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Abstract

Background: Perinatal deaths remain a major public health concern and present unique
medico-legal challenges. Forensic autopsy plays a crucial role in determining the cause
of death, distinguishing live birth from stillbirth, assessing fetal viability, and identifying
traumatic or non-natural causes of death. Methods: This retrospective study included all
perinatal cases referred to the Gaziantep Forensic Medicine Group Presidency between
2021 and 2024. Demographic characteristics, gestational age, autopsy findings, histopatho-
logical and toxicological examinations, hydrostatic lung test results, and final forensic
diagnoses were evaluated. Results: Seventeen of 339 infant forensic cases met the inclusion
criteria. Fourteen underwent complete forensic autopsy, whereas three were evaluated
by external postmortem examination and medical records. Despite a multidisciplinary
forensic investigation that included external examination, complete forensic autopsy, sys-
tematic macroscopic organ evaluation, routine histopathological examination, hydrostatic
lung flotation testing, toxicological analysis when indicated, review of maternal medical
and obstetric records, judicial investigation records, and placental and umbilical cord
histopathology whenever available, no definitive cause of death could be established in six
cases. Advanced decomposition prevented determination in two cases. One case was classi-
fied as an undiagnosed natural death, whereas no specific cause of death could be assigned
in the remaining three cases. Placental examination was available in only a minority of
cases, whereas umbilical cord histopathology was performed in nearly all autopsied cases.
Causes of death included traumatic injury, pulmonary immaturity, intrauterine infection,
congenital anomalies, maternal drug exposure, placental abruption, maternal disease, and
umbilical cord pathology. Conclusions: Perinatal death investigations require a multi-
disciplinary forensic approach integrating autopsy, histopathology, toxicology, placental
examination, and clinical information. Beyond determining the cause of death, forensic
evaluation is essential for assessing live birth, fetal viability, suspected abuse, maternal
violence, medical malpractice, and criminal investigations.

Keywords: perinatal deaths; forensic medicine; autopsy; stillbirth

1. Introduction

Perinatal mortality remains a major global public health concern despite substantial
advances in prenatal care, obstetric management, and neonatal intensive care. According to
the World Health Organization (WHO), approximately 2 million stillbirths occur worldwide
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each year, and the majority are reported in low- and middle-income countries [1]. In
addition to stillbirths, early neonatal deaths continue to contribute significantly to perinatal
mortality, reflecting disparities in healthcare access, maternal health, and socioeconomic
conditions [2]. Consequently, reducing perinatal mortality has become a global priority for
improving maternal and child health outcomes [3].

Beyond its public health significance, perinatal death represents a unique challenge in
forensic medicine. Establishing whether a fetus or newborn was born alive, determining
the timing and mechanism of death, identifying traumatic injuries, and differentiating
natural from non-natural deaths are fundamental objectives of the forensic investigation [4].
These evaluations become particularly important in cases involving suspected infanticide,
concealed pregnancy, abandonment, maternal trauma, substance abuse during pregnancy,
or allegations of medical malpractice [5]. In such situations, forensic examination provides
essential scientific evidence for judicial authorities while also contributing to public health
surveillance and preventive strategies [6].

A comprehensive forensic evaluation of perinatal death requires integration of scene
investigation, maternal medical history, obstetric records, external examination, complete
autopsy, histopathological analysis, toxicological investigations, microbiological testing
when indicated, and careful examination of the placenta and umbilical cord [7]. Among
these, the hydrostatic (lung flotation) test remains a valuable adjunctive tool for assessing
pulmonary aeration, although its findings should always be interpreted together with
autopsy, histopathological, and circumstantial evidence [8]. Similarly, placental and um-
bilical cord examinations frequently provide critical information regarding fetal hypoxia,
intrauterine infection, vascular compromise, and other pathological processes contributing
to fetal or neonatal death [9].

Although numerous studies have investigated the epidemiology and pathological
causes of perinatal mortality, relatively few have focused specifically on its medico-legal
aspects [10]. Publications integrating autopsy findings with forensic interpretation, judicial
investigation, and legal implications remain limited, particularly in developing countries
where medico-legal practices may differ substantially. Therefore, retrospective analyses of
forensic perinatal cases provide valuable information for both forensic pathologists and
clinicians involved in perinatal death investigations [11].

The present study aimed to retrospectively evaluate perinatal deaths referred for foren-
sic examination by analysing demographic characteristics, medico-legal circumstances,
autopsy findings, histopathological and toxicological results, and final forensic diagnoses.
Few published studies have comprehensively evaluated perinatal deaths from a forensic
medicine perspective by integrating autopsy findings with judicial investigations, forensic
decision-making, toxicological analyses, placental pathology, and medico-legal interpreta-
tion. Therefore, the present study aims to address this gap by highlighting the practical
role of forensic autopsy in judicial investigations of perinatal deaths rather than merely
describing pathological findings. In addition, this study discusses the role of forensic
investigation in distinguishing live birth from stillbirth, determining the cause and manner
of death, and contributing to judicial decision-making in perinatal deaths.

2. Materials and Methods
2.1. Study Design and Case Selection

This retrospective descriptive case series was conducted at the Gaziantep Forensic
Medicine Group Presidency, Tiirkiye. The study included all perinatal death cases referred
for forensic postmortem examination between January 2021 and December 2024.

During the study period, a total of 339 forensic infant death cases were reviewed. Cases
were eligible if they met the World Health Organization definition of the perinatal period
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(stillbirths and early neonatal deaths) and had sufficient medico-legal documentation.
Seventeen cases fulfilled the inclusion criteria and were included in the final analysis. Cases
with incomplete records or those falling outside the perinatal period were excluded.

2.2. Data Collection

Demographic and medico-legal data were retrieved retrospectively from forensic
case files, autopsy reports, judicial investigation records, hospital medical records, and
laboratory reports.

The following variables were evaluated: sex, nationality, gestational age, birth weight,
body length, place and circumstances of delivery, circumstances surrounding death, ex-
ternal examination findings, complete autopsy findings, hydrostatic (lung flotation) test
results, histopathological findings, toxicological examination results, placental and um-
bilical cord examination findings (when available), final forensic diagnosis, and final
medico-legal opinion.

2.3. Forensic Examination

Fourteen cases underwent complete forensic autopsy according to the national forensic
autopsy protocol of the Turkish Council of Forensic Medicine. Three cases underwent
external postmortem examination because a complete autopsy was not requested by the
judicial authorities.

All autopsies included a detailed external examination followed by systematic internal
examination of the cranial, thoracic, abdominal, and cervical cavities. Organ findings were
documented according to standard forensic pathology practice.

The hydrostatic (lung flotation) test was performed whenever appropriate to assist
in distinguishing live birth from stillbirth. Test results were interpreted together with
macroscopic findings, histopathological examination, and case circumstances, rather than
being considered in isolation.

2.4. Histopathological and Toxicological Examination

Representative tissue samples were collected from the central nervous system (includ-
ing the cerebral hemispheres, cerebellum, brainstem, and dura mater), heart, lungs, liver,
kidneys, adrenal glands, thymus, spleen, placenta, and umbilical cord whenever available.

Routine histopathological examination was performed using hematoxylin and eosin
staining. Additional histochemical or immunohistochemical analyses were performed
when clinically indicated.

Toxicological analyses were requested whenever maternal drug exposure, poisoning, or
suspicious death was suspected. Biological specimens included blood, urine, vitreous humor,
gastric contents, and internal organs according to standard forensic toxicology protocols.

2.5. Definitions

For the purposes of this study, standardized definitions based on the World Health
Organization (WHO) recommendations were used. Perinatal death was defined as fetal
deaths occurring at or after 22 completed weeks of gestation (or birth weight >500 g when
gestational age was unavailable) together with deaths of live-born infants occurring within
the first seven completed days of life.

A live birth was defined as the complete expulsion or extraction of a fetus from its
mother, irrespective of gestational age, which, after separation, showed any evidence of
life such as breathing, heartbeat, pulsation of the umbilical cord, or definite voluntary
muscle movement.
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A stillbirth was defined as the birth of a fetus showing no evidence of life after
complete expulsion or extraction from the mother and meeting the WHO criteria for the
perinatal period.

Because the concept of viability varies among legal systems, viability in the present
forensic study was assessed individually based on gestational age, fetal growth, develop-
mental maturity, autopsy findings, and all available clinical and investigative information,
rather than by gestational age alone. In the medico-legal evaluation, fetal viability was
interpreted according to Turkish forensic practice while maintaining the WHO definitions
for inclusion criteria.

2.6. Statistical Analysis

Data were analyzed descriptively using IBM SPSS Statistics (Version IBM SPSS Statis-
tics Version 29.0; IBM Corp., Armonk, NY, USA). Continuous variables are presented as
mean = standard deviation (SD) or median (interquartile range [IQR]), depending on data
distribution. Categorical variables are expressed as frequencies and percentages.

Because of the limited sample size, no inferential statistical analyses were performed.

2.7. Ethical Approval

This study was approved and permission to access forensic case records was obtained
from the Turkish Council of Forensic Medicine, with the approval 10 February 2026 date
and 21589509/2026/26 reference number. The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki. All data were anonymized before analysis
to ensure patient confidentiality.

3. Results

During the study period, 339 forensic infant death cases were reviewed. Of these,
17 perinatal deaths fulfilled the inclusion criteria and were included in the study. Among
the 17 cases, 11 (64.7%) were male, 5 (29.4%) were female, and 1 (5.9%) was of undetermined
sex because of advanced decomposition. Deaths occurred most frequently during summer
and autumn (five cases each), followed by winter (four cases) and spring (three cases).
Maternal nationality was Turkish in six cases, Syrian in seven, another foreign nationality
in one, and could not be established in three cases. The median gestational age was
approximately 34 weeks (range: 21-42 weeks). Birth weight ranged from 350 g to 3275 g,
whereas body length ranged from 26.5 cm to 53 cm (Table 1). The median gestational age
was 32.5 weeks (IQR: 28.0-36.5), the median birth weight was 1966 g (IQR: 1343-2360), and
the median body length was 42.0 cm (IQR: 35.0-46.0) (Table 2).

Thirteen infants were delivered preterm, three at term (>38 weeks), and one post-term
(>42 weeks). Among the preterm deliveries, eight were stillbirths, three were live births,
and one could not be classified because of advanced decomposition. Of the three term
deliveries, one infant was stillborn, one survived for three days after birth, and one could
not be evaluated owing to advanced decomposition. The only post-term infant was born
alive and died on the first postnatal day. Gestational age ranged from 22 weeks to post-term,
and the longest postnatal survival was three days.

Fourteen cases (82.4%) underwent complete forensic autopsy, while three cases
(17.6%) underwent external postmortem examination only because complete autopsy
was not requested by the judicial authorities. Histopathological examination was per-
formed in all autopsied cases. Toxicological analysis was requested whenever clinically or
legally indicated.
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Table 1. Demographic, Clinical Characteristics and Birth Status of the Perinatal Cases.
Case Sex Length (cm) Weight (g) Gestational Age Birth Status
1 Male 43 1923 34-35 weeks Live birth
2 Male 42 2028 33-34 weeks Live birth
3 Female 53 3230 42 weeks Live birth
4 Male 41 1343 32-33 weeks Stillbirth
5 Male 26.5 350 21-22 weeks Stillbirth
6 Male 46 2260 30-35 weeks Stillbirth
7 Male 35 1300 27-28 weeks Live birth
8 Undetermined 51 1966 39-40 weeks Undetermined
9 Female 45 1877 36-37 weeks Undetermined
10 Male 42 2370 28-30 weeks Stillbirth
11 Male 40 2580 36-37 weeks Stillbirth
12 Male 48 3275 38 weeks Stillbirth
13 Female 32 508 25-26 weeks Stillbirth
14 Male 30 1650 23-25 weeks Stillbirth
15 Male 32 850 24-32 weeks Stillbirth
16 Male 49 2360 39-40 weeks Live birth
17 Female 45 2032 32 weeks Live birth
Table 2. Descriptive Statistics of the Perinatal Cases.
Variable Mean + SD Median (IQR) Minimum Maximum
Gestational age 326 + 6.0 325 (28.0-36.5) 215 420
(weeks)
Birth weight (g) 1876.6 + 825.0 1966 (1343-2360) 350 3275
Body length (cm) 412+77 42.0 (35.046.0) 26.5 53.0

Hydrostatic (lung flotation) testing demonstrated findings consistent with live birth in
four cases (23.5%), whereas eight cases (47%) showed non-aerated lungs compatible with
stillbirth or intrauterine fetal death. In two advanced decomposition cases, pulmonary
findings could not be reliably interpreted. The remaining three cases underwent external
postmortem examination only (Table 3).

Table 3. Autopsy procedures and ancillary investigations.

Procedure n/N (%)
Full autopsy performed 14/17 (82.4)
External examination only 3/17 (17.6)
Standard anthropometric measurements 17/17 (100)
Toxicological analysis 14/14 (100)
Histopathological examination 14/14 (100)
Placenta available for histopathology 5/14 (35.7)
Umbilical cord examined histologically 13/14 (92.9)
Hydrostatic lung flotation test performed 14/14 (100)
Positive flotation test 4/14 (28.6)
Negative flotation test 8/14 (57.1)
Amphetamine/methamphetamine 2/14 (14.3)

detected

Standard anthropometric assessment was completed in all cases and included body
weight, crown-heel length, sitting height, head circumference, chest circumference, abdom-
inal circumference, and foot length to evaluate fetal growth and gestational maturity.

Comprehensive toxicological and histopathological analyses were performed in all
autopsied cases. Amphetamine and methamphetamine were detected in two infants. In
one case, the cause of death was attributed to transplacental intoxication with stimulant
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drugs. In the second case, amphetamine, methamphetamine, and phenprobamate were
identified; however, advanced decomposition precluded determination of both live birth
status and the cause and mechanism of death.

Placental tissue accompanied five autopsied cases and was submitted for histopatho-
logical examination in all instances. No placental tissue was available in the remaining
nine autopsy cases. Histopathological examination of the umbilical cord was performed in
13 cases and was unavailable in one.

The lungs were routinely removed en bloc with the cervicothoracic organs in all au-
topsied infants, followed by gross examination, hydrostatic lung flotation testing, and
histopathological evaluation. Four cases demonstrated pulmonary aeration with positive
hydrostatic flotation tests, whereas ten showed negative flotation tests consistent with un-
ventilated lungs. All autopsied live-born infants demonstrated aerated lungs and positive
flotation tests (Table 4). Among intrauterine deaths, eight autopsied cases demonstrated
unventilated lungs and negative flotation tests. The remaining two intrauterine deaths
were evaluated without autopsy. Live birth status could not be determined in two severely
decomposed cases.

Table 4. Relationship between live birth status and pulmonary findings in autopsied cases.

Positive Negative Hydrostatic No Lun
Birth Status Hydrostatic Test/Unventilated Evaluati fn
Test/Aerated Lungs Lungs
Live birth 4 0 2
Stillbirth 0 8 1
Undetermined 0 0 2

Regarding the place of delivery or recovery, seven infants were delivered in hospital,
three at home, one in a taxi, and one on the street. Two infants were recovered inside bags,
one was discovered in the courtyard of a mosque, one was recovered after burial, and one
died in utero following maternal death. In two hospital stillbirths delivered by cesarean
section, the families had filed formal complaints alleging medical malpractice.

Autopsy was performed in 14 of the 17 perinatal cases. Final forensic opinions for these
cases were issued by the First Board of Specialization of the Council of Forensic Medicine.
In the remaining three cases, conclusions were reached without a full autopsy based on
external postmortem examination, medical records, and investigative documentation.

The final forensic investigation identified a broad spectrum of causes of death (Table 5).
These included blunt head trauma, pulmonary immaturity associated with prematurity,
intrauterine pulmonary infection, maternal amphetamine /methamphetamine exposure,
placental abruption secondary to maternal trauma, umbilical cord entanglement, congenital
anomalies, maternal cardiac disease, and intrauterine fetal death. In two decomposed cases,
neither live birth status nor the cause and mechanism of death could be established.

Special medico-legal circumstances were identified in several cases. Two investigations
were initiated following allegations of medical malpractice after hospital delivery. Two cases
involved maternal physical assault during pregnancy; in one case, a causal relationship be-
tween maternal trauma and fetal death was established, whereas no causal relationship was
identified in the other. One case involved transplacental amphetamine/methamphetamine
exposure resulting in fatal intoxication. Two abandoned infants and two unidentified in-
fants were also included in the study, highlighting the diverse medico-legal circumstances
encountered during forensic investigations of perinatal deaths.
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Table 5. Final forensic conclusions and causes of death.

Final Conclusion

N

Blunt head trauma with skull fracture and intracranial
hemorrhage
Respiratory failure due to intrauterine pulmonary infection
Transplacental amphetamine/methamphetamine
intoxication
Placental abruption following maternal trauma
Respiratory failure due to pulmonary immaturity
Polyhydramnios with congenital anomaly
Intrauterine asphyxia due to umbilical cord entanglement
Intrauterine fetal death following maternal death
Neural tube defect
Natural death related to underlying disease
Intrauterine developmental anomaly
Cause of death undetermined

o S e G U Gy U G U G W O st

Among the 14 cases evaluated by the First Board of Specialization, two were reported
as “unable to determine whether the infant had been born alive; cause and mechanism
of death undetermined,” whereas one was classified as “natural death not diagnosed at
autopsy.” In three additional cases, the forensic opinion focused primarily on fetal viability
and live birth status rather than on the cause of death, concluding that the infant was
“non-viable and stillborn,” “died in utero and was delivered stillborn,” or “viable but died
in utero before delivery.”

A definitive cause of death was established in eight cases. Causes included blunt
cranio-cerebral trauma with skull fracture and intracranial hemorrhage (n = 1), respiratory
failure secondary to intrauterine pulmonary infection (n = 1), transplacental amphetamine-
methamphetamine intoxication (1 = 1), placental abruption following maternal blunt
trauma (n = 1), respiratory failure due to pulmonary immaturity associated with prema-
turity (n = 1), polyhydramnios associated with congenital anomalies (n = 1), intrauterine
asphyxia resulting from umbilical cord entanglement (n = 1), and intrauterine fetal death
following maternal death caused by pregnancy-related decompensation of pre-existing
cardiac disease (n = 1).

No definitive cause of death was identified in six cases. Advanced decomposition
prevented determination in two cases. One case was classified as an undiagnosed natural
death, whereas no specific cause of death was assigned in the remaining three cases.
Among the three cases evaluated without autopsy, the reported causes of death were neural
tube defect (n = 1), natural death related to underlying disease (n = 1), and intrauterine
developmental anomaly associated with pre-existing disease (n = 1).

4. Discussion

The forensic investigation of perinatal deaths remains one of the most challenging
areas of forensic pathology because it requires the integration of autopsy findings, obstetric
history, maternal medical conditions, placental pathology, histopathological examination,
and judicial investigation [12]. Unlike adult forensic autopsies, the objective extends
beyond determining the immediate cause of death and includes establishing fetal viability,
differentiating live birth from stillbirth, identifying potentially preventable causes, and
evaluating possible criminal or medical liability [13].

In the present study, only 17 of 339 forensic infant deaths met the inclusion criteria
for perinatal death. Although the number of cases was relatively small, the series demon-
strated considerable heterogeneity regarding gestational age, medico-legal circumstances,
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pathological findings, and causes of death. This diversity reflects the broad spectrum of
conditions encountered during forensic investigation of perinatal deaths and emphasizes
the necessity of an individualized multidisciplinary evaluation [14,15].

One of the principal objectives of forensic examination is determining whether a
newborn was born alive. In our series, hydrostatic lung testing contributed to the evaluation
of pulmonary aeration in most autopsied cases. However, as emphasized in previous
studies, the hydrostatic test should never be interpreted in isolation because false-positive
and false-negative results may occur in cases of decomposition, artificial ventilation, severe
prematurity, or pulmonary disease [16,17]. Therefore, the interpretation of lung flotation
findings together with macroscopic examination, histopathology, clinical history, and scene
investigation provides a substantially more reliable assessment of live birth than any single
diagnostic method [18].

Prematurity and congenital anomalies constituted an important proportion of the
identified causes of death in our study [19]. Similar observations have been reported in
previous autopsy series, in which pulmonary immaturity, congenital malformations, and
intrauterine developmental abnormalities represent major contributors to perinatal mortal-
ity [20,21]. These findings emphasize the continuing importance of comprehensive fetal
autopsy for confirming prenatal diagnoses, identifying previously unrecognized anoma-
lies, and providing accurate information for parental counselling and future pregnancy
management [22].

An important finding of our study was the identification of several uncommon but
highly significant medico-legal circumstances. Maternal physical assault, transplacental
amphetamine/methamphetamine exposure, abandoned newborns, unidentified infants,
and allegations of medical malpractice were all represented within this relatively small case
series [23]. These findings illustrate that forensic investigation of perinatal deaths extends
far beyond pathological diagnosis and frequently contributes to judicial decision-making
by establishing or excluding causal relationships between maternal events and fetal or
neonatal death [24].

4.1. Determination of Live Birth in Forensic Investigations

Determining whether an infant was born alive remains one of the primary objectives
of forensic investigation because it directly influences criminal responsibility and judicial
interpretation. Although the hydrostatic lung flotation test has historically been regarded
as an important adjunct in this assessment, contemporary forensic practice recognizes
that no single examination is sufficient. Artificial ventilation, decomposition, pulmonary
hypoplasia, severe prematurity, or intrauterine gas formation may all produce misleading
results. In the present study, live birth determination was based on the integration of hydro-
static testing with gross autopsy findings, histopathological examination, obstetric records,
and judicial investigation. This multidisciplinary approach provided greater diagnostic
reliability than reliance on any individual method and reflects current international forensic
recommendations [25].

4.2. Assessment of Fetal Viability

Assessment of fetal viability has important medico-legal implications because viability
influences legal interpretation in many jurisdictions. However, viability should not be deter-
mined solely according to gestational age. In forensic practice, fetal maturity, birth weight,
developmental findings, congenital abnormalities, and maternal clinical history should all
be considered together. Several cases in our series required forensic evaluation of viability
despite the absence of an identifiable cause of death, demonstrating that forensic opinion
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frequently extends beyond pathological diagnosis. Standardized assessment of viability
therefore represents an essential component of perinatal forensic investigations [26].

4.3. Maternal Violence and Causality Assessment

Maternal physical assault during pregnancy presents a particularly challenging foren-
sic scenario because the presence of trauma alone does not establish legal causation. In our
series, two cases involved allegations of maternal assault. In one case, placental abruption
secondary to blunt trauma was determined to be the direct cause of fetal death, whereas no
causal relationship could be established in the second case. These findings illustrate the
importance of correlating maternal injuries, placental pathology, fetal autopsy findings,
and clinical records before attributing fetal death to traumatic events. Careful causality
assessment is essential for both criminal investigations and judicial proceedings [27].

4.4. Forensic Implications of Transplacental Drug Exposure

Transplacental transfer of illicit drugs represents an increasingly recognized cause
of fetal and neonatal morbidity and mortality. In the present study, one infant died as
a consequence of transplacental amphetamine/methamphetamine intoxication, while
another demonstrated drug positivity but could not be fully evaluated because of advanced
decomposition. These findings highlight the value of routine forensic toxicological analysis
whenever maternal substance use is suspected. Identification of fetal drug exposure has
important implications not only for determination of the cause of death but also for criminal
investigations, child protection, and public health interventions [28].

4.5. Investigation of Suspected Medical Negligence

Perinatal deaths occurring in healthcare facilities frequently result in allegations of
medical malpractice. In our study, two hospital stillbirths were referred for forensic evalu-
ation following complaints by the families. In such cases, forensic investigation extends
beyond autopsy and requires detailed review of obstetric management, fetal monitoring
records, timing of clinical interventions, and pathological findings. Independent forensic as-
sessment provides objective scientific evidence for judicial authorities while simultaneously
contributing to quality improvement in obstetric care [29].

4.6. Identification and Medico-Legal Challenges of Abandoned Newborns

Abandoned or unidentified newborns represent one of the most complex categories
of forensic perinatal investigation. Establishing identity, determining whether the infant
was born alive, estimating the postmortem interval, and reconstructing the circumstances
surrounding death require close cooperation among forensic pathologists, law enforcement
agencies, and forensic genetic laboratories. In the present series, abandoned and unidenti-
fied infants demonstrated the necessity of integrating autopsy findings with DNA analysis,
scene investigation, and police inquiries. These cases emphasize that forensic examination
serves not only to establish the cause of death but also to support victim identification and
criminal investigation [30].

Placental and umbilical cord examinations also played an important role in selected
cases. Placental abruption secondary to maternal trauma and umbilical cord entanglement
were identified as direct causes of fetal death. Numerous studies have demonstrated that
placental pathology substantially increases the diagnostic yield of perinatal autopsy and
frequently provides information that cannot be obtained from fetal examination alone [31].
For this reason, placental examination should be considered an integral component of every
forensic investigation of perinatal death whenever available [32].

Despite advances in postmortem investigation, determination of the exact cause of
death was not possible in all cases. Advanced decomposition prevented reliable assessment
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of both live birth status and the mechanism of death in two infants. This finding highlights
one of the major limitations of forensic pathology and emphasizes the importance of timely
recovery, appropriate preservation of the body, and comprehensive scene investigation
to maximize diagnostic accuracy [33]. Six cases remained unexplained despite complete
autopsy and routine histopathological examination. Several factors may have contributed
to the absence of a definitive diagnosis, including limited placental availability, absence
of genomic investigations, lack of specialized neuropathological assessment of autonomic
brainstem nuclei, and intrinsic limitations of current forensic diagnostic methods.

Although routine histopathological examination included evaluation of the central
nervous system, no structural abnormalities were identified in the examined brain tissue
that could explain death in these unexplained intrauterine cases. Nevertheless, detailed
neuropathological assessment of the autonomic brainstem nuclei according to current
SIUD/SIDS protocols was not routinely performed. Therefore, these unexplained fetal
deaths may represent cases that would currently be classified within the spectrum of
Sudden Intrauterine Unexplained Death (SIUD) [34]. Future studies incorporating stan-
dardized neuropathological protocols together with molecular and genetic investigations
may further improve the diagnostic evaluation of unexplained perinatal deaths.

Recent advances in genomic and molecular autopsy have substantially improved the
diagnostic yield of unexplained perinatal deaths. Whole-exome sequencing, whole-genome
sequencing, and molecular investigations are increasingly recommended as complementary
tools when conventional autopsy fails to identify a definitive cause of death [35]. Integration
of these techniques into forensic perinatal investigations may allow reclassification of a
proportion of currently unexplained cases and improve both diagnostic accuracy and
genetic counselling for affected families [36].

Our study also highlights the importance of multidisciplinary collaboration. Accurate
evaluation of perinatal deaths requires close cooperation among forensic pathologists,
obstetricians, neonatologists, pediatric pathologists, radiologists, toxicologists, geneticists,
and law enforcement authorities [2]. Such collaboration not only improves diagnostic
accuracy but also contributes to the prevention of future perinatal deaths through identifi-
cation of preventable maternal, fetal, and healthcare-related factors [37]. The algorithm for
forensic investigation of perinatal deaths is shown in Figure 1.

- a e ™ e ™
Perinatal Death Histopatology Toxicology
\. J . J g J
e ™ e ™ e ™
Examination of the
Scene investigation placenta, lungs and Genetics
other organs
- Y, x Y, - Y,
e ™ e ™ e ™
. Final Forensic
Medical records Autopsy -
Opinion
- Y, x Y, - Y,

Figure 1. Forensic Investigation Algorithm for Perinatal Deaths.
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5. Strengths and Limitations

The principal strength of this study is that it presents a comprehensive medico-legal
evaluation of forensic perinatal deaths by integrating autopsy findings with histopathologi-
cal, toxicological, obstetric, and judicial information. Furthermore, relatively uncommon
forensic scenarios—including maternal trauma, transplacental drug exposure, abandoned
infants, and suspected medical malpractice—are discussed within the same case series. The
algorithm for forensic investigation of perinatal deaths is shown in Figure 1The study has
several limitations. First, it is a retrospective single-center study with a relatively limited
number of cases. Second, complete placental examination was not available in every case.
Third, genetic investigations were unavailable in several fetuses with suspected congenital
anomalies. These limitations may have reduced the diagnostic yield in selected cases.

Nevertheless, the findings demonstrate the indispensable role of forensic autopsy
in clarifying the cause and manner of perinatal death and underline the importance of a
standardized multidisciplinary investigation protocol.

The relatively small number of cases reflects the rarity of perinatal deaths requiring
formal medico-legal investigation rather than selective case inclusion. Consequently, our
findings should be interpreted as descriptive observations from a forensic case series and
should not be generalized to the overall population of perinatal deaths. Nevertheless, the
diversity of medico-legal circumstances encountered provides valuable insight into forensic
decision-making in this specific setting.

6. Conclusions

Perinatal death investigation is one of the most complex areas of forensic medicine,
requiring the integration of autopsy findings, obstetric history, maternal medical conditions,
histopathological and toxicological examinations, and judicial investigation. The present
study demonstrates that forensic evaluation extends beyond determining the immediate
cause of death and plays a crucial role in establishing fetal viability, distinguishing live
birth from stillbirth, identifying traumatic and non-natural deaths, and evaluating potential
medico-legal responsibility.

Our findings highlight the broad spectrum of forensic scenarios encountered in peri-
natal deaths, including congenital anomalies, prematurity, maternal disease, placental
pathology, maternal trauma, transplacental drug exposure, abandoned newborns, and
allegations of medical malpractice. These diverse circumstances emphasize that no single
diagnostic method is sufficient for establishing the cause and manner of death. Instead,
accurate diagnosis requires a multidisciplinary approach combining comprehensive au-
topsy, histopathological and toxicological investigations, placental and umbilical cord
examination, and careful correlation with clinical and investigative findings.

The study also underlines the importance of standardized forensic protocols in im-
proving diagnostic accuracy and ensuring consistency in medico-legal practice. Systematic
examination of the fetus or newborn together with the placenta, umbilical cord, and rele-
vant maternal information not only facilitates accurate determination of the cause of death
but also provides reliable scientific evidence for judicial authorities and contributes to
quality improvement in obstetric and neonatal care.

Although this study is limited by its retrospective design and relatively small number
of cases, it demonstrates the value of comprehensive forensic investigation in clarifying
perinatal deaths with diverse medico-legal backgrounds. Future multicenter studies with
larger case series and routine incorporation of genetic, molecular, and advanced placental
examinations may further improve the understanding of perinatal mortality and strengthen
forensic diagnostic practice.
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In conclusion, forensic autopsy remains the cornerstone of perinatal death investiga-
tion. When performed within a multidisciplinary framework and supported by appropriate
ancillary investigations, it provides essential information for determining the cause and
manner of death, guiding judicial decision-making, and contributing to the prevention of
avoidable perinatal deaths.

Author Contributions: Conceptualization, S.D. and A.G.; methodology, S.D. and A.G.; software, S.D.
and A.G.; validation, S.D. and A.G.; formal analysis, S.D., A.G. and M.K.; investigation, S.D., A.G.
and M.K,; resources, M.K. and I.U.; data curation, M.K. and I.U.; writing—original draft preparation,
S.D. and A.G.; writing—review and editing, S.D. and A.G.; visualization, S.D. and A.G.; supervision,
S.D., M.K. and L.U,; project administration, S.D., M.K. and L.U.; All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the Turkish Council
of Forensic Medicine (protocol code 21589509/2026/26 and date of approval 10 February 2026).

Informed Consent Statement: Patient consent was waived due to data being obtained retrospectively
from official judicial documents and case files in this retrospective study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

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

References

1.

10.

11.

12.

Byrne, A.B.; Arts, P.; Ha, T.T.; Kassahn, K.S.; Pais, L.S.; O’Donnell-Luria, A.; Broad Institute Center for Mendelian Genomics;
Babic, M.; Frank, M.S.B.; Feng, J.; et al. Genomic autopsy to identify underlying causes of pregnancy loss and perinatal death.
Nat. Med. 2023, 29, 180-189. [CrossRef]

Joshi, A.; Ninave, S.; Keerti, A. A Compendium on Perinatal Autopsy in Neonates. Cureus 2023, 15, €33878. [CrossRef] [PubMed]
Willcox, M.L.; Okello, I.A.; Maidwell-Smith, A.; Tura, AK.; van den Akker, T.; Knight, M. Maternal and perinatal death
surveillance and response: A systematic review of qualitative studies. Bull. World Health Organ. 2023, 101, 62-75G. [CrossRef]
[PubMed]

Saccone, G.; Gragnano, E.; Ilardi, B.; Marrone, V.; Strina, I.; Venturella, R.; Berghella, V.; Zullo, F. Maternal and perinatal
complications according to maternal age: A systematic review and meta-analysis. Int. |. Gynaecol. Obstet. 2022, 159, 43-55.
[CrossRef] [PubMed]

Nestander, M.A.; Berryman, K.; Brady, R.; Aden, ]J.; Haischer-Rollo, G. Differences in Postmortem Investigation following
Perinatal Death. Am. J. Perinatol. 2023, 40, 780-787. [CrossRef] [PubMed]

O’Connor, E.; Leitao, S.; Fogarty, A.P.; Greene, R.; O’'Donoghue, K. A systematic review of standardised tools used in perinatal
death review programmes. Women Birth |. Aust. Coll. Midwives 2024, 37, 88-97. [CrossRef] [PubMed]

Kuforiji, O.; Mills, T.A.; Lovell, K. Women'’s experiences of care and support following perinatal death in high burden countries:
A metasynthesis. Women Birth ]. Aust. Coll. Midwives 2023, 36, e195-€202. [CrossRef] [PubMed]

Schubert, C.; Milverton, J.; Goodall, S.; Merlin, T. A systematic review to assess the utility of genomic autopsy using exome or
genome sequencing in cases of congenital anomalies and perinatal death. Genet. Med. 2024, 26, 101159. [CrossRef] [PubMed]
Kingdom, J.C.P,; Hutcheon, J.A.; Gordijn, S.J.; El Demellawy, D.; Grynspan, D. Placental pathology and pregnancy complications.
J. Clin. Med. 2023, 12, 5053. [CrossRef] [PubMed]

Sergi, C.M.; Spencer, D.; Al-Jishi, T. Stillbirth investigations: An iconographic and concise diagnostic workup in perinatal
pathology. J. Lab. Physicians 2023, 15, 475-487. [CrossRef] [PubMed]

Shelmerdine, S5.C.; Arthurs, O.]. Post-mortem perinatal imaging: What is the evidence? Br. . Radiol. 2023, 96, 20211078. [CrossRef]
[PubMed]

O’Keefe, H.; Shenfine, R.; Brown, M.; Beyer, F; Rankin, J. Are non-invasive or minimally invasive autopsy techniques for detecting
cause of death in prenates, neonates and infants accurate? A systematic review of diagnostic test accuracy. BMJ Open 2023, 13, e064774.
[CrossRef] [PubMed]

https:/ /doi.org/10.3390/diagnostics16152341


https://doi.org/10.1038/s41591-022-02142-1
https://doi.org/10.7759/cureus.33878
https://www.ncbi.nlm.nih.gov/pubmed/36819332
https://doi.org/10.2471/BLT.22.288703
https://www.ncbi.nlm.nih.gov/pubmed/36593778
https://doi.org/10.1002/ijgo.14100
https://www.ncbi.nlm.nih.gov/pubmed/35044694
https://doi.org/10.1055/s-0041-1731276
https://www.ncbi.nlm.nih.gov/pubmed/34126647
https://doi.org/10.1016/j.wombi.2023.09.006
https://www.ncbi.nlm.nih.gov/pubmed/37793961
https://doi.org/10.1016/j.wombi.2022.07.170
https://www.ncbi.nlm.nih.gov/pubmed/35927212
https://doi.org/10.1016/j.gim.2024.101159
https://www.ncbi.nlm.nih.gov/pubmed/38704678
https://doi.org/10.3390/jcm12155053
https://www.ncbi.nlm.nih.gov/pubmed/37568455
https://doi.org/10.1055/s-0043-1764485
https://www.ncbi.nlm.nih.gov/pubmed/37780873
https://doi.org/10.1259/bjr.20211078
https://www.ncbi.nlm.nih.gov/pubmed/35451852
https://doi.org/10.1136/bmjopen-2022-064774
https://www.ncbi.nlm.nih.gov/pubmed/36609326
https://doi.org/10.3390/diagnostics16152341

Diagnostics 2026, 16, 2341 13 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Xu, Y; Cheng, C.; Zheng, F; Saiyin, H.; Zhang, P.; Zeng, W.; Liu, X,; Liu, G. An audit of autopsy-confirmed diagnostic errors in
perinatal deaths: What are the most common major missed diagnoses? Heliyon 2023, 9, €19984. [CrossRef] [PubMed]

Sade, E.K.; Lantsberg, D.; Tagar-Sar-el, M.; Gefen, S.; Gafner, M.; Katorza, E. Identifying causes and associated factors of stillbirths
using autopsy of the fetus and placenta. Arch. Gynecol. Obstet. 2025, 311, 237-244. [CrossRef] [PubMed]

Suhren, J.-T.; Hussein, K.; Kreipe, H.; Schaumann, N. Comparison of prenatal and postmortem diagnoses from 251 fetal autopsies:
High rate of placental pathologies, low rate of discrepancies. Fetal Pediatr. Pathol. 2023, 42, 630-641. [CrossRef] [PubMed]

de Graaff, E.; Bartlett, K.; Sadler, L.; Lakhdhir, H.; Simon-Kumar, R.; Peiris-John, R.; Burgess, W.; Cronin, R.; McCowan, L.;
Anderson, N. Placental pathology findings amongst extremely preterm perinatal deaths in Aotearoa New Zealand. Placenta 2023,
137,78-87. [CrossRef] [PubMed]

Horn, L.-C.; Kriicken, I; Hiller, G.G.R.; Niedermair, M.; Perac, K.; Pietsch, C.; Hohn, A.K. Placental pathology in sudden
intrauterine death (SIUD) in SARS-CoV-2-positive oligosymptomatic women. Arch. Gynecol. Obstet. 2023, 307, 1811-1822.
[CrossRef] [PubMed]

Rogers, B.B.; Pinar, M.H.; Ernst, L.M.; Price, E.; Gundogan, F. Perinatal Autopsy Guidance for the General Pathologist. Pediatr.
Dev. Pathol. 2026, 29, 406—430. [CrossRef] [PubMed]

Ernst, L.M.; Freedman, A ; Price, E.; Franklin, A. Anatomy of the ductus arteriosus in fetal autopsies: Correlations with placental
pathology and cause of death. Pediatr. Dev. Pathol. 2023, 26, 388-393. [CrossRef] [PubMed]

Montana, A.; Alfieri, L.; Marino, R.; Greco, P.; Taliento, C.; Fulcheri, E.; Tini, A.; Buffelli, F.; Neri, M. Sudden intrauterine
unexplained death (SIUD) and oxidative stress. Cells 2024, 13, 1347. [CrossRef] [PubMed]

Takita, H.; Hasegawa, J.; Nakamura, M.; Arakaki, T.; Oba, T.; Matsuoka, R.; Sekizawa, A. Causes of intrauterine fetal death are
changing in recent years. J. Perinat. Med. 2018, 46, 97-101. [CrossRef] [PubMed]

Dancey, S.R.; Benton, S.J.; Lafreniere, A.J.; Leckie, M.; McLeod, B.; Sim, J.; El-Demellawy, D.; Grynspan, D.; Bainbridge, S.A.
Synoptic reporting in clinical placental pathology. Pediatr. Dev. Pathol. 2023, 26, 333-344. [CrossRef] [PubMed]

Patnaik, P.; Khodaee, A.; Vasam, G.; Mukherjee, A.; Salsabili, S.; Ukwatta, E.; Grynspan, D.; Chan, A.D.C.; Bainbridge, S.
Automated detection of microscopic placental features using machine learning. Placenta 2024, 145, 19-26. [CrossRef] [PubMed]
Kim, M.J.; Hutcheon, J.A.; Lee, A.F; Liauw, ]. Autopsy-based growth charts may under-detect fetal growth restriction at autopsy.
Fetal Pediatr. Pathol. 2024, 43, 198-207. [CrossRef] [PubMed]

Scalise, C.; Cordasco, F.; Sacco, M.A; Ricci, P.; Aquila, I. The Importance of Post-Mortem Investigations in Stillbirths: Case Studies
and a Review of the Literature. Int. J. Environ. Res. Public Health 2022, 19, 8817. [CrossRef] [PubMed]

Graham, N.; Heazell, A.E.P. When the Fetus Goes Still and the Birth Is Tragic: The Role of the Placenta in Stillbirths. Obstet.
Gynecol. Clin. N. Am. 2020, 47, 183-196. [CrossRef] [PubMed]

Sr, A.; Siwatch, S.; Kakkar, N.; Kundu, R.; Aggarwal, N.; Saini, S.S.; Gupta, K. Pathological Insights: Placental and Umbilical Cord
Changes in Stillbirth. Cureus 2025, 17, €91471. [CrossRef] [PubMed]

Gibbins, K.J.; Garg, B.; Caughey, A.B. Interpregnancy Interval After Stillbirth and Adverse Perinatal Outcomes. Obstet. Gynecol.
2023, 141, 1203-1205. [CrossRef] [PubMed]

Mekni, K.; Khiari, H.; Tissaoui, A.; Belaid, K.; Habassi, I.; Elfekih, C. Value of CODAC classification in identifying causes of
stillbirths. Arch. Gynecol. Obstet. 2025, 312, 107-117. [CrossRef] [PubMed]

Manocha, A.; Ravikumar, G.; Crasta, J. Placenta in intrauterine fetal demise (IUFD): A comprehensive study from a tertiary care
hospital. . Matern.-Fetal Neonatal Med. 2019, 32, 3939-3947. [CrossRef] [PubMed]

Debelenko, L. SARS-CoV-2 infection in late pregnancy and childbirth from the perspective of perinatal pathology. J. Dev. Biol.
2023, 11, 42. [CrossRef] [PubMed]

Pinar, H.; Gordijn, S.J.; Grynspan, D.; Kingdom, J.; Roberts, D.].; Kerzner, L.; Bates, S.V.; Carreon, C.K.; Leeman, K.T.; Salafia, C.;
et al. Pathologic assessment of the placenta: Evidence compared with tradition. Obstet. Gynecol. 2022, 140, 341-342. [CrossRef]
[PubMed]

Wang, A.C,; Xie, J.L.; Wang, Y.N.; Sun, X.F; Lu, L.J.; Sun, Y.F; Gu, Y.Q. Autopsies and placental examinations of perinatal fetal
deaths: A clinicopathological analysis of 105 cases. Zhonghua Bing Li Xue Za Zhi 2022, 51, 431-436. [PubMed]

Jovanovic, I; Ivanovic, K.; Kostic, S.; Tadic, J.; Dugalic, S.; Petronijevic, M.; Gojnic, M.; Petronijevic, M.; Vrzic-Petronijevic, S.
Intrauterine Fetal Death in Term Pregnancy-A Single Tertiary Clinic Study. Life 2023, 13, 2320. [CrossRef] [PubMed]

Schubert, C.M.; Jackson, M.R.; Barnett, C.P; Scott, H.S.; Sullivan, T.; Goodall, S.; Merlin, T.; Genomic Autopsy Study Research
Network. Evaluating the Clinical Utility of Genomic Sequencing After Perinatal Death. Clin. Genet. 2026, 109, 109-121. [CrossRef]
[PubMed]

https:/ /doi.org/10.3390/diagnostics16152341


https://doi.org/10.1016/j.heliyon.2023.e19984
https://www.ncbi.nlm.nih.gov/pubmed/37809936
https://doi.org/10.1007/s00404-024-07522-1
https://www.ncbi.nlm.nih.gov/pubmed/38691157
https://doi.org/10.1080/15513815.2023.2201623
https://www.ncbi.nlm.nih.gov/pubmed/37129914
https://doi.org/10.1016/j.placenta.2023.04.013
https://www.ncbi.nlm.nih.gov/pubmed/37120961
https://doi.org/10.1007/s00404-022-06614-0
https://www.ncbi.nlm.nih.gov/pubmed/35716208
https://doi.org/10.1177/10935266261419538
https://www.ncbi.nlm.nih.gov/pubmed/42394241
https://doi.org/10.1177/10935266231178151
https://www.ncbi.nlm.nih.gov/pubmed/37249143
https://doi.org/10.3390/cells13161347
https://www.ncbi.nlm.nih.gov/pubmed/39195237
https://doi.org/10.1515/jpm-2016-0337
https://www.ncbi.nlm.nih.gov/pubmed/28236631
https://doi.org/10.1177/10935266231164446
https://www.ncbi.nlm.nih.gov/pubmed/37082923
https://doi.org/10.1016/j.placenta.2023.11.005
https://www.ncbi.nlm.nih.gov/pubmed/38011757
https://doi.org/10.1080/15513815.2023.2299491
https://www.ncbi.nlm.nih.gov/pubmed/38186330
https://doi.org/10.3390/ijerph19148817
https://www.ncbi.nlm.nih.gov/pubmed/35886672
https://doi.org/10.1016/j.ogc.2019.10.005
https://www.ncbi.nlm.nih.gov/pubmed/32008668
https://doi.org/10.7759/cureus.91471
https://www.ncbi.nlm.nih.gov/pubmed/41049995
https://doi.org/10.1097/AOG.0000000000005188
https://www.ncbi.nlm.nih.gov/pubmed/37141598
https://doi.org/10.1007/s00404-025-07955-2
https://www.ncbi.nlm.nih.gov/pubmed/40105935
https://doi.org/10.1080/14767058.2018.1479390
https://www.ncbi.nlm.nih.gov/pubmed/29792056
https://doi.org/10.3390/jdb11040042
https://www.ncbi.nlm.nih.gov/pubmed/37987372
https://doi.org/10.1097/AOG.0000000000004883
https://www.ncbi.nlm.nih.gov/pubmed/35852288
https://www.ncbi.nlm.nih.gov/pubmed/35511639
https://doi.org/10.3390/life13122320
https://www.ncbi.nlm.nih.gov/pubmed/38137921
https://doi.org/10.1111/cge.70028
https://www.ncbi.nlm.nih.gov/pubmed/40782035
https://doi.org/10.3390/diagnostics16152341

Diagnostics 2026, 16, 2341 14 of 14

36. Duyzend, M.H.; Cacheiro, P; Jacobsen, ].O.B.; Giordano, J.; Brand, H.; Wapner, R.J.; Talkowski, M.E.; Robinson, P.N.; Smedley, D.
Improving prenatal diagnosis through standards and aggregation. Prenat. Diagn. 2024, 44, 454—464. [CrossRef] [PubMed]

37. Domogalla, J.S.; McCord, J.; Morse, R. Rural Perinatal Loss: A Needs Assessment. Omega 2022, 84, 1045-1060. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/diagnostics16152341


https://doi.org/10.1002/pd.6522
https://www.ncbi.nlm.nih.gov/pubmed/38242839
https://doi.org/10.1177/0030222820926296
https://www.ncbi.nlm.nih.gov/pubmed/32414300
https://doi.org/10.3390/diagnostics16152341

	Introduction 
	Materials and Methods 
	Study Design and Case Selection 
	Data Collection 
	Forensic Examination 
	Histopathological and Toxicological Examination 
	Definitions 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Discussion 
	Determination of Live Birth in Forensic Investigations 
	Assessment of Fetal Viability 
	Maternal Violence and Causality Assessment 
	Forensic Implications of Transplacental Drug Exposure 
	Investigation of Suspected Medical Negligence 
	Identification and Medico-Legal Challenges of Abandoned Newborns 

	Strengths and Limitations 
	Conclusions 
	References

