section and specimen removal, lack of critical view of safety—20 cases) or emergent causes
(incontrollable hemorrhages—four cases; main bile duct lesion—one case, cholecystic-
duodenal fistula—one case). In the present study, we found no statistically significant
differences between conversion and open cholecystectomy in terms of mortality, morbidity
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and hospital stay. In the case of intraoperative main bile duct lesion, the conversion was
imposed by the difficult dissection due to chronic inflammation of the cystic pedicle. The
lesion was situated in the proximity of the cystic duct and was classified as minor according
to the Mc Mahon Classification (<25% of main bile duct diameter) and was repaired by a
T tube insertion. Large papillosphincterotomy was performed by endoscopic retrograde
cholangio-pancreatography (ERCP) in the early postoperative period (3 days later) to allow
faster recovery.

The classic approach of first intention was used in a total of 12 cases (one in group
A, four in group B, five in group C, two in group D). The causes for open surgery were:
increased local inflammation (gangrenous gallbladder, biliary peritonitis) in eight cases,
the association of the main biliary duct lithiasis with mechanical jaundice & angiocholitis
(two cases) and a history of previous surgical interventions in the upper abdominal region
(two cases) (Table 4).

Table 4. Surgical approach and postoperative outcomes in the 4 subgroups.

Grou A (<50 Years) B (50-64 Years) C (65-79 Years) D (>80 Years) Total Value
P n=122 n=101 n=66 n=>34 n=2333 P
Type of surgery
LC 119 (97.5%) 99 (89.2%) 51 (77.3%) 26 (76.5%) 295(88.6%)
Conversion 2 (1.6%) 8 (7.2%) 10 (15.2%) 6 (17.6%) 26 (7.8%) p<0.001 M
oC 1(0.8%) 4 (3.6%) 5 (7.6%) 2 (5.9%) 12 (3.6%)
Drainage in LC 8 (6.72%) 9 (9.09%) 12 (21.05%) 9 (34.6%) 36 (12.2%) p<0.001 M
Hospital days
(mean £ SD *)
Total 4.65 + 3.03 6.35 4 3.03 6.53 + 3.9 74+44 6+ 3.35
LC 458 +2.21 538 +2.7 5.83 4 3.47 5.66 4 2.53 551429 0,001 @
Conversion 6.8 +277 924352 11.42 + 4.5 12.2 + 5.01 9.92 4 4.15 p<®
oC 9 9+ 556 7.25+3.26 10.8 + 3.6 9.15+/4.15
Postoperative
hospital days
(mean + SD)
Total 3.46 4+ 2.27 3.75 4+ 3.43 422 + 353 535+ 4.1 3.63+28
LC 249 4+ 1.46 268+ 1.7 2.75 4+ 1.81 3.83 +1.91 3124222 )
p <0.001 @
Conversion 524277 6.72 +2.63 9.14 + 4.45 10 + 5.33 7.73 439
oC 6 8+3.6 5.75 + 3.77 10.8 + 3.6 6.92 £2.92

(M Fisher’s exact test; (2 ANOVA Linearity test; LC: laparoscopic cholecystectomy; OC: open cholecystectomy; Drain insertion was not a
routine practice in our clinic for laparoscopic cholecystectomy; * SD—standard deviation.

The cases in which drainage of the subhepatic space was considered necessary were
those cases with severe local inflammation, increased intraoperative bleeding or suspected
lesion of the bile duct. The fact that the drain was used more often in the elderly is well
correlated with the increased incidence of the moderate and severe forms with advanced
age. Drainage was used in all cases with open surgery and conversion to open.

The postoperative outcome was favorable in most cases for all age subgroups. No
patients required re-surgery in the following 30 days. Surgical related complications were
managed conservatory: hemorrhages (seven cases), bile leakage (nine cases), one septic
intraperitoneal collection and one main bile duct lesion, classified as minor according
to the Mc Mahon Classification solved by ERCP stenting. The procedure consisted of
papillosphincterotomy, and a plastic material 7F stent of 10 cm length was introduced in
the main bile duct to allow healing. The stent was removed after 3 months, with a favorable
outcome. Surgical site infections were less common in laparoscopic cholecystectomy vs.
open cholecystectomy and conversion (Table 5), and increased with age.
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Table 5. Postoperative complications according to Clavier-Dindo Classification.

A (<50

Clavier-Dindo Years) B (50-64 Years) C (65-79 Years) D (>80 Years) Total Value
Classification n =101 n =66 n=34 n =333 4
n=122
I (surgical site infections)
Total 1(0.81%) 3 (3.03%) 3 (4.53%) 2 (5.71%) 5 (3.05%)
LC 1 (0.8%) 2 (2%) 2 (3.92%) 1 (3.85%) 6 (2%) 0.001 M
conversion 0 1(12.5%) 1 (10%) 0 2(7.6%) p<®
OoC 0 0 0 1 (50%) 1 (8.3%)
IT (surgical related
complications, treated
pharmacological)
Total 2(1.6%) 6 (%) 5 (%) 2 (5.8%) 16 (%)
LC 1 (0.84%) 2 (%) 2 (3.9%) 1 (3.8%) 7 (%) 012
conversion 0 3 (37.5%) 2 (%) 1 (16.6%) 6 (%) p<
oC 1 (100%) 1(25%) 1(20%) 0 3 (25%)
IIT (surgical related
complications requiring
endoscopic/surgical /Rx
approach) 1M
Total 1(0.9%) 1(1.5%) 2 (0.6%) r=
LC 1(1%) 0 1(0.33%)
conversion 0 0 1 (10%) 0 1 (3.84%)
ocC 0 0 0
1V (requiring intensive care)
Total 3 (2.4%) 7 (6.3%) 5 (7.57%) 3(8.8%) 18 (5.4%) 0.344 M
LC 1(0.8%) 4 (4.04%) 3 (5.8%) 2 (7.6%) 10(336%) P =t
conversion 1(50%) 0 1(10%) 1(16.6%) 3(11.5%) P <0001
oC 1 (100%) 3 (75%) 2 (40%) 0 6 (50%)
V (Deceased)
Total 1(0.81%) 2 (1.8%) 1 (1.51%) 0 4(1.2%)
LC 0 1(1.01%) 0 0 0.33% 1O
conversion 1 (50%) 1(12.5%) 0 0 8.33% r=
oC 0 0 1 (20%) 0 7.69%

(@ Fisher’s exact test; @ ANOVA Linearity test; LC: laparoscopic cholecystectomy.

The rate of surgery related complications was significantly higher in patients over
50 years old (p = 0.045), which also proved to be a turning point for an increasing rate
of conversion and open surgery. However, the comparative incidence did not differ
significantly between patients aged from 50-64 years, 65-79 years and over 80 years. (6.3%,
9.09% and 5.8%, respectively).

The Fisher’s linear discriminant analysis was performed to identify the risk factors
significantly related to surgical complications. The highest correlation was found with
systemic comorbidities: diabetes (r = 0.813) and chronic bronchopneumopathy (r = 0.502)
and CCI (r = 0.381, but with no significant increase in discrimination power). Among the
local factors, the severity of inflammation and the presence of gangrenous cholecystitis had
the most significant predictive power (r = 0.288), followed by fibrinogen (r = 0.348), and
TG13/TG18 severity forms (r = 0.218).

Severe cardiovascular complications encountered in the study group were: acute
myocardial infarction (nine cases), stroke (seven cases) and malign arterial hypertension
(two cases). In total, three out of four causes of death were cardiovascular acute events.
Only one patient died of sepsis: a diabetic patient aged 57 with a severe form of acute
cholecystitis. The incidence of severe cardiovascular postoperative complications increased
with age (ANOVA test for linearity: p < 0.001; Mantel-Haenszel test for trend: p < 0.001).
There were no statistically significant differences between the incidence of cardiovascular
complications in groups B, C and D (p = 0.344).
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3.3. Multivariate Analysis of Risk Factors for Open Surgery and Conversion

In order to describe the preoperative and intraoperatory patients’ characteristics which
determined the applied surgical procedure (LC = Laparoscopic Cholecystectomy, Conver-
sion or OC = Open Cholecystectomy), we have used the stepwise variant of Fisher’s linear
discriminant analysis. The discrimination between the classes is based on the two Canoni-
cal Discriminant Function described in Table 6. The Canonical Discriminant Function is
displayed in standardized form in order to allow the comparison of the importance of
each variable.

Table 6. Standardized Canonical Discriminant Functions for (LC, OC, Conversion).

Standardized Canonical Discriminant Function Coefficients

Standardized Function

F1 F2
Age 0.300 —0.151
Bilirubin 0.127 0.711
Leukocytes 0.426 0.173
Gangrenous cholecystitis 0.637 —0.523
CCI 0.094 0.661

The variables significantly correlated with Standardized Canonical Discriminant Func-
tion F1 are gangrenous cholecystitis (r = 0.807), leukocytes (r = 0.650), fibrinogen, and
severity form classified by TG 13/18. The variables significantly correlated with Standard-
ized Canonical Discriminant Function F2 are total bilirubin (r = 0.637), CCI (r = 0.531) and
high aspartate transaminase (AST) and alanine transaminase (ALT) (r = 0.351), previous
history of stroke (r = 0.296), diabetes (r = 0.223) and cardiovascular disease (r = 0.236). The
parameters not included in the definition of F1 and F2 are clinically significant, but they do
not add a supplementary increase in the discrimination power.

F1 could be labeled as the score of inflammatory risk (higher values of leukocytes, the
presence of severe inflammation and higher age imply high values if F1), and F2 could
be labeled as the score of comorbidities (CCI and associated pathologies). Main bile duct
complications, such as lithiasis, angiocholitis, and Mirizzi Syndrome (characterized by
increased bilirubin), but also increased inflammation with a secondary increase in bilirubin,
are also associated with Function 2.

Figure 3 suggests the following simple interpretation: small and moderate values of
F1 and F2 (near zero) generally characterize the laparoscopic approach; positive values of
F1 (severe inflammation and sepsis) and negative values of F2 generally characterize the
open approach; and positive values of F1 and F2 (association with severe inflammation
and comorbidities /main bile duct complications) generally characterize conversion.
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Figure 3. Patient representation (1 = 333) in the space (F1, F2) of Unstandardized Canonical Discrim-
inant Functions between (LC, OC, Conversion). (Specification: functions at Group Centroids are:
(—0.203, —0.004) for LC (laparoscopic cholecystectomy); (1.739, —0.964) for OC (open cholecystec-
tomy) and (1.564, 0.508) for Conversion). Wilks” lambda computed for the two canonical functions
are significant (test of the two functions: chi-square (df = 10) 111.08, p < 0.001; test of second function:
chi-square (df = 4) = 17.05, p = 0.002). Cross-validation of the model: 81.4% of cross-validated cases
are correctly classified. The relative dispersion of patients with conversion to open surgery indicates
that other factors, such as surgical experience or particular intraoperative findings, may be involved.

3.4. Multivariate Analysis of Risk Factors for Adverse Outcome in the Eldery

The incidence of acute cardiovascular events in the early postoperative period in-
creases statistically significantly in patients with ASA > 3, and that of deaths in ASA > 4
(p = 0.001). When the correlations between the severe forms of acute cholecystitis and the
occurrence of complications were analyzed, statistical analysis showed that severe forms
with organ/system dysfunction correlated with the incidence of severe complications and
deaths, for all age groups.

Regarding the type of operation, the incidence of cardiovascular complications is
significantly higher in the case of the open approach and conversion in comparison with
laparoscopic cholecystectomy. However, conversion and open surgery were chosen in
severe forms, with necrotic gallbladder, pericholecystic plastron or biliary peritonitis. Mul-
tivariate analysis of preoperative and intraoperative risk factors shows that the incidence
of severe cardiovascular complications and deaths correlates best with the severity of the
septic process and inflammation (gangrenous cholecystitis, fibrinogen > 400 mg/dL and
Grade III cholecystitis according to TG13/18 severity forms), and among comorbidities,
with a previous history of stroke, chronic renal failure and diabetes (Table 7).
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Table 7. The Fisher’s linear discriminant analysis for cardiovascular severe complications
and mortality.

Standardized Canonical Discriminant Function Coefficients

Function
1
Gangrenous cholecystitis 0.211
Stroke 0.785
Diabetes 0.249
Chronic renal insufficiency 0.264
Fibrinogen > 400 mg/dL 0.348
Grade III Cholecystitis (TG13/TG18 Severity forms) 0.163

4. Discussion

Increased technical experience with laparoscopic cholecystectomy favorably affected
outcomes over time [26]. Together with the important achievements in intensive care,
more patients, initially considered at risk, can benefit from the important advantages of
minimally invasive surgery. The present contraindications for laparoscopic cholecystec-
tomy are few, and they may be classified as absolute (uncorrected coagulopathy, high
anesthetic and surgical risk, gallbladder carcinoma) or relative. The latter includes either
general conditions (end-stage liver disease) or local findings (previous surgery in the upper
abdominal region, calcified gallbladder, cholecysto-enteric fistula, Mirizzi’s syndrome) [27].
Age and severe inflammatory forms, such as gangrenous and emphysematous cholecys-
titis, are no longer considered unsuitable for laparoscopy [28]. In the present study, we
analyzed the factors that influence the surgical decision the most. We found that severe
local inflammation as well as a high CCI and high values of total bilirubin could favor open
surgery or conversion. Other unquantifiable factors such as local anatomy, tissue friability,
or surgeon’s experience may play a significant role in the decision to convert to open.

Hyperbilirubinemia significantly increases the likelihood of finding common duct
stones in patients with acute cholecystitis, but it also occurs in patients with acute chole-
cystitis without common duct stones. In these cases, the increase in value is mild and it
returns to normal values quickly after resolving the septic process. The significance of
bilirubin in acute cholecystitis and other intraperitoneal infections was also investigated by
other authors [29-36]. Hyperbilirubinemia in acute abdominal infections is caused either
by the excessive production of bilirubin or by altered clearance. Both mechanisms lead to
bilirubin accumulation and play a role in the hyperbilirubinemia observed in patients with
appendicular perforation. Patients in severe sepsis express proinflammatory cytokines,
with cholestasis triggered by nitric oxide, by blocking bilirubin conjugation and elimina-
tion at the hepatocellular and intraductal level [32]. Common pathogens of the biliary
and digestive wall, such as Escherichia coli and Bacteroides fragilis, were supposed to
interfere with hepatocyte microcirculation, inducing sinusoidal lesions [35]. In addition,
Escherichia coli infection has been shown to induce hemolysis of normal erythrocytes.
This results in increased bilirubin loading in infected individuals, a process that promotes
hyperbilirubinemia [34-36].

There are concerns about using the laparoscopic approach in patients with respiratory
and cardiovascular comorbidities due to the metabolic effects of the induced pneumoperi-
toneum. This loss of reserve capacity is the single most important factor that decreases
the elderly patient’s ability to tolerate operations. The proper management of fluid and
electrolyte replacement, respiratory management to prevent atelectasis and pneumonia,
and monitoring for possible cardiac complications are necessary to minimize the risk of
systemic complications in the perioperative period [2,3,37,38].
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4.1. Comparative Characterization of the Age-Related Subgroups

The comparative statistical analysis of the four subgroups defined according to age
showed that each of them behaves differently and presents specific challenges
and outcomes.

Group A, of young patients (<50 years), is a group without significant comorbidities
and without significant anesthetic-surgical risk, which generally presents with mild and
moderate forms resolvable in a proportion of 97.5% laparoscopically, with a short postop-
erative stay and without significant complications. In the presence of a septic factor, they
can still develop severe cardiovascular acute events and even death. Fluid and electrolyte
rebalancing and supportive care were important as an adjuvant to combat septic shock.

Group B (50-64 years) did not differ statistically significantly from group A in terms of
anesthetic-surgical risk and CCI score. The severity of the forms of acute cholecystitis was
not significantly increased, but there were patients with longer biliary distress with local
fibro-inflammatory remodeling, which explains the intraoperative technical difficulties,
with an increased conversion rate (7.2% vs. 1.6% in group A) and the classic approach
by open cholecystectomy (3.6% vs. 0.8%). During the early postoperative period, these
patients were at risk of major cardiovascular complications, especially when diabetes or
chronic renal disease are associated.

Group C (65-79 years) was characterized by a statistically significant increase in both
the anesthetic-surgical risk (ASA-PS and CCI) compared to group A, but also a significant
increase in severe cases according to TG13/TG18 criteria (12.1% vs. 2.5%, p = 0.001). Recall
that severe forms of acute cholecystitis mean the association of significant local and general
inflammation with systemic or organ dysfunction. This result therefore correlated with
significant increases in biological markers of inflammation (leukocytosis, fibrinogen) com-
pared to group A. Additionally, the presence of increased CCI and associated comorbidities,
especially cardiovascular disease and diabetes, explained the evolution of cholecystitis
from moderate to severe, with functional decompensation. In the therapeutic management
of these patients, careful preoperative rebalancing was particularly important to prevent
major systemic complications and reduce perioperative mortality.

Group D (>80 years) presented the same clinical-therapeutic challenges as group C,
but the differences from group A were more marked: late presentation, higher frequency of
severe forms of TG 13/18, anesthetic-surgical risk increased by the presence of comorbidi-
ties, having as outcomes an increased rate of conversions and major postoperative systemic
complications. Thus, the conversion rate increased from 1.6% in group A to 17.6% in group
D, and open surgery from 0.8% to 5.9%. However, there were no statistically significant
differences in terms of preoperative evaluation and surgery approach and postoperative
outcomes between group C (65-79 years) and group D (>80 years).

Consequently, patients over 50 years of age in the presence of cardiovascular co-
morbidities or diabetes should be closely monitored in the postoperative period to avoid
cardiovascular ischemic incidents and cardiovascular decompensation.

The utility of drain insertion in laparoscopic cholecystectomy is still a subject of
debate. In a recent systematic review, Cirrochi et al. [39] found that the incidences of
wound infection and abdominal collections are significantly higher in the drain group
vs. the no-drain group, while the postoperative recovery and hospital days are shorter
in cases without drain. In our clinic, drain insertion was not a routine procedure after
laparoscopic cholecystectomy. However, it is still used in cases with severe inflammation,
difficult dissection or bleeding in order to prevent intra-abdominal collections in the
early postoperative period. An increased incidence of drain insertion with age was well
correlated with the severity of acute cholecystitis in the elderly. This could also be an
explanation for the increased incidence of postoperative septic complications, such as
wound infection and intra-abdominal collections, described by other authors [40-42].
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4.2. Safety of Laparoscopic Cholecystectomy in the Elderly

Although laparoscopic cholecystectomy is currently considered to be a routine ab-
dominal procedure with minor risks, a deep understanding of the physiological reserve of
elderly patients is also mandatory in surgery, as it can be used to assess the vulnerability of
patients with frailty syndrome to complications [1-3,20].

Acute cholecystitis has clinical particularities in aged patients: statistically significant
increases in severe forms, as well as the presence of associated comorbidities, with an
increased rate of conversion and a higher percentage of postoperative complications. These
findings were also encountered in other studies [19-21,24,43-45]. In a crossectional analysis
on cholecystectomy in the elderly, Kuy et al. found that older people have more complex
forms of disease and that a longer time from admission to surgery is a predictor for poor
outcome [43].

In a meta-analysis on 99 studies between 1995 and 2018, Kamarajah et al. [44] found a
tenfold increase in mortality in patients aged over 80. One of the major drawbacks they
remarked on in their research was that the studies evaluated did not take into account the
associated comorbidities and their impact on the final outcomes. In a meta-analysis on
11 studies published between 1993 and 2011, on 101,559 patients aged 65 or older (48,195
treated laparoscopically and 53,364 by open cholecystectomy), Antoniou et al. found that
mortality was 1.0% for the laparoscopic approach and 4.4% for the open approach [24].

In the present study, there were 100 patients aged over 65, and 77% of them success-
fully underwent laparoscopic cholecystectomy, with 0% mortality. In the 23 cases in which
laparoscopy could not be performed (direct open surgery and conversion groups), there
was only one death (4.34%). In our study, despite an increased conversion and compli-
cations rate, there were no deaths in group D (aged over 80). There were no significant
differences regarding cardiovascular complications between the four age-groups. Similar
findings are also encountered by Shin et al. [38]. With the pre-operative optimization
of comorbidities and medications and addressing frailty in a multi-disciplinary team,
an experienced surgical staff with good technical equipment are effective in improving
postoperative outcomes [16,38]. Moreover, the multivariate analysis showed that severe
inflammation (gangrenous cholecystitis) and comorbidities such as diabetes, previous
stroke and chronic renal and pulmonary disease, but not age itself, are risk factors for
postoperative morbidity. This finding is also communicated by Kim et al. [46,47]. More-
over, Agrusa et al. recommended elective laparoscopic surgery in elderly people with
symptomatic gallstone disease before the development of acute cholecystitis and related
complications [48].

When comparing open to laparoscopic surgery, most of the studies found better out-
comes in terms of mortality and morbidity associated with laparoscopic
procedures [15,24,49], while a limited number of studies founded similar results for both
methods [22]. These findings confirmed that laparoscopic cholecystectomy is a safe proce-
dure and should be used in the elderly. On the other hand, a proper comparison cannot
be performed between the open and laparoscopic approach due to the fact that the open
approach does not represent a first line option in our surgical department, regardless of the
patient’s age. Open surgery (and conversion) was used only in cases in which laparoscopic
surgery could not be performed. The severity of the inflammatory process and sepsis might
also be associated with increased mortality in the open surgery group.

Laparoscopy is associated with a limited response in serum II-6 and no change in
gut mucosa Il-6 [50]. There is strong evidence that laparoscopy provides a decreased
inflammatory response at the peritoneal and intestinal level, with a faster intestinal transit
recovery. The reduced inflammatory systemic response associated with laparoscopic
surgery may also be important, especially in the elderly, in preventing pulmonary related
complications [50].
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5. Conclusions

The present study showed that laparoscopic cholecystectomy is the most used surgical
approach in the treatment of acute cholecystitis in all age groups, with better outcomes
than open cholecystectomy in terms of decreased overall and postoperative hospital stay,
reduced surgical related complications and a reduced incidence of acute cardiovascular
events in the early postoperative period. On the other hand, patients with a higher ASA
grade and severe forms of TG 13/18 were more likely to undergo open surgery.

Laparoscopic cholecystectomy can be safely performed in elderly and extremely
elderly people, but the risk of severe postoperative cardiovascular complications is slightly
higher. Careful perioperative care of the vascular, hemodynamic and respiratory status
should be provided in order to prevent these adverse events in the elderly. The degree
of systemic inflammation and sepsis was one of the main factors that influenced the
adverse outcome of LC in the elderly. Among comorbidities, diabetes was associated
with both increased surgical related and cardiovascular postoperative morbidity, while a
previous history of stroke and chronic renal insufficiency are correlated with a high risk
of cardiovascular complications. CCI, ASA PS and the incidence of severe forms increase
with age, also leading to slightly more complications. However, age alone should not be
the contraindication for laparoscopic cholecystectomy. With adequate perioperative care,
the elderly have much to gain from the benefits of a minimally invasive approach, which
allows a decreased rate of postoperative complications and a reduced hospital stay.
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Abstract: Background and objectives: The goal of this work was to assess the interventions for cardio-
vascular causes (ICD-10: I) and analyze the time between the request for intervention and the arrival
of the Medical Emergency Team realized by the Voivodeship Rescue Service in Katowice in the period
between 1 January 2018 to 31 December 2018. Materials and Methods: Analysis of the characteristics of
the interventions was completed based on the information contained on the dispatch order cards
and medical emergency services. Statistical analysis was done using the Chi-square test (p < 0.05).
Results: Out of 211,548 cases, 26,672 were associated with cardiovascular diseases. It can be observed
that the large majority of interventions took place in urban areas (89.98%; 23,998 cases), whereas
only 11.02% took place in rural areas (2674 cases). The most common cause for medical interventions
being made by the Medical Emergency Team was primary hypertension—11,649 cases. The average
arrival time to urban areas was 9 min and 12 s + 3 min and 54 s, whereas for rural areas it was 11 min
and 57 s £+ 4 min and 32 s (p < 0.05). Conclusions: It can be observed that the Medical Emergency
System in Katowice operates accordingly with the intentions of the legislator. The obtained data also
indicates that there is a high societal awareness of the residents about the purpose of the Medical
Emergency Team.

Keywords: Silesian Voivodeship; gold hour; cardiovascular diseases; Medical Emergency Team

1. Introduction

The process of creating the Emergency Medical Services began in the 1990s from the
creation of the Integrated Medical Rescue. However, starting only from 25 July 2001 the
first act about the Emergency Medical Services was created [1]. Throughout the following
years, the assumptions of the act were revised, which led to the creation of the act currently
in place from the 8 September 2006 [2,3]. The creation of a formalized structure in the form
of a system based on the interdependencies of the individual components that make it up,
such as people, products, and services, which are all connected with the implementation of
one common goal was a key undertaking that conditioned the saving of human life. The
main goal of the Medical Rescue System is guaranteeing help in sudden situations that
directly threaten the life of a person [4,5]. Included in the Emergency Medical Services
are Medical Emergency Teams (ambulances; air ambulances; water ambulances) and also
Hospital Emergency Wards [6]. The primary task of the Medical Emergency Team is
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granting help to the victim on site of the incident, and if it is advisable, to also transport
the victim to the appropriate reference unit in the shortest time possible [7]. The second,
incredibly important units are the Hospital Emergency Wards, which are responsible for
carrying out the initial diagnosis as well as treating the person in the necessary range,
which is especially important in sudden life-threatening situations [8]. In reference to the
Emergency Medical Service system, an incredibly important term is the effectiveness of
action, defined as the correct action being done in the correct method, where effectiveness
and efficiency are key. It is also worth noting the two critical elements in the functioning
of the Emergency Medical Services in Poland [9,10]. One of which is highlighting the role
of the medical distributor, who, based on the information they gather from the interview
they carried out through telephone communication and also on their own knowledge and
subjective instinct decides, whether an intervention by the Medical Emergency Team is or
is not necessary [11-13]. A second factor that determines the effectiveness of the system is
the time taken between the moment an incident was reported (accident) to the moment
the Medical Emergency Team arrives at the incident site. Therefore, a conversion factor is
adopted in this regard, that on average every 2 min, a distance of at least 1 km has to be
covered [14].

One of the causes of undertaking an intervention by the Medical Emergency Team
were reports due to cardiovascular diseases, which are a wide range of diseases according
to the International Classification of Diseases—ICD-10 [15]. It is estimated that in Poland,
approximately 100 people die each day due to heart failure, which constitutes around 20%
of all deaths due to cardiovascular problems. Moreover, an unsettling fact is that one in
three male deaths and one in 10 female deaths are due to cardiovascular diseases for people
above 64 years of age, which is the group of people most active professionally [16,17].

The goal of this work was to assess the interventions for cardiovascular causes (ICD-10:
I) and analyze the time between the request for intervention and the arrival of the Medical
Emergency Team realized by the Voivodeship Rescue Service in Katowice in the period
between 1 January 2018 to 31 December 2018.

2. Materials and Methods

Firstly, from all the accepted calls by the Voivodeship Ambulance Service, the calls
in which the medical dispatcher found it necessary for intervention on-site were selected.
For this type of study (survey), approval of the bioethics committee is not required. In
the second stage, the analyzed interventions were narrowed down based on identification
criteria, according to the International Classification of Diseases, ICD-10. The identifications
made using the code I were selected, which covers cardiovascular diseases. Next, the
information contained in the “Emergency ambulance dispatch order card” was imported
into an Excel calculatory spreadsheet, and afterward, statistical analysis was conducted
based on the licensed version of the STATISTICA 13 PL program (StatSoft, Cracow, Poland).
The analyzed data was then split based on identification, the intervention site (urban;
rural) as well as sex (male; female), and also the way the intervention was completed. In
this work, we also present the time that passed from the moment the call was received to
the time the Medical Emergency Team arrived at the site. In the statistical analysis, the
Chi-square test was used, with the statistical significance threshold adopted at p < 0.05.

3. Results

Based on the shared medical documentation, it was determined that interventions made
by the Medical Emergency Team due to cardiovascular disease were 12.6% (26,672 cases)
of all the completed interventions. The total number of all interventions in 2018 totaled
211,548. It can be observed that the large majority of interventions took place in urban
areas (89.98%; 23,998 cases), whereas only 11.02% took place in rural areas (2674 cases).
The three most common causes for interventions being made by the Medical Emergency
Team included: primary hypertension—11,649 cases; stroke, not specified as hemorrhage
or infarction—3740 cases; atrial fibrillation and flutter—2473 cases. In Table 1, the 10 most
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common causes for the emergency interventions are presented, while less common causes are
grouped under “other causes”.

Table 1. The characteristics of the injuries to which a trip by a Medical Rescue Team was completed in 2018.

Number of Cases in Number of Cases in

ICD-10 CODE Name of Disease Sex a Village a City p <0.05
i i Female 700 7680

1o Prlmary_hlyrl}agztgen51on p =0.0001
n=1L Male 350 2905
ifi i i Female 201 1780

L6 Stroke, not specified ai };e;r(;)rrhage or infarction p =0.8850
n= Male 181 1578
ial fibrillati Female 146 1413

148 Atrial flbl‘lllitlon and flutter p=0.1424
n=2473 Male 111 884
: Female 57 480

16 Cardiai arrest p =0.7906
n=1533 Male 100 896
i Female 93 567

150 Hear_t {Zlhgne p=0.032
n= Male 82 706
PRI . Female 36 250

21 Acute myoca_r(;;aél infarction p=0.4634
n= Male 64 536
i Female 3 427

195 Hyp(ite;;sllon p =0.096
n= Male 7 334
: ias Female 29 339

149 Other cardlic arrhythmias p=0.1035
n =653 Male 29 339
i Female 35 303

7 Paroxysmal tachycardia p=0.4673
n =625 Male 35 252
i Female 36 250

120 Ur\stab_le4 gxl'lgma p=0.2936
n= Male 64 536
Other causes Female 163 1092

. or caus p =0.0899
n Male 170 939

Afterward, how these interventions were concluded by the Medical Emergency Team
was assessed. The most common decision was for the patient to be directly transported
and received by the hospital emergency department or emergency room (totaling 16,465
cases, which is equal to 61.7% of all total cases). In turn, in the case of 8732 calls (29.18%),
help was granted on-site of the intervention, without the need to continue diagnostics
and treatment in hospital. The statistical assessment indicated the occurrence of statistical
significance (Table 2).

Table 2. Reasons for medical interventions of the Voivodeship Emergency Medical Teams in Katowice in 2018.

Form of Conclusion Rural Urban
Other than aforementioned 74 (2.8%) 581 (2.4%)
Medical emergency operations abandoned 46 (1.7%) 528 (2.2%)
The person who was helped was directly transported and received by o o
the hospital organizational unit 11 (04%) 1770.7%)
The person who was helped was directly transported and received by o o
the hospital emergency department or emergency room 1593 (59.6%) 14,872 (62.1%)
The person who was helped was not transported to the hospital 949 (35.5%) 7783 (32.5%)

emergency department or emergency room
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In the last part, the time that passed between the call was received and the arrival of
the Medical Emergency Team to the intervention site. The average arrival time to urban
areas was 9 min and 12 s & 3 min and 54 s, whereas in rural areas it was 11 min and
57 s £ 4 min and 32 s (p < 0.05).

4. Discussion

Cardiovascular diseases constitute the first most common cause of death worldwide;
the same tendency was also noted in Poland [18]. Due to this, they form a huge challenge
for the Medical Services, Emergency Medical Services as well as for the state, whose
primary responsibility is guaranteeing the correct functioning of the system in sudden
life-threatening situations [19]. According to the knowledge of the authors, the comparison
of the trip characteristics made by the Medical Emergency Team within the territory of
the Silesian Voivodeship presented as part of this work is the first of this sort of analysis.
This type of analysis seems fully reasonable, as they allow for the assessment of how the
organized Emergency Medical Service is used by its users (reporters), and additionally the
societal awareness about the purpose of the system itself. Moreover, it also indicates the
further decisions made in the given situations, which allows for determining the strengths
and weaknesses of the system, and therefore, gives the ability to improve the system
further [12,20-22]. Furthermore, such analyses are a valuable resource for developing
preventive programs, indicating the target recipient group, and thanks to this, there is the
possibility to create a campaign that will be met with a positive societal response [23,24].

Based on the obtained data, it was determined that decidedly, more often cardiovascu-
lar diseases were identified in men more than in women. This indicates that risk factors
predisposed to the appearance of cardiovascular disease do not differ in a significant way
between men and women. Simultaneously, however, it is worth noting that individual
factors may have different severity in affecting people of both sexes [25-28]. For exam-
ple, diabetes contributes 67 times more often to the development of ischemic disease in
women, whereas only 2-3 times in men [29,30]. The most common reported cardiologic
problem was primary hypertension. In 65% of accepted cases, the decision was made that
it was necessary to grant further specialist healthcare in the Hospital Emergency Ward.
Whereas, in nearly ! /3 of cases the help was granted on-site. This suggests that the majority
of primary hypertension cases could constitute a direct threat to the life and health of a
person, and furthermore, shows that the decision and assessment made by the distributor
were correct [13]. Indirectly, this may also indicate the ability that the distributor possesses
throughout the initial interview, in collecting key information about the health state of the
patient, as well as the ability of the person reporting the situation to describe it to ask for
help [2,13]. A similar tendency was observed for the second most common cause for calls
for the Medical Emergency Team, which is atrial fibrillation and flutter as well as heart
failure, which constitutes the third most common cause for interventions being made by
the Medical Emergency Team.

However, a key element of the Emergency Medical Service system is also the time
taken between accepting a call by the distributor and the arrival of the Medical Emergency
Team. According to the act currently in effect about the Emergency Medical Services in
regions in which over 10,000 residents are located, the time of arrival for the Medical
Emergency Team in urban areas should not be more than 8 min, whereas in rural areas it
should not be longer than 15 min [2]. A significant fact also seems to be that in the period the
act was being created, it was decided to move towards shortening the maximum allowed
time for arrival. First, in the act from 2001, it was decided that a Medical Emergency Team
should arrive in urban areas in 20 min and to rural areas in 30 min [1,2]. The changes that
were made by the legislator between 2001 and 2006 aimed to use the so-called “golden
hour” in the best way possible, as it could decide whether the victim survives or not [31].
The data obtained by us alongside the existing recommendations indicates a shorter than
required time for arrival to the victim in urban areas at 9 min and 12 s & 3 min and 54 s,
whereas for rural areas the time taken is 11 min and 57 s & 4 min and 32 s [2]. It can also
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be determined that the average arrival time by the Voivodeship Ambulance Service in
Katowice is close to the time noted by other teams, such as the Voivodeship Ambulance
Service in Lublin which averaged out to be 8.55 £ 5.16 min [20], whereas in the Otwock
county the average time was 9.39 & 6.87 min [32].

5. Conclusions

In conclusion, it can be observed that the Emergency Medical Services in Katowice
function according to the intentions of the legislator. The obtained data also indicates a
high societal awareness about the correct functioning and purpose of the Medical Emer-
gency Team.
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Abstract: Nowadays, humanity faces one of the most serious health crises, the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. The severity of coronavirus disease 2019
(COVID-19) pandemic is related to the high rate of interhuman transmission of the virus, variability
of clinical presentation, and the absence of specific therapeutic methods. COVID-19 can manifest
with non-specific symptoms and signs, especially among the elderly. In some cases, the clinical
manifestations of hyponatremia may be the first to appear. The pathophysiological mechanisms of
hyponatremia among patients with COVID-19 are diverse, including syndrome of inappropriate
antidiuretic hormone secretion (SIADH), digestive loss of sodium ions, reduced sodium ion intake
or use of diuretic therapy. Hyponatremia may also be considered a negative prognostic factor in
patients diagnosed with COVID-19. We need further studies to evaluate the etiology and therapeutic
management of hyponatremia in patients with COVID-19.

Keywords: SARS-CoV-2; COVID-19; SIADH; dyselectrolytemia; hyponatremia

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is part of the beta-
coronavirus family and causes coronavirus disease 2019 (COVID-19) [1,2]. In March 2020,
the World Health Organization (WHO) declared COVID-19 a pandemic, one of the most
severe pandemics that humanity has faced over time [1,2]. Worldwide, there have been
45,921,698 cases of SARS-CoV-2 infection and 1,193,909 deaths, these numbers increasing
alarmingly with each passing day [3].

In most cases, this viral infection manifests with pneumonia, characterized by fever,
dyspnea, cough, and bilateral interstitial infiltrates on chest X-ray examination [4]. Ac-
cording to one study from the USA, among the most frequent symptoms encountered in
patients with COVID-19 are cough, fever, myalgia, headache, dyspnea, sore throat, diar-
rhea, nausea/vomiting, loss of smell or taste, abdominal pain, and rhinorrhea [5]. These
patients can also present thrombotic manifestations, conjunctivitis, dermatological findings
like maculopapular urticaria, vesicular eruptions, or transient livedo reticularis [6,7]. Some
patients may even develop severe clinical forms, with acute respiratory distress syndrome
(ARDS), respiratory failure and multiple organ dysfunction and death [8]. In contrast,
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an important part of the COVID-19 patients can remain asymptomatic, which makes the
diagnosis more difficult [4].

2. COVID-19 and Hyponatremia

The clinical evolution of patients with COVID-19 can be unpredictable, as these
patients can develop a series of complications, as it is summarized in Table 1) [4,9].

Table 1. Complications of patients with COVID 19 [2,5]

Complications Syndromes, Diseases, Manifestations

Respiratory Acute respiratory distress syndrome (ARDS)
Pulmonary embolism

Cardiac Arrhythmias
Acute cardiac injury
Cardiomyopathy
Shock

Neurological Acute disseminated encephalomyelitis (ADEM)
Acute hemorrhagic necrotizing encephalopathy
Encephalopathy
Generalized myoclonus
Gullain-Barré syndrome (acute polyradiculoneuritis)
Meningoencephalitis
Posterior reversible encephalopathy syndrome (PRES)

Inflammatory Auto-antibody mediated manifestations
Exuberant inflammatory response
Kawasaki disease
Toxic shock syndrome

Secondary infections Bacterial /fungal coinfections

3. Incidence of Hyponatremia in Patients with COVID-19

Sometimes, patients with COVID-19 can present dyselectrolytemia, like hyponatremia,
which is defined by serum sodium levels less than 135 mmol/L. In many cases, this
electrolytic disorder is caused by a variety of factors [10,11]. Hyponatremia is the most
common electrolyte disorder seen in clinical practice and is associated with increased risk
of death [12]. This electrolytic disequilibrium is classified in hypovolemic, euvolemic, and
hypervolemic hyponatremia, each category’s therapeutic approach being different [2].

The most recognizable cause of hyponatremia is the syndrome of inappropriate antid-
iuretic hormone secretion (SIADH), found in about 40-50% of patients with this electrolyte
disorder [13]. These percentages may be higher in some conditions, such as traumatic brain
injury, subarachnoid haemorrhage or pneumonia [14]. STADH can occur in the evolution of
inflammatory diseases of infectious or non-infectious causes, malignant diseases, cardiovas-
cular or hepatic diseases, but also in the evolution of acute respiratory distress syndrome
(ARDS) [14,15]. Ho and colleagues reported the first case of COVID-19 associated with
SIADH manifested by new-onset seizures [16]. Yousaf et al. published a series of cases of
patients diagnosed with COVID-19 who also associated SIADH [17]. All patients included
in this study had severe acute hyponatremia. After excluding other possible etiologies,
these authors established that this hydro electrolytic disorder is secondary to SIADH [17].

4. Pathophysiology of Hyponatremia in Patients with COVID-19

In infectious diseases (i.e. COVID-19), haemodynamic disorders or an inadequate
immune response may cause kidney damage [18]. It is also possible that kidney cells are
directly affected by the infection, according to some studies that have demonstrated the
presence of viral particles in the proximal tubules and podocytes [18]. Renal cells express re-
ceptors and enzymes used by viruses as gateways, such as angiotensin-converting enzyme
2 (ACE2) [9,18]. This enzyme is also found in the lungs, heart and intestines, which explains

38



Medicina 2021, 57, 55

the damage of these organs in COVID-19 [18]. Another pathophysiological mechanism
that may explain the renal impairment in COVID-19 is inflammatory cytokine-induced
impairment. It is known that the cytokine cascade can cause a number of renal pathological
changes, as well, such as acute kidney injury (AKI), tubular necrosis, dysfunction of the
kidney proximal tubule, glomerulopathy and electrolyte abnormalities [9,18-20].

Hyponatremia was identified in approximately 35% of patients with pneumonia [2].
The presence of hyponatremia in patients with pneumonia has been associated with a
higher mortality rate, indicating the need for an early diagnosis and proper therapeutic
management, to improve the prognosis of these patients [2]. The literature also reports
that approximately 60% of patients with COVID-19 and watery diarrhea have moderate
hyponatremia. In this situation, hyponatremia is possibly secondary to viral replication
in the intestinal epithelial cells [21]. Ata et al. report the case of a young patient, known
with diabetes mellitus, who presented with diarrhea and abdominal pain. Laboratory
investigations identified hyponatremia (120 mmol/L), and the patient subsequently tested
positive for SARS-CoV-2 infection. In this case, the cause of hyponatremia was not clear,
but the authors suspected the association between SIADH and stool sodium loss to be the
culprit [22].

In order to establish the diagnosis and etiology of hyponatremia, a careful history
and physical examination are required; investigations such as serum sodium level, urine
sodium level, serum osmolality, urine osmolality, thyroid function tests and serum cortisol
may be needed (Figure 1) [23].

- Laboratory tests
. Hlstrgry e I—} * Serum sodium, osmolality and cortisol =% Diagnosis of hyponatremia
 Physical examination ¢ Urine sodium and osmolality

* Thyroid function

Figure 1. Diagnostic algorithm in hyponatremia.

In the pathogenesis of hyponatremia, interleukin-6 (IL-6) released by monocytes and
macrophages plays an important role; it induces the non-osmotic release of vasopressin
and secondary electrolyte disturbances [14]. IL-6 has also been shown to be involved
in the pathophysiology of COVID-19 [13,17,24]. This explains the use and efficacy of
tocilizumab, a humanized monoclonal antibody against the IL-6 receptor, in the treatment
of patients with COVID-19 [25]. Other cause that may lead to increased ADH secretion
among patients with SARS-CoV-2 infection is volume depletion through digestive loss
(diarrhea or vomiting) or secondary to reduced oral fluid intake [26]. All these lead to water
retention and the secondary increase of ADH secretion. Numerous SARS-CoV-2-induced
comorbidities, such as pneumonia, respiratory failure, stroke etc., can also contribute to the
development of SIADH [26]. The most common cause of death in patients with COVID-19
is ARDS; secondary, the inflammatory syndrome characterized by the massive release of
cytokines and multiple organ failure may also contribute to the fatal evolution of these
patients [13].

A retrospective study in Italy looked at the clinical impact of hyponatremia and
the correlation with IL-6 levels in a group of patients diagnosed with COVID-19 [13].
Out of 29 patients, 15 had low serum sodium levels upon admission. There was an
inversely proportional relationship between serum sodium level and IL-6 level and a
directly proportional relationship between serum sodium level and PaO, /FiO; ratio [14].
The relationship between serum IL-6 and sodium was also suggested by a significant
increase in serum sodium 48 h after initiation of tocilizumab treatment [13]. Patients with
hyponatremia and COVID-19 have a worse prognosis compared with patients without
electrolyte disturbances [13].

A study that included 1099 patients hospitalized for COVID-19 in China showed an
average serum sodium value of 138 mmol/L (range 135-141 mmol/L) in these patients [27].
Another study conducted in New York, that involved 5700 hospitalized patients with
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COVID-19, including 55 solid organ transplant patients, showed an average serum sodium
level of 136 mmol /L (133-138 mmol /L) [28].

An article presents the case of a 55-year-old woman with kidney transplant, diag-
nosed with COVID-19, who associated hyponatremia since hospitalization (serum sodium
concentration upon admission <120mmol/L) [29]. This woman reported close contact
with a confirmed patient with SARS-CoV-2 infection; she had also suggestive symptoms,
respectively low-grade fever at home (temperature 37.4 °C), cough, dyspnea, headache,
decreased appetite, nausea, and fatigue [29]. Under these conditions, there has been a
suspicion of SARS-CoV-2 infection from the beginning. Another article presents the case
of a 57-year-old man with a history of hypertension and type 2 diabetes who presented
for dizziness, physical asthenia, headache, and nausea. This patient did not report close
contact with a confirmed case; the electrocardiogram and chest X-ray were normal. On ad-
mission, however, laboratory tests showed severe hyponatremia (serum sodium level upon
admission 112 mmol/L) and the RT-PCR test for SARS-CoV-2 proved to be positive [30]. In
all cases of COVID-19 and hyponatremia reported until now, the patients presented with
fever and radiological findings consistent with pneumonia [17].

Another study conducted in Hubei, China, evaluated the particularities of patients
diagnosed with COVID-19 and disorders of sodium balance [31]. Thus, 1254 patients
diagnosed with COVID-19 were enrolled. Of these, 9.9% (124 patients) associated hypona-
tremia (serum sodium below 135 mmol/L) and 2.4% associated hypernatremia (sodium
over 145 mmol/L) [31]. The presence of hyponatremia among these patients was associated
with old age, the existence of several comorbidities and diagnosis of severe pneumonia on
chest X-ray. Regarding the etiology of hyponatremia, digestive sodium losses, by diarrhea
or vomiting, could explain this hydro-electrolytic disorder only in a small number of
patients (8.7% diarrhea, 3.3% vomiting) [31]. However, another reason that contributed
largely to the development of hyponatremia in patients included in this study was renal
failure, with elevated blood urea nitrogen and creatinine levels. A possible explanation
could be the advanced age of patients with COVID-19 and hyponatremia and implicitly
multiple comorbidities, with impaired renal function. On the other hand, liver function
and serum albumin levels were normal in these patients, which significantly reduced the
likelihood of hypervolemic hyponatremia of nephrotic or hepatic etiology. Another hypoth-
esis is hyponatremia secondary to cardiac dysfunction. The pathophysiological mechanism
incriminated in this situation is the expression by myocytes of angiotensin-converting
enzyme 2 (ACE2), which acts as a viral receptor for SARS-CoV-2 and, implicitly, cardiac dis-
ease [31]. This study also provides additional evidence for the association of hyponatremia
in COVID-19 patients with SIADH. The possible causes of SIADH in this situation include
both the positive pressure ventilation (with non-osmotic stimulation of ADH secretion) and
the usage of antibiotics and corticosteroids [31]. Regarding symptomatology, hyponatremia
in SARS-CoV-2 positive patients was associated with a greater predisposition to fever
and nausea, and in terms of biological changes, with increased leukocytes, neutrophils
and high sensitivity C-reactive protein (HS-CRP). Hypernatremia was rarer in patients
with COVID-19 compared with hyponatremia (2.4% vs. 9.9%) [31]. The only differences
between patients with hypernatremia and those with normo-natremia were the clinical
complications and biological anomalies [25]. In terms of treatment, patients with hyperna-
tremia were treated more frequently with traditional Chinese medicine, as opposed to those
with hyponatremia, who required intensive oxygen supply, high doses of antibiotics and
corticosteroids [31]. Related to the duration of hospitalization, no significant differences
were identified between patients with hypernatremia and those with normo-natremia,
in contrast to patients with hyponatremia, who generally had more severe forms of the
disease and required longer hospitalization [31].

In a study on 323 patients with COVID-19, Carvalho et al. concluded that hypona-
tremia may be a factor pointing towards a bad prognosis. The authors showed that patients
with COVID-19 and hyponatremia had higher rates of admission to hospital, intensive
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care unit transfer, use of artificial ventilation and death, comparatively to patients with
COVID-19 and normo-natremia (34% vs. 14%) [32].

Table 2 summarizes the existing studies offering information about the incidence of
hyponatremia in COVID-19 patients.

Table 2. Original studies regarding the incidence of hyponatremia in COVID-19 patients.

Incidence of

Authors Reference Number of Patients Hyponatremia %
Berni, A.; et al. [13] 29 51.72
Choi, KW.,; et al. [21] 267 60
Hu, W,; etal. [31] 1254 9.9
De Carvalho, H.; et al. [32] 323 31

Until now, there are no studies published to show if there is a correlation between the
incidence of hyponatremia and the severity of COVID-19, there are only data from case
reports. This is an issue that should be clarified by future studies.

5. Hyponatremia Management in COVID-19 Patients

There are currently no clinical guidelines for the management of hyponatremia in
patients diagnosed with COVID-19. The therapeutic approach of this hydro-electrolytic
disorder depends, on one hand, on the etiology, and on the other hand on the volume
status and comorbidities of the patient. As specified above, the hyponatremia etiology in
patients with COVID-19 is multifactorial. According to existing data, the causes of hypona-
tremia include SIADH and digestive losses of sodium through diarrhea or vomiting [2].
The pathophysiological judgment is very important, because there are two therapeutic
strategies, fluid restriction therapy and electrolytic substitution therapy. Thus, in the case of
hypovolemic hyponatremia secondary to gastrointestinal fluid losses, reduced fluid intake
or the use of diuretic therapy, guidelines impose initiation of electrolyte replacement ther-
apy [2]. In the case of hyponatremia secondary to SIADH, fluid restriction is needed, that
may associate hypertonic saline administration, depending on the level of neurological im-
pairment. This therapeutic approach is relevant to avoid iatrogenic complications, such as
pulmonary edema and lung damage exacerbation secondary to SARS-COV-2 infection [2].

6. Conclusions

Hyponatremia is frequent among patients with COVID-19, who sometimes may
present only with symptoms and clinical signs secondary to this electrolytic imbalance.
The diagnosis of hyponatremia upon admission of a patient, in the context of COVID-19
pandemic, should nowadays rise the suspicion of a possible SARS-CoV-2 infection. The
causes of hyponatremia in these patients are diverse. It is very important to establish
the exact etiology of this electrolytic disorder, because therapeutic management differs
depending on its pathophysiological mechanism. Noteworthy, hyponatremia may be con-
sidered an unfavorable prognostic factor among patients with COVID-19. Future studies
are needed to evaluate the exact incidence, pathogenesis, and therapeutic management of
hyponatremia in patients with SARS-CoV-2 infection.
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Abstract: Background and Objectives: Caudal duplication syndrome is a rare association of anatomical
anomalies describing duplication of the hindgut, spine, and uro-genital structures, leading to varied
clinical presentations. The current literature focuses on case reports which describe the embryological
etiology and anatomical spectrum of the condition giving little attention to the surgical preparation,
the need for a well-structured follow-up program, or the transition into adult healthcare of these
complex patients. No reviews have been published regarding this complex pathology. Materials and
Methods: A review of caudal duplication syndrome cases was done to assess the range of the clinical
malformations, timing, and types of surgical interventions. Inconsistencies in multidisciplinary
care, follow-up, and risk events were described. Results: Hindgut duplication always involved
the anorectal region. Anorectal malformations were evenly distributed as unilateral and bilateral.
Colon duplication extended from the anal region to the transverse colon or ascending colon in
most of the cases and less to terminal. In females, genital duplication was present in all cases.
The follow-up period varied between 3 months and 12 years. In all adult females, the motive of
presentation was related to pregnancy (complications after successful delivery, fertility evaluation) or
late complications (fecalith obstruction of the end-to-side colon anastomosis, repeated UTIs with renal
scarring). Conclusions: Complex malformations affecting multiple caudal organs may have a strong
impact in many aspects of the long-term quality of life; therefore, patients with caudal duplication
syndrome need increased awareness and joined multidisciplinary treatment.

Keywords: caudal duplication syndrome; colorectal duplication; genitourinary duplication;
congenital malformation; pediatric surgery
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1. Introduction

Caudal duplication syndrome (CDS) is a very rare congenital cluster of anomalies.
Dominguez et al. (1993) defined it as an association of hindgut duplication, duplication of the
lower uro-genital tract, spinal cord, and vertebral anomalies at heterogeneous degrees of severity
resulting from a fetal insult at different stages of embryogenesis [1,2].

Considering the very low incidence of this malformation and the variety of clinical presentations,
the majority of published literature focus on description of the anatomical spectrum and the possible
embryological etiology and less on the short- and long-term surgical planning, implementation of a
structured follow-up plan, and the responsibility for transition of care into adult healthcare of these
complex patients [3,4].

Each type of gastrointestinal, genitourinary, and/or distal spine duplication, either partial or
complete cannot be discussed separately but together and its management must be adjusted to each
individual case. The purpose of treatment is to preserve or improve fecal and urinary continence,
maintain reproductive potential, allow a satisfactory sexual life with acceptable cosmetic appearance
of the perineum, and manage other neurological disabilities. All these will impact the long-term
morbidities and quality of life [5].

The impact of the malformations severity on the prognosis and risks of potential complications of
the surgical treatment can be reduced by a comprehensive anatomical and functional preoperative
evaluation, prospective multidisciplinary surgical planning, and active involvement of the patient and
family to assure collaboration and adherence to the follow-up plan.

The objective of this review is to recognize possible surgical management patterns used to treat
different clinical presentations of CDS, to examine the presence of gaps in patients’ care, to assess risk
events which can occur during life and might signal the need for planned intervention and identify
groups of patients with CDS which require special attention.

2. Materials and Methods

A literature review with the search term “caudal duplication syndrome” was done using open
access search engines PubMed, Science Direct, and Google Scholar by two independent reviewers.
We excluded duplicate references, conference abstracts, articles not in English, and cases which did
not describe the surgical management. Articles which described patients with duplicated digestive
system, genitourinary tract, spinal column, and the neural tube but also included duplications of the
lower limb were not included. A total of 279 articles were retrieved during the systematic search using
the specified criteria. The full text articles were reviewed, and the selected articles were saved using
reference management software. A total of 17 articles (3 case series and 14 case reports) with a total of
23 patients were selected for meeting the criteria. No literature or systematic review articles could
be found.

3. Results

Hindgut duplication in CDS always included the anorectal region (Table 1).
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Atanal level, anorectal malformation (ARM) was present at least on one duplicated side in all cases
with the exception of three patients without hindgut duplication and one patient with intra-sphincteric
location of both anal openings. Unilateral anorectal malformation was present in 7/23 cases (30.43%),
bilateral ARM in 7/23 cases (30.43%), and five cases were not described. The most common types of
anorectal malformation are perineal fistula or recto vestibular fistula. Colon duplication extended from
anal region to the transverse colon in 5/23 cases (21.73%), to ascending colon in 4/23 cases (17.39%),
and to terminal ileum in 2/23 (8.69%). In eight patients, the level of duplication was not specified.
In one patient, the appendix and proximal colon was duplicated while the sigmoid and anorectal
region was triplicated. Bladder and urethral duplication were always in the sagittal plane and was
present in all cases with the exception of two female patients (one with unspecified anatomy). In males,
genital involvement with complete or partial shaft duplication (glans duplication and one shaft) was
present in five out of seven patients. In females, genital duplication was present in all cases. Spinal cord
malformations (myelomeningocele, tethered cord, cord lipoma, hydrosyrix) were reported in half of
the cases. The vertebral spine, most commonly defects of fusion and hemivertebrae, was involved in
14/23 cases (60.86%). Associated anomalies outside of the caudal region included the abdominal wall
(omphalocele), cardiac malformations (patent ductus arteriosus, ventricular septal defect, atrial septal
defect), gastro-intestinal (Meckel diverticulum, malrotation, duodenal atresia, small bowel atresia,
esophageal duplication cyst), or limb malformations (unilateral lower leg hypoplasia), without being
consistent in prevalence. Prenatal ultrasound evaluation was done in only 2 patients without a prenatal
diagnosis of CDS and no further Magnetic resonance imaging (MRI) evaluation. In 19/23 cases (82.60%),
the child was evaluated in the first year of life due to the evident malformations of the perineum.
In cases with non-obstructive symptoms due to less severe malformations or inconsistent follow-up,
evaluation was delayed until complications occurred. The most common surgical interventions
in the first month of life were colostomy for anorectal malformation with obstructive symptoms,
acute abdomen (entero-vesical fistula) or omphalocele repair. After this age, the motive of presentation
was related to complications: severe dermatitis because continuous dribbling urine, fecal incontinence,
long term constipation or for cosmetic correction of the perineal region in asymptomatic female
patients. Functional evaluation of the bladder is inconsistently reported and was done in cases of
urinary incontinence. The most common associated urologic pathology was unilateral or bilateral
vesico-ureteral reflux. In male patients, penectomy or penile reconstruction was done in 3/5 cases or was
planned for future reconstruction in the rest of the cases. Only one author opted for vaginoplasty with
resection of the common wall for cosmetic reasons in two patients and in one other case one side of the
duplication was removed. All adult cases (age between 22 and 39 years) were females and the motive
of presentation was related to pregnancy (complications after successful delivery, fertility evaluation)
or late complications (fecalith obstruction of the end-to-side colon anastomosis, repeated UTIs with
renal scarring). All cases had limited surgical history (colorectal surgery in infancy) with no subsequent
events. All four female patients were sexually active with one or bilateral side vaginal use retained
the double vagina, all became pregnant and delivered by cesarean section. The main reasons for
delayed presentation were non-obstructive colorectal malformation (stooling present with the help with
suppository), no need for toilet training until school age (incases with urinary or fecal incontinence),
or lack of caregiver awareness. The follow-up period varied between 3 months and 12 years and was
longer in cases with fecal or urinary incontinence. Three of the adult females with history of colorectal
surgery as infants had no reported follow-up until presentation for current problems as adults. The life
events with the highest impact on occurrence of complications were the type of colorectal surgical
procedure (end-to-side anastomosis with recurrent episodes of fecal impaction which required multiple
hospital admissions and treatment), neglect or lack of awareness from caregivers (patients presented at
6 and 13 years old, respectively, with neurologic and continence problems) and pregnancy. A case of a
39-year-old female is presented with a history of three pregnancies, delivered with cesarean section
and no prior medical history. After deliveries, the patient had one side hysterectomy for leiomyomas,
two interventions for vaginal prolapse, one side ureteral reimplantation, three transurethral incisions
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of the bladder neck for inefficient bladder emptying, and one transurethral bulking agent injection in
the bladder neck for stress incontinence.

4. Discussion

The very low incidence of caudal duplication syndrome makes it difficult to develop expertise
and assemble a multidisciplinary team with participation in all the steps of care. Because of the
evident clinical features of the perineum, these cases are first assessed at birth. Prenatal examination
can diagnose clusters of severe anomalies which might not be recognized as CDS because of the low
awareness of this syndrome [6,7].

e  Management of colorectal duplication

If the baby has efficient bowel movements, is preferably breastfed, is gaining weight, and no
other severe associated malformations require surgical intervention, we recommend delaying further
treatment until a complete assessment of the types and extension of malformations is done and an
individually tailored treatment plan can be made bringing the family together with the multidisciplinary
team. The type of malformation determines the surgical strategy at birth: primary repair (not the best
choice in these complex patients), temporary anal calibrations to ensure efficient bowel movements
until definitive repair or colostomy creation. The purpose of surgical reconstruction is to have a single
anal opening located within the complex muscle either by removal of the anal side opening outside
of the sphincter [7,8] or joining of the two anorectal ends and positioning in the muscle sphincter [9].
Depending on the duplication length and anatomical variant, if the two duplicated colons are not
fused and have a separate blood supply, one side should be removed if not, stripping of the mucosa
on the non-dominant side [10] or stapling the common wall [9] (similar with stapling the common
wall in Duhamel procedure [11]) to ensure efficient emptying, to avoid complications such as severe
constipation [12] with fecal impaction, volvulus, or neoplastic changes. End-to-side anastomosis of the
two colonic lumens should not be the first option because of the risk of stenosis at the anastomotic site
in the long-term with fecal impaction and proximal colitis [3]. This can also make difficult efficient
emptying of both lumens if antegrade continence will be required in patients with low the potential for
fecal continence [9].

e  Management of bladder and urethral duplication

Sagittal urethral duplication (side-by-side) is associated with bladder duplication and is specific
for CDS. The two bladders can be completely separate or have a sagittal septum (most commonly
two asymmetric sides) each with a ureter from the ipsilateral kidney and its own urethra. Urologic
management in the first year of life is almost always conservative. Anatomic evaluation should be
complemented with bladder function assessment especially in symptomatic patients. The goal is to
avoid recurrent urinary infections, to ensure there is efficient emptying of both bladders and urinary
continence. In most female patients, unilateral removal of the urethra is not necessary if asymptomatic.
In males, the urethra will be excised when the decision for cosmetical penectomy is made [13], and it can
be postponed until adolescence to let the patient decide, to assess penile growth and erectile function.

Assessment of continence potential is important in the development of any anorectal and urinary
reconstruction plan. The type and severity of spinal cord and sacrum malformation have a direct role
in predicting the fecal and urinary continence [14,15]. This can be assessed very early on and will
influence the choice of surgical procedures as for example the decision to remove the bladder septum
creating a bigger capacity bladder with bladder neck ligation and ipsilateral urethral removal or to keep
the one or two appendices for antegrade continent enema (ACE)and/or appendicovesicostomy [16].

e  Management of genital duplication
Gender distribution shows a predilection of CDS in females with a complete but well-developed

duplicated external and internal genital organ and preserved ovarian function. Almost always,
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corrective genital surgery in females is not necessary unless one side is hypoplastic and might cause
menstrual flow obstruction or for cosmetic concerns, in which case, it can be removed [10]. If congenital
uterine anomalies such as septate or subseptate uteri have a risk for reduced conception rate, increased
risk of first trimester miscarriage (especially with septal implantation), preterm birth, and fetal
malpresentation, patients with didelphys uterus do not appear to have reduced fertility and have
less pregnancy complications, but might be at increased risk for preterm labor [17]. All our adult
female patients carried pregnancies to term and in three out the four cases [3,18-20] presented for
pregnancy related issues (genetic counseling, symptomatic ureteral compression or vaginal prolapse,
and voiding dysfunction after multiple pregnancies). Cesarean section was performed in all cases.
In cases with a history of multiple abdominal surgeries and depending on the complexity of procedures,
the cesarean surgery should be assisted by a colorectal surgeon and/or urologist. Male patients present
with complete or partial penile duplication and are more likely to be corrected for cosmetic reasons
with removal of one of the abnormal shafts [13] or penoplasty [12]. There are no reports assessing
fertility and sexual function into adult age in CDS male patients.

e  Support groups and quality of life

The importance of active involvement of family members and the patient itself is well recognized,
but not always available. Parents must cope with the difficulty of accepting and adjusting to their child’s
condition, coordinate appointments with different healthcare providers, find information about their
child’s malformations, manage the financial demands of long-term medical care, and locate appropriate
care centers [21,22]. Factors such as low income, socially disadvantaged groups, and inaccessible
educational materials due to rarity of the malformations, limited access to information or lack of support
groups can negatively influence adherence to the treatment plan. Quality of life in patients with CDS
is unreported but it is known the long-term impact of incontinence and sexual dysfunction in patients
with anorectal malformations. Spinal malformations such as myelomeningocele can lead to lower
limb paralysis. The goal of management plan is to reduce disability early on by implementing bowel
management programs in cases with low continence potential and the need for robust transitional care
arrangements to enable continued management in adulthood [19,23]. The process of transition should
start in early adolescence and the adult care provider who will assume care of the patient should be
identified early in the process, when possible [3].

Our literature review has numerous limitations which influence the value and objectivity in
making recommendations. We are aware of the difficulty of extracting consistent data and providing
statistically significant results. There is a high heterogeneity in data reporting in case reports or case
series articles, with ambiguous nomenclature used to describe the anatomy or details regarding surgical
procedures and incomplete information about the extent of multi-organ malformations. The term
“caudal duplication syndrome” was introduced in 1993, but there still are inconsistent ways of naming
it (e.g., cloacal duplication).

5. Conclusions

Caudal duplication syndrome should receive more attention from the pediatric surgical community
regarding team approach and data collection. It is not sufficient to report the anatomical particularities
of a case. Similar to other rare and complex malformations which affect the caudal region and have
an impact on the quality of life (for example, bladder exstrophy or cloacal exstrophy), patients with
caudal duplication syndrome deserve a better integrated care to improve outcomes.
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Abstract: Introduction: The larvae of Echinococcus, a parasitic tapeworm, cause hydatid disease.
The most commonly involved organ after the liver is the lung but there are cases of hydatid cysts
in all systems and organs, such as brain, muscle tissue, adrenal glands, mediastinum and pleural
cavity. Extra-pulmonary intrathoracic hydatidosis can be a diagnostic challenge and a plain chest
x-ray can be misleading. It can also lead to severe complications such as anaphylactic shock or
tension pneumothorax. The purpose of this paper is to present a severe case of primary pleural
hydatidosis, as well as discussing the difficulties that come with it during diagnosis and treatment.
Case Report: We present the case of a 43-year-old male, working as a shepherd, presenting with
moderate dyspnea, chest pain and weight loss. Chest x-ray revealed an uncharacteristic massive right
pleural effusion and thoracic computed tomography (CT) confirmed it, as well as revealing multiple
cystic formations of various sizes and liquid density within the pleural fluid. Blood work confirmed
our suspicion of pleural hydatidosis with an elevated eosinophil count, typical in parasite diseases.
Surgery was performed by right lateral thoracotomy and consisted of removal of the hydatid fluid
and cysts found in the pleura. Patient was discharged 13 days postoperative with Albendazole
treatment. Conclusion: Cases of primary pleural hydatidosis are very rare but must be taken into
consideration in patients from endemic regions with jobs that may have exposure to this parasite.
Proper treatment, both surgical and antiparasitic medication, can lead to a full recovery and a low
chance of recurrent disease.

Keywords: primary; pleural; hydatidosis; Albendazole; echinoccocus
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1. Introduction

Hydatidosis is a parasitic disease caused by the Echinococcus larvae. There are four species of
worms responsible for the presence of this disease in humans; however, the most frequent ones that
cause cystic echinococcosis are granulosus, 95% of cases, and multilocularis. Echinococcus is a zoonotic
disease requiring two mammals, one intermediate host (sheep or cattle) and the definitive host in dogs,
wolves or foxes [1].

Batsch first described the form of Echinoccocus granulosus in 1786 and the first case described
in the literature of a hydatid cyst is attributed to Bremser in 1821 [2]. In 1908, Rudolphi published
a parasitology treaty where the term of hydatid cyst was first used [3]. In most cases, the primary
localization of hydatid cysts is in the liver (60-80% of cases) with the lung being the second most
common location (10-30%). In the remaining 10-15% of cases, either by haematogenous or lymphatic
dissemination or through the veno-venous anastomosis of the Retzius space, the parasite can be found
in any organ, tissue or cavity [4]. Primary pleural hydatid cyst is a very rare occurrence and is most
often solitary [5].

Human contamination occurs by ingestion of parasite eggs by contaminated food, water or
direct contact with the host. Even if hydatid cysts can develop anywhere in the body, liver and lung
development are the most common. Pleural hydatidosis is a very rare disease, most cases being
secondary to peripheral lung cysts that rupture or herniate in the pleural cavity.

Primary pleural hydatid cysts fall under the category of extra-pulmonary intrathoracic cysts,
alongside those found in the parietal pleura, mediastinum, pericardium, diaphragm, fissures and chest
wall, by either lymphatic or hematogenous dissemination.

2. Case Presentation

A 43-year-old male came into our department complaining of chest pain, dyspnea, persistent cough
and weight loss; symptoms appeared during the last three months. From the patient history, we found
that he was a heavy smoker, occasional consumer of ethanol as well as working with livestock
as a shepherd. A routine chest x-ray showed a massive pleural effusion in the right hemithorax,
with multiple round-shaped opacities within it. Blood work revealed an elevated eosinophil level
(10%) with no other modified parameters. To confirm our suspicion of hydatid disease, we performed
a thoracic CT scan, which revealed a large pleural effusion with multiple cystic formations of varying
sizes within it (Figure 1).

Figure 1. Computed tomography (CT) view of primary pleural hydatid disease.
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After complete investigation of the patient, we started preoperative antiparasitic treatment with
Albendazole 15 mg/kg/day for 6 days and then surgery was performed by using a lateral thoracotomy
through the fifth intercostal space. After opening the pleural cavity, we introduced a hypertonic
saline solution as well as oxygenated water 10% in order to inactivate the scolices. After draining
approximately 4 L of ivory-colored fluid from the pleural cavity we discovered several hundred
hydatid cysts with sizes ranging from 1-2 mm to 5-6 cm and the right lung was collapsed in the hilum.
Cysts were round, well defined with a clear liquid content. Besides the intact cysts, we also found
several ruptured ones, which evacuated and further contaminated the pleural cavity (Figure 2).

Figure 2. Intraoperative view of primary pleural hydatidosis.

After removing all the cysts from the pleural space, we performed several more pleural lavages
using a hypertonic saline solution as well as an iodine solution. Further inspection revealed no other
cysts in the lung, pleura, diaphragm, mediastinum or pericardium. In addition, there was no sign
of rupture or migration of the cyst from any other thoracic organ, leading us to conclude that it was
a primary pleural hydatidosis. Before closing, we inflated the lung and there was no air leakage and
no other visible lesions on the parenchyma. We placed a single chest drain and the thoracotomy was
closed in layers.

Parasitological tests performed on the pleural liquid as well as the parasitic material removed
during surgery confirmed the presence of Echinoccocus. Additionally, IGG-specific ELISA tests
performed from the pleural liquid confirmed the same.

Chest x-ray performed first day postoperative showed an almost fully expanded lung with no
fluid or pneumothorax and a pleural drainage of approximatively 600 mL. The patient also received
antiparasitic treatment with Albendazole 15 mg/kg/day. The patient spent 2 days in the intensive
care unit (ICU) and was discharged on the 13th postoperative day with the indication of continuing
Albendazole treatment for 1 year with 15 mg/kg/day due to the severity of the disease.
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Follow-up showed no signs of recurrence with a normal chest x-ray and an improved lung volume
function at one month, 6 months and 1 year.

3. Discussion

Larvae of the Echinoccocus parasite cause hydatid disease and humans are an accidental host
either from consuming contaminated meat or from unwashed fruits and vegetables [1].

Dévé published the first significant study on secondary pleural hydatid disease in 1937 and his
conclusions were that all pleural presentations of hydatidosis were secondary to either a lung or
liver dome cyst that ruptured into the pleural space, stating that primary pleural hydatidosis does
not exist [6]. However, future case reports, such as that of Rakower published in 1964, point to the
existence of this pathology [7].

Although most hydatic cysts form in the liver or the lung, due to the possibility of haematogenous
dissemination, lesions can develop anywhere in the body. Most common cause of pleural hydatidosis
is by either trans-diaphragmatic contamination from cysts located in the right upper hepatic lobe or
from the rupture of a peripheral lung cyst [8].

Primary pleural hydatid cysts fall under the category of extra-pulmonary intrathoracic cysts,
alongside those found in the parietal pleura, mediastinum, pericardium, diaphragm, fissures and
chest wall. Primary pleural hydatidosis manifests as the presence of either a solitary pleural hydatid
cyst or as a parasitic pleural effusion [5]. Massive pleural effusions are usually of malignant origin
(58% of cases), parapneumonic (23%), tuberculosis (10%), with the remaining cases having diverse
origins [9]. Parasitic pleural effusion developed in the case of Echinoccocus is more frequently found as
a complication of either a pulmonary hydatid cyst that ruptures in the pleura or as a liver hydatid cyst
with intrathoracic development. Parasitic pleural effusion is extremely rare and unusual in medical
practice [10].

Primary pleural hydatidosis is found in less than 1% of hydatidosis cases [11]. In our case,
we could not find any lesions of the pulmonary parenchyma or any other thoracic lesion. Due to this,
we concluded that in our case the diagnosis was that of primary pleural hydatidosis. Although not
frequent, primary pleural hydatidosis has been presented as an exceptional situation for hepatic
hydatidosis [12,13]. Primary development of a hydatid cyst within the parietal pleural structures
is possible and can later lead to hydatid pleural effusion. The histological structure of the cystic
membranes allows the passage of calcium, magnesium, water, urea as well as other nutritional
substances that may pass through by diffusion and favor the development of the cyst [14].

The symptoms presented depend on the localization of the cyst and the degree of compression of
the local organs [15]. There have also been reports of primary hydatid cysts in various organs such as
the heart [16], soft tissue [17], adrenal gland [18] and brain [19].

Symptoms of pleural hydatidosis are similar to those found in pleural effusions such as dyspnea,
mediastinal shift and reduction in lung volume. Even so, up to 15% of cases can be asymptomatic [20].
However, these can also be present alongside chest pain and other signs of cardiac or vascular
involvement or compression [21]. Hydatid disease is also a rare cause of recurrent acute pulmonary
embolism. This complication may develop after invasion of the cardiovascular system or direct
invasion of the inferior vena cava [22].

In diagnosing hydatid disease, the most important part is played by imaging studies.
Standard chest radiography alongside computed tomography, not only helps in diagnosing the
disease but it also plays a role in the planning of surgery. Some radiological signs are pathognomonic
for hydatid disease such as the presence of daughter cysts, water-lily sign (for ruptured cysts),
and serpent sign (ruptured and completely evacuated cysts) [23]. Other tests such as skin tests,
complement fixation, blood eosinophil count and indirect hemagglutination tests can be used, but must
be interpreted carefully as they have a tendency towards false-positive results [24]. In addition, even if
an ultrasound would be very useful in diagnosing liver cysts, it is rarely used for cysts in the thorax,
with the exception of a chest wall hydatid cyst [25,26].
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However, information provided by performing an ultrasound in such cases might bring significant
information, complementary to those reported by other imagistic studies such as computed tomography;
moreover, it can be safely performed in pregnant patients in whom such lesions are suspected [27,28].
Therefore, in pleural hydatidosis ultrasound might reveal suggestive aspects such as complex cystic
lesions presenting double line sign whenever collapsed membranes exist [27]. In this respect,
ultrasound has been successfully added as part of the examination tools in cases in which intrathoracic
extrapulmonary hydatidosis is suspected, Gursoy et al. reporting the successful use of this method in
a case series of 14 patients [14].

Although fine needle aspiration is recommended in the diagnosing of primary liver hydatid cysts,
due to the high risk of complications such as pneumothorax, haemoptysis, cyst rupture, anaphylaxis and
dissemination, performing this procedure on cysts located in the lung is not advised [29]. If we were to
ignore the risks associated with this procedure and perform it, the most likely result is the discovery of
hydatid material in the aspirated liquid.

However, in particular cases, puncture might orientate the diagnostic; therefore, in pregnant
patients in whom the imagistic methods of evaluation are restricted due to the risk of fetal irradiation,
performing an ultrasound examination and an ultrasound guided puncture might serve as an important
diagnostic tool; therefore, in the case presented by a French study group and published in 2011 the
authors reported the case of a 23-year-old patient who was investigated during the 22nd week of
pregnancy for chest pain and dyspnea in association with pneumothorax; after performing puncture
and establishing the diagnostic, the patient was further submitted to surgery, the cystic mass being
removed; meanwhile, two bronchial fistulas were identified which were successfully sutured while the
remaining cavity was capitonnaged [28].

The most common preoperative complications that may occur in pleural or lung hydatid disease
include empyema and pneumothorax [30], but there are rare cases where, due to the rupture of the
cysts, the patient can suffer from anaphylactic shock. There have even been cases of patients presenting
with tension pneumothorax caused by the rupture of a lung cyst [31]. Several representative studies
with patients with pulmonary hydatid cysts concluded that the rupture of the cyst in the pleural cavity
is the most severe complication of the disease, alongside anaphylactic shock [32].

The main treatment in hydatid disease consists of surgery followed by medical treatment with
antiparasitic medication. For pulmonary hydatid disease, the most common surgical approach is
by thoracotomy and resection of the cysts. However, when the disease is present bilateral a median
sternotomy is preferable [24]. The main goal of surgery is complete removal of the germinative
membrane after inactivation using a hypertonic saline solution [33]. Standard surgical procedure
consists of cystectomy and capitonnage; however, there are cases when an extended resection is
necessary when the surrounding tissue is diffusely involved or there is presence of local infection
or giant cysts. In all cases, local contamination during surgery must be avoided using a hypertonic
saline solution to inactivate the cysts. If this is not performed thoroughly the chances of a recurrent
disease increase significantly [34]. There are however several authors that consider that capitonnage
is not necessary after cystectomy and that only the bronchial openings should be sutured and the
cavity should be left open, arguing that capitonnage causes lung disfigurement, prolongs the operating
time and increasing morbidity [35,36]. For primary pleural hydatidosis, the same surgical principles
apply when it comes to approach and case management. Removal of the cysts and pleural fluid after
inactivation with hypertonic saline solution is mandatory, followed by chest drainage paired with
Albendazole treatment [14].

Antiparasitic treatment plays a key role in the management of any form of hydatidosis.
Most authors recommend treatment with one of two benzimidazole carbamates, Albendazole or
Mebendazole, which are the only drugs that interrupt larval growth of Echinoccocus species.
Some authors consider that preoperative antiparasitic treatment is very useful, especially in severe
forms of illness, and that it would reduce the recurrence by up to three and a half times [37]. In our
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opinion, preoperative antiparasitic treatment is extremely useful, especially in severe cases with a high
risk of recurrence and intraoperative dissemination, such as the case we have presented.

The most used treatment is with Albendazole, while Mebendazole is only used as an alternative
due to its adverse effects. However, antiparasitic treatment is recommended as anti-infection therapy,
while the main course of treatment remains surgical [38].

As it can be observed, primary pleural hydatidosis is a rare entity, only rare cases being reported
so far; experience gathered at this moment is rather related to case reports or case series presenting
cases of patients diagnosed with intrathoracic extrapulmonary hydatidosis in general. Data published
so far regarding this pathological entity are summarized into Table 1.

Table 1. Cases reported so far diagnosed with primary pleural hydatidosis.

Associated
Name, Period of No. of Location of Surgical Resections Medical Postoperative
Year the Study Cases the Lesion Treatment (no. of Treatment Complications
Cases)
Diaphragm Cystec.ton}y Albendazole
Chest wall Decortication Costal
Gursoy Mediastinum  Resectionand  resection-3 10 me/kg
etal., 2003-2007 14 ; X . during the None
Pleura repair of the  pericardial
2009 [14] X . . . next 3 months
Pericardial adjacent resection-1 X
. postoperatively
cavity organs
Pleural Riﬁ; ocvasltof
Marghli hydatid cyst in suture g’n tl;he
etal, 2011 1 a 23-year-old . None Not reported Uneventful
2011 [28] ¢ bronchial
pregnan fistula,
woman .
capitonnage
. Pleural Removal of
Mardani hydatidosis in the cyst,
etal, 2017 1 4 1d 1 Y l’ None Not reported Uneventful
2017 [13] a 33-year-o complete lung
woman expansion
. Pleural
Teward et hydatidosis in Removal of
al., 2009 2009 1 yee None Albendazole Uneventful
[12] a 28-year-old the cyst
woman
Rakower Mediastinum Removal of Pleural One patient
etal., 1954-1964 3 Chest wall the cvsts resection Not reported died due to
1964 [7] Pleura 4 septic shock

4. Conclusions

There are very few cases of primary pleural hydatidosis reported in the literature. In our case,
it was a diagnosis of exclusion for hydatid cysts within the pleural cavity, but with no obvious primary
lesion that would explain the local contamination.

Cases of primary pleural hydatidosis are very rare but must be taken into consideration in patients
from endemic regions with jobs that may have exposure to this parasite. Proper treatment, both surgical
and antiparasitic medication, can lead to a full recovery and a low chance of recurrent disease.

Antiparasitic treatment plays a key role in the management of any form of hydatidosis; however,
the main course of treatment is surgical.
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Abstract: Background and objectives: Breast cancer is among the most common cancer types encountered
during pregnancy. Here, we aimed to describe the characteristics, management, and outcomes of
women with pregnancy-associated breast cancer at a tertiary-level hospital in Romania. Material and
Methods: We retrospectively and prospectively collected demographic, oncological, and obstetrical
data for women diagnosed with cancer during pregnancy, and who elected to continue their
pregnancy, between June 2012 and June 2020. Complete data were obtained regarding family and
personal medical history and risks factors, cancer diagnosis and staging, clinical and pathological
features (including histology and immunohistochemistry), multimodal cancer treatment, pregnancy
management (fetal ultrasounds, childbirth, and postpartum data), and infant development and clinical
evolution up to 2020. Cancer therapy was administered following national guidelines and institutional
protocols and regimens developed for non-pregnant patients, including surgery and chemotherapy,
while avoiding radiotherapy during pregnancy. Results: At diagnosis, 16.67% of patients were
in an advanced/metastatic stage, while 75% were in early operable stages. However, the latter
patients underwent neoadjuvant chemotherapy rather than up-front surgery due to aggressive tumor
biology (triple negative, multifocal, or HER2+). No patient achieved complete pathological remission,
but only one patient relapsed. No recurrence was recorded within 12 months among early-stage
patients. Conclusions: In this contemporary assessment of real-world treatment patterns and outcomes
among patients with pregnancy-associated breast cancer, our findings were generally consistent
with globally observed treatment outcomes, underscoring the need for a multidisciplinary team and
reference centers.

Keywords: breast cancer; pregnancy-associated breast cancer; Romania

1. Introduction

Breast cancer (BC) is the most frequent female cancer worldwide, and the leading cause of
cancer-related death among women [1]. It is also one of the most common types of cancer encountered
during pregnancy [2,3]. Data regarding the global burden of disease between 1990-2017 among
Romanian women of fertile age (1549 years) reveal that although the number of BC-related deaths
has decreased, the importance of BC as a cause of mortality has increased by 38.51%. The estimated
probability of pregnancy-associated breast cancer (PABC) is 1.29/100,000 among women aged 15-49 years,
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mainly due to pregnancy at an older age. We expect 59 new cases of PABC per year in Romania
(Appendix A).

PABC guidelines were first introduced in 1999 [4]. Since then, substantial progress has been
made regarding management and follow-up care. In 2017, Romania joined the International Network
on Cancer, Infertility, and Pregnancy (INCIP). Globally, PABC accounts for 0.2-7% of BC cases [5-7].
PABC is not a single disease, but rather several diseases distinguished by the biological effects of
pregnancy, variations in serum hormone levels [8], extracellular matrix modifications, and distinctive
gene expression patterns in mammary epithelial cells [9]. Research over recent decades has focused on
identifying potential PABC biomarkers [10]. Cancer screening can be performed in pregnant women by
using a non-invasive prenatal screening test (NIPT) involving plasma cell-free DNA sequencing [11].
Higher maternal serum levels of cell-free DNA (cfDNA) are detected in cases of PABC with a euploid
fetus, likely due to both harbored fragments of cell-free fetal DNA and cell-free tumoral DNA [12-14].
It has been hypothesized that hypertension during pregnancy or preeclampsia may decrease the risk
of breast cancer development [15-17].

Traditionally, BC is considered PABC when the disease is diagnosed during pregnancy or in
the first postpartum year [18,19]. Breast cancer diagnosed between 1 and 10 years after childbirth
in women under 45 years of age seems to be a different entity, carrying increased risks of distant
metastases and death, which can be explained at the molecular level by the phenomenon of breast
involution [20,21].

In the recent past, the diagnosis of breast cancer during pregnancy has often been followed by
induced abortion, as many doctors, patients, and patients’ relatives have been concerned about the poor
prognosis and high risk of maternal death or fetal adverse reaction following the disease or treatments.
However, therapeutic abortion is no longer routinely recommended upon PABC diagnosis. With the
application of a standard treatment, experts consider the prognosis of cancer during pregnancy to be
similar to that in non-pregnant patients [22]. Studies have shown that BC diagnosis during pregnancy
may be delayed due to the fact that this pathology is not specific to pregnancy, and because of the
physiological increase of mammary gland size [23]. Staging and treatment regimens for PABC are
similar in non-pregnant patients. Surgery and sentinel lymph nodes biopsy (SNB) are allowed during
pregnancy, despite controversial findings regarding the safety and accuracy of the results [24,25]. SNB in
pregnant breast cancer patients appears to be safe and accurate using either methylene blue dye or
technetium 99 m (99 mTc) sulfur colloid and gamma probe according to a retrospective study [25].
However, recommendations from the American Society of Clinical Oncology (ASCO) still state that
pregnant patients should not undergo sentinel lymph node biopsy (SLNB), based on cohort studies and
informal consensus [26]. In contrast with ASCO, The National Comprehensive Cancer Network NCCN
concluded that insufficient data exist on which to base recommendations regarding the use of SLNB in
pregnant women and SLNB should not be offered to pregnant women under 30 weeks of gestation [27].

During surgery, pregnant women are considered at increased risk of hypoxemia, desaturation,
and thrombosis. The more advanced the term, the more difficult it is to intubate, especially obese
pregnant patients. The patient should be positioned as far as possible in the left lateral position to
avoid aortocaval compression and hypotension that decreases uterine vascularization. Intraoperative
cardiotocography for fetal heart rate monitoring may indicate a reduced fetal heart rate variability
during general anesthesia. Administration of intravenous tocolytic drugs, e.g., betamimetics or
atosiban may be used for the inhibition of uterine contractility [28,29].

In the second or third trimester, adjuvant or neoadjuvant chemotherapy (CMT) regimens include
anthracycline-based treatment, followed by taxanes (paclitaxel and docetaxel) [30-33], and the main
known fetal risks include intrauterine growth restriction and a small-for-gestational age newborn.
During the postpartum period, the recommended treatment includes anti-HER-2 targeted therapy for
HER-2+ tumors, and endocrine therapy for oestrogen-receptor (ER)-positive tumors. Radiotherapy is
considered relatively safe during the first and second trimesters of pregnancy, although this is based
on theoretical assumptions and few experiences [34,35]. In utero radiation exposure of >10 mGy has
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been associated with microcephaly, childhood cancers, and mental retardation [36—40]. Radiotherapy
during pregnancy remains controversial. Some guidelines suggest that it can be safely used in the first
or second trimester of pregnancy [19], while Romanian guidelines contraindicate radiotherapy for BC
during pregnancy [41].

Upon diagnosis of cancer during pregnancy, selection of the optimal treatment approach requires
a multidisciplinary team of healthcare professionals—including an obstetrician, a specialist in
maternal-fetal medicine, a medical oncologist, an oncology surgeon, a pediatrician, a geneticist,
a psycho-oncologist, and a radiotherapist. A multidisciplinary team can advise the patient and her
family about the available treatment regimens, the potential risks for both the mother and the fetus,
the prognosis, and the necessity of a long-term follow-up.

In the present study, we aimed to describe the characteristics, management, and follow-up care of
women with PABC at a tertiary-level hospital in Romania.

2. Materials and Methods

We performed retrospective and prospective collection of data regarding women who were
diagnosed with cancer during pregnancy and who elected to continue their pregnancy, between June
2012 and June 2020. 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 (3299/20 March 2020). The “Filantropia” Clinical Hospital
in Bucharest has departments specialized in gynecological oncology—including medical oncology,
pathology, radiology, obstetrics, and maternal and fetal medicine—as well as a tertiary-level maternity
ward equipped to provide neonatal resuscitation, and a counselling psychologist. Since 2015, a weekly
multidisciplinary team (including gynecologic surgeons, radiotherapists, oncologists, and geneticists)
meets to provide protocols for diagnoses and treatment plans (Figure 1) for any cancer patient.

Radiothe fter delives
15 Trim Surgery (racical preffered) wiwo Adjuvant Chemotherapy (from 2nd Trim) e LA —
w/wo__ Anti-Her2 targeted therapy (after delivery)
Surgery (radical preffered) wiwo Adjuvant Chemotheray wiwo  Radiotherapy (after delivery)
2nd Trim w/wo  Anti-Her2 targeted therapy (after delivery)
w/wo  Radiotherapy (after delivery)
Early stages Neoadjuvant Chemotherapy®  followed Surgery (conservative/radical) (ante or post-partum)
(11 Il)‘ — b oy Swgery{ eV POSUPAMUM)  po  Anti-Her2 targeted therapy (after delivery)
Surgery (conservative/radical) wjwo Adjuvant Chemotherapy (ante- and post-partum) wiwo  Radictherapy (after delivery)
w/wo  Anti-Her2 targeted therapy (after delivery)
T 2 ft |
3dTAm o cadjuvant Chemotherapy®  followed by Surgery (conservative / radical) postpartum wiwo - Radictherapy (after delivery)
w/wo  Anti-Her2 targeted therapy (after delivery)
Delivery** followed by Treatment according tumor type & stage '
15t Trim CO7sider abortion e — — —
¢ Tr atment ° m v
st Trim Belaytnel 2nd ek lowed by reatment according tumor type & stage
Advanced w/wo  Radiotherapy (after delivery)
2nd Trim Neoadjuvant Chemotherapy*®  followed Surgery (conservative/radical) (ante or post-partum)
stages = 2 4 ST eIl POSUPAMUM) w0 Anti-Her? targeted therapy (after delivery
(EaLlniy) Neoadjuvant Chemotherapy*®  followed by Surgery {conservative / radical) postpartum G LR e )
3rd Trim w/wo  Anti-Her2 targeted therapy (after delivery)
Delivery** followed by Treatment according tumor type & stage

Figure 1. Treatment algorithm. * For triple negative breast cancer (TNBC), HER2+ breast cancer (BC),
and some Luminal B cases. ** For a gestational age of >28 weeks. Trim = trimester.

Data were retrieved from the hospital registries and patient files. We obtained complete data
regarding family and personal medical history and risks factors; cancer diagnosis and staging; clinical
and pathological features, including histology and immunohistochemistry (IHC); and multimodal
cancer treatment. We also retrieved data about pregnancy management, including fetal ultrasound
evaluations, childbirth, and the postpartum period. Finally, we collected data regarding infant
development and clinical evolution after birth, up to 2020. In Romania, the National Insurance House
does not reimburse genetic testing for a tumor genome, for cancer risk or NIPT in pregnancy. Thus,
cancer genetic tests were available for few patients. Diagnoses were mostly suspected based on
patient self-examination, rather than a scheduled medical exam. Staging was generally established
by ultrasound assessment—with mammography or other imaging studies recommended only for
postpartum patients. Breast cancer was staged according to the American Joint Committee on Cancer
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(AJCC) Tumor-Node-Metastasis (TNM)-staging system [42,43]. Immunohistochemistry assessment
was used to categorize breast cancer into the following subtypes: Luminal A, Luminal B HER2-,
Luminal B HER2+, HER2+ (non-luminal), and triple-negative [44]. Data were analyzed descriptively.

Surgery was performed regardless of the gestational age of the pregnancy. For all cases, axillary
staging was performed by axillary lymph node dissection (ALND). For tumors greater than 2 cm
(determined by ultrasound), we offered neoadjuvant chemotherapy (NACT) starting in the second
trimester of pregnancy. Systemic therapy was performed using the same regimens and schedules as in
non-pregnant patients, including anthracyclines (epirubicin or doxorubicin/cyclophosphamide) and
taxane-based chemotherapy (paclitaxel, docetaxel). No dose-dense regimen was used. Chemotherapy
was stopped no later than 35 weeks of gestation, according to available international guidelines [19],
to avoid the delivery occurring during the time-frame of maternal pancytopenia, which could lead to
fetal complications (hematologic toxicities or infection) [19]. Due to the different gestational ages at
the start of systemic treatment, taxanes were usually given postpartum. Patients with HER2+ disease
received anti-HER2 targeted therapy (i.v. or s.c. trastuzumab, pertuzumab, or trastuzumab emtansine)
after delivery, according to the drugs’ label. The delayed administration of anti-HER2 therapy, for a
few weeks, after delivery, is unlikely to impact the outcome negatively. The four-year follow-up of the
HERA study suggested that patients who received delayed treatment with Herceptin at a median of
2 years following chemotherapy had a lower risk of relapse compared to patients who remained in
the observational, non-treated group [45]. For patients with luminal disease, postpartum endocrine
therapy disease was recommended. When indicated, radiotherapy was administered after delivery.

These high-risk pregnancy management options included fetal ultrasound assessment for
structural abnormalities and fetal growth, including Doppler evaluation (umbilical artery Doppler
assessment, ductus venosus (DV), middle cerebral artery, cerebroplacental ratio, uterine arteries) and
amniotic fluid level measurements after systemic chemotherapy, according to our local protocols.
Maternal and fetal echocardiography monitoring of the serial left ventricular ejection fraction was
performed before and after anthracycline-based chemotherapy administration. Corticosteroid treatment
for lung maturation was offered at between 28 and 32 gestational weeks. Birth induction was
rare and was mostly performed for obstetric indications (breech presentation, intrauterine growth
restriction with abnormal DV blood flow, placenta previa, first twin in non-cephalic presentation),
or if the maternal condition had deteriorated. Vaginal birth was preferred and recommended after
37 weeks. Breastfeeding was contraindicated while a mother was undergoing systemic treatment
or radiation therapy. Lactation was suppressed when continued cancer treatment was needed.
Newborns were clinically evaluated, subjected to echocardiography, and, if the mother agreed,
monitored every six months for physical and neurologic development and age-appropriate scores on
echocardiography evaluation.

3. Results

During the studied time period, 13 cases of PABC were managed at our hospital, with an average
of 1.62 new cases per year. Of these 13 cases, 12 are included in our analysis. One was excluded
because, while the patient underwent surgery, oncological treatment was postponed due to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. The 12 analyzed patients with
PABC gave birth to 13 babies (one pair of twins). During the investigation period, 30,355 children were
born in the Department of Obstetrics, and 295 new cases of breast cancer in women of childbearing
age (1649 years) were treated in our Medical Oncology Department. Among age-matched women,
the incidence rate of PABC was 4.4%.

Table 1 presents the patients’ characteristics. The mean age at diagnosis was 35 years (range,
24-38 years), with 91.67% of patients being over 30 years old. Two-thirds of the cases were among
patients 3640 years of age. BC was diagnosed during the second trimester in 41.67% of cases,
and during the third trimester in 33.33% of cases. Two patients were multigravida, five (41.67%)
primigravida, and five secundigravida. In all cases of multigravidity, <5 years had passed since the
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previous pregnancy. The lump was more frequently found in the right breast. Four patients had a
positive family history of cancer. None of the patients smoked or drank alcohol.

Table 1. Characteristics of the studied population.

Characteristics Number (N) %
Age at diagnosis
16-25 yrs. 0 0
26-30 yrs. 1 8.33
31-35 yrs. 3 25.00
36-40 yrs. 8 66.67
>40 yrs. 0 0
Gestational age at diagnosis
1st Trim 1 8.33
2nd Trim 5 41.67
3rd Trim 4 33.33
Post-partum 2 16.67
Reproductive factors
Menarche < 12 yrs 1 8.33
Menarche > 12 yrs 11 91.67
Spontaneous pregnancy 11 91.67
FIV 1 8.33
Primigravida 5 41.67
Secundigravida 5 41.67
Multigravida 2 16.67
Time since last birth < 5 yrs. 7 58.33
Time since last birth > 5 yrs. 5 41.67
Maternal BMI
(kg/m?) <185 1 8.33
18.5-24.9 6 50
25.0-29.9 5 41.67
>30 0 0
Tobacco use
Yes 0 0
No 12 100
Alcohol use
Yes 0 0
No 12 100
Family history of cancer
Yes 4 33.33
No 8 66.67

Table 2 presents the cancer characteristics, management, and issues. Disease-free survival (DFS)
was defined as the interval (in months) from the date of primary surgery to the first locoregional
recurrence or distant metastasis, as of 1 August 2020. Overall survival (OS) was the interval (in months)
from the date of diagnosis to breast cancer-related death. The majority of cases (75%) were diagnosed
in early stages. However, due to aggressive tumor biology, treatment was started with NACT in 8 of
12 patients. Among the analyzed cases, two were triple negative breast cancer (TNBC), five were HER2+
disease, one was multifocal multicentric disease, and two patients presented in the metastatic stage.
Among the 12 patients, 5 underwent treatment during pregnancy, which included anthracycline-based
chemotherapy, followed by treatment with taxanes. Taxanes were most commonly administered in
the postpartum period. Conventional adverse events were recorded, including nausea (grade 1);
hematologic toxicities, such as anemia and leukopenia (grade 1); alopecia (grade 1); and sensitive
neuropathy (grade 2). No experienced adverse events required that treatment be stopped or postponed.
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Patient No. 9 had TNBC and exhibited non-pathologic complete response (non-pCR), and received
capecitabine in the adjuvant setting. No patient achieved pCR with NACT. The same regimens were
used in the adjuvant setting for the patients with upfront surgery if chemotherapy was considered.

For the patients with HER2+ disease, trastuzumab was offered in one case, and trastuzumab
plus pertuzumab in two cases. One patient with non-pCR was offered trastuzumab emtansine in the
adjuvant setting. For the other patients, treatment was followed with trastuzumab alone. Only one
patient (No. 3) did not receive anti-HER2 treatment. After four cycles of AC, she opted for surgery.
On postoperative day 5, the patient-s general status worsened. She was diagnosed with metabolic
encephalopathy and brain edema and died six days after the surgical intervention. The family refused
the necropsy, so we do not have a conclusion for this case.

One patient (No. 5) received taxanes (docetaxel) and trastuzumab in the metastatic setting (lung,
liver, and bone). She achieved a partial response, but she left the country. After disease progression,
her treatment was switched to capecitabine, trastuzumab, and pertuzumab. However, after a few
months, we were unable to contact her anymore. She was the only patient lost to follow-up.

The most eventful follow-up was for patient No. 2, who was diagnosed at 32 years old during
her second pregnancy. She received NACT and underwent radical mastectomy. After four years
of adjuvant endocrine therapy (tamoxifen and goserelin), the patient developed bone metastasis.
Treatment was changed to fulvestrant and the bone-modifying agent zoledronic acid. Two years later,
liver metastasis occurred, and the patient resumed chemotherapy with capecitabine, gemcitabine,
and PLD. Meanwhile, several brain metastases were diagnosed and radiotherapy performed. In May
2020, the patient was diagnosed with contralateral BC, and a simple mastectomy was performed.
The pathology report showed a triple-negative disease in contrast with the initial luminal B tumor.

Except for two patients (No.5 and No.10) who were in the metastatic stage, all patients underwent
surgery, including radical modified mastectomy and ALND. A prophylactic contralateral mastectomy
was also performed in four cases: in one patient with BRCA1 mutation, one with Rad50 mutation
(variant of unknown significance (VUS), and two with no or unknown gene mutation. Five patients
(including the four with prophylactic contralateral mastectomy) underwent breast reconstruction—four
immediately after surgery, one delayed.

Patient No. 6 died immediately postpartum. This patient was a 37-year-old multiparous woman
with invasive ductal carcinoma G3, ER+, PgR+, HER2—, T4bN3M1 with skin metastases. She had
presented with a lump since her previous pregnancy and had been hospitalized due to general condition
degradation [46].

After birth, two patients (No. 11 and No. 12) received anti-HER2-targeted therapy with trastuzumab
and pertuzumab, in a neoadjuvant setting, but no pCR was achieved. They went on with an anti-HER2
treatment in an adjuvant setting, but the short follow-up did not allow any DFS consideration.

Adjuvant radiotherapy was offered to three patients. Hormonal therapy was offered to all six
patients with ER+ or PgR+ disease.

No patients were diagnosed with obstetrical complications of pregnancy, structural malformation,
or restrictive intrauterine growth. No cases involved premature rupture of membranes after NACT.
All patients gave birth by cesarean section, 50% due to obstetrical indications, and 50% due to maternal
request. All infants were in the 10th to 90th percentile for weight, with Apgar scores of >8 at 1, 5,
and 10 min. For the two patients with a deteriorated general condition, induction of labor or cesarean
section was indicated at 33 weeks, and these patients died in the postpartum period. Their babies were
admitted in NICU due to prematurity.

None of the patients in this series wanted an additional pregnancy after completing the treatment.
Two-thirds of the patients are currently free of disease with a follow-up of 5-101 months. All infants
have exhibited healthy development.
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4. Discussion

In this study, we performed a contemporary analysis of real-world treatment patterns and
outcomes among cases of PABC in a tertiary-level hospital in Romania. This hospital treated an average
of two PABC cases per year. Although this may seem small, it suggests that approximately 1568 women
of fertile age may suffer PABC throughout the European Union each year (Appendix A). We found
that PABC incidence was increased in association with increasing maternal age, with a mean age at
diagnosis of 35 years, and 91.67% of patients over 30. We also found that PABC was associated with
multiparity and shorter time (<5 years) between pregnancies. BC is commonly associated with genetic,
environmental, reproductive, and lifestyle factors. First childbirth at a young age (under 25 years) [47]
reduces the risk of luminal subtype tumors [48,49] and might provide a lesser degree of protection
against TP53 mutant premalignant lesions. TP53 has long been recognized as a potential mediator
of pregnancy-induced resistance to mammary carcinogenesis [47]. Later age at first pregnancy, and
pregnancy by in vitro fertilization in premenopausal or menopausal aged women are associated with
an increased possibility of PABC. PABC is considered rare, but its incidence shows an increasing trend
in parallel to increasing age at childbirth [6,35].

Our analysis confirmed that PABC was associated with prognosis factors, similar to those
reported among BC patients over 35 years of age. PABC is considered to have a worse outcome
than BC in non-pregnant women, partly due to its intrinsic biological aggressivity (TNBC, HER2+).
When diagnosed during pregnancy, BC exhibits aggressive behavior, more frequently occurring
as triple-negative or HER2+ positive disease. Apart from the hormonal influences on mammary
glands during pregnancy, we do not fully understand the interaction between pregnancy and breast
cancer carcinogenesis. Studies have demonstrated that young age (under 35 years) is a negative
prognostic factor for breast cancer. Compared to older patients, younger patients with breast cancer
more commonly exhibit factors associated with local recurrence and worse survival—including
non-luminal types, grade 3 tumors, lymphatic vessel invasion, necrosis, and lack of ER expression [50].
However, among total breast cancer deaths, 6.7% occur among women less than 45 years of age [51].
A multicentric analysis published in 2013 suggests that DFS and OS in BC patients under the age of 45
did not significantly differ between patients diagnosed and treated during pregnancy compared with
non-pregnant patients when controlled for stage, and with a median follow-up of 61 months [22].

Additionally, PABC diagnosis can be delayed because it is a rare pathology that is not obvious for
clinicians, and because diagnosis can be complicated due to physiological mammary modifications
and limited investigation possibilities in pregnant women [52]. In our study, 58.33% (7/12) of cases
were HER2+ and/or triple-negative. Of the 12 cases, 2 were diagnosed in the metastatic stage, and
another 7 cases were locally advanced (T3-T4 and/or N1).

Since 2012, all PABC cases at our hospital have received a standard regimen of chemotherapy in
the second and third trimester of pregnancy, resulting in incomplete remission. In cases of TNBC and
HER2+ disease, pathologic complete response is correlated with DFS and OS [53]. However, although
none of our patients achieved pCR, only one case exhibited recurrence (at five years). One possible
explanation for the lack of pCR is that no dose-dense regimen was used in order to avoid the use of
granulocyte colony-stimulating factor (G-CSF); although this is allowed by current guidelines [54].
For TNBC cases, NACT regimens did not include platinum-based therapy due to the limited data
available at that time; however, guidelines now consider this approach acceptable [55].

Our present analysis could be biased by the different lengths of the follow-up periods (very short
for recent patients), and by the differences in the therapeutic approach, which reflect updates of
oncology guidelines. In one case (No. 9), we used an adjuvant treatment with capecitabine, which is
reportedly associated with improved OS in non-pCR patients with TNBC after NACT [56]. In two
cases (Nos. 11 and 12), we used a neoadjuvant treatment with trastuzumab and pertuzumab, instead
of trastuzumab alone (the previous standard), to increase the pCR rate [57]; however, this regimen was
not used for case No. 8 (not reimbursed at that time). Additionally, for one HER2+ patient (No. 12)
with residual disease after NACT, we administered adjuvant treatment with trastuzumab emtansine

70



Medicina 2020, 56, 522

(TDM1), which is associated with a decreased risk of recurrence and improved DFS [58]. This treatment
was not available for the other HER2+ patients.

Guidelines recommend genetic testing for BRCA mutations in all breast cancer patients of <50 years.
This test was only performed in 33% of patients in our series. The increased frequency of genetic
mutation (VUS and BRCA1 mutations) in young BC patients may explain the different pathogenesis.
Genetic testing of all patients can allow treatment personalization and improved outcomes [59].

Although cases of PABC are considered high-risk pregnancies with known potential complications
(premature rupture of membranes and intrauterine growth restriction), our present series exhibited no
obstetrical events or infant-related complications.

The two cases of maternal death can be explained by the very long delay of diagnosis and
treatment, such that both cases showed advanced metastases at diagnosis and exhibited rapid general
clinical deterioration. In the case lost to follow-up in February 2017, the patient was diagnosed during
the postpartum period with invasive ductal carcinoma cT3NO (ER—, PgR—, and HER2+) with liver, lung,
and bone metastases. We obtained a partial response with first-line chemotherapy (docetaxel q3w and
trastuzumab q3w). Grade 2 sensitive neuropathy occurred after 10 cycles of chemotherapy and taxane
treatment; therefore, taxanes and anti-HER2 therapy were switched to capecitabine, trastuzumab,
and pertuzumab. Targeting HER2, e.g., with transtuzumab and lapatinib, is a major step towards
improvement of new cancer therapies, and is similar to targeting the estrogen receptor through
hormone therapy.

Our present results are in accordance with prior studies, confirming that pregnancy itself does not
seem to influence breast cancer outcome, with the therapeutic approach being similar between PABC
and BC in non-pregnant patients, according to the disease type and stage [60]. All infants exhibited
healthy development, and no cardiac side effects from chemotherapy were reported for either the
mothers or infants.

Our study has several limitations. Our analysis includes only a small number of patients due to
the rarity of PABC. INCIP register (including 37 centers from 16 countries) includes 462 cases of PABC
reported between 2005 and 2020, representing an average of 28 cases per year, and 12 cases per center,
over 16 years [35]. Additionally, a recent study including 11,846,300 deliveries between 1999 and 2012
reports an PABC incidence of 6.5 cases/100,000 pregnancies [61]. Our study only included patients who
underwent chemotherapy at our hospital. Since the patients had their diagnoses established by the
attending physician, we do not know the number of abortions performed upon request due to PABC.
Moreover, this study was non-analytical; there were no control patients for cases, and the treatment
protocols differed across the time period.

5. Conclusions

In conclusion, our present findings indicate that it is important for pregnant women to undergo
clinical examination of the breasts, to promote timely detection of the rare pathology of PABC, especially
in patients over 30 years of age. Pregnancy itself seems to be an independent factor affecting prognosis.
Case management and prognosis in PABC are similar in non-pregnant BC patients, determined
according to clinical stage, timely treatment, and patient age. Chemotherapy during pregnancy is
allowed after a gestational age of 16 weeks. No intrauterine growth restriction or small-for-gestational
age newborns were observed in our study. Due to the rarity of PABC, strengthening the means for a
global partnership may improve PABC survival.
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Appendix A

In 2017, 28% of pregnant women between the age of 30 and 34 years, 9.92% between 35 and
39 years, 0.09% aged 40-49, and three women older than 50 years were diagnosed with breast cancer in
Romania. Breast cancer (BC) remains a significant cause of death among Romanian women of fertile
age (1549 years), with a share of 8.8% in all causes of death in 2017. While the number of deaths caused
by breast cancer declined by 19.42% between 1990 and 2017, the importance of the disease as cause
of death increased by 38.51%. The incidence of BC in women of fertile age has increased by 39.44%
between 1990 and 2017 with an average annual growth rate of approximately 1.24%. A substantial
increase of BC was noted between 1990 and 1999 (26.70%), and between 2010 and 2017 (16.22%),
although the number of deaths decreased by 4.95% between 2000 and 2009. BC prevalence also
increased between 1990 and 2017, by 76.20%, or by 2.12% on average annually. Romanian women'’s
age at first birth has increased between 1990 and 2019—from 22.3 to 27.4 years. Maternal age at birth
has surged from 25 years in 1990 to 28.8 years in 2019, but the decade with the steepest increase was
1990-1999 (12%), followed by the 2000-2009 decade (7%) and the 2010-2019 decade (4.34%) with a
similar trend in the incidence of BC.

Table Al. Estimated probability of PABC

No. Indicator Romania EU

1) Number of women of reproductive age (1549 years) 4,585,074 113,108,086
2) Number of pregnancies 15-49 years 120,344.00 2,467,790.00
3) % incidence of pregnancies = (2): (1) 2.625% 2.182%
4) Prevalence of BC 1549 years 2260 71,890
5) % incidence of BC = (4): (1) 0.049% 0.064%
(6) % incidence of PABC = (5) x (3) 0.001% 0.001%
7) Number of PABC cases/100,000 women = (6) x 100,000 1.29 1.39

(8) Number of PABC cases 15-49 years = (7) X (1): 100,000 254 7091

EU—European Union, PABC—Pregnancy-associated breast cancer.

The estimated probability of pregnancy-associated breast cancer (PABC) is 1.29/100,000 among
women aged 1549 years in Romania, mainly due to pregnancy at an older age. We expect 59 new
cases of PABC per year in Romania. Throughout the EU, we expect that 1568 women of fertile age may
suffer from BC each year.

Data sets used for modeling the estimated probability of pregnancy-associated breast cancer
(PABC) in Romania and throughout the EU were the following:

e National Institute of Statistics, Romania—Tempo Database. Available online: http://statistici.insse.
ro:8077/tempo-online/ [62];

e  Eurostat Database of the European Commission—https://ec.europa.eu/eurostat/data/database [63];

e Romania Global Cancer Observatory 2020—https://gco.iarc.fr [64];

e  Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2017 (GBD
2017) Reference Life Table. Seattle, United States: Institute for Health Metrics and Evaluation
(IHME), 2018. Available online: http://ghdx.healthdata.org/gbd-2017 [65].
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Abstract: Background: Colosalpingeal fistula is a rare complication secondary to diverticular disease.
The pathogenesis is still not clearly understood. We present the case of a colosalpingeal fistula and
a review of the management of this pathology. Case report: A 69-year-old patient with uncomplicated
diverticular disease was referred to our department for recurrent vaginal discharge. The clinical
examination was unremarkable, hysteroscopy revealed the presence of air in the uterine cavity in the
absence of a uterine fistula. A preliminary diagnosis of colosalpingeal fistula was made and was
confirmed by computed tomography (CT) scan and hysterosalpingography. A one-stage surgery via
laparotomy was successfully performed with remission of the symptoms. Conclusion: Colotubal
fistula is a rare complication resulting from intestinal diverticular disease. The purpose of this paper
was to emphasize the presence of a rare, but serious complication occurring in diverticular disease
with atypical symptoms and one-stage surgery treatment.

Keywords: colosalpingeal fistula; enterotubal fistula; diverticular fistulation; diagnosis;
hysteroscopy management

1. Introduction

The colotubal (or colosalpingeal or salpingo-intestinal) fistula occurs in 2% of the cases with fistulas
secondary to diverticular disease [1]. The initial symptoms of this disease are not specific, but this
complication must be suspected in patients with persistent or recurrent vaginal discharge and a history
of diverticular disease. The specific diagnostic tests for this condition are computed tomography (CT)
scan and hysterosalpingography. The management options depend on the patient’s age and desire
to preserve fertility. We report a case of a menopausal women with known diverticular disease and
colosalpingeal fistula, managed in our gynecology department, with a review of the literature.

2. Case Report

A 69-year-old postmenopausal caucasic woman with previous two pregnancies and two deliveries
was referred to our department for a vaginal recurrent leucorrhoea which lasted for over one year despite

Medicina 2020, 56, 477; d0i:10.3390/medicina56090477 77 www.mdpi.com/journal/medicina
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multiple vaginal local treatments. Her past medical and surgical histories revealed two episodes of
diverticulitis managed with antibiotics, appendectomy, and breast cancer treated with breast-conserving
surgery followed by radiotherapy and hormonotherapy with complete remission of the disease.
Unlike other cases from the literature reports, our patient presented with gynecological problems and
her only symptom was the vaginal discharge, the patient did not complain about abdominal pain,
fever, or other symptoms. The clinical examination was unremarkable, and vaginal swab revealed
the presence of Escherichia coli and Streptococcus constellatus. The transvaginal ultrasound examination
showed a heterogeneous intrauterine collection. Hysteroscopy was performed as an additional exam.
The presence of air in the uterine cavity in the absence of uterine fistula or neoplasic process made
us suspect the tubo-intestinal fistula. The endometrial biopsy was compatible with endometritis
secondary to E. coli. To confirm the diagnosis, CT scan and hysterosalpingography were performed
and the communication between the tube and sigmoidal diverticulum was visualized (Figures 1 and 2).

Figure 1. Computed tomography (CT) scan: Left side—axial contrast—enhanced CT scan of pelvis

shows the presence of air in the uterine cavity (yellow arrow) and enlargement of left adnexa which
contains gas (red arrow); right side—coronal contrast—enhanced CT pelvis image with rectal lumen
(blue arrow), the air presence in the uterine cavity (yellow arrow), and the air in the tubal lumen
(red arrow).

Based on the medical history, age, and symptoms, elective surgical treatment was performed
by gastrointestinal surgeons. This was a one-stage surgery with sigmoidal and concomitant left
salpingo-oophorectomy and primary anastomosis. Intraoperative, the affected area of the colon was
densely adherent to the left fallopian tube. Inflammation was present in the proximal rectum, therefore
dissection was extended more distally and a low anterior resection with primary anastomosis was
performed. The colon and fallopian tubes were successfully separated using finger fracture technique.
Pathological examination confirmed the diverticular disease associated with neutrophilic cryptitis
and serosal inflammation. The 6.5 cm length fallopian tube was characterized by a dilated lumen.
At the microscopic level, the fallopian tube showed evidence of chronic and subacute salpingitis
whereas the peritubal environment revealed some stercoral debris mixed with extensive abscessation
beaches (see Figure 3A,B). There were no intraoperative complications. The patient had a favorable
evolution during hospitalization and was discharged home on day 7 post surgery. One month later,
she remained asymptomatic.
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Figure 2. Hysterosalpingography: (red arrow)—tubal lumen; (blue arrow)—intestinal lumen; (yellow arrow)
—tubeal fistula.

Figure 3. Microscopic examination: (A) H&E slide x5 magnification. Chronic and subacute salpingitis
(red arrow; tubal lumen—blue arrow). (B) H&E slide x10 magnification. Stercoral debris mixed with
extensive abscessation beaches (red arrow).
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3. Discussion

Diverticular disease is becoming more common, affecting up to 71.4% of the population over
80 years [2]. Literature reports an increase from 49,000 cases of diverticular disease in 2000 to more than
70,000 in 2006, the complicated diseases almost doubled between 1990 and 2005 [3]. Many conditions of
diverticular disease are described, from asymptomatic form to complicated aspects such as inflammation
and fistulation to the surrounding burden organs. The incidence of enteric fistula in diverticular
disease is about 2—-4%, reaching up to 20% in patients with history of surgical treatment of diverticular
disease [4]. Spontaneous colosalpingeal fistula secondary to diverticulosis is very rare (only 10 cases
reported in the literature) and may appear even during pregnancy [5,6]. The first case of sigmoidotubal
fistula was described in 1956 [7]. The prevalence of colotubal fistula is about 2% [1].

The colosalpingeal fistula is rare due to the tubal obstruction secondary to inflammatory process
at the tubal level. Although the pathogenesis is not fully understood, some authors hypothesized
that chronic inflammation is involved in the development of this pathology. The adhesions between
intestinal wall and the fallopian tube may occur during an acute episode of diverticulitis, resulting in
necrosis and fistula formation. This pathogenesis may explain the colosalpingeal fistula secondary to
diverticulitis or Crohn’s disease [8]. Fistula can occur also due to a diverticulum perforation with local
abscess formation and weakening of adjacent structures [9]. Moreover, the neoplastic fistula is formed
following the same mechanism of inflammation, epithelial necrosis, and destruction associated with
ulceration [10].

Colosalpingeal fistula occurs in the left tube in 93% of the cases, with the right tube affected in
only 7% of the cases, due to cecal diverticulosis [11]. Until now, only one case of bilateral salpingocolic
fistula was reported in the literature [12].

Colotubal fistulas are uncommon and difficult to diagnose. Clinical manifestations may be nonspecific,
and the symptoms appear later in the evolution of the disease. Although clinical manifestations may vary,
the most frequent symptom is persistent or recurrent vaginal discharge with the presence of enterocolic
germs at the vaginal swab. Gynecologic examination is mandatory to exclude vaginal fistula and
verify vaginal integrity. Endovaginal ultrasonography examination may indicate the presence of
an intrauterine collection and may rarely reveal a parauterine collection or fistulous trajectory. Uterine
cavity exploration by hysteroscopy should be performed to exclude the presence of a uterine fistula or
a fistulized endometrial neoplasia. The presence of air in the uterine cavity associated with the absence
of uterine communication or cancerous process may suggest the presence of a colosalpingeal fistula.
The endometrial biopsy may reveal the presence of granulation tissue and exclude a neoplasic process.

CT scan is the gold standard test for the diagnosis of abdominal and pelvic organs fistulas [13].
The sensitivity and specificity of the CT scan for the diagnosis of colorectal fistula is 88% and 100%,
respectively [11]. The presence of adnexal gas, adnexal fluid, intraabdominal gas, or intraabdominal
collections associated with enlarged inflammatory adnexa was described in the cases of the
colosalpingeal fistula [14]. The sensitivity and the specificity of CT scan and hysteroscopy for the
diagnosis of colosalpingeal fistula remains to be established due to the low incidence of this pathology.

The hysterosalpingography is the imaging method with the highest sensitivity for the diagnosis
of colosalpingeal fistula [15]. Colonoscopy helps to identify bowel pathology that caused an enteral
fistula in 8.5-55% of cases [16].

Colosalpingeal fistula can also occur as a consequence of other conditions, different from
diverticular disease, such as tuberculosis [17,18], appendicitis, or pelvic inflammatory disease [19,20];
primary tubo-ovarian abscess; endometriosis; and neoplasic conditions.

The treatment is a surgical one, only one case has been shown to resolve spontaneously [21],
and it depends on the age of the patient, the medical and surgical history, and especially the
desire of fertility preservation. The recommended surgical treatment is the resection of the affected
bowel segment with primary anastomosis and resection of the complete adjacent organ or only the
affected part of it. The primary intestinal anastomosis is possible in the absence of sepsis or severe
malnutrition [22]. Meticulous treatment of the fistula is required if a conservative surgical approach
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is needed. Radical surgical treatment, such as Hartmann’s opereation, should be reserved only for
emergencies, and secondary anastomosis should be performed once the acute inflammation has
resolved. In the presence of acute diverticulitis, a preoperative medical treatment is preferred to
decrease the risk of postoperative complications [23].

The recommended surgical treatment for colosalpingeal fistula in postmenopausal women is total
hysterectomy with bilateral salpingo-oophorectomy coupled with sigmoid resection. In premenopausal
women who want to preserve fertility, an ipsilateral salpingo-oophorectomy or salpingectomy
with sigmoid resection is the treatment of choice [21]. Laparoscopy has the advantage of shorter
hospitalization, compared with the classical approach, has fewer complications, but requires a longer
operating time [22]. This surgical option seems to be safe, but there is lack of randomised clinical trials
in the literature [24].

The conservative, nonsurgical treatment (antibiotics, standard intravenous fluids, and artificial
nutrition) is an ineffective therapy and it is associated with a higher recurrence risk [25].
This management option is only reserved for the patients with comorbidities and high anesthesia risk
or those who decline surgical treatment.

The novelty of this case report is that, unlike the literature reports, our patient presented
with gynecological problems and her only symptom was the vaginal discharge, managed in our
gynecology department.

4. Conclusions

Colosalpingeal fistula is a rare complication of intestinal diverticulosis, and the diagnosis should
be suspected by the gynecologist in a patient with abdominal pain and known diverticular disease,
especially in the presence of persistent or recurrent vaginal discharge. The purpose of our paper is
to bring attention to the recurrent vaginal discharge and to make the differential diagnosis with the
colotubal fistula, especially in patients with diverticular or inflammatory disease.
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Abstract: Background and objectives: The shared pathogenesis of psoriasis and atherosclerosis may
be determined by assaying the levels of endothelial activation molecules. This study aimed at
evaluating vascular cell adhesion molecule 1 (VCAM-1) and E-selectin serum concentrations, and
atherosclerosis severity in patients with plaque psoriasis. It also aimed to determine the effects of
methotrexate/adalimumab treatment for 12 weeks on the plasma levels of the aforementioned
molecules. Materials and Methods: The study included 34 psoriasis patients (17 treated with
methotrexate and 17 treated with adalimumab) and eight controls. The 10-year risk of a fatal
cardiovascular disease, body mass index, Psoriasis Area and Severity Index, and body surface area
were calculated for each subject. VCAM-1 and E-selectin levels were determined via an enzyme-linked
immunosorbent assay at baseline and after 12 weeks. Results: Baseline E-selectin and VCAM-1 levels
were higher in the adalimumab group than in the methotrexate and control groups. VCAM-1 levels
decreased in the adalimumab (p = 0.02) and methotrexate groups (p = 0.008), while E-selectin levels
decreased in the methotrexate group (p = 0.004). Conclusions: The results indicate a correlation
between systemic psoriasis treatment and E-selectin and VCAM-1 plasma concentrations, which may
be associated with the risk of cardiovascular disease development.

Keywords: VCAM-1; E-selectin; psoriasis; methotrexate; adalimumab

1. Introduction

Epidemiological data have provided evidence of an association between psoriasis and adverse
cardiovascular outcomes [1]. This association may be determined by assessing their shared pathogenesis
involving endothelial dysfunction [2,3]. Vascular cell adhesion molecule 1 (VCAM-1) is an inducible
glycoprotein, and E-selectin is a soluble cell adhesion molecule. Both molecules are primarily expressed
in the endothelium [4-7]. The serum levels of soluble VCAM-1 appear to be correlated with the degree
of atherosclerosis and may be used for diagnosing the early stages of the condition [8]. Endothelial
activation, resulting in E-selectin expansion, induces leukocyte rolling along the vascular wall and
mediates inflammation in various diseases, including atherosclerosis [9]. A common feature of the
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inflammatory process in psoriasis and atherosclerosis is leukocyte migration, to which VCAM-1 and
E-selectin significantly contribute. These adhesion molecules, being the indicators of endothelial
activation, might be potential biomarkers of inflammatory activity and of the severity of atherosclerosis
and cardiovascular disease coexisting with psoriasis [10].

In clinical practice, atherosclerosis and its severity are assessed by determining the 10-year risk of
fatal cardiovascular disease, which is estimated using the European Risk Chart: Systematic Coronary
Risk Evaluation (SCORE) [11,12]. Methotrexate (MTX) is used to treat psoriasis, and one of its main
mechanisms of action is believed to be based on its effect of decreasing E-selectin expression [13,14].
Endothelial function, which is significantly altered in psoriasis patients, may also improve during
treatment with tumor necrosis factor alpha (TNF-alpha) inhibitors [15].

This study aimed at determining VCAM-1 and E-selectin levels and evaluating their relationship
with psoriasis severity compared to those in healthy controls. We also estimated atherosclerosis severity
by evaluating cardiovascular risk in patients with plaque psoriasis who were assigned to receive a
systemic treatment. The objective was also to assess the impact of 12-week MTX and adalimumab
(ADA) treatments on the VCAM-1 and E-selectin concentrations in psoriasis patients. We believe our
research will supplement information concerning cardiovascular and atherosclerosis risks in patients
with plaque psoriasis, as well as the effects of MTX and ADA on endothelial activation markers in
psoriasis. Understanding the impact of systemic psoriasis treatment on E-selectin and VCAM-1 serum
levels will enable the selection of the appropriate therapy for both cardiovascular disease and skin
lesions as coexisting conditions.

2. Materials and Methods

Study Group

This prospective cohort study was conducted in 34 patients (27 men and seven women) with
plaque psoriasis (age: 30-73 years) and eight healthy volunteers (age: 30-57 years) as the control
group. The study was approved by the Bioethics Commission at the University of Warmia and Mazury
in Olsztyn, Poland (Resolution 16/2019). Each patient included in the study provided informed consent
for participation. The inclusion criteria included being of an age higher than 18 years and a diagnosis of
moderate-to-severe plaque psoriasis. The exclusion criteria were as follows: age below 18 years, mild
plaque psoriasis, pregnancy, breastfeeding, and previous biological treatment (in the case of patients who
qualified for MTX treatment). Due to the requirements of the treatment program for moderate-to-severe
plaque psoriasis in Poland, patients starting ADA treatment confirmed the contraindications and/or side
effects associated with the use of at least two classic methods of systemic psoriasis treatment or a history
of ineffective systemic treatment. The systemic treatment is understood as the use of at least two of the
following agents: MTX, cyclosporine, acitretin, and psoralen ultraviolet A (PUVA).

Of the patients, 17 were treated only with MTX and the remaining 17 were treated with ADA only.
The patients received oral MTX at a dose of 7.5-20 mg per week and subcutaneous ADA at an initial
dose of 80 mg followed by 40 mg every 2 weeks. The observation period lasted 12 weeks. The following
parameters were evaluated for each subject: body mass index (BMI), the severity of psoriasis based on
the Psoriasis Area and Severity Index (PASI), and body surface area (BSA). Depending on risk factors,
such as age, sex, systolic blood pressure, smoking, and total cholesterol, the risk of fatal cardiovascular
disease events over the next 10-year period was estimated using SCORE charts [16]. Laboratory tests to
determine E-selectin and VCAM-1 serum levels were performed via an enzyme-linked immunosorbent
assay (commercial ELISA kit, EIAab Science Co., Ltd., Wuhan, China) by using fasting blood samples
obtained before and after 12 weeks of treatment.

Statistical analyses were performed using Statistica 13.1 (StatSoft Poland). Mean values and
standard deviations (+SD) were used to describe the level of variables (PASI, BSA, VCAM-1, E-selectin)
and demographic characteristics of the studied groups. The distributions of all studied explanatory
metric variables in the groups were compared to the normal distribution using the Shapiro-Wilk
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test, and the homogeneity of variance was tested using the Bartlett test. The one-way ANOVA
model was used when the important assumptions for the analysis of variance were met. In case of
failure to meet the assumption with a distribution close to normal, the Kruskal-Wallis test was used.
The Mann-Whitney test was used to test the differentiation of variable levels between two groups:
MTX vs. control and ADA vs. control. Comparisons of variables over time (baseline (W0) vs. the
end of the study (W12)) were made using the paired samples Student’s T-test if a parametric analysis
was possible. For other cases, the nonparametric Wilcoxon test was used. Correlations were analyzed
using Spearman’s correlation coefficient. The x? test was used to compare the distribution of two
demographic nominal characteristics (sex, smoking) between the experimental and control groups.
The Kruskal-Wallis test was also used for the comparison of the level of VCAM-1 and E-selectin
between four groups of patients classified as presenting different SCORE risk levels. Differences and
correlations were considered statistically significant at p < 0.05.

3. Results

The demographic data of the patients included in the study are listed in Table 1. BMI was
significantly higher in the psoriasis group than in the control group (p = 0.001). Likewise, the BMI
in psoriasis patients was significantly and positively correlated with PASI and BSA (Spearman’s
correlation coefficients 0.5 and 0.56; p = 0.0007 and p = 0.0001, respectively). The healthy volunteers
were nonsmokers. They were significantly younger (p = 0.01), and had significantly lower systolic
blood pressure (p = 0.04) than the patients qualifying for MTX treatment. Therefore, the 10-year risk of
fatal cardiovascular disease and atherosclerosis risk (estimated via the European Risk Chart SCORE)
among the healthy volunteers were significantly lower than the corresponding risks among psoriasis
patients assigned to receive MTX (p = 0.001).

Table 1. Demographic characteristics of the study groups at baseline (W0).

MTX (n =17) ADA (n=17) Control (1 =8) 14

0.005 !
0.25*

0.01**

0.15 %+

Sex (M/F) 14/3 13/4 2/6 0.01 2%
Height (cm) (mean + SD) 158-190 (174.2 + 8.49)  161-186 (174.6 +20.62)  160-192 (172.4 +11.59)  0.832 36

0.014°
0.58*
0.18 **
0.01 %

0.001!

0.57*
0.03**
0.005 ***

Cholesterol, total (mg/dL) (mean + SD) 144-303 (212 + 44.52) 144-276 (203 + 43.28) 173-244 (210.5 + 24.63) 0.805 15
Smoking: yes/no 10/7 5/12 0/8 0.01 24

0.049°3
1.0%

0.04**

0.2+

0.00123
0.31*
0.001 **
0.07 #**

Age (years) (mean + SD) 33-73 (52.9 + 11.97) 24-72 (46.1 + 13.55) 30-57 (34.6 + 9.38)

Weight (kg) (mean + SD) 63-129 (88.3 + 17.29) 60-115 (93.4 + 25.40) 48-98 (68.6 + 19.03)

BMI (kg/m?) (mean + SD) 23.1-39.8 (29 + 5.24) 24-42.4 (30.7 + 8.69) 19.1-33 (22.6 + 5.14)

Systolic blood pressure (mmHg)

(mean + SD) 125-177 (140.9 + 16.4)  109-156 (134.4 + 13.35) 110-135 (123.6 + 9.4)

SCORE (%) (mean = SD) <1-10 (6.9 = 7.36) <1-8 (3.2 +2.23) <1-1(1£0)

Abbreviations: MTX: patients qualified for treatment with methotrexate; ADA: patients qualified for treatment
with adalimumab; BMI: body mass index; SCORE: estimation of the risk of fatal cardiovascular disease events
over the next 10-year period via Systematic Coronary Risk Evaluation charts. 1 One-way ANOVA model, 2 XZ test,
3 Kruskal-Wallis tests, * nonrandomized group structure, ° no level of differentiation between the study groups,
% no significant differentiation was found by testing the hypothesis with the Kruskal-Wallis test, and there are no
post hoc results, * post hoc test: MTX vs. ADA, ** post hoc test: MTX vs. control, *** post hoc test: ADA vs. control.

85



Medicina 2020, 56, 473

Figures 1 and 2 show the levels of VCAM-1 and E-selectin in patients depending on the ten-year
risk of fatal cardiovascular disease estimated via SCORE charts. At baseline, the serum levels of
VCAM-1 and E-selectin were significantly higher in patients with an estimated SCORE risk >= 10%
compared to patients with a risk of <1% (p = 0.02 and p = 0.012, respectively).

The evaluation of the severity of psoriasis is shown in Table 2. Patients who qualified for treatment
with ADA presented more severe psoriatic lesions than those who qualified for MTX therapy. As shown
in Table 3, baseline VCAM-1 and E-selectin levels were significantly correlated with disease activity
(PASI and BSA) in psoriasis patients. Interestingly, when examining only the patients assigned for
treatment with MTX or ADA, the correlation between these values was not significant. Table 4 shows
the VCAM-1 and E-selectin levels at W0 and W12 in groups of patients treated with MTX and ADA.
In the control group, only W0 values were noted, as the group included healthy volunteers who did
not require treatment.

1.6
= mean
T meant0.95c.I. T
1.2
| |
208 . i
(@)
>
||
0.4
0.0
<1% 1-4% 5-9% >=10%

SCORE risk

Figure 1. Vascular cell adhesion molecule 1 serum levels in patients with ten-year risk of fatal
cardiovascular disease estimated via SCORE charts. Abbreviations—VCAM-1: vascular cell adhesion
molecule 1, SCORE risk: ten-year risk of fatal cardiovascular disease estimated via SCORE (Systemic
Coronary Risk Evaluation) charts.
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Figure 2. E-selectin serum levels in patients with ten-year risk of fatal cardiovascular disease estimated
via SCORE charts. Abbreviations—SCORE risk: ten-year risk of fatal cardiovascular disease estimated
via SCORE (Systemic Coronary Risk Evaluation) charts.

Table 2. Severity of psoriasis (Psoriasis Area and Severity Index (PASI) and Body Surface Area (BSA))

during the study period.
MTX (1 =17) ADA (1 =17)
W0 W12 Wo W12
6.5-26.2 0-15 12.1-33.2 0-11.8
PASI (mean £ SD) (12 £5.0) (45+405 (206 541) (3.6 £3.11)
p=0.001" p=0.0003 !
BSA (%) 10-46 0-20 12.5-77 0-225
(mean = SD) (19.8 +9.43) (69+630) (338+1757) (89 £8.77)
p=00021 p =0.0005 !

Abbreviations: PASI: Psoriasis Area and Severity Index; BSA: body surface area; W0: baseline; W12: end of the
study; ! Wilcoxon test.

Table 3. Correlation of VCAM-1 and E-selectin levels with PASI and BSA at W0.

Ps (n = 34) MTX (n =17) ADA (n=17)
Values at Baseline (W0) Spearman’s Spearman’s Spearman’s
Correlation P Correlation P Correlation r
Coefficient Coefficient Coefficient
PASI -0.4 0.01 -0.21 0.4 -0.07 0.76
VCAM-1
BSA -0.38 0.02 -0.15 0.54 -0.21 0.4
PASI -04 0.01 -0.27 0.29 -0.06 0.81
E-selectin
BSA -0.35 0.03 -0.21 0.4 -0.1 0.7

Abbreviations: VCAM-1: vascular cell adhesion molecule 1; Ps: psoriasis patients; MTX: patients qualified for
treatment with methotrexate; ADA: patients qualified for treatment with adalimumab; PASI: Psoriasis Area and
Severity Index; BSA: body surface area.
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Table 4. VCAM-1 and E-selectin serum levels at W0 and W12.

Comparisons between

Methotrexate Adalimumab Control
the Groups
Mean p (WO Mean p WO Mean MTX vs. MTX ADA vs.
(ng/mL) vs. (ng/mL) vs. (ng/mL) ) vs. C C
+SD  WI2) +SD  WI12  +SD P () 8
W0 0.45+0.32 1.03+0.46 0.04+0.03 0.012 0.022  0.000002 2
VCAM-1 —————————— 0008! ——— 0.02!
W12 022022 0.91+0.33 N/A 00000053  N/A N/A
WO 0.46 +0.39 1.24+1.26 0.04+0.05 0.0272 0.0342  0.00001 2
E-selectin —————————— 0.004! ———— 0.16!
W12  0.16+0.19 0.9+0.33 N/A  0.000005%  N/A N/A

Abbreviations: VCAM-1: vascular cell adhesion molecule 1; WO0: baseline; W12: end of the study; MTX: patients
qualified for treatment with methotrexate; ADA: patients qualified for treatment with adalimumab; C: control group.
T Wilcoxon test, 2 Kruskal-Wallis test, and 3 Mann-Whitney test.

At WO, the highest levels of VCAM-1 and E-selectin were found in the subjects assigned to receive
ADA, and the lowest levels were noted in the control group. Regarding the plasma levels of VCAM-1,
a comparison between the groups showed significant differences among patients starting treatment
with ADA versus MTX (p = 0.01) and versus the control group (p = 0.000002). Differences were also
significant between patients starting treatment with MTX and the control group (p = 0.02). With regard
to the levels of E-selectin, significant differences were found among patients starting treatment with
ADA versus MTX (p = 0.027) and versus the control group (p = 0.00001). Furthermore, significant
differences were observed in patients starting treatment with MTX versus the control group (p = 0.034).
At W12, the difference between the MTX and ADA groups in terms of the levels of both E-selectin
(p = 0.000005) and VCAM-1 (p = 0.000005) was also significant. A significant decrease was noted in
the VCAM-1 serum levels (W0 vs. W12) in patients treated with ADA (p = 0.02) or MTX (p = 0.008).
The reduction in E-selectin level was significant only in patients treated with MTX (p = 0.004).

4. Discussion

The results of our study highlight a relationship between the severity of psoriasis as described via
PASI and BSA with BMI and the levels of VCAM-1 and E-selectin. They also prove the relationship
between the level of studied particles and the ten-year risk of fatal cardiovascular events estimated
via SCORE charts. A significant decrease in the serum levels of both studied adhesion molecules
was observed in patients receiving MTX. However, only VCAM-1 levels decreased in patients treated
with ADA.

The interaction of endothelial adhesion molecules (such as VCAM-1) with selectins (including
E-selectin) mediates the migration of activated T cells and macrophages from blood vessels. It also
initiates adherence between the vascular endothelium and neutrophils, monocytes, eosinophils, and
T lymphocytes during the inflammatory process, resulting in plaque formation in both psoriasis
and atherosclerosis [17-19]. Several studies showed higher levels of E-selectin and VCAM-1 in
psoriasis [19-22]. The E-selectin serum level is correlated with the severity of psoriasis (as indicated
by PASI), so it appears to be an indicator of disease activity [21]. Furthermore, Szepietowski et al.
confirmed that the plasma levels of E-selectin significantly decreased after treatment in psoriasis
patients [19].

The present study demonstrated the highest VCAM-1 and E-selectin levels in the group of patients
assigned to receive ADA, lower values in patients beginning MTX treatment, and the lowest values in
the control group. Baseline VCAM-1 and E-selectin levels were significantly and negatively correlated
with PAST and BSA in psoriasis patients. Interestingly, the correlation between these levels was not
significant after the patients were divided into MTX and ADA treatment groups. Similarly, BMI was
significantly correlated with the severity and extent of skin lesions (as indicated by PASI and BSA)
in psoriasis patients. No correlation of BMI with either VCAM-1 or E-selectin was found. A high
BMI appears to be positively correlated with the severity of psoriasis and defines the clinical response
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to systemic treatment [23-25]. Long-term anti-TNF-alpha therapy was related to BMI elevation in
psoriasis patients [26,27].

Few reports demonstrated the correlation of adhesion molecules with BMI. Most of them
concerned E-selectin, whose level positively correlated with BMI [28-30]. However, Abd El-Kader et al.
demonstrated that a reduction in BMI resulted in the modulation of VCAM-1 levels in obese patients
with type 2 diabetes [31]. The essential mechanism of action of MTX in psoriasis might relate to
a decrease in E-selectin expression during treatment. Torres-Alvares et al. showed that a reduced
expression of E-selectin and VCAM-1 in the blood vessels of psoriasis patients after therapy [13,14].
Endothelial function, which is significantly altered in psoriasis patients, may also improve during
treatment with TNF-alpha inhibitors. Furthermore, several studies provided evidence of a decrease in
E-selectin levels in the sera of psoriasis patients during treatment with infliximab or ADA [2,10,15,32].

In our study, E-selectin and VCAM-1 levels significantly decreased during MTX treatment.
Moreover, contrary to E-selectin levels, the decrease in VCAM-1 was significant in patients treated
with ADA. The results suggest that endothelial function and the cardiovascular risk of patients with
plaque psoriasis are influenced to a larger extent by MTX than ADA.

The most significant limitations of our study were the low number of patients (34 psoriasis patients
and eight healthy volunteers), short observation time (12 weeks), and volunteer self-selection of the
control group. Volunteer serum samples were not obtained for VCAM-1 and E-selectin determination
at W12 because, as healthy individuals, they were not treated. The present results will be verified in a
larger study group over an extended period to draw more general conclusions, including the impact of
systemic therapy of psoriasis on cardiovascular risk.

5. Conclusions

The results of our study demonstrate a possible impact of psoriasis itself and its systemic treatment
on serum E-selectin and VCAM-1 levels. Therefore, they indicate the risk of developing cardiovascular
disease. VCAM-1 and E-selectin serum levels appear to be correlated with psoriasis severity as
indicated by PASI and BSA. After 12 weeks of MTX administration, E-selectin and VCAM-1 levels
significantly decreased. However, treatment with ADA resulted in a significant decrease only in
VCAM-1 levels. Therefore, compared to ADA, MTX may have a greater impact on the levels of
adhesion molecules, so it might help determine the risk of cardiovascular disease development in
psoriasis patients.
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Abstract: The tuberous sclerosis complex (TSC) is highly variable as far as its clinical presentation
is concerned. For the implementation of appropriate medical surveillance and treatment, an
accurate diagnosis is compulsory. TSC may affect the heart, skin, kidneys, central nervous system
(epileptic seizures and nodular intracranial tumors—tubers), bones, eyes, lungs, blood vessels and
the gastrointestinal tract. The aim of this paper is to report renal manifestations as first clinical
signs suggestive of TSC diagnosis. A 20-year-old patient was initially investigated for hematuria,
dysuria and colicky pain in the left lumbar region. The ultrasound examination of the kidney
showed bilateral hyperechogenic kidney structures and pyelocalyceal dilatation, both suggestive of
bilateral obstructive lithiasis, complicated by uretero-hydronephrosis. The computer tomography
(CT) scan of the kidney showed irregular kidney margins layout, undifferentiated images between
cortical and medullar structures, with non-homogenous round components, suggestive of kidney
angiomyolipomas, bilateral renal cortical retention cysts, images of a calculous component in the
right middle calyceal branches and a smaller one on the left side. The clinical manifestations and
imaging findings (skull and abdominal and pelvis CT scans) sustained the diagnosis.

Keywords: tuberous sclerosis; angiomyolipomatosis; uretero-hydronephrosis; angiofibromas

1. Introduction

The tuberous sclerosis complex (TSC) is an extremely variable disease that can affect any organs,
from the brain, eyes, kidneys, skin, heart, and lungs, to occasionally the bones, because of growing
benign tumors [1]. Until the 1980s, TSC was underdiagnosed when individuals with less severe
manifestations of the disease began to be recognized. Nowadays, it has been established that the
genetic component of this disease is linked to TSC1 and TSC2 genes’ alterations [2]. Pathogenic
mutations in either the TSC2 gene at chromosome 16p13.3, or the TSC1 gene at chromosome 9q34,
cause a multisystem disorder that greatly varies in extent and severity [3]. TSC has an autosomal
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dominant mode of inheritance, with almost complete penetrance, but variable expressivity [1]. Both
genders and all ethnic groups could be affected by TSC [1]. More so, since 2010 the m-TOR inhibitor
drugs are administrated as a medical treatment for the benign tumors, in combination with a possible
surgical management [2].

2. Case Report

A 30-year-old Romanian patient, female, from urban background, with significant family history,
came to the Emergency Department of our hospital for colicky pain in the left lumbar region, pollakiuria,
hematuria, dysuria, nausea, unspecified vomiting, fever, chills and cough. All these symptoms had
started 2 days prior to the presentation and had intensified in the last 3-4 h. The patient had a suggestive
family history for neurological diseases (a grandfather with a kidney tumor, father with epilepsy, uncle
(brother of father)—epilepsy and intellectual disability, aunt (sister of father)—intellectual disability,
and a sister with epilepsy). At the admission the patient had a Glasgow Coma Scale score of 15,
a respiratory rate of 16 rpm, 99% Oxygen Saturation, blood pressure of 135/95 mmHg, with a heart rate
of 90 beats/minute, and body temperature of 37,7 °C.

The findings of the physical examination were: normal body build, pale skin and mucosae, facial
angiofibromas on the nasal wings, cheek and chin (Figure 1), hypopigmented plaques on the lower
limbs (Figure 2), confetti-like lesions on the legs (Figure 3), small shagreen spots on the posterior
hemithorax (Figure 4), tachycardia, painful abdomen and highly sensitive left flank, left costovertebral
angle tenderness, pollakiuria. Due to the presence of typical skin lesions TSC diagnosis was suspected.

Figure 1. Facial angiofibromas on the nasal wings, cheek and chin.
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Figure 2. Hypopigmented plaques on the lower limbs.

Figure 3. Confetti-like lesions on the legs.
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Figure 4. Small shagreen spots on the posterior hemithorax.

Neurological examinations showed reduced osteotendinous reflexes (bicipital and patellar),
without other pathologic findings. The ultrasound examination showed liver with nonhomogeneous
echo pattern, steatosis, possible homogeneous hyperechoic hemangiomas. Kidneys appeared with
irregular contours difficult to delimit from the surrounding tissues, very much modified structure with
multiple, well delimited nodular images with mixed structure, consistent with ultrasound findings of
angiomyolipomas and mild pyelocaliceal dilatation, both suggestive of bilateral obstructive lithiasis,
complicated by uretero-hydronephrosis. The echocardiography examination showed aortic aneurysm
and ECG showed sinus arrhythmia.

The chest X-ray results were normal, but the computer tomography (CT) scan of the abdomen
and pelvis evidenced irregular kidney contour layout, undifferentiated images between cortical
and medullar structures, with non-homogenous round components, suggestive of bilateral kidney
angiomyolipomas, renal cortical retention cysts (with diameters between 3-16 mm), with dilatatory
secretion in the right side and conserved secretion and excretion on the left side. Images of a lithiasic
component were also found on the middle right caliceal branches (size of 7.1/6.5 mm) and one of the
left side with a smaller dimension, 2.5/2.5 mm (Figures 5-7). Similarly, the computer tomography
scan of the abdomen and pelvis showed bilateral inflammatory infiltration in soft tissue surrounding
the kidney and the entire surface of the ureters, as well as a small quantity of fluid in the right
perirenal area—suggestive of pyelonephritis, periurethritis and angiomyolipomatosis. The computer
tomography scan of the abdomen and pelvis revealed subcentimeter periaortic and intraortocaval
lymph nodes. Moreover, the CT changes were represented by the evidence of the osteolytic lesions
in the thoraco-lumbar and pelvic bones. The CT scan of the skull revealed the following changes:
a subependymal giant cell astrocytoma (SEGA), with incipient hydrocephalus in the left lateral ventricle.

From the medical history, the clinical examination and diagnostic procedures, the final diagnosis
was established: TSC, bilateral obstructive kidney stones with left acute pyelonephritis and acute
periurethritis. The diagnosis of tuberous sclerosis is supported by renal, cerebral and cutaneous
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modifications. The renal modifications consist in multiple kidney angiomyolipomas. The cerebral
modifications consist of SEGA with incipient hydrocephalus on the left. The cutaneous modifications
are represented by facial angiofibromas on the nasal wings, cheek and chin, hypopigmented plaques on
the lower limbs, confetti-like lesions on the legs and small shagreen spots on the posterior hemithorax.
The patient needed specific urological treatment for the bilateral obstructive kidney stones and was
admitted in the urology clinical department, where the obstructive pyelonephritis and other associated
diseases were treated. The patient received antibiotic treatment in concordance with the antibiogram
(amikacin and cefoperazone/sulbactam), which led to a decrease in body temperature to normal values,
and almost remitted the infectious process. After the complete remission of the infectious process, the
patient underwent flexible ureteroscopy with laser lithotripsy, as this method was the most appropriate
for the treatment of the patient. The genetic test revealed mutations in the TSC2 gene at chromosome
16p13.3. Her family did not want to perform a genetic test. So far, the patient has not had history of
epileptic seizures, but over time has had intellectual disability (concentration and learning disorders),
with mild psychomotor developmental deficits. Upon discharge, the patient began treatment with an
m-TOR inhibitor (Everolimus 5 mg 1 tb/day).

TOSHIBA_MEC
14378

Body 1.0
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WL: 40 WW: 40 p
T: 1.0mm L: -934.0mm ,-___,__'-——'/ 7/8/2018 3:59:07 PM

Figure 5. Axial computer tomography (CT) section with contrast substance. Kidneys with alteration of
the physiological architecture with erasure of the cortico-medullary differentiation, by the presence on
the entire bilateral renal surface of round oval formations, diffusely contoured with mixed component.
The CT appearance pleads for angiomyolipomas.
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Figure 7. Coronal section examination CT. Kidneys enlarged in volume with the same changes in
shape and structure by the presence of angiomyolipomatous formations that deform the renal contours
without causing infiltration of proximity structures.
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3. Discussion

The major features for the clinical diagnostic criteria of TSC are: hypopigmented macules (>3, at
least 5-mm in diameter), angiofibromas (>3) or fibrous cephalic plaque, ungual fibromas (>2), shagreen
patch, multiple retinal hamartomas, cortical dysplasia, subependymal nodules, subependymal giant
cell astrocytoma, cardiac thabdomyoma, lymphangioleiomyomatosis (LAM) and angiomyolipomas
(>2). Minor features are: “confetti” skin lesions, dental enamel pits (>3), intraoral fibromas (>2), retinal
achromatic patches, multiple renal cysts, non-renal hamartomas. Two major features or one major
feature with >2 minor features lead to the final diagnosis. Either one major feature or >2 minor features
lead to a possible diagnosis [1].

SEGA can also be detected prenatally or at birth and has an incidence of 5-15% in TSC [4]. It is
benign and typically slow-growing, but can cause obstructive hydrocephalus. An important source of
mortality and morbidity in TSC are renal manifestations [5]. Angiomyolipomas are benign tumors
composed of smooth muscle, vascular and fatty tissue [6]. They are observed most commonly in the
kidneys of TSC patients, but can also occur in other organs. In 80% of TSC patients, fat-containing
angiomyolipomas were observed [7]. Renal angiomyolipomas can cause serious issues with bleeding,
because of their vascular nature, and can lead to the need for dialysis, and even renal transplantation [8].
In the general population, multiple renal cysts are not commonly observed [9], but can be seen in
TSC patients who have a TSC1 or TSC2 mutation or as part of a contiguous gene deletion syndrome
involving the TSC2 and PKD1 genes [6]. In 10-25% of TSC patients, liver angiomyolipomas are
reported [10].

Differential diagnosis includes other causes of epilepsy, renal tumors, intellectual disability, rash
and benign hamartoma syndromes. Vigabatrin is first-line treatment recommended for spasms in
TSC. Steroids are a typical second line treatment, with sodium valproate as the third line option.
Ketogenic diet is a treatment used in epilepsy related to TSC [11]. A symptomatic SEGA requires
urgent surgery, which may include a ventriculoperitoneal shunt. Even if they cease spontaneously,
bleeding renal angiomyolipomas have a high risk of re-bleed. Percutaneous embolization is the first
choice of management. Smaller angiomyolipomas do not usually cause symptoms, but lesions larger
than 4 cm in diameter are associated with an increased risk of serious hemorrhage [3,12].

Cysts greater than 4 cm in diameter are more likely to be symptomatic, and might present with
flank pain or gross hematuria or as a tender mass [13]. Autosomal dominant polycystic kidney disease
(ADPKD) will develop in patients with a contiguous deletion of the PKD1 gene, which is associated
with flank pain, hypertension, pyelonephritis and progressive renal failure [14].

4. Conclusions

Treatment should be organ specific, symptomatic and directed to improve the patient’s outcome
and quality of life. Treatment and modern diagnostic imaging have improved both the life expectancy
and the quality of life of patients with TSC. Quality of life and morbidity are largely determined by the
neurologic manifestations, which include intellectual disability and seizures.
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Abstract: Background and Objectives: This research attempts to provide a clear view of the literature
on randomized clinical trials (RCTs) concerning the efficacy of topical dexamethasone, clobetasol and
budesonide in oral graft versus host disease (GVHD). Materials and Methods: An electronic search of the
PubMed, Web of Science and Scopus databases was carried out for eligible RCTs. Studies were included
if they had adult patients with oral GVHD treatment with topical corticosteroids, and if the RCT
study was published in English. The Cochrane Risk of Bias tool was used to assess the quality of these
studies. Overall, three RCTs were included (an Open, Randomized, Multicenter Trial; a Randomized
Double-Blind Clinical Trial; and an Open-Label Phase II Randomized Trial). Results: The trials
involved 76 patients, of which 44 patients received topical dexamethasone, 14 patients received
topical clobetasol and 18 patients received topical budesonide. Topical agents were most frequently
used when oral tissues were the sole site of involvement. It appears that the best overall response is
present for budesonide with no difference between the four arms, followed by clobetasol, and then by
dexamethasone. The limitation of the current study is mainly represented by the fact that overall
response was derived in two of the studies from other parameters. Moreover, both budesonide and
clobetasol were used in only one study each, while two assessed dexamethasone. Conclusions: Based
on the clinical trials, all three agents seem to be effective in treating oral GVHD and had a satisfactory
safety profile. There is still a need for assessing high quality RCTs to assess the efficacy of these
therapies on a larger cohort.

Keywords: oral graft versus host disease; topical corticosteroids; dexamethasone; clobetasol;
budesonide

1. Introduction

Allogeneic hematopoietic cell transplantation (allo-HCT) is protocol treatment for hematological
cancers and also for non-malignant disorders [1]. Graft versus host disease (GVHD), which is an
important complication of allo-HCT is induced by the interactions of the host’s immune system and
transplanted donor cells. According to the time of appearance and clinical signs, GVHD is classified as
acute or chronic [2,3]. Chronic GVHD (cGVHD), most frequently occurs >100 days after the transplant,
affecting 25-40% of long-term HCT survivors [4]. cGVHD is classified as limited when single organs
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are involved, such as the skin or liver, and extensive when multiple affection occurs, in organs such as
the skin, liver, eyes, salivary glands, oral mucosa and others [5-7].

Oral manifestations occur in about 80% of patients with extensive cGVHD. Most frequent oral
lesions are erythema, atrophy of the mucosa, oral lichen planus, oral mucositis, xerostomia and oral
infections [6,8,9]. Oral mucositis is an inflammatory reaction of the oral mucosa, often occurring after
high doses of chemotherapy, radiation therapy and/or stem cell transplantation. In hematopoietic
cell transplantation (HCT) patients, mucositis may often occur along the entire orodigestive tract.
The prevalence of oral mucositis is stated to be at 30-70% after chemotherapy, up to 90% after HCT [10].
Oral lichen planus aspects may vary from white lacey patches to open sores, involving the tongue and
inner surface of cheeks [10,11].

Oral involvement could represent the only manifestation of the cGVHD or could be comprised
in a multitude of chronic symptoms. cGVHD may appear on the oral mucosa (e.g., oral verruciform
xanthoma, erytroplakia), at the salivary glands (e.g., multiple mucoceles on the soft palate,
hyposalivation, xerostomia, impairment in the quality of saliva, gland swelling) and in musculoskeletal
apparatus disfunction [11-13].

Dysphagia is one of the most debilitating symptoms and is induced by the pain associated with
oral mucositis [9]. Local palliation of the oral symptoms is achieved either by systemic therapy,
or topical treatment, or both. In this light, the use of topical agents determines the reduction of the oral
symptoms, determines the reduction of the systemic immunosuppressant doses, minimizes their side
effects and increases the healing process [2,10].

Although topical corticosteroids are not specifically approved for treatment of oral cGVHD,
they are used to treat these symptoms, based on previous experiences that prove their well accepted
use in other mucosal conditions [13-15].

Given the availability of limited data, the present research attempts to provide a systematic
approach of literature including randomized clinical trials (RCTs) concerning the efficacy of topical
dexamethasone, clobetasol and budesonide in oral GVHD.

2. Materials and Methods

We conducted a systematic review using RCTs to compare topical dexamethasone, clobetasol and
budesonide for oral GVHD. This study was in accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines and the Cochrane Collaboration format [16,17].

Three databases (PubMed, Web of Science, Scopus) were searched to identify eligible articles

A

from inception to February 2020, using keywords (“dexamethasone”, “clobetasol”, “budesonide”,
“topical corticosteroids”, “corticosteroids”, “oral graft versus host disease”, “oral GVHD”) combined
with a Boolean term (“AND”) as follows: “dexamethasone AND oral graft versus host disease”;
“dexamethasone AND oral GVHD”; “clobetasol AND oral graft versus host disease”; “clobetasol AND
oral GVHD”; “budesonide AND oral graft versus host disease”; “budesonide AND oral GVHD”;
“topical corticosteroids AND oral graft versus host disease”; “topical corticosteroids AND oral GVHD”;
“corticosteroids AND oral graft versus host disease”; and “corticosteroids AND oral GVHD”. Articles
were evaluated by their titles and abstracts. The contents of the articles were assessed in order to
determine if the studies met the inclusion/exclusion criteria. The full texts of the potentially relevant
studies were retrieved and assessed. The reference lists of the chosen articles were manually searched
to identify any other relevant studies that have been missed out using the search strategy.

The inclusion criteria used in the article selection were adult (>18 years) oral GVHD; treatment with
topical corticosteroids (dexamethasone, clobetasol, budesonide); RCT; and human studies, published
in English. All other articles that did not complete the upper criteria were excluded from our research.

Two independent reviewers assessed the articles for eligibility and extracted the data using
a standardized data extraction form. All lack of concordance was solved by a third reviewer.
The following data were taken out: author, year, country, study type, sample size, mean age, male:
female ratio, oral GVHD at baseline, treatment design, clinical response, side effects, outcome.
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The Cochrane Collaboration’s “Risk of Bias” tool 2.0 was used to assess the quality of these
studies [17]. For every RCT included, a risk of bias was provided for the following domains: random
sequence generation, allocation concealment, blinding of outcome assessment, incomplete outcome
data, selective reporting and other bias. These domains were judged by two reviewers and were
evaluated as low, unclear or high, and a third reviewer was invited to solve all unclear results.

3. Results

The search strategy generated 1317 articles (Figure 1). After the exclusion of 584 articles, 733 articles
were identified as eligible records. However, 723 articles were excluded because they did not fulfil all
eligibility criteria. Therefore, 10 articles resulted as eligible, but 7 were excluded because they were
prospective [18-21] or retrospective [22-24] studies. In the end, three RCTs were included [25-27].

g Web of
2 eb of ;
® PubMed 7 Scopus Excluded duplicates
©
S n =280 i n=794 —> n = 584
=
o
=
—
v v v
o
-§ Recordi s7c3r§ened > :::f: (;22
® n= n=723
G
(7]
v Full-text articles excluded, with reason
n=7
g‘ Full-text articles Park et al - Prospective study
2 assessed for eligibility > Wolff et al - Prospective study
L n=10 Dilger et al - Prospective study
w Elad et al - Prospective study
Mawardi et al - Retrospective study
Sari et al - Retrospective study
S Shazib et al - Retrospective study
—
v
° o
3 Studies included
3
2 RCTn=3
——

Figure 1. Flow chart of the study selection. RCT - randomized clinical trial.

The three RCTs included were an Open, Randomized, Multicentre Trial [25], a Randomized
Double-Blind Clinical Trial [26] and an Open-Label Phase II Randomized Trial [27]. They were
published between 2012 and 2016, involving a total of 76 patients, of which 44 patients received topical
dexamethasone, 14 patients received topical clobetasol and 18 patients received topical budesonide.
The studies were conducted in Israel/Germany [25], Brazil [26] and the USA [27]. The mean age of the
participants varied from 43.8 to 55 years and the sex ratio was female dominant.

Oral GVHD diagnosis was done on different parameters across the included studies: WHO
toxicity oral/gastrointestinal, modified oral mucosal rating scale (mOMRS), Oral Mucositis Assessment
Scale (OMAS), National Institute of Health (NIH) oral cavity severity score, mucosal score and oral
symptoms score. Oral lesions involved in GVHD were erythema, atrophy, ulcer, lichen, hyperkeratosis,
pseudomembrane, edema and mucocele, appearing as a mucus cyst on the soft palate, on the labial
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and buccal mucosa. Clinical response to these agents were 61% for WHO toxicity oral/gastrointestinal,
50-61% for mOMRS, 69% for OMAS and 50% for NIH oral cavity response. Side effects reported
were cheilitis, esophagitis, fungal infections, taste alteration, burning sensations and oral cavity pain.
Additional data can be found in Table 1.

Figure 2 represents the overall response between the included studies. Red rectangles represent
the proportion of patients that presented a response. Because of the heterogeneity of the studies,
we considered for Elad et al. [25] the mOMRS any response, for Noce et al. [26] the symptomatic
response and for Treister et al. [27] the overall response described by the authors. It appears that the
best overall response is present for budesonide with no difference between the four arms, followed by
clobetasol and then by dexamethasone. The limitation of the current study is mainly represented by
the fact that the overall response was derived in two of the studies from other parameters. Moreover,
both budesonide and clobetasol were used in only one study each, while two assessed dexamethasone.
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Figure 2. The overall response between the arms of the three studies included.

Overall, the three included RCTs were considered at “risk of bias” because of the lack of blinding
of study participants, blinding of the outcome data and other bias. Figure 3 shows the analysis for the
risk of bias for RCTs.
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Figure 3. Risk of bias for the RCTs.
4. Discussion

Up to this moment, in the current literature, there are two systematic reviews trying to assess
the benefits of using topical agents in oral GVHD [10,28]. Albuquerque et al. observed that there are
a limited number of RCTs, and, therefore, the evidence sustaining the use of topical agents for the
inflammatory lesions in oral GVHD is low [10]. The same authors have stated that there is still a need
for quality RCTs to assess the efficacy of these agents in GVHD [10]. The paper of Elsaadany et al.
reported moderate evidence for the efficacy of topical agents for oral GVHD, showing minimal side
effects of clobetasol followed by budesonide [28]. Our systematic review had a homogenous selection
of randomized clinical trials allowing a calculation of the Cochrane risk of bias and of the overall
response, and, therefore, giving a clear recommendation for a better efficacy of budesonide, compared
to clobetasol and then dexamethasone.

Another powerful parameter we have evaluated from the RCTs included in our review is the
safety profile of the therapy. In the study of Elad et al. [25], the use of topical budesonide (3 mg/10 mL)
showed that this corticosteroid had a satisfactory safety profile. Topical budesonide mouthwashes
improved the oral condition when it was applied for 5-10 min, 2/3 times per day. Regarding the
response in all treatment arms, Elad mentioned that it was the same, in any length of exposure to
treatment and in any frequency. Safety analysis was performed at a dosing schedule of budesonide
3 mg, three times per day, for a period of 10 min, representing the most important exposure to the
drug [25].

In the study of Noce et al. [26], a significant improvement in the symptoms appeared comparing
to the baseline after the use of corticosteroids, but with a significantly greater response in the topical
clobetasol group compared to dexamethasone. The authors stated that the limitations of their research
were the low number of subjects and other confounding variables. They indicate that these variables in
further studies should be taken into account, with a larger sample size and stratification of subjects [26].

Treister et al. [27] observed in their study that the patients with dexamethasone obtained a response
of 58%. The overall global response rates were reported to reach up to 81% including responses such
as much better. In total, 96% of the patients reported the dexamethasone rinses as being well tolerated
and the taste being “very pleasant” or “tolerable”. According to these results, the authors concluded
that intensive topical therapy with this agent is efficient for managing oral chronic GVHD and should
be used as a first line therapy [27].

Other topical therapies studied in the literature include triamcinolone, fluocinonide,
betamethasone, tacrolimus and prednisolone, fluocinonide, halobetasol prepared as a gel or cream and
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topical platelet-rich gel, with various results. Because of their lack of availability in all countries we
have used in our inclusion criteria only the studies mentioning the most common and used steroids:
budesonide, clobetasol and dexamethasone [11].

Our research tried to do a systematic review and a meta-analysis. The second objective was not able
to be fulfilled because of the heterogeneity of the articles included. The low number of RCTs included
in this review represents a major limitation in concluding on the efficacy of topical corticosteroids in
oral GVHD and establishing a therapy protocol. On the other hand, several weaknesses were observed
within the studies included. First, a variation in assessing oral GVHD parameters before/after topical
agents was observed. The adjustments of the oral GVHD parameters is required. Secondly, the sample
sizes were too small; a larger sample size should be used in future studies. Third, all RCTs included
only chronic GVHD patients, excluding the acute alarming manifestations. This research was made
evaluating only three databases and included only articles written in English, leading to a possible
exclusion of other important data.

5. Conclusions

The purpose of the oral GVHD treatment is to reduce symptoms, maintain or improve the quality
of life and reduce complications. Topical corticosteroids are most frequently used when oral tissues are
the sole site of involvement. Based on the clinical trials, all three agents seem to be effective in treating
oral GVHD and have a satisfactory safety profile. More RCTs with larger cohorts are needed to assess
the efficacy of this topical agents.
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Abstract: Background and Objectives: The Mayer-Rokitansky-Kiister-Hauser syndrome is a congenital
condition in which patients are born with vaginal and uterus agenesis, affecting the ability to have
anormal sexual life and to bear children. Vaginal reconstruction is a challenging procedure for plastic
surgeons. The aim of this study is to report our experience in the management of twelve patients with
congenital absence of the vagina due to the MRKH syndrome. Materials and Methods: We performed
a retrospective study on 12 patients admitted to the Plastic Surgery Department of the Clinical
Emergency Hospital “Prof. Dr. Agrippa Ionescu”, Bucharest, Romania, for vaginal reconstruction
within a period of eleven years (January 2009-December 2019). All patients were diagnosed by
the gynaecologists with vaginal agenesis, as part of the Mayer—Rokitansky-Kiister—Hauser syndrome.
The Abbe’-McIndoe technique with an autologous skin graft was performed in all cases. Results:
The average age of our patients was 20.16 (16-28) years. All patients were 46 XX. The average surgical
timing was 3.05 h (range 2.85-4h). Postoperative rectovaginal fistula was encountered in 1 patient.
Postoperative average vaginal length was 10.4 cm (range 9.8-12.1 cm). Regular sexual life was
achieved in 10 patients. Conclusion: Nowadays, there is no established standard method of vaginal
reconstruction. In Romania, the McIndoe technique is the most applied. Unfortunately, even if
the MRKH syndrome is not uncommon, less and less surgeons are willing to perform the procedure
to create a neovagina.

Keywords: Mayer—Rokitansky—Kiister-Hauser syndrome; primary amenorrhea; surgical management;
vaginal reconstruction; plastic surgery
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1. Introduction

The Mayer-Rokitansky-Kiister-Hauser (MRKH) syndrome is considered to be the second most
frequent cause of primary amenorrhea [1] being characterized by congenital absence of the uterus,
and the upper part (2/3 proximal) of the vagina. The patients have a normal 46XX karyotype with
a physiological growth of the secondary sexual features [2]. In the general population, the prevalence
is up to 0.02% [3]. This syndrome is not linked with any racial predisposition. Even if it is a congenital
disease, in most cases MRKH could not be diagnosed up to adolescence or at the beginning of
adulthood [4].

There are two types described in the literature. The first one is characterised by solitary absence
of the proximal two-thirds of the vagina [5] and agenesis of the uterus [4], although two symmetric
rudimentary horns are present. They are linked by a peritoneal fold to the fallopian tubes, whereas
the ovaries and the renal system have a normal development. This appears in almost 44% of all cases.
There has been a reported growth of abnormalities of the caudal part of the Miillerian ducts. No other
congenital malformations is detected, the patients are utterly asymptomatic and diagnosed during late
adolescence due to primary amenorrhea [1]. Meanwhile, type Il is associated with other congenital
defects including vertebral, cardiac, auditory, renal and vertebral malformations [5]. This affects up to
56% of the patients, involving asymmetrical hypoplasia of one or two buds, with or without dysplasia
of the fallopian tubes [1].

Precise history, clinical evaluation and transabdominal ultrasonography are used to diagnose
the MRKH syndrome. After this, a check-up of the renal, skeletal, auditory and cardiac systems must
be performed. Ovarian function can be analysed through the serum levels of the follicle stimulating
hormone, luteinizing hormone, 178-oestradiol and androgens [6].

The optimal treatment is vaginal reconstruction in physically and psychologically mature women
who are ready to start sexual intercourse [7]. In the literature, a variety of techniques have been
presented, each with its advantages and disadvantages. Most commonly, the neovagina is created
within the rectovesical space lined with skin (McIndoe Reed technique), peritoneum (Davydov
procedure) or intestine. It is possible that in the future, vaginal mucosa-like engineered tissue will be
used [8]. Moreover, an important step of therapeutic management is the psychosocial assistance not
only for the patients, but also for their parents [9].

The aim of this study is to report our experience in the management of twelve patients with
congenital absence of the vagina due to the MRKH syndrome.

2. Materials and Methods

We conducted a retrospective study on 12 patients admitted to the Plastic Surgery Department of
the Clinical Emergency Hospital “Prof. Dr. Agrippa Ionescu”, Bucharest, Romania, for vaginal
reconstruction within a period of eleven years (January 2009-December 2019). Local ethical
agreement and informed consent of the patients were obtained. The number of the document
from the Ethical Commission of Clinical Emergency Hospital “Prof. Dr. Agrippa Ionescu” is
104663/10.04.2020. All patients were diagnosed by gynaecologists with vaginal agenesis, as part of
the Mayer-Rokitansky-Kiister-Hauser syndrome. All the data were taken from surgical operating
files, medical letters and postoperative records. The data comprised demographic information,
chromosomal analysis, surgery timing, preoperative and postoperative vaginal length, complications,
postoperative treatment, but also other congenital malformations. The marital status was also
evaluated. All cases underwent clinical examination and pelvic ultrasonography during preoperative
evaluation. The surgical team included surgeons from the department of general surgery and plastic
and reconstructive surgery. Preoperatively, a combination of amoxicillin and clavulanic acid was
administered as a prophylactic antibiotic.

The Abbe’-McIndoe technique with an autologous skin graft was performed in all cases.
The surgical procedure was performed on patients placed in the lithotomy position (Figure 1) and
under general anaesthesia with urinary catheterization. The general surgeon initiated the intervention.
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Through a Y-shaped incision in the perineum, a vesico-rectal cavity was created (Figure 2). The dissection
was performed between the urethra, bladder and the rectum, the Douglas pouch being the upper and
posterior limit. A careful haemostasis of the neovaginal cavity was the last manoeuvre performed by
the general surgeon. A split-thickness skin graft was harvested from the anterior part of the thigh,
using a Humby knife. The graft was placed on a vaginal stent with its inner surface, the dermal part
facing towards the exterior and was sewn with non-absorbable sutures (Figure 3).

Figure 1. Preoperative photograph in a patient with vaginal agenesis.

Figure 2. Y-shape incision in the perineum, creating a vesico-rectal cavity.

Afterwards, the stent was inserted into the preformed neovaginal space. The free margins of
the skin graft were sutured to the borders of the incisions made in the perineum, creating this way
the introitus of the neovagina. In all cases, the vaginal stent was made of silicone, having the shape of
a cylinder with a channel inside it, in order to cleanse the neovagina. The patients were put on absolute
bed rest and a special diet was given for the first 9 days. The neovagina was irrigated daily through
the channel of the stent with diluted (1%) povidone-iodine solution and normal saline. After 9 days,
the vaginal stent was removed and the neovagina was checked and cleansed. Elastic panties were
worn in order to retain the stent. The sutures were eliminated after 14 days (Figure 4). In the first
3 months, the vaginal stent had to be kept permanently, except when using the toilet or while bathing,
in order to prevent the contraction of the vagina. During this period, the patients irrigated the vagina
with sodium bicarbonate solution, wormwood tea or a mixture of normal saline and povidone-iodine.
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Patients were informed not to replace the vaginal stent into the vagina unless it had been washed with
soap and hot water and they had applied cream with the free protein extract of calf blood or vitamin
A oil. Subsequently, they were advised using the vaginal stent only during the night for the next
3 months. Six months after the surgery, the vaginal stent had to be used for 3 nights per week, until the
patient had a stable partner and regular sexual intercourse (at least 3 times per week). In the case of
the absence of regular sexual intercourse, the stent had to be used 3 nights per week to maintain the
vaginal cavity open.

(a) (b)

Figure 3. (a) The vaginal stent with the skin grafts. (b) The fixation of the vaginal stent in the
neovaginal space.

Figure 4. 20 days after vaginal reconstruction.
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Postoperatively, all patients were followed up monthly in the first 6 months, respectively, 9 months
and after that, once a year.
Local ethical agreement and informed consent of the patients were obtained.

3. Results

Twelve cases of vaginal reconstruction were performed throughout the period of the study.
The average age of the patients undergoing surgery was 20.16 years (range 16-28 years). All the patients
were living in an urban area and two of them were smokers. Preoperatively, one patient was engaged,
and the others were single, but after the surgery ten patients found a stable partner and got married.

All patients presented primary amenorrhea at 14-15 years old. Upon clinical examination, external
genitalia had a normal appearance in all patients. None of them presented a uterus, but only ovaries.
The vagina was totally absent in all cases. According to chromosomal analysis, all patients were 46XX.
One patient had an anorectal malformation and two interventions were performed by a paediatric
surgeon during childhood. Moreover, she also presented mitral valve regurgitation. One patient,
a 25-year-oldwoman came to our clinic with a neovagina of 3 cm, with the complaint that she could
not have a normal sexual life with her future husband. Her first vaginal reconstruction was performed
when she was 22. The modified McIndoe technique with full-thickness skin grafts harvested from
the anterior part of the thigh was performed in all cases. The average surgical timing was 3.05 h (range
2.85-4 h). Postoperatively, the vaginal length varied from 9.8 to 12.1 cm, with a mean length of 10.4 cm.

Regarding acute postoperative complications, we would like to mention the acute bleeding of
the donor site in one patient. Moreover, haemorrhage of the posterior wall was encountered in one
case, 12 days after the surgery. The patient raised the skin graft from the posterior wall as a result of
forcing the stent inside the neovagina after it slipped out during the night. Meticulous haemostasis
was decided and re-epithelialization of the affected part was preferred from the integrated skin grafted
margins. Silver dressings were used to cover the donor site for 10 days.

The surgical intervention performed for the patient with the neovagina of 3 cm was challenging.
The space that was previously created became a fibrotic scar tissue, which was difficult to dissect.
After one month postoperative, the patient presented rectovaginal fistula. Colostomy was decided
before repairing the fistula. The colostomy was kept for 6 months, until the fistula was completely healed.

No early complications were seen in other cases, and all of them used a vaginal stent,
as recommended. During the follow-up, 4 of them presented keloid scars on the donor site and
recurrent urinary tract infections were detected in 9 patients. Psychosocial assistance was mandatory
for all the patients.

4. Discussion

The Mayer-Rokitansky-Kiister-Hauser syndrome is the most common cause of vaginal agenesis,
known also as Miillerian agenesis, Miillerian aplasia or CAUV (congenital absence of the uterus and
vagina) [10]. It is not considered a rare disease, but it is usually discovered in adolescence due to
primary amenorrhea [11]. More than 2000 years ago, Hippocrates mentioned vaginal agenesis for
the first time [12] as “membranous obstruction” (obstructed vagina), in his book “De la nature de
la femme” (On the Nature of Women). Not until 1559 were the medical reports of Matteo Realdo
Colombo, regarding the absence of both the uterus and vagina, first mentioned in literature. In 1572,
he described the disease under the name “vulva rara”. The medical eponym honours August Franz
Josef Karl Mayer, Karl Freiherr von Rokitansky, Hermann Kiister and Georges Andre Hauser thanks to
their remarkable contributions towards the discovery of this congenital syndrome. In 1829, Mayer
presented the anatomical abnormalities; in 1838 [10], Rokitansky documented the absence of the uterus
and vagina in 19 adult autopsies [13], highlighting the importance of a classification system, based
on cases of uterovaginal agenesis. In 1910, Hermann Kiister outlined the association of renal and
skeletal malformations with the uterovaginal agenesis and in 1961, Hauser presented his findings in
21 patients [10].
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Initially, MRKH syndrome was considered to be sporadic, depending on exogenous factors
(gestational diabetes) or exposure to teratogens (thalidomide). However, several epidemiological
studies failed to identify any relationship between drug use, illness, or exposure to known teratogens
during pregnancy and the birth of a child with MRKH [14].Despite many studies that have been
conducted to discover the cause, the exact aetiology of the syndrome remains unclear. Defects
during embryogenesis lead to malformations of the genitourinary system [4]. Specifically, during
the end of the fourth week of fetal life, abnormalities of the intermediate mesoderm determine
deficiency in the development of the blastema of the cervicothoracic somites and the pronephric ducts.
These modifications affect the mesonephros and then the Wolffian and Miillerian ducts [2].The distal
extremity of the Miillerian ducts creates the proximal 2/3rd parts of the vagina and uterine cervix,
the intermediate part forms the uterine body, while the cranial segments open in the coelomic
cavity (future peritoneal cavity), shaping the fallopian tubes. Meanwhile, the ovaries develop from
the mesenchyme and from the epithelium of the genital crest of the intermediate mesoderm, this process
is not associated with the mesonephros. Thus, in most cases, the defects of the Miillerian ducts are not
linked to abnormalities of the ovaries [4]. The distal third of the vagina is developed from ectodermal
cells, so it can create a shallow pouch in the perineum [13]. Regarding genetics, in literature there have
been mentions of an association between the mutations of the WNT4 and TCF2 genes and MRKH
syndrome [15].

In general, the patients with MRKH syndrome are first seen by a gynaecologist at age 14 to
18 years [16], when the absence of the menarche causes concern. Menstruation does not appear at
the usual age because the uterus is absent, but ovulation occurs regularly [13]. However, the patients
may be diagnosed at birth or during childhood due to other congenital malformations [16]. In our study,
11 patients were diagnosed at 14-15 years due to primary amenorrhea.

One patient presented a recto-vestibular fistula at birth, which was corrected by the paediatric
surgeon. The final diagnosis, the MRKH syndrome, was confirmed during childhood after exploratory
laparotomy. It revealed no uterus, but both ovaries were present and attached to a cord-like structure
without any evidence of fallopian tubes. Anorectal malformations are exceptionally described as
part of the MRKH syndrome, most commonly encountering recto-vestibular fistulae and cloacal
malformations [10]. Wang et al. (2010) suggested a single-stage ano-recto-vaginoplasty in patients
who had MRKH syndrome and recto-vestibular fistulae with imperforate anuses, to avoid the fibrosis
and scarring created by repeated surgery. The surgical intervention should be performed later in
life if the recto-vestibular fistula is asymptomatic or causes modest discomfort, and might be guided
by dietary adjustments. If the single-stage procedure is performed before the age of 14, long-term
postoperative dilation of the neovagina might be difficult for young girls. Therefore, treatment should
be decided individually for each patient [17]. In addition, one patient presented a mild mitral valve
insufficiency. Heart malformations are less frequent. Pittock et al. (2005) described in their study
a mild mitral regurgitation and mitral valve prolapse with valvular regurgitation, but also other
cardiac problems in patients with MRKH such as truncus arteriosus with complete repair in infancy
and patent ductus arteriosus [18]. The most common heart defects linked to MRKH syndrome are
aorto-pulmonary window, atrial septal defects, pulmonary valvular stenosis and tetralogy of Fallot [19].

The primary goal of vaginoplasty in patients with vaginal agenesis is to create a vagina of adequate
length, diameter and with a stable lining for sexual intercourse. Several surgical procedures were
presented in the literature, from serial dilation, Vecchietti’s technique, sigmoid or ileal flaps, the gracilis
flap, the Singapore flap to the expanded vulvar flap [20].

In our study, the McIndoe technique with autologous skin graft was used to create the neovagina.
For a better approach, the general surgeon chose a Y-shaped incision in the perineum, instead of
H-shaped incision (Bastu et al., 2012) [21]. Due to the fact that our patients presented vaginal agenesis,
the surgical intervention was the only option for creating the neovagina.

In the last 20 years, alternatives of the McIndoe procedure have been proposed because of
the permanent scars at the donor site. Lin et al. (2003) highlighted the possibility of covering
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the vaginal canal with autologous buccal mucosa. Starting from the idea that the autologous buccal
mucosa has been used to substitute skin and bladder mucosa grafts in urethroplasty, the procedure was
performed on 8 young patients. The results were encouraging, the patients had an adequate vaginal
length, without strictures and with no deficiency in opening their mouth. The buccal mucosa was
used due to its characteristics of being an easily accessible, non-hair-bearing material, with excellent
cosmetic results [22]. Teng et al. (2019) used an autologous micromucosa graft harvested from the vulva
and the buccal cavity. The mucosal patch was cut into particles, which were immersed in saline,
and then manually adhered to a gauze mould. The 8 cm gauze vaginal stent was changed after 7 days
with a 10 cm glass mould, with a satisfactory clinical outcome [23]. Hopefully, in the future, vaginal
mucosa-like engineered tissue will be used to line the neovagina.

Baptista et al. (2016) created the neovagina using the laparoscopic modified Vecchietti technique,
an intervention with good results that involves a single suprapubic ancillary trocar. This procedure
eliminates the incision of the vesicorectal peritoneum [24]. Unfortunately, in our clinic this technique
was never used.

In our study, the vaginal stent was removed after 9 days in all cases. The stent had a 4.5 cm
diameter and a length of 13 cm. Seccia et al. (2002) presented their technique, where the removal
of the mould was performed after 7 days [25]. Before the daily replacement of the vaginal stent,
cream with free protein extract of calf blood was used. This promotes oxidative metabolism and
shifts the redox-balance of cells to produce more oxidized substrates, leading to a faster healing [26].
The mean length of the neovagina was 10.4 cm. In the literature, there have been results that presented
7.8 cm [21] or 8.9 cm [20] in length. We did not change or improve the McIndoe procedure, but we used
a bigger vaginal stent compared to those reported in the literature, creating in this way a neovagina
of 10.4 cm.

Nowadays, more and more new dressings for wounds are created to reduce pain and local
discomfort [27]. We used silver dressings for the donor site to accelerate the healing [28].

In the literature, postoperative complications have been recorded, such as rectovaginal fistula,
vaginal stricture, bleeding, recurrent infections of the urinary system, urinary incontinence or
rectocele [29-31]. In our study, the worst complication that we encountered in one patient was
the rectovaginal fistula. All patients presented, years after the interventions, recurrent urinary
tract infections.

Even if the patients could adopt a child, none of our patients did. In Romania there is not
the possibility of surrogacy or uterine transplantation.

5. Conclusions

Based on our experience, the McIndoe procedure is the classic and optimal intervention procedure
for vaginal reconstruction in cases of congenital vaginal agenesis. It is important to highlight
the necessity of the proper management of using the vaginal stent postoperatively and of a monthly
follow-up in the first 6 months. Moreover, psychosocial assistance is mandatory for all patients.
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Abstract: Background and objectives: Self-medication is a global phenomenon in both developed
and emerging countries. At present, data regarding the practice, patterns, and factors associated with
self-medication in Romanian patient groups of various ages and health are relatively scarce. A pilot
study that uses a questionnaire was conducted to observe the attitudes as well as the behaviors
of a group of Romanian parents related to self-medication, specifically their beliefs and perceived
risks of the administration of medicine to their children without medical advice, frequency
of self-medications, symptoms, and types of medications most commonly used without medical
advice. Materials and Methods: The questionnaire was sent via e-mail or WhatsApp link on a mobile
phone using the existing data at the general practitioner’s office together with the protection of data
form and the informed consent form; some participants completed the questionnaire when they came
for a regular visit at the general practitioner’s office. Of 246 applied questionnaires, we had a rate
of responses of 98%. Results: We found a high percentage (70%) of parents who self-medicate their
children. The data reveals a significant relation between parents’ beliefs on self-medication and their
tendency to administrate drugs to their children without medical advice. A significant relation was
also found between the likelihood of parental self-medication for their children and the number
of illnesses experienced by their children over the six-month period prior to the survey. Even when
parents have a correct understanding of self-medication risks, these are not aligned with actual
behavior; therefore, parents continue to administer drugs to their children without medical advice.
Conclusions: Our study helps to describe the patterns of parents’ decisions about self-medicating
their children and to identify parents who are more predisposed to administering self-medication to
their children.

Keywords: children; self-medication; risks; beliefs

1. Introduction

Self-medication is defined as “the taking of drugs, herbs or home remedies on one’s own initiative,
or on the advice of another person, without consulting a doctor” [1] or by “the use of medicinal products
by the individual to treat self-recognized disorders or symptoms” [2]. In the 1990s, the first worldwide
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reports of this phenomenon were made, and in 2000, the WHO published “guidelines for the regulatory
assessment of medicinal products for use in self-medication” [3]. In pediatrics, self-medication means
that medications for various disorders are administered by the caretakers of children without medical
consultation. In addition, various reports highlight the fact that teenagers self-medicate on their
own [4,5]. Economic, political, and cultural factors are responsible for the prevalence of, and increase
in self-medication practices worldwide. These factors include the wide availability of drugs, improper
advertising, parental education level, socioeconomic status, and access to healthcare services [2].
Studies reveal an increased prevalence of self-medication among pediatric populations worldwide:
Germany 25.2%, China 62%, Italy 69.2%, and France 96% [6,7]. Studies in Pakistan showed that almost
half of parents self-medicated children between ages 1 and 5 years, and one-third self-administered
medication to children aged 5-12 years [8]. In Romania, it is estimated that 10% of the systemic
antibiotics sold at pharmacies are sold without a prescription, and in our country, sales of self-prescribed
medications were 488.8 million Euro in 2017; this amount included 103.1 million Euro sales in analgesics
and 145.3 million Euro sales in cough and cold products [9,10]. Other studies report that Romanian
pharmacists are influenced by the socioeconomic condition of the patient and are more likely to sell
antibiotics without a medical prescription to socially vulnerable persons [11,12].

Despite these facts, in a study from Mures County, Romania, the majority of respondents had
good knowledge of antibiotic usage and the risks of self-prescribed antibiotics [13]. A study from
another region of Romania regarding self-medication with analgesics showed that 84.8% of 461 adults
aged 20-90 years used this type of medicine, both in rural and urban areas, with a predominance
of females (75.5%) and young adults (70.1%) [14]. Data regarding self-medication in children by their
parents or self-medication of teenagers are scarce in Romania. One study from the western part
of the country reported a high prevalence of self-medication in children under 12 years old (81.0%);
young mothers (30-39 years old) who were highly educated were most likely to administer medication
to their children using the family pharmacy kit (83.6%) for fever, pain, and cough [15]. In our country,
the few existing studies report regional data, address different age groups (mainly adults), and focus
on specific categories of medication.

This study aimed to identify the individuals’ attitudes and behaviors in regards to self-medication,
particularly parents’ beliefs and perceived risks in terms of administering certain treatments to their
children without seeking medical advice. We tried to identify behavior patterns connected to medication
and self-medication, the types of symptoms that most frequently lead to self-medication, the categories
of administered substances, and the relevant context thereof (for instance, outside the hometown).

2. Materials and Methods

Data collection: The survey was conducted online, between August and October 2019, using
the databases of four family medicine offices in the metropolitan area of Bucharest. The respondents
(parents) were also recruited when they came to the doctor’s office for their own medical problems.

Inclusion criteria: Adults enrolled in one of the four family medicine offices with whom
the coordinator of the study collaborated with; adults with at least one child aged 0-18 years
registered at the same office.

Exclusion criteria: Adults without children; adults with all children older than 18 years.

The study sample comprised a total of 241 adults from various regions of Romania; their children
were born in different maternity hospitals, and at the time of the study, they all lived in Bucharest
together with their parents.

Instrument questionnaire. The survey questionnaire consisted of 25 questions (Supplementary
Text S1) that gathered the opinions of parents on topics related to pediatric self-medication as follows:
Frequency of medication without medical advice (measured on a three-point scale, where 3 = often,
2 = sometimes, 1 = never), types of symptoms in which self-medication was given (multiple-choice
question), types of medicines parents used for their children (multiple-choice question), the type
of online or offline source of medical information (multiple-choice question), and the perceived risks
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of self-medication (closed question). The beliefs of parents on pediatric self-medication were measured
through a question where patients expressed their agreement on a three-point scale (where 3 = disagree,
2 = agree, 1 = don’t know/can’t answer) with a set of statements reproducing beliefs on self-medication
derived from literature research.

Categorical data, such as socio-demographics (age, gender, education level, employment, number
of children), were also collected during the study.

The questionnaire was sent via e-mail or WhatsApp link on a mobile phone using the existing
data at the general practitioner’s office together with the protection of data form and the informed
consent form; some participants completed the questionnaire when they came for a regular visit at
the general practitioner’s office.

The respondents received the link on WhatsApp or e-mail so as to respond to the survey instrument
(the questionnaire) according to their willingness. The respondents were informed that our study
did not collect personal data of patients (such as name, address, email, or current state of health).
The questionnaire was administered online, i.e., patients received the link with the questionnaire
and were solicited to answer the questions therein. As participation in the study was voluntary,
the respondents could exit the questionnaire if they did not wish to complete it. The study was
approved by the ethics committee of the Romanian Academy of Medical Sciences (no. 2 SN1/27.02.2019).

Statistical analysis was conducted using SPSS 20 software, including descriptive (frequency
and percentage) and cross-data (Fisher’s Exact Test) statistics, when applicable. As our study was
a preliminarily one and the sample was homogeneous in terms of categorical variables (Table 1), we chose
to analyze the overall data, looking at the occurrence of self-medication in general. Fisher’s exact test
was performed to determine associations between the frequency of self-medication and the parents’
beliefs regarding medication of their children without medical advice. Furthermore, we used Fisher’s
exact test to observe if the likelihood of parental self-medication is related to the number of illnesses
experienced by their children over the six-month period prior to the survey.

Table 1. Socio-demographic characteristics of the sample (N = 241).

N %
18-25 years 7 3
26-33 years 112 46
Age 34-41 years 101 42
8 41-48 19 8
+49 2 1
Total 241 100
Male 26 11
Gender Female 215 89
Total 241 100
Married 235 97
. Unmarried 4 2
Marital Status Divorced 5 1
Total 241 100
1 child 144 59
Number of Children 2 children 90 37
Per Family 3 children or more 7 3
Total 241 100
Baccalaureate 29 12
Education University degree 162 67
PhD or postgraduate
. 50 21
studies
Total 241 100
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3. Results

The subjects of the current study were 241 adults from an urban area (Bucharest, Romania) whose
children were registered in the databases of four family physician offices in Bucharest. Of the 246
applied questionnaires, 241 parents gave their consent to answer the questionnaire. Only 5 parents
from 246 declined the questionnaire (response rate 98%).

The socio-demographic characteristics of the sample are presented in Table 1.

Prevalence and Characteristics of Self-Medication Practices

The majority of parents were members of an online group for medical discussions (62%).
The majority of respondents (70%) resorted to self-medication often (9%) or sometimes (61%).

Of the total sample, 73 persons (30%) reported never having given their children any medicine
without prior medical advice (Figure 1).

70%
61%
60%

50%

40%
30%
30%

20%

9%
10%
" ]

sometimes often never
Figure 1. The frequency of self-medication administered to children (N = 241 parents).

Parents most often chose to treat their children’s medical issue on their own during the night (53%),
when they were unable to access healthcare services (61%), when they were out of their hometown
(47%), and during weekends (28%).

When their children are ill, a large proportion of our respondents said they call their doctor
(N = 211; 88%); only 24 (10%) of the respondents rarely phone the doctor while 6 (2%) of them
have never done so (see question 10 from Supplementary Text S1). Some parents (40%) request
and receive a medical visit. Among them, there are parents that resort to self-medication using
medicines, homeopathic preparations, or plant extracts (phytotherapy) based on personal experience
(30%), or that use previous doctor-recommended treatment schemes (35%). Their children’s illness
also leads some parents to seek medical information online using Google’s search engine (54%), online
parent groups, or medical websites for parents (43%) (Figure 2).

B et emperlagll B
extracts (phytotherapy) to the child
use previous prescriptions | I =
request a consult 94
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Figure 2. Number of parents that resort to certain solutions when their child is ill.
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The results revealed that, in general, respondents are aware that self-medication is undesirable
and most (82%) believe that administering certain treatments to their children without a medical
consult is only allowed in the case of minor symptoms. Most respondents disagree with the following
statements: “Self-medication is cheaper than medical consults” (88%) and “self-medication is a solution
when you lack time” (62%). However, around one in three respondents (32%) found self-medication
more efficient when medical consults are difficult to access (32%), and 13 respondents (5%) found
self-medication to be less expensive than medical consultation (Figure 3).

250
213
197
200
151
150 133
100
70 76
50 32 35
22
. 13 17 11
) Ty SENNNE . = | ___§ .
Self-medicationisa Self-medication is Self medication is Self-medication is
solution when you cheaper than more efficient when allowed in the case
are lacking time medical consults medical consults are of minor illnesses
difficult to acces
Ototally agree  @Edisagree don’t know/can't answer

Figure 3. Number of parents that agree or disagree with statements on self-medication.

In our study, we were interested to see if there is a statistically significant association between beliefs
regarding self-medication and associated behaviors, as well as whether the incidence of self-medication
is higher among parents dealing more often with their children’s health issues. For this purpose, we
performed Fisher’s exact test to determine whether the frequency of parents toward self-medication
correlated with the frequency of their children’s health issues over the last six months. The results
revealed a significant relation between the likelihood of parental self-medication for their children
and the number of the children’s health issues (p = 0.004) (Table 2), that is, parents that were confronted
with more than two medical issues of their children tend to give them drugs without medical advice
compared with those who experienced less than two health issues.

Table 2. Self-medication distribution across the frequency of children’s health issues.

How Many Times Did You Give
Number of Children Drugs to Your Children without

Health Issues Medical Advice? Total p* Value
In the L. h
n the Last 6 Months Often Sometimes  Never
less than 2 14 (7%) 126 (61%) 67 (32%) 207 (100%) 0.004
more than 2 8 (25%) 19 (59%) 5 (16%) 32 (100%)
Total 22 (9%) 145 (61%) 72 (30%) 239 (100%)

* Fisher’s Exact Test.

We were also interested to see if there is a significant association between the frequency
of self-medication and parents’ beliefs regarding medication of their children without medical
advice. The Fisher’s exact test values indicated that there is a statistically significant association
(p = 0.000); specifically, parents who agreed that self-medication is allowed in the case of minor
illnesses were the ones that resorted more often to self-medication when dealing with their children’s
diseases (Table 3).
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Table 3. Self-medication likelihood among parents who believe self-medication is allowed in case

of minor health issues.

Self-Medication Is Allowed in Case of Children’s Minor Health Issues

Agree Disagree Total p * Value
Parental medication of children yes 146 (92%) 12 (8%) 158 (100%)
without medical advice no 49 (70%) 21 (30%) 70 (100%) 0.000
Total 195 (85%) 33 (15%) 228 (100%)

* Fisher’s Exact Test.

We also found that parents who often resort to self-medication of their children were those that
believed that self-medication is a solution when health services are difficult to access (p = 0.000)
and when they do not have enough time (p = 0.020) compared with those that do not self-medicate
their children (Tables 4 and 5).

Table 4. Self-medication likelihood among parents who believe self-medication is allowed in case
of minor health issues.

Self-Medication Is a Solution When Health Services Are Difficult to Access

Agree Disagree Total p * Value
Parental medication of children yes 63 (44%) 79 (66%) 142 (100%)
without medical advice no 13 (19) 54 (81%) 67 (100%) 0.000
Total 76 (36%) 133 (64%) 209 (100%)

Table 5. Self-medication likelihood among parents who believe self-medication is a solution when you
do not have enough time.

Self-Medication Is a Solution When You Do Not Have Enough Time

Agree Disagree Total p * Value
Parental medication of children yes 55 (37%) 93 (63%) 148 (100%)
without medical advice no 15 (21%) 56 (79%) 71 (100%) 0.02
Total 70 (32%) 149 (68%) 219 (100%)

* Fisher’s Exact Test.

Further, in our study, we tested the relation between self-medication beliefs and ways of purchasing
medicine. Considering the descriptive data (Table 6), parents who agreed that self-medication is allowed
in the case of minor health conditions are inclined to purchase medicine directly from the pharmacy
(N = 189; 81%) while parents that disagreed procure the medicine using previous prescriptions (N =
33; 20%). We also performed a Fisher’s exact test, which indicates there is no significant difference
between those that agree or disagree with the statements regarding self-medication and their means to
procure medicine.

The majority of respondents (N = 171; 74%) said that they administer drugs when they are familiar
with symptoms, a quarter of them (N = 61; 25%) when the first symptoms occur, and 34 of the parents
(14%) when they notice a worsening of the child’s general condition.
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Table 6. Source of the drugs administered to the children among parents who believe that self-medication
is allowed in the case of minor health issues.

When Choosing to Handle Self-Medication Is Allowed in the Case of Minor

Things on Your Own, How Do Health Issues Total

You Procure the Medicine? Don’t

SYSt?m Agree Disagree ~ Know/Don't

Missing A

nswer
directly from the pharmacy 1(0.4%) 189 (81%) 32 (14%) 11 (5%) 22 (100%)
from acquaintances/relatives 1 (33%) 2 (67%) 0 (0%) 0 (0%) 146 (100%)
from previous prescriptions 0 (0%) 4 (80%) 1 (20%) 0 (0%) 73 (100%)
Total 2(0.8%) 195 (81%) 33 (14%) 11 (5%) 241 (100%)

Respondents were aware of the risks of administering medication without a medical prescription.
The majority believed that administration errors may occur in terms of both the preparation (77%)
and the dosage (60%). Varying numbers of respondents were aware of the possibility of side effects
from the medications (51%), the fact that self-medication can mask the symptoms of a severe condition
(64%), the likelihood of drug interactions with the onset of adverse effects (38%), and that delay in
seeking medical consultation entails risks (38%).

Symptoms that lead parents to treat their children without a medical consult include fever (80%),
cough (50%), minor trauma (41%), diarrhea (31%), vomiting (16%), and abdominal pain (12%) (Figure 4).

others . 9
abdominal pain - 29
vomiting - 39

diarrhea <_ 75
cough _ 120
0 50 100 150 200 250 ’

Figure 4. Number of parents that resort to self-medication when they observe the symptomatology
of children.

The medications with which respondents most frequently self-medicate their children are
analgesics (94%), antitussives (36%), and antidiarrheals (30%); only 1% of respondents admitted
to self-administering antibiotics to their children (Figure 5). The majority of parents (N = 233;
95%) stated they purchase medication “directly from the pharmacy,” while others resort to previous
prescriptions (N = 5; 2%) or to their friends (N = 3; 1%).

127



Medicina 2020, 56, 312

antitussives 87

antidiarrheals

72
3

antibiotics

o

50 100 150 200 250

Figure 5. Number of parents that give certain medicine to their children without medical advice.

Our research also explored whether there is a relevant association of self-medication to the use
of media versus interpersonal sources of communication for medical purposes. Our results revealed
that “traditional” medical sources continue to be frequently accessed by parents to retrieve medical
information, namely doctors (98%) and pharmacists (37%). Only 5% reported relying on friends for
medical information. Online resources have become increasingly accessible with the large-scale use
of new Internet-connected devices. Respondents reported using medical websites (19%), Google (9%),
and online parent groups and forums (4%).

The majority of respondents (67%) believed that online healthcare-related information assisted
them to some extent in solving their children’s health issue, while approximately one-fifth (19%)
of the respondents considered they found a solution for their medical issue using online sources
(Figure 6).

to a large extent - 44
don't know/can't 15
answer

0 50 100 150 200

Figure 6. Number of parents that perceived the efficiency of online medical information.

When searching online sources, the majority of respondents (78%) sought information on
the most frequent symptoms of common pediatric diseases. Approximately half of the subjects
searched for information on therapeutic options for various common pathologies (47%). More than
half of the respondents (60%) expressed their interest in homeopathic preparations or plant extracts
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(phytotherapy), while half of the participants (50%) were interested in other parents’ online descriptions
of their experiences with their children’s health issues.

4. Discussions

In our study, we found that married urban females with higher university or post-graduate
education who join online groups for medical discussions were more likely to self-medicate their
children. The high percentage of current Romanian respondents (70%—as 61% who sometimes
self-medicated their children and 9% that did the same often) we found who medicate their children
without professional medical input is consistent with previous studies conducted in Italy and Pakistan
but higher than those in France, Germany, and Spain [6-8,16,17]. This variability can be explained by
the data collection methods, cultural factors, availability of pediatric services, the costs of healthcare
services, and respondents’ socioeconomic status [17-19].

The large majority of parents in our study (88%) declared that they call their child’s doctor
when the child has an illness (as the responses to question 10 indicate, see Supplementary Text
S1). Moreover, when we measured their beliefs regarding self-medication, we found that parents,
in a close percentage (82%), believed that self-medication is used only for minor complaints
of the children (as the responses to question 20 indicate, see Supplementary Text S1). The certain
responses we obtained in our study—the high likelihood of self-medication of children by their
parents (70%) and in contrast, a high percentage (82%) who declared they call the doctor when their
children are ill—could be explained by the social desirability effect as public health campaigns have
lately been run in Romania to discourage self-medication.

The symptoms we found for which parents medicated their children were similar to those reported
in other studies, i.e., fever, coughing, abdominal pain, and diarrhea [4,15,20].

The data of our research also showed that parents who administrate medicine without medical
advice are mostly those who think medical services are difficult to access and whose children commonly
have more than two health issues during the previous half-year. This result could be related to Romanian
health care particularities, where primary care is under-used [21].

Our results are consistent with those of other authors showing that the most frequently parentally
administered medicines are analgesics, antitussives, and antidiarrheals [4,15,22]. Recent studies
conducted in adults show that medications for the musculoskeletal and nervous systems rank at
the top (NSAIDs and other analgesics despite the risk of gastrointestinal complications), followed
by medications for digestive, respiratory, and cardiovascular symptoms [17,23-26]. Parental reports
of antibiotic self-administration to their children were not common in our study, despite the fact
that the consumption of antibiotics in Romania is very high in the community; among the most
used antibiotics are penicillins, cephalosporins, and quinolones [27]. We considered two possible
explanations for the low rate of reported antibiotic self-medication to children. First, our parent group
was highly educated, and they may recognize the risks of antibiotic overuse. Second, recognizing
the societal harm from overuse of antibiotics, they may not have been fully honest in their responses to
this question.

The high access to online information, as well as online healthcare communication sources, has not
diminished parents’ focus on primary information sources, i.e., doctors and pharmacists, as highlighted
by most studies [4,8,15]. The World Health Organization has acknowledged the importance and role
of pharmacists in patients’ self-medication and self-care. The pharmacists’ role has become essential
for responsible self-medication [28].

Accessing online sources to obtain medical information is becoming common practice among
parents. Studies show that parents seeking information on their children’s symptoms and treatment
via Google tend to be distrustful of medical assessment, requesting a second opinion, which often
results in delayed diagnosis. Considering this aspect, they can also request a second opinion, but
most importantly, they should discuss with the doctor the information they obtained from the internet.
On the other hand, pediatricians should encourage parents to share their concerns in order to obtain
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answers about alternate diagnoses. Doctors’” knowledge of this approach, and its use thereof, during
discussions with parents boosts the latter’s confidence level and subsequently the quality of the medical
care [29].

This study provided insight into the pediatric self-medication patterns and beliefs among urban
Romanian parents, an area for which little information was previously available in the published
literature. This study reports on parental self-medication practices in a region of Romania that
was not included in previous studies. Nevertheless, the present study has a number of limitations.
The respondents are homogenous in respect to socio-demographic characteristics (age, education,
residence, employment, number of children). Furthermore, other variables should be taken into
account in order to achieve an integrated explanatory model on pediatric self-medication in a larger
sample and assess the reliability of the questionnaire used in this study.

5. Conclusions

In Romania, we are still faced with a high incidence of self-medication, even within the pediatric
population. The study highlighted the perceived risks of self-medication, as well as the beliefs
and knowledge of this topic, and identified some determinants of parental predisposition to
self-medication of their children. Implementing educational measures focused on parent communities
is essential in our country.
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Abstract: Background and objectives. Medical malpractice is an increasing phenomenon all over
the world, and Romania is not spared. This matter is of concern as it has a significant impact
on the physicians and the patients involved, as well as on the health care system and society in
general. The purpose of our study was to perform an insight analysis on the reasons for medical
malpractice complaints as well as the factors that facilitate the complaints to identify specific ways to
prevent them and, implicitly, to improve the medical practice. Materials and Methods. The authors
conducted a retrospective study of the medical malpractice complaints registered in the period
2006-2019 at the Commission for monitoring and professional competence for malpractice cases in
the region of Moldova, Romania, collecting data on both the patients and the medical professionals
involved. Results. The authors analyzed 153 complaints directed against 205 medical professionals
and identified 15 categories of reasons for complaints, the most significant being related to the
occurrence of complications, and to the doctor-patient interaction (e.g., communication, behavior,
informed consent). The most frequently reported medical specialties were obstetrics and gynecology,
emergency medicine, general surgery, and orthopedics and traumatology. Emergency medicine was
often involved in complaints suggesting an over utilization of this department in our country and the
need for health policies, which could divert the large number of patients accessing emergency medicine
towards primary care. Conclusions. Regarding the dysfunctions in the doctor—-patient relationship
frequently claimed by patients, the authors concluded that doctors need special undergraduate
training and periodic updating during their practice for them to be able to adequately address the
challenges of interacting with their patients.

Keywords: medical malpractice; doctor—patient relationship; communication; complications;
diagnostic error; preventive measures; retrospective study

1. Introduction

The medical practice has been regulated throughout its entire historical evolution by specific legal
and ethical norms, which are aimed at carrying out the medical act in optimal conditions, protecting
the patients, and sanctioning the doctors who violate the norms of good practice [1]. Medicine and
science, in general, enjoy quasi-constant advancements, which bring multiple benefits through their
wide applicability [2]. Nonetheless, by increasing public expectations, emphasizing the publicity of
patient rights [1,3] and the marketing of medicine [3], the progress in technology places a greater
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burden on the shoulders of the doctors, which often leads patients to have unrealistic expectations and
causes them to sanction any mistake or any result that does not coincide with their expectations [4].
This, in turn, leads to tensions in the doctor—patient relationship [2]. Thus, the current medical practice
risks being dominated by fear of potential malpractice complaints and their consequences on the
medical staff.

The increasing number of medical malpractice complaints represents an alarming reality
worldwide, with reports from various health services in Europe, the United States of America,
and Australia confirming it [5,6]. Thus, Jena et al. (2011) showed that in the United States of America,
7.4% of medical professionals are accused of malpractice each year [7]. Likewise, a 2009 study showed
that about 4% of the 108,000 physicians insured by a German insurance company faced a medical
malpractice accusation each year [8]. In the United Kingdom, the number of complaints against general
practitioners (GP) increased more than two-fold during a period of 5 years, between 2007 and 2012 [6].
In Romania, the malpractice complaints submitted to the court annually increased from 8 in 2008 to 65
in 2017, with a total of 331 in the period 20072018, 62 (18.73%) of these being registered in the eight
counties included in our study [9].

The increase in the number of malpractice complaints is a burden for both the doctors and the
medical system through their impact on the medical practice, as it can lead to the approach to the
medical act in a defensive manner, as well as through the judicial procedure which usually lasts for a
long time and involves significant costs for physicians and medical institutions [2,6].

Defensive medicine involves requesting more medical tests, more medical opinions, prescribing
more drugs, more referrals to specialized examinations, refusing to perform certain high-risk procedures,
or even refusing to assist patients with severe illnesses. These practices are not always for the benefit
of the patients; on the contrary, they subject them to unnecessary and sometimes risky interventions,
increase the costs of medical care, and decrease the level of satisfaction among physicians [2].

To reduce the negative impact of the judicial process for the resolution of malpractice complaints on
doctors and patients, an extrajudicial procedure (e.g., no-fault system, mediation) has been introduced
in many countries alongside the judiciary system. This extrajudicial procedure has a number of
advantages for both the patient and the doctor and the medical system in general. In out-of-court
settlements, complaints are resolved more quickly and efficiently, with lower costs compared to judicial
resolution. An out-of-court settlement promotes the disclosure of medical practice incidents, which can
increase patients’ trust in physicians and can improve the physician—patient relationship, thus being
preventive, and increases patient safety by improving the quality of medical care [10-12]. Likewise,
resolving the complaints out-of-court decreases the level of psychological stress to which the doctor
and the patient are subjected, and the doctor can continue or resume his/her professional activity
without fear or pressure resulting from the complaint being made in court or released in the press.
These latter aspects are particularly important as after the disclosure of the complaints in the press and
the presentation in court, even if the doctor is exonerated, the associated psychological stress could
irreversibly damage his/her professional life [12].

In Romania, the out-of-court procedure for resolving medical malpractice complaints was legislated
in 2006, when the Commissions on monitoring and professional competence for malpractice cases were
created. These Commissions carry out their activity at the level of the Public Health Directorates (PHD)
in each county and in Bucharest, and their composition is mixed, covering the activity of physicians,
dentists, nurses, midwives, and pharmacists. The working procedure of these commissions provides
that patients who consider themselves harmed as a result of the medical act, or their family members
(in the case of deceased or incompetent patients), may submit complaints accompanied by documents
certifying the harm. The complaints are analyzed with the support of medical experts in the targeted
medical specialty to determine whether or not the patients have suffered as a result of malpractice.
The medical experts who analyze the complaints belong to various medical specialties and are included
in a list available nationwide. They are designated randomly, by drawing lots, and their fee is paid by
the plaintiff. To prove an act of malpractice, four criteria must be met cumulatively: (a) the existence
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of a deed produced during a prevention, diagnosis, or treatment activity; (b) the deed is causing
patrimonial or non-patrimonial (moral) damage to the patient; (c) the guilt of the medical professional;
(d) the causal relationship between the deed and the prejudice [13].

This study aimed to analyze the reasons for the complaints of medical malpractice submitted
to the commissions at the PHDs in the region of Moldova, as well as the factors that facilitate the
complaints, to identify ways to prevent the complaints and, implicitly, to improve the medical practice.
Moldova is a large territory located in the northeast and partially the southeast of Romania, between
the Carpathians Mountains and the Prut River, and includes 8 counties out of the total of 41, plus the
capital city, Bucharest (Bacau, Botosani, Galati, Iasi, Neamt, Suceava, Vaslui, and Vrancea), with a total
surface of about 46,000 km? and around 4 million people.

To our knowledge, this research is the first of its kind in Romania.

This study is part of a broader doctoral research, which aims to identify methods to prevent the
complaints of medical malpractice submitted by patients and to reduce their impact on the medical staff.

2. Materials and Methods

2.1. Data Collection

The authors conducted a retrospective multi-centric study of malpractice complaints registered in
the period 2006-2019 at the Commissions on monitoring and professional competence for malpractice
cases in the region of Moldova, which includes 8 counties (Bacau, Botosani, Galati, Iasi, Neamt, Suceava,
Vaslui, Vrancea). Data were collected from complaints submitted by patients who were treated in either
public (n = 26) or private (n = 14) medical institutions or their family members and from decisions
made by the commissions in each case. The collection, storage, and processing of data were done with
respect for the confidentiality of personal data of doctors and plaintiffs.

The collected data concerned, on the one hand, the reasons for the complaints and, on the other
hand, the persons who made the complaints (patients or family members) and the doctors who were
involved in the respective cases. More specifically, the data regarding the persons who filed the
complaints concerned the following aspects: the socio-demographic characteristics of the patients
(gender, age, residence area); the existence of multiple pathologies; if the patient died or not; the
petitioner who filed the complaint (the patient or their family members); the number of days of
hospitalization; the existence of multiple hospitalizations. The data about the doctors concerned:
medical specialty, professional degree, and gender.

The analysis of the reasons underlying the complaints led to the identification of 15 categories,
depending on the central, essential elements mentioned in the complaints. For identifying the categories
of reasons, the authors used an inductive approach. All authors read the reasons as stated by the
complainants multiple times, and to ensure rigor, they met several times to analyze them. In this way,
the authors identified 15 categories related to aspects of the medical act itself or to the doctor-patient
relationship and decided together on the inclusion of each reason in one of the established categories.

2.2. Ethical Approval

The research was approved by the Research Ethics Commission of the “Grigore T. Popa” University
of Medicine and Pharmacy of Iasi, Romania, No. 16434 / July 30, 2019.

2.3. Statistical Analysis

The collected data were analyzed using IBM SPSS Statistics, version 23. Percentages, means,
and standard deviations were used for the descriptive analysis. The independent samples t-Test was
used in the case of variables where there were two independent groups to determine if there were any
statistically significant differences between the means of these groups. The Chi-square test was used to
test the association between categorical variables.
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3. Results

We analyzed 153 complaints directed against 205 medical professionals (physicians, nurses,
physiotherapists, and dentists). In 12 cases, the plaintiff also complained about the hospital. Of the
people who filed complaints, 82 (53.6%) were male, and 71 (46.4%) were female. Their ages ranged
from 0 (new-born) to 90 (M = 37.21, SD = 24.38); however, the analyzed documents did not specify
the age of the plaintiffs in 12 cases. Close to half of the patients were deceased (43.8%). Most of the
plaintiffs live in urban areas (67.3%), and most of them filed the complaints in Iasi (30.1%) and Galati
(28.1%) counties. In more than half of the cases, the plaintiffs were members of the patient’s family (in
case of deceased or incompetent patients). All the data related to the socio-demographic characteristics
of the plaintiffs are presented in Table 1.

Table 1. Socio-demographic characteristics of the plaintiffs.

Variables N (%)
Gender Male 82 (53.6)
Female 71 (46.4)
County Tasi 46 (30.1)
Vaslui 9(5.9)
Botosani 13 (8.5)
Suceava 16 (10.5)
Galati 43 (28.1)
Neamt 8(5.2)
Bacau 8(5.2)
Vrancea 10 (6.5)
Deceased Yes 67 (43.8)
Residence area Rural 42 (27.5)
Urban 103 (67.3)
Missing data 8(5.2)
Plaintiff Patient 63 (41.2)
Patient’s family 90 (58.8)
Multiple Yes 57 (37.3)
hospitalizations
Missing 8(5.2)
New-born Yes 8(5.2)
Age (M + SD) 37.21 (+24.38)
Hospitalization days (M + SD) 14.86 (+18.86)

The medical specialties in which most complaints were found were (1) obstetrics and gynecology,
with 24 (15.7%) claims against 29 physicians (14.14%), (2) emergency medicine, with 18 (11.8%) claims
against 20 physicians (9.75%), (3) general surgery with 16 (10.5%) claims against 20 physicians (9.75%),
and (4) orthopedics and traumatology with 12 (7.8%) claims involving 19 physicians (9.26%).

We identified 15 categories of reasons for complaints. Categories, examples of specific reasons for
each category and the most involved specialties in each category are shown in Table 2.

Table 2. Categories of reasons.

Catego Examples of Reasons Mentioned by Patients and Family No of No of Most Involved
gory Members in Proxy Position Cases  Physicians Specialties *
L. Reasons Related to Technical Aspects of the Medical Activity
Injuries produced while admitted to the hospital and during
surgical intervention 59 75 oG
Complications Infection of the surgical incision 38.6% 36.58% GS
Post-surgery complication o oo oT

Retained foreign object

136



Medicina 2020, 56, 259

Table 2. Cont.

Catego Examples of Reasons Mentioned by Patients and Family No of No of Most Involved
gory Members in Proxy Position Cases  Physicians Specialties *
Total hysterectomy instead of myomectomy 45 66 oG
Treatment errors Wrong maneuver leading to dislocation of the prosthesis o o Dentist
. L 29.4% 32.19%
Wrong epidural injection GS
Patient left unsupervised
Nesligence Superficial clinical examination Overlooking important findings 40 45 EM
818 Failure to recommend/refer for additional examinations 26.1% 21.95%
Failure to hospitalize the patient
Small cell carcinoma vs. large cell carcinoma Pediatrics
. . Establishing diagnosis without performing all the 19 28 ediarries
Diagnostic errors o o, oT
necessary tests 12.4% 13.65% oG
Intestinal obstruction vs. botulism
In diagnosis
In transferring the patient Gs
In examining the patient (waiting too long in the waiting room) 18 20
Delay L .o o o EM
In performing investigation 11.8% 9.75% S
! v Pediatrics
In child delivery
In treatment
Lack of Incompetence 13 19 OoG
competence/ Lack of knowledge 8.5% 9.26% EM
Professionalism Insufficient medical knowledge 2 o Pediatrics
Missed the bone fissure on the X-ray cs
Lack of diagnosis Missed the injury of the left ear 8 11 oT
& Missed the nuchal cord 5.2% 5.36% Pediatrics
Missed the rupture of the aortic aneurism
Deficiencies in Failure to mention all the information in the medical file
., - . . 7 8 OG
filling out the Mentioning more diagnoses than the patient actually had
e . Lo 4.6% 3.90% GS
medical file Replacing the medical file, etc.
. . Lo 3 4
Administrative Improper functioning of the emergency system 2.0% 1.95% oT
II. Reasons Related to the Relationship between Patients and Medical Staff
. . . GS
Lack of Failure to mention the risks -
. Lo . . . 24 30 Pediatrics
information/informing Failure to offer explanations o
L. . . . . . 15.7% 14.63% oG
deficiency Failure to provide information about the diagnosis EM
Insufficient interaction
Inappropriate Expecting monetary incentive EM
. 14 18
behavior of the Arrogance 9.2% 8.78% PS
physician Distant attitude e e OH
Disrespect
Inappropriate Alluspn to ethnicity ) 14 19 oG
language Inappropriate tone of voice 9.29 9.26% EM
Offensive words : i Pediatrics
Blaming the late transfer on the previous doctor
Blaming the patient’s previous doctor for brutal procedures cs
Suggestion made  Blaming the patient’s previous doctor for errors in treatment in 14 13 EM
by other doctors open discussions with fellow colleagues 9.2% 6.34% Ophthalmolo
Inciting the patient to legal proceeding against previous doctors P sy
and medical units
Apical resection without obtaining the patient’s consent
Removing the ovarian adherences detected during the surgery oG
Failure in obtaining to prepare the ovaries for IVF, against patient’s expressed 10 18 Dentist
informed consent refusal of IVF 6.5% 8.78% ents
Failure to follow the previously established therapeutic plan
and proceeding to change without prior informing the patient
Inappropriate Failure to inform fellow doctors about the special technique he
communication was performing/about the surgical intervention 3 5 Ophthalmolo
among medical Lack of communication between physicians who were treating ~ 2.0% 2.43% P 8y

team members

the patient

* OG—obstetrics and gynecology, OT—orthopedics and traumatology, GC—general surgery, EM—emergency
medicine, PS—plastic surgery, OH—oncology and hematology.
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We tested the association between the reasons mentioned above and some of the study variables
concerning the plaintiff (residence area, gender, if the patient was deceased, if the plaintiff was the
patient or a family member, if the patient was hospitalized multiple times, if the patient was a new-born)
and we found several statistically significant results. Six of the reasons for complaint (treatment errors,
reasons suggested by colleagues, inappropriate communication among team members, administrative
reasons, legal reasons, and lack of competence/professionalism) were not associated with any of the
aforementioned variables. The other nine had associations with the study variables in various ways as
showed below.

3.1. Reasons Related to Technical Aspects of the Medical Activity

3.1.1. Complications

“Complications” as a reason for complaint was associated with:

e Whether the patient was deceased or not: x2(1) = 20.913, p < 0.001; Phi coefficient = —0.371,
p <0.001, indicating a small size effect; more specifically, “complications” was more likely to be
a reason for complaint in cases where the patients did not die (54.7%) compared with the cases
where they did (18.2%);

e Gender: x2(1) = 7.929, p = 0.005; Phi coefficient = 0.228, p = 0.005, indicating a small size effect;
more concretely, “complications” was more likely to be a reason for complaint in the cases of
female patients (50.7%) compared to male patients (28.4%);

e Whether the plaintiff was the patient or a family member: x2(1) = 10.402, p = 0.001; Phi coefficient
=-0.262, p = 0.001, indicating a small size effect; in this case, patients were more likely to complain
about the occurrence of complications (54.0%) than their relatives (28.1%);

e Whether the patient had multiple hospitalizations: x2(1) = 4.370, p = 0.037; Phi coefficient = 0.174,
p = 0.037, indicating a small size effect; specifically, patients with multiple hospitalizations
were more likely to complain about complications (49.1%) compared to those without multiple
hospitalizations (31.8%).

In addition, there was a statistically significant difference in number of hospitalization days
between patients who complained about complications and those who did not: t(128) = —4.824,
p < 0.001; the patients from the former category had a higher mean of hospitalization days (M = 24.85)
compared to the latter (M = 8.71).

3.1.2. Negligence

“Negligence” as a reason for complaint was associated with whether the plaintiff was the patient
or a family member: x2(1) = 4.351, p = 0.037; Phi coefficient = 0.169, p = 0.037, indicating a small
size effect. In this case, relatives were more likely to complain about negligence (32.6%) than the
patient (17.5%).

There was a statistically significant difference in number of hospitalization days between patients
who complained about negligence and those who did not: t(128) = 2.900, p = 0.004. Patients who
complained about negligence had a higher mean of hospitalization days (M = 8.94) compared to those
who did not (M = 17.12).

3.1.3. Diagnostic Errors

“Diagnosis errors” as a reason for complaint was associated with whether the patient had multiple
hospitalizations: x2(1) = 4.094, p = 0.043; Phi coefficient = 0.168, p = 0.043, indicating a small size effect.
Patients with multiple hospitalizations were more likely to complain about diagnosis errors (19.3%)
compared to those without multiple hospitalizations (8.0%).
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3.1.4. Delay (in Examination, in Diagnosis, in Treatment)
“Delay” as a reason for complaint was associated with:

e Whether the patient was deceased or not: x2(1) = 13.239, p < 0.001; Phi coefficient = 0.295, p < 0.001,
indicating a small size effect; delay was more likely to be a reason for complaint in cases where
the patients died (22.7%) compared to the cases where they did not (3.5%);

e Whether the plaintiff was the patient or a family member: x2(1) = 5.166, p = 0.023; Phi coefficient
=0.184, p = 0.023, indicating a small size effect; delay was more likely to be a reason for complaint
by family members (16.9%) compared to patients (4.8%).

3.1.5. Lack of Diagnosis

“Lack of diagnosis” as a reason for complaint was associated with gender: x2(1) = 7.402, p = 0.007;
Phi coefficient = —0.221, p = 0.007, indicating a small size effect. More concretely, lack of diagnosis
was more likely to be a reason for complaint in the cases of male patients (9.9%) compared to female
patients (0.0%).

3.2. Reasons Related to the Relationship between Patients and Medical Staff

3.2.1. Lack of Information/Informing Deficiency

“Lack of information/informing deficiency” as a reason for complaint was associated with:

o Whether the plaintiff was the patient or a family member: x2(1) =7.212, p = 0.007; Phi coefficient = 0.218,
p = 0.007, indicating a small size effect; lack of information/informing deficiency was more likely
to be a reason for complaint for family members (22.5%) compared to patients (6.3%);

e Whether the patient was deceased or not: x2(1) = 4.223, p = 0.040; Phi coefficient = 0.167, p = 0.040,
indicating a small size effect; lack of information/informing deficiency was more likely to be
a reason for complaint in cases where the patients died (22.7%) compared to those cases in which
the patients did not die (10.5%);

e Whether the patient was newborn or not: x2(1) = 13.857, p < 0.001; Phi coefficient = 0.302,
p < 0.001, indicating a medium size effect; in cases where patients were newborn, lack of
information/informing deficiency was more likely to be a reason for complaint (62.5%) compared
to those in which the patients were not newborn (13.2%).

3.2.2. Inappropriate Language

“Inappropriate language” as a reason for complaint was associated with whether the patient was
newborn or not: x2(1) = 8.082, p = 0.004; Phi coefficient = 0.231, p = 0.004, indicating a small size effect.
In cases where patients were newborn, inappropriate language was more likely to be a reason for
complaint (37.5%) compared to those in which the patients were not newborn (7.6%).

3.2.3. Informed Consent

“Informed consent” as a reason for complaint was associated with whether the patient was
newborn or not: x2(1) = 4.662, p = 0.031; Phi coefficient = 0.175, p = 0.031, indicating a small size
effect. In cases where the patients were newborn, informed consent was more likely to be a reason for
complaint (25.0%) compared to those in which the patients were not newborn (5.6%).

3.2.4. Inappropriate Behavior

“Inappropriate behavior” as a reason for complaint was associated with the residence area (rural
or urban): x2(1) = 4.296, p = 0.038; Phi coefficient = 0.172, p = 0.038, indicating a small effect size.
In cases where patients lived in rural areas, inappropriate behavior was more likely to be a reason for
complaint (16.7%) compared to those who lived in urban areas (5.8%).
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4. Discussion

This study allowed the analysis of data gathered during 14 years of activity of the Commissions
on monitoring and professional competence for cases of malpractice in the Moldova region of Romania.
Our results showed several findings that could be the starting point for formulating prevention
methods designed to the reduction in the number of malpractice claims.

Our study showed that the ground for complaints are both reasons related to technical aspects
of the medical activity and reasons related to the relationship between patients and medical staff,
these results are consistent with literature data [14]. The analysis of these reasons is important so as to
improve the medical practice by identifying various prevention methods that target both the medical
practice and the doctor—-patient relationship, to improve medical services provided to patients, and to
protect the medical staff from complaints [2].

In our study we found that over half of the complaints were registered in two counties (Iasi and
Galati). The large number of cases in these two counties (compared to the other counties included in the
research) is due, most likely, to the fact that Iasi and Galati are university centers, with clinical hospitals,
which can provide a higher level of medical services and can treat more severe cases, and where many
patients from other counties in Moldova are referred from smaller hospitals. Likewise, many patients
request on their own initiative a referral by the general practitioners to specialists working in university
centers, sometimes contrary to their recommendation [15].

Literature data show that there are no medical specialties spared by malpractice complaints,
but some specialties have a higher risk compared to others [16].

In our study, the most frequently reported medical specialties are obstetrics and gynecology,
emergency medicine, general surgery, and orthopedics and traumatology. These results are partly
consistent with those of other studies. Obstetrics and gynecology, general surgery, and orthopedics
and traumatology also occupy the first places in studies conducted in other countries, such as the
United Kingdom, China or the United States of America [4,7,17].

The increased risk of certain medical specialties for malpractice claims is mainly due to the
particularities of the medical services provided and the patients treated. Physicians in obstetrics and
gynecology, for example, treat not only one patient, but often at least two (mother and child) or even
three, if we take into account the concerns of the future father, while by taking care of the reproductive
system of the woman, it also deals with potential future patients, the reproduction of the human
species, thus becoming a specialty of the entire family [4]. Patients accessing obstetrics and gynecology
services often expect for more than what a doctor can actually do, asking for flawless results of the
medical interventions, such as safe labor when the child is to be given birth [18]. Becoming a parent
can be an overwhelming issue, and the perinatal period is characterized by plenty of emotions related
to the health status of the newborn. As such, this emotional burden on the parents may become a
trigger for complaints against professionals in this field when the newborn is not healthy [19].

Physicians in orthopedics and traumatology are at high risk because they have to take care of
patients” work capacity [4], which may have significant social and professional implications.

The increased risk for complaints of malpractice in surgical specialties is underlined by Jena et al.
(2011), who showed that allegations of medical malpractice occur quite frequently in this specialty.
Those authors found that 88% of physicians in at-risk surgical specialties (neurosurgery, thoracic and
cardiovascular surgery, general surgery) had one complaint against them until the age of 45, and the
number increased to 99% by the age of 65 [7]. Patients who need surgery usually suffer from severe
diseases for which they expect doctors to work miracles. As the medical procedures are more complex,
the associated risks increase in a directly proportional manner [4].

A peculiar result of our study was the fact that emergency medicine was the second most
claimed specialty in terms of the number of complaints, and the third most claimed specialty in
terms of the number of doctors involved, which is in contradiction with other studies that found a
small number of complaints against the medical personnel who work in emergency medicine units,
patients and the general public taking into account that physicians in this specialty work in critical
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conditions [20]. However, a similar result was reported in the study conducted by Hwang et al. (2018)
in Taiwan, where this specialty occupied the third place, with 8.5% of complaints, after obstetrics and
orthopedics [18]. Furthermore, unlike various studies published in the literature in which there is an
increased number of complaints against general practitioners [21-23], in our study family medicine
(which in Romania is equivalent to general practice) was involved in only one complaint against
doctors from several specialties.

Our finding that the ratio between the number of complaints in Emergency Medicine and that in
family medicine was reversed compared to other studies finds its explanation in the fact that Romanian
patients use emergency medicine unit services excessively, to the detriment of primary health care
services [15,24]. Patients often shunt the family doctors, abusively calling emergency medical services,
even in non-life-threatening situations. This overuse of emergency medicine to the detriment of
family medicine (which is underused) is also demonstrated by the fact that many ambulance requests,
especially during regular working hours, are resolved at the patients” homes, representing situations
that could have been solved by the family doctor [15]. An essential reason for patients requesting
excessive consultations from emergency services is the possibility to be seen by a doctor without a
referral from the family medicine physician or in case they do not have health insurance. Although
health insurance is mandatory for all Romanian citizens, European Commission reports show that
in 2017, 11% of the population did not have it [25]. There are certain diseases (e.g., genetic diseases,
diabetes, tuberculosis, myasthenia gravis, increased obstetrical risk in pregnant women, peptic ulcer,
mental illnesses) [15,26] which can be assessed or followed up by a specialist physician directly in the
outpatient department, without a referral from the family doctor [24], which could further explain the
lower number of complaints to the latter, by the lower addressability. Moreover, the primary health
care system in Romania is not accessible to everyone, about 2.5% of the population do not have access
to a family doctor [27].

In our study, 9.2% of the patients complained about the doctors” inappropriate language,
9.2% complained about their inappropriate behavior, and 15.7% complained about the lack of
information or the deficiency in offering information. These issues raise an alarm about how doctors
approach and relate to their patients and the fact that deficiencies in the doctor-patient relationship
can lead to a malpractice complaint.

Our study highlights that individuals from rural areas were more likely to report inappropriate
behavior compared to those from urban areas. In rural areas, the relationship between the doctors and
their patients is much closer [28,29]. This closer relationship might result in the patient preferring to wait
a long time (sometimes even a few hours) to be examined by their own doctor when the latter is very
busy, or even to postpone a consultation if their doctor is not available, instead of contacting another
physician [28]. Interpersonal relationships are generally closer in rural areas, where communities are
small, people communicate more with each other (for example, they usually all greet even if they do
not know each other), they live in communion. The rural environment is characterized by greater social
integration, with friendly and neighborly support and involvement by the community, compared
to the urban environment [30]. The rural patient, accustomed to close interpersonal relationships in
their area of residence, both with the community and with the physician, is disturbed when urban
physicians, with less time allocated to patients, interact less with the patient, behave more distantly
and sometimes arrogantly, as some patients in our study pointed out. These issues become more
relevant when the outcome of the medical intervention is not in line with the patient’s expectations.

Data from the literature show that in addition to the actual harm caused to the patient, as an
independent reason, an important role in formulating the complaint has a series of triggers, especially
related to the relationship between doctor and patient [31], to how the patient is approached by the
doctor [5], and to the fact that the doctor often leaves the patient without explanations as to the reasons
for the failure of the medical act [32]. At the same time, there are studies showing that despite the
occurrence of harm to the patient, the proper way in which physicians have related to their patients
contributed to the patients’ decision to not complain about the medical act [33].

141



Medicina 2020, 56, 259

The ability of inter-human relationships, in the form of communication and the attitude of the
doctor towards the patient [5], strongly influences the medical practice. Communication failure often
predisposes the occurrence of adverse events [34]. Moreover, patients are more likely to complain about
the doctor after the occurrence of an adverse event if the doctor—patient relationship is dysfunctional [3].
Thus, the study conducted by Veerman et al. (2019) showed that at least 10% of patients were
disappointed in how their doctors behaved and communicated with them, in the sense that their
problems were not given due consideration and that their doctors were too busy to discuss with
them [5].

A study conducted in the United States of America that analyzed the malpractice complaints in
general surgery showed that 34% of complaints were related to poor communication [35].

Doctor-patient communication triggers complaints of malpractice also from the perspective of
obtaining the medical history. Failure to obtain an accurate medical history predisposes to misdiagnosis
and treatment errors, which generates patient dissatisfaction and subsequent malpractice complaint [36].
On the other hand, a good communication may prevent the patient from making a malpractice complaint
even if the result of the medical act is not as expected, because the level of communication between
doctor and patient allows the latter to understand the situation and accept the result [37]. Regarding
the starting point of conflicts, both family members and physicians recognize the implications of poor
communication [38]. Doctors who disregard their patients’ feelings and concerns, who provide little
information, who do not have the patience to listen to or are not open with their patients are more
likely to be reported, compared to their colleagues who communicate more efficiently with patients [3].

Our study showed that the lack or deficiency in communication was more likely to be reported by
the family than by the patient, rather when the patient had died and when the patient was a newborn.
These elements suggest the need of the family to be informed in difficult moments, such as the
unexpected death of a family member or the health condition of their children. Moreover, when death
occurs in a child, the need for the parents to receive information and explanations is even higher, given
that usually a child is not supposed to die from natural causes [20]. Communicating bad news can be a
difficult task for doctors, with a great emotional load on both sides. To provide it in an appropriate
way, the doctors need specific training and protocols [39]. In general, the perinatal period is associated
with a strong emotional load [19], and as the reality of a newborn’s health problem adds significant a
degree of vulnerability [40], it can strongly upset the new parents, some of them perhaps experiencing
parenthood for the first time. Therefore, the need for realistic, accurate information about the medical
situation becomes essential [38,40]. Moreover, it is necessary that the doctor—parent interaction be
grounded on clear, prompt, and compassionate communication by doctors [38,40].

In our study, inadequate informed consent or lack thereof was reported in 6.5% of cases. This result
is closely related to the results of other studies, such as one conducted in Australia, which showed
that 5% of negligence claims and conciliated complaints were related to the process of obtaining
the informed consent [32]. Obtaining the informed consent is an important part of the process of
communicating with the patient. Agarwal et al. (2018) identified aspects related to professionalism
and inadequate informed consent as factors favoring the initiation of malpractice complaints in cases
involving spine surgery [41].

Our results showed a higher probability of complaining about the lack of consent in cases where
patients were newborns. This result was related to another result of our study indicating that the lack
or deficiency of communication was a more common reason for complaint by the patient’s family
(when the patient died, or the patient was a newborn or incompetent). Data from the literature indicate
the need for a family-centered approach in the medical settings for the care of newborns, requiring the
adequate approach of the parents [40,42,43]. In a family-centered approach, the parents and the doctor
form a partnership in which the parents are offered the opportunity to actively participate in the care
of their child [42,43]. Sarin and Maria (2019) reported that parents often show distress, frustration,
and alienation when they are not involved in caring for their own child [42], thus creating the premises
for complaints when the evolution of the case is not favorable.
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Patients who complain about their doctors for the damage they suffered as a result of a misdiagnosis
or treatment error [2] may want to obtain compensation, to find out what happened [3], to get an
explanation, or they may want the doctor to admit their mistake [3,31] and express their regret [31].
Patients may also want to prevent the occurrence of similar incidents in the future or for justice to be
done, i.e., those responsible for the mistake to be held accountable [3,44].

Our results showed that in 59 (38.5%) cases the reason for complaints was the occurrence of
a complication of the medical act, the complaints being directed towards 75 (36.58%) physicians.
The most frequently claimed specialties for this reason were obstetrics and gynecology (15 complaints,
19 doctors), general surgery (6 complaints, 10 doctors) and orthopedics and traumatology (7 complaints,
9 doctors), all of them major surgical specialties, which, by their nature, involve an intrinsic risk of the
occurrence of additional harm during surgical interventions which are often complex [4]. Some of the
complications are related to the complexity of the disease, but others are related to errors that could
have been prevented [45]. Our results show that women were more likely to claim complications
than men and for the complaint to be made by the patients rather than their relatives, probably
because the patient is the one who endures the physical suffering associated with the occurrence
of a complication and the subsequent necessary treatments. The complaint for the occurrence of a
complication of the medical act was associated with a greater number of hospitalization days and
with multiple hospitalizations because the occurrence of a complication requires additional medical or
surgical treatment.

The diagnostic error was a reason for complaint identified in 19 (12.4%) cases, involving a number
of 28 (13.65%) individual physicians, the three most involved specializations for this reason being
pediatrics (4 complaints, 6 doctors), obstetrics and gynecology (2 complaints, 3 doctors), and orthopedics
and traumatology (2 complaints, 5 doctors). This was a more likely reason for complaint for patients
with multiple hospitalizations. The lack of diagnosis was a reason for complaint in 8 (5.22%) cases,
involving 11 (5.36%) doctors, the most involved specialty for this reason being general surgery
(2 complaints, 4 physicians). Although the literature data most often refer to diagnosis errors in general
(lack of diagnosis, misdiagnosis, and delay in diagnosis), the results of our study showed a lower
percentage compared to those reported in other studies. For example, 32.1% complaints related to
diagnosis were reported by Gupta et al. (2018), 38.8% of them concerning hospitalized patients [46].
Gupta et al. (2018) observed a decrease in this percentage during the 13 years of the study period
(January 1, 1999-December 31, 2011), an aspect that can be explained by the increasing accessibility
of the diagnosis techniques, especially in the medical imaging field [46]. The diagnostic errors in
outpatients were estimated at 5.1% of the cases [46]. Schaffer et al. (2017) showed that diagnostic
errors were the most reported reason in cases of paid claims, being found in 31.8% of these cases [47].
Diagnostic errors were the most common cause of complaint in the study performed by Saber Tehrani
et al. (2013), which showed that diagnostic errors were accompanied by the highest costs and the
highest degree of danger for patients [48].

Misdiagnosis is often associated with mistreatment and may require multiple re-admissions in
the hospital, increasing morbidity and the associated costs [46]. Agarwal et al. (2018) found 31.6%
claims for delayed diagnosis and 32.7% claims for failure to provide appropriate treatment, which may
underline that acute patients need prompt and appropriate care [41].

In our study the lack of diagnosis was reported by men rather than women, a similar result being
obtained by Gupta et al. (2018) [46]. According to the empathizing-systemizing theory, proposed
by Baron-Cohen and cited by Zaidi (2010), men tend to systematize, seek solutions, understand,
and build different systems, going to the root of the problems, so that everything becomes clear to them.
Therefore, male patients are dissatisfied by the lack of a clear explanation for their health problems and
start their own search for solutions or answers [49].

The consequences of diagnosis errors have been analyzed by several studies. For example,
Zwaan et al. (2010) identified a 6.5% death rate in a hospital due to adverse events [50]. Gupta et al.
(2018) showed that diagnosis errors result in 47.4% of deaths and 33.9% of disabilities [46]. In our
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study, diagnosis errors were not significantly associated with the patient’s death, this being reported
only in 10.6% (n = 7) of the deceased patients. A reason for complaint strongly associated with the
patient’s death in our study was the delay of the medical act. The most involved specialties for claiming
delay in the medical act were general surgery (4 complaints, 5 physicians) and emergency medicine
(4 complaints, 4 physicians). Delay as a reason for medical malpractice claim in emergency medicine is
again associated with the overutilization of the emergency services where the waiting time to receive
medical care is inversely proportional to the severity of the emergency.

In cases when the patient is deceased or incompetent (i.e., by age, by physical or psychical
disability), the complaint is submitted by a family member. In our study, this occurred in more than
half of the cases (i.e., 58.8%). This aspect has multiple facets. Except for the already mentioned reason
regarding the stress and emotions surrounding the perinatal period, the parents of an injured child
might be preoccupied by the future of their offspring in case of disability [19]. Likewise, the death of a
loved one may cause a great deal of distress, with material or moral prejudice, the family thus being
entitled to ask for explanation and compensation in case of the physician’s malpractice leading to the
misfortunate event [1]

Strengths and Limitations

This study has several strengths and limitations. Regarding the strengths, this study is the first of
its kind to be conducted in Romania and covered a significant geographic part of the country, Moldova
being one of the largest Romanian regions. Therefore, the results offer an image of the situation for
about 20% of the country’s entire population and can represent the starting point for studies in the
other regions, to have a national perspective on this subject. Second, the research analyzed complaints
registered for 14 years, offering an objective data analysis. Third, the results are discussed and explained
in opposition with other medical systems showing the most vulnerable medical specialties in Romania
compared to other countries.

The limitation of the study stems from the fact that some of the cases had missing data regarding
the socio-demographic characteristics of the plaintiffs and some of the claims did not contain precise
information on the number of doctors involved. This limitation was the result of the fact that the
patients gave a personal account of the events, instead of having access to a default form with specific
items for each category of information.

5. Conclusions

Complaints of medical malpractice continue to follow an ascending trend worldwide, and their
consequences are multifaceted, affecting both the medical staff and patients and society in general.
Therefore, it becomes significantly necessary to identify solutions meant to reduce the number of
complaints, a goal that could be met by conducting studies aimed at formulating recommendations in
this regard.

The results of our study showed that the most frequently involved specialties were obstetrics and
gynecology, emergency medicine, general surgery, and orthopedics and traumatology. Particularly in
this list was the presence of the emergency medicine, a result explained by the overuse of these services
in our country and the underutilization of primary health care services. Therefore, health policies are
needed to divert the large number of patients accessing emergency medicine to primary care.

Many of the aspects the plaintiffs complained about were represented by deficiencies in the
interaction between doctor and patient or his/her family (lack of or deficiency in information, the doctor’s
inappropriate behavior or language, failure to obtain informed consent). Based on this finding, we
consider that doctors need special training during their undergraduate medical studies, as well as
periodic updating during their career to meet the challenges of communication and relationships with
patients and their families.
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Abstract: Background and objectives. Venous thromboembolic events (VTEs) are among the most
important complications of nephrotic syndrome (NS). We conducted a study that aimed to determine
the prevalence of inherited risk factors for VTE in NS and to identify which factors are independent
predictors of VTE. Materials and Methods. Thirty-six consecutive patients with primary NS that
underwent percutaneous kidney biopsy between January 2017 and December 2017 were enrolled in
this retrospective, observational study. VTEs were the primary outcome. Baseline demographic and
biochemical data were collected from medical records, and genetic testing was done for polymorphisms
of Factor V, PAI, MTHFR, and prothrombin genes. Results. The incidence of VIE was 28%, and
the median time to event was 3 months (IQR: 2-9). The prevalence of inherited risk factors was
14% for Factor V Leiden mutation, 5.6% for prothrombin G20210A, 44.5% for PAI, and 27.8% for
each of the two polymorphisms of the MTHFR gene. On multivariate analysis, the presence of at
least two mutations was independently associated with the risk of VTE (HR, 8.92; 95% confidence
interval, CI: 1.001 to 79.58, p = 0,05). Conclusions. These findings suggest that genetic testing for
inherited thrombophilia in NS could play an important role in detecting high-risk patients that
warrant prophylactic anticoagulation.

Keywords: nephrotic syndrome; thrombosis; inherited risk factors; mutation; anticoagulation

1. Introduction

Venous thromboembolic events (VTEs) are serious complications of nephrotic syndrome (NS),
associated with significant morbidity and mortality [1]. The reported incidence varies widely (5-50%),
due primarily to the retrospective nature of most studies and the lack of an accurate screening method
that eludes an important number of asymptomatic cases [1-4]. Current clinical guidelines have
inadequate evidence to support prophylactic anticoagulation, taking into account only serum albumin
level and proteinuria over 24 h as markers of VTE risk [5].

VTEs must be viewed as a multifactorial disorder with the underlying pathogenesis being a
complex interplay of inherited and acquired risk factors [6]. Hemostasis imbalance secondary to the
NS [7], chronic inflammation associated with certain glomerulonephritis [1], a genetic background [1,6],
when associated, can trigger a VTE. Usually, an inherited thrombophilia does not result in a spontaneous
VTE, until an acquired hypercoagulable state (nephrotic syndrome) determines the clinical expression
of the prothrombotic tendency [6]. With past clinical trials focusing mainly on serum albumin or
proteinuria to define the VTE risk [3,8-10], the magnitude of additional risk factors has been evaluated
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only in small series, with conflicting results [2,11-14]. Additionally, polymorphisms associated with
inherited thrombophilia seem to be relatively prevalent in the general population, and screening for
these disorders remains debatable [2,6,15-17].

We conducted a retrospective, observational study that sought to identify the prevalence of
inherited risk factors for VIEs in a population of NS patients and to define the risk of VTEs in
such patients.

2. Materials and Methods

2.1. Study Patients” Characteristics

All consecutive patients with primary NS admitted to our department between January 2017
and December 2017 were considered for inclusion, and only those with a histopathological diagnosis
were further included in the study. NS was defined as a level of proteinuria over 3.5 g/day and
hypoalbuminemia. Exclusion criteria were age under 18 years, presence of known secondary causes
of NS (diabetes, hepatitis B or C virus infection, HIV infection, systemic lupus erythematosus), a
previous VTE, disorders that interfere with the synthesis of hemostasis-related factors (severe hepatic
impairment) and therapy that influences hemostasis (antiplatelet drugs, anticoagulants).

Baseline demographics and biochemical data collected included age at presentation, gender,
proteinuria over 24 h, serum albumin, and creatinine level. Glomerular filtration rate (GFR) was
estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
The genetic testing panel included the assessment for polymorphisms of Factor V gene (G1691A,
T1250C, Cambridge and Hong-Kong mutations), PAI gene (plasminogen activator inhibitor—4G/5G
mutation), methylene tetrahydrofolate reductase (MTHFR) gene (C677T and A1298C mutations) and
prothrombin gene (G20210A mutation). Genetic testing was performed using a real-time polymerase
chain reaction method (RT-PCR).

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Fundeni Clinical Institute (No. 20638/30 March 2020).

2.2. Diagnosis of Venous Thromboembolic Events

VTEs were suspected on clinical grounds (unilateral limb pain or edema, cough, dyspnea,
hemoptysis, loin pain, hematuria) and, additionally, were screened by D-dimers level to identify
asymptomatic events. The D-dimers level was determined every 3 months and considered elevated if
the level was over 2 mcg/mL. VTEs were confirmed by imaging studies: deep vein thrombosis (DVT)
by Doppler ultrasound, renal vein thrombosis (RVT) by Doppler ultrasound followed by contrast spiral
computed tomography (CT), pulmonary embolism (PE) by spiral CT. The ultrasonographic criteria for
diagnosis of venous thrombosis (deep vein, renal vein) were direct visualization of thrombi and absent
venous flow. Additionally, in the case of RVT, a confirmatory CT scan was undertaken to document
filling defects during the venous phase following intravenous contrast.

2.3. Statistical Analysis

Data distribution was evaluated with the Jurque-Bera test. Normally distributed variables were
expressed as means and standard deviations, while the non-normally distributed variables were
expressed as a medians and interquartile ranges (IQRs). Categorical variables were expressed as
numbers and frequencies. For continuous data, differences between groups were assessed using
the Student t-test and univariate ANOVA, depending on the level of the independent variable.
For categorical data, differences between groups were evaluated using the x? test. To determine
the relationship between the studied parameters and the primary endpoint (occurrence of VTE),
univariate and multivariate Cox proportional hazard regression was performed. All p values were
two-tailed, and all p values less than 0.05 were considered statistically significant. The time to event
was measured from the baseline to the moment of documented VTE. The probability of event-free
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survival was assessed using a Kaplan-Meyer curve. The statistical analysis was performed using SPSS
17.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Patient Characteristics

The study cohort included 36 patients with the baseline characteristics shown in Table 1. Four
patients were excluded from the study due to the absence of histopathological diagnosis or identification
of a secondary cause for the nephrotic syndrome (amyloidosis). Membranous nephropathy (MN)
was the most common type of glomerulopathy found on kidney biopsy (38.9%), followed by IgA
nephropathy (IgAN) (27.8%), minimal-change disease (MCD) (19.4%) and focal and segmental
glomerulosclerosis (FSGS) (13.9%).

Table 1. Characteristics of the Study Population.

Variable Overall MN MCD FSGS IgAN p-Value
Number of patients 36 14 7 5 10
Number of VTEs 10 5 2 1 2 0.827
Age (y) 434 +14.2 477 £ 14 40.5+19.8 444 +124 392+ 11 0.52
Serum albumin (g/dL) 2.58 +0.62 2.75+0.52 22 +0.64 252+1 2.66 +0.48 0.28
Proteinuria (g/day) 729+24 6.2+1.42 10.1+0.7 7+21 7+3 0.002
Serum creatinine (mg/dL) 1.5+09 1.37+09 1.71+12 1.07 £ 0.25 1.75+0.88 0.48
Estimated GFR

(mL/min/1.73 m2) 66.2 +32.7 752 +£38.1 63.4 +30.1 70.8 £20.6 53.3 +30.5 0.44
Abbreviations: VTE, venous thromboembolic events; GFR, glomerular filtration rate. For continuous data, differences
between groups were assessed using univariate ANOVA, and for categorical data, differences between groups were
evaluated using the X2 test.

The baseline 24-h proteinuria and serum albumin were 7.29 + 2.4 g/day and 2.58 + 0.62 g/dL,
respectively. Additionally, 11 patients (30.5%) were over 50 years old, while three of them were
over 65 years old. The average 24-h proteinuria differed across the four types of glomerulopathies
(p = 0.002). Patients with minimal-change disease (MCD) had higher proteinuria levels than those
with membranous nephropathy (p < 0.001) and IgA nephropathy (p = 0.02), respectively. Additionally,
all patients with MCD had severe nephrotic syndrome with proteinuria levels over 8 g/day. The mean
baseline estimated glomerular filtration rate (eGFR) was 66.2 + 32.7 mL/min/1.73 m?, and although
MCD and IgA nephropathy patients seemed to have lower eGFR, it did not reach statistical significance
(p = 0.44). The median follow-up time was 24 months (IQR 9-36). In terms of risk factors for VTE,
five patients (13.9%) were obese, four patients (11.1%) were current or previous smokers, one patient
had a previous history of VTE, and one patient had a diagnosis of antiphospholipid syndrome.
Moreover, two patients had a history of other autoimmune disorders (ulcerative colitis and ankylosing
spondylitis). There was no family history of VTE in the study cohort.

The prevalence of the inherited risk factors for VTE is depicted in Figure 1. Almost 3% of the
patients were homozygous and 11% heterozygous for the Factor V mutation G1691A, while none
had the Cambridge, Hong-Kong, or T1250C mutations. The prothrombin G20210A mutation was
encountered in 5.6% of the patients. The two polymorphisms of the methylene tetrahydrofolate
reductase gene and the mutation of the PAI gene were highly prevalent in the study cohort (28% and
45%, respectively). Additionally, 12 patients (33%) had at least two of the studied mutations (Table 2).
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Figure 1. Prevalence of the inherited risk factors for VTEs in the study cohort.

Table 2. Type of mutations in patients with at least two associated mutations.

. Factor V MTHFR MTHFR Prothrombin
Patient (G1691A) PATAG/G (A1298C) (C667T) G20210A

1 Homozygote - - - Heterozygote
2 Heterozygote Heterozygote - Homozygote -

3 Heterozygote Homozygote Homozygote - -

4 - Homozygote Homozygote - -

5 Heterozygote Homozygote - - -

6 - Homozygote Heterozygote Heterozygote -

7 B Homozygote Homozygote Homozygote -

8 - Heterozygote - Homozygote -

9 - Homozygote Homozygote Homozygote -
10 - Heterozygote Homozygote - -
11 - Homozygote Homozygote - -
12 Heterozygote Homozygote - - -

Abbreviations: MTHFR, methylene tetrahydrofolate reductase; PAI, plasminogen activator inhibitor.

3.2. Venous Thromboembolic Events: Frequency

Ten VTEs were diagnosed in the study population (28%). The median time to VTE was 3 months
(IQR 2-9), with 80% and 100% of VTE occurring during the first 6 months and the first year of follow-up,
respectively. The vast majority of the thrombotic events were unilateral RVT (70%), followed by bilateral
RVT, DVT, and PE, each being diagnosed in one patient. The majority of VTEs were asymptomatic,
except in the cases of PE, DVT, and bilateral RVT. The asymptomatic events (unilateral RVT) were
diagnosed by a confirmatory imaging method following the suspicion triggered by an increase in
D-dimers level. There were no significant differences in terms of VTE frequency across the different
types of glomerulopathies (p =

0.827).
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3.3. Venous Thromboembolic Events: Risk Factors

The results of the univariate analysis in order to identify clinical and biochemical risk factors
for the development of VTE are shown in Table 3. Patients that developed a VTE had higher levels of
proteinuria (p = 0.045) and lower serum albumin (p = 0.002) than those event-free. Additionally, patients
that developed a VTE had more frequent polymorphisms of the Factor V gene (G1691A), MTHFR gene
(C677T), or the 4G/5G mutation of PAI gene than those event-free. Moreover, the association of at least
two of the abovementioned mutations was encountered more frequently in those that developed a VTE.
The percentage of patients with obesity (p > 0.99), that were older than 50 years of age (p = 0.45) or that
were current or previous smokers (p > 0.99) did not differ between those that developed a VTE or not.
Additionally, the patients with a previous history of VTE developed a pulmonary embolism, while the
patients with a previous diagnosis of antiphospholipid syndrome developed an asymptomatic unilateral
renal vein thrombosis. On multivariate Cox proportional hazard regression, only the association of
at least two mutations was independently associated with the risk of VTE (HR, 8.92; 95% confidence
interval, CI: 1.001 to 79.58, p = 0.05) (Table 4), these patients having a significantly lower probability of
remaining VTE-free than those with no associated mutations (p < 0.001) (Figure 2).

Table 3. Patients characteristics at baseline.

Parameter With VTE Without VTE p-Value
Age (years) 419+ 18 44 +12.8 0.742
Proteinuria (g/day) 8.62 +2.27 6.78 £2.29 0.045
Serum Albumin (g/dL) 2+06 2.8+0.48 0.002
Serum creatinine (mg/dL) 1.56 £ 0.9 1.48 +£0.92 0.808
eGFR (mL/min) 66.5 + 37.61 66.1 + 3.44 0.978

MTHEFR (A1298C) (%) 50% 19.2% 0.1

MTHER (C677T) (%) 60% 15.4% 0.01
Factor V (G1691A) (%) 60% 3.8% 0.015
Prothrombin G20210A (%) 10% 3.8% 0.48
PAI 4G/5G mutation (%) 80% 30.8% 0.011
Association of two mutations (%) 80% 15.4% 0.001

Abbreviations: eGFR, estimated glomerular filtration rate; MTHFR, methylene tetrahydrofolate reductase; PAI,
plasminogen activator inhibitor. For continuous data, differences between groups were assessed using the Student
t-test, and for categorical data, differences between groups were evaluated using the x? test.

Table 4. Risk factors for venous thromboembolic events in patients with primary nephrotic syndrome
(Cox proportional hazards model).

. Univariate Analysis Multivariate Analysis
Variable
Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value
Serum Albumin
(for cach 1 g/dL) 0.25 (0.11-0.58) 0.001 0.43 (0.1-1.89) 027
24-h proteinuria 1.33 (1.009-1.75) 0.04 1.14 (0.79-1.64) 0.46
(for each 1 g/day) ’ ’ ' ' ’ o '
MTHEFR
(A12980) (presence vs. absence) 291 (0.84-10.11) 0.09 0.49 (0.07-3.11) 0.45
MTHER (C677T) 451 (1.27-16.02) 0.02 138 (0.23-8.36) 0.72
(presence vs. absence)
Factor V (G1691A) 6.4 (1.77-23.08) 0.005 0.92 (0.12-6.83) 0.94
(presence vs. absence)
Prothrombin G20210A 2.68 (0.33-21.38) 035 3.23 (0.26-39.9) 036
(presence vs. absence)
Association of two mutations
10.51 (2.21-49.92) 0.003 8.92 (1.001-79.58) 0.05

(presence vs. absence)

Abbreviations: MTHFR, methylene tetrahydrofolate reductase.

153



Medicina 2020, 56, 242

1,01
I=I"TNo associated mutations
At least two associated
mutations
0,871
@
e
L™
M o6
=
R
[
£
2 4
o
[
e
o
0,21
0,09 p<0.001

T T T T T T
00 20,00 40,00 60,00 80,00 100,00

Follow-up (months)
Figure 2. The risk of VTEs over time in patients with at least two associated mutations.
4. Discussion

VTEs are an important cause of morbidity and mortality among patients with nephrotic
syndrome [18], with an incidence rate that varies greatly between different clinical trials [1]. Our study
confirms the high prevalence of VTE (28%) in patients with primary nephrotic syndrome, with the
vast majority of VTE being unilateral RVT (70%). The large variability in terms of VTE prevalence is
mainly due to differences in methods used to diagnose VTE [1]. Although the frequency distribution
of VTE appears to have changed over time—past clinical trials report RVT as the most common type of
VTE [1,19-21], while more recent papers show a higher prevalence of PE and DVT [7,10]—caution must
be employed when interpreting these results. Studies conducted in the 1980s and 1990s used renal
venography as a screening method for RVT [19-22], capturing many asymptomatic events and thereby
accounting for the higher prevalence of RVT, while the more recent retrospective studies focused
mainly on symptomatic events [2,9,10]. Chronic RVT is usually asymptomatic and tends to occur more
in older patients (mean age 40 years) than acute RVT (mean age 20 years) [1,2]. Our study population
had a mean age of 43.4 + 14.2 years, and we used a screening method for VTE detection (D-dimers
levels), thereby explaining the higher prevalence of RVT in our cohort. The significance of screening
asymptomatic events is debatable, but the presence of asymptomatic RVT determines an increased risk
of PE, and a screening method could be undertaken at least in high-risk patients [23]. The predilection
for RVT in nephrotic syndrome, and especially in MN, supposedly involves local disturbances in
hemostasis, with generation of thrombin, and fibrinolysis, but this remains unproven [1,2,19].

Currently, the risk assessment of VTE in NS relies mainly on serum albumin, proteinuria level, and
histological diagnosis [2,5]. Controversy exists regarding the cut-off limit for serum albumin, below
which a high VTE risk could be defined [2,3]. Although most studies identified hypoalbuminemia
(serum albumin below 2.5 g/dL) as an independent risk factor for VTE [3,7-9,20], others did not show
significant differences between patients with or without VTE [3,21]. Our study did not identify serum
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albumin or proteinuria as independent risk factors for VTE. Despite the fact that most of our patients
had severe hypoalbuminemia, we detected VTE even in patients with only a modest reduction in
serum albumin (3 g/dL). As previously stated by other papers [2,3], it seems that hypoalbuminemia is
a risk factor for VTE, but it is not mandatory for the development of these complications. In terms of
histopathological diagnosis, MN is universally recognized as being associated with the highest risk for
VTE development [2,8,24], although other studies did not confirm this predilection [10].

Uncertainties exist about which patients with idiopathic GN, other than MN, or with less severe
NS would benefit from prophylactic anticoagulation, and identification of these high-risk patients still
remains a challenge. The pathogenesis of thromboembolic complications in NS is multifactorial, with a
complex interplay of acquired and inherited factors [1,6]. Although hemostasis derangements with
a shift towards a prothrombotic state is well recognized in NS, studies linking these disturbances to
VTE development are somewhat lacking [1]. Antithrombin III (AT III) deficiency is encountered in up
to 80% of patients with NS [3]. Despite the fact that AT III deficiency reflects the severity of NS, as it
is being correlated with the degree of hypoalbuminemia and proteinuria, not all studies confirmed
the association between AT III deficiency and VTE [3]. Previous work of our group identified ionized
calcium and a lower AT III activity as being independent predictors of VTE [7].

While most studies over the past decades evaluated mainly acquired risk factors for VTE in NS
(serum albumin, proteinuria, hemostasis parameters) [8-10], few have addressed inherited risk factors
with conflicting results [2,11-14].

Genetic mutations associated with inherited thrombophilia are frequently encountered in the
general population [2,6,16,17,25-27]. Despite that the presence of these polymorphisms determines
from a 3-fold increased risk (for prothrombin G20210A) to up to an 80-fold increased risk (for factor
V Leiden homozygote) [6], the incidence of thrombotic events in susceptible individuals is highly
variable, with many of them never developing VTE [17]. Although our study enrolled consecutive
patients, we identified a higher prevalence of Factor V G1691A, prothrombin G20210A, and MTHFR
polymorphisms than those encountered in the general population [6,28]. Additionally, 33% of our
patients had at least two mutations, while the reported prevalence of heterozygosity for Factor V
and prothrombin is 0.1%, and other associations have not been evaluated [6]. In univariate analysis,
the presence of polymorphisms for the Factor V gene (G1691A), MTHEFR gene (C677T), and the 4G/5G
mutation of the PAI gene, and in addition, the presence of at least two mutations was associated with
VTE. In multivariate analysis, only the combination of at least two mutations was identified as an
independent predictor of VTE. Many studies over the past years have evaluated the risk of initial and
recurrent VTE in patients carrying a single mutation [29,30]. Although the presence of polymorphisms
for Factor V and prothrombin appears to increase the risk of initial VTE, most of the studies showed
similar rates of VTE recurrence among carriers and non-carriers of thrombophilic mutations [29,31].
The general agreement exists that, in this setting, screening for these thrombophilias should not be
undertaken because it can misguide the clinical decision on appropriate anticoagulation treatment
duration [32]. Nevertheless, patients with double heterozygosity for factor V and prothrombin had,
in one study, a 2.6-fold higher risk for VTE recurrence compared to those heterozygous only for factor
V [33]. Despite not being supported by all studies [31], patients with coexistent thrombophilias may
warrant prolonged anticoagulation [28]. Altough based on a small number of patients, the results
of this study outline several important concepts. First of all, we confirmed that VTE is a multigenic
disorder by the observation that the combination of two mutations confers an increased risk of VTE,
as compared to the presence of either one alone [6]. The presence of these polymorphisms must be
viewed as a risk factor for VTE, whose clinical expression is determined by acquiring the hemostasis
disturbances associated with the NS [17]. Taken together, an increased level of Factor V associated
with NS [1] in conjunction with inherited resistance to inactivation by protein C, coexistent mutations
that cause higher plasma prothrombin levels, or hyperhomocysteinemia could explain why only some
patients develop VTE in the setting of similar NS severity. Despite the fact that controversy still exists
regarding the risk of coexistent thrombophilias for initial and recurrent VTE, none of those studies
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have addressed this concern in the setting of NS, and none of them have evaluated associations other
than Factor V-prothrombin [29-31,33,34]. Since the majority of VTE in our study occurred during the
first 6 months of follow-up, thereby confirming that the highest risk is within this time frame [7,9],
early identification of high-risk patients for prophylactic anticoagulation is mandatory, and screening
for thrombophilic defects might be of value in this setting (Table 5). Additionally, other studies have
proposed the use of monitoring the D-dimers level as a screening method for VTE [7] that could reliably
predict the risk of VTE recurrence, suggesting a possible role in tailoring anticoagulation treatment in
these patients [35]. However, our study has some limitations (retrospective study, a small number
of patients) that prevents the generalizability of the results. As such, larger, prospective, multicenter
cohorts are needed to fully validate these findings.

Table 5. Evaluation of the risk factors for VTE in patients with NS.

Age, smoking history, previous or family history of VTE, pregnancy,
prolonged immobilization, surgery, review of concomitant medication,
neoplasia, chronic heart of pulmonary disorders, presence of central
venous catheters, presence of inflammatory conditions

History

Serum albumin level, 24-h proteinuria, D-dimers level, complete blood

Laboratory predictors of VTE cell count, serum ionized calcium

Coagulation parameters (prothrombin time, activated partial
thromboplastin time, serum fibrinogen, antithrombin III, protein C and
S, assessment of individual coagulation and fibrinolytic factors)

Hemostasis-related
protein disturbances

Protein C and S deficiency, antithrombin III deficiency, screening for
Genetic background polymorphisms of Factor V gene, PAI gene, methylene tetrahydrofolate
reductase (MTHFR) gene and prothrombin gene (G20210A mutation).

Antiphospholipid syndrome (lupus anticoagulant, anticardiolipin
antibodies, anti-B2-glycoprotein 1 antibodies), screening for other
autoimmune or connective tissue disorders associated with an increased
risk for VTE depending on the clinical scenario (e.g., inflammatory
bowel disease).

Other inherited or acquired
hypercoagulable states

Therefore, in the view that thromboembolic complications of NS are multifactorial in origin [1],
one could not accurately predict the risk of VTE in NS while taking into account only serum albumin
and proteinuria as risk stratifying markers. A risk score that would encompass serum albumin,
hemostasis parameters (such as AT III), and the presence of these polymorphisms could better stratify
these patients, but it needs to be validated in large clinical trials.

5. Conclusions

In summary, the association of two genetic mutations confers an independent risk for VTE in NS.
Therefore, genetic testing for inherited thrombophilia in NS could play an important role in detecting
high-risk patients that warrant prophylactic anticoagulation.
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Abstract: Background and objectives: HbAlc measurements may be useful not only in optimizing
glycemic control but also as a tool for managing overall vascular risk in patients with diabetes.
In the present study, we investigate the clinical significance of HbAlc as a biomarker for
hyperglycemia-induced vascular damages in type 2 diabetes (T2D) based on the levels of matrix
metalloproteinases-2, -9 (MMP-2, MMP-9), anti-collagen IV (ACIV), and anti-elastin (AE) antibodies
(Abs) IgM, IgG, and IgA, and CIV-derived peptides (CIV-DP) reflecting collagen and elastin turnover
in the vascular wall. The aim is to show the relationship of hyperglycemia with changes in the levels
of vascular markers and the dynamics of this relationship at different degrees of glycemic control
reported by HbAlc levels. Materials and Methods: To monitor elastin and collagen IV metabolism,
we measured serum levels of these immunological markers in 59 patients with T2D and 20 healthy
control subjects with an ELISA. Results: MMP-2, MMP-9, and the AEADs IgA levels were significantly
higher in diabetic patients than in control subjects, whereas those of the AEAbs IgM, ACIVAbs IgM,
and CIV-DP were significantly lower. MMP-9 levels were significantly lower at HbAlc values >7.5%.
Conclusions: A set of three tested markers (MMP-2, MMP-9, and AEAbs IgA) showed that vascular
damages from preceding long-term hyperglycemia begin to dominate at HbAlc values >7.5%,
which is the likely cut-point to predict increased vascular risk.

Keywords: type 2 diabetes; hemoglobin Alc; matrix metalloproteinases-2 and -9; anti-elastin antibodies;
anti-collagen IV antibodies; diabetic retinopathy; diabetic nephropathy; macrovascular complications

1. Introduction

The prevalence of type 2 diabetes (T2D) is increasing worldwide, and it is expected to affect over
500 million adults worldwide by 2030 [1]. T2D is an important contributor to adverse cardiovascular
complications, which are the leading causes of morbidity and mortality in Western countries [2].

Prevention of complications in T2D is closely linked to long-term control of hyperglycemia [3]
since metabolic consequences extending beyond impaired glucose metabolism can affect almost every
tissue and organ system of the body [4]. Despite the tendency in patients with good metabolic control
to have a significantly reduced risk of developing complications, vascular disease can continue to
develop and progress even under intensive treatment regimens due to the phenomenon known as
“glycemic memory” [5]. Increased glucose levels can lead to metabolic derangements associated with
vision loss, peripheral neuropathy, myocardial infarction, strokes, foot ulcers, and end-stage renal
disease, which may cause permanent disability [6].
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Despite the advancement of technologies to monitor blood glucose, for the vast majority of patients
with diabetes, glycated hemoglobin (HbA1lc) provides an excellent measure of glycemic control [7].
Nontraditional serum markers for short-term glucose control may enhance the ability to monitor
hyperglycemia in people with diabetes. Fructosamine, glycated albumin, and 1,5-anhydroglucitol are
of recent interest, especially in populations where the interpretation of HbAlc may be problematic
such as in the setting of anemia, hemolysis, renal disease or pregnancy [8]. Most studies confirm
a close linear relationship between HbAlc and mean blood glucose [9]. This suggests that HbAlc
may be used not only as a diagnostic marker for the presence and severity of hyperglycemia during
the preceding 4-12 weeks before the test but also over time as a “biomarker for a risk factor”,
i.e., hyperglycemia as a risk factor for diabetic retinopathy (DR), diabetic nephropathy (DN), and other
vascular complications [4]. A 1% increase in absolute concentrations of HbAlc is associated with about
10-20% increase in cardiovascular disease risk [10]. The American Diabetes Association (ADA) now
recommends the use of HbA1lc to diagnose T2D with a cut-off value of >6.5%. Individuals with HbAlc
levels of 5.7-6.4% are considered to be prediabetic. The ADA also recommends in patients with T2D,
values of HbAlc less than 7% to prevent long-term complications associated with the disease [11,12].

As in the general population, in patients with diabetes, the treatment and prevention of
cardiovascular disease require the use of specific biomarkers to predict risk. Most of these biomarkers are
focused on already known pathophysiological pathways and mechanisms affecting the cardiovascular
system. In the diabetic population the advanced glycation end products (AGEs), endothelin-1 (ET-1),
matrix metalloproteinases (MMPs), high-sensitivity C-reactive protein (hsCRP), N-terminal fragment of
brain natriuretic peptide (NT-proBNP), high-sensitivity troponin T (hsTnT), lipids, and albuminuria can
be useful in predicting of cardiovascular disease [13,14]. In this regard, the markers for glucose-induced
vascular damage, such as AGEs and urinary microalbumin levels, may be particularly useful in
predicting the risk in individuals with diabetes [13].

Important factors in the development of vascular complications in T2D are the increased
glycation, degradation, and/or accumulation of elastin and collagen in the vascular wall [15]. MMPs,
which hydrolyze the protein components of the vascular extracellular matrix, are actively involved
in this process. The subgroup of MMPs known as gelatinases, in particular gelatinase A (MMP-2)
and gelatinase B (MMP-9), can degrade collagen (COL), denatured COL (gelatin), elastin (EL),
laminin, fibronectin, and other substrates [16]. Dysregulation of gelatinase activity is associated with
vascular inflammation, remodeling, and fibrosis and may contribute to the pathophysiology of diabetic
complications [17]. In a previous study of patients with hypertension and T2D, we showed that elevated
serum levels of MMP-2 and MMP-9 may reflect early structural changes in the vascular extracellular
matrix [14]. Unlike the other MMPs, MMP-2 and MMP-9 differ in that they contain three type II
fibronectin repeats that have a high binding affinity for collagen. These repeats direct the catalytic
pocket of the gelatinases close to the collagen, thereby enhancing the rate of their hydrolysis [18].
The enhanced proteolytic activity of MMP-2 and MMP-9 is accompanied by the release of COL, EL and
their derivatives (e.g., EL-derived peptides (EDPs), COL type IV (CIV)-derived peptides (CIV-DP)) in
blood circulation, which is followed by the production of specific anti-elastin (AE) and anti-collagen
(AC) antibodies (Abs) from IgM, IgG, and IgA classes (AEAbs IgM, AEADs IgG, AEAbs IgA, ACAbs
IgM, and ACAbs IgG) against their epitopes. These autoantibodies can serve as valuable control
biomarkers for the turnover of protein components in the vascular extracellular matrix (ECM). Elevated
levels of anti-CIV (ACIV) Abs IgG (ACIVAbs IgG) in hypertensive patients with T2D may indicate
increased degradation of CIV [19], which is the most abundant structural component in the basement
membrane (BM) of the small vessels [20]. Similarly, elevated levels of AEAbs IgA may indicate
increased degradation of the elastic fibers in the vessel wall as a sign of microvascular [21] and/or
macrovascular [22] disease in T2D.

In the present study, we investigate the clinical significance of HbAlc as a predictive biomarker
for hyperglycemia-induced vascular damages in T2D, based on the statistical relationships between
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HbA1c levels and corresponding levels of MMP-2, MMP-9, AEAbs (IgM, IgG, and IgA), ACIVAbs IgM,
and the levels of CIV-DP, reflecting CIV and EL turnover in the vascular wall.

2. Materials and Methods

2.1. Study Population and Design

The study was approved by the University Research Ethics Committee and conducted in accordance
with the Declaration of Helsinki (IRB approval no. 314-REC/Prot. 29). The study population consisted
of 79 persons: 59 patients with T2D treated at the University Hospital Georgi Stranski, Pleven, and 20
healthy control subjects. Two groups were formed: Group I (1 = 20): control group (Control); Group II
(n = 59): patients with T2D. The clinical characteristics of the groups are shown in Table 1.

Table 1. Clinical characteristics of the groups in the study population.

. Healthy Control Subjects Patients with T2D
Variables
(n =20) (n=59)
Men, 1 (%) 10 (50.0) 25 (42.0)
Women, 1 (%) 10 (50.0) 34 (58.0)
Age, years ! 61.5+29 60.7 1.9
Duration of T2D ! N/A 2 10.1 + 1.0
HbAlc (%) ! N/A 2 75+02
BMI, kg/m?! 249 +0.5 28.4 + 0.5 ***
TC, mmol/L ! 42+02 52+02%
LDL-C, mmol/L ! 28+0.2 3.0+0.1
HDL-C, mmol/L ! 1.2+ 0.04 1.0 + 0.03 ***
TG, mmol/L ! 1.4+0.1 2.7 +0.4
CRP, mg/L ! 1.1+02 8.4 +1.02 ***
Hypertension, 1 (%) 0(0) 43 (73.0)
SBP, mmHg ! 121.5+1.9 149.2 + 1.7 ***
DBP, mmHg ! 782 +1.7 83.0+1.5
Microangiopathy, 7 (%) N/A 2 50 (85.0)
Macroangiopathy, 1 (%) N/A 2 18 (31.0)
Neuropathy, 1 (%) N/A 2 8 (14.0)

*p <0.05,** p <0.001; 1 Mean + SEM; 2 N/A, not available; BMI: body mass index; TC: total cholesterol; LDL-C:
low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride; CRP: C-reactive
protein; SBP: systolic blood pressure; DBP: diastolic blood pressure.

Selected control individuals were without diabetes mellitus, hypertension, or other vascular
diseases, with a mean age of 61.5 + 2.9 years. The mean age of patients with T2D was 60.7 + 1.9 years.
The patients were screened for microangiopathy using ophthalmoscopy and assessment of 24-h urine
albumin excretion. Macroangiopathy was evaluated on the basis of clinical evidence for coronary artery
disease, cerebrovascular disease, peripheral arterial disease, and/or history for acute arterial vascular
events. Controls were screened for microangiopathy using ophthalmoscopy, and for macroangiopathy
by physical examination, blood pressure measurement, electrocardiogram testing, measuring
cholesterol levels, data on obesity and smoking, family history. The incidence of microangiopathy in
the T2D group (n = 50) was 58%, and the incidence of macroangiopathy (1 = 18) was 31%. Nine patients
had both micro- and macrovascular diseases (Table 1).

According to the study design, our first aim was to compare the levels of MMP-2, MMP-9, AEAbs
(IgM, IgG, and IgA), ACIVAbs IgM, and CIV-DP between patients and healthy controls. Our second
aim was to compare within the patient group the levels of tested markers distributed below and above
the different cut off values of HbAlc in the range between 6.0% and 8.0% (6.0%—6.5%—-7.0%~7.5%—-8.0%).
All patients were divided into two subgroups according to these five cut-off values of HbAlc and we
compared the levels of the markers between these subgroups (<6.0% vs. >6.0%; <6.5% vs. >6.5%;
<7.0% vs. >7.0%; <7.5% vs. >7.5%; <8.0% vs. >8.0%; see Table 2).
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Table 2. Statistical significance between the levels of test markers in T2D subgroups at cut-off HbAlc
values of 6.0%, 6.5%, 7.0%, 7.5%, and 8.0%.

HbAlc Subgroups  <6.0% vs. >6.0% <6.5% vs. >6.5% <7.0% vs. >7.0% <7.5% vs. >7.5% <8.0% vs. >8.0%

MMP-2 NS NS NS S* NS
MMP-9 S ** S ** S* S* NS
AEADbs IgM NS NS NS NS NS
AEAbs IgG NS NS NS NS NS
AEADbs IgA NS NS S* S* NS
ACIVAbs IgM NS NS NS NS NS
CIV-DP NS NS NS NS NS

*p <005 * p < 001, NS—not significant; S—significant; MMP-2: matrix metalloproteinase-2; MMP-9:
matrix metalloproteinase-9; AEAbs: anti-elastin antibodies; ACIVAbs: anti-collagen IV antibodies; CIV-DP:
CIV-derived peptides.

2.2. Immunological and Biochemical Assays

All laboratory determinations were performed after 12-14 h overnight fasting. To measured the
levels of MMP-2, MMP-9, AEAbs, ACIVAbs, CIV-DP, and the other laboratory parameters, blood was
drawn into serum tubes. Serum was obtained after centrifugation at 2500 rpm for 10 min. Until the
immunological assay, the serums were stored at =70 °C.

2.2.1. Determination of MMP-2

To measure MMP-2 concentrations, an ELISA kit from R&D Systems (Cat. No. DMP2F0)
(Minneapolis, MN, USA) was used. According to the manufacturer’s instructions, 100 uL of assay
diluent RD1-74 was added to each well-plate, then 50 uL tested sera, diluted 1:10 with calibrator diluent
RD5-32 (20 pL serum + 180 pL calibrator diluent) or standards, was added at various concentrations
to construct a calibration curve. After 2 h downtime at room temperature on a shaker, plates were
washed three times with 400 uL wash buffer per well. After the last wash, 200 uL of the conjugate was
added to each well and incubated for 2 h at room temperature on a shaker. The plate was washed again
three times, and in each well, 200 uL substrate solution was added. This was incubated for 30 min at
room temperature in the dark. The reaction was stopped by adding 50 uL of stop solution to each well.
Within 30 min, the serum samples were assayed at 450 nm on an automatic micro-ELISA plate reader
(Coulter Microplate Reader UV Max).

2.2.2. Determination of MMP-9

To measure MMP-9 concentrations, an ELISA kit from R&D Systems (Cat. No. DMP900)
(Minneapolis, MN, USA) was used. According to the manufacturer’s instructions, to each well-plate,
100 puL of assay diluent RD1-34 was added, then 100 uL tested sera, diluted 1:100 with calibrator diluent
RD5-10 (10 pL serum + 990 pL calibrator diluent) or standards, was added at various concentrations
to construct a calibration curve. After 2 h downtime at room temperature on a shaker, plates were
washed three times with 400 uL wash buffer per well. After the last wash, 200 uL anti-MMP-9 antibody
conjugated with peroxidase was added to each well and was incubated for 1 h at room temperature on
a shaker. The plate was washed again three times, and in each well, 200 pL substrate solution was
added. This was incubated for 30 min at room temperature in the dark. The reaction was stopped by
adding 50 pL of stop solution to each well. Within 30 min, the serum samples were assayed at 450 nm
on an automatic micro-ELISA plate reader (Coulter Microplate Reader UV Max).

2.2.3. Determination of AEADbs (IgM, IgG, and IgA)

To measure AEAbs IgM, AEADs IgG, and AEAbs IgA concentrations, a sandwich ELISA was
used. The assay was performed as follows: a microtiter 96-well polystyrene plate was coated
with human aortic x-elastin, prepared as described by Baydanoff et al. [23] (1 ug of elastin in
100 uL of 0.05 M carbonate buffer, pH 9.6). Then the remaining “active” centers of the polystyrene
wells were blocked by the plate incubation for 24 h with 1% solution of bovine serum albumin (BSA)
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(Cat. No. A2153, Sigma-Aldrich, St. Louis, MO, USA) in phosphate-buffered saline (PBS), pH 7.4,
containing 0.05% Tween 20. The next step was the addition of 100 uL of tested patient serum
(diluted 1:10 with PBS) in each well of the microtiter plate, incubated for 1 h at 37 °C. After washing
three times, incubation with anti-human immunoglobulin peroxidase conjugates to the heavy chain of
IgM, IgG, and IgA, respectively (Sigma-Aldrich, St. Louis, MO, USA) followed. All immunoconjugates
were diluted 1:10,000 with PBS containing 1% BSA and 0.05% Tween 20. Next, samples were incubated
with substrate solution (ortho-phenylene diamine, 4 mg/mL in 10 mL 0.05 M citrate buffer, pH 5.0 with
H,0O;) for 1 h at room temperature in a dark chamber. The reaction was stopped by adding 50 uL
of 4 M H,SOy to each well, and the optical density was measured with a micro-ELISA plate reader
(Coulter Microplate Reader UV Max) at a wavelength of 492 nm.

2.2.4. Determination of ACIVAbs IgM

To measure ACIVAbs IgM concentrations, a sandwich ELISA was used. The assay was performed
as follows: a microtiter 96-well polystyrene plate was coated with 100 pL of 10 pg/mL of human CIV
(Sigma-Aldrich, St. Louis, MO, USA) at room temperature for 3 h, followed by overnight incubation at
4 °C. The plate was washed with phosphate-buffered saline (PBS) containing 0.05% Tween 20 and 1%
bovine serum albumin (BSA; Cat. No. A2153, Sigma-Aldrich, St. Louis, MO, USA). Then, a 100-puL
serum sample (diluted 1:10) was placed in each well of a microtiter plate and incubated for 1 h at
37 °C. After washing three times, 100 pL of goat anti-human IgM Ab, Fc5u, HRP conjugate (AP114P,
Sigma-Aldrich, St. Louis, MO, USA) were added to each well for 1 h at 37 °C. All immunoconjugates
were diluted 1:10,000 with PBS containing 1% BSA and 0.05% Tween 20. The plate was incubated for
1 h at 37 °C. Ortho-phenylenediamine (4 mg/mL in 0.05 M citrate buffer, pH 5.0 with H,O,) was used
as a colorimetric substrate. The reaction was stopped by adding 50 pL of 4 M H,SO, to each well,
and the optical density was measured with a micro-ELISA plate reader (Coulter Microplate Reader
UV Max) at a wavelength of 492 nm.

2.2.5. Determination of CIV-DP

To measure CIV-DP concentrations, a sandwich ELISA was used. The assay was performed as
follows: each well of the microtiter plate was sensitized with 100 pL of 10 ug/mL of mouse monoclonal
antibody to collagen IV (COL-94) (Cat. No. ab6311, Abcam, Cambridge, UK) at room temperature for 3
h, followed by overnight incubation at 4 °C. The plate was washed with phosphate-buffered saline (PBS)
containing 0.05% Tween 20 and 0.1% bovine serum albumin (BSA) (Cat. No. A2153, Sigma-Aldrich,
St. Louis, MO, USA). Then, a 100-uL serum sample (diluted 1:5) was placed in each well of a microtiter
plate and incubated for 1 h at 37 °C. After washing three times, 100 uL of rabbit anti-human CIV
polyclonal antibody (Cat. No. ab6586, Abcam, Cambridge, UK; diluted 1:2000) was allowed to react in
each well at 37 °C for 1 h. The wells were washed with PBS + Tween 20, and peroxidase-conjugated
goat anti-rabbit IgG H&L (HRP) (Cat. No. ab205718, Abcam, Cambridge, UK), diluted 10,000 fold,
was then added to each well. The plate was incubated for 1 h at 37 °C. Ortho-phenylenediamine
(0.4 mg/mL) was added to citrate buffer, and 100 uL of this solution was added to each well and
allowed to react for 30 min. The reaction was stopped by adding 50 puL. 4M H,SOy to each well and the
optical density was measured with a micro-ELISA plate reader (Coulter Microplate Reader UV Max) at
a wavelength of 492 nm.

2.2.6. Biochemical Assays

The analysis was performed using an automatic biochemistry analyzer. HbAlc and CRP were
measured by a turbidimetric immunoassay. Enzymatic methods were used to measure total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
and triglyceride (TG).
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2.3. Blood Pressure Measurements

Blood pressure (BP) was measured using a standard cuff mercury sphygmomanometer on the left
arm in a sitting position, after 5-10 min rest. Normal BP was defined as SBP between 120 and 129 mmHg
and/or DBP between 80 and 84 mmHg. Hypertension was defined as SBP > 140 mmHg and/or
DBP > 90 mmHg, or if the patients have been diagnosed or had taken antihypertensive drugs at any
time during the preceding six months.

2.4. Clinical Tests and Procedures

Each patient was subjected to the routine nephrologic (renal ultrasound, creatinine, blood urea
nitrogen, urinary albumin excretion), ophthalmic (visual acuity test, ophthalmoscopy, tonometry) and
neurologic (muscle reflexes, electromyography) examinations. Body mass index (BMI) was calculated
using the standard metric BMI formula (Kg/m?). BMI between 18.5 and 24.9 was considered normal,
25 t0 29.9 was considered overweight, and equal to or higher than 30 was considered obese.

2.5. Statistical Analysis

All statistical analyses were performed using the SPSS 23.0 software (SPSS, Inc., Chicago, IL, USA).
The data were expressed as mean + standard error of the mean (SEM) or standard deviation (SD)
(in the figures) and were calculated at a confidence level of 95%. The differences between the groups
were assessed by Student’s unpaired f-test. Correlation analysis was performed with Pearson’s
correlation test. Values of p < 0.05 were considered statistically significant.

3. Results

3.1. Comparison of the Tested Markers between the T2D and Control Groups

Patients with T2D showed statistically significantly higher serum levels of MMP-2 (30.68 + 1.87 vs.
36.22 + 1.50; p = 0.026), MMP-9 (25.84 + 2.83 vs. 38.48 + 2.69; p = 0.002), and AEAbs IgA (0.29 + 0.03 vs.
0.55 + 0.05; p < 0.001) than healthy controls (Figures 1A,B and 2A).
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Figure 1. (A) Serum levels of MMP-2 in T2D group vs. control group. (B) Serum levels of MMP-9 in
T2D group vs. control group. (C) Serum levels of MMP-2 in patients with HbAlc values <7.5% vs.
patients with HbAlc values >7.5%. (D) Serum levels of MMP-9 in patients with HbAlc values <7.5%
vs. patients with HbAlc values > 7.5%. Data are represented as mean + SD. * p < 0.05, ** p < 0.01.
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Figure 2. (A) Serum levels of AEAbs IgA in T2D group vs. control group (B) Serum levels of AEAbs IgA
in patients with HbAlc values <7.5% vs. patients with HbAlc values >7.5%. (C) Serum levels of AEAbs
IgM in the T2D group vs. control group. (D) Serum levels of AEAbs IgG in the T2D group vs. control
group. Data are represented as mean + SD. * p < 0.05, ** p < 0.01, and *** p < 0.001, n.s.—not significant.

Serum levels of AEAbs IgM were significantly lower in T2D group than in controls (0.34 + 0.03
vs. 0.18 + 0.01; p = 0.001; Figure 2C). The levels of AEAbs IgG were also lower in the T2D group than
in controls, but the difference was not statistically significant (0.33 + 0.02 vs. 0.31 + 0.04; p = 0.697;
Figure 2D). The levels of ACIVAbs IgM (0.18 + 0.02 vs. 0.12 + 0.01; p = 0.016) and CIV-DP (1.16 + 0.05
vs. 0.74 £ 0.03; p < 0.001) in patients with T2D were significantly lower than in controls (Figure 3A,B).
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Figure 3. (A) Serum levels of ACIVAbs IgM in T2D group vs. control group (B) Serum levels of CIV-DP
in T2D group vs. control group. Data are represented as mean + SD. * p < 0.05, *** p < 0.001.

3.2. Comparison of the Tested Markers between T2D Subgroups at Cut-Off Values of HbAIc from 6.0 to 8.0%

Comparison of the tested markers levels at different HbAc cut-off values showed the most
significant indication for vascular change at a cut-off HbAlc value of 7.5%. At this value, a set of three
assessment markers for vascular risk (MMP-2, MMP-9, and AEADbs IgA) showed statistical significance
(Table 2). In patients with poor glycemic control and increased vascular risk (n = 25), who have HbAlc
values >7.5%, the levels of MMP-2 (32.85 + 1.56 vs. 39.34 + 2.39; p = 0.022) and AEAbs IgA (0.45 + 0.04
vs. 0.67 + 0.09; p = 0.049) were significantly increased compared to those with better control and HbAlc
values <7.5% (n = 34; Figures 1C and 2B). In the same subgroups of patients, MMP-9, unlike MMP-2,
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showed significantly decreased levels at HbAlc values >7.5% compared with HbAlc values <7.5%
(41.89 + 3.31 vs. 32.51 + 3.26; p = 0.05; Figure 1D).

At the cut-off HbAlc value of 7.0%, statistical significance showed a set of two markers (MMP-9
and AEADbs IgA). MMP-9 showed significantly decreased levels at HbAlc values >7.0% compared
with HbAlc values <7.0% (43.12 + 3.45 vs. 32.19 + 3.05; p = 0.023). The levels of AEAbs IgA were
significantly increased at HbAlc values >7.0% compared with HbAlc values <7.0% (0.44 + 0.04 vs.
0.66 + 0.09; p = 0.031; Table 2). Only one marker (MMP-9) showed significantly decreased levels at cut
off HbAlc values of 6.0% (50.79 + 5.64 vs. 34.15 + 2.40; p = 0.003) and 6.5% (46.42 + 4.32 vs. 33.36 + 2.65;
p = 0.009). None of the markers showed statistical significance at a cut-off value of HbAlc of 8.0%
(Table 2). The relationship between the levels of test markers and HbA1 as a continuous variable is
shown in Figure 4.
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Figure 4. Scatterplots showing the relationship between the levels of (A) MMP-2, (B) MMP-9, (C) AEAbs
IgA, (D) AEADbs IgG, (E) AEAbs IgM, (F) CIV-DP, (G) ACIVAbs IgM, and HbA1 as a continuous variable.

3.3. Correlations of Investigated Immunological Markers

There were significant correlations of the examined markers for vascular risk in the T2D group,
which are presented in Table 3.

Table 3. Pearson’s correlation coefficients and statistical significance between the variables in the

T2D group.
Correlation Coefficient Statistical Significance
Correlations P »

MMP-2 vs. AEADs IgG 0.273 * 0.036
MMP-2 vs. ACIVAbs IgM 0.343 ** 0.008
AEADbs IgA vs. AEAbs IgM 0.327 * 0.012
AEAbs IgA vs. AEAbs IgG 0.500 *** <0.001
AEAbs IgA vs. ACIVAbs IgM 0.365 ** 0.005
AEAbs IgM vs. ACIVAbs IgM 0.679 *** <0.001
AEADs IgG vs. AEAbs IgM 0.308 * 0.017
AEADbs IgA vs. Systolic BP —0.292* 0.026
AEADbs IgA vs. Diastolic BP —0.419 ** 0.001
AEADbs IgM vs. Systolic BP -0.306 * 0.019
AEADbs IgM vs. Diastolic BP —0.263 * 0.045
AEADbs IgG vs. Systolic BP -0.277* 0.034
AEAbs IgG vs. Diastolic BP -0.320* 0.013
AEADbs IgA vs. CIV-DP 0.362 ** 0.005
AEAbs IgA vs. BMI -0.273* 0.038

*p <0.05,** p <0.01, ** p < 0.001; MMP-2: matrix metalloproteinase-2; AEAbs: anti-elastin antibodies; ACIVAbs:
anti-collagen IV antibodies; CIV-DP: CIV-derived peptides; BP: blood pressure; BMI: body mass index.
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4. Discussion

HbA1lc is major tool for assessing glycemic control and has strong predictive value for diabetes
complications [24]. Given the broad informativeness of the test, it is imperative to know how it
can be optimally applied to the management and assessment of overall vascular risk (micro- and
macrovascular) in patients with diabetes [25]. Systematic review and meta-analysis of multiple
databases suggest that in people with diabetes, the target levels for HbAlc to minimize vascular
complications should range from 6.0 to 8.0% [26]. The UK Prospective Diabetes Study (UKPDS) [27,28]
and the Kumamoto Study [29] confirmed that intensive glycemic control significantly decreased rates
of microvascular complications in patients with T2D [24]. The Diabetes Control and Complications
Trial (DCCT) [30], a prospective randomized controlled trial of intensive (mean HbAlc about 7%)
versus standard (mean HbAlc about 9%) glycemic control in patients with T1D, showed that better
glycemic control is associated with 50-76% reductions in rates of development and progression of
microvascular complications. Epidemiologic analyses of the DCCT and UKPDS also suggest that
further lowering of A1C from 7 to 6% is associated with further reduction in the risk of microvascular
complications, although the absolute risk reductions become much smaller [24]. The Analysis of
the Action in Diabetes and Vascular disease: Preterax and Diamicron Modified Release Controlled
Evaluation (ADVANCE) study has shown that microvascular event risk begins above an HbAlc of 6.5%.
For macrovascular event risk, inflection of the curve was seen at around 7%, and the risk increased at
higher HbAlc levels [31]. In a cohort of patients with T2D in the UK, Currie and colleagues report that
the ideal HbAlc level is 7.5% and that the recommendations should target such a value. Their analyses
demonstrate that an HbAlc of approximately 7.5% was associated with the lowest all-cause mortality
and the lowest progression to large-vessel disease events. An increase or decrease from this mean
HbAlc value was associated with a heightened risk of adverse outcomes [32]. The data in this study
are consistent with our results, which give the highest indication of vascular change (set of three
assessment markers—MMP-2, MMP-9, and AEADbs IgA) at a cut-off HbAlc value of 7.5% (Table 2).
Therefore, vascular damage from preceding long-term hyperglycemia begins to dominate at an HbAlc
value greater than 7.5%, which is the likely cut-off point to predict increased vascular risk.

Current consensus-based guidelines do not fix one exact cut-point of HbAlc, beyond which
vascular risk increases. All recommend individualizing HbAlc targets on the basis of patient
characteristics. The ADA recommends the reasonable target of HbAlc for many non-pregnant adults
to be less than 7%. An HbAlc of <7.0% may be targeted in the majority of patients, acknowledging
the individual needs [12]. When a patient has just been diagnosed and is free from significant
cardiovascular disease, the aim should be a range from 6.0-6.5%. By contrast, in an elderly patient with
long-standing and/or complicated disease, relaxing the target to 7.5-8.0% may be wiser, given that the
vascular benefits in terms of life expectancy are less relevant [24]. The American Association of Clinical
Endocrinologists and American College of Endocrinology (AACE/ACE) guidelines recommend a target
of 6.5% (if it can be achieved safely). The National Institute for Health and Care Excellence (NICE)
guideline specifies 6.5% or 7%, depending on the patient’s treatment regimen. The Clinical Systems
Improvement (ICSI) guideline recommends a target range less than 7% to less than 8% based on patient
factors. According to recommendations of the American College of Physicians (ACP), for most patients
with T2D, targets levels of HbAlc should be between 7.0% and 8.0% [6]. Our HbAlc cut-point of 7.5%,
evaluated to predict higher vascular risk, falls in the middle of this recommended range.

When we compared the levels of MMP-2 and MMP-9 between the control group and the T2D
group, we observed higher levels in patients with T2D (Figure 1A,B). As to our findings that MMP-2
and MMP-9 levels were significantly higher in T2D patients, similar findings have been reported
by other researchers [33,34]. However, an impression in our study makes the observed opposite
levels of the two gelatinases at HbAlc values greater than 7.5% (Figure 1C,D). In patients with poor
glycemic control and increased vascular risk, who have HbAlc values >7.5%, MMP-2 levels were
significantly increased compared to those with better control and HbAlc values <7.5% (Figure 1C).
In the same subgroups of patients, MMP-9, unlike MMP-2, showed significantly decreased levels
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at HbAlc values >7.5% compared with HbAlc values <7.5% (Figure 1D). Similar results have been
reported by Derosa and colleagues in children and adolescents with T1D. They reported that MMP-2
levels were significantly higher in patients with microangiopathic complications compared with control
subjects and patients without complications. MMP-9 levels were significantly lower in patients with
microangiopathic complications compared with control subjects and patients without complications.
Based on these results, the authors postulated that MMP-2 may be a good index of the severity and
stability of microangiopathy, and MMP-9 is a marker of macroangiopathy in diabetes [35]. We also
found positive correlations between MMP-2 and AEAbs IgG and between MMP-2 and ACIVAbs IgM
in the T2D group (Table 3). A possible explanation for this result is that MMP-2 may be involved in the
process of elastin and collagen IV destruction and the development of vascular complications.

MMP-2 and MMP-9 play an important role in the development of microvascular and macrovascular
complications in T2D patients. The recent results advocate that due to diabetes, the overexpression of
MMP-2 and MMP-9 in the retina inhibits cell proliferation and differentiation and accelerates apoptosis,
a phenomenon that precedes the development of histopathology characteristic of DR [36]. During the
first stage of DR, increased retinal MMP-2 and MMP-9 enhance the permeability of the blood-retinal
barrier via proteolytic degradation of tight junction protein occludin and disruption of the overall tight
junction complex [37]. In addition, MMP-2 and MMP-9 facilitate apoptosis of retinal capillary cells and
pericytes, which disrupts the normal vascular structure and leads to the formation of microaneurysms
and hemorrhages [38]. During the advanced stage, MMP-2 and MMP-9 dissolve the vascular basement
membrane and create the conditions for the formation of new vessels [39]. MMP-2 and MMP-9 are
also implicated in the pathogenesis of diabetic macular edema and fibrovascular proliferation with
tractional retinal detachment, which are the most common causes of vision loss in patients with
DR [40—42]. The impact and contribution of MMP-2 and MMP-9 to the onset and progression of DN
may be most critical in the earlier phases of the disease process, at a time in which enhanced matrix
turnover, release of pro-fibrotic growth factors, and altered cell motility may damage the glomerular
apparatus and tubular architecture [43]. In these phases of DN, MMP-9 can predict microalbuminuria
several years before its appearance and can be prognostic marker for the renal involvement. In the
late period of diabetes, decreased activity of MMP-2 and MMP-9 is observed with increased activity
of tissue inhibitor of metalloproteinases-1 (TIMP-1). These leads to excessive deposition of type IV
collagen and fibronectin in the BM and a decrease in effective filtration surface area [44]. In the
advanced stage of chronic kidney disease, the activity of MMP-2 and MMP-9 is decreased and, in this
late period, the fibrosis is difficult to reverse [45]. On the other hand, MMP-2 and MMP-9 are involved
in the process of atherogenesis and development of arterial lesions in T2D [46,47]. They are synthesized
in atheromatous plaques and are present at elevated levels in rupture-prone regions of arterial blood
vessels. MMP-2 and MMP-9 were both correlated with plaque instability and there was a correlation
between increased MMP-9 expression and cap rupture [48]. Plasma levels and zymographic activities
of MMP-2 and MMP-9 are increased in T2D patients with peripheral arterial disease in comparison
with healthy control subjects, and MMP-9 may be a useful marker for development of macrovascular
complications in T2D [34].

EL fibers are essential structural elements of the vascular wall, especially of the arteries. They are
considered the most resilient element of vascular ECM. The EL half-life is in the order of 40 years. [49].
Elastases are endopeptidases that cleave EL, resulting in the formation of EDPs. Elastases include
serine- and cysteine- proteinases and four MMPs—MMP-2, MMP-9, MMP-7 (matrilysin), and MMP-12
(macrophage elastase) [50]. T2D is associated with an increase in the expression and activity of
MMP-2 and MMP-9, and an increase generation of EDPs [51,52]. EDPs have immunogenic properties
and favor the formation of specific AEAbs from IgM, IgG and IgA classes [53]. The presence of
AEADbs can lead to the formation of circulating immune complexes and complement activation and
K-cell-mediated antibody dependent cytotoxicity, which may further contribute to the destruction of EL
in the arterial wall. This process can be maintained by specific T- and B-lymphocytes at sites of arterial
damage [21,54,55]. When we compared the serum levels of AEAbs IgM, AEAbs IgG, and AEAbs
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IgA in T2D patients with those of non-diabetic subjects, we observed significant increases in AEAbs
IgA (Figure 2A), whereas the levels of AEAbs IgM and AEAbs IgG were decreased (Figure 2C,D).
This feature of the humoral immune response, with the prevalence of higher serum levels of general
or specific IgA Abs in diabetic patients, is a generalized phenomenon documented in a number
of studies [56-59]. In one of these, the patients with T1D and T2D with micro- or macrovascular
complications have had higher serum IgA concentrations than the corresponding groups of patients
without complications. Furthermore, the patients with three kinds of microangiopathy had slightly
higher IgA levels than patients with only one kind; those with nephropathy and hypertension had
even higher levels. The macroangiopathy groups have shown the highest IgA levels among the T2D
subgroups with complications, and the lowest among the T1D subgroups. These data suggest that
monitoring IgA may provide early warning of the possible presence simultaneously of micro- or
macrovascular complications in T2D [56]. Studies in T2D patients have also shown that poor glycemic
control may be associated with an increase in serum IgA Abs [60]. Our results provide compelling
evidence for this and show that the levels of AEAbs IgA are influenced by the degree of glycaemic
control reflect by measurement of HbAlc (Figure 2B). In patients with poor glycemic control and
increased vascular risk, who have HbAlc values >7.5%, AEADb IgA levels were significantly increased
compared to those with better control and HbAlc values <7.5%. Similar to total IgA [56], an increase in
AEAD IgA levels may indicate increased degradation of EL in the vascular wall and may be a specific
marker for micro- or macrovascular damage in T2D [21,22]. These findings are also supported by the
positive correlations that we found between AEADbs IgA and AEAbs IgM, AEAbs IgG, ACIVADbs IgM,
and the CIV-DP. AEADbs also showed significant negative correlations with SBP, DBP, and BMI in the
T2D group (Table 3).

CIV represents up to 50% of all BM proteins [61]. Unlike fibrillar COLs of type I, II, and III, CIV
forms a network structure and it is found to be crucial for vascular BM assembly and stability [62].
MMP-2 and MMP-9 can cleave most of the major macromolecules of the ECM, including COL types
IV, V, VII, and X. Processing of CIV gives rise to the release of fragments that are able to behave as
epitopes since they can be bound by circulating Abs [63]. Autoantibodies (autoAbs) against CIV
are present in various inflammatory and autoimmune diseases [64]. This is the case of recurrent
Goodpasture’s disease secondary to an autoreactive IgA Ab [63,65]. Moreover, autoAbs against CIV
have been detected in children with T1D and vascular complications [66,67], as well as in hypertensive
T2D patients with microangiopathy [19]. When we compared the serum levels of ACIVAbs IgM and
CIV-DP, they were significantly lower in the patient group than in the control subjects (Figure 3A,B).
A possible explanation for this result is that the levels and activity of MMP-9 in chronic hyperglycemia
(HbAlc values >7.5%) are decreased, which leads to excessive deposition of CIV in the vascular BM
and to its thickening [68]. Vascular BM thickening is the most characteristic structural abnormality of
small blood vessels in DR and DN [69]. In addition, the highest HbAlc values exhibited the highest
BM thickness in both the retinal and glomerular capillaries, which was observed in diabetic rats [70].
We also found positive correlations between ACIVAbs IgM and AEAbs IgM, between ACIVAbs IgM
and AEAbs IgA, and between the CIV-DP and AEAbs IgA in the T2D group (Table 3).

Strengths of our study, unlike retrospective epidemiological studies, are that it reflects the direct
relationship of hyperglycemia with vascular changes through the levels of appropriately selected
biomarkers. Also, a design has been used in which the division of biomarkers into groups according to
the degree of glycemic control (HbAlc levels) can provide valuable information on the vascular status
of patients. A limitation of the study is the relatively small number studied persons, which requires
these results to be confirmed in larger studies.

5. Conclusions

Considering the broad informativeness of the HbA1 test, it can be successfully applied to
the management and assessment of overall vascular risk in patients with diabetes. Our results
give the highest indication of vascular change (set of three assessment markers, MMP-2, MMP-9,
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and AEAbs IgA) at a cut-off HbAlc value of 7.5%. This indicates that vascular damage from preceding
long-term hyperglycemia begins to dominate at HbAlc values >7.5%, which is the likely cut-off point
to predict increased vascular risk.

Author Contributions: Conceptualization, software, formal analysis, writing—review and editing, visualization,
K.K.; methodology, resources, A.B. All authors have read and agreed to the published version of the manuscript.

Funding: This study was accomplished with the financial support of the Medical University, Pleven.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kostov, K. Effects of Magnesium Deficiency on Mechanisms of Insulin Resistance in Type 2 Diabetes:
Focusing on the Processes of Insulin Secretion and Signaling. Int. J. Mol. Sci. 2019, 20, 1351. [CrossRef]
[PubMed]

Nowak, C.; Carlsson, A.C.; Ostgren, C.J.; Nystrom, EH.; Alam, M.; Feldreich, T.; Sundstrém, J.; Carrero, J.J.;
Leppert, J.; Hedberg, P.; et al. Multiplex proteomics for prediction of major cardiovascular events in type 2
diabetes. Diabetologia 2018, 61, 1748-1757. [CrossRef] [PubMed]

Kohnert, K.D.; Heinke, P.; Zander, E.; Vogt, L.; Salzsieder, E. Glycemic Key Metrics and the Risk of
Diabetes-Associated Complications. Rom. J. Diabetes Nutr. Metab. Dis. 2016, 23, 403—413. [CrossRef]

Lyons, TJ.; Basu, A. Biomarkers in diabetes: Hemoglobin Alc, vascular and tissue markers. Transl. Res. 2012,
159, 303-312. [CrossRef] [PubMed]

Keating, S.T.; Van Diepen, ].A.; Riksen, N.P; El-Osta, A. Epigenetics in diabetic nephropathy, immunity and
metabolism. Diabetologia 2018, 61, 6-20. [CrossRef] [PubMed]

Qaseem, A.; Wilt, T.J.; Kansagara, D.; Horwitch, C.; Barry, M.].; Forciea, M.A. Hemoglobin Alc targets
for glycemic control with pharmacologic therapy for nonpregnant adults with type 2 diabetes mellitus:
A guidance statement update from the American College of Physicians. Ann. Intern. Med. 2018, 168, 569-576.
[CrossRef]

Little, R.R; Rohlfing, C.L.; Sacks, D.B. Status of hemoglobin Alc measurement and goals for improvement:
From chaos to order for improving diabetes care. Clin. Chem. 2011, 57, 205-214. [CrossRef]

Juraschek, S.P; Steffes, M.W.; Miller, E.R.; Selvin, E. Alternative markers of hyperglycemia and risk of
diabetes. Diabetes Care 2012, 35, 2265-2270. [CrossRef]

Makris, K.; Spanou, L. Is there a relationship between mean blood glucose and glycated hemoglobin?
J. Diabetes Sci. Technol. 2011, 5, 1572-1583. [CrossRef]

Khaw, K.T.; Wareham, N. Glycated hemoglobin as a marker of cardiovascular risk. Curr. Opin. Lipidol. 2006,
17, 637-643. [CrossRef]

American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in
Diabetes—2020. Diabetes Care 2020, 43, S14-S31. [CrossRef] [PubMed]

American Diabetes Association. 6. Glycemic Targets: Standards of Medical Care in Diabetes—2020.
Diabetes Care 2020, 43, S66-S76. [CrossRef] [PubMed]

Bachmann, K.N.; Wang, T.J. Biomarkers of cardiovascular disease: Contributions to risk prediction in
individuals with diabetes. Diabetologia 2018, 61, 987-995. [CrossRef] [PubMed]

Kostov, K.; Blazhev, A.; Atanasova, M.; Dimitrova, A. Serum concentrations of endothelin-1 and matrix
metalloproteinases-2,-9 in pre-hypertensive and hypertensive patients with type 2 diabetes. Int. ]. Mol. Sci.
2016, 17, 1182. [CrossRef]

Singh, V.P; Bali, A; Singh, N.; Jaggi, A.S. Advanced glycation end products and diabetic complications.
Korean ]. Physiol. Pharmacol. 2014, 18, 1-14. [CrossRef]

Herouy, Y. The role of matrix metalloproteinases (MMPs) and their inhibitors in venous leg ulcer healing.
Phlebolymphology 2004, 44, 231-243.

Thrailkill, KM.; Bunn, R.C.; Moreau, C.S.; Cockrell, G.E.; Simpson, PM.; Coleman, H.N.; Frindik, J.P.;
Kemp, S.E.; Fowlkes, ].L. Matrix metalloproteinase-2 dysregulation in type 1 diabetes. Diabetes Care 2007, 30,
2321-2326. [CrossRef]

Kridel, S.J.; Chen, E.; Kotra, L.P.; Howard, E.W.; Mobashery, S.; Smith, ].W. Substrate hydrolysis by matrix
metalloproteinase-9. J. Biol. Chem. 2001, 276, 20572-20578. [CrossRef]

170



Medicina 2020, 56, 231

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Nikolov, A.G.; Nicoloff, G.; Tsinlikov, L; Tsinlikova, I. Anti-collagen type IV antibodies and the development
of microvascular complications in diabetic patients with arterial hypertension. . IMAB 2012, 18, 315-322.
[CrossRef]

Gatseva, A.; Sin, Y.Y.; Brezzo, G.; Van Agtmael, T. Basement membrane collagens and disease mechanisms.
Essays Biochem. 2019, 63, 297-312.

Nikolov, A.; Nicoloff, G.; Tsinlikov, I.; Tsinlikova, I.; Blazhev, A.; Angelova, M.; Garev, A. Relationship
between anti-elastin IgA and development of microvascular complications: A study in diabetic patients with
arterial hypertension. Diabetol. Croat. 2013, 41, 103-111.

Nikolov, A.; Tsinlikov, I; Tsinlikova, I.; Nicoloff, G.; Blazhev, A.; Garev, A. Levels of anti-elastin IgA antibodies
are associated with high risk of atherosclerosis in diabetics with essential hypertension. Atherosclerosis 2017,
263, e124—e125. [CrossRef]

Baydanoff, S.; Nicoloff, G.; Alexiev, C. Age-related changes in the level of circulating elastin-derived peptides
in serum from normal and atherosclerotic subjects. Atherosclerosis 1987, 66, 163—-168. [CrossRef]

Care, D. 6. Glycemic Targets: Standards of Medical Care in Diabetes—2019. Diabetes Care 2019, 42, S61-S70.
Sandler, C.N.; McDonnell, M.E. The role of hemoglobin Alc in the assessment of diabetes and
cardiovascular risk. Cleve. Clin. J. Med. 2016, 83, S4-S10. [CrossRef] [PubMed]

Cavero-Redondo, 1; Peleteiro, B.; Alvarez-Bueno, C.; Rodriguez-Artalejo, F; Martinez-Vizcaino, V.
Glycated haemoglobin Alc as a risk factor of cardiovascular outcomes and all-cause mortality in diabetic and
non-diabetic populations: A systematic review and meta-analysis. BMJ Open 2017, 7, €015949. [CrossRef]
UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-glucose control with metformin on
complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet 1998, 352, 854-865. [CrossRef]
UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with sulphonylureas or
insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). Lancet 1998, 352, 837-853. [CrossRef]

Ohkubo, Y,; Kishikawa, H.; Araki, E.; Miyata, T.; Isami, S.; Motoyoshi, S.; Kojima, Y.; Furuyoshi, N.; Shichiri, M.
Intensive insulin therapy prevents the progression of diabetic microvascular complications in Japanese
patients with non-insulin-dependent diabetes mellitus: A randomized prospective 6-year study. Diabetes Res.
Clin. Pract. 1995, 28, 103-117. [CrossRef]

Diabetes Control and Complications Trial Research Group. The effect of intensive treatment of diabetes
on the development and progression of long-term complications in insulin-dependent diabetes mellitus.
N. Engl. ]. Med. 1993, 329, 977-986. [CrossRef]

Zoungas, S.; Chalmers, J.; Ninomiya, T.; Li, Q.; Cooper, M.E.; Colagiuri, S.; Fulcher, G.; de Galan, B.E.;
Harrap, S.; Hamet, P; et al. Association of HbA 1c levels with vascular complications and death in patients
with type 2 diabetes: Evidence of glycaemic thresholds. Diabetologia 2012, 55, 636-643. [CrossRef] [PubMed]
Currie, C.J; Peters, ].R.; Tynan, A.; Evans, M.; Heine, R.J.; Bracco, O.L.; Zagar, T.; Poole, C.D. Survival as a
function of HbAlc in people with type 2 diabetes: A retrospective cohort study. Lancet 2010, 375, 481-489.
[CrossRef]

Derosa, G.; D'angelo, A.; Tinelli, C.; Devangelio, E.; Consoli, A.; Miccoli, R.; Penno, G.; Del Prato, S.; Paniga, S.;
Cicero, A.E.G. Evaluation of metalloproteinase 2 and 9 levels and their inhibitors in diabetic and healthy
subjects. Diabetes Metab. 2007, 33, 129-134. [CrossRef] [PubMed]

Signorelli, S.S.; Malaponte, G.; Libra, M.; Di Pino, L.; Celotta, G.; Bevelacqua, V.; Petrina, M.; Nicotra, G.S.;
Indelicato, M.; Navolanic, PM.; et al. Plasma levels and zymographic activities of matrix metalloproteinases
2 and 9 in type II diabetics with peripheral arterial disease. Vasc. Med. 2005, 10, 1-6. [CrossRef] [PubMed]
Derosa, G.; Avanzini, M.A.; Geroldi, D.; Fogari, R.; Lorini, R.; De Silvestri, A.; Tinelli, C.; d’Annunzio, G.
Matrix metalloproteinase 2 may be a marker of microangiopathy in children and adolescents with type 1
diabetes. Diabetes Care 2004, 27, 273-275. [CrossRef] [PubMed]

Mohammad, G.; Siddiquei, M.M. Role of matrix metalloproteinase-2 and-9 in the development of diabetic
retinopathy. J. Ocul. Biol. Dis. Inform. 2012, 5, 1-8. [CrossRef] [PubMed]

Giebel, S.J.; Menicucci, G.; McGuire, P.G.; Das, A. Matrix metalloproteinases in early diabetic retinopathy
and their role in alteration of the blood-retinal barrier. Lab. Investig. 2005, 85, 597—-607. [CrossRef]
Kowluru, R.A.; Zhong, Q.; Santos, ]. M. Matrix metalloproteinases in diabetic retinopathy: Potential role of
MMP-9. Expert Opin. Investig. Drugs 2012, 21, 797-805. [CrossRef]

171



Medicina 2020, 56, 231

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Ktysik, A.B.; Naduk-Kik, J.; Hrabec, Z.; Gos, R.; Hrabec, E. Intraocular matrix metalloproteinase 2 and 9
in patients with diabetes mellitus with and without diabetic retinopathy. Arch. Med. Sci. 2010, 6, 375-381.
[CrossRef]

Kwon, J.W.; Choi, J.A.; Jee, D. Matrix metalloproteinase-1 and matrix metalloproteinase-9 in the aqueous
humor of diabetic macular edema patients. PLoS ONE 2016, 11, €0159720. [CrossRef]

Das, A.; McGuire, P.G.; Rangasamy, S. Diabetic macular edema: Pathophysiology and novel therapeutic
targets. Ophthalmology 2015, 122, 1375-1394. [CrossRef] [PubMed]

Noda, K.; Ishida, S.; Inoue, M.; Obata, K.I.; Oguchi, Y.; Okada, Y.; Ikeda, E. Production and activation of
matrix metalloproteinase-2 in proliferative diabetic retinopathy. Investig. Ophthalmol. Vis. Sci. 2003, 44,
2163-2170. [CrossRef] [PubMed]

Thrailkill, K.M.; Bunn, R.C.; Fowlkes, ].L. Matrix metalloproteinases: Their potential role in the pathogenesis
of diabetic nephropathy. Endocrine 2009, 35, 1-10. [CrossRef] [PubMed]

Rogowicz, A.; Zozuliriska, D.; Wierusz-Wysocka, B. The role of matrix metalloproteinases in the development
of vascular complications of diabetes mellitus-clinical implications. Pol. Arch. Med. Wewn. 2007, 117, 43-48.
[CrossRef] [PubMed]

Cheng, Z.; Limbu, M.; Wang, Z.; Liu, J.; Liu, L.; Zhang, X.; Chen, P.; Liu, B. MMP-2 and 9 in chronic kidney
disease. Int. J. Mol. Sci. 2017, 18, 776. [CrossRef] [PubMed]

Newby, A.C. Metalloproteinases and vulnerable atherosclerotic plaques. Trends Cardiovasc. Med. 2007,17,
253-258. [CrossRef]

Pasterkamp, G.; Schoneveld, A.H.; Hijnen, D.J.; De Kleijn, D.P.; Teepen, H.; Van Der Wal, A.C.; Borst, C.
Atherosclerotic arterial remodeling and the localization of macrophages and matrix metalloproteases 1, 2
and 9 in the human coronary artery. Atherosclerosis 2000, 150, 245-253. [CrossRef]

Heo, S.H.; Cho, C.H.; Kim, H.O.; Jo, Y.H.; Yoon, K.S.; Lee, J.H.; Park, ]J.C.; Park, K.C.; Ahn, T.B;
Chung, K.C; etal. Plaque rupture is a determinant of vascular events in carotid artery atherosclerotic
disease: Involvement of matrix metalloproteinases 2 and 9. J. Clin. Neurol. 2011, 7, 69-76. [CrossRef]
Briones, A.M.; Arribas, S.M.; Salaices, M. Role of extracellular matrix in vascular remodeling of hypertension.
Curr. Opin. Nephrol. Hypertens. 2010, 19, 187-194. [CrossRef]

Duca, L.; Blaise, S.; Romier, B.; Laffargue, M.; Gayral, S.; El Btaouri, H.; Kawecki, C.; Guillot, A.; Martiny, L.;
Debelle, L.; et al. Matrix ageing and vascular impacts: Focus on elastin fragmentation. Cardiovasc. Res. 2016,
110, 298-308. [CrossRef]

Blaise, S.; Romier, B.; Kawecki, C.; Ghirardi, M.; Rabenoelina, F.; Baud, S.; Duca, L.; Maurice, P; Heinz, A.;
Schmelzer, C.E.; et al. Elastin-derived peptides are new regulators of insulin resistance development in mice.
Diabetes 2013, 62, 3807-3816. [CrossRef] [PubMed]

Uemura, S.; Matsushita, H.; Li, W.; Glassford, A.].; Asagami, T.; Lee, K.H.; Harrison, D.G.; Tsao, P.S. Diabetes
mellitus enhances vascular matrix metalloproteinase activity: Role of oxidative stress. Circ. Res. 2001, 88,
1291-1298. [CrossRef] [PubMed]

Fiilop, J.T.; Wei, S.M.; Robert, L.; Jacob, M.P. Determination of elastin peptides in normal and arteriosclerotic
human sera by ELISA. Clin. Physiol. Biochem. 1990, 8, 273-282. [PubMed]

Peterszegi, G.; Mandet, C.; Texier, S.; Robert, L.; Bruneval, P. Lymphocytes in human atherosclerotic plaque
exhibit the elastin-laminin receptor: Potential role in atherogenesis. Atherosclerosis 1997, 135, 103-107.
[CrossRef]

Péterszegi, G.; Texier, S.; Robert, L. Human helper and memory lymphocytes exhibit an inducible
elastin-laminin receptor. Int. Arch. Allergy Immunol. 1997, 114, 218-223. [CrossRef]

Rodriguez-Segade, S.; Camina, M.E,; Carnero, A.; Lorenzo, M.].; Alban, A.; Quinteiro, C.; Lojo, S. High serum
IgA concentrations in patients with diabetes mellitus: Agewise distribution and relation to chronic
complications. Clin. Chem. 1996, 42, 1064-1067. [CrossRef]

Ohmuro, H.; Tomino, Y.; Tsushima, Y.; Shimizu, M.; Kuramoto, T.; Koide, H. Elevation of serum IgA1 levels
in patients with diabetic nephropathy. Nephron 1993, 63, 355. [CrossRef]

Vavuli, S.; Salonurmi, T.; Loukovaara, S.; Nissinen, A.E.; Savolainen, M.].; Liinamaa, M.]. Elevated levels
of plasma IgA autoantibodies against oxidized LDL found in proliferative diabetic retinopathy but not in
nonproliferative retinopathy. J. Diabetes Res. 2016, 2016, 2614153. [CrossRef]

172



Medicina 2020, 56, 231

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Guo, X.; Meng, G; Liu, E; Zhang, Q.; Liu, L.; Wu, H.; Du, H.; Shi, H,; Xia, Y; Liu, X_; et al. Serum levels
of immunoglobulins in an adult population and their relationship with type 2 diabetes. Diabetes Res. Clin.
Pract. 2016, 115, 76-82. [CrossRef]

Awartani, F. Serum immunoglobulin levels in type 2 diabetes patients with chronic periodontitis. J. Contemp.
Dent. Pract. 2010, 11, 1-8. [CrossRef]

Kalluri, R. Basement membranes: Structure, assembly and role in tumour angiogenesis. Nat. Rev. Cancer
2003, 3, 422-433. [CrossRef] [PubMed]

Hayden, M.R.; Sowers, J.R.; Tyagi, S.C. The central role of vascular extracellular matrix and basement
membrane remodeling in metabolic syndrome and type 2 diabetes: The matrix preloaded. Cardiovasc. Diabetol.
2005, 4, 9. [CrossRef] [PubMed]

Monaco, S.; Sparano, V.; Gioia, M.; Sbardella, D.; Di Pierro, D.; Marini, S.; Coletta, M. Enzymatic processing
of collagen IV by MMP-2 (gelatinase A) affects neutrophil migration and it is modulated by extracatalytic
domains. Protein Sci. 2006, 15, 2805-2815. [CrossRef] [PubMed]

McLeod, O.; Dunér, P.; Samnegard, A.; Tornvall, P.; Nilsson, J.; Hamsten, A.; Bengtsson, E. Autoantibodies
against basement membrane collagen type IV are associated with myocardial infarction. Int. ]. Cardiol.
Heart Vasc. 2015, 6, 42-47. [CrossRef]

Borza, D.B.; Chedid, M.E; Colon, S.; Lager, D.J.; Leung, N.; Fervenza, F.C. Recurrent Goodpasture’s disease
secondary to a monoclonal IgAl-k antibody autoreactive with the «1/x2 chains of type IV collagen. Am. ].
Kidney Dis. 2005, 45, 397-406. [CrossRef]

Nicoloff, G.; Baydanoff, S.; Petrova, C.; Christova, P. Serum antibodies to collagen type IV and development of
diabetic vascular complications in children with type 1 (insulin-dependent) diabetes mellitus: A longitudinal
study. Vascul. Pharmacol. 2002, 38, 143-147. [CrossRef]

Nicoloff, G.; Baydanoff, S.; Stanimirova, N.; Petrova, C.; Christova, P. Detection of serum collagen type IV in
children with type 1 (insulin-dependent) diabetes mellitus—a longitudinal study. Pediatr. Diabetes 2001, 2,
184-190. [CrossRef]

Ban, C.R.; Twigg, S.M. Fibrosis in diabetes complications: Pathogenic mechanisms and circulating and
urinary markers. Vasc. Health Risk Manag. 2008, 4, 575-596.

Roy, S.; Ha, J.; Trudeau, K.; Beglova, E. Vascular basement membrane thickening in diabetic retinopathy.
Curr. Eye Res. 2010, 35, 1045-1056. [CrossRef]

Cherian, S.; Roy, S.; Pinheiro, A.; Roy, S. Tight glycemic control regulates fibronectin expression and basement
membrane thickening in retinal and glomerular capillaries of diabetic rats. Investig. Ophthalmol. Vis. Sci.
2009, 50, 943-949. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

173






medicina ﬁw\n\py

Atrticle
Clinical Predictors of Preeclampsia in Pregnant
Women with Chronic Kidney Disease

Bogdan Marian Sorohan 12, Andreea Andronesi 12, Gener Ismail '2*, Roxana Jurubita "2,
Bogdan Obrisca 12, Catilin Baston 3 and Mihai Harza 13

1 Department of General Medicine, Carol Davila University of Medicine and Pharmacy,

050474 Bucharest, Romania; bogdan.sorohan@yahoo.com (B.M.S); andreea.andronesi@yahoo.com (A.A);
roxana_jurubita@yahoo.com (R.].); obriscabogdan@yahoo.com (B.O.); drcbaston@gmail.com (C.B.);
mihai.harza@gmail.com (M.H.)

Nephrology Department, Fundeni Clinical Institute, 022328 Bucharest, Romania

Center of Uronephrology and Renal Transplantation, Fundeni Clinical Institute, 022328 Bucharest, Romania
Correspondence: gener732000@yahoo.com

2
3

Received: 11 March 2020; Accepted: 24 April 2020; Published: 27 April 2020

Abstract: Background and Objectives: Pregnant women with chronic kidney disease (CKD) are at high
risk of adverse maternal and fetal outcomes. Preeclampsia (PE) superimposed on CKD is estimated
to occur in 21%-79% of pregnancies. Both conditions share common features such as proteinuria
and hypertension, making differential diagnosis difficult. Objective: The aim of this study was to
evaluate the incidence and the clinical-biological predictors of preeclampsia in pregnant women
with CKD. Material and Methods: We retrospectively analyzed 34 pregnant women with pre-existing
CKD admitted to our department between 2008 and 2017. Results: Among the 34 patients, 19 (55.8%)
developed PE and the mean time of occurrence was 31.26 + 2.68 weeks of gestation. The median
value of 24-h proteinuria at referral was 0.87 g/day (interquartile range 0.42-1.50) and 47.1% of
patients had proteinuria of >1 g/day. Patients with PE tended to be more hypertensive, with a more
decreased renal function at referral and had significantly higher proteinuria (1.30 vs. 0.63 g/day,
p = 0.02). Cox multivariate analysis revealed that proteinuria >1 g/day at referral and pre-existing
hypertension were independently associated with PE (adjusted hazard ratio = 4.10, 95% confidence
interval: 1.52-11.02, p = 0.005, adjusted hazard ratio = 2.62, 95% confidence interval: 1.01-6.77,
p = 0.04, respectively). The cumulative risk of PE was significantly higher in pregnant women
with proteinuria >1 g/day at referral (log-rank, p = 0.003). Proteinuria > 1 g/day at referral and
pre-exiting hypertension predicted PE development with accuracies of 73.5% and 64.7%, respectively.
Conclusions: Pregnant patients with pre-existing CKD are at high risk of developing preeclampsia,
while proteinuria > 1 g/day at referral and pre-existing hypertension were independent predictors of
superimposed preeclampsia.

Keywords: chronic kidney disease; preeclampsia; hypertension; proteinuria

1. Introduction

Pregnant women with chronic kidney disease (CKD) are at high risk of adverse maternal
and fetal outcomes, such as preeclampsia, low birth weight and death, even in cases of mild
CKD [1,2]. Moreover, pregnancy itself is a risk factor for CKD progression [3]. Preeclampsia is both
a systemic and hypertensive disorder in pregnancy. Estimated to complicate 2-8% of all pregnancies,
it is a leading cause of maternal and perinatal morbidity and mortality [4]. According to previous
studies, preeclampsia superimposed on chronic hypertension and CKD are estimated to occur in 26%
and 21-79% of pregnancies, respectively [5,6]. Preeclampsia superimposed on CKD is challenging for
the clinician because both conditions share common features such as proteinuria and hypertension,
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making differential diagnosis difficult [7]. There is some evidence regarding biomarkers associated
with preeclampsia in pregnant women with CKD, but further studies are needed in this regard [8].
The aim of this study was to evaluate the incidence and clinical and biological predictors of preeclampsia
in pregnant women with CKD.

2. Materials and Methods

2.1. Study Population

We conducted a retrospective cohort study which included all pregnant women with pre-existing
CKD that were referred to our department, between 2008 and 2017. Exclusion criteria were:
Absence of CKD diagnosis, absence of pregnancy, referral to our department after 20 weeks’ gestation
and loss to follow-up. The final study population included 34 pregnant women with pre-existing CKD,
out of 652 women of childbearing age monitored in our clinic between 2008-2017. All patients read
and signed the informed consent form. The study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Ethics Committee of Fundeni Clinical Institute
(No. 39622/ 12 December 2017).

2.2. Definitions

Preeclampsia was defined according to American College of Obstetricians and Gynecologists
(ACOG) Task Force on Hypertension in Pregnancy (2013) and the revised statement (2014) of the
International Society for the Study of Hypertension in Pregnancy (ISSHP) [9,10]. We considered
the diagnosis of preeclampsia in CKD patients in every pregnant woman with pre-existing CKD
who developed hypertension (>140 mmHg systolic pressure or >90 mmHg diastolic pressure)
after 20 weeks of gestation or a sudden exacerbation of preexisting hypertension or the need to
improve antihypertensive therapy, plus the coexistence of one or more of the following new-onset
conditions: proteinuria > 300 mg/day or a significant sustained increase of preexisting proteinuria;
liver involvement (elevated transaminases and/or severe right upper quadrant or epigastric pain);
neurological complications (eclampsia, altered mental status, blindness, stroke, hyperreflexia when
accompanied by clonus, severe headaches when accompanied by hyperreflexia, persistent visual
scotomata); hematological complications (thrombocytopenia, disseminated intravascular coagulation,
hemolysis); and fetal growth restriction. CKD was defined according to Kidney Disease Improving
Global Outcomes (KDIGO) guidelines [11]. Referral was defined as the first visit of the patients to our
clinic, between the beginning of pregnancy and week 20 of gestation.

2.3. Measurements

Clinical and biological parameters were collected from paper and electronic medical records.
Renal function was evaluated based on serum creatinine and estimated with CKD-EPI formula.
Proteinuria was measured from 24-h urine samples and reported in grams/day. Blood pressure was
recorded by mercury sphygmomanometry and for the diagnosis of hypertension two determinations
at least 4 h apart were taken into consideration.

2.4. Statistical Analysis

Values are reported as percentages for categorical data, mean + SD for continuous parametric
data, and median with interquartile range (IQR) for continuous nonparametric data. The chi-square,
Student t-test, and Mann-Whitney U were used to evaluate the differences between groups. To analyze
the clinical and biological determinants of superimposed preeclampsia, Cox regression analysis was
performed, which included all the variables with p < 0.10 from the group comparison. The final variables
in the model were then selected using a stepwise backward elimination process. Kaplan-Meier curves
were used to determine the cumulative risk of preeclampsia and the risk difference was analyzed via
the log-rank test. To test the predictive ability of the variables, we calculated the sensitivity, specificity,
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positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood
ratio, and accuracy. A p-value of <0.05 was considered statistically significant. Statistical analysis
was performed with SPSS version 20 (SPSS Inc., Chicago, IL, USA) and STATA version 14 (StataCorp,
College Station, TX, USA).

3. Results

3.1. Characteristics of the Study Group

Among the 34 pregnant patients with CKD, 19 (55.8%) developed preeclampsia, 26 (76.5%) had
CKD stages 3-4, and the mean time of occurrence was at 31.26 + 2.68 weeks of gestation. The mean
maternal age was 24 + 3.96 years and 3 (8.8%) patients were over 30 years old. The frequency of
nulliparity in our group was 85.3%. The mean value of creatinine at referral was 1.6 + 0.6 mg/dL.
The median 24-h proteinuria at referral was 0.87 g/day (IQR 0.42-1.50) and 47.1% of patients had
proteinuria of >1 g/day. The most frequent primary disease for CKD was glomerulonephritis (76.5%).
Eight patients (23.5%) had a body mass index (BMI) of >25 kg/m2 and half of the patients (50%) had
pre-existing hypertension. None of our patients had a history of preeclampsia and there were no
patients with CKD stage G5 (Table 1). Sixteen out of 19 (84.2%) patients developed PE < 34 weeks of
gestation (early-onset PE) and in 3/19 (15.8%), PE occurred > 34 weeks of gestation (late-onset PE).

Table 1. Characteristics of the study group.

Patients Characteristics Overall (N = 34) Pre(eNclzax;l551a No P(;:e:d;;lps‘a p-value
Maternal age (mean, years) 24.26+ 3.96 23.15+2.31 25.66+5.13 0.06
>30 years (%) 3 (8.8%) 0 (%) 3 (20%) 0.022
Nulliparity (%) 29 (85.3%) 18 (94.7%) 11 (73.3%) 0.07
BMI (mean, kg/mz) 21.91+3.36 22.28+3.26 21.45+3.54 0.48
>25 kg/m? (%) 8 (23.5%) 4(21.1%) 4(26.7%) 0.70
Primary kidney disease (%) 26 (76.5%) 16 (84.2%) 10 (66.7%)
Glomerulonephritis Tubulointerstitial o o o
disease (%) 5 (14.7%) 2 (10.5%) 3 (20%) 0.20
Diabetic kidney disease (%) 3(8.8%) 1 (5.3%) 2 (13.3%)
Pre-existing hypertension (%) 17 (50%) 12 (63.2%) 5 (33.3%) 0.08
Dyslipidemia (%) 9 (26.5%) 6 (31.6%) 3 (20%) 0.44
Hepatitis B virus infection (%) 3 (8.8%) 2(10.5%) 1(6.7%) 0.69
Hepatitis C virus infection (%) 3 (8.8%) 1 (5.3%) 2 (13.3%) 0.41
Urinary tract infections (%) 17 (50%) 11 (57.9%) 6 (40%) 0.30
Creatinine at referral (mean, mg/dL) 1.6 £0.6 1.79+0.75 1.36+0.40 0.05
Creatinine at birth (mean, mg/dL) 1.6+0.8 1.93+0.98 1.20+0.33 0.012
eGFR at referral (mean, mL/min) 51.2+22.8 46.16+ 22.65 57.65+22 0.14
eGFR at birth (mean, mL/min) 51.5+21.8 42.62+ 18 62.79+ 21.4 0.005 2
CKD stage (%) 0.23
G1-G2 8 (23.5%) 3 (15.8%) 5(33.3%)
G3-G4 26(76.5%) 16 (84.2%) 10 (66.7%)
Proteinuria at referral (median, g/24 h) 0.87 (0.42—1.50) 1.30 (0.67—-1.50) 0.63 (0.30—0.85) 0.022
Proteinuria > 1 g/day at referral (%) 16 (47.1%) 13 (68.7%) 3 (20%) 0.0052
Fetal death (%) 1(3.1%) 1(5.3%) 0 (0%) 027
Low birth weight (%) 17 (50%) 16 (84.2%) 1(6.7%) <0.001 2

eGFR—estimated glomerular filtration rate; BMI—body mass index; CKD-—chronic kidney disease;
2—statistical significance.

3.2. Comparison between Women With and Without Preeclampsia

The characteristics of the women with superimposed preeclampsia on CKD and the differences
between the two groups are summarized in Table 1. Patients with preeclampsia were more likely
to be young (23.15 + 2.31 vs. 25.66 + 5.13, p = 0.06), hypertensive (63.2% vs. 33.3%, p = 0.08),
dyslipidemic (31.6% vs. 20%, p = 0.44), and with decreased renal function at referral (46.16 + 22.65 vs.
62.79 + 21.4, p = 0.005) compared to those without preeclampsia. Furthermore, the preeclampsia group
had significantly higher proteinuria (1.30 (IQR 0.67-1.50) vs. 0.63 (IQR 0.30-0.85) g/day, p = 0.02) and
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13 of the 19 patients with preeclampsia had proteinuria >1 g/day at referral (68.7% vs. 20%, p = 0.005).
Regarding fetal outcomes, fetal death occurred only in one pregnancy, the event taking place in the
preeclampsia group (5.1%) and low birth weight was significantly higher in pregnant women with
preeclampsia (84.2% vs. 6.7%, p < 0.001).

3.3. Predictors of Superimposed Preeclampsia

To assess variables associated with preeclampsia in CKD patients, Cox regression analysis with
stepwise backward selection was performed (Table 2). Variables with p < 0.10 at the group comparison
were included in the final model.

Table 2. Univariate and multivariate Cox regression analysis of predictors associated with superimposed
preeclampsia on chronic kidney disease (CKD).

Cox Univariate Regression Cox Multivariate Regression
Variables HR 95% CI p-value HR 95% CI p-value
Maternal age 0.88 0.75-1.03 0.12 - - -
Nulliparity 4 0.53-30.07 0.17 - - -
Creatinine at referral 157 0.87-2.73 0.13 - - -
Proteinuria > 1 g/day at referral 3.91 3.74-9.98 0.008 4.10 1.52-11.02 0.005
Pre-existing hypertension 2.31 0.90-5.92 0.07 2.62 1.01-6.77 0.04

Cox multivariate regression with backward stepwise selection (variables introduced in the first step: maternal age,
nulliparity, creatinine at referral, proteinuria >1 g/day at referral, pre-existing hypertension; variables that remained in
the last step: proteinuria >1 g/day at referral, pre-existing hypertension); HR—hazard ratio; CI—confidence interval.

By univariate Cox analysis, proteinuria > 1 g/day at referral was the only statistically significant
variable as a risk factor for preeclampsia (p = 0.008), followed by pre-existing hypertension,
which presented a tendency of significance (p = 0.07). In multivariate Cox analysis, proteinuria >1 g/day
at referral and pre-existing hypertension after adjustment for age, nulliparity, and creatinine,
were independent predictors of preeclampsia. The presence of proteinuria >1 g/day at referral
and pre-existing hypertension increased the risk of preeclampsia 4.1 times (adjusted HR = 4.10, 95%Cl:
1.52-11.02, p = 0.005) and 2.6 times (adjusted HR = 2.62, 95%CI: 1.01-6.77, p = 0.04), respectively.

In Figure 1A,B, the Kaplan-Meier curves show that the cumulative risk of preeclampsia at
35 and 38 weeks of gestation was significantly higher in pregnant women with proteinuria >1 g/day
(68% and 81%, respectively) than in those with proteinuria <1 g/day at referral (27% and 34%,
respectively) (log-rank, p = 0.003) and the cumulative risk of preeclampsia was also higher in pregnant
women with pre-existing hypertension (67% and 70%, respectively) than is those without pre-existing
hypertension (30% and 43%, respectively) (log-rank, p = 0.05).
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Figure 1. (A) Kaplan-Meier curves showing the cumulative risk of preeclampsia in pregnant women
with proteinuria >1 g/day vs. <1 g/day at referral; (B) Kaplan-Meier curves showing the cumulative
risk of preeclampsia in pregnant women with vs. without pre-existing hypertension.
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We evaluated the predictive ability of the identified risk factors and found that proteinuria
>1 g/day at referral and pre-existing hypertension could predict preeclampsia in pregnant women
with CKD with an accuracy of 73.53% (95%CI: 55.6%-87.1%) and 64.71% (95%CI: 46.5%-80.3%),
respectively (Table 3).

Table 3. Predictive analysis of risk factors for preeclampsia.

Proteinuria > 1 g/day at Referral Pre-Existing Hypertension
Value 95% CI Value 95% CI

Sensitivity (%) 68.42% 43.45%—87.42% 63.16% 38.36%—83.71%
Specificity (%) 80% 51.91%-95.67% 66.67% 38.38%—88.18%

+LHR 342 1.19%-9.85 1.89 0.86%—4.19

-LHR 0.39 0.19%-0.80 0.55 0.28%-1.10
PPV (%) 81.2% 60.09%—92.58% 70.59% 12.04%-84.15%
NPV (%) 66.67% 49.61%—80.25% 58.82% 41.77%-73.99%
Accuracy (%) 73.53% 55.64%—87.12% 64.71% 46.49%—80.25%

CI—confidence interval; LHR—Iikelihood ratio; PPV—positive predictive value; NPV—negative predictive value.

4. Discussion

Results from our study showed that pregnant women with CKD are at high risk of developing
preeclampsia. Superimposed preeclampsia on CKD complicated 55.8% of the pregnancies in our
study. This result is in agreement with other studies that reported values between 21% and 79% [6].
Moreover, the frequency of preeclampsia was increased in CKD stages 3-4. The increased incidence
of preeclampsia compared to other studies could have been influenced by the diagnostic criteria we
used, according to ACOG (2013) and the revised statement of ISSHP (2014), which exclude proteinuria
as a mandatory condition for the diagnosis of preeclampsia [9,10]. The mechanisms by which CKD
increases the risk of preeclampsia in not completely understood. Some mechanistical processes have
been proposed, such as renin-angiotensin-aldosterone system (RAAS) dysregulation, endothelial
dysfunction and complement dysregulation [12-14]. We reported no cases of postpartum preeclampsia
within the first 6 months and no maternal deaths. However, one fetal death (5.3%) occurred in the
preeclampsia group.

We evaluated possible clinical and biological predictors of superimposed preeclampsia in
pregnant women with CKD and we found that the presence of proteinuria >1 g/day at referral
and pre-existing hypertension increased the risk of superimposed preeclampsia 4.1 and 2.6 times,
respectively. Other classic risk factors such as nulliparity, maternal age, BMI and the primary cause of
CKD were not significantly associated with preeclampsia.

Proteinuria >1 g/day at referral was associated with a significantly increased cumulative risk
of preeclampsia of 68% and 81% at 35 and 38 weeks respectively. Similar to our results, data from
a prospective study, which included 504 pregnant women with CKD, showed that baseline proteinuria
>1 g/day was an independent risk factor for pregnancy outcomes [15]. Also, data from a cohort
study indicated that the proteinuria level at the beginning of pregnancy was strongly associated with
subsequent preeclampsia in pregnant women with CKD [16]. A systemic review and meta-analysis
which included 23 studies that evaluated the outcomes of pregnancy in CKD and CKD outcomes in
pregnancy, demonstrated that proteinuria >0.5 g/day in pregnant women with CKD was a risk factor
for superimposed preeclampsia [17]. Evaluation of proteinuria threshold at the time of referral in our
study, until 20 weeks of gestation, is an expression of CKD and we proposed this clinical factor as
a predictor and not as a diagnostic marker for superimposed preeclampsia.

According to our analysis, 63.2% of patients with preeclampsia had pre-existing hypertension.
In agreement with our results, Braham et al reported that chronic hypertension increased the risk
of superimposed preeclampsia 7.7 times in the US population and that the estimated incidence of
disease was between 21% and 31.5% [5]. Another study by Webster et al. showed that the incidence of
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preeclampsia in women with chronic hypertension was 21% [18]. The higher percentage of preeclampsia
in this subgroup could be explained by the fact that all these patients also had CKD and that a possible
intrarenal renin-angiotensin-aldosterone system (RAAS) could be involved. It has been shown that
in preeclamptic women, systemic RAAS components have lower circulating levels and there is an
increased sensitivity to angiotensin Il action, but little is known about the role of intrarenal RAAS [19,20].
Angiotensin II present in the renal tissue could be provided by angiotensinogen action, synthesized
locally from tubular epithelial cells [21]. Furthermore, it has been demonstrated that angiotensin II
promotes sFltl production in proximal tubular cells [22]. Yilmaz et al demonstrated that elevated
intrarenal RAAS activity is involved in the development of preeclampsia, using elevated urinary
angiotensinogen as a marker of local RAAS activation [23].

The diagnosis of superimposed preeclampsia on CKD is difficult to establish in clinical
practice because of the common features shared by CKD and preeclampsia, thus making other
parameters necessary for diagnosis. Promising results from previous studies showed that angiogenic
(placenta growth factor (PIGF)) and antiangiogenic (soluble fms-like tyrosine kanise-1 (sFlt1)) factors
and uteroplacental flows could be used as diagnostic tests for superimposed preeclampsia on CKD.
However, they have not been implemented in clinical practice, making further study necessary [24-26].
More recently, plasma and urinary biomarkers derived from endothelial tissue (hyaluronan, intercellular
adhesion molecule, vascular cell adhesion molecule, P-selectin, E-selectin), biomarkers of RASS and
complement system activation have been studied in pregnant women with CKD. Kate Wiles et al.
showed that increased plasma concentration of hyaluronan and vascular cell adhesion molecule had
the potential to differentiate between pregnant women with superimposed preeclampsia on CKD and
those without superimposed preeclampsia and that endothelial dysfunction had an important role in
the pathophysiology of superimposed preeclampsia [13]. Relying on the latest evidence, the diagnostic
utility of angiogenic, antiangiogenic and endothelial derived biomarkers in superimposed preeclampsia
in CKD pregnant women is recognizable, but they are limited by availability and costs in clinical
practice. Therefore, classical factors such as level of proteinuria at referral or pre-existing hypertension
may still be useful in assessing the risk for superimposed preeclampsia on CKD [27] and could also
contribute to the development of various prognostic tools alongside newly discovered biomarkers.

The strengths of our study are the use of adjusted models in the multivariate analysis and the
diagnostic criteria used. However, its limitations such as the retrospective design, small size of the
cohort study, and its single-center nature may limit its generalizability. Another limitation of our study
that must be mentioned is regarding the selection bias. All patients included in the study had CKD
and this could explain the higher incidence of PE than what was reported in other studies.

5. Conclusions

In conclusion, findings from our study indicate that pregnant women with pre-existing chronic
kidney disease are at high risk of developing preeclampsia and that proteinuria >1 g/day at referral and
pre-existing hypertension are independent predictors of superimposed preeclampsia. Consequently,
maintaining proteinuria of <1 g/day in women with CKD who want to become pregnant could decrease
the risk of preeclampsia. Moreover, women with pre-existing hypertension should be intensively
monitored during pregnancy. However, to translate this conclusion into clinical practice is difficult
considering the small size of our study population. Thus, larger studies are needed.
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Abstract: Krukenberg tumors from pulmonary adenocarcinoma represent an extremely rare situation;
only a few cases have been reported. The aim of this paper is to report an unusual such case in
which almost complete dysphagia and ureteral stenosis occurred. The 62-year-old patient was
initially investigated for dysphagia and weight loss. Computed tomography showed the presence
of a thoracic mass compressing the esophagus in association with a few suspect pulmonary and
peritoneal nodules, one of them invading the right ureter. A biopsy was performed laparoscopically
on the peritoneal nodules. The right adnexa presented an atypical aspect; right adnexectomy was also
found. The histopathological and immunohistochemical studies confirmed that the primitive origin
was pulmonary adenocarcinoma. Although both peritoneal carcinomatosis and ovarian metastases
from pulmonary adenocarcinoma represent a very uncommon situation, this pathology should not
be excluded, especially in cases presenting suspect pulmonary lesions.

Keywords: pulmonary adenocarcinoma; Krukenberg tumors; ureteral stenosis

1. Introduction

Krukenberg tumors account for less than 2% of all ovarian carcinomas and represent ovarian
metastases that usually originate from mucosecretory signet ring cell adenocarcinomas of the
gastrointestinal tract. The most commonly encountered sites are the stomach and the colon [1-3]. In
less common situations, Krukenberg tumors originate from other primaries such as the breast, small
intestine, and appendix [3]. For lung cancer ovarian metastases, data are even scarcer, with only a few
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cases being reported so far [4-6]. Most often, these cases are represented by pulmonary adenocarcinomas
(in up to 45% of cases), and the exact mechanism of development is not well understood [6]. The
aim of this paper is to report the case of a patient diagnosed with Krukenberg tumor and peritoneal
carcinomatosis invading the right ureter originating from pulmonary adenocarcinoma, in which the
final diagnostic was established after performing a laparoscopic adnexectomy.

2. Case Report

A 62-year-old, nonsmoker woman with no significant pathological antecedents presented to our
hospital for almost complete dysphagia. At the time of presentation, the patient was underweight,
reporting an approximate weight loss of 15 kg during the last month. During this period, she also
observed the apparition of dysphagia first for solids and later also for liquids, which worsened
progressively. Biochemical tests demonstrated slow increase of cancer antigen CA 125 levels
(74.2 U/mL—units per millilitre), whereas all the other tests (including tumoral markers, urinary and
liver tests) were normal. The upper digestive endoscopy raised suspicion of an extrinsic compression
of the medial third of the esophagus (at 26 cm from the dental arcade), which did not allow performing
the maneuver with a 10 mm endoscope. The stenosis was hardly crossed by using a pediatric 5 mm
endoscope, which showed the extension of the affected area on 5 cm. A gastrostomy feeding tube was
placed during endoscopy. However, the esophageal lining was normal on the entire surface, again
raising suspicion of extrinsic compression (Figure 1).

Figure 1. Upper digestive endoscopy revealed an extrinsic compression of the esophagus with normal
esophageal lining.

In this context, an endoscopic ultrasound was attempted to retrieve a biopsy, but the maneuver
was unsuccessful due to the extreme compression of the esophagus. The patient later underwent
thoracic, abdominal, and pelvic computed tomography that demonstrated the presence of suspect
pulmonary nodules in association with a mass compressing the esophagus and invading the pleura,
the pericardium, the esophageal wall, and the aortic wall (Figures 2 and 3), as well as a tumoral nodule
in close proximity to the uterine cervix invading the right ureter and creating an ureteral stenosis.
The cardiologic evaluation demonstrated the presence of a mild pericardial effusion, with no other
significant modifications of the cardiac function.
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Figure 2. Computed tomography revealing extrinsic compression of the medial third of the esophagus.

Figure 3. Computed tomography revealing extrinsic compression of the medial third of the esophagus
in association with suspect pulmonary nodules.

The imagistic studies were further completed by pelvic magnetic resonance, which raised the
suspicion of peritoneal nodules at the pelvic level and confirmed the presence of the tumoral nodule
in close proximity to the uterine cervix invading the right ureter and with no apparent connection
to the uterine cervix (Figures 4 and 5). In the meantime, other few-millimeter nodules of peritoneal
carcinomatosis were found in the pelvic area with no other suspect aspects. The gynecological
examination confirmed the presence of a tumoral mass of 3/1.5 cm invading the right ureter, developed
in close proximity to the uterine cervix but with no apparent appurtenance to the gynecological tract.
No other pathological images were encountered, and the Papanicolaou test failed to demonstrate
any modification.
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Figure 4. Pelvic magnetic resonance imaging (MRI) revealing the presence of a large tumoral nodule
compressing the right ureter.

Figure 5. Pelvic MRI revealing the presence of a large tumoral nodule compressing the right ureter.

Due to an important ureteral stenosis being found, the patient also underwent Cook catheter
placement on the right side. At the time of the catheter placement, a cisto-ureteroscopy was performed,
which demonstrated an extrinsic compression of the right ureter, with the ureteral and urinary bladder
mucosa being normal (Figures 6-8).
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Figure 6. Right ureteroscopy presenting right ureteral stenosis probably due to external compression, a
normal aspect of the ureteral lining.

Figure 8. Abdominal X-ray revealing the correct position of the Cook catheter.

A diagnostic laparoscopy was performed on the patient, which demonstrated the presence of a
few peritoneal nodules at the level of the pelvic area, retrieved in association with the nodule invading
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the right ureter. However, the right ovary was also found to have a pathological aspect, so it was
retrieved by performing a right adnexectomy (Figures 9-11).

Figure 9. Laparoscopic biopsy of a peritoneal nodule on the anterior surface of the left broad
uterine ligament.

Figure 10. Laparoscopic exploration revealed tumoral transformation of the right adnexa, so a right
adnexectomy was performed.

Figure 11. Laparoscopic exploration revealing the nodule of peritoneal carcinomatosis invading the
right ureter.
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The final histopathological studies of the specimens demonstrated the presence of a
well-differentiated adenocarcinoma, with the ovarian parenchyma presenting tumoral invasion
on up to 90% of the volume (Figure 12a—-d). The immunohistochemical studies established the final
diagnostic of pulmonary adenocarcinoma (diffuse and intense positivity for cytokeratin 7 (CK7) and
thyroid transcription factor-1 (TTE-1); positivity for carcinoembryonic antigen (CEA); poor positivity
for estrogen receptors (ERs); negativity for GATA3 transcription factor, paired-box gene 8 (PAX8),
Wilms’” tumor 1 (WT1) factor, homeobox protein (CDX2), pl6-cyclin-dependent kinase inhibitor 2A,
and S-100 proteins; Figure 13a—f). In this context, the genital, breast, gastric, colonic, esophageal, and
pancreatic malignancies were excluded, with the final aspect pulmonary adenocarcinoma. Epidermal
growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), and programmed cell death ligand
1 (PD-L1) tests were performed demonstrating the presence of mutations, so the patient was later
confined to the medical oncology clinic for biological treatment.

(9 (d)

Figure 12. Histopathological study. (a) Hematoxylin and eosin (H&E) staining of the ovarian
parenchyma revealing tumoral infiltration in more than 90% of the parenchyma (5x); (b) H&E staining
of the ovarian parenchyma revealing tumoral infiltration in more than 90% of the parenchyma (40x);
(c) H&E staining of the peritoneum revealing the presence of tumoral deposits (5%); (d) H&E staining
of the peritoneum revealing perineural invasion (10x).
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Figure 13. Immunohistochemical study revealing diffuse positivity. (a) TTF-1 staining; (b) CK7 staining;
(c) CEA staining; (d) PAXS8 staining; (e) ER staining; (f) WT1 staining.

3. Discussion

Krukenberg tumors were initially described by Friedrich Ernst Krukenberg in 1896, when he
revealed the first five such cases [7]. Since then, this histopathological finding has been treated as
a separate entity, and further studies demonstrated that the most common origins of the primaries
that might lead to the development of such tumors are represented by gastric cancer (up to 76% of
cases), followed by colorectal cancer (up to 11% of cases). Other possible origins include the breast,
biliary system, pancreas, urinary tract, and gynecological tract [2,3]. Most often, Krukenberg tumors
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are found bilaterally, and in up to half of cases, they are associated with the presence of ascites [8]. As
for Krukenberg tumors with lung cancer origins, it is estimated that less than 4% of all lung cancers
lead to the development of ovarian metastases, with up to half of them being represented by small
cell carcinomas [4]. To establish that an ovarian tumor has a metastatic origin from a primary lung
carcinoma, detection of TTE-1 at the level of the ovarian lesion plays a central role [4]. In our case, the
identification of this marker at the level of the specimen of adnexectomy enabled us to suspect the
pulmonary origin of the metastatic islets that had been found at the level of the ovarian tissue. The final
diagnostic in our case was established based on immunohistochemical studies, which were strongly
suggestive for pulmonary adenocarcinoma. The lesions proved to have positive staining for TTF1,
CK7, and CEA. In a recent study conducted on a group of 665 specimens of resected pulmonary cancer
and 425 resected metastases, Vidarsdottir et al. routinely studied the presence of CK7, CK20, CDX2,
CKS5, p40, p63, TTF-1, napsin A, GATA3, and PAX8, and demonstrated that primary adenocarcinoma
of the lung presented strong positive expression for TTF1 in 90% of cases and for napsin A in 84%,
whereas only less than 10% of cases were positive for p63, CDX2, CK20, and GATA3. Additionally,
68% of cases with pulmonary adenocarcinoma presented positive staining for CK7, TTE-1, and napsin
A and were negative for the other studied parameters [9]. The authors demonstrated that the presence
of TTF1 and CKY7 could also be used to differentiate pulmonary adenocarcinoma by squamous cell
carcinoma. In the latter histopathological subtype, the positivity of TTF-1 and CK7 was demonstrated
in only 3% and 44% of cases, respectively [9].

The therapeutic strategies in such cases are mainly decided according to the primary tumor;
however, due to the metastatic character of Krukenberg lesions, the presence of ovarian metastases
is usually considered as a sign of a systemic disease, which transforms the patient into a candidate
for palliative systemic treatment. This pathological finding is usually associated with poor rates of
long-term survival [5]. However, in our case, a right adnexectomy was performed as part of the
diagnostic strategy and not with curative intent. The patient also showed a large mediastinal mass and
peritoneal carcinomatosis nodules invading the ureter as a sign of systemic disease.

Another particularity of our case is the presence of peritoneal carcinomatosis with a pulmonary
adenocarcinoma origin. One nodule of peritoneal carcinomatosis developed in close proximity with
the right ureter, where almost complete stenosis had developed. Based on autopsy studies, peritoneal
carcinomatosis from pulmonary adenocarcinoma can be encountered in up to 16% of cases; however,
clinical manifestation of such lesions are rarely encountered, with obstructive symptomatology
being the most common [10,11]. Although this symptomatology is to be expected at the level of
the gastrointestinal tract due to the presence of mesenteric nodules, in rare cases, other abdominal
structures might be involved. In the case we presented here, obstruction of the right ureter caused
a grade III uretero-hydronephrosis. In our case, during laparoscopy, no other nodules of peritoneal
carcinomatosis were found, except for few-millimeter lesions at the level of the pelvic area, especially
on the uterine serosa and its ligaments.

The rarity of peritoneal carcinomatosis from lung cancer was also demonstrated by the study
conducted by Satoh et al., which included 1041 cases with pulmonary cancer over a period of 26 years.
Among these cases, only eight patients developed clinically evident peritoneal carcinomatosis [12];
however, regarding histopathological subtypes of pulmonary cancer that present the highest risk
of developing peritoneal metastases, adenocarcinoma seems to play the most important role. In
another more recent study conducted on the issue of peritoneal carcinomatosis from non-small cell
lung carcinoma, Nassereddine et al. included 12 patients diagnosed with peritoneal carcinomatosis
from non-small cell lung carcinoma, with 11 cases diagnosed with pulmonary adenocarcinoma. The
authors underlined that all cases presented other metastases at the time of the initial diagnosis. The
most commonly encountered sites for the metastatic disease were represented by pleura, bone, adrenal
glands, liver, and colon. These authors also reported the presence of ovarian metastases, but the
incidence of this finding was not reported. In this case series, the most commonly encountered

191



Medicina 2020, 56, 187

positivity of the immunostaining was the one for PD-L1 (in 37.5% of cases), a finding that was also
encountered in the case we reported [13].

The prognosis for these cases seems to be extremely poor, with the overall survival time usually
only a few months from the time peritoneal carcinomatosis is diagnosed. Regardless, attention should
be paid to identifying the cases that present with EGFR mutation (consisting of exon 19 deletion), which
seem to be associated with a more favorable outcome [14]. In such cases tyrosine kinase inhibitors
might be administrated, and a significant benefit of survival (of more than 1 year) is expected [15,16].
In the aforementioned case, the presence of EGFR mutation allowed us to introduce this biological
treatment with good chances of prolonging the patient’s survival. In addition, a differential diagnostic
of the primary tumor with pleural mesothelioma should be ruled out; immunohistochemical studies
are the cornerstone process by which to establish this differential diagnosis [17].

4. Conclusions

Association between peritoneal carcinomatosis creating urinary tract obstruction and Krukenberg
tumor is an extremely rare eventuality in patients with pulmonary adenocarcinoma. The case we
reported presents a series of particularities: the symptomatology at the time of presentation, almost
complete dysphagia due to a thoracic mass compressing the esophagus, the modality in which
the final diagnostic was established, and laparoscopic adnexectomy in association with peritoneal
nodules biopsy, which revealed positive immunohistochemical staining for TTE-1, CK7, and CEA. The
demonstration of EGFR, PD-L1, and ALK mutations offered a chance for improved survival for our
patient, who thereby became a candidate for immunotherapy.
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Abstract: Introduction: The purpose of this paper is to study the type, the clinical presentation, and the
best diagnostic methods for pleural solitary fibrous tumors (PSFTs), as well as to evaluate which
is the most appropriate treatment, especially as PSFTs represent a rare occurrence in the thoracic
pathology. Material and Method: A retrospective study was conducted on a group of 45 patients
submitted to surgery between January 2015 and December 2019. In most cases, the diagnosis was
established through imaging studies—thoracic computed tomography (CT) scan with or without
contrast—but also using magnetic resonance imaging (MRI) or positron emission tomography (PET)
scans when data from CT scans were scarce. All patients were submitted to surgery with curative
intent. Results: Most patients included in this study were asymptomatic, with this pathology being
more common in patients over 60 years of age, and more common in women. The occurrence of
malignant PSFT in our study was 17.77% (8 cases). All cases were submitted to surgery with curative
intent, with a single case developing further recurrence. In order to achieve complete resection en
bloc resection of the tumor with the chest wall, resection was performed in two cases, while lower
lobectomy, pneumectomy, and hemidiaphragm resection, respectively, were needed in each case.
Postoperative mortality was null. Conclusion: Thoracic CT scan remains the most important imagistic
investigation in diagnosing. MRI is superior to thoracic CT, especially in cases that involved the
larger blood vessels within the thorax, spinal column, or diaphragm. Complete surgical resection is
the gold standard in treatment of PSFT, and the prognosis in benign cases is very good.
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1. Introduction

Pleural solitary fibrous tumors (PSFTs) are rare tumors, and their evolution is considered
unpredictable. The incidence of this disease is considered to be lower than 5% of the total number of
pleural tumors [1]. The first case of PSFT was described from a histological view by Wagner in 1870 [2],
however, the first pleural tumor was presented by Lieutaud in 1767 [3,4]. In 1931, Klemperer and
Rabin published a histopathological description and divided the tumors in two categories: diffuse and
localised [5]. Stout and Murray (1942) were the first to identify the mesenchymal origin of pleural
tumors, which was later confirmed by electronic microscopy and immunohistochemistry [6]. Over
time, these tumors have had different names: localised mesothelioma, benign mesothelioma, fibrous
mesothelioma, pleural fibroma, benign pleural fibroma, pleural fibromyxoma, localised fibrous tumor,
and so on [7].

Over the last 20 years, the term mesothelioma was replaced by solitary fibrous pleural tumor.
These tumors were first described as being within the pleura, but it was later observed that it can
also have an extra pleural localisation. There were also cases described of fibrous solitary tumors
in various locations: liver, pelvis, peritoneum, meningeal, adrenal gland, intrapulmonary, urinary
bladder, pericardium, and almost every organ system [8,9].

PSFTs are found within the pleura in 57.7% of cases, with the rest (42.3%) being localized
extrapleural [8,10]. The World Health Organization (2015) reviewed the classification of pleural tumors
from a pathological view and placed them in three categories: mesothelial tumors, mesenchymal
tumors, and lympho-proliferative disorder. Both benign and malignant solitary fibrous tumors are
part of the mesenchymal tumor group, along with desmoid tumors and calcified fibrous tumors.

2. Materials and Methods

This paper represents a retrospective study on a series of 45 patients diagnosed with PSFT who were
submitted to surgery in our thoracic surgery clinic from the Institute of Pneumology, Bucharest over a
period of five years (2015-2019). After obtaining the approval of the Ethical Committee no 12/9 February
2020, data of these patients were retrospectively reviewed. The analyzed parameters were represented
by age, sex, clinical presentation, blood test results, imaging aspects, histopathological examination
of the tumor after surgery, type of surgical resection, complementary treatment, and postoperative
evolution. For a better classification of our series, we used the tumor size criteria (larger or smaller
than 10 cm), with the De Perrot staging of pleural fibrous tumors (Table 1).

Table 1. Pleural solitary fibrous tumor (PSFT) staging De Perrot.

Stage 0 Pedunculated Tumor Without Signs of Malignity

Stage I Sessile or “inverted” tumor without signs of malignity
Stage II Pedunculated tumor with histological signs of malignity
Stage 111 Sessile or “inverted” tumor with histological signs of malignity
Stage IV Multiple synchronous metastatic tumors

Differentiation between malignant and benign PSFT was done using the criteria established by
England et al. [11]: presence of tumoral necrosis; presence of atypical nuclei, cellular pleomorphism,
and hypercellularity; presence >4 mitosis/10 HPF (high power field). Immunohistochemistry tests
were performed for both types of PSFTs.

Imaging studies consisted of chest X-ray, thoracic computed tomography (CT) scan, magnetic
resonance imaging (MRI), and positron emission tomography (PET) scan. Both CT guided biopsy as
well as direct tumor biopsy were used for histological diagnosis. Bronchoscopy was used in larger
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tumors with compression of the lung with a visible impact on the bronchial tree. Other routine tests
performed were electrocardiography (EKG), lung function tests, blood gas levels, and transthoracic
echography associated with a cardiology exam. Patients were also classified according to their smoking
status as well as according to their exposure to asbestos or ionizing radiation.

Follow-up was done with the following protocol: standard chest X-ray at three and six months
postoperative, thoracic CT scan every six months in the first two years and once a year for the next five
years. Most patients from our series are still in the postoperative follow-up program, as we have set a
15 year monitoring period.

3. Results

From our 45 patient series, 35 were women (77.7%) and were 10 men (22.2%) with a ratio of
1 male/3.5 female (1:3.5). The age of our patients was between 32 and 84 years with an average of
61.84 years. The representation of age groups was as follows: 1 case between 30 and 40 years old
(woman) (2.22%), 5 cases between 40 and 50 years old (women) (11.1%), 6 cases between 50 and 60 years
old (5 women, 1 male) (13.3%), 19 cases between 60 and 70 years old (14 women and 5 male) (42.22%),
11 cases between 70 and 80 years old (7 women and 4 male) (24.44%), and 3 cases over 80 years old
(2 women and 1 male) (6.66%).

According to the size of the tumors, in the case of PSFT, the largest was 34/24/15 cm and weighed
3800 g, and the smallest was 2.5/1.7/1.5 cm with a weight of 64 g. In our series, 60% of the tumors were
under 10 cm (27 cases), and 40% over 10 cm (18 cases) (Figure 1).

Figure 1. Surgical specimen.

Regarding the risk factors in our series, 15 cases (33.33%) were smokers, 2 cases were exposed to
asbestos (4.44%), 1 case had a genetic factor (2.22%) (mother with pleural mesothelioma), 1 case had
exposure to ionising radiation (2.22%), and 1 case had exposure to benzene (2.22%). In conclusion,
20 cases (44.44%) had exposure to risk factors.

From a clinical view, 24 cases (53.33%) were asymptomatic and 21 cases (46.66%) had a diversity
of clinical manifestations (Table 2).

We can observe that most symptomatic presentations (14 cases—31.11%) were with chest pain,
dyspnea, or cough. The rest of the symptoms found are associated with paraneoplastic syndrome:
Doege-Potter syndrome, Pierre-Marie-Bamberger syndrome, arthralgia, articular oedema, or weight
loss. Moreover, a correlation between the tumor size and symptoms was noted. Most asymptomatic
patients had tumors <10 cm (23 cases—51.11%), with only one case presenting with chest pain (2.22%),
with p < 0.01. From the symptomatic patients (21 cases—44.44%), 20 of them had tumors >10 cm with
only one case (2.22%) under 10 cm. Regarding tumor localisation, 20 cases (44.44%) were in the right
hemithorax and 25 cases (55.55%) in the left hemithorax. As a point of origin of the tumor, 21 cases
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(46.66%) where in the parietal pleura and 22 cases (48.88%) in the visceral pleural, with one case (2.22%)
in the mediastinal pleural and one case (2.22%) in the left hemidiafragm.

Table 2. Clinical presentation in PSFT.

Symptoms Number of Cases

Hypertrophic osteoarthropathy 2 (4.44%)
Pierre-Marie-Bamberger syndrome e
Hypoglycemia o
Doege-Potter Syndrome 2 (4.44%)
Thoracic pain 5 (11.11%)
Cough 6 (13.33%)
Dyspnea 3 (6.66%)
Facial :‘and upper body oedema 1(2.22%)
Superior vena cava syndrome

Arthralgia and articular oedema 1(2.22%)
Weight loss 1(2.22%)

Using de Perrot staging and England pathology criteria, there were 19 cases in stage 0, 18 cases in
stage I, 1 case in stage II, 7 cases in stage III, and no cases for stage IV. Benign tumors (82.22%) were
discovered in stages 0 and I, while malignant tumors (17.77%) were diagnosed in stages II and III
(Table 3).

Table 3. Malignant PSFT—correlation between symptoms, tumor size, and staging (De Perrot).

Symptoms Size Stage
Symptoms of Doege-Potter 34 cm I
Doege-Potter syndrome 21 cm 11
Pierre-Marie-Bamberger syndrome 23 cm 11
Pierre-Marie-Bamberger syndrome 25 cm 111
Superior vena cava syndrome 15 cm 111
Arthralgia and articular oedema 18 cm it
Weight loss 9cm I
Dyspnea 24 cm I

Immunohistochemistry studies were used in 15 cases (33.33%) for both histological types. These
tests were positive for cluster of differentiation 34 (CD34), B cell lymphoma (bcl-2), Vimentin, cluster
of differentiation 99 (CD99), and signal transducer and activator of transcription 6 (STAT 6) in eight
cases of malignant PSFT (17.77%), and were negative in seven cases (15.55%) of benign PSFT. Imaging
diagnosis was based on simple chest X-ray, which was performed for all 45 patients. In 39 cases
(86.66%), nodular or pleural masses were identified, two cases (4.44%) presented a normal aspect, while
the remaining four cases (8.88%) were thought to have pulmonary or mediastinal masses. Further
on, CT scan was performed in 35 cases (77.77%), of which 15 patients (42.85%) were diagnosed with
pleural fibrous tumors, pleural mesothelioma was suspected (14.28%) in 5 cases, while a clear diagnosis
could not be set in 8 cases (22.85%) (Figure 2). In another four cases (11.42%), a mediastinal tumor was
suspected, while in three cases (8.57%), benign pulmonary tumors were suspected.
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Figure 2. Computed tomography (CT) aspect.

In six cases (17.14%), further investigations were performed, consisting of biopsy through
thoracotomy in three cases (8.57%) and CT guided biopsy in another three cases (8.57%). In four
cases (8.88%), along with thoracic CT scan, an MRI was performed in order to establish a diagnosis.
In total, nine patients received an MRI (20%), in cases in which we suspected spinal involvement
(two cases—4.44%), mediastinal blood vessels involvement (six cases—13.33%), or diaphragmatic
invasion (one case—2.22%). Only one case in which a malignant thoracic tumor was suspected was
submitted to a PET scan.

Comparing patients investigated through thoracic CT scan (35 cases) with those who received an
MRI (nine cases), we noticed a higher diagnostic accuracy in cases in which MRI was used. Diagnosis
was established by CT scan in 42.85% of cases (15 patients), while MRI established a clear diagnosis
in all nine patients (100%). This further proves the greater accuracy of MRI studies when compared
with thoracic CT scan in cases in which spinal column, blood vessels, or diaphragmatic invasion
is suspected.

Treatment of PSFT consisted of surgery in all 45 cases, with only one case (2.22%) having a recurrence
that required another surgical procedure in association with chemotherapy and radiotherapy.

En bloc surgical resection with 2 cm margins surrounding the tumor was performed in 38 cases
(84.4%). The tumor was resected en bloc with chest wall resection (involving the first three ribs) in one
case (2.22%), lower left lobectomy in one case (2.22%), left pneumonectomy in one case (2.22%), partial
resection of the left hemidiaphragm in one case (2.22%), and posterior chest wall resection (involving
the third, fourth, and fifth ribs) in one case (2.22%).

The correlation between the type of PSFT and the type of performed surgical procedure is
presented in Table 4. Open surgery was performed in most cases (40 cases—88.8%) and video assisted
thoracic surgery (VATS) surgery only in five cases (11.11%).

Most cases reported no postoperative complications. However, there were eight cases (17.77%) that
required an extended postoperative stay, the most commonly encountered postoperative complications
consisting of bleeding in two cases (4.44%), upper gastrointestinal bleeding owing to a gastric ulceration
in one case (2.22%), cardiac arrhythmias in one case (2.22%), surgical wound infection in one case
(2.22%), and paralysis of the left hemidiaphragm in one case (2.22%). The overall mortality was null.
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Table 4. Surgery performed according to the histopahological form of PSFT.

Malignant Tumors Benign PSFT

Tumoral resection (2.22%) Tumoral resection 37 cases (82.22%)

Tumoral resection en bloc with left pneumonectomy (2.22%)

Tumoral resection en bloc with left chest wall resection involving
the first three ribs (2.22%)

Tumoral resection en bloc with lower left lobectomy (2.22%)

Tumoral resection en bloc with upper right lobectomy (2.22%)

Tumoral resection en bloc with right chest wall resection involving
the third, fourth, and fifth ribs (2.22%)

Tumoral resection en bloc with left pneumonectomy (2.22%)

Tumoral resection en bloc with partial diaphragm resection (2.22%)

Follow-up was structured in two intervals: an initial period for the first five years, during
which 36 patients were introduced (80% of cases), with the other nine cases (20%) having yet to
come in. The second period for follow-up will be until 15 years postoperative. Follow-up PET-CT
scan was performed for only one patient with malignant PSFT, who after five years presented with
local recurrence. PET-CT was not usually performed in order to differentiate between malignant or
benign PSFT.

Two-year follow-up from surgery reviewed 34 cases (75.55%) and five-year follow-up reviewed
7 patients (15.55%). Of those reviewed after two years, 6 patients had malignant PSFT (with malignant
histologic characteristics) (75%) and 28 patients had benign PSFT (benign histological characters)
(62.22%). At the five-year follow-up, we only have five cases of benign PSFT and two cases of malignant
PSFT. We mention that the five-year follow-up on all 45 patients is not yet completed.

4. Discussion

PSFTs are not as common as other types of pleural tumors, such as diffuse malignant pleural
mesothelioma. They account for less than 5% of cases of pleural tumors and are more frequently
encountered in men, during the sixth or seventh decade of their life [12]. Other authors consider it
more common in women, with a proportion of 1:1.35 [11]. In our observation, we encountered a higher
preponderance of women compared with men (77.7% of cases), with the proportion of women to men
being 3.5:1.

Even though this affection may occur at any age, the sixth decade of life indicates a higher
prevalence, as mentioned in the literature [13,14]. In our study group, we encountered an average age
of 61.84, with the majority of cases being situated in the 60-70 age group (19 cases, or 42.22%) and in
the 70-80 age group (11 cases, or 24.44%), similar to the data from the literature.

In the literature, there is no suggestive mentioning of the factors that may lead to PSFT development,
excepting one published case, which mentioned the genetic character of this disease [15]. In addition,
exposure to asbestos, tobacco, or other nitrogen oxide gases was not linked to PSFT. In our series,
even though there were patients with previous exposure to smoking, asbestos, ionizing radiation,
or benzene (19 cases—42.22%), a correlation could not have been established between exposure and
PSFT development.

Some authors consider that up to 87% of cases diagnosed with PSFT have their origin in the
visceral pleura and only 13% of them in the parietal pleura [16]. However, in our cases, a heterogenic
localization was found, with an even 22 cases (48.88%) in the visceral pleura and 21 cases (46.66%) in
the parietal pleura. As for the cellular origin of PSFT, the opinions are very diverse, leading to the
numerous names of this disease. At present, the origin is accepted to be a mesenchymal one, at the
level of the mesenchymal cells of the pleura. Nonetheless, there were cases of fibrous solitaire tumors
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with extrapleural localization at the level of the urinary bladder [17], retroperitoneum [18], salivary
gland, meninges, thyroid, paranasal sinuses, or even with intrapulmonary location.

PSFT is a benign tumor in most cases, but in some cases, it can have malignant characters. The
proportion of benign PSFT and malign PSFT is 7:1 [19]. The incidence of malign PSFT is considered
as 12% of the entire cases of solitary fibrous tumors [20]. In our study, the majority of cases were
benign (82.22%), and only eight cases were malign PSFT (17.77%), which is a higher number than those
presented in the literature (Figure 3).

Figure 3. Histopathological aspects.

Some others consider that the incidence of malign PSFT is much higher, with the percentile
reaching 43% of the cases [21]. Even though, it is accepted that approximately 78-88% of the cases
represent benign PSFT and only 12% to 22% represent malignant cases [22]. In this context, there were
some major criteria of malignancy put in place: mitotic index higher than 4/10 HPF, intratumoral
necrosis or haemorrhage, pleomorphic cells, and the presence of metastasis; a minor criterion is
represented by a size larger than 10 cm [13].

The histopathological diagnosis is usually accompanied by immunohistochemistry studies.
The cases of malign PSFT are usually positive for CD35, CD99, bcl-2, or vimentin [23]. In our case,
immunohistochemistry was used in 15 cases (33%), representing a disadvantage in getting a rigorous,
definitive diagnosis. In addition, for a complete diagnosis, the Ki-67 antigen, associated with cellular
proliferation, should be used (MIB-1-monoclonal antibody) for a better histological differentiation of
the two cases of PSFT. Ki-67 is a nuclear protein, used as a marker of cellular proliferation, and MIB-1-
monoclonal antibody for proliferation, linked with Ki-67. A Ki67 level <1% is suggestive for the lack of
malignancy [1]. A more biological aggressiveness of PSFT is characterised by higher values of Ki-67
and p53 and variable CD-34 levels [7].

The recent oncological studies have shown, in the cases of PSFT, a fusion of NAB2-STAT6 gene,
which is a result of intrachromosomal inversion 12q13.3., characteristic for this type of disease. This
type of fusion leads to the development of STAT6 antibody, an immunohistochemical marker for this
type of tumor [24]. Moreover, the mitotic number equal to higher than 4/10 HPF, TERD promoter,
and mutation TP53 were correlated with the biological aggressiveness of the tumor [25]. NAB2-R593W
fusion plays a major role in malign PSFT. Meanwhile, FLT1-R593W and KDR-V2971I somatic mutations
are proof of the existence of a malignant angiogenetic phenotype [10].

There are correlation studies between sanguine inflammatory parameters and types of PSFT,
which is the reason that fibrinogen, C reactive protein, and the neutrophil to lymphocyte ratio >5 were
measured. An increase in these parameters was observed, especially in tumors larger than 10 cm,
and especially in advanced stages from De Perrot classification as markers of malignity [26].

PSFTs are in most cases asymptomatic, but with their growth, they can lead to compression
of the nearby organs (lungs, heart, large vessels, and thoracic wall), associated with a diversity of
clinical symptoms [9,27,28]. In our case, the proportion of symptomatic and asymptomatic patients
was almost equal, with 21 of them (46.66%) being symptomatic and 24 of them (53.33%) being
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asymptomatic. It should also be mentioned that, in most cases, the symptomatology was associated
with the presence of larger tumors, with the size of over 10 cm—in our study, we have noticed that
the symptomatology in patients with tumors larger than 10 cm was present in 44.44% of the cases,
and in only one patient (2.22%), with a tumor smaller than 10 cm (who presented chest pain due to
thoracic wall compression). The most frequent paraneoplastic syndromes mentioned in the literature
are Doege-Potter syndrome (hypoglycaemic syndrome), hypertrophic pulmonary osteoarthopathy
(Pierre-Marie-Bamberger syndrome), or the growth of the levels of beta human chorionic gonadotropin
(BHCG) [29]. Refractory hypoglycaemia in PSFT context was first described in 1930, independently,
by Doege and Potter, with no particularities in men or women incidences being observed [30-32].
Actually, hypoglycaemia associated with PSFT is considered a non-islet cell tumor hypoglycaemia
(NICTH). NICTH is associated with solitary fibroma, hemangiopericytoma, or myxofibrosarcoma [33].

NITCH is encountered in approximately 4-5% of PSFT cases [34], and can be present in solitary
pleural fibroma as well as in pelvic ones [35,36]. In our study group, out of 45 cases, Doege—Potter
syndrome was present in two patients with malignant PSFT (4.44%). It is worth mentioning that
NICHT can be associated with PSFT, regardless of the localization, but is more frequently associated
with the malignant form (60.3%), representing an important prognostic factor [23,34]. In our study,
out of the malignant forms of PSFT (eight cases), Doege-Potter was encountered in 25% of cases
(six cases). Some studies have shown that PSFTs associated with hypoglycaemia represent 68% of the
cases of pediculate tumors [19]. In our study group, we remarked that PSFTs were sessile or inverted
tumors with histological sign of malignity. The main reasons for NICTH are the following: high level
glucose usage by the tumor cells; insulin receptors proliferation; high levels of insulin like growth
factor (IGF)-II, owing to tumor secretion; as well as a decrease in peptide C insulin, gonadotropin
hormone (GH), and IGF-I. To sum up, the most important aspect of this pathology is the high level of
IGF-1I, as well as a significant change in IGF-II/IGF-I proportions (>10), and can confirm the NICTH
diagnosis [37,38].

NICTH syndrome disappears with the tumor resection, a few days after the surgical procedure
(3—4 days) [35]. In the cases of tumors that cannot be surgically removed, presenting with hypoglycaemia,
some authors suggest alternative treatments such as a combination of two agents (Temozolomide
and Bevacizumab), or radio embolization with yttrium 90 (Y?%)-labelled glass microsphere [36,37].
Some other authors consider that, even if the tumor was completely removed, an adjuvant oncologic
treatment is still needed [39]. Moreover, for an intraoperative control of glycaemia, it is recommended
to use an artificial pancreas, which is capable to continually monitor glycaemia, and permanently
adjust glucose and insulin intake [40].

Another paraneoplastic syndrome associated with PSFT is hypertrophic pulmonary
osteoarthopathy, or Pierre-Marie-Bamberger syndrome [41]. In our study, the incidence was 4.44%
(two cases) of malign PSFT. Causes of clubbing of the fingers and toes and of hypertrophic pulmonary
osteoarthopathy are as follows: an abnormal production of hepatocyte growth factor (HGF) or a high
level of hyaluronic acid, secreted by the fibrous tumor [16]. Digital clubbing can be measured using
Schamroth sign, indicating the severity of the digital modification. However, they disappear with the
complete tumor removal in two to six months from intervention [42]. We have acknowledged this with
our two cases that presented Pierre-Marie-Bamberger syndrome—digital clubbing disappeared in about
2-5 months post-operative. Superior vena cava syndrome associated with PSFT is rarely described, even
though it is frequently associated with bronchopulmonary cancer or lymphoproliferative disorders [43].
It is more frequently associated with malign PSFT [44]. In our cases, this syndrome was encountered in
only one patient (2.22%) and was associated with malign PSFT, which leads to the apparition of arm
and cephalic extremity oedema owing to the compression of superior vena cava and of the right atrium.

From a radiological view, the most frequent diagnosis is achieved through a simple thoracic
radiography, in posterior-anterior incidence, which can determine the diagnosis of thoracic disease,
as we have used in our research. Most commonly, the diagnosis is then confirmed using computed
tomography of the thorax. For a complete diagnosis, with a definitive demarcation between malign
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PSFT and benign PSFT, a multislice computed tomography is used. This method can create a
multidimensional reconstruction, revealing the exact localization and size (less or more than 10 cm),
tumor density, and vascularization, as well as the existence of pleural effusion, which can be a criteria
of malignancy of PSFT [45]. Usually, in thoracic CT scans, in PSFT cases, there are some criteria that
should be studied: the connection between the tumor and the mediastinal pleura (acute or obtuse angle
formed with the adjacent pleura), tumor characteristics (lobulated, smooth with clear edges), shape of
the tumor, homogenous or heterogeneous aspects, and associated characteristics. These are represented
by the presence or absence of lymphadenopathy and pleural metastasis, or of the cleavage plane
between the tumor and mediastinal structure, the “geographic pattern” of a rich vascularization of the
tumor, and the necrosis or calcifications. All these aspects of the CT scan can reveal the differences
between malign and benign PSFT [46,47].

In contrast, some authors consider these aspects to not be definitive for a proper demarcation
between malignant and benign PSFT, underlining the fact that there are no clear differences that
could be revealed by CT scan [48]. Nonetheless, computed tomography was used as a first-line
investigation in our case, being the elective investigation in 35 of the cases (77.77%). The accuracy
of the diagnosis was 42.85% (15 cases). Later, in 20% of the cases (nine cases), the investigation was
then followed up with thoracic MRI. It had the patenting to supply with quantitative and qualitative
data, as well as anatomical and functional ones without using radiation from the administeration of
nephrotoxic contrast dye, making it excellent to be used in differential diagnosis of malign or benign
pleural diseases [49]. In addition, it is useful in determining the existence of mediastinal invasion
(larger vessels, main bronchi, and trachea), of the spinal cord or of the diaphragm, conferring precious
information for the surgical treatment. The postoperative histopathological diagnosis enriches the
accuracy of the CT diagnosis, as was emphasized in three cases (6.66%) using cutting needle biopsy
with CT guidance [49]. In three other cases (6.66%) of large tumors, adjacent to the thoracic wall and
approachable by standard radiology guiding, we also used direct needle biopsy. We consider these
types of procedures (fine needle biopsy of the tumor) as not mandatory, as they do not influence the
necessity of surgical removal. Still, they are useful in cases in which the tumor cannot be excised or
metastases are present.

The elective treatment in PSFT is surgical resection. In malignant cases, an en bloc extensive and
complex resection is proposed (thoracic wall, pulmonary lobe, lung, diaphragm, and so on), using
oncological margins. The survival rate in malignant PSFT is considered by some authors to be 68% [9].
Malignant PSFTs metastasize using the hematogenous path to the liver, central nervous system, spleen,
bones, kidneys, and adrenal glands [9]. In our study, out of eight cases of malignant PSFT, just one
case had a recurrence two years after the first surgical intervention, and needed another intervention
associated with adjuvant oncological treatment.

According to some authors, even benign PSFT can be unpredictable (10-15% of cases), especially
if the size of the tumor is larger than 10 cm and has infiltrated the pleural margins [7]. This is the
reason why in the case of our patients, tumor resection was done with oncological margins of 2 cm and
in association with histopathological examination from pleural margins (37 cases, 82.22%). Some other
authors stated that cancer recurrence in benign PSFT is between 11.2% and 20%, with a prolonged
follow-up being required for this reason [27,50]. Some other authors expressed that, in the case of
recurrence of benign PSFT, surgical treatment is the main option, eith oncologic treatment remaining
as the sole option for inoperative tumors or in the presence of metastatic disease [20,51].

Even though surgical treatment is essential, some other authors consider that in the cases of
malignant PSFT, adjuvant oncologic treatment should be associated [9]. From our eight patients with
malignant PSFT, we have considered the surgical treatment to be the key treatment of this pathology.
In our opinion, adjuvant oncologic treatment is reserved for recurrent cases (one case, 2.22% from
our study). The prognosis of patients with PSFT is good, with the majority of cases being benign
(88%), and only 12% showing a malignant behaviour [14]. Some other authors consider the recurrence
to be 16% in the cases of malignant PSFT and only 2% in the benign cases [21]. In our study, we
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have observed that malignant recurrence represents 12.5% of the cases (n = 1). This represented the
recurrence at about two years after the first surgery, and now, it is one-year cancer free since the moment
of reintervention and the end of adjuvant oncologic treatment. For benign PSFT, there was no disease
recurrence. It is also worth mentioning that the follow-up of the 45 patients is not completed yet. There
were 34 patients who were re-evaluated two years after surgery (75.55%), with seven of them being
also re-evaluated at the five-year follow-up (15.55%). As the follow-up period is not yet finished for
the whole study group, it is premature to conclude, as we have proposed a 15-year follow-up period.

Tapias proposes an evaluation score and late follow-up of the patients, based on a series of
pathologic signs: the origin of the tumor in parietal pleura, sesil morphology of the tumor, size larger
than 10 cm, hypercellularity, high necrosis, and mitotic activity. On the basis of this score, a recurrence
free survival interval of 100% was determined, if the score is less than three points [31].

Tumor recurrence is the main risk factor that can lead to death, appearing mostly in malign PSFT,
even with en bloc resection of the multimodal treatment and even with close follow-up [21].

5. Conclusions

In conclusion, PSFTs are rare pleural tumors, most of which are benign; moreover, most of them
are associated with a good prognostic, with the rates of malignant lesions being under 20% of cases.
Most often, they are asymptomatic, with no signs and symptoms for a long period of time, and being
usually discovered at a routine chest X-ray. In our study, PSFT was most commonly found in women
over 40 years of age. Most of the cases were in patients over the age of 60 years. Thoracic CT scan is the
main radiological instrument used for diagnosing this disease. MRI is complementary and, in some
cases, superior to a CT scan. As for the therapeutic strategy, en bloc surgical resection with negative
oncological margins is the gold standard in the treatment of PSFT. Chemotherapy and radiotherapy
should be used in recurrent disease or inoperable stages.
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Abstract: Background/Aim: Synchronous gynecological malignancies are rarely encountered, and
most often these cases are represented by synchronous ovarian and endometrial cancer. The aim
of this paper is to present the case of a 53-year-old patient who was diagnosed with synchronous
cervical and ovarian cancer. Case presentation: The patient had been initially investigated for vaginal
bleeding and was submitted to a biopsy confirming the presence of a cervical adenocarcinoma. Once
the diagnostic of malignancy was confirmed, the patient was submitted to a computed tomography
which revealed the presence of large abdominal tumoral nodules of peritoneal carcinomatosis and
was submitted to palliative chemotherapy with poor response. Eighteen months later she developed
intestinal obstruction and was submitted to surgery. At that moment, synchronous ovarian and
cervical tumors were diagnosed. Total radical hysterectomy with bilateral adnexectomy, pelvic and
para-aortic lymph node dissection, omentectomy, and pelvic peritonectomy was performed; in the
meantime, the histopathological studies confirmed the presence of two synchronous malignancies.
Conclusion: Although synchronous lesions are rarely encountered, this eventuality should not be
omitted. In such cases, surgery should be taken in consideration and the intent of radicality should
regard both lesions.

Medicina 2020, 56, 152; d0i:10.3390/medicina56040152 209 www.mdpi.com/journal/medicina
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1. Introduction

Synchronous gynecological malignancies can rarely be encountered in patients with gynecological
tract tumors, the most commonly encountered lesions being represented by ovarian and endometrial
cancer [1-3]. As for the association of cervical and ovarian cancer, this situation has been rarely
reported, the most common association being of human papillomavirus (HPV)-induced cervical cancer
and mucinous ovarian adenocarcinoma; only few cases have been reported so far [4-6]. The aim of the
paper is to present the case of a patient who was initially diagnosed with advanced stage mucinous
adenocarcinoma of the uterine cervix and presumed peritoneal carcinomatosis who was diagnosed at
the time of surgery with synchronous cervical and ovarian carcinoma.

2. Case Presentation

The study was approved by the local ethics committee (11/27.01.2020) and the patient signed an
informed consent form. The 53-year-old postmenopausal woman with no significant family oncological
background was initially investigated for postmenopausal vaginal bleeding, diffuse pelvic pain, and
weight loss. At that moment, vaginal examination revealed the presence of a cervical tumor which
was biopsied.

The histopathological studies revealed the presence of a moderately differentiated cervical
adenocarcinoma, so the patient was submitted to a pelvic magnetic resonance imaging and to a thoracic
and abdominal computed tomography, which revealed the presence of large abdominal masses of
peritoneal carcinomatosis. In the meantime, biological parameters did not reveal any significant
modifications—the serum levels of cancer antigen 125 (CA125), human epididymis 4 (HE4), and
carcinoembryonic antigen (CEA) reported minimal modification (CA125 = 76 U/mL, HE4 = 43 U/mL,
CEA = 25 ng/mL). Therefore, the diagnostic for that moment was of cervical adenocarcinoma with
peritoneal metastases; hence, the patient was submitted to platinum-based chemotherapy with palliative
intent; however, at six months follow-up the imagistic studies revealed no significant response, and
the patient became refractory to this treatment and decided to interrupt the oncological treatment.
Therefore, due to the lack of compliance partially induced by the poor response to treatment, the
patient was lost from follow up for more than a year.

However, eighteen months later she came back due to the presence of diffuse abdominal pain
and intestinal obstructive syndrome. The patient was submitted to surgery in order to treat the
intestinal obstruction; at the time of surgery bilateral ovarian tumors were identified in association with
peritoneal nodules of carcinomatosis and with the already known cervical tumor. The intraoperative
frozen section demonstrated the presence of a serous ovarian adenocarcinoma and confirmed the fact
that the peritoneal lesions had an ovarian origin; therefore, she was submitted to surgery with curative
intent; in this respect, a total radical hysterectomy with bilateral adnexectomy, pelvic and para-aortic
lymph node dissection, omentectomy, and pelvic peritonectomy were performed (Figures 1 and 2).
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Figure 2. The final aspect—the specimen of total radical hysterectomy with bilateral adnexectomy and
excision of the nodules of peritoneal carcinomatosis.
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The final histopathological findings confirmed the presence of a moderately differentiated
mucinous cervical adenocarcinoma, in association with well differentiated ovarian serous
adenocarcinoma with peritoneal involvement; in the meantime, three of the 21 pelvic lymph nodes
presented tumoral involvement. The final staging was of stage ITIC ovarian adenocarcinoma (cancer
has spread to the peritoneum and the cancer in the peritoneum is larger than 2 centimeters and/or
cancer has spread to lymph nodes in the abdomen) and stage IIA cervical cancer (cancer has spread to
the uterus and/or fallopian tubes (the long slender tubes through which eggs pass from the ovaries
to the uterus); according to the World Health Organization (WHO) 2014 classification, the ovarian
lesion was classified as a low grade serous carcinoma, while the cervical lesion was classified as a not
otherwise specified mucinous carcinoma [7]. Postoperatively she was confined to the oncology service
in order to be submitted to adjuvant consolidation chemotherapy. In the meantime, after establishing
the final histopathological diagnostic, BRCA1/2 (BReast CAncer genes 1 and 2) testing was performed;
however, none of these mutations were encountered.

3. Discussion

Synchronous gynecological malignancies have been encountered in up to 2% of women diagnosed
with any kind of gynecological cancers; however, the most commonly encountered association consists
of ovarian and endometrial cancer [3-6]. As for the association between ovarian and cervical cancer,
isolated cases have been reported so far: Therefore, in a study conducted by Turkish authors on a period
of 20 years, there were only five patients diagnosed with synchronous ovarian and cervical cancer [8].
In a more recent study conducted by Young et al. on 20 patients with synchronous gynecological
malignancies, a single patient was diagnosed with synchronous ovarian and cervical carcinoma [6].

In such cases the most important question which is raised is if the two lesions are real synchronous,
distinct malignancies, or if one of them is the metastasis of the other tumor. This fact can be clearly
ruled out in cases in which the tumors exhibit different subtypes, as well as in cases in which areas of
normal parenchyma can be evidenced between the two lesions. Therefore, in our case, the presence
of two different histopathological subtypes (serous ovarian adenocarcinoma and mucinous cervical
adenocarcinoma) sustained the hypothesis of synchronous lesions in an indubitable manner.

Uterine cervix adenocarcinoma represents the second most common histopathological subtype
of cervical cancer after squamous cell carcinoma, ranging for up to 20% of cases with cervical cancer.
However, in the last decades, the incidence of cervical adenocarcinoma increased, especially due
to the fact that screening tests are less effective for this histopathological subtype [9-11]. The low
efficacy of detection of this histopathological subtype during routine evaluation is rather related to the
endocervical development of these tumors; therefore, an important number of cases are diagnosed
at a more advanced stage of the disease, when local extension or distant metastases transform the
patient into a candidate for palliative treatment [12,13]. Moreover, this histopathological subtype has
been initially considered as being associated with a poorer outcome when compared to squamous
cell carcinoma [14]. However, more recent and larger studies came to demonstrate that association of
targeted therapies such as monoclonal antibodies, angiogenic kinases by tyrosine kinase inhibitors,
immune checkpoint programmed cell death 1, and T-lymphocyte-associated molecule-4 inhibitors
might significantly improve the outcomes of these patients, especially when used in the setting of
advanced or recurrent disease [15]. In the meantime, in cases diagnosed with cervical adenocarcinoma,
the risk of lymph node metastases development is rather related to the presence of stromal invasion
and lymph vascular invasion than to the dimensions of the tumor [13,14]. Another important feature
of this histopathological subtype is represented by the capacity to develop distant metastases at the
level of the ovaries and lymph nodes, when compared to squamous cell carcinoma [16-19]. However,
in our case, the fact that the ovarian tumors proved to have a serous component, while the cervical
adenocarcinoma proved to be a mucinous tumor, enabled us to consider that the two malignancies were
synchronous and not metastatic lesions. Moreover, the degree of differentiation of the ovarian tumor
probably explained the absence of a negative impact of the long period of time in which the patient did

212



Medicina 2020, 56, 152

not undergo any treatment; in the meantime, the patient’s decision to interrupt the treatment against
the medical recommendation and her poor compliance with the initial treatment can be explained by
the fact that under this treatment only minor improvement of the general status was observed.

As for the type of treatment of cervical adenocarcinoma, it is usually similar to the one for
squamous cell cervical cancer [20-22]. However, association of monoclonal antibodies in the setting of
advanced stage or recurrent disease provided a significant improvement of the long-term outcomes of
these cases [15]. These data were also sustained by the study conducted between 2004 and 2014 at the
Royal Marsden Hospital, which demonstrated that second line therapy in the setting of advanced and
recurrent cervical cancer is associated with poor rates of response; moreover, the authors underlined the
necessity of exploring the effectiveness of novel targeted agents and immunotherapy in such cases. Data
related in this study are particularly important due to the fact that different and aggressive biological
subtypes such as clear cell, adenocarcinoma, and even neuroendocrine uterine cervix carcinomas
have been included [23]. As for the cases diagnosed in early stages of the disease, fertility sparing
surgery should not be taken into consideration, due to the more aggressive biological behavior of this
histopathological subtype.

Mucinous adenocarcinomas of the uterine cervix are an even scarcer biological subtype, being
considered as a particular subgroup since 2014; one of the largest studies which came to investigate
the prognostic factors in patients with mucinous adenocarcinoma of uterine cervix has been recently
published in the Journal of Gynecology Obstetrics and Human Reproduction and included 82 cases diagnosed
with cervical adenocarcinomas, 21 of them being diagnosed with the mucinous subtype [24]. Among
these cases, the mean age was of 42 years, while the most commonly encountered symptoms were
represented by vaginal bleeding, followed by mucinous discharge; moreover, only 72% of cases
presented a modified smear test. As for the type of performed treatment, it consisted of total radical
hysterectomy with bilateral adnexectomy and sentinel node biopsy in cases diagnosed in early stages
of disease and complete lymph node dissection in more advanced stages; in the meantime, surgery
was followed by adjuvant oncological treatment. After a mean follow-up of 30 months, 13 cases were
alive and free of disease, one was alive with disease, three were dead of disease, one was dead due to
other causes, and the remaining three cases were lost from follow-up [24]. These data come to suggest
that although this histopathological subtype is significantly scarcer, it benefits from the same type
of oncological and surgical treatment when compared to squamous cell carcinoma. As for the case
we presented, it was treated in a similar manner once the hypothesis of peritoneal carcinomatosis
with cervical origin was excluded; therefore, the patient benefitted from a radical hysterectomy with
extended pelvic and para-aortic lymph node dissection.

However, the correct and complete diagnostic in our case was delayed with almost two years,
especially due to the fact that the ovarian malignancy was not associated with increased levels of
CA125 and HE4, being a non-secretory tumor; this aspect in association with the poor compliance of
the patient with the proposed treatment led to a delay of the treatment with curative intent.

When it comes to the utility of CA125 in ovarian cancer diagnostic, attention should be focused
on the fact that only half of patients are in early stages of the disease and up to 90% of cases diagnosed
in advanced stages present increased levels, the remaining 10% of cases presenting normal or minimal
increase, of the serum levels of CA125 [25]. In the meantime, in order to maximize the rates of
detection of ovarian cancer even in cases in which serum levels of CA125 could not give a diagnostic
clue, HE4 has been proposed; therefore, it is estimated that two thirds of patients diagnosed with
early or advanced stage of the disease will exhibit increased levels of HE4. Moreover, certain studies
have shown that one third of patients with normal levels of CA125 and ovarian cancer will exhibit
increased levels of HE4; however, in our case, neither CA125 nor HE4 did report any suggestive
modification for the diagnostic of ovarian cancer. In this respect, the treatment was initially tailored
according to the suspicion of diagnostic of cervical adenocarcinoma and peritoneal carcinomatosis
with cervical origin. Other serum markers which might increase the rates of preoperative diagnostic of
ovarian cancer in postmenopausal women are represented by alpha fetoprotein and 3-human chorionic
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gonadotrophin; however, these parameters seem to be beneficial, especially in cases diagnosed with
particular histopathological subtypes, such as germ cell ovarian tumors [26]. In this respect, novel
tumor markers and scores are still needed in order to provide a better preoperative identification of
such pathologies.

4. Conclusions

Although rarely seen, synchronous cervical and ovarian cancer might be encountered and
might benefit from surgery with curative intent. However, in the case we reported, the presence
of a non-secretory ovarian adenocarcinoma, even in the presence of large nodules of peritoneal
carcinomatosis in association with the indubitable diagnostic of cervical adenocarcinoma, led to a
confusing initial diagnostic. Moreover, the fluctuant evolution of this patient was also caused by the
initial poor compliance of the patient with treatment and follow-up. However, the final diagnostic
was established at the time of surgery for obstructive syndrome, which revealed the presence of two
different lesions and which offered the chance to the patient to be submitted to surgery with curative
intent, radical procedures being performed for both ovarian and cervical malignant lesions.
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Abstract: Background and objectives: To identify the risk factors for para-aortic lymph node metastases
in cases with presumed early stage ovarian cancer. Materials and methods: Between 2014 and 2019,
48 patients with apparent early stage ovarian cancer were submitted to surgery. In all cases, pelvic and
para-aortic lymph node dissection was performed for staging purposes. Results: Among the 48 cases
we identified nine cases with positive pelvic lymph nodes and 11 cases with positive para-aortic
lymph nodes. The positivity of the retrieved lymph nodes was significantly correlated with the
histopathological subtype represented by serous histology (p = 0.02), as well as with the degree of
differentiation (p = 0.004). Conclusions: Patients with serous ovarian carcinomas in association with a
poorer degree of differentiation are at risk of associated lymph node metastases even in presumed
early stages of the disease. Therefore, lymph node dissection should be performed in such cases in
order to provide adequate staging and tailoring of further treatment.

Keywords: early stage; ovarian cancer; para-aortic lymph node metastases

1. Introduction

Ovarian cancer represents a common malignancy affecting women worldwide that unfortunately
remains asymptomatic for a long period of time; therefore, most cases are diagnosed in advanced
stages of the disease, when dissemination through peritoneal, hematogenous or lymphatic routes
is already present [1]. However, a limited number of cases will be diagnosed in presumed early
stages of the disease. However, up to 15% of these cases prove to have positive lymph nodes, which
will significantly influence the long-term prognosis [2]; in the meantime, routine performance of
extended pelvic and para-aortic lymph node dissection in presumed early stage ovarian cancer will
lead to an unnecessary surgical procedure in up to 80% of cases who have otherwise negative lymph
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nodes [3-6]. Moreover, performing such procedures will increase the risk of developing perioperative
complications, which might significantly influence the quality of life [7,8]. Therefore, identifying cases
which present retroperitoneal para-aortic lymph node metastases will enable the oncologist to provide
a better selection of cases that will benefit from adjuvant chemotherapy [2,3,9-11]. The aim of the
current paper is to investigate the risk factors for developing para-aortic lymph node metastases in
cases diagnosed with a presumed early stage of disease.

2. Materials and Methods

Data of patients submitted to surgery for presumed early stage ovarian cancer between 2014 and
2019 were retrospectively reviewed after receiving the approval of the Ethical Committee (11/January
2020). In all cases, the surgical procedure consisted of total hysterectomy en bloc with bilateral
adnexectomy, random peritoneal biopsy, omentectomy, pelvic and para-aortic lymph node dissection,
as well as peritoneal washing. Pelvic lymph node dissection consisted of removing the lymph node
groups at the level of the common and external iliac vessels and obturatory fossa, while para-aortic
lymph node dissection consisted of removing the lymph node groups situated in the close proximity of
the abdominal aorta, inferior cava vein and in between the two vessels from the renal vessels to the
aortic and caval bifurcation. All cases were classified according to the 2014 International Federation of
Obstetrics and Gynecology classification (FIGO 2014) [12]. Statistically significant differences were
considered if a p-value lower than 0.05 was obtained. In order to compare different parameters,
Fischer’s exact test was used due to the relatively low number of cases introduced in the current study.

3. Results

Between 2014 and 2019, 48 patients with presumed early stage ovarian cancer were submitted to
surgery with curative intent, the median age at the time of surgery being 43.4 years (range = 28-56 years).
According to their menopausal status, there were 13 postmenopausal women. The preoperative
diagnostic was suspected based on the detection of higher levels of CA 125 (the median value being
330 U/mL) in association with the imaging detection of ovarian masses/cysts with uncertain aspect.
In all cases, surgery consisted of total hysterectomy en bloc with bilateral adnexectomy, pelvic and
para-aortic lymph node dissection, omentectomy, serial peritoneal biopsies and also an associated
resection of all suspect lesions found at the level of the abdominal cavity and peritoneal washing.
Intraoperative details are presented in Table 1.

In all cases, pelvic and para-aortic lymph node dissection was performed, the borders of the
lymph node dissection being represented by the origin of the epigastric artery caudally (for the pelvic
lymph node dissection) and, respectively, the origin of the renal artery cranially (for the para-aortic
lymph node dissection). The median number of retrieved pelvic lymph nodes was 19 while the median
number of the retrieved para-aortic lymph nodes was 14. Intraoperative and histopathological details
of the lymph node dissection are presented in Table 2.

The median length of the surgical procedure was 130 min (range = 90-160 min), the median
estimated blood loss was 350 mL (range = 100-550 mL), while the median length of the hospital stay
was 6 days (range = 4-13 days). The histopathological studies confirmed the presence of positive
pelvic lymph nodes in 18% of cases and, respectively, positive para-aortic lymph nodes in 22% of cases.
However, all cases presenting positive pelvic nodes also had associated positive para-aortic lymph
nodes. According to these findings, all cases with positive retroperitoneal lymph nodes were upgraded
to FIGO stage III of disease and were therefore confined to the oncology department to be submitted to
adjuvant chemotherapy. Patients with positive lymph nodes were further classified as IIIA1 (i) if the
dimension of the metastatic deposits was lower than 10 mm (in three cases), IIIA1 (ii) if the dimension
of the metastatic deposits was larger than 10 mm (in five cases) and IIIB if macroscopic, lower than
2 cm, extrapelvic peritoneal metastases were encountered (in the remaining three cases). None of these
cases presented macroscopic peritoneal metastases larger than 2 cm; therefore, none of them were
upstaged to FIGO stage IIIC of disease.
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Table 1. Preoperative and intraoperative characteristics of the 48 patients diagnosed with presumed
early stage ovarian cancer.

Parameter No. of Cases
Total number of patients 48
FIGO stage at diagnostic:
I 23
| 25
Laterality of the tumors:
Unilateral 19
Bilateral 29
Histopathological findings:
Serous adenocarcinoma 23
Endometroid carcinoma 13
Clear cell carcinoma 10
Mucinous carcinoma 2
Degree of differentiation:
Well differentiated 9
Moderately differentiated 29
Poorly differentiated 10

Table 2. Intraoperative and histopathological details of the lymph node dissection.

Parameter Number
Number of retrieved pelvic lymph nodes (median) 19
Number of positive pelvic lymph nodes (median) 3
Number of retrieved para-aortic lymph nodes (median) 14
Number of positive para-aortic lymph nodes (median) 1
Number of cases with positive pelvic lymph nodes 9 of 48 cases
Number of cases with positive para-aortic lymph nodes 11 of 48 cases

In order to determine the risk factors for developing lymph node metastases in apparently early
stage ovarian cancer, we conducted an univariate analysis in which we studied the influence of age,
menopausal status, initial FIGO stage at diagnosis, laterality of the tumor, histology and degree of
differentiation on the risk of developing node metastases. The univariate analysis demonstrated that
the presence of positivity of the retrieved lymph nodes was significantly associated with the serous
histopathological subtype as well as with the degree of differentiation. Therefore, patients diagnosed
with serous ovarian carcinoma had a significantly higher rate of positive lymph nodes (when compared
to the other histopathological subtypes, p = 0.002). In the meantime, cases diagnosed with poorly
differentiated tumors also exhibited a significantly higher rate of positive lymph nodes when compared
to the other degrees of differentiation (p = 0.004). Surprisingly, neither the laterality of the tumor
nor the presumed FIGO stage at diagnosis influenced the risk of developing such metastases. Data
obtained at statistical analysis is presented in the table below (Table 3).
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Table 3. Analysis of risk factors for para-aortic lymph node metastases.

Sample No. of Cases with Hazard 95%
Risk Factor P o Positive Para-Aortic . Confidence p-Value
Number (%) Ratio
Lymph Nodes Interval
Age:
<50 years 31 (65%) 8 (73%) 1.46 0.751-3.674 p=0389
>50 years 17 (35%) 3 (27%)
Histology:
Serous 23 (48%) 8 (73%) 2.89 1.623-9.354 p=0.002
Other histopathological type 25 (52%) 3 (27%)
Menopausal status:
Premenopausal 35 (73%) 7 (64%) 0.65 0.522-4.138 p=0417
Postmenopausal 13 (27%) 4 (36%)
Initial FIGO stage at
diagnostic: _
" 23 (45%) 6 (54%) 13 0.782-3457  p=0276
I 25 (52%) 5 (46%)
Laterality of the tumor:
Unilateral 19 (39%) 4 (36%) 0.87 0.673-3.416 p=0424
Bilateral 29 (61%) 7 (64%)
Degree of differentiation:
Well differentiated 9 (19%) 1(9%) 0.433 1.773-10.157  p =0.004
Moderately or poorly o o
differentiated 39 (81%) 10 (91%)

4. Discussion

The issue of lymph node metastases in presumed early stage ovarian cancer has a particular interest
among surgical oncologists, gynecological oncologists and medical oncologists worldwide. It can be
observed from the data presented so far that an important number of cases diagnosed with presumed
early stage cancer already have, at the time of diagnosis, positive microscopic and even macroscopic
lymph nodes, upstaging in this way the disease to a FIGO stage III malignancy. Therefore, all these
cases, if submitted to standard treatment for early stage ovarian cancer, are at risk for developing early
recurrent disease and a particularly poor long-term prognosis due to mis-staging. In the meantime,
routine performance of extended lymph node dissection might predispose a significant number of
cases to overtreatment and its secondary early-term and even long-term complications [2,4,13,14].

In order to increase the rates of preoperative detection of potential positive lymph nodes, certain
authors proposed routine association of positron emission computed tomography. In the study
conducted by Signorelli et al. published in 2013, the authors included 68 patients with presumed
early stage ovarian cancer in which routine positron emission tomography, as well as systematic
lymph node dissection, was performed. The authors underlined the fact that among the 12 cases who
finally presented lymph node metastases at the histopathological studies, 10 cases had been correctly
previously identified at the imaging studies. Therefore, the authors concluded that this imaging tool
could be safely used in order to identify cases in which systematic lymph node dissection could be
avoided, especially based on the high negative predictive value of the method [8]. Another promising
method which might provide a more accurate identification of patients who present ovarian cancer
lymph node metastases even in apparently early stages of the disease is represented by the sentinel
node detection [4]. The method, which has been widely implemented in cases diagnosed with early
stage breast cancer, melanoma and even gynecological cancers (such as endometrial cancer or cervical
cancer), is still under evaluation in patients with presumed early stage ovarian cancer, further studies
being still needed before introducing it as part of the standard therapeutic protocol [4,15-18].

One of the first studies, which designed a nomogram-based analysis in order to identify cases at
risk of developing para-aortic lymph node metastases, was conducted by Bogani et al., on 290 patients
with presumed early stage disease. According to their study, the authors demonstrated that bilateral
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lesions as well as high-grade serous histology represent the strongest predictors for para-aortic lymph
node metastases even in cases with presumed early stage disease [2].

A similar conclusion was also presented by the study conducted by Zhou et al. [19]. In the paper
published in 2016, the Chinese authors came to demonstrate that systematic lymph node dissection
should be performed in cases diagnosed with poorly differentiated tumors, with serous histology
and higher values of CA125 at the time of diagnosis. Therefore, cases in which the preoperative
levels of CA125 surpass 740 U/mL seem to have a higher risk of associated para-aortic lymph node
metastases [19].

An interesting study which investigated the effectiveness of surgical staging in cases with apparent
early stage ovarian cancer has been recently published by Hengeveld in 2019. The study included all
patients submitted to surgery with presumed early stage disease between 2005 and 2017 in Danish
and Dutch hospitals [20]. Finally, there were 1234 cases that had been preoperatively presumed to
be classified as FIGO stage I disease; in all cases, omentectomy, pelvic and para-aortic lymph node
sampling or lymph node dissection, as well as multiple peritoneal biopsies, were retrieved. After
analyzing the specimens, the histopathological studies revealed the fact that 20 patients were finally
upstaged due to the presence of positive pelvic lymph nodes (in seven cases), positive para-aortic lymph
nodes (in 12 cases) and both pelvic and para-aortic lymph nodes (in one case). Moreover, the authors
underlined the fact that a total of 207 cases were upstaged after applying this protocol, with other sites
of involvement being represented by the omentum, peritoneum or positive cytology. However, the
authors underlined the fact that in another 50 cases, the malignant process was down-staged after
applying this protocol, as the histopathological analysis of the macroscopically suspect lesions was not
able to confirm the disease. This fact was rather explained by the absence of bilateral lesions and the
absence of capsular invasion, respectively. Similarly to our study, the presence of serous histology
as well as the poorer degree of differentiation significantly impacted on the risk of further upstaging.
Other factors that were significantly associated with upstaging were represented by higher age, the
postmenopausal status as well as the endometroid histology. Therefore, when it comes to the type
of histology that is mainly associated with a poorer prognosis, according to this study, serous and
endometroid histology versus any other type of tumor were associated with higher rates of upstaging.
Moreover, the authors underlined the fact that upstaging was responsible for changing the plan of
treatment in 35.1% of cases. Therefore, the importance of an adequate staging was underlined once
again; in the meantime, the study came to demonstrate that a significant proportion of cases that were
finally upstaged originated from cases with serous or endometrial histology in association with a lower
degree of differentiation [20].

Another extremely interesting study that came to demonstrate the effect of the upstaging of
presumed early stage ovarian cancer has been recently published in the New England Journal of Medicine
in 2019. In this paper, the authors came to demonstrate that seven patients out of the 15 cases that
were included in the presumed early stage ovarian cancer group presented in fact para-aortic lymph
node metastases and were therefore upstaged to FIGO stage IIIC of disease. Moreover, the authors
underlined the fact that performing para-aortic lymph node dissection in presumed early stages of the
disease will probably prolong the surgical procedure (which is otherwise a short one) by almost an
hour and will not predispose to such important complications when compared to cases diagnosed in
advanced stages of the disease. In the meantime, routine association of this procedure in cases with
advanced stages will also prolong a more demanding and laborious surgical procedure by another
hour and will predispose to significant postoperative complications, such as a larger amount of
ascites and lymphorrhea. Moreover, the authors also demonstrated that performing systematic lymph
node dissection in patients with clinically negative lymph nodes increases the risk of perioperative
complications without improving the long-term outcome [21].
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5. Conclusions

Even in cases with presumed early stage ovarian cancer, a certain number of cases present
lymph node metastases. Therefore, in such cases, the patients will be automatically upstaged and the
therapeutic strategy will be modified. According to our study, the risk of developing para-aortic lymph
node metastases seems to be significantly correlated with the serous histology as well as with a poorer
degree of differentiation. Other factors that have been proven to modify this risk are represented by the
FIGO stage, age at diagnosis and menopausal status. However, in our study none of these parameters
seemed to significantly influence the risk of positive para-aortic lymph nodes. However, larger studies
are still needed in order to provide a better identification of cases at risk of developing distant lymph
node metastases.
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Abstract: Background and Objectives: There is a paucity of literature on the dietary attitude (DA)
of patients with type 2 diabetes in the Kingdom of Saudi Arabia (KSA). Although the prevalence
of diabetes mellitus (DM) is high in Gulf countries, there remains a lack of understanding of
the importance of dietary behavior in diabetes management among patients. Understanding the
behavior of patients with diabetes towards the disease requires knowledge of their DA. Therefore,
this study aimed to assess and evaluate the DA of type 2 diabetes patients, and it is the first of its
kind in the KSA. Material and Methods: An analytical cross-sectional study was conducted among
350 patients with type 2 diabetes. A self-administered DA questionnaire was used to collect the
data. Psychometric properties of the questionnaire were assessed by face validity, content validity,
exploratory factor analysis, and internal consistency reliability. The data were collected using
a systematic random sampling technique. Results: The overall DA of the patients was inappropriate
(p = 0.014). Patients had an inappropriate DA towards food selection (p = 0.003), healthy choices
(p = 0.005), food restraint (p < 0.001), health impact (p < 0.001), and food categorization (p = 0.033).
A poor DA was also observed in relation to the consumption of red meat (p <0.001), rice (p < 0.001),
soup and sauces (p = 0.040), dairy products (p = 0.015), and junk food (p < 0.001). Conclusions: It is
highly recommended that patients with diabetes receive counseling with an empowerment approach,
as this can bring about changes in their dietary behavior, which is deeply rooted in their daily
routine. Healthcare providers should also be well-informed about patients” attitudes and beliefs
towards diabetes to design tailored educational and salutary programs for this specific community.
Diabetes self-management educational programs should also be provided on a regular basis with
a special emphasis on diet and its related components.

Keywords: dietary attitude; type 2 diabetes mellitus; diabetes self-management; empowerment
approach; dietary behavior
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1. Introduction

Dietary attitude (DA) is defined as beliefs, thoughts, and feelings about, behaviors toward,
and relationships with food. It can influence people’s food choices and their health status [1].
Different DAs affect human health in noncommunicable diseases and play a great role in determining
cultural differences [2,3]. Local and international literature assessing the DA of patients with type 2
diabetes is very scarce. However, some studies have shown that assessing patients” DA may have
a considerable benefit for treatment compliance and decreases the occurrence rate of complications as
well [4]. Unhealthy eating habits, failure to follow a strict diet plan, and physical inactivity are the
leading causes of complications among patients with type 2 diabetes mellitus (T2DM) [5]. A study
conducted in Egypt reported that the attitude of patients towards food, compliance with treatment,
food control with and without drug use, and foot care was inadequate [6]. Another study indicated
that only one-third of diabetic patients were aware of the importance of diet planning and limiting
cholesterol intake to prevent cardiovascular disease (CVD) [7]. A study conducted in the Kingdom of
Saudi Arabia (KSA) reported that diabetic patients do not regard the advice given by their physicians
regularly for diet planning, diet modification, and exercise [8]. There is a need for patients with diabetes
to develop a positive attitude towards diet that would help improve glycemic control, and eventually
increase their health-related quality of life [9].

Although the prevalence of diabetes mellitus (DM) is high in Gulf countries (Kuwait, Qatar,
Bahrain, United Arab Emirates, and Oman), there remains a lack of understanding of the importance of
dietary behavior in diabetes management among patients [10]. Understanding the behavior of patients
with diabetes towards the disease requires knowledge of their DA. Therefore, this study aimed to
assess and evaluate the DA of type 2 diabetes patients. Since this is the first study in the KSA to focus
on this issue, the results can therefore serve as a baseline for similar studies conducted in the KSA and
in the neighboring Gulf countries.

2. Materials and Methods

The study was performed using an analytical cross-sectional design. Data were collected from the
patients visiting the Primary Healthcare Centers (PHCs) in Majmaah City, KSA from February to April
2017. A systematic random sampling technique was used for the selection of patients based on the
inclusion criteria, which were: clinically diagnosed cases of type 2 diabetes mellitus of either gender
and in the age range of 35-55 years. The DM prevalence value of 23.7% [11] was used for sample size
calculation, and the values were placed in the level of precision formula that yielded a sample size of
278. To compensate for potential missing observations/patients withdrawing from the study, the sample
size was increased to 350. Each patient’s consent was obtained prior to data collection. This research
was approved by the ethical review committee of Majmaah University, KSA vides reference number:
MURECApril.02/COM-2016.

The dietary attitude questionnaire (DAQ) was prepared following a thorough review of the
literature and based on meetings with local experts to determine the pattern of questions suitable for
assessing and evaluating the DA of patients with type 2 diabetes. The self-administered valid and
reliable questionnaire was divided into three sections (Section A, B, and C). We have discussed the
psychometric properties (face validity, content validity, exploratory factor analysis (EFA), and reliability)
of the DAQ in a separate article [12]. The internal consistency reliability of the DAQ was excellent
(Cronbach Alpha = 0.841). Based on the pilot study results of the EFA, the five factors were labelled as
“food selection”, “health impact”, “healthy choices”, “food restraint”, and “food categorization” [12].

Section A contained questions related to demographic characteristics. Section B was comprised of
16 questions that assessed patients” general DA towards food. All of the questions were measured on
a seven-point Likert scale (strongly agree, agree, somewhat agree, neutral, disagree, somewhat disagree,
and strongly disagree). The DA was further classified as positive and negative based on mean values.
Values at or above the mean were classified as having a positive DA, and values below the mean were
referred to as having a negative DA [13,14]. Section C was also comprised of 16 questions: The first
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15 questions assessed patients” DA towards specific food items with categories (“not” eating this food
is healthy and necessary, eating this food “occasionally” is healthy and necessary, and eating this food
“often” is healthy and necessary), and the last question was about “opinion regarding healthy diet”
with the options “yes” and “no”.

The data were entered and analyzed using IBM SPSS version 25 (IBM Corp., Armonk, N.Y., USA).
Normality of the quantitative variables was assessed through a One-Sample Kolmogorov-Smirnov
(KS) test. A univariate method (z-score) was used for the detection of outliers. Qualitative variables
are expressed as frequencies and percentages, while a median and quartiles (25th—75th) are given
for non-normally distributed variables. A one-sample non-parametric chi-squared test was used
to assess the significance of overall and subgroup positive and negative DA. Pearson’s chi-squared
test was applied to compare the overall positive and negative DA between gender, body mass index
(BMI), education status, and marital status. Binary logistic regression with the backward conditional
approach was used to predict the set of variables assessing the DA of patients towards specific food
items. The odds ratios were further converted into probabilities by using the equation (§ = odds/1 +
odds). The statistical significance value was set at p < 0.05.

3. Results

3.1. Demographic Characteristics of Patients—Section A

The data were collected from 350 patients with a median age of 45 years (range: 40-51 years).
The results presented in Table 1 show that there were more male patients (1 = 202; 57.7%) than female
patients (1 = 148; 42.3%). More than 90% of the patients were married. A majority of patients had
received a secondary education (1 = 200; 57.14%), while some were illiterate (1 = 69; 19.7%), and others
were graduates and postgraduates (n = 81;23.14%). A majority of patients in the study were overweight
(n =167; 47.7%), some were obese (1 = 115; 32.9%), some had a normal weight (1 = 56; 16%), and others
were underweight (1 = 12; 3.4%). A significant association was observed between the overall DA
of patients and their educational status (p = 0.034). However, the overall DA was not significantly
associated with gender (p = 0.142), marital status (p = 0.413), or BMI (p = 0.666). The frequency,
percentage, and ranked mean score for each item are presented in Table 2.

Table 1. Sociodemographic Characteristics.

n(%) n(%)
Gender Education Status

Illiterate 69 (19.7)
Primary 115 (32.9)

Male 202(57.7) Secondary 85 (24.3)
Graduates 51 (14.6)

Female 148 (42.3) Postgraduates 30 (8.6)

Marital Status BMI

Married 322 (92.0) Underweight 12 (3.4)
Single 11 (3.1) Normal weight 56 (16.0)
Widow 06 (1.7) Overweight 167 (47.7)
Divorced/Separated 11 (3.1) Obese 115 (32.9)

BMI, Body mass index.
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Table 2. General dietary attitude of patients with type 2 diabetes based on ranking analysis.

@
o o [
B g 5 ¢ y
3 2 g - < & E
A a & £ $ - < g
=) - & k=4 19 T N @
> < s 2 & < - =
Items > < 2 9 < 2 ® <
=i 2 =) z 3 g 51
o £ £ =
g g S &
& S [}
@
(%) (%) (%) (%) (%) (%) 1 (%) M‘s’a[‘)‘ *
It is important that the food you eat keeps 6 32 61 24 109 75 73 4.70 +
you healthy and energetic (1.7) 9.1) (17.4) (6.9) (31.1) (21.4) (12.3) 177
You are aware of the energetic (caloric) 0 32 81 45 68 75 49 4.63 £
content in the food that you eat 0.0) ©9.1) (23.1) (12.9) (19.4) (21.4) (14.0) 158
It is important that the food that you eat 13 53 37 71 99 47 30 4.29 +
contains vitamin and minerals (3.7) (15.1) (10.6) (20.3) (28.3) (13.4) (8.6) 1.60
. . . ) 16 36 84 60 77 47 30 4.16 +
You feel guilty after eating oily foods @.6) (10.3) (24.0) az.1) 22.0) (13.4) 8.6) 1.60
The healthiness of food has little impact on 0 38 93 59 97 63 0 415+
your food choices (0.0) (10.9) (26.6) (16.9) 27.7) (18.0) (0.0) 129
You generally feel comfortable after eating 0 71 42 108 25 104 0 414+
sweets 0.0) (20.3) (12.0) (30.9) @) (29.7) 0.0) 147
You give too much time and thought to 35 43 37 68 90 47 30 413
food selection (10.0) (12.3) (10.6) (19.4) (25.7) (13.4) (8.6) 174
It is important that the food you eat helps 23 67 61 28 72 83 16 4.06 +
you control your weight (6.6) (19.1) (17.4) (8.0) (20.6) (23.7) (4.6) 1.76
You enjoy trying new, rich, nutritious food 0 57 87 106 74 46 0 401 =
joy trying new, rich, ¢ (0.0) (10.6) (24.9) (30.3) (21.1) (13.1) (0.0) 1.18
You like to consume food cooked in olive 38 45 62 48 115 13 29 3.89 +
oil (virgin, extra, etc.) (10.9) (12.9) (17.7) (13.7) (32.9) 3.7) (8.3) 1.69
26 62 62 42 122 21 15 3.84 +
You can show self-control around food 7.4) a7.7) az.7) (12.0) (349) 6.0) “3) 158
You try to stay away from foods such as 0 106 102 12 36 94 0 3.74 +
bread, potato, and rice (0.0) (30.3) (29.1) (3.4) (10.3) (26.9) (0.0) 1.61
You eat what you like to eat and do not 50 58 57 42 105 38 0 3.59 +
worry about the healthiness of food (14.3) (16.6) (16.3) (12.0) (30.0) (12.9) (0.0) 164
You stay away from foods that contain 41 103 37 56 52 32 30 3.55 +
sugar (11.7) (29.1) (10.6) (16.0) (14.9) ©9.1) (8.6) 1.84
Do you think that eating healthy food 50 58 71 69 57 45 0 3.46 +
influences the outcomes of DM? (14.3) (16.6) (20.3) (19.7) (16.3) (12.9) (0.0) 1.59
. . 74 62 62 30 97 25 0 325+
You like to eat diet food @L1) a7.7) a7.7) (8.6) @77 7.1) (0.0) 1.67

DM, Diabetes mellitus; SD, Standard deviation.

3.2. Patients” General Dietary Attitude Towards Food—Section B

No outlier problem was detected in the overall DA score variable as z-score values (—2.30-2.22)
were less than the absolute value of 4. The mean DA score of 16 items was 3.94 + 0.87. Based on the
mean score, the DA was categorized into having a positive attitude and having a negative attitude.
There was a majority of patients with a negative DA (1 = 198; 56.6%) compared with those with
apositive DA (n = 152; 43.4%). The result of the one-sample chi-squared test showed that the overall DA
of patients with type 2 diabetes was inappropriate (x> = 6.04 (1), p = 0.014). The positive and negative
attitude when compared within the subgroups (identified by EFA) showed that the patients also had
an inappropriate DA towards food selection (p = 0.003), healthy choices (p = 0.005), food restraint
(p < 0.001), health impact (p < 0.001), and food categorization (p = 0.033). These results are presented

in Table 3.
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Table 3. Comparison of Positive and Negative Dietary Attitude in Subgroups identified by exploratory

factor analysis (EFA).

Food Selection Health Impact Healthy Choices Food Restraint Food Categorization
It is important that the It is important that the Yz:te;r:r;s;};?i\};l:f © " The healthiness of food
food you eat contains food you eat keeps you  You like to eat diet food about the healthinessyo £ has little impact on your
vitamin and minerals healthy and energetic food choices

food

You stay away from
foods that contain sugar

It is important that the
food you eat helps you
control your weight

You like to consume food
cooked in olive oil
(virgin, extra, etc.)

You can show
self-control around food

You try to stay away
from foods such as
bread, potato, and rice

You give too much time

You are aware of the
energetic (caloric)

Do you think that eating

You enjoy trying new,

nd thought to fa > healthy f has an eff - N L
and thoug| .t to food content in the food that ealthy food has an effect rich, nutritious food
selection on the outcomes of DM?

you eat

You feel guilty after You generally feel.

. . comfortable after eating - - -
eating oily foods

sweets

PDA = 147 (42.0%)

PDA = 149 (42.6%)

PDA = 140 (40%)

PDA = 126 (36%)

PDA = 155 (44.3)

NDA =203 (58.0%)

NDA =201 (57.4%)

NDA = 210 (60%)

NDA = 224 (64%)

NDA = 195 (55.7)

X% =898, p=0.003*

x?=7.72,p =0.005*

X% =14.0, p <0.001 *

X% =27.4,p<0.001*

x> =457,p=0.033*

DM, Diabetes mellitus; PDA, Positive Dietary Attitude; NDA, Negative Dietary Attitude; * statistically significant at
the 5% level of significance.

3.3. Patients” General Dietary Attitude Towards Food—Section B

Backward elimination with the conditional approach retained six items in the final model.
The values of model chi-squared and Hosmer-Lemeshow tests were 81.80 (p < 0.001) and 20.02
(p < 0.001), respectively, which showed that the fitted model was appropriate at the 95% confidence
interval (CI). Overall, the model correctly classified 71.4% of patients. The odds ratio for red meat
was 2.43 (p < 0.001). Converting the odds ratio into a probability showed that the consumption of red
meat was 70.84% greater in patients who said “yes” they are eating a healthy diet. Dairy products
had an odds ratio of 1.408 (p = 0.015), which showed that the consumption of dairy products was
58.38% greater in patients who said “yes” they are eating a healthy diet. The odds ratio for rice was
3.472 (p < 0.001). The probability results showed that consumption of rice was 77.63% greater in
patients who said “yes” they are eating a healthy diet. Junk food had an odds ratio of 2.347 (p < 0.001),
showing that the consumption of junk food was 70.12% greater in patients who said “yes” they are
eating a healthy diet. The odds ratio for soups and sauces was 1.383 (p = 0.040). The probability results
showed that the consumption of soups and sauces was 58.03% greater in patients who said “yes” they
are eating a healthy diet. Fruits had an odds ratio of 1.416 (p = 0.024). Converting the odds ratio into
a probability showed that the consumption of fruits was 58.60% greater in patients who said “yes” they
are eating a healthy diet. However, for foods such as white meat, bakery products, cereals, sweets and
snacks, drinks, vegetables, boiled or grilled meals, olive oil, and canned food, there was no statistical
significance (p > 0.05). These results are presented in Table 4.
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Table 4. Binary Logistic Regression Analysis using the Backward Conditional Approach for the Dietary
Attitude of Patients with Type 2 Diabetes towards Specific Food Items.

Food Item 6 Wald p-Value OAdc‘lijSu;t:go L95% CI for Odds
ower Upper
White Meat 0.098 0.345 0.557 t 0.907 0.654 1.257
Red Meat 0.888 0.175 0.000 * 2.430 1.726 3.422
Dairy Products 0.342 0.140 0.015* 1.408 1.070 1.853
Bakery Products 0.136 0.611 0434t 0.873 0.662 1.227
Rice 1.245 0.209 0.000 * 3.472 2.303 5.233
Cereals 0.032 0.040 0.842 t 0.958 0.705 1.330
Junk Food 0.853 0.189 0.000 * 2.347 1.621 3.399
Soups and Sauces 0.324 0.158 0.040 * 1.383 1.015 1.884
Sweets and Snacks 0.060 0.136 0.712 + 1.062 0.772 1.460
Drinks 0.303 2.769 0.096 t 0.739 0.517 1.055
Fruits 0.348 0.154 0.024 * 1.416 1.047 1.914
Vegetables 0.074 0.180 0.671 t 1.077 0.765 1.515
Boiled or Grilled Meals 0.015 0.009 0.924 t 0.985 0.719 1.349
Olive Oil 0.079 0.210 0.647 t 0.924 0.660 1.295
Canned Food 0.223 1.696 0.193 t 0.800 0.573 1.119

* Significant at the 5% level of significance; t non-significant variables.

4. Discussion

Our study showed that patients with type 2 diabetes had an overall inappropriate DA. Subgroup
analysis also showed an inappropriate DA of patients towards food selection, health impact of food,
healthy choices, food restraint, and food categorization. In addition, the patients had a poor DA
towards the consumption of red meat, rice, soup and sauces, dairy products, and junk food. The results
of our study also showed that for the majority of patients, food selection and health impact of food were
not important, and this is consistent with the findings of a study conducted in Egypt [6]. This may be
because of deeply rooted cultural beliefs and values, which may pose a difficulty for patients” adherence
to food selection and consumption of foods having a health impact. The role of cultural attitudes and
behaviors towards food in the management of diabetes cannot be neglected [15]. This is consistent
with our study results, as the attitude of patients with diabetes towards food is influenced by a strong
cultural attitude. Most of them stated that the selection of food, its health impact, healthy choices,
food restriction, and food categorization are not important to them. The Saudi cultural barrier factor
towards food selection and its consumption and health impact has also been supported by a local
study [16]. In our study, a majority of the patients stated that they do not like to eat diet food, nor do
they like to stay away from foods that contain sugar. Moreover, only one-fifth of the patients indicated
that they feel guilty after eating oily foods. These findings are supported by research conducted by
Buttar et al. [17].

A study conducted by Ntaate [18] among patients with type 2 diabetes from Uganda reported
a positive DA (82%) towards diet. In contrast, in our study, the patients not only had an overall
inappropriate DA, but also an inappropriate DA towards the consumption of red meat, rice, soup and
sauces, dairy products, and junk food. Most of the patients in our study were unaware of the
caloric content in the food they were consuming. This can be attributed to their literacy level; in our
study, 57.2% of the patients had received a primary and secondary education, while approximately
20% were illiterate. This fact is supported by studies that also stated that literacy is an important
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influential factor, because patients with low literacy have difficulty reading food labels and estimating
potion sizes [19-21].

Therefore, to achieve the DA goals, a patient empowerment approach should be used.
Since an empowerment approach is a social phenomenon, when a patient is empowered with necessary
knowledge about lifestyle modification, outcomes of disease if not controlled, etc., he/she shows
a more responsible attitude with better self-efficacy towards diabetes care [22,23]. The empowerment
approach in dealing with type 2 diabetes is highly recommendable because it brings about changes in
the behavior of the patient that is deeply rooted in their daily routine. Healthcare providers should be
well-informed about patient attitudes and beliefs towards diabetes to design tailored educational and
salutary programs for a specific community [24].

Imparting nutritional education is a perilous component of diabetes care, especially for the
self-management of the disease. Thus, for better diabetes care, patients should be referred to dietitians
who should assess their attitude towards food in general, and towards various foods such as meat, rice,
junk food, etc., and suggest tailored dietary self-management strategies. To facilitate behavioral dietary
changes, this assessment should be individualized and patient-centered, and it must be based on
a patient’s cultural beliefs, norms, psychosocial status, and literacy, as these factors have been identified
as a barrier to reaching nutritional therapy goals [25]. Along with these efforts, the authorities in
the Kingdom of Saudi Arabia should provide diabetes self-management educational programs on
a regular basis, with special emphasis on diet and its related components. Such educational programs
have been found to have an encouraging impact on patient behaviors. However, to achieve a long-term
positive effect on behavior modification, sustained reinforcement is needed, which can be achieved
using a patient empowerment approach [26].

There are some limitations to this study. The research design was cross-sectional, which itself has
methodological limitations, so it cannot be used to analyze behavior over a period of time. The study
was conducted in the central region of the KSA, and although the eating habits do not vary much
within the eastern, southern and northern regions of the KSA, there is still a need for a national DA
assessment program. Another limitation is that we were unable to compare the self-prepared DAQ
with the gold standard; doing so might have helped us to study the DA of the patients with diabetes in
more detail to devise strategies for better patient care. Nonetheless, the study provided important
points: The results can be generalized as we used a systematic random sampling technique for the
selection of patients, the DA questionnaire was reviewed by experts in the field, it successfully passed
the psychometric analysis, and we can say that it is a valid and reliable questionnaire for assessing and
evaluating the DA of patients with type 2 diabetes. This is the first study conducted in the KSA related
to assessing and evaluating the DA of patients with type 2 diabetes. Therefore, the results can serve as
a baseline for similar studies conducted in the KSA and references can be extended to the neighboring
Gulf Cooperation Council (GCC) countries.

5. Conclusions

Patients with type 2 diabetes had an overall inappropriate dietary attitude. It is highly
recommended that these patients be counseled with an empowerment approach as it can bring about
changes in their dietary behavior that is deeply rooted in their daily routine. Healthcare providers should
also be well-informed about patients’ attitudes and beliefs towards diabetes to plan tailored educational
and salutary programs for this specific community. Diabetes self-management educational programs
should also be provided on a regular basis with a special emphasis on diet and its related components.
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Abstract: Quality of life improvement stands as one of the main goals of the medical sciences. Increasing
cancer survival rates associated with better early detection and extended therapeutic options led to the
specific modeling of patients’ choices, comprising aspects of reproductive life that correlated with the
evolution of modern society, and requires better assessment. Of these, fertility preservation and ovarian
function conservation for pre-menopause female oncologic patients pose a contemporary challenge
due to procreation age advance in evolved societies and to the growing expectations regarding cancer
treatment. Progress made in cell and tissue-freezing technologies brought hope and shed new light
on the onco-fertility field. Additionally, crossing roads with general fertility and senescence studies
proved highly beneficial due to the enlarged scope and better synergies and funding. We here strive to
bring attention to this domain of care and to sensitize all medical specialties towards a more cohesive
approach and to better communication among caregivers and patients.
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1. Introduction

The female perspective on fertility after cancer treatment is, nowadays, an important issue. A 2012
study that analyses the information received from cancer survivors has found that there is a sex bias.
Thus, men received more information regarding the influence of treatment on fertility 80% vs. 48%,
and more men also received information about options to preserve fertility—68%, compared to 14%
for women [1]. Statistics show that over 50% of men opted to cryopreserve sperm; only 2% of women
undertook any means of fertility preservation [1]. The onco-fertility preservation necessity arises as
8% to 12% of all breast cancers occur before the age of 35 [2,3] and the tally rises to 15% for women
40 years old [4,5], in the backdrop of breast cancer being the most frequent of all cancers among women
of childbearing age—affecting one-third of the young with cancer [6]. If we look at the breast cancer
incidence in patients between the ages of 20 and 34 years, it stands at 1.9% of all newly diagnosed
breast cancers and rises to 10.5% for breast cancers occurring in 35 and 44 year old women [7,8]. Breast
cancer in young patients has special traits, characterized by specific oncogenic signaling pathways
and associates a higher incidence of hormone receptor-negative, higher grade, and human EGF2
receptor-overexpressing tumors [9]. Advances in breast cancer early detection rates and treatment
options have led to a five-year breast cancer survival rate of over 80% [10]. As greater survival rates
are obtained, there is also a greater focus on achieving goals of motherhood and family completeness.
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Young Women’s Breast Cancer Study concluded that 50% of women younger than 40 years have
concerns about future fertility and pregnancy options, following chemotherapy and radiotherapy [11].
There is also a psychological burden upon cancer survivors as a result of the fertility concern, and there
are wide-spread studies to attest to the rising awareness of such instances [12].

A 2012 review of fertility demographics in USA showed an increase in the number of women
giving birth after 30 years of age, with a peak for white women at 35 years [13]. The infertility risk of a
woman in her teens is 0.2%, which will rise to 2% by her twenties, and reach 20% in her early thirties,
which thus acknowledges only the number and quality of oocytes—by the time that most women will
consider getting pregnant, they are already 20% infertile [14], resembling an infertility pandemic in
developed countries. Adding to this is the increased incidence of cancer in young women, which will
increase the cost of treatment and frequently implies infertility. Up to 6% of fertile age women are cancer
survivors, and the incidence of cancer increases from about 1 in 10,000 shortly after birth to about 1
in 300 by mid-forties [15]. Depending on the source, ovarian failure characterizes 6.3% up to 12% of
women that are childhood cancer survivors [16] and up to 50% of the patients that receive oncologic
treatment at 40 years old will suffer early ovarian failure [17]. Most studies take account of the abrupt
onset of menopause five years from chemotherapy, as evidence of ovarian failure, underestimating
subtler manifestations such as subfertility and diminished ovarian reserve.

Chemo-therapeutic agents, known for deleterious effects, include alkylating agents that are
considered high risk, such as Cyclophosphamide, Mechlorethamine, Chlorambucil, Busulfan, and
Melphalan, whose active metabolites form DNA crosslinks leading to its function and synthesis arrest [18].
They produce DNA double-strand breakage, followed by P63 mediated apoptosis. Platinum-based
compounds, Cisplatin and Carboplatin covalently binds DNA and forms intra and interstrand bonds
that produce DNA strands breakage during replication. DNA transcription, synthesis, and function
are, thus, inhibited. They are considered intermediate risk, though there was no demonstrated specific
toxicity upon human primordial follicles [15,19]. Antimetabolites include Methotrexate, 5-fluorouracil,
and Cytarabine and inhibit DNS synthesis and ARN purines and Thymidylate synthesis, being
considered of low risk. Vinca alkaloids, Vincristine and Vinblastine inhibit tubulin polymerization,
producing microtubules disruption during mitosis with mitosis arrest in metaphase and consecutive
cellular death [3,18]. It is labeled as low risk. Anthracyclines, Daunorubicin, Bleomycin, Adriamycin
(doxorubicin) inhibit DNA synthesis and function and inhibit Topoisomerase Il leading to DNA breakage.
They also form free oxygen radicals that also affect DNA synthesis and function by DNA breakage.
Doxorubicin determines DNA double-strand breakage and human primordial follicles P63 mediated
apoptosis. Except for Doxorubicin, which is considered of medium risk, they are low risk [18].

2. Current Fertility Preservation Methods

The 2018 American Society of Clinical Oncology (ASCO) recommendations paint a clear image of
current onco-fertility focusing and emerging possibilities. While patients will first be taken aback by a
cancer diagnosis, it is recommended that, early in the therapeutic process, discussions be initiated with
the fertile patients concerning the risk of diminished fertility induced by specific treatment and about
the options available for fertility preservation. Oocytes and embryo freezing, due to technological
progress, are considered the standard of care and are widely available. Considering the conflicting
evidence concerning GnRH agonist use to protect ovarian reserve during oncologic treatment [19],
ASCO recommends only using GnRH agonists in young patients that are not fit for other methods.
Embryo cryo-preserving is routinely used to preserve embryos that were not used for fresh embryo
transfer after IVF. Oocyte freezing may be an adequate option for patients currently without a male
partner, for those who do not want to use donor sperm or have ethical or religious objections regarding
embryo cryopreservation. As of 2012, ASCO no longer considers oocyte cryopreservation experimental.
As multiple ovarian stimulation protocols are available, there is no longer a need to delay ovarian
stimulation depending on the menstrual cycle, favoring oocyte retrieval. For estrogen receptor-positive
breast cancer patients that may be at risk due to the elevated estrogen levels in classic stimulation
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protocols, ASCO recommends aromatase inhibitors stimulation protocols as current studies do not
show evidence of increased recurrence risk [20].

In this context of social pressure, and ultimately, financial stimulus, assisted reproduction
technologies had a steep curve of evolution. In this process, IVF has greater visibility and striving for
successful pregnancies produced more embryos. A limited number of the better-quality embryos are
being selected for intrauterine embryo-transfer, while the remaining good quality embryos were frozen
for cryopreservation. The resulting technological prowess led to increasing rates of embryo survival
after freeze-thaw, and in turn, to a greater number of pregnancies, similar rates of pregnancies being
obtained for fresh embryos and frozen ones. This highlighted the idea that all embryo-transfers should
be realized with frozen embryos in a subsequent cycle; in favor of this judgment is the standing lower
risk of ovarian hyperstimulation syndrome and a higher endometrial receptivity due to different gene
expressions in stimulated versus unstimulated endometrium [21,22]. It seems that the cryo-preservation
only strategy sustains a better chance for a viable pregnancy and lower abortion rates, and ovarian
hyperstimulation has a 7% occurrence rate for fresh embryo pregnancies versus 1-3% for pregnancies
with cryo-preserved embryos [23]. Frozen embryo pregnancies grew steadily, for example, from 28%
in 2010 to 32% in 2011. Current trends contribute already by the discussed segmentation of IVF cycles,
and pre-implantation genetic testing indicated the necessity by the advancing age of motherhood to the
growing proportion of freeze-thaw cycles. Some countries like Switzerland, Finland, Holland, Iceland,
and Sweden were fast to achieve 50% pregnancies from cryo-preserved embryos [24], mainly due to
differences in embryo-transfer legislation and by the number limitation, which, in turn, increased the
number of frozen embryos. As an answer to restrictive legislation like in Germany, Swiss, and Austria,
or even interdiction as in Italy 2004-2009, oocyte-preserving techniques were fast emerging. Two
types of cooling are used: slow freeze, which allows for cell dehydration, thus lowering ice formation
and vitrification, creating a glass-like state by very fast cooling without ice formation. When cells
are frozen very slow, excessive dehydration and shrinkage also lead to cellular death, and to avoid
such an instance, cryo-protectants are typically used. Non-permeating cryo-protectants remain in the
extracellular space, leading to the rising osmolality of the extracellular solution before freezing, and
thus, preventing intracellular ice formation. The most used slow freezing cryoprotectant is a permeating
agent, dimethyl sulfoxide—DMSO, and it was used as a cryo-protective agent for the first frozen-thaw
human cleavage embryo transferred. DMSO displaces intracellular water; its cryo-protectant effect
augments it with concentration but also increases cytotoxicity and clinical practice, as demonstrated
by the toxic effect on patients [25]. The first successful mammalian embryo cryo-preservation was
realized in 1972 by applying a cooling rate of ~1 °C/min up to —70 °C. This type of cooling is labeled
equilibrium freezing, and the target is to maintain a sufficient intracellular dehydration rate to maintain
intracellular water chemical potential in equilibrium with extracellular, partially frozen water. Mostly,
ice formation occurs in the extracellular space with subsequent increases in cellular membrane osmotic
pressure that accentuates after ice formation continues following nucleation due to the ice lattice
excluding solvates that concentrate in the extracellular medium. Less permeable cell membranes
rupture due to the abrupt rise in osmotic pressure if they cannot dehydrate fast enough. Intracellular
ice formation may be lethal, and exposure to high concentrations of electrolytes may also cause cellular
death [26]. Cryogenic injury is related to the cellular membrane permeability, and as a consequence,
cells with higher membrane permeability have better survival rates at fast freezing rates, and cells
with less permeable membranes need slower cooling. Vitrification was first used for mouse embryo
cryopreservation, and became a viable alternative to conventional protocols, as it was shown to reduce
cellular damage. During vitrification procedures, cells and tissues are exposed to cryo-protectants
that dehydrate cells before commencing cooling. The most frequent method for embryo vitrification
necessitates small specimen volumes to be exposed to super-fast cooling and warming rates. This
technique was first used in human embryology by 1998 for cleavage stage embryos and then in 1999 for
oocytes and pronuclear embryos. In the last 20 years, more vitrification methods were described, which
involved a large array of cryo-preservers combinations such as Ethylene glycol (EG), DMSO, PROH
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(1,2-propanediol) and sucrose, Ficoll (polysaccharide solution), Trehalose, with varying parameters of
dilution and equilibrium, support and cooling systems, storage and warming devices [27]. In 2005,
Kuwayama M. et al. considered that the usual embryo and oocyte vitrification implied using a 15%
solution of DMSO, 15% Ethylene Glycol, and 0.5 M sucrose in a very small volume <1 uL [28]. The fast
cooling in vitrification is achieved by immersing the specimen in liquid nitrogen, and from this, two
techniques are realized: open and closed vitrification. The majority of embryos and oocytes are
vitrified by direct exposure to liquid nitrogen in the open system, favored because of its fast cooling
and warming rates, increasing the method’s success [29]. The alternative is represented by the use
of devices that mediate direct contact with liquid nitrogen-closed systems, presumably marred by
lower cooling and thawing rates. It is currently considered that successful vitrification is closely
dependent on successful cellular osmotic dehydration before cooling and on the warming rate than on
the type and concentration of the cryo-preserving agent, so as to avoid water re-crystallization in the
thawing cycle where very fast warming is a requisite. To highlight these conclusions, a recent study
performed by a team that included Peter Mazur, one of the pioneers in the field, has demonstrated
high survival rates after oocytes and embryos were vitrified without permeating cryoprotectants, and
the thawing procedure was realized by ultra-fast warming by an infrared laser pulse [30]. Another
study aimed to use a laser beam to dehydrate the blastocoel before vitrification and found substantial
improvement in the clinical outcome by lowering the risk of ice recrystallization [31]. Vitrification
is now considered the gold standard for oocyte and embryo cryopreservation [30]. Fast freezing
protocols need a cell dehydration stage by cryo-protective agents to prevent ice formation, though the
direct correlation between intracellular ice formation and cell death has yet to be well defined [26].
It seems that cell survival following cryo-preservation depends on the rate the cells are warmed
during the thawing process, as cell damage does not occur during initial ice nucleation, but by another
process during thawing and ice recrystallization [32] seems to be the main culprit. Among the first
observations are the studies on organisms that naturally survive freezing and physiologically produce
recrystallization inhibitors in large amounts [33]. Cryo-protectants based on carbohydrates represent
an alternative to DMSO and have minimal or no toxicity; they act like glycerol, which is known to
influence ice formation [34]. Ice recrystallization is inhibited by mono and poli-disaccharides, thus
suggesting possible use in human cell cryopreservation. One study compared cellular viability after
cryopreservation with mono and poli-disaccharides, and with the DMSO control. They found that the
most powerful ice recrystallization inhibitors were 220 mM disaccharides solution, and the best viability
was obtained with D-galactose 200 mM. It seems that the protective effect of D-galactose resides in its
internalization, consequently lowering cellular osmotic stress [35]. Several studies used carbohydrates
in the cryopreservation media, but did not strive to evaluate their efficiency, while in others, the success
seemed dependent on the chemical structure or correlated carbohydrate efficiency with dehydration
level of the milieu [36]. As recrystallization seems to be involved in cellular death derived from
cryo-preservation [26,32], the intimate structural characteristic that is involved in recrystallization
inhibition is not yet known. It is considered essential for the vitrification process’s success to limit to
the minimum the amount of vitrification specimen to obtain a high rate of cooling and warming, thus
preventing ice formation, and in this respect, oocytes are suitable freeze due to the low surface volume
ratio that makes the cell membrane difficult to traverse for water and cryo-protectants [37]. Further,
mature oocyte vitrification in metaphase meiosis (MII) may disrupt and deregulate the meiosis spindle,
increasing the risk of chromosomal aberrations [38]. Unlike oocytes, embryos are more tolerant of
freezing because membrane characteristics change after fertilization, favoring dehydration during
cryo-preservation [39]. Embryo cryo-conservation led to the development of numerous devices that
facilitate cooling and warming procedures, such as Cryoloop, nylon loop, Hemi-straw system, electron
microscope plate, glass capillary, and Cryotop. Open Pulled Straw (OPS) was the first device specifically
conceived for ultrafast vitrification, which was introduced by Vajta in 1998, and is still considered
to be one of the best devices. The Cryotop is considered to be one of the most efficient vitrification
methods both for oocytes and embryos, providing high rates of survival for both humans and animal
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models, and like other open cryo-preservation systems, directly contacts liquid nitrogen, increasing the
risk of viral contamination [40]. Alternative methods were devised, such as micro-volume air-cooling
(MVAQC) that focused on preventing direct contact of the specimen with the liquid nitrogen [41].

There are patients for whom embryo cryo-preservation was not an option, and because oocyte
cryo-preservation techniques had slower progress, ovarian tissue-slow-freeze represented the only
fertility preservation method. Lately, oocyte cryo-preservation methods achieved good results, and the
Practice Committee of the American Society for Reproductive Medicine (ASRM) reclassified oocyte
cryopreservation technology as “nonexperimental” in 2013 [42]. While many oocyte preservation
programs do not have long term data on oocyte preservation, especially for patients that received
chemotherapy and radiotherapy treatment. Lastly, for increased chances of pregnancy, a few stimulation
cycles could be necessary for oocyte preservation in light of evidence that using fresh oocytes only
increases the chance of pregnancy by 5% [43].

3. New Techniques of Fertility Preservation

Ovarian tissue cryo-preservation may be an alternative to oocyte preservation, because for some
patients” ovarian tissue cryo-preservation, it may eliminate the need for the oncologic treatment
delay needed for stimulation cycles for oocyte retrieval. There is hope that ovarian tissue transplant
reinstates not only fertility, but also endocrine function. The slow freeze was compared with vitrification
methods for the ovarian tissue [44] and some authors consider slow freezing a better method due
to greater primordial follicle density and viability, less apoptotic cells and better morpho-functional
aspects [44], while others did not find a significant difference in regards to these characteristics [45].
Shi et al. [46] showed that vitrification produces less DNA fragmentation regarding primordial follicles,
and vitrification also produces superior results for the granulosa and stromal cells ultra-structure after
vitrification. The large variety and the array of conflicting results stem from lack of standardization of
the cryo-preservation protocols, the large spread of cryoprotective agents concentration, the variety
of experimental animals, the varying implanting sites of the ovarian tissue, the different duration of
observation protocols, and last but not least, the varying methods of success measurement. Clinical
benefits of ovarian transplantation may be disputed, but, for sure, it benefits fundamental science on
ovarian function, primordial follicle activation and development arrest as provided by studies such as
those of Winkler et al., and more recently, Silber et al. and Hayashi et al. [47,48]. ASCO acknowledges
that ovarian tissue cryopreservation and transplantation does not need ovarian stimulation and may be
immediately performed. The added benefit resides in that it does not need sexual maturity, being the
only method fit for children in the scope of fertility preservation and being able to restore the global
ovarian function. As of 2018, ASCO considers ovarian tissue preservation still experimental, but keeps
it open for evidence that can change this status [20]. Improving techniques led to an estimated 35%-40%
live birth [49], since the first alive human baby, obtained as a result of ovarian cortex auto-transplant,
was reported in 2004, and there were more than 100 live births worldwide; however, global reach of the
procedure remains low, limiting further progress [49]. There are growing numbers of studies trying
to discern how the best results can be obtained, by ovarian strip vitrification, or slow freezing, whole
ovary versus ovarian strip, or the best place to insert the implant as one study concluded that implant
location could significantly affect the results [50]. One group [51] compared whole ovary vitrification
vs. slow freezing and concluded that the efficacy of whole ovaries cryopreservation by vitrification was
higher than those by conventional freezing and rapid freezing, and that conventional freezing of ovarian
cortical strips was more effective than cryopreservation of whole ovaries, independent of the way of
whole ovary cryopreservation. Most of the live births after ovarian tissue cryopreservation, so far, have
been achieved by slow controlled freezing, and only two teams achieved live births from ovarian tissue
vitrification [52,53], while others still use the slow freezing method. Laboratories are striving to find
the optimal concentration of cryo-protectants for the best results in ovarian tissue cryopreservation
by vitrification. One of the pioneers of ovarian tissue vitrification, Silber S [53], reported that he and
his team have used only ovarian tissue vitrification since 2008, after 11 years of slow freezing use.
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Vitrification may overcome the negative effects of freezing by inhibiting ice crystal formation, and
also, vitrification has advantages related to its relatively lower cost, and does not require sophisticated
freezing machines or ultra-specialized laboratory staff.

During the antenatal period, human ovaries lose to follicular atresia 80% of its germinal cells to
roughly 500,000-1,000,000 at birth [54] and reaching puberty with only 300,000 to 500,000 oocytes; of these,
just 400-500 will be selected for ovulation in the following 30-40 years and the rest will be extinguished.
The 1% selected for ovulation is subjected to an FSH dependent process that leads to a dominant follicle
that produces ovulation during the same cycle. It is considered that follicular activation in humans
takes place in a wave pattern, taking effect even during pregnancy or contraceptive medication [54,55].
Follicular recruitment varies with age, from more than 1400 at the beginning of the third decade of life to
less than 30 towards the end of the fifth decade and follicular destruction takes place in great numbers
before or after follicular recruitment dependent or not on the menstrual cycle, with a decreasing rate
during the lifetime, with more follicular loss occurring in young women [56]. The remaining ovarian
follicle cohort thus declines in number throughout the lifetime, leading to reduced fertility in the fourth
decade, irregular menses by the middle of the fifth decade, and menopause at around 50 years of age.
This process remains in a mysterious equilibrium of reproductive aging and organismal aging as it is one
of the most precocious aging phenomena in women, but new studies are bringing fresh hypotheses on
how ovarian follicles are being activated. Some authors realized that following auto-transplant of ovary
tissue after a very marked spike in AMH, the values stabilized at low levels. It has been described as a
‘burn out effect’, and there is still debate around the implicated mechanisms. One study concluded that
the increased number of growing follicles versus resting follicles might be due to the downregulation of
PTEN gene expression and subsequent augmentation of follicular recruitment [57]. A Japanese team led
by Kawamura [58] recently proposed a premature ovarian insufficiency treatment by Hippo signaling
dysregulation, realized by fragmenting ovarian tissue followed by Akt application and autografting.
The serine/threonine kinase Akt (protein kinase B or PKB) has become a major focus of attention because
of its critical role in regulating diverse cellular functions, including metabolism, growth, proliferation,
survival, transcription and protein synthesis, while Hippo signaling is a conserved pathway regulating
organ size by cell proliferation, apoptosis, and stem cell activity. It is thought that the disruption of the
Hippo pathway contributes to cancer development. Other authors consider that follicle activation and
‘burn-out” have an important contribution to post-implantation follicular depletion affecting ovarian
tissue grafts [59]. SonerCelik et al. [60] research team’s findings regarding ovarian cryo-preservation and
auto-transplantation demonstrate that expression of inhibitor proteins that control primordial follicle
reserve decreases in cryopreserved ovaries after transplantation. The observation is consistent with the
ovarian activity rush observed by others [61,62], and thus they debate the recommendation of follicular
activation prior (in vitro activation IVA) to transplantation [58,63]. The longevity of the transplanted
ovarian tissue varies widely and may depend on the age of the woman at cryo-preservation [64],
some blaming the revascularization rate after transplantation as an important issue [65]; however,
long functioning viability of more than ten years has been reported [66]. This success has promoted
ovary cryo-preservation for potential use in severe genetic conditions with a risk of primary ovarian
insufficiency like sickle cell anemia, thalassemia, Turner syndrome, and galactosemia [67]. A study
performed mathematical modeling after losing 50% of the ovarian reserve after mono ovariectomy
and concluded that the maintenance of ovarian function suggests an extra-ovarian, probably an
age-dependent regulation agent of reproductive decline [68]. A review of cases comprising women with
unilateral oophorectomy concluded that the menopause age was lowered by only 1.8 years [69]. By the
same logic, it has been suggested that extracting ovarian strips early in life would not substantially
affect menopause age, but by cryo-preservation, the ovarian tissue would later be re-implanted, thus
conveniently delaying menopause [70]. A proposed mechanism for this ovarian function refers to the
downregulation of follicular activation as the follicle pool is diminishing [71]. Another method described
for fertility augmentation refers to autologous stem cell ovarian transplantation with, seemingly, relative
success [72]. Tilly et al. have long provoked the fertility dogma that women dispose from birth of a fixed,
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limited number of follicles, by affirming the existence of oogonial stem cells that can be activated, thus
jumpstarting fertility [73]. There are reports that sphingosine-1-phosphate has cytoprotective functions
in human ovaries, two studies showing that S1P reduces primordial follicle loss in human ovarian tissue
xenografted in mice and exposed to cyclophosphamide as an in-vivo model of chemotherapy-induced
ovarian damage [74,75]. Another study suggested the use of Sphingosine-1-phosphate to reduce the
follicular atresia occurring during the freeze-thawing procedure [76].

As an alternative to ovarian tissue transplants, probing the hypotheses that limited success with
ovarian tissue strips is due to the limited and late graft vascularization, there were animal and human
trials with whole ovary transplants with limited success [77]. Some limitations were linked to the
sheer mass of the ovary (sometimes animal trial included bovine ovaries) posing difficulties in the
freezing process, being slow or exhibiting vitrification even after cannulation of the main vessels with
cryo-protectants and likely experiencing ice recrystallization in the thawing [78]. Another obstacle
is presented by the reperfusion lesions for the prevention, for which some authors tried edaravone,
as it is supposed to relieve oxidative stress [79]. An observed supplemental difficulty results from
the extensive dissection needed for extraction, but mostly for the ovarian implant, especially venous
anastomosis due to the thin venous walls even for experienced teams like M Brannstrom’s that is
pioneering uterus transplantation [80].

Owing to the dispute that entangles the use of GnRH agonists [19], alternatives are looked for with
the scope to protect ovarian function during chemotherapy. One example of such a protecting agent is
represented by Sphingosine-1-phosphate [74,75], others examined co-administration of imatinib, (a
2-phenyl amino pyrimidine derivative that inhibits activity of the tyrosine kinase domains of c-Abl,
c-Kit) and platelet-derived growth factor receptor, as they have been reported to attenuate follicle
depletion in mice caused by cytotoxic treatments [81], although other studies failed to evidence the
protective effect [82]. Anti-Miillerian hormone (AMH) represents another example of hopeful agents
to be used in fertility preservation. AMH is part of the transforming growth factor (TGF)-beta family,
with a central role in the control of sexual differentiation and follicular genesis, and while serum AMH
levels have long been used in reproductive medicine as an indicator of ovarian reserve, it is now
investigated as a protective agent [83].

The advent of new technologies brought new fields of research, and while ovarian strip
auto-transplant harbors hope for both fertility preservation after oncologic therapy and menopause
delay, studies searching for artificial support or even fully artificial ovaries are in full stride. A team is
proposing a bioprosthetic ovary that was assembled using 3D printed microporous scaffolds in order
to restore ovarian function [84]. Additionally, this is not a singular example since the oncofertility field
is evolving; meanwhile, eager bioengineers have sought to create artificial ovaries with biomaterials
and isolated follicles [85].

4. Conclusions

Societal pressures pushed forward the long and successful experience with ART due to the
increasing age of childbearing, which, in turn, exposed women intending to procreate to a higher risk
of malign conditions. This is coupled with the better chance and longer disease-free survival by novel
chemotherapy schemes that produce a growing population of women trying to conceive at increasing
ages, often after oncologic treatment. Oncofertility studies crosslink with female aging studies and
general fertility. There are promising technologies from oogonial stem cells activation, artificial scaffold
bioprosthetic ovaries, and proactive ovarian tissue extraction for future use that could push female
fertility farther away into what is now senescence.

Author Contributions: Conceptualization, C.B.C. and D.C.R.; methodology, C.B.C., D.C.R. and A.P; validation,
R.-C.P; investigation, R.-C.P.; writing—original draft, C.B.C. and D.C.R.; writing—review & editing, R.-C.P.,, D.C.R.
and A.P; visualization, A.P,; supervision, C.B.C. and A.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

241



Medicina 2020, 56, 89

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Armuand, G.M.; Rodriguez-Wallberg, K.A.; Wettergren, L.; Ahlgren, J.; Enblad, G.; Hoglund, M.; Lampic, C.
Sex differences in fertility-related information received by young adult cancer survivors. J. Clin. Oncol. 2012,
30, 2147-2153. [CrossRef]

Petru, E. MaligneTumoren der Mamma: Fertilitdt, Kontrazeption und Hormonersatz. In Praxisbuch
Gyniikologische Onkologie; Petru, E., Fink, D., Kéchli, O.R., Loibl, S., Eds.; Springer-Verlag: Berlin/Heidelberg,
Germany, 2019; pp. 33-38.

Mehedintu, C.; Bratila, E.; Berceanu, C.; Cirstoiu, M.M.; Barac, R.I.; Andreescu, C.V.; Badiu, D.C.; Gales, L.;
Zgura, A.; Bumbu, A.G. Comparison of Tumor - Infiltrating Lymphocytes Between Primary and Metastatic
Tumors in Her2+and HER2-Breast Cancer Patients. Rev. Chim. Buchar. 2018, 69, 4033-4037. [CrossRef]
Hankey, B.F,; Miller, B.; Curtis, R.; Kosary, C. Trends in breast cancer in younger women in contrast to older
women. J. Natl. Cancer. Inst. Monogr. 1994, 16, 7-14.

Voinea, O.C.; Sajin, M.; Dumitru, A.V.; Patrascu, O.M.; Georgescu, T.A; Cirstoiu, M.M.; Jinga, D.C.; Nica, A.E.
Emerging concepts regarding the molecular profile of breast carcinoma: One-year experience in a University
Center. Rom. J. Mil. Med. 2018, 121, 17-24.

Jemal, A.; Tiwari, R.C.; Murray, T.; Ghafoor, A.; Samuels, A.; Ward, E.; Feuer, E.J.; Thun, M.J.; American
Cancer Society. Cancer statistics, 2004. CA Cancer |. Clin. 2004, 54, 8-29. [CrossRef]

Hankey, B.E; Ries, L.A.; Edwards, B.K. The surveillance, epidemiology, and end results program: A national
resource. Cancer Epidemiol. Biomark. Prev. 1999, 8, 1117-1121.

Zgura, A.; Gales, L.; Haineala, B.; Bratila, E.; Mehedintu, C.; Andreescu, C.V.; Berceanu, C.; Petca, A.;
Barac, R.I; Ionescu, A.; et al. Correlations Between Known Prognostic Markers and Tumor - infiltrating
Lymphocytes in Breast Cancer. Rev. Chim. Buchar. 2019, 70, 2362-2366. [CrossRef]

Anders, C.K; Hsu, D.S.; Broadwater, G.; Acharya, C.R.; Foekens, J.A; Zhang, Y.; Wang, Y.; Marcom, PK;
Marks, ].R.; Febbo, P.G.; et al. Young age at diagnosis correlates with worse prognosis and defines a subset of
breast cancers with shared patterns of gene expression. J. Clin. Oncol. 2008, 26, 3324-3330. [CrossRef]
McGuire, S. World Cancer Report 2014; World Health Organization: Geneva, Switzerland, 2015.

Pagani, O.; Partridge, A.; Korde, L.; Badve, S.; Bartlett, J.; Albain, K.; Gelber, R.; Goldhirsch, A.; Breast
International Group; North American Breast Cancer Group; et al. Pregnancy after breast cancer: If you wish,
ma’am. Breast Cancer Res. Treat. 2011, 129, 309-317. [CrossRef]

Logan, S.; Perz, J.; Ussher, ].M.; Peate, M.; Anazodo, A. Systematic review of fertility-related psychological
distress in cancer patients: Informing on an improved model of care. Psychol. Oncol. 2019, 28, 22-30. [CrossRef]
Monte, L.M.; Ellis, R.R. Fertility of women in the United States: 2012. Econ 2014, 24, 1071-1100.

Te Velde, E.R; Pearson, P.L. The variability of female reproductive ageing. Hum. Reprod. Update 2002, 8,
141-154. [CrossRef] [PubMed]

Anderson, R.; Themmen, A.; Al-Qahtani, A.; Groome, N.; Cameron, D. The effects of chemotherapy and
long-term gonadotrophin suppression on the ovarian reserve in premenopausal women with breast cancer.
Hum. Reprod. 2006, 21, 2583-2592. [CrossRef] [PubMed]

Chemaitilly, W.; Mertens, A.C.; Mitby, P.; Whitton, J.; Stovall, M.; Yasui, Y.; Robison, L.L.; Sklar, C.A. Acute
ovarian failure in the childhood cancer survivor study. J. Clin. Endocrinol. Metab. 2006, 91, 1723-1728. [CrossRef]
[PubMed]

Goodwin, PJ.; Ennis, M.; Pritchard, K.I.; Trudeau, M.; Hood, N. Risk of menopause during the first year after
breast cancer diagnosis. J. Clin. Oncol. 1999, 17, 2365-2370. [CrossRef] [PubMed]

Soleimani, R.; Heytens, E.; Darzynkiewicz, Z.; Oktay, K. Mechanisms of chemotherapy-induced human
ovarian aging: Double strand DNA breaks and microvascular compromise. Aging Albany NY 2011, 3, 782-793.
[CrossRef]

Moore, H.C.; Unger, ].M.; Phillips, K.-A.; Boyle, F; Hitre, E.; Porter, D.; Francis, P.A.; Goldstein, L.J.;
Gomez, H.L; Vallejos, C.S.; etal. Goserelin for ovarian protection during breast-cancer adjuvant chemotherapy.
N. Engl. ]. Med. 2015, 372, 923-932. [CrossRef]

Oktay, K.; Harvey, B.E.; Loren, A.W. Fertility preservation in patients with cancer: ASCO clinical practice
guideline update summary. J. Oncol. Pract. 2018, 14, 381-385. [CrossRef]

Wong, K.M.; Mastenbroek, S.; Repping, S. Cryopreservation of human embryos and its contribution to
in vitro fertilization success rates. Fertil. Steril. 2014, 102, 19-26. [CrossRef]

242



Medicina 2020, 56, 89

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Haouzi, D.; Assou, S.; Mahmoud, K.; Tondeur, S.; Réme, T.; Hedon, B.; De Vos, J.; Hamamah, S. Gene
expression profile of human endometrial receptivity: Comparison between natural and stimulated cycles for
the same patients. Hum. Reprod. 2009, 24, 1436-1445. [CrossRef]

Wong, K.M.; van Wely, M.; Mol, E; Repping, S.; Mastenbroek, S. Fresh versus frozen embryo transfers in
assisted reproduction. Cochrane Database Syst. Rev. 2017, 3, CD011184. [CrossRef] [PubMed]

European IVF-Monitoring Consortium (EIM); European Society of Human Reproduction and Embryology
(ESHRE); Kupka, M.S.; D’'Hooghe, T.; Ferraretti, A.P.; de Mouzon, J.; Erb, K.; Castilla, J.A.; Calhaz-Jorge, C.;
De Geyter, C.H; et al. Assisted reproductive technology in Europe, 2011: Results generated from European
registers by ESHRE. Hum. Reprod. 2016, 31, 233-248. [PubMed]

Liseth, K.; Foss Abrahamsen, |.; Bjersvik, S.; Grottebg, K.; Bruserud, @. The viability of cryopreserved PBPC
depends on the DMSO concentration and the concentration of nucleated cells in the graft. Cytotherapy 2005,
7,328-333. [CrossRef]

Fowler, A.; Toner, M. Cryo-injury and biopreservation. Ann. N. Y. Acad. Sci. 2006, 1066, 119-135. [CrossRef]
[PubMed]

Vajta, G.; Nagy, Z.P. Are programmable freezers still needed in the embryo laboratory? Review on vitrification.
Reprod. Biomed. Online 2006, 12, 779-796. [CrossRef]

Kuwayama, M.; Vajta, G.; Kato, O.; Leibo, S.P. Highly efficient vitrification method for cryopreservation of
human oocytes. Reprod. Biomed. Online 2005, 11, 300-308. [CrossRef]

Vajta, G.; Rienzi, L.; Ubaldi, EM. Open versus closed systems for vitrification of human oocytes and embryos.
Reprod. Biomed. Online 2015, 30, 325-333. [CrossRef]

Jin, B, Mazur, P. High survival of mouse oocytes/embryos after vitrification without permeating
cryoprotectants followed by ultra-rapid warming with an IR laser pulse. Sci. Rep. 2015, 5, 9271. [CrossRef]
Darwish, E.; Magdi, Y. Artificial shrinkage of blastocoel using a laser pulse prior to vitrification improves
clinical outcome. |. Assist. Reprod. Genet. 2016, 33, 467-471. [CrossRef]

Mazur, P. Principles of cryobiology. In Life in the Frozen State; Fuller, B.J., Lane, N., Benson, E.E., Eds.; CRC
Press: Boca Raton, FL, USA, 2004; pp. 3-65.

Ramlev, H.; Wharton, D.A.; Wilson, PW. Recrystallization in a freezing tolerant Antarctic nematode,
Panagrolaimusdavidi, and an alpine weta, Hemideinamaori (Orthoptera; Stenopelmatidae). Cryobiology
1996, 33, 607-613. [CrossRef]

Dashnau, J.; Vanderkooi, J]. Computational approaches to investigate how biological macromolecules can be
protected in extreme conditions. J. Food Sci. 2007, 72, R001-R010. [CrossRef]

Chaytor, J.L.; Tokarew, ].M.; Wu, L.K.; Leclere, M.; Tam, R.Y.; Capicciotti, C.J.; Guolla, L.; von Moos, E.;
Findlay, C.S.; Allan, D.S.; et al. Inhibiting ice recrystallization and optimization of cell viability after
cryopreservation. Glycobiology 2011, 22, 123-133. [CrossRef]

Tam, R.Y.; Ferreira, S.S.; Czechura, P; Chaytor, J.L.; Ben, R.N. Hydration Index-A Better Parameter for
Explaining Small Molecule Hydration in Inhibition of Ice Recrystallization. J. Am. Chem. Soc. 2008, 130,
17494-17501. [CrossRef]

Pereira, R.; Marques, C. Animal oocyte and embryo cryopreservation. Cell Tissue Bank. 2008, 9, 267-277.
[CrossRef]

Arav, A.; Zeron, Y.; Leslie, S.; Behboodi, E.; Anderson, G.; Crowe, J. Phase transition temperature and chilling
sensitivity of bovine oocytes. Cryobiology 1996, 33, 589-599. [CrossRef]

Chen, S.; Lien, Y.; Chao, K.; Ho, H.-N.; Yang, Y.; Lee, T. Effects of cryopreservation on meiotic spindles of
oocytes and its dynamics after thawing: Clinical implications in oocyte freezing-a review article. Mol. Cell.
Endocrinol. 2003, 202, 101-107. [CrossRef]

AbdelHafez, F; Xu, J.; Goldberg, J.; Desai, N. Vitrification in open and closed carriers at different cell stages:
Assessment of embryo survival, development, DNA integrity and stability during vapor phase storage for
transport. BMC Biotechnol. 2011, 11, 29. [CrossRef]

Punyawai, K.; Anakkul, N.; Srirattana, K.; Aikawa, Y.; Sangsritavong, S.; Nagai, T.; Imai, K.; Parnpai, R.
Comparison of Cryotop and micro volume air cooling methods for cryopreservation of bovine matured
oocytes and blastocysts. |. Reprod. Dev. 2015, 61, 431-437. [CrossRef]

Practice Committees of American Society for Reproductive Medicine; Society for Assisted Reproductive
Technology. Mature oocyte cryopreservation: A guideline. Fertil. Steril. 2013, 99, 37-43. [CrossRef]

243



Medicina 2020, 56, 89

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

Patrizio, P.; Sakkas, D. From oocyte to baby: A clinical evaluation of the biological efficiency of in vitro
fertilization. Fertil. Steril. 2009, 91, 1061-1066. [CrossRef]

Isachenko, V.; Isachenko, E.; Weiss, ]. M.; Todorov, P.; Kreienberg, R. Cryobanking of human ovarian tissue for
anti-cancer treatment: Comparison of vitrification and conventional freezing. CryoLetters 2009, 30, 449-454.
Klocke, S.; Biindgen, N.; Koster, F,; Eichenlaub-Ritter, U.; Griesinger, G. Slow-freezing versus vitrification for
human ovarian tissue cryopreservation. Arch. Gynecol. Obstet. 2015, 291, 419-426. [CrossRef] [PubMed]
Shi, Q.; Xie, Y.; Wang, Y.; Li, S. Vitrification versus slow freezing for human ovarian tissue cryopreservation:
A systematic review and meta-anlaysis. Sci. Rep. 2017, 7, 8538. [CrossRef] [PubMed]

Silber, S. Unifying theory of adult resting follicle recruitment and fetal oocyte arrest. Reprod. Biomed. Online
2015, 31, 472-475. [CrossRef]

Hayashi, K.; Ogushi, S.; Kurimoto, K.; Shimamoto, S.; Ohta, H.; Saitou, M. Offspring from oocytes derived
from in vitro primordial germ cell-like cells in mice. Science 2012, 338, 971-975. [CrossRef]

Donnez, J.; Dolmans, M.-M. The ovary: From conception to death. Fertil. Steril. 2017, 108, 594-595. [CrossRef]
Damasio, L.C.V.; Soares-Junior, ].M.; Iavelberg, J.; Maciel, G.A.; de Jesus Simoes, M.; dos Santos Simées, R.;
da Motta, E.V.; Baracat, M.C.; Baracat, E.C. Heterotopic ovarian transplantation results in less apoptosis than
orthotopic transplantation in a minipig model. J. Ovarian Res. 2016, 9, 14. [CrossRef]

Zhang, ].-M.; Sheng, Y.; Cao, Y.-Z.; Wang, H.-Y.; Chen, Z.-]. Cryopreservation of whole ovaries with vascular
pedicles: Vitrification or conventional freezing? ]. Assist. Reprod. Genet. 2011, 28, 445-452. [CrossRef]
Kawamura, K.; Cheng, Y.; Suzuki, N.; Deguchi, M.; Sato, Y.; Takae, S.; Ho, C.H.; Kawamura, N.; Tamura, M.;
Hashimoto, S.; et al. Hippo signaling disruption and Akt stimulation of ovarian follicles for infertility
treatment. Proc. Natl. Acad. Sci. USA 2013, 110, 17474-17479. [CrossRef]

Silber, S. How ovarian transplantation works and how resting follicle recruitment occurs: A review of results
reported from one center. Women’s Health Lond 2016, 12, 217-227. [CrossRef]

Wallace, W.H.B.; Kelsey, T.W. Human ovarian reserve from conception to the menopause. PLoS ONE 2010, 5,
e8772. [CrossRef]

Tica, O.A; Tica, O.; Antal, L.; Hatos, A.; Popescu, M.I; Pantea Stoian, A.; Bratu, O.G.; Gaman, M.A.;
Pituru, S.M.; Diaconu, C.C. Modern oral anticoagulant treatment in patients with atrial fibrillation and heart
failure: Insights from the clinical practice. Farmacia 2018, 66, 972-976. [CrossRef]

Faddy, M. Follicle dynamics during ovarian ageing. Mol. Cell. Endocrinol. 2000, 163, 43-48. [CrossRef]
Ayuandari, S.; Winkler-Crepaz, K.; Paulitsch, M.; Wagner, C.; Zavadil, C.; Manzl, C.; Ziehr, S.C.; Wildt, L.;
Hofer-Tollinger, S. Follicular growth after xenotransplantation of cryopreserved/thawed human ovarian tissue
in SCID mice: Dynamics and molecular aspects. J. Assist. Reprod. Genet. 2016, 33, 1585-1593. [CrossRef]
Kawamura, K.; Kawamura, N.; Hsueh, A.]. Activation of dormant follicles: A new treatment for premature
ovarian failure? Curr. Opin. Obstet. Gynecol. 2016, 28, 217-222. [CrossRef]

Gavish, Z.; Peer, G.; Hadassa, R.; Yoram, C.; Meirow, D. Follicle activation and ‘burn-out’contribute to
post-transplantation follicle loss in ovarian tissue grafts: The effect of graft thickness. Hum. Reprod. 2014, 29,
989-996. [CrossRef]

Meirow, D.; Roness, H.; Kristensen, S.G.; Andersen, C.Y. Optimizing outcomes from ovarian tissue cryopreservation
and transplantation; activation versus preservation. Hum. Reprod. 2015, 30, 2453-2456. [CrossRef]

Celik, S.; Celikkan, ET.; Ozkavukcu, S.; Can, A.; Celik-Ozenci, C. Expression of inhibitor proteins that control
primordial follicle reserve decreases in cryopreserved ovaries after autotransplantation. J. Assist. Reprod. Genet.
2018, 35, 615-626. [CrossRef]

Dolmans, M.-M.; Cordier, F; Amorim, C.A.; Donnez, J.; Vander Linden, C. In vitro activation prior to
transplantation of human ovarian tissue: Is it truly effective? Front. Endocrinol. 2019, 10, 520. [CrossRef]
Suzuki, N.; Yoshioka, N.; Takae, S.; Sugishita, Y.; Tamura, M.; Hashimoto, S.; Morimoto, Y.; Kawamura, K.
Successful fertility preservation following ovarian tissue vitrification in patients with primary ovarian
insufficiency. Hum. Reprod. 2015, 30, 608-615. [CrossRef]

Donnez, J.; Dolmans, M.-M. Fertility preservation in women. N. Engl. |. Med. 2017, 377,1657-1665. [CrossRef]
Xia, X.; Yin, T,; Yan, J.; Yan, L,; Jin, C.; Lu, C.; Wang, T.; Zhu, X.; Zhi, X.; Wang, ].; et al. Mesenchymal stem
cells enhance angiogenesis and follicle survival in human cryopreserved ovarian cortex transplantation.
Cell Transplant. 2015, 24, 1999-2010. [CrossRef]

Andersen, C.Y,; Silber, S.J.; Berghold, S.H.; Jorgensen, ].S.; Ernst, E. Long-term duration of function of ovarian
tissue transplants. Reprod. Biomed. Online 2012, 25, 128-132. [CrossRef]

244



Medicina 2020, 56, 89

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Jensen, A.; Rechnitzer, C.; Macklon, K.; Ifversen, M.; Birkebak, N.; Clausen, N.; Serensen, K.; Fedder, J.;
Ernst, E.; Yding Andersen, C. Cryopreservation of ovarian tissue for fertility preservation in a large cohort of
young girls: Focus on pubertal development. Hum. Reprod. 2016, 32, 154-164. [CrossRef]

Wilkosz, P.; Greggains, G.D.; Tanbo, T.G.; Fedorcsak, P. Female reproductive decline is determined by
remaining ovarian reserve and age. PLoS ONE 2014, 9, €108343. [CrossRef]

Rosendahl, M.; Simonsen, M.; Kjer, J. The influence of unilateral oophorectomy on the age of menopause.
Climacteric 2017, 20, 540-544. [CrossRef]

Andersen, C.Y.; Kristensen, 5.G. Novel use of the ovarian follicular pool to postpone menopause and delay
osteoporosis. Reprod. Biomed. Online 2015, 31, 128-131. [CrossRef]

Yasui, T.; Hayashi, K.; Mizunuma, H.; Kubota, T.; Aso, T.; Matsumura, Y.; Lee, J.S.; Suzuki, S. Factors
associated with premature ovarian failure, early menopause and earlier onset of menopause in Japanese
women. Maturitas 2012, 72, 249-255. [CrossRef]

Herraiz, S.; Romeu, M.; Buigues, A.; Martinez, S.; Diaz-Garcia, C.; Gomez-Segui, I.; Martinez, J.; Pellicer, N.;
Pellicer, A. Autologous stem cell ovarian transplantation to increase reproductive potential in patients who
are poor responders. Fertil. Steril. 2018, 110, 496-505. [CrossRef]

Akahori, T.; Woods, D.C.; Tilly, J.L. Female Fertility Preservation through Stem Cell-based Ovarian Tissue
Reconstitution in Vitro and Ovarian Regeneration in Vivo. Clin. Med. Insights Reprod. Health. 2019, 13,
1179558119848007. [CrossRef]

Meng, Y.; Xu, Z.; Wu, E; Chen, W.; Xie, S.; Liu, J.; Huang, X.; Zhou, Y. Sphingosine-1-phosphate suppresses
cyclophosphamide induced follicle apoptosis in human fetal ovarian xenografts in nude mice. Fertil. Steril.
2014, 102, 871-877. [CrossRef]

Li, E; Turan, V.; Lierman, S.; Cuvelier, C.; De Sutter, P.; Oktay, K. Sphingosine-1-phosphate prevents
chemotherapy-induced human primordial follicle death. Hum. Reprod. 2013, 29, 107-113. [CrossRef]
Guzel, Y.; Bildik, G.; Dilege, E.; Oktem, O. Sphingosine-1-phosphate reduces atresia of primordial follicles
occurring during slow-freezing and thawing of human ovarian cortical strips. Mol. Reprod. Dev. 2018, 85,
858-864. [CrossRef]

Bedaiwy, M.A.; Hussein, M.R,; Biscotti, C.; Falcone, T. Cryopreservation of intact human ovary with its
vascular pedicle. Hum. Reprod. 2006, 21, 3258-3269. [CrossRef]

Nichols-Burns, S.M.; Lotz, L.; Schneider, H.; Adamek, E.; Daniel, C.; Stief, A.; Grigo, C.; Klump, D.;
Hoffmann, I.; Beckmann, M.W.,; et al. Preliminary observations on whole-ovary xenotransplantation as an
experimental model for fertility preservation. Reprod. Biomed. Online 2014, 29, 621-626. [CrossRef]

Kara, M.; Daglioglu, Y.K.; Kuyucu, Y.; Tuli, A.; Tap, O. The effect of edaravone on ischemia—-reperfusion
injury in rat ovary. Eur. ]. Obstet. Gynecol. Reprod. Biol. 2012, 162, 197-202. [CrossRef]

Brannstrom, M.; Milenkovic, M. Whole ovary cryopreservation with vascular transplantation—-A future
development in female oncofertility. Middle East. Fertil. Soc. ]. 2010, 15, 125-138. [CrossRef]

Maiani, E.; Di Bartolomeo, C.; Klinger, F.G.; Cannata, S.M.; Bernardini, S.; Chateauvieux, S.; Mack, F.;
Mattei, M.; De Felici, M.; Diederich, M.; et al. Reply to: Cisplatin-induced primordial follicle oocyte killing
and loss of fertility are not prevented by imatinib. Nat. Med. 2012, 18, 1172-1174. [CrossRef]

Kerr, J.B.; Hutt, K.J.; Michalak, E.M.; Cook, M.; Vandenberg, C.J.; Liew, S.H.; Bouillet, P.; Mills, A.; Scott, C.L.;
Findlay, ] K.; et al. DNA damage-induced primordial follicle oocyte apoptosis and loss of fertility require
TAp63-mediated induction of Puma and Noxa. Mol. Cell 2012, 48, 343-352. [CrossRef]

Sonigo, C.; Beau, I.; Binart, N.; Grynberg, M. Anti-Miillerian hormone in fertility preservation: Clinical and
therapeutic applications. Clin. Med. Insights Reprod. Health 2019, 13, 1179558119854755. [CrossRef]
Laronda, M.M.; Rutz, A.L.; Xiao, S.; Whelan, K.A.; Duncan, EE.; Roth, E.W.; Woodruff, TK.; Shah, RN. A
bioprosthetic ovary created using 3D printed microporous scaffolds restores ovarian function in sterilized
mice. Nat. Commun. 2017, 8, 15261. [CrossRef]

Luyckx, V.; Dolmans, M.M.; Vanacker, J.; Legat, C.; Moya, C.E; Donnez, J.; Amorim, C.A. A new step toward
the artificial ovary: Survival and proliferation of isolated murine follicles after autologous transplantation in
a fibrin scaffold. Fertil. Steril. 2014, 101, 1149-1156. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

245






medicina ﬁw\n\py

Atrticle
Timing between Breast Reconstruction and Oncologic
Mastectomy—One Center Experience

Adelaida Avino "2, Laura Riaducu -?-*, Licrimioara Aurelia Brinduse 3,
Cristian-Radu Jecan 12 and Ioan Lascar 4

1 Department of Plastic and Reconstructive Surgery, “Prof. Dr. Agrippa Ionescu” Clinical Emergency Hospital,

011356 Bucharest, Romania; adelaida.avino@gmail.com (A.A.); jecan.radu@gmail.com (C.-R.J.)
Department of Plastic and Reconstructive Surgery, Faculty of Medicine “Carol Davila” University of
Medicine and Pharmacy, 020021 Bucharest, Romania; ioan.lascar@gmail.com

Department of Public Health and Management, Faculty of Medicine, “Carol Davila” University of Medicine
and Pharmacy, 020021 Bucharest, Romania; l.brinduse@yahoo.com

Department of Plastic and Reconstructive Surgery, Emergency Clinical Hospital of Bucharest,

014461 Bucharest, Romania

*  Correspondence: raducu.laura@yahoo.com; Tel.: +40-723-511-985

Received: 28 December 2019; Accepted: 17 February 2020; Published: 20 February 2020

Abstract:  Background and objectives: Breast cancer is the most common cancer in women.
The immunohistochemical profile, but also the stage of the tumor determines the therapeutic
management, which varies from conservative surgery to mastectomy associated with chemotherapy,
hormonal and biological therapy and/or radiotherapy. Mastectomy remains one of the most radical
surgical intervention for women, having great consequences on quality of life, which can be improved
by realizing immediate or delayed breast reconstruction. The objective of the study was to evaluate
the period of time between the mastectomy and the breast reconstruction. Material and methods:
We performed a retrospective study on 57 female patients admitted to the Plastic Surgery Department
of the Clinical Emergency Hospital “Prof. Dr. Agrippa Ionescu”, Bucharest, Romania. All the patients
underwent immediate or delayed breast reconstruction after mastectomy for confirmed breast cancer.
Descriptive data analysis was realized with evaluation of type of breast reconstruction considering
the staging of the tumor, the invaded lymph nodes, and the necessity of adjuvant chemoradiotherapy.
Moreover, the median period between mastectomy and reconstruction was evaluated. Results:
The immediate breast reconstruction was performed in patients with stage I, in patients with stage II,
delayed reconstruction was performed after minimum six months, and the patients with stage III had
the breast reconstructed with free flap (50%), 8-43 months post-mastectomy. Radiotherapy determines
the type of breast reconstruction, in most of the cases the latissimus dorsi flap was used with implant
(22.6%). Conclusions: Breast reconstruction is an important step in increasing the quality of life for
women who underwent mastectomy after breast cancer. The proper timing for breast reconstruction
must be settled by a team formed by the patient, the plastic surgeon, and the oncologist.

Keywords: breast reconstruction; timing; mastectomy; adjuvant therapy; quality of life

1. Introduction

Breast cancer is affecting nowadays millions of women worldwide [1]. Unfortunately, the incidence
rate has an ascending trend [2]. It is considered to be a multifactorial disease, which is determined by
numerous factors, from genetic to environmental ones [1]. The most important step of the treatment
plan of breast cancer is surgery. Even if an increasing number of patients are diagnosed in early
stages and can benefit of breast-conservatory surgery, total mastectomy is performed in the majority of

Medicina 2020, 56, 86; doi:10.3390/medicina56020086 247 www.mdpi.com/journal/medicina
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cases [3]. It has been observed as an increasing tendency for immediate breast reconstruction, mostly
in women in whom bilateral mastectomy was performed [4].

The breast represents a part of a woman’s identity, symbolizing femininity, sexuality, beauty,
and motherhood. The post-mastectomy scars may have great effect on the body and mind of the
patients, especially in young women [5]. Breast reconstruction can be done using autologous tissue or
implants. The options of the surgical intervention are established taking into consideration factors
such as the type of mastectomy, adjuvant treatments, the body type of each individual, lifestyle,
acceptance of possible risks [6]. Another important decisional factor is the patient’s desire. The patient
is advised by the plastic surgeon, who explains the options of breast reconstruction. Autologous
reconstruction produces a more natural breast, which modifies with the variation of the body mass,
being used also after radiotherapy. Implant-based reconstruction is preferred for being quicker,
regarding the operating and recovery times [7]. The last method is considered to be the most performed
breast reconstruction technique worldwide. In some cases, a tissue expander is utilized prior to
the final implant [6]. The symmetry with the opposite breast is one of the final goals. Taking into
account the oncological safety, a contralateral breast lift, breast reduction, or augmentation can be
recommended to create a balanced result, increasing patient satisfaction [8]. The precise timing of
the reconstructive procedure is decided by a multidisciplinary team composed by an oncologist,
a radiotherapist, and a plastic surgeon.

In the last 10 years, many studies assessed the satisfaction and aesthetic outcome, in order to
highlight the factors for a favorable surgical outcome [7]. Yueh et al.(2010), reported that autologous
reconstructions are associated with higher patient satisfaction compared to prosthetic reconstruction [9],
a result substantiated by Franco et al.(2018), in a recent publication [10].

The aim of the study was to evaluate the proper timing for the reconstructive procedure for the
patients who underwent mastectomy.

2. Materials and Methods

We conducted a retrospective study on 57 patients admitted to the Plastic SurgeryDepartment of the
Clinical Emergency Hospital “Prof. Dr. Agrippa lonescu”, Bucharest, Romania, forbreast reconstruction
after mastectomy, within a period of 14 months (January 2018-February 2019). The inclusion criteria
were: gender (female patients), patients who underwent mastectomy for confirmed breast cancer,
immediate or delayed reconstructions. The patients who did not have available pathological data,
those who presented local, post-radiotherapy trophic lesions, or metastases were excluded from
the study. All data were taken from surgical operating files, medical letters, postoperative records.
The preoperative data comprised demographic information, smoking history, but also comorbidities.
The histopathological details of the tumor and adjuvant therapies were registered. The different
surgical techniques and postoperative complications were analyzed.

Statistical analysis was performed using the SPSS software, version 23.0 and statistical significance
was defined as p < 0.05. The results were presented as the mean and standard deviations for
quantitative variables and as numbers and frequencies for qualitative variables. In order to study
the differences among different types of reconstruction techniques, the chi square test was analyzed
for qualitative variables, and one-way ANOVA for quantitative variables, respectively. Multivariate
analysis was constructed to identify factors associated with the length of time between mastectomy
and reconstruction. Covariates for multivariate analysis were selected based on bivariate analyses
and included stage of breast cancer, number of affected lymph nodes, and unilateral or bilateral
breast cancer.

Local ethical agreement and informed consent of the patient were obtained.

3. Results

Fifty-seven cases of immediate or delayed breast reconstructions were performed throughout
the period of the study. The average age at primary surgery was 46.74 years (range 37-56 years).
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From all the patients, 52 were living in an urban area and 16 were smokers. Regarding the breast
tumors, in 28 cases ductal carcinoma was discovered, in 21 patients lobular carcinomas, and other
types of cancer in eight patients. Twenty-two patients presented stage II cancer, stage III appeared
in 18 cases, and stage IV was described for one patient. Axillary lymph node dissection was done in
44 cases, lymph nodes being invaded in 31 individuals (Table 1). Chemotherapy was recommended
for 48 patients and radiotherapy for 31 patients. Hormone therapy was indicated in 32 cases. From
57 patients, unilateral breast reconstruction was performed in 46 patients, 10 underwent autologous
tissue reconstruction (DIEP free flap). The remaining 48 patients experienced implant-based breast
reconstruction: 11 latissimus dorsi flap with implant, 13 expander and implant, five expander Becker,
and in 18 cases only implants were used.

Table 1. Variables of the study group.

Variable. N (%)
Axillary Lymphadenectomy 44 (77,2)
Invaded lymph nodes
0 26 (45,6)
1-3 13 (22)9)
49 17 (29,7)
>10 1(1L8)
Chemotherapy 48 (84,2)
Radiotherapy 31 (54,4)
Hormonal therapy 32 (56,1)
Unilateral 46 (80,7)
Bilateral 11 (19,3)
Type of reconstruction
Implant 18 (31.6)
Expander-implant 13 (22.8)
Latissimus dorsi flap + Implant 11 (19.3)
Free flap 10 (17.5)
Latissimus dorsi flap + Becker Expander 5(8.8)
Complications 15 (26,3)

Period of time between mastectomy and

reconstruction (median+SD) (months) 11,89 £9,11

There was a statistically significant association between unilateral mastectomy and implant-based
reconstruction (p = 0.003). The least used was expandable breast implant insertion (10.9%). Moreover,
there was an association between bilateral mastectomy and immediate breast reconstruction (Table 2).

In addition, there was a statistically significant association between the stage of the tumor and the
type of breast reconstruction (p < 0.001).The implant-based breast reconstruction was used in all the
patients with stage I, immediate reconstruction being decided in eight cases (50%). In stage II, delayed
reconstruction was performed after minimum six months and the most common intervention was
latissimus dorsi flap with implant (36.4%). The patients with stage III had the breast reconstructed
with free flap (50%), 8-43 months post-mastectomy. The timing between mastectomy and breast
reconstruction was determined also by the histological type of the tumor, 17.07 months in case of ductal
carcinoma and 7.524 months in case of lobular carcinoma.

Radiotherapy influenced the type of breast reconstruction, a significant correlation between them
(p = 0.001) being discovered; latissimus dorsi flap with implant was used most frequently (22.6%).
Furthermore, the mean duration of hospitalization was strongly associated with the reconstructive
intervention (p = 0.003).A significant association between postoperative complications and the type of
the reconstructive procedure was noticed (p = 0.001). The complications were observed in patients
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with latissimus dorsi flap (46.7%), but also in those with free flap (33.3%). Wound dressings were used
to heal the lesions.

There was a significant correlation between chemotherapy and breast reconstruction (p = 0.049),
but there was not a significant correlation between smoking and type of reconstructive procedure
(p =0.077).

Table 2. Type of reconstruction depending on different variables.

Type of Reconstruction

Implant Expander + Implant Latissimus Dorsi + Implant Free Flap Latissimus + Expander Becker Value
N (%) N (%) N (%) N (%) N (%) v
Unilateral 9(19.6) 12 (26.1) 10 (21.7) 10 (21.7) 5(10.9) 0003
Bilateral 9 (81.8) 1(9.1) 1(9.1) 0(0.0) 0(0.0) :
Complications 1(6.7) 0(0.0) 7 (46.7) 5(33.3) 2(133) 0.001
Stage
I 13 (81.2) 3(18.8) 0(0.0) 0(0.0) 0(0.0)
1T 4(18.2) 6(27.3) 8(36.4) 1(4.5) 3(13.6) <0.001
1 1(5.6) 4(222) 3(16.7) 9 (50.0) 1(5.6)
v 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0)
Radiotherapy 4(129) 6 (19.4) 7 (22.6) 1(323) 4(12.9) 0.001
Chemotherapy 12 (25.0) 10 (20.8) 11 (22.9) 10 (20.8) 5(10.4) 0.049
Smoking 4(25.0) 4(25.0) 5(31.2) 0(0.0) 3(18.8) 0.077
Hospitaldays =g (1, 4 101+36 155+56 137 +49 126442 0.003
(mean + SD)

4. Discussion

Breast cancer is one of the most frequent types of malignancies in women, among lung and
colorectal cancer. Thirty percent of all new discovered tumors are breast cancer. Breast reconstruction
methods are increasingly performed all over the world. From 2000 to 2016 their number increased
with 39%. The most common procedure was the implant-based breast reconstruction. Less than 25%
of the patients have immediate reconstruction after mastectomy [11].

In our study, 16 patients were diagnosed with stage I breast cancer and half of them had immediate
breast reconstruction with implants (Figure 1). Nipple-sparing mastectomy (NSM) was performed
in eight women using a surgical incision in the inframammary fold, five of them had contralateral
prophylactic mastectomy, with positive BRCA genes. In three patients, delayed reconstruction with
expander was decided. The others had delayed intervention with implants. The reconstructions were
performed 3-12 months after mastectomy. None of the patients had radiotherapy. Seven patients
had chemotherapy and two of them received also hormonal therapy. One patient presented a minor
complication, a seroma.

In patients with stage I breast cancer, the surgical steps have changed over the years, from
radical to nipple-sparing mastectomy, increasing the reconstructive and aesthetic results. Even though
NSM was considered to have a high oncologic risk, it has been accepted as a reconstructive option
in selected patients [12]. This technique is used in younger patients with early breast cancer stages
or after prophylactic mastectomy [13].It can be done in one or two surgical steps, but most of the
surgeons prefer the one-stage method due to its low overall costs, outstanding outcomes, and low
revision rates [12]. Regarding complications, initially, skin and nipple necrosis were considered to
be too high, but after being used worldwide, it was emphasized that these two complications have
a rate up to 10% and can be treated conservatively, saving the nipple. The most important steps to
avoid complications are to make the incisions far from the nipple and to use the inframammary fold,
this being demonstrated by Garwood et al. (2009), but also by Colwell et al.(2014) in their studies [13].
In our clinic, this intervention is starting to be used with high frequency due to the fact the patients are
presenting in early stages of the disease. Moreover, acellular dermal matrix can be used in immediate
reconstruction, to guarantee an optimal placement of the implant [14].
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(@ (b)

Figure 1. Patient with right breast cancer, stage Iwho underwent bilateral nipple sparing mastectomy
with immediate reconstruction. (a) Preoperative photo. (b)Four months postoperative photo.

Twenty-two patients had stage II breast cancer and half of them had invasion of three axillary
lymph nodes. The reconstruction was indicated after minimum six months after mastectomy, only one
patient presented after 26 months. The reconstruction was performed using all five methods described
in the study, depending on the surgeon’s decision, but also patient’s desire: One case of free flap,
four cases of delayed reconstruction with implants, eight interventions combining autogenous tissue
(pedicled latissimus dorsi flap) with implants (Figure 2), and nine were based on expanders, out of which
five were with Becker expander. Postoperative complications, wound dehiscences, were observed in
patients with latissimus dorsi flap. Special dressings with silver were used to accelerate the healing [15];
fortunately, nowadays there are a lot of modern dressings that aid the cure, reducing pain and local
discomfort [16].

(b)

Figure 2. Patient with right breast cancer, stage Il who underwent mastectomy. (a) Post-mastectomy
photo. (b) Outcome of delay breast reconstruction with pedicled latissimus dorsi flap and implant
shown four months postoperatively.

Concerning the 18 patients with stage I1I, the reconstructive procedure was performed 8-43 months
post-mastectomy, using free flaps in half of the cases (Figure 3). All the patients presented invasive
ductal carcinoma, with at least three invaded lymph nodes. All had chemoradiotherapy. From all
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18 patients, the youngest was 30 years old and the eldest 63 years old. In four cases, the breast
reconstruction was performed with an expander and in three cases with latissimus dorsi flap and
implant. Taking into consideration the complications, we encountered a partial necrosis of one DIEP
flap, which was excised early and the defect was covered with a local skin flap.

(b)

Figure 3. (a) Preoperative photo of patient with previous right mastectomy and subsequent radiation

treatment. There is inadequate skin surface area to cover a reconstructed right breast. (b) Outcome of
delayed right breast reconstruction with deep inferior epigastric perforator (DIEP) flap shown eight
months postoperatively.

The patients with stage IV breast cancer do not consider reconstruction after mastectomy as
an option, even if new modern therapies against metastasis are available. Their appreciation is that
the reconstruction does not have value. However, systemic metastasis is not a contraindication to
reconstruct the breast. A proper therapeutic management must be done [17,18]. In our clinic, we had
one patient with stage IV breast cancer, with bone metastasis, who had chemoradiotherapy prior to
the reconstruction. Her response to the adjuvant therapy was favorable and due to the fact that she
was only 42 years old she asked for reconstruction. In her case, the decision was to use latissimus
dorsi myocutaneous flap associated with a Becker expander implant. The intervention was performed
32 months post-mastectomy. No complications were observed postoperatively.

Another factor taken into consideration in our study was smoking. Due to the fact that smoking
is a contraindication for immediate breast reconstruction, determining skin necrosis and infection [19],
none of the smokers had this type of reconstructive procedure.

Another important factor in breast reconstruction is the proper timing after mastectomy. In our
study, only 17 patients underwent the reconstruction procedure in the first six months. They had
no invaded lymph nodes. In a study made by Lee et al. in 2015, it was demonstrated that the
moment of the reconstructive procedure is settled mainly by patient preference, the plastic surgeons
taking the responsibility for the best aesthetic result [20], but also by the necessity of postmastectomy
radiotherapy [21]. Moreover, the decision of this intervention must be taken after consulting the
oncologist [20]. In our study, none of the patients had postmastectomy radiotherapy. According to
the stage of breast cancer, immediate reconstruction can be indicated for patients with stage O, I, or
ITA. Those with early stage malignancy represent up to 70% of women who go through mastectomy.
The new technique of nipple-sparing mastectomy gives an improved outcome and an excellent feedback
from the patients. The diagnosis of breast cancer can be overwhelming, especially when the patients
are diagnosed in stage IIB or III. Initially, patients focus on adjuvant therapies and lately they take into
consideration post-mastectomy reconstruction, so, in these cases the procedure is delayed [21].
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In our study, we highlight that it is possible to accurately predict the duration between mastectomy
and reconstruction based on the stage of the disease, the number of affected lymph nodes, and the
unilateral or bilateral breast involvement. The most important predictor is the stage of the disease
(50%), followed by the number of lymph nodes (25%) and the unilateral or bilateral involvement (24%)
(Figure 4).

PREDICTOR IMPORTANCE
TIMING BETWEEN MASTECTOMY AND BREAST RECONSTRUCTION

STAGE

INVADED LYMPH
NODES

UNIBILATERAL
o a2 o s a
Uni/Bilateral Stage
r
Least important Most important

Figure 4. Predictor importance—Timing between mastectomy and breast reconstruction.

For plastic surgeons, breast reconstruction is a main step in the management of treatment, due to
its benefits and impact on the quality of life of patients diagnosed with breast cancer. Worldwide,
there are many countries with a low rate of this intervention, even if there are national programs to
promote it. Regarding the geographic location, the patients from the rural area are associated with poor
chances of having breast reconstruction [22]. In our study, only five patients were from a rural area.
In Romania, there is a national program for breast reconstruction after oncologic surgery that covers
the prosthesis. The surgical intervention is viewed as a reconstructive procedure, so it is covered by the
national health insurance. Unfortunately, breast symmetry is considered to be an aesthetic procedure
and it can be performed only in private hospitals.

5. Conclusions

Breast cancer is affecting more and more young women. New interdisciplinary protocols are
developing for the best therapeutic management, maximizing the outcomes. The timing for breast
reconstruction is important, but the decision must be taken after a strong collaboration between the
patient, the oncologist, the radiotherapist, and the plastic surgeon.
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Abstract: Background and Objectives: Skin cancer is one of the most frequently diagnosed malignancies.
The main goal of the therapeutic management is total excision with the prevention of recurrence
and metastasis. The quality of life of the patients with skin cancer is affected by the morbidity risk,
surgery, and cosmetic or functional aspects. The aim of this study was to evaluate the quality of
life of patients with skin cancer prior to and post surgical intervention. Material and methods: We
performed a prospective study on 247 patients with skin tumors. Quality of life was evaluated
through an initial questionnaire that was given to all consenting patients. This was used to determine
patients” mobility, selfcare, normal activities, pain, and despair, using a five-point Likert scale. The
general autoperceived health state was also recorded using a 100-point scale. The study included
the responses of all patients at hospital admission, after one month of surgery, and after one year of
surgery. Results: In patients with squamous cell carcinoma (SCC), the general health state indicator
statistically significantly decreased one month after surgery and increased at one-year follow-up. In
malignant melanoma (MM) patients, mobility, selfcare, normal activities, and discomfort presented a
decrease in values one year after surgery, compared to the values registered at hospital admission.
In patients with basal cell carcinoma (BCC), all indicators of quality of life presented an impaired
value one year after surgery, after a decreasing trend. The general health state indicator statistically
significantly increased one month after surgery and after one year. Conclusions: Surgery is one of the
main steps in treating skin cancer. It has a great impact on patients’ quality of life because of pain
andthe effect on mobility and normal activities. Skin cancers influence the quality of life of patients
both psychologicallyand physically.

Keywords: skin cancer; squamous cell carcinoma; basal cell carcinoma; malignant melanoma; surgery;
quality of life
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1. Introduction

Skin cancer is considered to be an important public health issues worldwide. The most frequently
diagnosed cancers are nonmelanoma skin cancer (NMSC) and cutaneous malignant melanoma (MM) [1].
NMSC represents a group of cutaneous lesions that do not derivefrom melanocytes. The most common
forms of NMSC are squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) [2]. In addition, it
has been described the actinic keratosis (AK), which is a cutaneous lesion that can transform into SCC.
It appears especially because of excessive ultraviolet exposure [3]. MM causes up to 80% of deaths
related to cutaneous malignancy, representing 16% of the diagnosed neoplasia worldwide [4].

In recent decades, the cornerstone of the assessment of cancer treatment efficacy was the survival
rate, as well as the recurrence or complication rates. Nowadays, the focus is also on the impact of
the disease on patients’ quality of life (QoL) [5]. The consequences of the malignancy on patients’
psychosocial behavior can be assessed during three phases: at diagnosis, during treatment, and during
long-term follow-up. Many factors, such as emotional, physical, aesthetic, or functional concerns
regarding treatment, can significantly affect morbidity, mortality, survival rates, or prognoses. Both
NMSC and MM are related to high levels of distress or behavioral alteration [6], from the impact
of the scars to the diagnosis of malignancy. All these can affect patients’ ability to leada fulfilling
life. Moreover, up to 25% of newly diagnosed individuals with neoplasia present symptoms of
depression [7].

The aim of this study was to evaluate the impact on the QoL of the patients with skin cancer
prior to and post surgical intervention using the health-outcome questionnaireEQ-5D-5L (EuroQol 5
dimensions 5 levels).

2. Materials and Methods

We conducted a prospective study on 247 patients admitted in the Plastic Surgery Department of
the Clinical Emergency Hospital “Prof. Dr. Agrippa Ionescu,” Bucharest, Romania, with skin cancer,
over a period of 24 months (January 2017 to December 2018). The inclusion criteria were age >18 years,
and a current diagnosis of BCC, SCC, MM, or AK, which was considered a precancerous lesion. The
preoperative data comprised demographic information, smoking history, and comorbidities. The
histopathological details of the tumor and adjuvant therapies were registered. All patients filled out
the EQ-5D-5L questionnaire to describe their perceived QoL.

Statistical analyses were performed using the SPSS software version 19.0 (SPSS Inc., Chicago, IL,
USA). For all continuous data, a preliminary statistical analysis was performed in order to test the
normality (Smirnov-Kolmogorov test). For nonnormally-distributed variables and noncontinuous
data, the comparisons between groups were performed using nonparametric tests (Fisher’s Exact Test,
Chi-square Test, and Mann-Whitney U test), while for the normally-distributed data, Student’s t-test
and pairedsamples f-test were used. In addition, correlations between different measurements were
determined using the Spearman correlation coefficient. Multilinear regression models were constructed
with log-transformed variables. All differences and associations were considered statistically significant
if the two-sided p-value was less than 0.05 (95% confidence intervals (CI)).

Local ethical agreement and informed consent of the patients were obtained. The number of the
document from the Ethical Commission of Clinical Emergency Hospital “Prof. Dr. Agrippa Ionescu”
is 1736615, 05.08.2014.

3. Results

The age of the 247 enrolled patients ranged between 26 and 96 years, with amean of 68 + 13 years.
Among the enrolled patients, 142 (58%) were men and 105 (42%) were women. Moreover, 161 (65%)
were from urban areas, and 86 (35%) from rural areas. For the statistical analyses, we considered the
following subgroups based on the types of skin cancer: SCC group, MM group, BCC group, and AK
group (Table 1).
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Table 1. Comparative demographic data of the subgroups.

Squamous Cell Malignant Basal Cell Actinic Keratosis
Carcinoma (SCC) Melanoma (MM) Carcinoma (BCC) (AK) Group
Group (n = 38) Group (n = 20) Group (n =168) (n=21)
Age (mean + SD) 74.47 +13.24 56.50 + 18.53 68.67 + 11.02 67.90 + 16.20
Gender
Male 26 (68%) 12 (60%) 91 (54%) 13 (62%)
Female 12 (32%) 8 (40%) 77 (46%) 8 (38%)
Residence
Urban area 21 (55%) 18 (90%) 105 (62%) 17 (81%)
Rural area 17 (45%) 2 (10%) 63 (38%) 4 (19%)

The mean age of the patients in the MM group was statistically significantly lower than that in all
the other groups (f-test, p < 0.05 for all comparisons). There was no statistically-significant difference
between the subgroups regarding gender structure (Fisher’s Exact Test, p > 0.05). Regarding the
residence area, the structures of the MM group and the AK group were significantly different from
the other two groups: the patients in those groups were mostly from urban areas (Fisher’s Exact Test,
p =0.008 and p = 0.003 for MM compared to SCC and BCC, p = 0.014 and p = 0.034 for AK compared to
SCC and BCC).

We also compared the localization of the tumor, the maximum tumor diameter, solar exposure,
and the skin type between the four groups. Because the maximum tumor diameter does not follow a
normal distribution, median and range are reported (Table 2). The maximum tumor diameter was
significantly lower in BCC and AK groups, compared to SCC and MM groups (Mann-Whitney Test,
p <0.001), and there was no significant difference between BCC and AKgroups (Mann-Whitney Test,
p = 0.377). The distribution of the sun exposure in SCC, BCC, and AK groups was similar, with
prevalence in the “frequent” category. The amount of sun exposure in the MM group was particularly
different, with equal prevalence in both categories. Skin type distribution among the patients in the
four groups presented no significant differences (Chi-square Test, all p-values > 0.05); skin types 2 and
3 were most prevalent in all groups.

Table 2. Maximum tumor diameter, solar exposure, and skin type between the subgroups.

SCC Group MM Group BCC Group AK Group
(n =38) (n = 20) (n =168) (n=21)

Maximum tumor diameter

(median and range) 225(07-45) em  225(0.6-9.5)cm 145 (0.3-6)cm 1.8 (0.3-3.8) cm

Sun exposure

frequent 33 (87%) 10 (50%) 109 (65%) 17 (81%)
less frequent 5 (13%) 10 (50%) 59 (35%) 4 (19%)
Skin type
1 2 (5%) 0 (0%) 3 (2%) 1 (5%)
2 15 (40%) 13 (65%) 98 (58%) 13 (62%)
3 17 (45%) 6 (30%) 66 (39%) 6 (28%)
4 4 (10%) 1(5%) 1 (1%) 1 (5%)

In our study, the QoL was assessed using a five-point Likert scale (from 1 to 5, 1 indicating
no impairment, and 5 indicating the most severe state) for mobility, selfcare, normal activities, pain
(discomfort), and despair (Table 3). The general autoperceived health state was also recorded using
a 100-point scale (100 representing the best health state). The study includes the responses of all
patients at hospital admission, after one month of surgery, and one year after surgery. In order to
determine the parameters that affect the indicators of the QoL, we considered the correlations between
several variables, such as age, gender, skin type, diabetes, chronic heart failure, tumor localization,
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tumor diameter, type of surgery, and the presence of other tumors. Only the statistically-significant
correlations are presented.

Table 3. Comparison of quality of life between groups.

SCC Group MM Group BCC Group AK Group
(n =38) (n =20) (n =168) (n=21)
Mobility
Hospital admission 126 0.6 1.60 = 0.38 1.14 £ 0.35 1.10 = 0.34
After one month 1.16 + 0.37 1.75 + 0.58 1.10 +£ 0.3 1.08 + 0.27
After one year 1+0.00 1.35+0.58 1+0.00 1+0.00
Selfcare
Hospital admission 245+ 0.5 2+091 2.10 £ 0.62 2.10 £ 0.39
After one month 1.97 + 0.54 2.05+ 0.6 143 +0.5 139+ 0.5
After one year 1.05 +0.22 1.40 + 0.59 1.05 +0.21 1+0.00
Normal activities
Hospital admission 2.68 +0.62 2.05 +0.99 2.38 + 0.66 2.29 +0.46
After one month 2.11 £ 0.55 2.20 +0.61 1.67 +0.73 1.46 + 0.52
After one year 1.05 +0.22 1.70 + 0.65 1+0.00 1.01 + 0.07
Pain/discomfort
Hospital admission 2.58 +0.55 2.05 +0.94 243 +0.5 2.26 +0.47
After one month 1.87 +0.34 2 +0.45 1.57 + 0.5 1.41 +0.49
After one year 1+0.00 1.55 + 0.60 1+0.00 1+0.00
Despair
Hospital admission 2.89 + 0.69 210+ 0.71 4+0.77 4.23 +0.63
After one month 3.95+0.92 4.70 £ 0.57 2.14 +£0.57 2.10 £ 0.44
After one year 1.58 + 0.5 2.75 +0.44 1+0.00 1+0.00
General health state
Hospital admission 48.95 +9.25 78 +12.8 319 +£7.49 29.20 + 6.64
After one month 30.13 + 10.55 21.5+8.75 57.14 +£9.56 59.35 +7.02
After one year 83.16 +7.74 59 +9.67 91.9 +£7.49 94.46 + 6.63

We analyzed the QoL between the groups as follows.

Mobility: There were no significant differences between the groups.

Selfcare: After one month of surgery, there wasa statistically-significant difference between SCC
and MM groups and BCC and AK groups (t-test, p < 0.001). The values in BCC and AK groups were
significantly lower than those in SCC and MM groups. After one year of surgery, the value in the MM
group wassignificantly lowerthanthose in the other groups (t-test, p = 0.003, p = 0.021, and p = 0.034).

Normal activities: At hospital admission, the value in the MM group was significantly lower
than those in theother groups (t-test, p < 0.001). After one month of surgery, the SCC and MM groups
had significantly higher values than those in BCC and AK groups (f-test, p = 0.013). After one year
of surgery, the value in the MM group was still significantly higher than those in the other groups
(p <0.001).

Pain/discomfort: After one month of surgery, there was a statistically-significant difference
between SCC and MM groups and BCC and AK groups (t-test, p = 0.012). After one year of surgery,
the value in the MM group was still significantly higher than those in the other groups (p < 0.001).

In the SCC group, all indicators of the QoL presented impaired values one year after surgery,
after a decreasing trend (from the values registered at hospital admission), with statistically-significant
differences (paired samples t-tests, all p-values < 0.05). The despair indicator slightly increased after
one month of surgery, due to the impact of the histopathological result as well as the scars. The general
health state indicator statistically significantly decreased after one month of surgery, and statistically
significantly increased after one year (paired samples -tests, p = 0.021 and p < 0.001, respectively).
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In the MM group, the mobility, selfcare, normal activities, and pain/discomfort presented a
decrease in values one year after surgery, compared to the values registered at hospital admission, with
statistically-significant differences in selfcare (paired samples t-tests, p = 0.007). The despair indicator
statistically significantly increased after one month of surgery (paired samples ¢-test, p = 0.005), and
remained significantly higher than at hospital admission after one year (paired samples t-test, p = 0.006),
due to the impact of being diagnosed with MM. Also, the general health state significantly decreased
after one month of surgery (paired samples t-test, p < 0.001), and remained lower after one year,
compared to the hospital admission value (paired samples t-test, p < 0.001).

In the BCC group, all indicators of the QoL presented impaired values one year after surgery,
after a decreasing trend (from the values registered at hospital admission), with statistically-significant
differences, except for mobility (paired samples t-tests, all p-values < 0.05). The general health state
indicator statistically significantly increased one month after surgery and after one year (paired samples
t-tests, p < 0.001).

In the AK group, all indicators of the QoL presented impaired values (1 or very close to 1) one
year after surgery, after a decreasing trend (from the values registered at hospital admission), with
statistically-significant differences, except for mobility (paired samples t-tests, all p-values < 0.05). The
general health state indicator statistically significantly increased after one month of surgery and after
one year (paired samples f-tests, p < 0.001).

4. Discussion

The incidence of MM and NMSC is increasing worldwide, becoming an issue for the healthcare
systems due to treatment costs and morbidity [8]. The increased rate is related to the fact that in recent
years, awareness of this disease has increased among patients and physicians. The number of surgical
excisions of the skin tumors with confirmed histopathology has grown. Protocols have been created
for the management of skin cancer for proper treatment and to prevent the disease [9]. Moreover, new
studies are assessing the QoL of the patients diagnosed with skin cancer [10].

The factors that influence the QOL in patients with skin cancer are the diagnosis of the disease,
surgical intervention, and scars. It must be highlighted that most of the NMSC appear on sun-exposed
areas, such as the face, neck, and upper limbs [11]. These locations can lead to difficulties in the
oncologic surgical excision with the best functional and aesthetic outcome [8]. In addition, the lesions
can lead topain and pruritus, causing functional limitations [10]. In the case of MM, the main step of
the treatment is the surgical excision, followed by the sentinel lymph node, depending on the staging
of the disease [12]. Thus, the majority of skin cancers are surgically excised. In the case of positive
surgical margins or recurrence, the patients must undergo a new surgical procedure. These facts
change the daily routine and also have a financial impact. Postoperatively, more and more patients are
complaining about scarring [10,13].

In our study, 38 patients presented SCC. The lesions appeared especially in elderly patients. In
older individuals, comorbidities were associated, such as arterial hypertension and chronic heart
failure [14,15]. The surgical excision was done with 0.6 cm safety margins, and the defects were covered
with skin grafts or local flaps. A total of 10 patients had the lesion on the lower lip. The defects were
covered with advanced flaps for a good functional result. Even if SCC of the lower lip is an invasion
lesion, it does not have the same rate of metastasis as the Merkel cell carcinoma of the lower lip [16].
The QoL was affected one monthafter surgery, mostly because of the histopathological results as well
asthe aesthetic and functional outcome.

In the 168 patients who were diagnosed with BCC, the excision was performed with 0.4 cm
oncologic margins. Depending on the dimension of the tumor, a primary suture was preferred,
followed by local flaps and skin grafting. In patients who presented wound dehiscence, a gel with
polyhexanidine was used, due to its antiseptic properties [17]. Our patients reported an excellent QoL
one year aftersurgery, without local recurrence.
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A study conducted by Rhee et al. (2014) on 121 patients demonstrated that the QoL of patients with
SCC is more affected in comparison to those with BCC, due to the fact that SCC is a more aggressive
lesion that can lead to metastasis, and has a more invasive treatment [18].

A total of 21 patients had AK, with good reports of the QoL after one year. Philipp-Dormston et al.
(2018) demonstrated that the progression from AK to SCC is associated with a significant reduction in
QoL [2]. In our study, none of the patients with AK presented SCC after one year.

In the MM group, the QoL showed a significant decrease, with no additional increase, even
after one year. The general health state had a very strong decrease after one month, and remained
lower after one year, compared to the hospital admission value. The excision was performed with
0.5 cm at diagnosis, and reexcision was made with 1- or 2-cm oncologic margins, depending on the
Breslow depth. The defects were covered with local flaps. Chernyshov et al. (2019) in their QoL report
highlighted thatpatients with MM showed an increased physical functioning and bodily pain [19]. In
addition, Newton-Bishop et al. (2014) demonstrated that the excision of the MM with more than 2 cm
had a significant impact on the QoL, mostly in young patients and women [20]. The impact is higher
if the melanoma is on the face, due to the scars resulting from the surgical excisionand the lymph
node dissection.

5. Conclusions

Skin cancer is one of the most common types of malignancies, with a rapidly increasing incidence
every year, affecting patients” QoL. Questionnaires evaluating the QoL are important and should be
used by physicians as an outcome measure.
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Abstract: Introduction: Extended pelvic resection might be the option of choice in patients presenting
locally advanced cervical cancer. However, the possibility of a co-existence of an ectopic, pelvic
kidney that is invaded by such a tumor is extremely rare. Case Presentation: A 54-year-old female
patient, diagnosed with locally advanced cervical cancer in the presence of a pelvic kidney, was
submitted to surgery with curative intent. A large, abscessed cervical tumor invading the urinary
bladder and the rectum was found, so a total exenteration was planned. Intraoperatively, tumor
invasion of the left kidney, which was found in an ectopic, pelvic position was also encountered;
therefore, total pelvic exenteration in association with a left nephrectomy was successfully performed.
Conclusions: The presence of an ectopic, pelvic disposition of the kidney makes it susceptible to be
invaded by locally advanced pelvic tumors; in such cases, a nephrectomy might also be needed.

Keywords: ectopic kidney; locally advanced cervical cancer; nephrectomy

1. Introduction

An ectopic kidney refers to the situation in which developmental arrest of the renal ascent is
encountered, leading to the location of this viscus in the pelvic, iliac or abdominal area [1]. Most often,
a pelvic kidney is situated opposite to the sacrum bone and below the aortic bifurcation and presents
an incomplete rotation [2]. Such cases also present certain modifications with regard to the length
and disposition of the ureter and vascular supply: In up to half of these patients, a certain degree
of hydronephrosis can be encountered, while the renal arteries can arise from the distal aorta, aortic
bifurcation, common or external iliac arteries or even from the inferior mesenteric artery [1,2]. Therefore,
its pelvic location makes it susceptible to be invaded by all the tumoral processes of pelvic origin, while
the surgical approach can be significantly influenced. The incidence of this anatomical particularity is
estimated to be one in 2100 to 3000 cases [3].
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2. Case Presentation

This study was approved by the hospital ethical committee (the ethical code number was
93/21.8.2019). A 54-year-old postmenopausal female patient was investigated for diffuse pelvic pain,
vaginal bleeding and fever, and was diagnosed with a large cervical tumor invading the rectum and
the urinary bladder, in association with a massive peritumoral abscess. In the meantime, a left pelvic
kidney, with no demarcation line with the tumoral process, was described during the preoperative
computed tomography scan. At the time of presentation, the patient presented constant vesperal fever
in association with biological inflammatory syndrome. Due to the finding of a large pelvic abscess
in association with the clinical-biological condition of the patient, surgery as the first therapeutic
intention was decided. Intraoperatively, a large pelvic tumor invading the rectum and the urinary
bladder, in association with local perforation and a secondary abscess, was found. In the meantime,
invasion of the upper renal pole was also certified (Figures 1-4).

Figure 2. The aspect after tumoral mobilization—presence of ureteral invasion as well as renal invasion.
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Figure 3. The aspect after rectal sectioning and posterior dissection of the tumor.

Figure 4. The final aspect after mobilization of the tumor en bloc with the left kidney and lymph
node dissection.

Therefore, total exenteration en bloc with a nephrectomy, as well as pelvic and para-aortic lymph
node dissection was performed. The right ureter was exteriorized in a right terminal cutaneous
ostomy, while the terminal end of the sigmoidian loop was exteriorized in a left cutaneous colostomy.
The decision of not re-establishing the continuity of the digestive or urinary tract was taken due to the
association of the tumoral perforation with a secondary pelvic abscess. The postoperative outcome
was uneventful, the patient being discharged in the 14th postoperative day. The histopathological
studies confirmed the presence of a moderately differentiated squamous cell carcinoma originating
from the uterine cervix. At the one-month follow-up, the patient was referred to the oncology service
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in order to be submitted to adjuvant therapy and presented a satisfactory urinary function, with a
mean level of creatinine of 1.2 mg/dL.

3. Discussion

Patients presenting ectopic kidneys with pelvic localization usually are at risk of developing
hydronephrosis; therefore, in such cases, association of a pelvic malignancy can pose serious problems
in terms of establishing whether the ureteral dilatation is induced by tumoral invasion or is the
consequence of the pelvic disposition of the kidney [1,4]. So, clarification between the two situations
should be carried out in order to correctly classify and stage the patient before deciding the therapeutic
strategy [5,6]. In the case presented, the invasion was evident and affected the parenchymal area of
the kidney and not the ureter, therefore a nephrectomy was needed. However, this circumstance of a
pelvic kidney in association with cervical cancer has been rarely reported so far, with only a few case
reports having been published. The most relevant ones are summarized in Table 1.

Interestingly, in the case reported by Ripley et al., the patient presented a pelvic kidney as the
result of a previous kidney transplant; in this case, the radiation field could be established in a manner
which avoided the renal involvement [7]. Similarly, in Abouna’s case report the patient also had been
submitted nine years previously for a kidney transplantation, but in this case the therapeutic strategy
when the cervical cancer was encountered was different and consisted of a renal replacement in the
upper abdomen and revascularization by the use of a splenic artery followed by radiation therapy [8].

Another important issue that should be underlined in such cases is the one related to irradiation;
Ppatients presenting an association of a pelvic kidney and a locally advanced cervical tumor cannot
be submitted to radiotherapy without risking injury to the kidney [9,10]; therefore, in such cases,
including the kidney into the radiation field increases the risk of developing malignant hypertension
and increases the chances to necessitate a therapeutic nephrectomy [9-13]. In such cases, certain authors
proposed performing radical surgery followed by repositioning the kidney out of the pelvic area, in
order to allow the patient to be further on submitted to the adjuvant treatment [14]. The first case of a
patient presenting a pelvic kidney in association with cervical cancer, in whom the authors decided
for a radical hysterectomy and kidney fixation in an extrapelvic area, followed by radiotherapy, was
reported in 1980 by Rosenheim et al. [4]. However, in our case, due to the presence of a parenchymatous
invasion of the kidney, nephrectomy was also imposed in order to achieve radical surgery.

Interestingly, in the case reported by Roth et al., published in 2004, both kidneys were found
to have an ectopic location at the level of the pelvic area; moreover, the ureteral length was 9 cm in
both ureters, making kidney fixation out of the pelvic area impossible, followed by radiation therapy.
Therefore, the authors opted for per primam surgery, consisting of pelvic exenteration [5].

Recently, the American study group conducted by Lataifeh et al. reported the successful
chemo-radiation of a patient with a stage IIB cervical tumor (IIB - Cervical carcinoma invades beyond
the uterus, but not to the lower third of the vagina or to the pelvic wall with parametrial invasion) and
ectopic kidney. The chemo-radiation protocol was applied with curative intent, with good oncological
outcomes, but with the disadvantage of involving the pelvic kidney into the radiation field. However,
the initial workup had revealed the fact that the left kidney was only partially functional; therefore,
pelvic irradiation did not induce the development of renal insufficiency or malignant hypertension [6].

However, if surgery with radical intent is proposed, attention should be focused on the anatomical
particularities of patients presenting a pelvic kidney [15,16]. Therefore, in such cases, the renal pedicle
as well as the ureter can be situated in close contact with the iliac vessels, particular attention being
needed in order to perform the pelvic lymph node dissection [17-19].
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The single case series that has been published so far on this theme originates from India and
included three such cases. The first case was initially diagnosed with a FIGO (International Federation
of Obstetrics and Gynecology) stage IIB (Cervical carcinoma invades beyond the uterus, but not to the
lower third of the vagina or to the pelvic wall with parametrial invasion) tumor and a right pelvic
kidney and was submitted to external beam radiotherapy with a total dose of 500 Gy followed by a
radical hysterectomy with bilateral adnexectomy and pelvic lymph node dissection, the ectopic kidney
being successfully preserved. The second case was diagnosed with a stage IB1 cervical tumor and
left pelvic kidney and was submitted to a total radical hysterectomy with bilateral adnexectomy and
pelvic lymph node dissection. The third case was per primam submitted for a radical hysterectomy
followed by adjuvant radiotherapy with a total dose of 500 Gy. In all cases, good oncological and renal
long-term outcomes were obtained [2].

4. Conclusions

The association between pelvic kidneys and cervical cancer represents a scarce eventuality, only
few cases being reported so far. In such patients, the therapeutic strategy should be carefully analyzed,
with multiple dilemmas being reported so far. Moreover, the association between advanced cervical
cancer and an ectopic kidney is even rarer, a single case which was finally submitted for anterior
pelvic exenteration being reported so far. When it comes to the necessity of an association of total
pelvic exenteration with a nephrectomy, to the best of our knowledge, this is the first case reported so
far. The presence of a massive local invasion in the surrounding viscera, as well as renal invasion in
association with the presence of a massive peritumoral abscess, enabled us to consider that total pelvic
exenteration en bloc with a nephrectomy represent the best option for this case.
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