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Abstract

We describe the neuropathologic procedure utilized in the Stillbirth Collaborative Research
Network (SCRN), focusing on the examination of central nervous system (CNS) in stillbirth (SB).
The SCRN was organized to perform a case-control study to determine the scope and causes of
SB. Pathologists at all the participating centers agreed on and used the same standardized
neuropathologic techniques. Standardized sections were taken and detailed data were collected.
Fresh brain tissue was saved for investigative purposes. A total of 663 women with SB were
enrolled into the case-control study: 620 delivered a single stillborn, 42 delivered twins, and 1
delivered triplets. Of the 560 (84.5%) who consented to postmortem examination, 465 (70.1%)
also gave consent to the examination of the CNS. In the 440 stillborn infants in whom CNS
examination was possible, 248 (56.4%) of the brains were intact, 72 were fragmented (16.4%),
and 120 (27.3%) were liquefied. In summary, this is the largest prospective study dedicated to
investigate the causes of SB and collect essential information and biological samples in the United
States. A protocol for neuropathologic examination was instituted, and a brain tissue repository
was created to provide samples and related data for future investigations.
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Despite a 35% decline in infant mortality in the United States over the last decade, the
number of stillbirths declined by only 17%.1-3 As a result, fetal deaths have now become the
leading contributor to perinatal mortality in the United States. In 2007, The American
College of Obstetricians and Gynecologists (ACOG) Committee on Genetics recommended
that macroscopic and microscopic examination of the placenta and detailed postmortem
examination should be performed in all cases of stillbirth to be able to explain the cause of
death.* After the ACOG’s recommendations, the number of postmortem examinations
performed on the stillborn have not significantly increased.®> Even today, these procedures
are not standardized.

In 2003, the Eunice Kennedy Shriver National Institute of Child Health and Human
Development established the Stillbirth Collaborative Research Network (SCRN) to study the
extent and causes of stillbirth in the United States.6 The scientists responsible from the
SCRN developed a prospective, multicenter, population-based, case-control study that
would include all stillbirths and a representative sample of live births occurring to residents
in five geographically diverse regions. The study enrolled at 59 hospitals, as a whole
performing >80,000 deliveries per year, from March 2006 to August 2008. Participants
underwent a standardized protocol including maternal interview, medical record abstraction,
biospecimen collection, placental pathology, and, for cases, postmortem examination.
Further details on the study design are reported in the companion article on placenta.
General information regarding the overall SCRN study design, the development of the
SCRN placental and postmortem pathology protocols and associated data collection
procedures, and the technical standards for digital photographs have been previously
published in the companion article on placenta, and are not repeated here. In this article, we
discuss the neuropathologic elements of the SCRN postmortem procedures.

Because the examination of the central nervous system is a major and specialized
component of the postmortem examination, we developed the neuropathologic examination
protocol as a separate document. There is a rich body of information about the
developmental landmarks and cellular processes of the human fetal brain that have been
developed over the last century by many neuropathologists, neuroanatomists, and other
neuroscientists. The landmark study examining the fetal brain is the National Collaborative
Perinatal Project, overseen by the pediatric neuropathologist Dr. Floyd Gilles.”8 This study
provided a database of fetal brain development, growth, and formation, including gyri,
ventricular and ependymal formation, and myelination.”~13 It provided important standards
for the developmental assessment of the fetal brain. These standards relate, for example, to
specific gyri and sulci of the cerebral cortex and the times they appear and brain weight at
each gestational age, as well as the onset and timing of myelination, which is rapid in the
fetal brain stem and spinal cord over the last half of gestation.14-16 In addition, Marin-
Padilla and Armstrong and Hawkes, to name a few major investigators, delineated the
dendritic geometry and the speed of dendritic and axonal growth in the fetal cerebral cortex.
Also, the cycles of central myelination and neuronal migration patterns were
elucidated.1’-20 Others have helped to identify the stages of cerebral vascularization,
neurotransmitter maturation, oligodendrocyte and astrocyte development, and antioxidant
enzyme maturation.21:22 |n addition, there are published atlases on fetal brain anatomy,
neuropathology, and neuroradiology, with some combining these three fields.23-26 In an
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area where there was a significant accumulation of knowledge, our task was to devise a
relatively user-friendly and rather simple but complete procedure to be used as the standard
in the Network. The “basic” technique of examination of an organ in a postmortem
examination varies according to the purpose of the investigator. This is true for brains,
t00.27-30 The brains are examined for different purposes in forensic sciences versus
neuropathology research, so details of the examinations differ widely. Because our objective
was to devise a simpler research protocol, we modified some aspects of the detailed
investigative neuropathologic examination previously described by various authors by
decreasing the number of steps involved and preparing easy-to-understand instructions and
complementary questionnaires so that data and the biospecimens could be collected
correctly and effectively. It is important to underline that this is a research protocol and is
not intended to be a standardized and simplified procedure for the use of nonperinatal
neuropathologists. Some of the procedures not frequently used, such as removal of the eyes
or the spinal column in toto, are briefly described in the text.

METHODS

Consent

The initial assessment of the stillborn involved the evaluation of autolysis and
fragmentation. They were graded using the standardized criteria previously described.31:32
At times, the grade of external maceration did not reflect the physical condition of the brain.
In general, brain tissue is softer and autolyzes faster compared with other internal organs.
This is true especially for the brains from early gestational ages, when the myelination
process is just starting.”8:1112.14 The degree of integrity of the brain was determined after
opening the cranial cavity (Table 1).

A full neuropathologic examination included procurement of the brain and, if indicated, the
spinal cord and eyes. Due to regional differences, some centers had to obtain special consent
to examine the spinal cord and the eyes. This topic is discussed in detail in the companion
article about the postmortem examination procedure.

Stages of Neuropathologic Examination

The neuropathologic examination was completed in three stages. The first stage involved the
removal, preliminary external examination, and weighing of the brain. The second stage
involved fixing the specimen for 1 to 2 weeks. The third stage was repeating the external
examination and then slicing the brain in the coronal plane to examine the internal
structures.27-30

STAGE 1

Removal of the Brain: There are several descriptions in the literature claiming to be the
easiest and simplest method to remove the brain in the perinatal age group.2’-30 Removing
the brain intact from an early gestational-age stillborn requires a certain level of skill. The
soft and pliable cranium due to incomplete ossification and the open fontanelles allowed the
prosector to cut through the cranium with a pair of scissors with ease. But special bone
cutters were used to sample the base of the cranium such as the sella turcica. The main
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disadvantage was the incompleteness of myelination causing these brains to be so soft they
easily fell apart during the removal process. In addition, hypoxic and ischemic changes that
usually affect the perinatal brain made them even softer. Although these usually resulted in
fragmented brain tissue, they did not preclude the examination and gaining significant
insights about the pathology in this organ. A description of removal of the brain from a
stillborn or a neonate is described in Fig. 1.

Weighing the Brain: The next step after the removal of the brain was to weigh it fresh
using an electronic scale. No other structures were included in the weighing process. If the
spinal cord, sagittal sinus, and other structures were obtained, they were fixed in the same
container.

Resear ch Sample: The next step was to obtain a fresh brain sample by slicing the tip of the
left frontal pole to include cortex and white matter. This sample was chosen because of its
simple identification from the usually fragmented brain samples and also the fact that it
contained gray and white matters, which constitute the greatest percentage of the fetal brain.
Multiple research samples were not collected because of problems with standardization and
cost. In fragmented specimens, any tissue fragment containing gray and white matters was
frozen. The size of the sample depended on the gestational age and weight of the brain. The
sample was immediately placed in a 15-mL cryovial and placed in —80°C freezer (Table 2).
These were initially stored in the local freezer and subsequently batched and shipped on dry
ice by airmail to the central tissue repository. This sample could be used for DNA
extraction, protein analysis, or immunohistochemistry using antibodies that only react in
unfixed tissue.

Removal of the Pituitary Gland: The pituitary gland was removed with the cartilaginous
sella.

Fragmented Brain Tissue: When the brain tissue was completely fragmented, the
prosectors collected all the available pieces and weighed them in toto. In most cases,
determination of the exact origin of the fragments was not possible, so random sections were
taken. In fragmented and liquefied brains, submitting less than the standard number of
blocks was acceptable (Tables 2 and 3).

Very Soft (Liquefied) Brain Tissue: When the brain tissue was very soft and almost liquid
in consistency, prosectors again tried to collect as much brain tissue as possible to obtain an
approximate weight. If the tissue was so soft that it was impossible to use the standard tissue
cassettes, no samples were submitted.

Examination of the Eyes: In certain conditions, it was desirable to remove the globes for
further detailed measurements and examination. The main indications for removing the eyes
included developmental abnormalities in prosencephalon (forebrain) such as cyclopia,
synophthalmus, anophthalmos, and congenital cystic eye. Conditions such as aniridia,
congenital ectropion of iris, all types of colobomas, failure of formation of the lid fold,
cryptophthalmos, all types of embryotoxon, some aneuploidies such as trisomy 13, and all
skeletal dysplasias with connective tissue gene mutations were additional indications for
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detailed examination of the eyes. Examination of the eyes included a careful review of the
periorbital structures. During the external examination of the eyes, presence of periorbital
edema or pigmentation was noted. The presence of deep set or prominent eyes and deep
creases under the eyes were evaluated. Hypotelorism, hypertelorism, and colobomas were
also checked. Sclera was examined, particularly if it was consistent with osteogenesis
imperfecta. The eyelids and eyelashes were also examined. In some of the centers, the need
of an additional consent above and beyond the federal and the local consent forms made the
utilization of this procedure cumbersome.

In our protocol, we recommended removing the eyes using an anterior approach: the eyelids
were held apart with the aid of retractors. Using curved scissors, the conjunctival
attachments to the limbus were severed, being careful not to cut the eyelids. Tenon’s capsule
was left intact to avoid leakage. The four rectus muscles were cut so that ~5.0 mm (shorter
in preterm babies) of muscle was left attached to the globe; this allowed orientation of the
globe at a later time. The inferior oblique muscle was then cut. Rotation of the eye
temporally by traction on the stump of the inferior oblique muscle allowed access to the
optic nerve and ensured that a long piece of the intraorbital portion of the optic nerve was
obtained. Before examination, the eyes were fixed in a fixative of choice such as 10%
buffered formalin.26-30

Examination of the Spinal Cord: A standard, single section that included the lumbar spinal
cord and vertebral body at the level of L3 to L5 was considered as part of the routine
postmortem procedure. The rationale for obtaining this section was to have at least one
sample in cases where the spinal cord was not examined in its entirety. The spinal cord was
sampled at the lumbar level because of its easy access and its large cross section that would
provide a nice sample from the distal spinal cord. When the brain was removed, it was
recommended to reach as deeply as possible into the narrowing spinal canal and make that
cut as far down as possible. This way, both ends of the cord would have been sampled.

The removal of the entire spinal cord was recommended when there was an obvious spinal
cord lesion. Because in some centers obtaining a special consent was necessary for this
procedure, it was not frequently done. It is recommended to remove the entire spinal cord in
suspected skeletal, muscular, or neuromuscular diseases that usually present with
oligohydramnios, decreased fetal movements, and arthrogryposis, Arnold-Chiari
malformation, iniencephaly, neural tube closure defects, spinal cord duplication
malformations such as diastematomyelia, diplomyelia, and filum terminale
malformations.33-35

After the removal of the organ block, the thoracic and lumbar portions of the spinal column
could be viewed in their entirety. Next, one of the lowermost lumbar intervertebral discs was
transected using a scalpel blade. Then the end of a rounded pair of scissors was inserted into
this opening, and the pedicles of the vertebrae on both sides along the entire spine were cut.
The dura was left intact. Once all of the pedicles were cut, the freed vertebral column was
lifted, exposing the spinal cord. Next, the cord was transected caudally at the lumbar end.
The dura was gently lifted. Then the dura and the cord were dissected from the spinal canal
along its entire length, without exerting tension on the cord.
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In the cervical region, the dissection was blind. By keeping the scissors close to the bone,
damage to the cord was prevented. The cervical region could also be approached from the
base of the skull through the foramen magnum.

The spinal cord also needed to be fixed for a minimum of 1 to 2 weeks and examined and
sampled with the brain after this time.

STAGE 2

Fixing the Brain Tissue: After the research sample was obtained, the brain was transferred
to a container filled with fixative. The fixative had to be at least 10 times the specimen’s
estimated volume. Because different neuropathologists were responsible from different
centers, it was decided for each center to use their fixative of choice. At the end of the
fixation period, and before cutting the specimens (stage 3), the samples were gently washed
with tap water overnight. If there were indications, the specimens were imaged again before
starting cutting.

STAGE 3

Examination of the Brain in Fixed State: This was the stage where the fixed brain was
sliced according to a strict protocol and the entire specimen was again evaluated. Before the
brain was sliced, a thorough external examination was performed to evaluate the gestational
age of the fetus according to external anatomic landmarks (Fig. 2). Then for the same
purpose transcerebellar diameter was measured (Fig. 3). The details of the rest of the brain-
cutting procedure are described in Fig. 4.

Processing the Fragmented or Liquefied Brain after Fixation: These specimens were
also reviewed after fixation. Any fragment 2 to 3 cm in its largest diameter was sliced. Any
lesions that may have become more visible after fixation were then photographed.

L abeling and Submitting of Standard Tissue Blocks: In intact samples without any
unilateral lesions, the SCRN research samples were obtained from one half of the organ. The
clinical samples were obtained from the other symmetrical half. Information regarding the
exact location of the section was entered into the database. The clinical blocks were labeled
according to local procedures and stored in the originating hospital. These were used to
generate the clinical report and to comply with legal and regulatory requirements. The
duplicate SCRN blocks were sent to the tissue repository according to the SCRN protocol.

The block numbers were standardized to facilitate future retrieval. Numbers 11 through 13
were reserved for tissue blocks for the neuropathologic examination (Table 3). They were
subclassified using an alphabetical notation. The anatomic locations of the submitted
sections were recorded on the trim sheet/SCRN data collection form. If the spinal cord was
taken or lesions were present, these samples were labeled starting with block “11i.” The
main reason for numbering the blocks as described was to keep the large number of blocks
in a sequence and make retrieval easier.

Sections were processed in a routine manner and embedded in paraffin. Then 5-um sections
placed on glass slides were stained with hematoxylin and eosin and in some instances
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hematoxylin and eosin and Luxol fast blue. The slides were examined and the appropriate
data forms were completed. When indicated, additional slides were prepared using special
histochemical or immunohistochemical stains. As needed, digital photomicrographs were
taken.

In the small specimens from earlier gestational-age fetuses, it was not always possible to
obtain identical blocks for the tissue repository. In these situations, five unstained slides and
one 25-um-thick paraffin curl were prepared from the clinical blocks and sent to the tissue
repository.

In fragmented samples, identifiable cortical and white matter, choroid plexus, meninges, and
cerebellar tissue were sampled (Table 2). Lesions were sampled separately. The exact
locations of the sections, if known, were then recorded.

Data Collection

RESULTS

Figure 5 shows all the data points that were collected during the brain-cutting (macroscopic)
session. Figure 6 depicts all the data elements that were collected during the microscopic
examination of the sections.

A total of 663 women with stillbirth were enrolled into the case-control study, and 620
delivered a single stillborn infant, 42 delivered twins (13 sets with 2 stillborn infants and 29
sets with 1 stillborn and 1 live-born infant), and 1 delivered triplets (1 stillborn and 2 live-
born infants), for a total of 707 infants. Of these women, 560 (84.5%) consented to
postmortem examination for a total of 572 stillborn infants. Of the latter, consent for
neuropathologic examination was available for 465 (70.1%). Of 440 stillborn infants with
assessment of maceration and brain intactness, the brain was reported as intact in 248
(56.4%), fragmented in 72 (16.4%), and liquefied in 120 (27.3%); fragmentation and
liquefaction were less commonly observed at later gestational ages, with only 8.8% of the
brains reported as fragmented and 8.8% reported as liquefied among term stillborns. Among
100 (22.7%), 287 (65.2%), and 53 (12.0%) stillborn infants with no, mild, or marked
maceration, the brain was intact in 78.0%, 37.5%, and 9.4%, fragmented in 18.0%, 15.7%,
and 17.0%, and liquefied in 4.0%, 26.8%, and 73.6%, respectively.

DISCUSSION

Over its lifetime, the human organism develops at its fastest rate during embryonic and fetal
development. After their formation, all the organs undergo major changes and maturation to
prepare for extra-uterine existence. This is not true for the fetal central nervous system,
where the maturation and differentiation of many of its structures are still not complete by
the time of birth. The fetal brain continues its development after birth adding another layer
of difficulty when studying the developing nervous system.

Study of the fetal nervous system has been hampered by the difficulty of distinguishing
“normal” from “abnormal” in mostly autolyzed brains. Over the last decades, many
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investigators have successfully studied the developing fetal brain and, while describing its
normal development, also identified distinct pathological condition. Another reason for this
slow pace was due to delayed recognition of intrauterine conditions that over time
compromise the fetus and result in either impaired newborns or stillbirths.

During the SCRN preparatory stages, this issue was particularly discussed.® According to
the consensus reached at the end of the symposium, it was decided that if all the studies
including the postmortem and placental examinations fail to reveal a cause, examination of
the brain and its injury patterns may provide insight into the pathophysiology of the
stillbirth.6:34-39 This led to the development of a standardized neuropathologic examination
as one of the tools used to test the main hypotheses.

Although the basic technique of the neuropathologic examination in the fetus had been
published, they all are relatively dated.27-30 In addition, most of the recent publications
focusing on different lesions do not include the details of this procedure.38 Thus, it was
decided to devise a research protocol that all the contributing centers would use, one simple
enough that a nonperinatal neuropathologist would feel comfortable using it. We hope that
this publication will give interested parties a useful and up-to-date tool to perform, collect
data, and complete a very significant part of the postmortem examination in a stillborn.

One of the realities of our times is that the time allocated to learning perinatal pathology and
especially perinatal neuropathology in residency training has been either nonexistent or
rapidly decreasing. Most trainees are therefore unfamiliar with neuropathologic examination
of the stillbirth. A major advance in this area is the increase in the number of stillbirth brains
examined by nonneuropathologists during their training. We hope that this article will help
anybody who is looking for a standardized and concise procedure to review.

We think that case-control studies comparing the pathological findings of the placental and
postmortem examination, which includes a detailed neuropathologic component, bolstered
by the addition of detailed maternal information, have the potential to explain some of the
real causes of fetal death and the impact of the responsible pathogenetic mechanisms on the
fetal brain.
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Figure 1.
Removal of the brain. This technique is suitable for fetuses of early gestations and involves

cutting through the sutures and the connecting part of the bone flaps to remove the entire
calvarium. (1) Anterior fontanelle. (2) The thick black lines represent the cutting lines to
remove the sagittal sinus. (3) Posterior fontanelle. The scalp is incised starting behind one
ear, extending to the back of the opposite ear. The first incision is made as far posterior as
possible, in the area of the posterior fontanelle. The fetal scalp is soft and can easily be
stretched without tearing. The scalp is then reflected downward to the level of the brows
ventrally and the neck muscles dorsally. The cranial vault is opened by cutting through the
membranous sutures. Cuts lateral to the sagittal suture are made to leave a strip of calvarial
bone with the underlying sagittal sinus. Freeing the attachments of the brain is accomplished
by turning the head on the occipital bone (or faceup) with the vertex directed to the
prosector and both lateral flaps deflected. As the cranium is tilted gently to one side and then
the other, all the cranial nerves and large vessels are identified and transected as close to the
bone as possible, proceeding from front to back, and the anterior portion of the falx cerebri
cut loose. As the posterior fossa is approached, the tentorium is cut away from the interior of
the skull, around its entire perimeter, and then the falx cerebri is transected just above the
tentorium. The cerebrum is then allowed to fall backward, and the pituitary stalk, anterior
border of the tentorium, and the cervical spinal cord are cut as far distally as possible. With
that, the entire brain slides out easily into a container and the specimen is weighed fresh.
The external appearance of the brain is examined and any abnormalities are noted and
photographed.28-30
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Figure 2.
Gyral pattern throughout gestation.20:28-30
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Figure 3.
Location of the brain slices and blocks obtained. Part of the left frontal pole was submitted

fresh for research purposes. (11A) The first slice was at the level of hippocampus. (11B)
Basal ganglia level. (11C) Frontal cortex and white matter. (11D) Parietal cortex and white
matter. (11E) Occipital cortex and white matter. (11F) Cerebellum and pons. (11G) Medulla
and midbrain. (11H) Cervical spinal cord.27-30
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Figure4.
Measurement of the transcerebellar diameter (TCD) after fixation of the brain. The TCD is

measured at the widest transverse diameter.3°
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Data elements collected in the macroscopic examination of the perinatal brain.

Am J Perinatol. Author manuscript; available in PMC 2015 February 06.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Pinar et al.

Figure6.

Data elements collected in the microscopic examination of the perinatal brain.

Study ID; Fetus ID; and Delivery Date

A. Microscopic Diagnoses

1. Hemorrhage (If present, duration (Recent /
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Frontal lobe, Parietal lobe, Temporal lobe,
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Medulla)
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c.  Pachygyria (If present specify location(s) [on
right and left Frontal lobe, Parietal lobe,
Temporal lobe and Occipital lobe])

5.  Other Abnormality (if present, specify)
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6. Date and time neuropathology examination
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Table 1

Initial Evaluation of the Condition of the Brain

Condition Description

Intact In one piece
Fragmented  Most fragments large enough to be able to determine their origin; they measure an average of 5 cm in their largest diameter
Liquefied When the specimen pours from the cranial cavity during removal

Other Neither intact nor liquefied; these were obtained by various dilatation and extraction methods; they are considered fragmented
and after describing and weighing, best available fragments were sampled

Am J Perinatol. Author manuscript; available in PMC 2015 February 06.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Pinar et al.

Table 2

Sections from Intact Brains

Block Location and Type of Tissue

11A Hippocampus, choroid plexus

11B Basal ganglia (includes germinal matrix and internal capsule)

11C Orbital frontal cortex and white matter

11D Cerebrum (parietal) (no particular gyrus)

11E Cerebrum (occipital) (includes calcarine cortex and periventricular white matter) and meninges

11F Cerebellum, pons (one section, depends on the size of the specimen—if it fits into one cassette, it is submitted as such)
11G Medulla, midbrain

11H Cervical spinal cord

11+ Additional sections—specify
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Table 3

Sections from Fragmented Brains

Block Location and Type of Tissue

12A Cortical tissue—anatomic site if identified
12B White matter—anatomic site if identified
12C Choroid plexus and meninges

12D Cerebellum and brain stem—if identified
12+ Additional sections—specify

Identifiable cortical and white matter, choroid plexus, meninges, and cerebellar tissue should be sampled.
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