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In a Genomic Era, Placental Pathology
Still Holds the Key in the Nondysmorphic
Stillbirth

Jamie Campbell', Kristy Armstrong?, Nithiya Palaniappan®,
Eddy Maher?, Mary Glancy?, Mary Porteous', Kathryn ] Mckenzie?,
and Margaret ] Evans?

Abstract

Objective: To explore the relative utility of genetic testing in contrast to placental pathology in explaining causation of death
in the structurally normal stillborn population.

Methods: A retrospective review of a structurally normal stillborn infant cohort in South East Scotland between 2011 and
2015, defined by death at or after 24 weeks of gestation. We reviewed pathology reports and collected demographic data on
cases. This information was collated with genetic test results (quantitative fluorescent polymerase chain reaction and micro-
array analysis) and placental pathology to create a database for analysis.

Primary Results: Within the structurally normal population (n=131), there were 125 genetic tests performed and ||
abnormal results. Sixty-six microarray analyses were performed, and 2 (3%) of the results were thought likely to reflect cause of
stillbirth (I case of incomplete trisomy 4 and | case of deletion of chromosome Xp in a female). Analysis was significantly limited
in 2 cases as parental samples were not available. The placental pathology was available in a total of 129 cases; significant findings
were identified in 100 cases; 79 (61%) showed changes that were considered to have caused death (including cord “accidents”),
and a further 21 (16%) showed findings likely to influence the management of subsequent pregnancies.

Conclusions: We reaffirm the utility of placental examination in the investigation of stillbirth. In cases of nondysmorphic
stillbirth where placental pathology does not explain the cause of stillbirth, microarray analysis of fetal DNA can add further
diagnostic information in 3% of cases but can add further diagnostic confusion, and it is important that parental bloods are
taken to minimize this risk.
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Introduction

In the United Kingdom, 1 in 200 to 240 pregnancies end
in stillbirth, and the reduction in incidence has been
slower than the reduction in maternal mortality or child- 'Department of Clinical Genetics, Western General Hospital, Edinburgh,
hood deaths up to 5 years of age. One study showed that yk

when the placenta was considered alongside a detailed
autopsy, the exact cause of death could be identified in
57.9%" of the cases. A systematic review of placental
pathology reported in association with stillbirth showed
that the proportion of stillbirths attributed to a placental
cause ranged from 11% to 65%, and classification sys-
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tems that permitted the inclusion of placental findings
reported higher rates of placental causes and fewer unex-
plained stillbirths.?
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Genetic causes have been implicated in approximately
25% of stillbirth cases,’ and these occur more frequently
in cases where there are defined structural abnormalities.
Microarray analysis allows assessment of the genome at
higher resolutions than traditional karyotyping. Placental
pathology has been shown to occur more frequently in
the stillborn population and may give insight into caus-
ation and thus prevention.*” It is unclear what impact
new genetic testing methodologies will have on stillbirth
diagnosis and counselling, and it is important to remem-
ber that in the majority of stillbirths, an explanation is
more likely to come from detailed autopsy and placental
pathology. For developing countries, genetic testing can
be expensive; therefore, routine placental analysis may
offer a more cost-effective means of assessing stillbirth.
The objective of this study is to evaluate the utility of
microarray in providing an explanation for nondys-
morphic stillbirths in a routine autopsy setting.

Genetic laboratory investigations such as microarray
analysis and quantitative fluorescent polymerase chain
reaction (QF-PCR) may increase the diagnostic yield in
the assessment of fetal dysmorphology. However, some
abnormal results require careful review given their poten-
tial uncertain significance and a multidisciplinary team
discussion to ensure the information is disseminated to
the family in the best possible fashion.

Obstetric teams should ideally include specialists well
versed in fetal anomaly and placental pathology to pro-
vide families with the best possible information about the
cause of their pregnancy loss and their options for future
pregnancies. A diagnosis in stillbirth is important to
parents as it forms the basis of counselling to assess recur-
rence risk and the possibility for intervention in subse-
quent pregnancy.

Numerical and structural chromosomal anomalies are
a major cause of stillbirth and perinatal morbidity and
mortality.>> Our center has been consistently using
microarray studies alongside QF-PCR for aneuploidy
detection on postmortem fetal tissue since mid-2010.

Prior to this, conventional G-banding karyotyping was
performed which could detect chromosomal imbalances
of greater than 10 Mb (10 million bases). Best practice
guidelines for testing solid tissue samples require a suc-
cess rate of at least 65% in contrast to 95% for fresh
blood samples. This implies that a higher failure rate is
inevitable with postmortem tissue. This is most likely
because of poor quality tissue samples, high infection
rates associated with pregnancy loss, and subsequent
poor culture success. Microarray analysis does not
require culture and is therefore more robust although
failure may still occur, usually secondary to DNA
damage because of severe fetal maceration. It detects
changes in copy number (deletions/duplications) across
the genome. Microarray analysis is most commonly
applied to the investigation of children with

developmental abnormalities, including malformations
or developmental delay.® In recent years, the technique
has been used to analyze fetal tissues following loss or
termination for structural abnormality.”® The resolution
of current microarray platforms allows detection of copy
number variations (CNVs) which would otherwise
remain undetected by traditional G-banded karyotyping.
In this article, we examine the value of detailed post-
mortem and placental examination when assessing
causation of stillbirth in the normal fetus and compare
this with microarray analysis. Stillbirth in our cohort is
defined as death at or beyond 24 weeks of gestation in
keeping with consensus on the threshold of viability.

Materials and Methods

Postmortems of stillborn infants in South East Scotland
are carried out in a single pathology department by 2 fetal
pathologists. A retrospective review of fetal postmortem
reports and genetic test results was performed. Data were
collated on all stillbirths in the region and cross-checked
by the authors. Calculation of individualized growth
potential centiles (Customized calculator—The Perinatal
Institute)'®!" was performed retrospectively and applied
to the cohort. An adjustment was made in each case to
allow for estimated timing of the antenatal demise and
postmortem examination. In all cases, we reevaluated the
gestational age using foot length measurement which has
been shown in many studies to correlate well with gesta-
tional age'> ' and took account of the degree of macer-
ation before using the customized centile chart.'> The
average birthrate for the region is 14 500 per year, and
stillbirth rate is between 3.1 and 4.9 per 1000 deliveries
which is in keeping with the national average for Scotland
of 5.1 per 1000 in 2011 and 4.7 per 1000 in 2012.16,17

Inclusion Criteria

e Stillbirth that occurred between January 2011 and
December 2015.

e Nondysmorphic stillborn infants delivered following 24
completed weeks of gestation from last normal menstrual
period to term and beyond.

e Neonatal deaths within 2 h of birth. This includes failed
resuscitation attempts.

Exclusion Criteria

e Cases reported to the Procurator Fiscal (Scotland).

e Cases with no consent for genetic testing included in aut-
opsy authorization.

e Cases where anomalies were diagnosed antenatally or at
postmortem.
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DNA Extraction and Quality Check

The fetal gonad was sent for analysis. Where samples
failed, we recorded condition of the fetus and any signifi-
cant delays in transport to the laboratory for the analysis.

DNA was extracted from the fetal tissue using a
Qiagen EZ1 robot after homogenization of tissue using
Bertin technologies Precellys 24.

Quantitative Fluorescent Polymerase Chain Reaction

QF-PCR was performed using the Elucigene QST-V2 and
QST*R pregnancy loss kit.

Array Comparative Genomic Hybridization Platform

Over the 5-year period included in this study, 2 different
array platforms were used: NimbleGen (135K, CGX, and
ISCA slides) and Affymetrix Cytoscan 750K arrays. Both
platforms provide high-resolution genome-wide coverage,
with at least 1 oligonucleotide probe per 30 kb backbone
coverage with denser probe coverage in target regions of
interest, eg, Online Mendelian Inheritance in Man
(OMIM) genes. Both designs were performed in a similar
manner for the detection of CNVs. The Affymetrix
Cytoscan platform also includes single nucleotide poly-
morphism probes which allow the detection of loss of
heterozygosity. For tissue investigations, we initially set
the minimum size threshold for a copy number change at
1 Mb (1000 kb), partly due to performance issues with the
quality of DNA derived from postmortem tissue samples
and as a compromise between generating useful results
and variants of unknown significance. The Affymetrix
system has been demonstrated to be more robust and
proved much less susceptible to problems with low-qual-
ity DNA samples, and therefore, lower calling thresholds
have been applied. Affymetrix was introduced in April
2013, and a total of 50 (55%) out of 91 microarrays
were carried out using this platform.

To analyze which genes may be present in the region of
duplication or deletion, the results were compared to the
DECIPHER (Database of Chromosomal Imbalance and
Phenotype in Humans using Ensembl Resources) data-
base. The database has links to OMIM which is a data-
base housed in the United States National Center for
Biotechnology Information and where possible links
human disease to genes in the human genome (OMIM
morbid genes).

Interpretation

Where abnormalities were detected, the case was reviewed
with analysis of the phenotype at a multidisciplinary meet-
ing attended by cytogenetic clinical scientists, clinical gen-
eticists ~ with  expertise in fetal medicine and

dysmorphology, and a fetal pathologist. Parental samples
were then requested, where appropriate, to ascertain if the
abnormality was de novo or inherited. This allows the
content and effect of the CNVs to be considered in the
context of the fetal pathology findings. The result is then
defined as pathogenic of uncertain significance or benign.

Placental Histology

The placenta was examined fresh, and blocks were taken in
line with the protocol outlined in the Amsterdam consen-
sus statement.'® Two samples of umbilical cord, 1 sample
of membranes, and 3 random blocks of parenchyma were
taken for histological evaluation. Any lesions noted
macroscopically were sampled in addition to these stand-
ard blocks. Placental pathology was broadly categorized
into hemorrhage, infarction, acute infection, villitis of
unknown etiology (VUE), chorangiosis, and massive peri-
villous fibrin deposition (MPVFD) in line with Redline’s
Classification of placental lesions.'®!'? Assigning cause of
death to placental pathology can be subjective and
requires detailed clinic-pathological conference. In line
with Man et al.,”* we assigned death using criteria from
a number of the recognized systems?! including Causes of
Death and Associated Conditions (CODAC). We also
made reference to Redline’s Classification of placental
lesions'? and the postmortem findings.

Cause of death was attributed to hemorrhage if there
was a positive and significant Kleihauer test or significant
crater formation with adherent clot. Presence of these
features was taken as evidence of catastrophic feto-mater-
nal hemorrhage or retroplacental hemorrhage; it was also
regarded as significant if it could be temporally related to
the death. The significance of placental infarction was
assessed by the degree of compromise noted in the back-
ground, ie, features of significant maternal vascular
malperfusion/ischemia with extravillous trophoblast pro-
liferation or infarction >50% by volume associated with
intrauterine growth restriction (IUGR; birth weight
<10th centile). Zones of infarction <50% were con-
sidered as leading to compromise but not necessarily
causing the ultimate demise of the infant in utero unless
there were areas of full thickness infarction associated
with disruption of the basal plate and acute hemorrhage.
Acute infection was regarded as causative if there was a
clear evidence of infection within the lung parenchyma at
autopsy. VUE and occasional foci of FTV were regarded
as contributory but not the definite cause, although it
may inform care of future pregnancies.

Results

Over 5 years, there were 158 cases of stillbirth that under-
went autopsy, of which 131 (83%) had no significant
developmental anomalies and thus met criteria for
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Figure 1. Placental pathology.

inclusion in this analysis. Please see Figure 5 for details of
population gender, habitus and gestation. In 129 of these
(98%), the placenta was also available for diagnosis. The
cause of death was attributed to placental pathology or
cord abnormalities in 79 cases (61%). For further details,
refer to Figure 1. Nine deaths were thought to relate to
abnormalities of the umbilical cord—I1 cord prolapse
(with normal coiling), 3 nuchal cords, and 2 true knots
associated with color changes—these 5 cords were hypo-
coiled and of excessive length which was felt to increase
the significance of the findings.

In 70 cases, the cause of death was explained by the
placental pathology—33 placental infarction with or with-
out other findings such as hemorrhage, background ische-
mia, or FTV; 15 isolated catastrophic hemorrhages
associated in time with the demise; and 4 acute chorioam-
nionitis. The reminder showed multiple pathologies includ-
ing chorangiosis and MPVFD. As might be anticipated,
placental pathology causing death in utero was identified
more frequently in cases of IUGR (46/66, 70%) than in
cases with no evidence of ITUGR (24/63, 38%)).

In a further 21 cases, the findings in the placenta were
thought to have contributed significantly to the in utero
compromise and to have played a part in the death though

the death could not be wholly assigned to the pathology.
In total, therefore, excluding the cord ““accidents’ detailed
earlier, about which little can be done, pathology which
would inform the management of subsequent pregnancies
was identified in 91 cases (71%) of stillbirths undergoing
autopsy with placental examination.

Microarray

Ninety-seven (74%) of the cohort had tissue samples sent
for microarray testing. The annual breakdown of testing
is summarized in Table 1. Eighty-seven (88.5%) of those
sent were deemed to have sufficient quality of DNA to
test (see Figure 2 for schematic). Sixty-six (75.6%) sam-
ples yielded results. Eleven (16.7%) of the successful
arrays yielded abnormal results (details summarized in
Table 2). Two of these abnormal results were thought
likely to be responsible for fetal demise.

Failed Microarrays

The most likely cause of failure was thought to be poor
DNA quality caused by delay between fetal demise and
testing. Maceration was noted in all 21 failure reports: 17
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Table 1. Genetics results in study stillbirth population detailed by year.

2011 2012 2013 2014 2015 Total
All stillbirths 69 72 45 57 59 302
SB postmortems (%) 30 (43.5) 39 (54.2) 31 (68.9) 21 (36.8) 37 (62.7) 158 (52.3)
Nondysmorphic at PM (%) 26 (81.2) 35 (89.7) 25 (80.6) 17 (80.9) 28 (75.7) 131 (82.9)
Microarrays performed 5 27 23 13 19 87
Normal arrays 2 19 15 7 12 55
Abnormal arrays | 4 0 4 2 Il
Failed array (%) 2 3 8 2 5 21 (23)
Requests for QF-PCR | 9 13 7 8 38
Normal QF-PCR | 8 9 3 7 28
Abnormal QF-PCR 0 0 0 0 0 0
Failed QF-PCR (%) 0 | 4 4 | 10 (26.3)
Total microarray and QF-PCR 6 36 36 20 27 125
Total abnormal results (percentage of requests) I (16.7) 4(11) 0 (0) 4 (20) 2 (7.4) Il (8.5)

QF-PCR, quantitative fluorescent polymerase chain reaction.

Total
stillbirths
n=302

Postmortem
performed
n=158

Tissue sent
for aCGH
n=97

Structurally
normal
n=131

Placenta

examined
n=129

Not tested
n=10

Successful
n=66

EI
normal
n=55

Placental Cord

pathology “accident”

n=91 n=9

Result
abnormal

n=11

Figure 2. Comparison of genetic testing and placental pathology within the cohort study.

severe, 3 moderate, and 1 mild. Eleven of the failed array
samples had successful testing for aneuploidies with QF-
PCR all of which were normal, as per workup flowchart

(see Figure 3).

Further Analysis

The ITUGR population within the cohort could be con-
sidered at a higher risk of genetic mutation. We calcu-
lated individualized growth centiles as per the methods
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Figure 3. Flowchart describing the traditional course of genetic testing for a stillborn fetus within the study center.

ofde Jong et al.*> ITUGR was then defined by a centile
score of less than 10. The number of cases was insufficient
to warrant statistical consideration, and thus, these
results were cross-checked with the normal and abnormal
microarray results in a scatter graph to illustrate any
underlying pattern. It was not apparent from our
cohort that any subgroup was particularly at the risk of
genetic abnormalities (Figure 4). Further, we analyzed
results regarding gestational age at delivery, as chromo-
somal anomalies are thought to be overrepresented in
early loss. However, we saw no relationship between
CNV and gestational age or birth weight at delivery.

Discussion

The past few years have seen a general decrease in the
overall number of stillbirths, particularly in developed
countries.”® This reduction has been largely due to
improvements in obstetric care and better fetal monitor-
ing. In view of this, the proportion of deaths attributable
to genetic cases may be expected to rise thus supporting

an increased role for genetic testing in the future.®*
Genetic testing may allow us to gain greater understand-
ing of the mechanisms underlying stillbirth and thus drive
the stillbirth rate down further. There have been studies
of the utility of microarray analysis in pregnancy loss and
stillbirth”® showing improved sensitivity for genetic
anomaly detection in comparison to traditional karyotyp-
ing. This increased sensitivity is also bolstered by
improved successful test rate when the DNA quality is
compromised.>® There has been a large study by the
Stillbirth Collaborative Research Network?® looking at
the diagnostic utility of different investigations for still-
birth in general. This study showed that the most inform-
ative investigations were placental pathology and fetal
autopsy; however, genetic testing also showed usefulness
especially when associated with congenital anomalies. In
11.9% of these cases, a cause was attributed to conditions
suggested by genetic results. This is clearly encouraging,
but expectations must be tempered in the study of non-
dysmorphic stillbirths. Our study highlights diminished
returns (a causative result found in 3%) from genetic
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Figure 5. Left—Cohort as defined by gestational milestones. Right—Summary of sex and body habitus within the cohort.

screening in the absence of dysmorphism or congenital —postmortem is to find a cause for their baby’s death.?” In
anomalies and suggests a considered approach to testing this study, 21% of parents who were dissatisfied with
guided by experienced assessment. their decisions at the time of consent for postmortem

In a qualitative study of parents affected by stillbirth, wished that more investigations had been performed.
the most common reason for parents to authorize a fetal This insight supports consideration of genetic testing as
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an adjunct to postmortem examination including minim-
ally invasive postmortem which is growing in popular-
ity.”® However, is genetic testing truly of value in all
cases? Recent studies have shown that genetic abnormal-
ities may occur with greater frequency in the stillbirth
population, compared to live births, most often asso-
ciated with dysmorphism or structural abnormality,®
but this study considers the nondysmorphic stillbirth
population.

From 131 nondysmorphic stillbirths with no structural
abnormalities, 97 underwent genetic testing revealing 11
cases of stillbirth with an anomaly detectable by micro-
array analysis. Of these cases, 2 were felt likely to account
for the stillbirth: incomplete trisomy 4 and deletion of the
small arm of chromosome X in a female. The clinical
impact of placental and umbilical cord pathology was
greater, accounting for the death in a total of 79 cases
(61%) with a further 21 cases showing pathological
changes thought to be contributory to the demise of the
fetus. Excluding the cord pathology, about which little
can be done, changes that would affect subsequent man-
agement were identified in 89 (69%) cases. In an era of
economic restraint, it is important to ensure that testing is
valid and relevant. To decrease the number of stillbirth,
we need to hold systemic reviews where we look at events
surrounding the stillbirth and identify markers of risk,
such as altered fetal movements, reduced growth velocity,
or [IUGR. Customized charts may allow us to better pre-
dict those babies where growth is not meeting the genetic
potential, but microarray is unlikely to answer why.
Consent for genetic testing is important and nuanced.
Not only can there be clear positive and negative results
but uncertain results and unsolicited results as well. One
such unsolicited result was present in a case with the dele-
tion of the NEUREXIN gene in a fetus. Although this
was not thought contributory to the stillbirth, it did cor-
relate with an undisclosed family history of mild intellec-
tual impairment. Thankfully this incidental result was
well received by the family although it highlights the
risks when testing at genomic level. Placental pathology
can be interpreted independently informing subsequent
management without active parental engagement at a dif-
ficult time. Discussion of the placental pathology along-
side abnormal clinical findings, as part of significant
adverse event review, may further enhance our under-
standing of contributing factors and identify markers
for future screening.

Intrauterine Growth Restriction

IUGR is a significant cause of perinatal morbidity and
mortality. There is increased recognition that TUGR
should be recognized as a diagnostic cause of stillbirth
rather than an association, and this diagnosis would
reduce the incidence of stillbirth of unknown etiology.

Most recent definitions use software to define a fetus
growth potential based upon sex and constitutional char-
acteristics at the beginning of pregnancy. This process
allows for a customized growth centile calculation
based on gestation and weight compared to the optimum
predicted." The use of individualized charts increased the
specificity of screening for IUGR and the adverse out-
comes associated with growth below the 10th centile.?®
This correlates with our cohort where half of the infants
can be classified as IUGR. We recognize that there are
compounding factors in the calculation of weight in the
stillborn infant with a need to reassess the gestation with
reference to foot length and to adjust the weight if macer-
ation is severe.’! Further, if there was a delay in autopsy,
we used the birth weight which was considered to be a
more accurate. There are a range of etiologies for
TUGR,* and its role in stillbirth is incompletely under-
stood. The prevalence in our cohort would support
ongoing research into this aspect of stillbirth.

Summary

The health system benefits from identifying the cause of
stillbirth as monitoring can be appropriately targeted in
subsequent pregnancies.’® Pregnancy history, family his-
tory, photography, radiology, external examination,
internal examination (including neuropathology), hist-
ology, biochemistry, microbiology, and genetic analysis
are all used to varying degrees investigating fetal death.
Overarching the utility of these tools is consent to inves-
tigate. While it is important to recognize the invaluable
contribution which can be made to the understanding of
stillbirth by examination of the placenta, clinic-patholo-
gical correlation may be compromised if there is no
detailed autopsy. Genetic testing offers another minim-
ally invasive tool to use in this investigation, but its
employment needs to be under the careful consideration
of those skilled in analysis of phenotype correlation with
genotype. With this safeguard, the most appropriate gen-
etic test can be requested including specific mutation ana-
lysis. Standard protocols for postmortem assessment of
stillborn infants have been suggested for many years,>*3>
and genetic testing needs to be considered as a compo-
nent within such protocols. Genetic studies may be indi-
cated for the minority of nondysmorphic cases where
placental pathology fails to identify a cause of stillbirth.
It is important that parental samples are available for trio
analysis and that parents are appropriately counseled
regarding the risk of unexpected and uninterpretable
findings so that informed consent can be taken.

Limitations

Our study was a retrospective review, and data collection
was limited to postmortem reports and genetic results. As
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with all stillbirth research, our data set was defined by
our population and the selection bias inherent to post-
mortem consent.
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