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BACKGROUND AND PURPOSE: Changes in the public perception of postmortem procedures
in the United Kingdom have led to reduced numbers of autopsies being performed in the fetus
and neonate. When autopsy is performed in this group, the brain is now usually studied without
being formalin-fixed, which limits the available information. We evaluated the diagnostic
accuracy of postmortem MR imaging of the fetal brain and spine when compared with the
reference standard, autopsy.

METHODS: We obtained high-spatial-resolution T2-weighted images (in-plane resolution
approximately 0.4 mm) of the brain and spine in 40 fetuses and stillborn neonates (14–42 weeks
gestational age) who were referred for autopsy. The MR findings were compared with those of
autopsy, the reference standard, which had been performed independently.

RESULTS: In eight cases, the autopsy did not provide structural information of the brain or
spine, because assessment of the unfixed tissue was impossible. There was agreement between
MR and autopsy findings in 31 (97%) of 32 cases in which comparison could be made. Eleven
cases showed normal brain, and 20 cases showed a wide range of developmental and acquired
abnormalities. The sensitivity of MR was 100%, specificity 92%, positive predictive value 95%,
and negative predictive value 100%.

CONCLUSION: MR imaging has a useful role in providing structural information of the
central nervous system in fetuses and stillborn neonates.

The loss of a fetus or baby soon after birth presents
many parents with a difficult dilemma. Many parents
would like to know why their child died and if there is
an increased risk of abnormalities in future pregnan-
cies. At this time, the accepted method of providing
this information is by autopsy, which is sometimes
supplemented by chromosomal and/or genetic stud-
ies. There are several, well-publicized difficulties that
have developed recently in the United Kingdom in
relation to alleged organ retention without formal
consent from parents. This has led to a substantial
reduction in the number of parents agreeing to au-
topsy in our practice, which has decreased the amount
of information that can be used for counseling, for
giving advice for future pregnancies, and for clinical
audit. These problems have been highlighted by the UK
chief medical officer in two recent publications (1, 2).

Even if autopsy is performed, alterations to the

autopsy procedure, brought about by pressure from
nonmedical sources, has reduced the amount of in-
formation available from autopsy. Until recently,
usual practice has been to remove and fix the brain
before dissection, a process that can take up to 3
weeks. The situation at our institution is that parents
must specifically consent to organ removal and fixa-
tion, and most do not agree to this. Parents now
frequently request that all organs must be replaced
before burial, which makes adequate fixation impos-
sible. This means that the brain must be investigated
unfixed in many cases, a state that makes interpreta-
tion of the brain difficult, particularly when the brain
is immature. This is compounded in the presence of
autolysis, which is common after a period of in utero
retention after death. Autolysis usually affects the
fetus after an interuterine fetal death or stillborn baby
most severely but is also seen in termination of preg-
nancy for fetal abnormality, as death frequently oc-
curs before delivery.

Investigation of the spinal cord is an essential part
of the fetal autopsy process, but the immature cord is
difficult to examine, because dissection of the spine
causes structural disruption. These problems are
compounded when dealing with unfixed tissue.

The UK chief medical officer has recommended
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that modern imaging methods should be evaluated as
an alternative to autopsy (2, recommendation no. 17).
Imaging has been used for many years in the study of
postmortem abnormalities of fetuses and neonates,
but this has been limited to conventional radiology,
usually to assess the chest or bones. The purpose of
this study was to evaluate the findings of postmortem
MR imaging of the central nervous system in fetuses
and stillborn neonates and to compare these findings
with those of autopsy.

Methods
This study was performed under the guidance and with the

consent of the South Sheffield, UK, local ethics committee
(SSLREC 00/239).

Case Recruitment
Cases were recruited from the pediatric pathology depart-

ment based at our institution in Sheffield, UK. This is the
subregional referral center for fetal and pediatric autopsies,
and approximately 200 fetal and neonatal autopsies are per-
formed per year. The 40 cases evaluated in this study were
recruited over a period of 8 months (March 2000 to October
2000). These were not consecutive cases, as limited time with
the MR imager resulted in some of the referred cases not
undergoing MR imaging. The parents consented to both formal
autopsy and MR imaging. No parents refused the addition of
MR imaging to the routine autopsy procedure.

Procedures
All examinations were performed with a 1.5-T supercon-

ducting system (Eclipse; Philips Medical Systems, Best, the
Netherlands). Brain imaging consisted of high-spatial-resolu-
tion imaging in the three orthogonal planes by using fast spin-
echo methods to produce T2-weighted images. We have found
these to be optimal in our pilot studies owing to the absence of
myelin at this stage of development (see Discussion). The
sequences consisted of fast spin-echo (echo train length, 32)
T2-weighted images (15,662/92 ms [TR/TE]) with a bandwidth
of 20.8 kHz and four acquisitions. A wrist or knee coil was used
with a field of view 14 cm, matrix size of 256 � 256 (giving an
in-plane resolution of 0.5 mm), and 2-mm-thick sections (no
intersection gap) of the whole brain in the three natural or-
thogonal planes. The spine was imaged by using comparable
sequences in the sagittal plane and either axial or coronal plane
depending on the expected or demonstrated abnormality. The

bodies were stored in a standard refrigerated environment
before imaging.

Brain and spine images were reviewed by a pediatric neu-
roradiologist (P.D.G.) and a neonatal radiologist (E.W.). Com-
parison was made with the autopsy findings as described below.

Autopsy was performed by one of two experienced pediatric
pathologists (M.E. or D.V.) who did not know the results of the
MR examination at the time of preparing the autopsy report.
The autopsy was performed the same day or the day after MR
imaging by using what are considered to be standard methods
in the United Kingdom at present. The brain and spine were
examined in an unfixed state that consisted of external macro-
scopic inspection and weighing. The brain stem and cerebellum
were separated, and the cerebral hemispheres divided to assess
the medial contours. Tissue samples were taken from one
cerebral hemisphere, the brain stem, and cerebellum. These
samples were fixed before histologic studies were performed.
The organs were then returned to the body for burial or
cremation according to the parents’ wishes.

The MR findings were compared with the findings from
autopsy and in most cases could be grouped into one of four
categories, by using autopsy as the reference standard: true-
positive, abnormal brain or spine with comparable information
from imaging and autopsy; true-negative, normal brain or spine
as shown on MR images and confirmed at autopsy; false-
positive, brain or spine incorrectly reported as abnormal on
MR images; false-negative, brain or spine incorrectly reported
as normal on MR images. In the remaining cases, a definitive
answer could not be obtained from autopsy. This occurred in
cases when the unfixed brain could not be assessed adequately
because of the poor physical state of the unfixed brain.

Patient Demographics
Among the 40 cases, there were 20 male and 20 female

fetuses or stillborn neonates. The gestational age was estimated
by a combination of the woman’s last menstrual period and the
assessments made at sonography around 20 weeks after the last
menstrual period. The mean gestational age was 24 weeks
(range, 14–42 weeks; interquartile range, 18–29 weeks); the
later-gestational-age cases were all dead at birth. The mean
postmortem delay to MR imaging was 5 days (range, 1–14 days;
interquartile range, 3–7 days), and these figures include the
period of time that the fetus had demised in utero, where
appropriate. The autopsy was performed on the same day or
the day after MR imaging in all cases.

Results
In 32 (80%) of the 40 cases, the MR study was

subjectively rated as good or excellent quality (Fig 1).

FIG 1. A, Coronal and B, axial brain MR
images in a spontaneously aborted 22-
week fetus. The image quality was as-
sessed as excellent and findings reported
as normal, which agreed with the autopsy
report. The dark structures (arrows) in the
immediate periventricular regions are the
germinal matrices. Migrating neurons are
shown in cerebral hemispheres as gray
matter signal intensity against the high
signal intensity of the white matter.
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Eight were rated as poor-quality examinations, and in
all but one of the eight cases, the fetuses were at
14–17 weeks’ gestation.

In eight (20%) of 40 cases, the condition of the
unfixed brain was such that no autopsy information
could be gathered; therefore, formal comparison be-
tween MR and autopsy findings could be made in
only 32 cases. The MR findings of those eight cases
are shown in Table 1, with an example is shown in
Figure 2. In 28 (88%) of 32 cases, there was complete
agreement between MR and autopsy findings at the
first assessment. These consisted of normal brains
(11) and a wide range of developmental and acquired
abnormalities (17); the abnormalities are listed in
Table 2, with examples shown in Figures 3 and 4. In
four cases, there was disagreement between the MR
and autopsy results on the initial assessment. These
cases were subjected to consensus review by a pedi-
atric neuroradiologist (P.D.G.) and a pediatric pa-
thologist (D.V.) and are listed in Table 3. In three
cases, review confirmed the MR findings, and in one
case the MR interpretation incorrectly reported col-
pocephaly (selective dilatation of the trigones and

occipital horns of the lateral ventricles). The overall
sensitivity of MR imaging was 100%, specificity 92%,
positive predictive value 95%, and negative predictive
value 100%.

Discussion

Events in children’s hospitals across the United
Kingdom have caused the search for methods to assist
formal autopsy (1, 2). We present our experience with
using high-spatial-resolution MR imaging of the brain
and spine of fetuses and a smaller number of stillborn
neonates before autopsy. The brain and spine were
chosen in this initial evaluation for a number of rea-
sons, both practical and theoretical. Developmental
abnormalities of the central nervous system are com-
mon, and our group has particular imaging expertise
in this field. In addition, there are major practical
problems associated in performing autopsy on central
nervous system structures without formalin fixation.
The fetal or stillborn brain is difficult to handle even
with adequate fixation, even after modest postmor-
tem delay (3, 4). This is due, in part, to the high water
content of the immature brain compared with that of
the adult brain. Parental concerns about organ reten-
tion have resulted in requests of not removing the
brain for fixation (which can take weeks); therefore,
many brain studies are being performed on nonfixed
tissue. This makes structural analysis difficult, as
shown by the 20% failure rate found in this study.
Similar problems are found with the spinal cord, but
these are compounded by the small size of the cord
and disruption often caused by removal from the
bony canal. The considerable delays between fetal
demise and autopsy probably contribute to the diffi-
culty in handling the brain, as autolysis makes the
tissue even more fluidlike. It should be noted, how-

FIG 2. MR images of a fetus after therapeutic abortion at 18 weeks because of a sonographic diagnosis of alobar holoprosencephaly.
Autopsy could not provide any information because of the poor state of the unfixed brain.

A, Axial and B, coronal brain MR images confirm the typical features of alobar holoprosencephaly: nonseparated cerebral hemi-
spheres, holoventricle, and fused thalami. Note the single, poorly formed orbit (cyclopia) (arrow) and an azygous anterior cerebral artery
(arrowheads).

TABLE 1: Results of Eight MR Examinations in Which No Struc-
tural Information Was Obtained from Autopsy Because of the Physi-
cal State of the Brain

Abnormality
No. of
Cases

Normal 2
Agenesis of corpus callosum 2
Agenesis of corpus callosum and

rhombencephalosynapsis
1

Holoprosencephaly (see Fig 2) 1
Germinal matrix hemorrhage 1
Hypoxic or ischemic damage 1
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ever, that the inclusion of MR imaging in the process
did not account for the delay.

MR imaging has been used as an alternative to
autopsy in adults; the technique is described in a
letter to the British Medical Journal (5), but the au-
thors did not present comparative data. There are
several reports of using MR imaging to study the
formalin-fixed fetus post mortem. These have usually
been performed on fetuses in museum collections and
were designed to study aspects of brain development
rather than the assessment of abnormalities in a clin-
ical environment. One of our group (I.D.W.), along
with colleagues from the Middlesex Hospital in Lon-
don, previously reported on 3D MR imaging of the
fetus post mortem (6), and the same group performed
an MR versus autopsy study in 1996 (7). That article
described 20 aborted or stillborn cases in which MR
imaging was used to perform whole-body imaging.
MR imaging was performed in situ and, presumably,
on unfixed tissue. Technical details of the autopsy
were not published but held by the editor-in-chief of
The Lancet. The authors found agreement between
MR imaging and autopsy findings in eight of 20 cases,
and in four of 20 cases, MR imaging provided more

information when compared with autopsy. In the re-
maining eight cases, autopsy provided more informa-
tion than MR imaging. The overall sensitivity for MR
imaging in the detection of abnormalities in that study
was 60% compared with 100% in the cases in our
study. This is probably because we studied only the
central nervous system and there has been a consid-
erable improvement in the quality of MR imaging
over the last few years. Woodward et al (8) describe
the results of 26 postmortem MR examinations on
intact, nonfixed fetuses; they compared the findings
with autopsy results, although the authors do not
specify if fixed tissue was used. Their cases consisted
mainly of body abnormalities as opposed to the cen-
tral nervous system; however, they commented that
MR imaging was particularly useful for assessing cen-
tral nervous system structures. In that study, 37 (79%)
of 47 major abnormalities were shown on MR images
but only one of 11 minor abnormalities.

The choice of sequence parameters was important
for this study and required empirical experimentation
in earlier pilot studies. MR imaging of the type de-
scribed in this study has advantages and disadvan-
tages when compared with MR imaging in a living,
adult patient. MR imaging is exquisitely sensitive to
patient movement, which imposes limits on the image
acquisition time. This is not an issue when imaging
post mortem, and long acquisitions with improved
signal-to-noise ratios can be obtained. The major dis-
advantages, both theoretical and practical, are ex-
plained by the chemical differences between the
brains of fetuses or stillborns and those of adults, and
it is necessary to review the issue of resolution in
brain imaging at this point. Anatomic resolution (the
smallest objects that can be resolved as separate) is
dependent on the field of view and matrix size, and
MR imaging and CT are broadly comparable in this
respect. One of the major advantages of MR over CT,

FIG 3. A, Sagittal spine and B, axial
brain MR images in a 20-week fetus after
a therapeutic abortion because of a sono-
graphic diagnosis of myelomeningocele
and Chiari II malformation. These findings
were confirmed with postmortem MR im-
aging and autopsy. The spine MR image
(A) shows a low thoracic myelomeningo-
cele with an adjacent complicated fusion
defect of the lower thoracic–upper lum-
bar vertebral bodies. There is also exten-
sive syringohydromyelia. The cerebellar
tonsils (arrow) are abnormally low (at C3),
indicating a Chiari II abnormality, and im-
ages of the brain (not shown) confirmed
the presence of a small posterior fossa.
This brain MR image (B) shows ventricu-
lomegaly and the “lemon-shaped” defor-
mity recognized on sonograms in cases
such as these.

TABLE 2: Results of 17 Cases in Which MR Imaging and Autopsy
Agreed on the Nature of Abnormal Findings on First Analysis

Abnormality
No. of
Cases

Isolated ventriculomegaly 4
Myelomeningocele and Chiari II

malformation (see Fig 3)
4

Dandy-Walker malformation 3
Holoprosencephaly 2
Germinal matrix hemorrhage 1
Hypoxic or ischemic damage 1
Ruptured arteriovenous malformation 1
Diastematomyelia 1
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however, is that the improved tissue contrast between
the chemical differences of gray matter and white
matter can be exploited. MR images rely on hydrogen
nuclei, and the most abundant forms in the body are
water and lipids. There is approximately 82% water in
gray matter and 72% water in myelinated white mat-
ter (9). There is far more lipid in myelinated white
matter when compared with gray matter (54.9% vs
32.7%) (10). These two factors account for the superb
gray matter–white matter distinction on MR images,
particularly on T1-weighted images in the adult, fully
myelinated brain.

The major difference in the brains of fetuses or
stillborns when compared with that of the adult is the
virtual complete absence of myelin. This means that
the water content and lipid content of gray and
“white” matter are very similar. In this situation, it
would be expected that the tissue contrast should be
poor, and this is borne out on T1-weighted images.
Some contrast is present on T2-weighted images, but
this is modest. Conditions present in the fetal brain
greatly improve tissue contrast above that expected.
The second trimester is an exceptionally active period
of neuronal proliferation and migration. The devel-
oping neurons are situated in the immediate, periven-
tricular germinal matrices, which were shown to have
low signal intensity in our studies. We have shown
that MR imaging can also depict a complicated inter-
nal structure that appears to correspond to the waves
of migrating neurons shown on histologic studies

(11). This set of circumstances produces the high
tissue contrast in postmortem fetal studies, and sim-
ilar findings have been observed in our work with the
in utero fetal brain (12). The only major difference we
see between postmortem and in utero fetal brains,
allowing for the different techniques used, is in the
size of the extraaxial spaces. These are smaller in the
postmortem brain, presumably because of loss of CSF
pressure. Similarly, this is the only major difference
we see between live neonates and stillborn babies of
the same maturity.

We have described our experience with MR imag-
ing to provide structural information of the brain and
spine in fetuses and stillborn neonates that is usually
obtained from autopsy. We have shown that MR
imaging is as accurate as autopsy, as it is performed in
our department currently when providing macro-
scopic detail of brain and spine anomalies. In some
situations, we have shown MR imaging to be superior
to autopsy of an unfixed brain; the ability to image the
brain in situ is a particular advantage. The demon-
stration of an abnormality in the extraaxial compart-
ment is, theoretically, a major advantage of MR im-
aging over autopsy. The results of our more recent
work appear to confirm this with the demonstration
of abnormality at that site with a surprisingly high
frequency that was not reported at all on autopsy.

We have described a group of cases with a rela-
tively high prevalence of central nervous system ab-
normalities (20 [63%] of 32). It is not likely that this

FIG 4. A, Axial and B, right parasagittal
MR images in a 21-week fetus after ther-
apeutic abortion performed on the basis
of a parietal meningocele on sonograms.
This was reported as such at autopsy. MR
images show that there is also brain and
ventricle in the abnormality (therefore,
technically a meningoencephalocysto-
cele). In addition, the MR images show an
area of cortical dysplasia (arrow) in the
right frontal lobe that was not reported at
sonography or autopsy. This was con-
firmed at consensus review. Note the
generalized reduction in volume of mi-
grating neurons in the right cerebral hemi-
sphere.

TABLE 3: Consensus Reports of Four Cases in Which MR and Autopsy Findings Disagreed on the Initial Assessment

MR Findings Autopsy Findings Consensus Report

Parietal encephalocele, frontal cortical
dysplasia (see Fig 4)

Parietal meningocele Parietal encephalocele, frontal cortical
dysplasia

Ventriculomegaly due to aqueduct stenosis Dandy-Walker malformation Ventriculomegaly due to aqueduct
stenosis

Dandy-Walker malformation Normal Dandy-Walker malformation
Colpocephaly Normal Normal
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high figure was introduced by selection bias at the
time of MR imaging, because the expected diagnosis
on prenatal images (normal or otherwise) was not
known until the fetus or stillborn neonate arrived in
the MR department. It is more likely that any selec-
tion bias in our study was produced by the parents’
knowledge of a structural abnormality. That is, we
would predict that parents are more likely to consent
to autopsy if a central nervous system abnormality is
suspected than if no abnormality is expected.

We have already outlined the changes in attitude to
fetal and neonatal autopsy in the United Kingdom
and the changes in autopsy procedures that have been
brought about. Our early work is encouraging, but
several points remain to be answered. Formal autopsy
evaluates the whole body, whereas we have studied
only the brain and spine. We believe that MR imaging
will be good at evaluating body structures on the basis
of the detail we have seen in the thorax and abdomen
during spine imaging, although we have not assessed
this formally. In the few cases we have seen with
neural and body malformations, MR imaging has
shown the abnormalities. It is possible that MR and
CT in combination will be a powerful method of
performing imaging-based autopsy procedures.

The disadvantage of MR imaging is that histologic
examinations cannot be performed. Microscopy is
carried out to assess causation and to answer ques-
tions such as determination of gestational age and
time of death. One solution to this problem is to
extend the use of postmortem imaging to direct a
minimally invasive “biopsy-type” procedure. How-
ever, limited sampling of tissue is likely to be a con-
siderable disadvantage to such an approach, and if
this method comes into widespread use parents would
have to understand that some information could be
missed.

Conclusion

We describe our early experience with performing
postmortem MR imaging of the fetus and stillborn
neonate. We have shown a close relationship between
the diagnoses made with MR imaging and the refer-
ence standard, the autopsy.
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