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Abstract

Objective—To compare placental lesions for stillbirth cases and live birth controls in a
population-based study.

Methods—~Pathological examinations were performed on placentas from singleton pregnancies
using a standard protocol. Data were analyzed overall and within gestational age groups at
delivery.

Results—Placentas from 518 stillbirths and 1,200 live births were studied. Single umbilical
artery was present in 7.7% of stillbirths and 1.7% of live births, velamentous cord insertion was
present in 5% of stillbirths and 1.1% of live births, diffuse terminal villous immaturity was present
in 10.3% of stillbirths and 2.3% of live births, inflammation (eg, acute chorioamnionitis of
placental membranes) was present in 30.4% of stillbirths and 12% of live births, vascular
degenerative changes in chorionic plate was present in 55.7% of stillbirths and 0.5% of live births,
retroplacental hematoma was present in 23.8% of stillbirths and 4.2% of live births,
intraparenchymal thrombi was present in 19.7% of stillbirths and 13.3% of live births,
parenchymal infarction was present in 10.9% of stillbirths and 4.4% of live births, fibrin
deposition was present in 9.2% of stillbirths and 1.5% of live births, fetal vascular thrombi was
present in 23% of stillbirths and 7% of live births, avascular villi was present in 7.6% of stillbirths
and 2.0% of live births, and hydrops was present in 6.4% of stillbirths and 1.0% of live births.
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Among stillbirths, inflammation and retroplacental hematoma were more common in placentas
from early deliveries, while thrombotic lesions were more common in later gestation.
Inflammatory lesions were especially common in early live births.

Conclusion—Placental lesions were highly associated with stillbirth compared to live births. All
lesions associated with stillbirth were found in live births but often with variations by gestational
age at delivery. Knowledge of lesion prevalence within gestational age groups in both stillbirths
and live birth controls contributes to an understanding of the association between placental
abnormality and stillbirth.

Précis—Placental lesions are highly associated with stillbirth compared to live births but all
lesions associated with stillbirths are found in live births; prevalence varies by gestational age at
delivery.

Introduction

Stillbirth, defined as fetal death at 20 weeks of gestation or later, occurs in about 1 in 160
births in the United States, a rate higher than in many other developed countries (1-3).
Examination of the complex pathogenic interplay between the mother, fetus and placenta
that leads to stillbirth has generally focused on maternal and fetal disorders (4-7).
Examination of placental pathology to elucidate its contribution to stillbirth has been limited
by insufficient sample size, lack of appropriate controls, ill-defined nomenclature, and non-
standardized placental examination protocols (8-15). Thus, we sought to compare
macroscopic and microscopic abnormalities of the umbilical cord, membranes, and placenta
in singleton stillbirths and live births, both overall and within groups defined by gestational
age at delivery, in a large, multisite, population-based case-control study with a standardized
placental examination protocol.

Materials and Methods

A population-based case-control study of stillbirth was conducted by the Eunice Kennedy
Shriver National Institute of Child Health and Human Development Stillbirth Collaborative
Research Network (SCRN). Participants were enrolled at delivery between March 2006 and
September 2008. Eligible women were residents of five catchment areas that were defined
by state and county boundaries and included the state of Rhode Island and portions of
Massachusetts, Georgia, Texas, and Utah. The study was conducted at 59 hospitals recruited
to ensure access to at least 90% of the stillbirths and live births among residents of each
catchment area. These hospitals delivered a combined total of more than 80,000 infants per
year to catchment area residents.

Details of methods and study design (16) and sample size considerations (17) have
previously been published. We attempted to enroll all women with stillbirth (cases) and a
representative sample of women with live birth (controls) residing in the five SCRN
catchment areas during the enrollment period. Women delivering live births prior to 32
weeks of gestation were oversampled to ensure adequate numbers for stratified analyses
(16): all live births delivered at 20 to 23 weeks were selected for potential enrollment, and
live births between 24 to 31 weeks were selected at random using selection probabilities that
were pre-specified by week of gestation to provide numbers similar to those for stillbirths at
each gestational week. African American women delivering live births at or beyond 32
weeks of gestation were also oversampled. The study was approved by the Institutional
Review Boards of each clinical site and the Data Coordinating and Analysis Center, and all
mothers gave written informed consent.
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Stillbirths were defined as infants born at or after 20 weeks of gestation with Apgar scores
of 0 at 1 and 5 minutes and no signs of life by direct observation. However, fetal deaths at
18 or 19 weeks without good dating were also included in the study so as to include all
potential cases at or after 20 weeks of gestation (16). Gestational age was determined by the
best clinical estimate using multiple sources including history of assisted reproductive
technology with documentation of the day of embryo transfer (if available), first day of the
last menstrual period, and results of obstetric ultrasonography (18). Deliveries resulting from
the termination of a live fetus were excluded.

For both stillbirths and live births, the SCRN case-control protocol included a maternal
interview, medical record abstraction, placental pathology examination, and maternal and
fetal biospecimen collection, and for stillbirths a postmortem examination (16). These
methods were described in earlier publications (16, 19-20). During several workshops,
network pathologists developed and adopted common placental examination protocols,
observational criteria, and data collection forms focusing on those characteristics thought
most likely to be associated with fetal death (19-20). The placental examination protocol
(19) included initial digital imaging under specified lighting, macroscopic examination,
collection of frozen and ambient temperature samples of the cord, membranes and the
placental disc, and microscopic examination of sections collected according to a specific
sampling protocol. The examiners were not blinded to stillbirth/live birth status since they
also were performing clinical postmortem examinations (autopsies) and placental
evaluations along with the research investigation.

A minimum of five full thickness placental tissue samples were obtained, one at the
umbilical cord insertion and four others determined by random numbers that specified the
axes and spacing of sampling (19). We employed this strategy to avoid systematic
differences in sampling locations among pathologists and to ensure dispersion of the tissue
sampling sites between the umbilical cord insertion and the periphery of the placenta. Distal
and proximal umbilical cord sections and a membrane roll also were collected.

Placental disorders were characterized into three broad categories based on mechanism:
developmental, inflammatory, and circulatory. Standard definitions (21) were used for
macroscopic and microscopic findings. The following terms were used when appropriate:
focal, present in one area on one single slide; multifocal/patchy, present in more than one
area, in multiple slides, or both; and diffuse, when the distribution of lesions involved the
full thickness of the placental disc and involved all sections to a similar degree. For
inflammatory lesions, we defined the maternal compartment as consisting of the free
chorioamnion, decidua and chorionic plate of the placental disc which includes the chorion
and amnion layers. The fetal compartment included umbilical cord and vessels as well as
fetal vessels in the chorionic plate.

The analyses were weighted for oversampling and other aspects of the study design as well
as for differential consent using SUDAAN software, Version 11.0.0 (22). Construction of
the weights for the overall study has been previously described (16). For analysis of
placental examination findings, an additional multiplicative weighting component was
created to account for differential losses of placental specimens for study protocol
examination. Analysis was restricted to placentas from singleton gestations. In addition,
placentas from mummified stillbirths, and fragmented placentas were excluded from
analysis. Weighted distributions of characteristics were compared for those enrolled
(weighted for the study design and differential consent) and those analyzed (weighted for
study design, differential consent, and differential losses to placental examination), using a
modified independent-sample test comparing enrollees who were included compared with
not included in the analysis. To examine variation in results by gestational age at delivery,
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we analyzed data within gestational age groups: <2497, 24-316/7 32-365/7 and >370/7
weeks. For these analyses, weights were rescaled within group to reflect effective sample
sizes for within-group comparisons.

Odds ratios (OR) and 95% confidence intervals (CI) were calculated from univariate logistic
regression models. If there were no live births (or no stillbirths) with a given placental
characteristic, we reported an upper bound for the p-value by identifying one observation
having the smallest weight in the reference category and recoding the characteristic as
present. All tests were performed at a nominal significance level of a=0.05, without
correction for multiple comparisons. All single degree of freedom tests were 2-sided.

Figure 1 describes study enroliment. Seventy percent of eligible stillbirth pregnancies and
63% of eligible live birth pregnancies were enrolled. Of the 620 singleton stillbirth
pregnancies and 1,871 singleton live birth pregnancies enrolled, 613 stillbirth mothers and
1,747 live birth mothers consented to placental examination. Ninety-five stillbirth placentas
and 547 live birth placentas were excluded from analysis because of inadequate examination
(typically due to placentas having been inadvertently discarded), fragmentation, or
mummification, leaving 518 stillbirth placentas and 1,200 live birth placentas analyzed for
this report.

Table 1 compares weighted distributions of demographic characteristics between those
singleton births enrolled and those included in the analysis, for stillbirths and for live births.
For both stillbirths and live births, women who enrolled and women whose placentas were
analyzed were similar with regard to maternal age at delivery, race or ethnicity, maternal
education, marital status, and insurance/method of payment, whereas there were small but
statistically significant differences between those enrolled and those analyzed in gestational
age at delivery. Differences between included stillbirths and live births were similar to those
reported previously for the main study (17). The most dramatic difference between the
included stillbirths and included live births was for the weighted distributions of gestational
age at delivery, which are consistent with well known (e.g., from vital statistics) population
differences. Results for univariate associations with stillbirth for demographic and other
baseline factors (not shown) were similar to those reported for the main study (17).

Table 2 shows the prevalence of selected placental findings by type of lesion, comparing
stillbirths to live births. Since 90% of singleton live births occurred at term, the results of
these overall comparisons would be similar to comparisons of all stillbirths with term live
births. The most common placental finding in stillbirths was acute chorioamnionitis of the
free membranes (30.4%), also found in 12.0% of live births (OR 3.20, 95% CI 2.39-4.28).
Similarly, acute chorioamnionitis of the chorionic plate was more common in stillbirth
placentas at 23.2% versus 11.9% for live births (OR 2.24, 95% CI 1.65-3.04). Other findings
commonly found in stillbirths were retroplacental hematoma, 23.8% versus 4.2% (OR 7.08,
95% CI 4.83-10.38), fetal vascular thrombi in the chorionic plate, 23.0% versus 7.0% (OR
3.99, 95% CI 2.84-5.61), and intraparenchymal thrombi, 19.7% versus 13.3% (OR 1.60,
95% CI 1.20-2.13). The other placental findings in stillbirths were found less frequently, but
many were found significantly more often in cases than controls.

In Table 3 we show the prevalence of the placental findings and odds ratios for deliveries
within gestational age groups. If there were no live births (or no stillbirths) with the
placental finding, an upper bound for the p-value is shown in place of the odds ratio. Results
that are bolded are statistically significant.
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As noted in Table 2, single umbilical artery was more prevalent among stillbirths (7.7%
versus 1.7%). When examined by gestational age in Table 3, the differences were significant
for deliveries at 24 weeks of gestation and later. Overall, velamentous cord insertion was
found nearly five times as frequently (5.0% versus 1.1% [OR 4.50, 95% CI 2.18-9.27])
among all stillbirths, but a gestation-specific statistically significant difference was observed
only among deliveries before 24 weeks (7.0% versus 0%). The frequency of furcate cord
insertion did not differ between cases and controls. Circumvallate membrane insertion with
or without circummargination occurred with comparable frequency overall and within
gestational age groups. Terminal villous immaturity was positively associated with stillbirth
both overall [OR 4.95, 95% CI (2.95 - 8.29)] and for deliveries at =37 weeks [OR 6.35, 95%
Cl (2.90 -13.94)].

Chorioamnionitis was associated with stillbirth when all stillbirths were compared with live
births. However, the relationship varied by gestational age (Table 3). The prevalence of
acute chorioamnionitis was high in both stillbirths (43.0%) and live births (79.1%) delivered
before 24 weeks, but was greater in live births (OR 0.20, 95% CI 0.10-0.38). In births
occurring at term, acute chorioamnionitis was more common in stillbirths than in live births,
29.2% versus 11.3% (OR 3.24, 95% CI 1.97-5.32). Figure 2A illustrates these differences,
and demonstrates the declining prevalence of chorioamnionitis in live births and a U-shaped
pattern in stillbirths. Figure 2B shows similar patterns for acute chorioamnionitis in the
chorionic plate. For this lesion, a significantly greater prevalence among live births also
occurred at 24-31 weeks.

The gestational age-related patterns for acute funisitis, acute umbilical cord arteritis, acute
umbilical cord phlebitis, and acute vasculitis of the chorionic plate were similar to each
other. These lesions were common (42.9%, 30.3%, 25.7%, and 61.4%, respectively) in live
births delivered before 24 weeks, and also at 24-31 weeks (ranging from 11.2% to 19.1%).
In stillbirths delivered before 24 weeks, these lesions were also common (22.2%, 9.0%,
10.2%, and 16.7%, respectively) but had much lower prevalences thereafter. The
prevalences were significantly higher in live births than in stillbirths at both <24 and 24-31
weeks. Figures 3A and 3B illustrate these relationships for acute funisitis and acute
vasculitis of the chorionic plate. Chorionic plate vascular degenerative changes were more
common in stillbirths than live births in every gestational age group at 24 weeks or later.

Acute and chronic diffuse inflammation of the chorionic villi were rare in stillbirths and live
births. None of the differences were significant overall or within gestational age groups.

The prevalence of retroplacental hematoma among stillbirths was significantly greater than
in controls, 23.8% v 4.2% (OR 7.08, 95% CI 4.83-10.38). However, the association differed
by gestational age. Retroplacental hematoma was found in about 36% of both cases and
controls delivered before 24 weeks. In later gestational age groups, the prevalence of this
finding was higher among stillbirths than controls (Figure 4). Each of the other placental
findings related to maternal circulatory disorders (parenchymal infarction, intraparenchymal
thrombus, and diffuse perivillous and intravillous fibrin deposition with or without a
fibrinoid component) was significantly more common among stillbirths compared with live
births. These findings tended to be more prevalent in the stillbirths compared to controls for
deliveries at 32 weeks or later.

Each of the placental findings related to fetal circulatory disorders (thrombosis, avascular
villi, hydrops) was more common in stillbirths than controls. For example, thrombosis in the
fetal blood vessels in the chorionic plate was more prevalent among stillbirths than among
live born controls, 23.0% versus 7.0% (OR 3.99, 95% CI 2.84-5.61). These differences were
more pronounced at later gestational ages where many of the relationships were significant.
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Figure 5 depicts the increasing prevalence of fetal vascular thrombi in the chorionic plate of
stillbirths as gestational age at delivery increased, compared to the decreasing prevalence in
live births.

Across all gestational ages, the prevalence of placental edema was significantly greater
among stillbirths compared to controls, 6.4% versus 1.0% (OR 6.56, 95% CI 3.35-12.85),
but reached gestation-specific statistical significance only among pregnancies ending at =37
weeks, 6.4% versus 0.8% (OR 8.12, 95% CI 2.71-24.35).

Discussion

The most common placental findings in stillbirths were inflammatory and thrombatic lesions
and retroplacental hematoma. Notably, the prevalence of any specific placental finding in
stillbirths rarely was higher than 30%, reflecting the heterogeneity of placental conditions
associated with stillbirth.

Acute chorioamnionitis and other inflammatory lesions were common in both stillbirths and
live births placentas, especially before 24 weeks. We believe that placental inflammation,
commonly caused by infection (23) is important in the causal pathway for both stillbirth and
preterm birth (24-25) and likely precipitates labor leading to preterm delivery (26,27). While
there are a number of mechanisms by which placental inflammation might result in fetal
death, at the earliest gestations the mechanism most likely involves inability of some fetuses
to tolerate infection-precipitated labor (28). At viable gestations, cesarean delivery
performed for fetal distress, would result in a live birth. Regardless, because placental
inflammation is associated with preterm labor, it would be incorrect to interpret the
differences in the placental findings with odds ratios below 1 as being protective against
stillbirth.

Retroplacental hematoma was another finding commonly noted in both stillbirths and live
births. At <24 weeks for both stillbirths and live births, the prevalence was about 36%; thus
retroplacental hematoma likely contributed to both stillbirths and preterm delivery. Perhaps,
as with chorioamnionitis, the retroplacental hematoma initiated preterm labor that only some
fetuses could tolerate.

In contrast, several findings had greater prevalences among stillbirths delivered at 24 weeks
or more. The prevalence of parenchymal infarction in stillbirths was greater than 35% at
24-31 and 32-36 weeks. The prevalences of intraparenchymal and fetal vascular thrombi in
the chorionic plate were both about 15% for stillbirths delivered < 24 weeks, compared with
prevalences of 27% and 35% at =37 weeks.

A number of other less prevalent findings were also important in differentiating stillbirths
and live births, and their relationships also varied by gestational age at delivery. These
included single umbilical artery, diffuse terminal villous immaturity, avascular villi and
placental edema. Since lesions such as single umbilical artery may be determined by
ultrasound examination prior to delivery, their discovery during pregnancy, accompanied by
increased fetal surveillance, may be useful in preventing stillbirth (29).

Results comparing stillbirths and live births require careful interpretation. Because most live
births occur at term, the overall odds ratios essentially compare all stillbirths, most of which
are preterm, with term live births. However, examination within gestational age subgroups is
required for a fuller understanding, although with certain limitations. For analyses within
groups by gestational age at delivery, we acknowledged from the outset that preterm live
births are by definition abnormal in some fashion and may not be representative of all
fetuses alive at that gestational age.
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The data in this paper will allow clinicians to interpret placental findings of stillbirths and
provide meaningful explanations to stillbirth parents. First, there were no findings
exclusively found in stillbirths. This strongly suggests that there often is a degree of
uncertainty about cause and effect. By referring to lesion prevalence, the clinician can
comment about the frequency of the finding. Using the odds ratios, and understanding the
caveats related to preterm stillbirths discussed above, the clinician can explain the strength
of the association between the placental lesion and stillbirth. | Therefore, the data presented
in this paper should be highly useful to clinicians and parents.

The placental findings associated with stillbirth have been evaluated in a number of studies
(8-15). In most of these, there was no control group so the authors could not determine the
true association of placental pathology to stillbirth. Other studies lack standardized placental
examination protocols, fail to consider the gestational age of the stillbirth, and use of
convenience samples that may not reflect the general population of stillbirths and live births.
Our study attempted to address these weaknesses

The major strengths of our study were the inclusion of live birth controls and use of a
standardized placental pathology protocol to allow comparison of lesions between stillbirths
and live births. Strengths also include the population-based design and large sample size.
Limitations include the number of live births with placentas not available for study. Also,
pathologists were not blinded to stillbirth/live birth status because of the need to perform
both clinical and research placental examinations.

In summary, common findings in both early stillbirths and live births were inflammation and
retroplacental hematoma. In contrast, parenchymal infarction and thrombosis were more
common in stillbirths delivered later in pregnancy. Many other histologic findings were
more common in stillbirth placentas than placentas from live births. However, knowledge of
lesion prevalence within gestational age groups in both stillbirths and live birth controls,
tempered with an appreciation of the limitations in the preterm comparisons, contributes to
an understanding of the association between placental abnormality and stillbirth.
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Not approached: 394
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No consent
< v \ P for placental examination
Consented for Consented for n=124
placental examination placental examination
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< v v > analysis: fragmented
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(84% of singletons)

(64% of singletons)

Figure 1. Study enrollment and inclusion in placenta case-control analyses
This analysis compares placental examination results from singleton stillbirth and live birth
pregnancies. A pregnancy was categorized as a stillbirth pregnancy if there were any
stillbirths delivered and as a live birth pregnancy if all live births were delivered. A fetal
death was defined by Apgar scores of 0 at 1 and 5 minutes and no signs of life by direct
observation. Fetal deaths were classified as stillbirths if the best clinical estimate of
gestational age at death was 20 or more weeks. Fetal deaths at 18 and 19 weeks without

good dating were also included as stillbirths.

*Review of only slides or a report from a non-SCRN pathologist, or the placenta having
been discarded in labor and delivery before it could be collected by the study staff.

tMummified stillborn babies are those with Grade 1VV-V maceration among fragmented
babies and Grade V maceration among intact babies.

tFragmented placenta only, n=66; mummified stillborn only, n=6; both, n=2.
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Figure 2A.
Acute chorioamnionitis of the placental membranes by gestational age at delivery.

Obstet Gynecol. Author manuscript; available in PMC 2015 February 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Pinar et al. Page 12

100% —
B 82.3%
80% —
] M Stillbirth
60% — M Live birth

Less than 24-31 weeks 32-36 weeks 37 weeks
24 weeks or later

Gestational age

Figure 2B.
Acute chorioamnionitis of the chorionic plate by gestational age at delivery.
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Figure 3A.
Acute funisitis by gestational age at delivery.
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Figure 3B.
Acute vasculitis of the chorionic plate by gestational age at delivery.
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Figure 4.
Retroplacental hematoma by gestational age at delivery.
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Figure 5.
Fetal vascular thrombi of the chorionic plate by gestational age at delivery.
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CIRCULATORY DISORDERS

Table 2
Selected Placental Findings for Singleton Pregnancies, Stillbirth Compared With Live
Birth
CHARACTERISTICS stillbirth n,=518 % | LiveBirth ”Wzgf/g Odds Ratio (95% CI) P
DEVELOPMENTAL DISORDERS | | | |
Umbilical Cord | | | |
Single umbilical artery | 7.7 | 1.7 | 4.80 (2.67, 8.62) | <.001
Velamentous insertion” | 50 | 11 | 450 (2.18,9.27) | <.001
Furcate insertion” | 1.8 | 3.6 | 0.50 (0.23,1.11) | 0.089
Placental Membranes | | | |
Circummarginate insertion™ | 12.2 | 106 | 1.16 (0.83, 1.63) | 0.375
Circumvallate insertion | 24 | 14 | 1.77(0.81, 3.85) | 0.152
Fetal Villous Capillaries | | | |
Terminal villous immaturity (diffuse) | 10.3 | 2.3 | 4.95 (2.95, 8.29) | <.001
Terminal villous hypoplasia (diffuse) | 3.3 | 1.8 | 1.83 (0.87, 3.86) | 0.111
INFLAMMATORY DISORDERS | | | |
Maternal Inflammatory Response | | | |
Acute chorioamnionitis — placental membranes | 30.4 | 12.0 | 3.20(2.39, 4.28) | <.001
Acute chorioamnionitis — chorionic plate | 23.2 | 11.9 | 2.24 (1.65, 3.04) | <.001
Fetal Inflammatory Response | | | |
Acute funisitis | 95 | 33 | 3.00 (1.94, 4.93) | <001
Acute umbilical cord arteritis (one or more arteries) | 3.3 | 1.9 | 1.81(0.90, 3.63) | 0.096
Acute umbilical cord phiebitis | 49 | 31 | 161 (0.92, 2.83) | 0.093
Chorionic plate acute vasculitis | 7.9 | 5.2 | 1.56 (1.00, 2.44) | 0.05
Chorionic plate vascular degenerative changes | 5.7 | 0.5 | 13.06 (4.68, 36.42) | <.001
Vit | | | |
Acute diffuse villitis | o7 | 01| 55500684517 | 0.109
Chronic diffuse villitis | 16 | 05 | 3.24 (1.06, 9.87) | 0.04
|

Obstet Gynecol. Author manuscript; available in PMC 2015 February 01.
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CHARACTERISTICS Stillbirth n,=518 % | L1veBIrth ”w=9§/'j Odds Ratio (95% CI) P
Maternal Circulatory Disorders | | | |
Retroplacental hematoma | 23.8 | 4.2 | 7.08 (4.83,10.38) | <.001
Parenchymal infarction®
Focal 13.9 11.3 1.44 (1.04, 2.00) | <.001
Multifocal 10.9 4.4 2.89 (1.92, 4.35)

Diffuse 2.8 0.1 42.76 (5.57, 327.97)
Intraparenchymal thrombus | 19.7 | 133 | 1.60 (1.20, 2.13) | 0.001
Perivillous/intervillous fibrin/fibrinoid deposition (diffuse) | 9.2 | 15 | 6.69 (3.65, 12.27) | <001
Fetal Circulatory Disorders | | | |

Fetal vascular thrombi in the chorionic plate | 23.0 | 7.0 | 3.99 (2.84,5.61) | <.001
Avascular villi8

Focal 7.6 4.9 1.78 (1.16, 2.73) | <.001
Multifocal 7.6 2.0 4.28 (2.53,7.21)

Diffuse 4.0 0.0 not defined”

Edema (Placental Hydrops) 6.4 1.0 6.56 (3.35, 12.85) | <.001

nyw = weighted sample size; Cl, confidence interval.

*
Includes umbilical cords with both velamentous and furcate insertion (stillbirths, 0.4%; live births, 0.1%).

Tlncludes membranes with both circummarginate and circumvallate insertion (stillbirths, 0.6%; live births, 0.5%).

iReference group is no parenchymal infarction.

§ . -
Reference group is no avascular villi.
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