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Abstract

Objectives: In this study, we aimed to compare prenatal
ultrasound (USG) and postmortem examination findings of
central nervous system (CNS) abnormalities in fetuses
following termination of pregnancy (TOP).
Methods: A total of 190 fetuses with USG-confirmed fetal
CNS abnormalities of terminated pregnancies between
January 2001 and January 2017 were retrospectively
analyzed and USG and postmortem examination findings
were compared.
Results: Themost frequentCNSabnormalitieswere acrania/
anencephaly (n=45, 24%), spina bifida (n=43, 23%), and
ventriculomegaly (n=35, 18%). In 144 of the 190 (76%) cases,
there was total agreement between USG and postmortem ex-
amination diagnosis. Postmortem examination provided
minor findings which did not change the major clinical
diagnosis in two (1%) cases with spina bifida and ven-
triculomegaly. In six (3%) cases, the diagnosis changed after
postmortem examination. In 25 of the 190 (13%) cases with
multiple abnormalities as evidenced by USG, CNS abnormal-
ity was unable to be confirmed at postmortem examination.
Conclusions: Our study results show an overall high
agreement (76%) betweenUSGandpostmortem examination
findings for CNS malformations. Due to autolysis and fluid

structure, USG-confirmed CNS diagnosis cannot be always
confirmed by postmortem examination. This potential
discrepancy should be explained to patients before consid-
ering TOP. Postmortem examination is the gold standard to
confirm prenatal diagnosis.

Keywords: central nervous system; congenital malforma-
tions; postmortem examination; prenatal ultrasound;
termination of pregnancy.

Introduction

A prenatal ultrasound (USG) examination and a postmor-
tem examination are themainstays of a correct diagnosis in
fetuses of terminated pregnancies due to congenital ab-
normalities [1, 2]. The risk of false-positive diagnosis of
congenital abnormalities is a major concern in prenatal
diagnostics, particularly when termination of pregnancy
(TOP) is an option. The definite diagnosis of major
congenital abnormalities is of utmost importance to decide
TOP. The confirmation of ultrasound findings is critical for
the parents and the obstetrician, and for genetic coun-
seling and epidemiological analysis [3]. The patient can
decide to terminate pregnancy in case of false-positive di-
agnoses or, if the major malformation cannot be precisely
detected, the patient may refuse TOP. Therefore, the ac-
curate diagnosis is crucial for both patients and clinicians.

Major structural central nervous system (CNS) abnor-
malities can be easily diagnosed by prenatal USG exami-
nation [4]. About 30% of TOPs after the 12th week of
gestation have been reported to be due to CNS abnormal-
ities [5]. However, all abnormalities cannot be detected by
USG examination, as many structures do not become
sonographically apparent until the second and third
trimester [6]. Confirmation of prenatal USG findings with
postmortem examination is the gold standard to evaluate
quality control and accuracy of the USG diagnosis [1, 7].
The additional postmortem examination provides clini-
cally relevant information and is a helpful instrument for
complete assessment and optimal genetic counseling,
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leading to an accurate syndromic diagnosis or further ge-
netic and/or chromosomal investigations [1].

In the literature, there is a limited number of studies
investigating CNS abnormalities in perinatal postmortem
examination populations [4, 8–11]. In this study, we aimed
to compare prenatal ultrasound and postmortem exami-
nation findings of CNS abnormalities in fetuses following
termination of pregnancy (TOP).

Materials and methods

This single tertiary care center, descriptive, retrospective study was
conducted at the Department of Obstetrics and Gynecology, Division of
Maternal-Fetal Medicine, Istanbul University-Cerrahpasa, Cerrahpasa
Medical Faculty, between January 2001 and January 2017. Throughout
the study period, there were 453 pregnancy terminations due to fetal
anomaly.Among these cases, 190 (42%)hadCNSabnormalities. TheUSG
and postmortem examination findings were compared. Due to the
descriptive nature of the study, no statistical analysis was performed. A
written informed consent was obtained from the parents before the TOP.
The study protocol was approved by the institutional Ethics Committee
(No. 227794). The studywas conducted in accordance with the principles
of the Declaration of Helsinki.

All prenatal USG examinations were performed using the Toshiba
Xario Diagnostic USG System (Toshiba Medical Systems Corp., Otawara,
Japan) between January 2001 and Aug 2016 and using the Voluson E10
USG machine (GE Healthcare Systems, WI, USA) after August 2016.

All patients with prenatal CNS malformation as evidenced by
USG scan were referred to the Perinatology Council and assessed by
the expert perinatologists. The option of TOP was offered to women
with a gestational age of <24weekswhohad fatal CNS abnormalities in
their fetuses or who had CNS abnormalities which would seriously
affect the quality of life of the fetus.

All fetuses underwent postmortem examination after TOP. All
postmortem examinations were carried out in the pathology department
of our institution by a perinatal pathologist. All postmortem examina-
tions including photography,whole bodyX-ray scan, gross examination,
dissection, and histological examination of fetal organs were carried out
in accordance with the Royal College of the Pathologists Postmortem
Examination Guidelines [2]. The perinatal pathologist was unblinded to
USG findings during the postmortem examination. The cases were
divided into five groups as follows: (i) Group A, total agreement between
USG and postmortem examination findings; (ii) Group B, anomaly
detected with USG, but could not be confirmed at postmortem exami-
nation; (iii) Group C, postmortem examination confirmed all USG find-
ings, but provided additional minor findings without changing the
diagnosis; (iv) Group D, postmortem examination findings were consis-
tent with prenatal USG, but additional major findings that changed the
diagnosis were found; and (v) Group E, postmortem examination could
not be performed due to autolysis.

Results

The median gestational week at the time of diagnosis was 18
(range, 13 to 24) weeks. Themost frequent CNS abnormalities

at USG scan were acrania/anencephaly (45/190, 23.7%),
spina bifida (43/190, 22.6%) and ventriculomegaly (35/190,
18.4%). The distribution of USG findings is shown in Table 1.

The diagnosis at USG scan was compared with the
postmortem examination findings in all cases. There was a
total agreement between the USG and postmortem exami-
nation diagnosis in 144 of the 190 (76%) cases (Group A,
Figure 1). Twenty-five of the 190 (13%) cases who had an
abnormality at USG scan were not confirmed at the post-
mortem examination (Group B, Figure 1). The findings
changed after postmortem examination in two of the 190
(1%) cases inGroupC and six of the 190 cases (3%) inGroup
D. Postmortem examination confirmed all USG findings,
but provided minor additional findings in 2/190 (1%) cases
in Group C. Both cases with 17 gestational week-spina
bifida and 23 gestational week-ventriculomegaly were
diagnosed with agenesis of corpus callosum additionally
(Group C). Figure 1 shows the overall distribution of the
cases into the five groups.

A detailed analysis of all cases in the study revealed
the following findings: 100% of acrania cases was
confirmed at postmortem examination. In 39 (90.6%) of 43
spina bifida cases, postmortem examination confirmed the
USG diagnosis. One (2.3%) case was diagnosed with
agenesis of corpus callosum additionally (Group C), while
another (2.3%) case with additional vertebra and thoracic
defects was diagnosed with spondylothoracic dysostosis
and the final two (4.6%) cases at 16th and 17th gestational

Table : Number and types of central nervous system abnormalities
of prenatal ultrasound (n=).

Ultrasonographic CNS abnormalities Number of patients (%)

Acrania/anencephaly  ()
Spina bifida  ()
Ventriculomegaly  ()
Encephalocele  ()
Holoprosencephaly  ()
Dandy-Walker malformation  ()
Agenesis of corpus callosum  ()
Cerebellar hypoplasia  ()
Choroid plexus cysts  ()
Arachnoid cyst  (.)
Lissencephaly  (.)
Iniencephaly + occipital encephalocele  (.)
Agenesis of cerebellar vermis  (.)
Schizencephaly  (.)
Cyst at posterior fossa  (.)
Mega cisterna magna  (.)
Diastematomyelia  (.)
Total  ()

Data are given in number (%), unless otherwise stated. CNS, central
nervous system.
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week were diagnosed with amniotic band syndrome at
postmortem examination based on additional findings
(Table 2). Totally, 51.4% (18/35) of ventriculomegaly cases
were confirmed at postmortem examination, whereas USG
findings could not be confirmed at postmortem examina-
tion in 16 (45.7%) cases. One (2.8%) case was diagnosed
with posterior agenesis of corpus callosum additionally
(Group C). Almost all cases with encephalocele were
confirmed at postmortem examination (16/17). One ence-
phalocele case at 15-gestational week (5.9%) was diag-
nosed with Meckel-Gruber syndrome (MGS) with
additional findings of polydactyly, polycystic kidney,
proliferation at biliary duct at portal area, and ductal plate
malformation (Table 2). Nearly all holoprosencephaly
cases (13/14) were confirmed at postmortem examination.
Only one (7.1%) case was diagnosed with septo-optic
dysplasia with additional major findings at postmortem
examination (Table 2). Only 33.3% (4/12) of the Dandy-
Walker malformation (DWM) cases suspected at USG scan
were confirmed at postmortem examination, and six
(50.0%) cases could not be confirmed due to autolysis, two
(16.7%) cases were assessed normal at postmortem exam-
ination. Among seven cases, three (42.9%) agenesis of
corpus callosum cases were confirmed at postmortem ex-
amination, one (14.2%) case could not be confirmed at
postmortem examination, three cases could not be
confirmed due to autolysis. In six cases, cerebellar hypo-
plasia was diagnosed using USG, only one of them (16.7%)
was confirmed at postmortem examination, two (33.3%)
cases could not be confirmed at postmortem examination,
and three (50.0%) could not be assessed due to autolysis.
Among three choroid plexus cases, only one (33.3%) was
confirmed at postmortem examination and one (33.3%)
case could not be assessed due to autolysis. Another

(33.3%) case was unable to be confirmed at postmortem
examination. Lissencephaly (n=1), schizencephaly (n=1),
agenesis of cerebellar vermis (n=1), and iniencephaly + oc-
cipital encephalocele (n=1) detected by USG were
confirmed at postmortem examination (Figure 2).

Discussion

In the present study, we compared USG and fetal post-
mortem examination as diagnostic tools for the detection
of structural fetal CNS abnormalities during the second
trimester of pregnancy. Among 453 cases, CNS abnormal-
ities were the most frequent in 42% (n=190) cases, consis-
tent with previous studies [12–16]. Several studies
comparing USG and postmortem examination findings
have included all fetuses at any gestational week, spon-
taneous abortions and neonatal deaths; however, in the
present study, only those who were in the second trimester
of pregnancy were included.

In the present study, 76% (n=144) of all cases with
ultrasonograhic diagnosis, CNS abnormality were totally
confirmed by postmortem examination. This is consistent
with the other studies [3, 11, 17, 18]. In their study, Carroll
et al. [11] found this ratio 77% in 61 fetuses with brain
abnormality. In another study examining 144 fetal abnor-
malities during the seven-year period, the total agreement
between the USG and postmortem examination diagnosis
was 49% [17]. In a systematic review, Rossi et al. [8] found
the agreement between the postmortem examination and
prenatal USG to be 79.4% in fetuses with CNS abnormal-
ities. In a long-term study, Struksnaes et al. [3] reported a
correlation rate of full agreement as 90.1% for CNS
abnormalities.

Figure 1: Classification according to
agreement between ultrasound and
postmortem examination.
The total number of cases is 190. For the
definition of groups, A -E, see methods
section.
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In the present study, only 33% (4/12) of DWM cases
suspected at USG scan were confirmed at postmortem ex-
amination, and eight cases could not be confirmed, six of
which were due to autolysis. This resulted in a relatively
low confirmation rate. In the study of Struksnaes et al. [3],
55% (6/11) of the DWM cases were confirmed by postmor-
tem examination. In the study of Carroll et al. [11], the most
common disagreement was in DWM cases where only six
(43%) of 14 cases prenatally diagnosed with this condition
had the same abnormality at postmortem examination.
Concerning CNS, ventriculomegaly and small posterior
fossa abnormalities such as DWM can collapse during
postmortem examination and, thus, is difficult to confirm.
In our study, a posterior fossa cyst in one case detected on
prenatal USG was also found to be normal at postmortem
examination and, therefore, we could not confirm the
definite diagnosis.

There are many factors implicated in the correlation
between USG and pathological diagnosis of DWM. First,
the criteria used to define this complex are not strict and
vary. Some of these criteria (e.g., dilatation of the fourth
ventricle) may be easier to appreciate by USG or magnetic
resonance imaging (MRI) than by anatomical dissection. In
addition, anatomical relationships that may depend on the
pressurized fluid in the fourth ventricle (e.g., rotation of the
cerebellar vermis) may be lost during dissection. Thus,
variants of DWM that are not associated with macroscopic
or microscopic vermian dysgenesis can be overlooked at
postmortem examination. In this study, we considered
hypoplasia or aplasia of the vermis an obligate feature
of DWM, in part, as there is a limited number of data

suggesting that isolated dilatation of the fourth ventricle
without associated vermian hypoplasia does not pose the
same risk for functional neurological impairment as DWM
complex.

Confirmation of the diagnosis at fetal postmortem ex-
amination may be challenging, as the ventricular spaces
can be changed by autolysis or deformed artifactually.
Previous studies have demonstrated disagreement be-
tween prenatal USG and postmortem examination for this
anomaly. Additional radiological tests such as MRI to di-
agnose DWM or its variants prior to postmortem exami-
nation may be helpful. In a previous study, corpus
callosum agenesis was evaluated by USG and MRI in 14
cases. Although a definitive diagnosis was made with
prenatal USG in four cases, corpus callosum agenesis was
diagnosed byMRI in all cases, 13 cases being complete and
one case being partial agenesis [18].

Vimercati et al. [17] reported that autopsy could not
confirm some brain malformations that were clearly
detected at prenatal USG due to extensive postmortem
autolysis, probably related to a long interval between fetal
death and autopsy. The authors also emphasized that
certain conditions of expulsion could hinder examination,
as they involve an excessively long period of fetal retention
leading to maceration in utero and tissue lysis, of brain
tissue in particular.

Two spina bifida + anencephalia caseswere diagnosed
with amniotic band syndrome after postmortem examina-
tion. Spina bifida is sometimes confused with sacrococcy-
geal teratoma, isolated scoliosis/kyphosis or amniotic
band syndrome [19]. Therefore, a prenatal diagnosis of

Figure 2: Ultrasound findings with total
agreement and disagreement with
postmortem examination.
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spina bifida should be confirmed postnatally. Dis-
tinguishing spina bifida from the other abnormalities of the
spine is important because these conditions have different
causes and associated anomalies, and prognoses. With
careful examination, the diagnosis of spina bifida is
straightforward. The extent of the spinal dysraphism has
been shown to extend above the visible lesion and the
highest level per X-ray should be coded. It was reported the
reasons of misdiagnosis of amniotic band syndrome were
the sonographer not being familiar enough with this syn-
drome, a gastroschisis companying with bowl ectropion, a
skull defect companying with encephalocele, spina bifida
accompanying with spinal meningocele, fetal demise or
decreasing fetus moving, the amniotic band only warping
around fetal finger [19]. Rarely, a layer of the amniotic sac
separates to form a ribbon-like strip called an amniotic
band. Amniotic bands can prevent proper growth of any
part of a developing fetus, a condition known as amniotic
band disruption sequence. When the development of the
brain, skull and/or scalp is interrupted by an amniotic band,
the defect may resemble anencephaly; however, this condi-
tion is not a neural tube defect and rarely recurs in a subse-
quent pregnancy. Of note, anencephaly presence increases
the risk of NTD in the future pregnancies. Therefore, this
distinction is very important for counseling families [20].
Supplementation with 4 mg folic acid per day resulted in a
threefold reduction in NTD recurrence risk [20].

On the other hand, CNS abnormalities such as DWM
and ventriculomegaly detected by prenatal USG cannot be
always confirmed at postmortem examination. The po-
tential benefits of postmortem examination, including
details of the procedures and benefits in providing infor-
mation on recurrence risks should be provided to parents.
This is also helpful for counselling the affected couples,
facilitating genetic studies to avoid such future events.
Genetic counselling is of utmost importance, particularly
in countries where the rates of consanguineous marriage
and, thus, autosomal recessive diseases are high. In such
cases, the recurrence of malformation is about 25% and,
therefore, the diagnosis is critical to prevent recurrences. In
our study, autosomal recessive diseases were diagnosed
after postmortem examination findings in two cases. The
first one was Jarcho-Levin syndrome, while the other was
MGS. One case with encephalocele at the 19th gestational
week was diagnosed with MGS. The sonographic charac-
teristics depend on gestational age at MGS. It can be
diagnosed before the 14th week of gestation. Later in the
pregnancy, severe oligohydramniosmakes it more difficult
to establish the diagnosis by ultrasound alone. In these
cases, postmortem examination is necessary to establish
the diagnosis ofMGS [21]. As there is 25% recurrence risk for

MGS, genetic counselling was provided to the affected
couples. Furthermore, in one case terminated following
USG-confirmed diagnosis of spina bifida, the diagnosiswas
changed to Jarcho-Levin syndrome based on the post-
mortem examination findings. Jarcho-Levin syndrome is
an autosomal recessive disease, although some authors
have described families with autosomal dominant inheri-
tance [22]. Therefore, the family was provided genetic
counselling before planning a new pregnancy.

Perinatal postmortem examination remains the gold
standard to identify the cause of death and to elucidate all
pathological findings [23, 24]. In recent years, a significant
decline in the incidence of postmortem examination
following TOP for prenatally detected fetal anomalies has
been observed all over the world [25–27]. The decision of
TOP due to fetal anomalies and giving consent for post-
mortem examination depends on ethnic, cultural, psy-
chosocial, and religious factors. Some families do not give
consent for TOP due to fetal malformation, while some
others give consent for TOP, but refuse postmortem ex-
amination. So prenatal diagnosis cannot be confirmed by
postmortem examination especially in the cases with
abnormal fetal karyotype. Additionally, sonographic
quality assurance cannot be confirmed. One of the reasons
for the decline of postmortem examination is the unwill-
ingness of the clinicians to offer it. In a study, 40% of clini-
cians did not offer the parents this opportunity for several
reasons, i.e., the lack of availability of a perinatal pathologist,
the belief that postmortem examinations do not useful new
information on every case, a lack of formal training by clini-
cians in obtaining consent for a postmortem examination,
and the thought that it is more difficult to discuss new in-
formation from the postmortem examination with bereaved
parents [26]. Even in case of a postmortem examination not
providing any additional information, the completion of the
procedure confirming the clinical diagnosis offers comfort to
both clinicians and parents [14].

The decreased use of postmortem examinations in
developed countries has led to a rising demand for a less-
invasive alternative to the full perinatal postmortem ex-
amination. TheMRI is themost promising candidate. There
is a growing number of evidence in recent years suggesting
that MRI is comparable to fetal postmortem examination in
detecting fetal anomalies, particularly fetal brain abnor-
malities [13, 15]. Recent studies validating postmortemMRI
and comparing the findings with conventional perinatal
postmortem examination have shown favorable agreement
rates. However, there are still a significant number (up to
20%) of patients who would benefit from the additional
information provided by a conventional postmortem ex-
amination [24]. Although several studies have shown that
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postmortem MRI is an acceptable alternative to postmortem
examination to most parents and healthcare providers, it re-
mains clear that patients should be counseled that conven-
tional postmortem examination is still the gold standard and
can provide the most accurate information [13, 15].

On the other hand, the main disadvantage of post-
mortem imaging to formal postmortem examination is the
loss of histological examination. As MRI imaging has high
sensitivity and low specificity, biopsy is needed for the
confirmation of the diagnosis [24]. In particular, MRI is
useful for the evaluation of brain and spine findings at
postmortem examination [15]. However, it is not cost-
effective and it may not available in every center. Although
postmortem MRI has a definite role for fetal and neonatal
cases, it is not clear whether it would be an adjunct to
formal postmortem examination or whether it is the only
investigation needed in selected cases [24]. However, MRI
should be used before autopsy when ultrasound has
diagnosed CNS abnormalities for which autopsy cannot
confirm the presence, such as DWM, ventriculomegaly,
cysts of the brain, and dilation of the third and fourth
ventricles.

Limitations

Our perinatology center is a reference center where cases
are referred throughout the country. Prenatal USG exami-
nations are performed by experienced physicians and are
discussed in the council with amultidisciplinary approach.
In our study, the perinatal pathologist has a 15-year expe-
rience in postmortem examinations of fetuses of termi-
nated pregnancies due to fetal anomalies. Nonetheless,
there are some limitations to the present study. these re-
sults can not be generalized to national basis. This is the
same for prenatal pathology practice.

Conclusions

In conclusion, this study showed an overall high degree of
agreement between USG and postmortem examination
findings of the fetuses following TOP in the second
trimester of pregnancy. Although a high level of agreement
between prenatal USG and postmortem examination find-
ings was found for CNS abnormalities, postmortem exam-
ination still seems to be the most optimal tool to diagnose
malformations and can often detect other abnormalities of
clinical importance that are unable to be identified by USG.
Therefore, it remains clear that conventional postmortem

examination is the gold standard and can provide the most
accurate information. Of note, clinicians should be aware
of the limitations of postmortem examination in detecting
fetal malformations in cases of retained macerated fe-
tuses. In particular, DWM and ventriculomegaly cannot be
confirmed at postmortem examination. Parents should be
provided with full information about the potential disagree-
ment betweenUSG and postmortem examination. The role of
the fetal postmortem examination is crucial to provide
optimal genetic counselling and prevent recurrence.
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