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ORIGINAL ARTICLE

Postmortem MR in termination of pregnancy for central nervous system
(CNS) anomalies

Bart De Keersmaeckera,b, Wendy Dendasa,c, Michael Aertsend and Luc De Cattea

aDepartment of Obstetrics and Gynecology, University Hospital Leuven, Leuven, Belgium; bDepartment of Obstetrics and Gynecology,
AZ Groeninge, Kortrijk, Belgium; cDepartment of Obstetrics and Gynecology, Sint-Trudo Hospital, Sint-Truiden, Belgium; dDepartment
of Radiology, University Hospital Leuven, Leuven, Belgium

ABSTRACT
Objectives: To evaluate the concordance of conventional autopsy (CA) and postmortem mag-
netic resonance (MR) after termination of pregnancy (TOP) in fetuses with prenatally detected
central nervous system (CNS) anomalies. Second, to determine the most informative postmor-
tem investigation in parental counseling.
Methods: All TOPs between 2006 and 2016 with prenatally detected CNS involvement and hav-
ing a postmortem MR and CA as postmortem examinations were retrospectively analyzed and
concordance levels were established.
Results: Of 764 TOPs, 255 cases had a CNS anomaly detected prenatally (33.4%). Fetal genetic
anomalies (n¼ 40) and cases without both postmortem MR and CA were excluded, leaving 68
cases for analysis.
Results: Disagreement between postmortem MR and CA was observed in 22 cases (32.4%). In
eight cases (11.8%), more information was obtained by CA compared with MR. However, only
two cases with major additional findings were found when compared with prenatal diagnosis.
In 14 cases (20.6%), MR was superior to CA either because of additional cerebral anomalies
undetected by CA (n¼ 5) and/or because of severe autolysis hindering pathology of the
CNS (n¼ 9).
Conclusions: Our data point out that an adequate postmortem evaluation, valuable in parental
counseling, can be provided by a postmortem MR in 97% of the cases.

KEY POINTS

� An adequate postmortem evaluation, valuable in parental counseling, can be provided by a
postmortem (PM) magnetic resonance (MR) in the majority of cases.

� PM MR is an excellent postmortem imaging tool for the brain.
� In cases with brain autolysis, PM MR is often the only informative PM investigation tool.
� PM MR is an essential adjunct to CA in the PM evaluation of pregnancies terminated for a
central nervous system (CNS) anomaly.
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Introduction

Over the past decade, conventional autopsy (CA) rates

after termination of pregnancy (TOP) for congenital

anomalies are declining for various reasons. These

include parental concerns about disfigurement of their

child and skepticism about the potential benefit of CA

in both parents and clinicians [1,2]. Yet, the merit of

postmortem (PM) investigation must not be underesti-

mated, as it allows to determine final diagnosis and

provide crucial information for counseling toward

future pregnancies. The search for minimally invasive

autopsy (MIA) techniques has already created promis-
ing perspectives regarding PM cross-sectional imaging,
as computed tomography (CT) and magnetic reson-
ance (MR) allow to evaluate the different organ sys-
tems in situ. The use of PM MR in this setting was first
reported in 1996 by Brookes et al. [3] and further
investigated and validated in later years, to become a
medically acceptable alternative to CA [2,4,5], more
favorably received by the parents [6,7]. Particularly in
fetuses [4] and more specifically in fetal central ner-
vous system (CNS) anomalies [2,5,6,8–10], PM MR
appears to be of greater value. Because brain tissue is
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highly receptive to PM changes, significantly question-
ing the added benefit of the pathological investiga-
tion, MR may contribute more significantly to the final
diagnosis than CA, which is actually still the gold
standard [5,6].

The purpose of our study was to evaluate the cor-
relation of PM MR and CA in fetuses after TOP for CNS
anomalies, in order to determine which PM investiga-
tion is the most informative and to determine the
additional need for and contribution of CA.
Furthermore, we intented to evaluate the impact of
cerebral autolysis on PM MR and CA.

Material and methods

We retrospectively revised all TOP’s from a prospect-
ively collected database to retrieve fetuses with a pre-
natally detected malformation involving the CNS,
between 2006 and 2016. Patients are derived either
from the hospital’s prenatal ultrasound screening pro-
gram or referred for a second opinion.

Only patients having consented to both PM MR
and full CA were included. There were no particular
exclusion criteria, except for cases with an established
genetic diagnosis after prenatal investigation.
Therefore, cases with a genetic anomaly detected by
molecular karyotyping were further excluded from the
analysis. CNS anomalies were stratified into seven
major subclasses and cases were classified according
to their most prominent lesion. We classified the cases
into (1) Isolated severe ventriculomegaly (ISV), (2)
neural tube defects (NTD), (3) midline anomalies, (4)
destructive disorders (congenital infections (mainly
congenital cytomegalovirus infections), intracranial
hemorrhage and congenital porencephaly, hydrance-
phaly and periventricular leukomalacia) (5) profilera-
tion disorders, (6) tumor/cyst and (7) hemorrhage.

Extensive prenatal ultrasound (transabdominal and
transvaginal whenever possible) was performed by an
expert in fetal medicine (GE Voluson 730 E, GE
Voluson E8 and E10, 4-8MhZ abdominal probe and a
5-9MhZ vaginal probe (GE Healthcare Belgium,
Kouterveldstraat 20, 1831 Diegem, Belgium) according
to the ISUOG guidelines [11]. Prenatal MR on a
Siemens Aera 1.5 Tesla MR using 2 body coils included
a T2 half-Fourier acquisition single-shot turbo spin-
echo-(T2 HASTE) and fast imaging with steady-state
free precession-sequences, respectively, coronal and
sagittal plane with reference to the mother; a T2
HASTE of three fetal brain planes; a T2 echo planar
imaging (epi), T1 turbo spin echo (TSE) and diffusion-
weighted imaging (DWI) of fetal brain in axial plane;

T2 HASTE of three fetal body planes and a T1 volu-
metric interpolated breath-hold examination with fat
saturation of the coronal fetal body plane.

Parental request for TOP was accepted by the
multidisciplinary feto-maternal board whenever the
fetal condition implied a major morbidity or mortality,
in concordance with local legislation. A legally defined
reflection period of six days minimal was implemented
between the parental request and the performance
of TOP.

The TOP protocol implied administration of
Mifepristone 48 h prior to induction with Misoprostol.
A feticide with Fentanyl 0.1mg/mL 2 cc and Lidocaine
2% 10 cc proceeded induction of labor in gestations
beyond 22weeks. Post-TOP investigations were per-
formed within 4 h after delivery whenever possible.
However, in cases of involuntary delay, the fetal body
was cooled to 4 �C within 4 h after delivery to allow
for further analysis as soon as possible. PM investiga-
tions combined MR and CA including histology of
fetus and placenta. PM MR was performed using a
Philips Healthcare Ingenia 3 Tesla MR, using the small-
est possible coil, with scanning times of 1.5 up to 2 h,
depending on the fetal size and gestational age. Used
sequences include a T2 three-dimensional (3D) volume
isotropic turbo spin echo acquisition, T1 3D magnet-
ization prepared rapid acquisition gradient recalled
echo (MPRAGE) and susceptibility weighted imaging in
the axial plane of the fetal brain, as well as T1
MPRAGE and 3D T2 TSE of the fetal body. The prenatal
and PM MR images were analyzed by a fetal MR spe-
cialist and autopsy was performed by a certified peri-
natal pathologist. Suspicion of skeletal abnormalities
led to an additional X-ray or CT examination.

All data were retrieved from a computerized data-
base including medical, sonographic, pathological and
genetic data as well as digitized ultrasound-, X-ray-
and MR images.

A favorable ethical opinion was granted by the
Ethical Committee of the University Hospital Leuven
(ML8404).

Statistical analysis was performed with SISA statis-
tics [12]. To compare the rate of agreement between
the different groups, the Fisher’s exact test or a Chi2

analysis was used. Mean values of categories were
compared with a t-test. A p-value at <.05 was consid-
ered to be statistically significant.

Results

Of 255 TOP’s with CNS anomalies in our tertiary cen-
ter, 68 cases were included for analysis. The flowchart
of excluded cases is depicted in Figure 1.
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The distribution of detected CNS anomalies is rep-
resented in Figure 2. Mean gestational age (GA) at
TOP was 24.4weeks (SD ± 5.5). A prenatal MR was
performed in 60.3% (41/68) of the cases.

Full correlation between PM MR and CA, irrespect-
ive of prenatal diagnosis, was observed in 67.6%
(46/68) of the cases. In five cases, TOP was performed
because of congenital cytomegalovirus (CMV) fetop-
athy; pathological investigation of the brain anomalies
was inhibited by autolysis but histology revealed viro-
cytes in all fetal organs. In 5/46 cases, both PM MR
and CA revealed major additional findings, when com-
pared with prenatal diagnosis.

Discrepancy between PM MR and CA, irrespective
of prenatal diagnosis, was observed in 22
cases (32.4%).

In eight cases (11.8%), CA provided more informa-
tion than MR. In 4/8 cases, cerebral histology added
additional value over MR: (1) in a case with a partial
agenesis of the corpus callosum and polymicrogyria
(GA: 26weeks), histology showed a pericallosal lipoma
and CMV inclusions; (2) in a second case with arthrog-
ryposis (GA:18weeks) and abnormal midline structures,
histological analysis demonstrated migration disorders
such as schizencephalic cysts, heterotopia, abnormal
perisylvian cortex and hypoplastic pyramidal tracts; (3)
another case with microcephaly and delayed gyration
(GA:23weeks) showed on histological analysis add-
itional calcifications and leptomeningeal heterotopia,
diagnosing an early form of Aicardi-Gouti�eres syn-
drome; (4) the tumor type was determined by cerebral
histology in one case. In the four remaining cases,

Figure 1. Flowchart included and excluded cases. TOP: termination of pregnancy; CNS: central nervous system; PMMR: postmor-
tem MR; PI: Pathological investigations. Genetic anomaly: chromosomal anomalyþ anomaly detectable by array comparative gen-
omic hybridization (CGH).

Figure 2. Distribution of detected CNS anomalies. X-axis¼ number of cases. ISV¼ isolated severe ventriculomegaly; NTD¼ neural
tube defect.
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gross pathological PM investigation in addition to the
PM MR findings revealed a facial dysmorphism and
talipes equinovarus, in one case each, and a more
detailed characterization of a cardiac defects in two
cases. The detection of the cerebral findings was equal
by autopsy and MR (Table 1).

Hence, parental counseling changed only in two
cases with major additional findings undetected pre-
natally and by PM MR, but revealed by CA (Table 1,
case 1 and 2), determining the recurrence risk.

In 14 cases (20.6%), PM MR was superior to CA,
irrespective of prenatal findings. In nine cases, cere-
bral pathological examination was partially (n¼ 2) or
completely (n¼ 7) uninformative because of severe
autolysis, while on PM MR a detailed analysis of
cerebral anatomy was feasible. One case with a poly-
malformative syndrome, arthrogryposis and extreme
cerebellar hypoplasia, presented on MR with an add-
itional aneurysmal dilation of venous sinuses and
cerebral clefts and cysts, not depicted by CA.
Pathological investigation showed a cleft palate, nei-
ther detected prenatally nor on PM MR, but consid-
ered of minor impact. In another case, additional
cerebral findings – periventricular and subcortical
cysts and clefts – not diagnosed prenatally, were
detected by PM MR after TOP at 26weeks for hydro-
cephalus, callosal dysgenesis and cerebellar hypopla-
sia, fetal growth restriction and fetal akinesia
sequence (Figure 3). Furthermore, in three cases,
extracerebral findings, undetected prenatally, were
revealed by PM MR: a cleft palate in one and verte-
bral anomalies in two cases (Table 2).

Subsequently, in these 14 cases, correlation with
prenatal diagnosis revealed that after performance of
PM MR, parental counseling remained unchanged in
seven out of nine cases with autolysis. In the two
other cases, PM MR showed an aqueductal stenosis,
undetected prenatally and considered to be a major
additional finding. In the remaining five cases, the
major additional findings determined the counseling
significantly by influencing recurrence risk.

Feticide might enhance brain autolysis either by
direct impact on the fetal brain by the drugs used to
cause asystole, or related to the expanded delay
between fetal demise and the moment of autopsy [8].
In total, 32.3% (22/68) of the cases presented cerebral
autolysis, partially or completely hindering patho-
logical investigation in 14 cases [20.6% (14/68)].
Feticide was performed in 67.6% of the cases (46/68),
and was associated with brain autolysis in 39.1%
(18/46). In the absence of a feticide, only 18.1% (4/22)
of the brains were autolytic (p¼ .05). When autolysis Ta
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Figure 3. Case: Prenatal diagnosis of hydrocephalus, cerebellar hypoplasia and aqueductal stenosis. TOP at GA 27weeks. PM MR
shows hydrocephalus, rhombencephalosynapsis, CC dysgenesis, vertebral anomalies. CA shows hydrocephalus, rhombencephalosy-
napsis, CC dysgenesis. Vertebral anomalies are only depicted on PM MR, demonstrating superiority of PM MR over CA in this case.
(a) T2-weighted image of the brain in the axial plane. Dilated right temporal horn of the lateral ventricle (black star). Black fluid
surrounding the cerebellum (white arrows). The dentate nuclei appear fused (White circle) and there is no vermian structure vis-
ible (curved white line).
(b) T2-weighted image of the brain in the axial plane. Severe ventriculomegaly with blood layering as a normal post mortem find-
ing and destruction of the leaflets of the cavum septi pellucidi (thin black arrow). Furthermore, the normal layering of the cerebral
mantle is seen with the germinative matrix, subventricular zone, subplate and cortical plate.
(c) T1-weighted image of the body in the coronal plane. Abnormal ossification of a thoracic vertebral body (T11) in the lower half
of the thoracic spine.
(d) T1-weighted image of the body in the coronal plane. Abnormal ossification of two thoracic vertebral bodies (T1 and T4) in the
upper half of the thoracic spine.
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was present, the mean time interval between feticide
and delivery was 30.6 h (SD ± 15.5) compared with
21.2 h (SD ± 16.0) without brain autolysis (p¼.05)
(Table 3).

Discussion

We aimed to evaluate the correlation of PM MR and
CA in fetuses after TOP for CNS anomalies and to
determine the most valuable PM examination to dir-
ect parental counseling.

Our data favor PM MR over CA in 20.6% (14/68) of
the cases. Indeed in 13.2% (9/68), severe autolysis
hindered cerebral pathological examination partially
(n¼ 2) or completely (n¼ 7), while MR disclosed a
detailed analysis of cerebral anatomy. Altogether, MR
was equivalent or superior to CA in 97.1% of the
cases (66/68) in establishing the final diagnosis.

Only the additional histological information on the
brain malformation overclassed MR in parental coun-
seling. CA is also superior in case of associated car-
diac anomalies, especially in fetuses < 24weeks of
GA [13].

Brain autolysis occurred more frequently after feti-
cide and after a prolonged delay between feticide
and delivery. However, this observation did not influ-
ence our results, probably because the time interval
between feticide and delivery was used as a proxy
for exact time delay between feticide and the actual
pathological examination, which is actually shorter.

In order to confirm prenatal diagnosis or to detect
additional findings with possible effect on final diag-
nosis and parental counseling, PM examinations
remain useful. The declining autopsy rates, and the
subsequent search for minimally invasive postmortem
investigation tools enhanced comparative studies on
the added value of PM MR over CA [3,4,8]. Brookes
et al. [3] studied whole body MR in 20 stillborn or
aborted fetuses, to reveal that PM MR yielded major
findings additional to CA in 20% (4/20), and was of
equal value in 40% (12/20). They concluded that MR
was equivalent or superior to CA in 60% (12/20).
Griffiths et al. [8] specifically studied PM MR of the
CNS in fetuses and stillborn neonates, and found PM
MR was superior over CA in 9.4% (3/32) and equal in
88% (28/32) of the cases. So PM MR was at least
equivalent or superior to CA in 96.9% (31/32).

Nevertheless, the real weight of these retrospective
studies remains uncertain as the cohorts are small,
and the ultrasound findings are not blinded to radiol-
ogists and pathologists [14]. In a prospective valid-
ation study, Thayyil et al. [4] were the first to showTa
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that an extensive minimally invasive investigation
(consisting of MR and other PM imaging techniques,
antemortem or PM blood sampling, external examin-
ation of the fetal body, genetic tests and placental
analysis but without histological tissue sampling) per-
formed equally good as CA. Furthermore, PM MR
reveals significant information in over 50% of fetuses
with a non-diagnostic CA [5]. Yet, compelling evidence
for PM MR and MIA to replace CA is lacking.

Nevertheless, PM MR should be encouraged as an
adjuvant to conventional brain autopsy in fetuses with
suspected brain anomalies [2,5]. Major advantages
include the in situ analysis of the fetal brain, the
reduced impact of autolysis and the avoidance of dis-
figuration of normal anatomy by prelevation. Fantasia
et al. [15] recently reported a prospective study with
PM MRI concordancy rate of 99% in CNS anomalies
comparable to our study.

Furthermore, the obtained images can be stored
and reevaluated at any time. Additionally, the more
frequent use increases normal PM MR skills, further
augmenting its accuracy [16,17].

Our study showed several limitations. First, in this
retrospective study, radiological and pathological ana-
lysis was not performed blinded to the prenatal find-
ings but after multidisciplinary discussion of prenatal
imaging studies. Therefore, it remains impossible to
estimate the true added value of PM MR over CA.
However, in those cases complicated by autolysis of
the brain tissue, the additional value of PM MR seems
clear.

Second, in this paper, we did not address the feasi-
bility of directed fetal biopsy and the histological diag-
nostic accuracy of small tissue samples. Some of the
pathological findings may be limited in size, multifocal
or in area’s difficult to reach. Targeted biopsies may
be challenging and need the joined efforts of the radi-
ologist, the fetal medicine specialist and the patholo-
gist. Dedicated sampling aids have to ensure sufficient
amount of tissue for histological investigation and can
be retrieved either by laparoscopy or by an ultra-
sound- or CT-guided needle sampling [14].

A third limitation which needs further assessment
consists of defining the conditions which might

benefit from additional histological investigation. So
far, we understand that not all congenital malforma-
tions need histological confirmation in order to cor-
rectly counsel the parents. Therefore, it would be of
utmost importance to define the MR characteristics
that definitely call for targeted biopsy and histological
investigation. The reasons of a prenatal MRI perform-
ance rate in only 60% of cases are multiple. Some
patients did not consent. In other cases, the prognosis
was felt to be so poor that the decision to opt for
TOP was taken before considering the possible clinical
relevance of MRI. Furthermore, we relied mainly on
the Paladini paper [18] stating that in a tertiary referral
center with good neurosonographic expertise in the
assessment of fetal malformations, MRI is likely to be
of help in a limited proportion of cases. In our center,
the mean GA at fetal MRI is 27weeks (SD3.9).

Finally, as prenatal diagnosis moves toward the first
trimester, TOP occurs at a much earlier GA, at which
the diagnostic value of PM MR still has to be estab-
lished. PM and post-TOP imaging in smaller fetuses
therefore may be enhanced by smaller coils and 9-
Tesla output machines, or micro-CT [5,19–22]

In conclusion, our data point out that a PM MR is
an excellent PM imaging method for the brain, par-
ticularly in cases with brain autolysis. CA including
histological analysis remains of particular value in a
minority of the cases. Therefore, we advise PM MR as
an essential adjunct to CA in the PM evaluation of
pregnancies terminated for a CNS anomaly. The imple-
mentation of PM MR is widely accepted as an adjunct
to CA and as alternative whenever CA is refused by
the parents.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

No financial support was received for the study. No funding
was received for this work

Table 3. The time interval between feticide, delivery and PM MR in different groups with and without feticide or autolysis.
Time delay (h) Feticide-Delivery Time delay (h) Delivery-PM MR Time delay (h) Feticide-PM MR Mean GA (weeks)

Feticideþ/Autolysisþ (n¼ 18)� 28 8 37 26.9 (SD 4.48)
Feticideþ/Autolysis� (n¼ 28)�� 21 6 27 27.6 (SD 3.87)
Feticide�/Autolysisþ (n¼ 4) NA 7 NA 18.5 (SD 3.42)
Feticide�/Autolysis- (n¼ 18) NA 7 NA 18.6 (SD 3.66)

Time delay in hours, Gestational age in weeks. Autolysisþ: autolysis was present; Autolysis�: no autolysis was present; Feticideþ: feticide was performed;
Feticide�: no feticide was performed; GA: gestational age; h: hours; NA: not applicable; PMMRI: postmortem magnetic resonance imaging ; Data missing
in �3 ��1 patients.
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