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Introduction

Stillbirth is a major concern, affecting 0.6 per 1000 pregnancies in the United States [1] 

Preeclampsia is a common obstetric disorder, occurring in 2% to 7% of pregnancies [2, 3] 

and is a major risk factor for stillbirth, increasing the odds by 1.2 to 4.0 fold [4, 5, 6, 7]. The 

rate of stillbirth in women with preeclampsia in high-income countries is estimated as 0.3–

1.9%, although it was previously as high as 4.4–7% [8, 9, 10]. Hypertensive disorders 

contribute to 9.2% of stillbirths in a contemporary cohort [10]. Risk factors for the two 

overlap, including obesity, pre-gestational diabetes mellitus, lupus, renal disease, advanced 

maternal age, nulliparity, non-Hispanic black race, and multifetal gestation [2, 12, 13, 14].

Placental insufficiency is often implicated in stillbirth, particularly in the setting of 

preeclampsia. Placental insufficiency is when a maladaptive placenta fails to provide 

adequate oxygen and nutrients to the growing fetus, leading to both adverse obstetric 

sequelae and fetal programming [15]. The pathophysiology of placental insufficiency 

includes abnormal trophoblast invasion or placental damage, leading to decreased placental 

perfusion [16, 17, 18, 19, 20]. Placental lesions can be divided into “maternal malperfusion” 

or “fetal vascular abnormalities. Maternal malperfusion lesions involve the maternal 

circulation, such as abnormal maternal vasculature, parenchymal infarct or thrombus, and 

intervillous/perivillous lesions. Fetal vascular abnormalities reflect lesions on the fetal side 

of the placenta, including abnormal development or thrombus/infarct of the fetal vasculature 

within the placenta [21].
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In case-control studies, lesions consistent with both maternal vascular malperfusion and fetal 

vascular abnormalities have been noted more frequently in placentas from women with early 

onset, severe preeclampsia. These include decidual vasculopathy, infarcts, distal villous 

hypoplasia, and excessive syncytial knots [19, 22, 23, 24]. Placentas in preeclamptic 

pregnancies are also typically smaller for gestational age than those from normal 

pregnancies (20). Early-onset preeclampsia appears to have a more severe placental 

phenotype than late-onset preeclampsia [25, 26].

Because of this, we believe placental pathology in stillbirths associated with preeclampsia 

will be different than stillbirths not associated with preeclampsia. We aim to compare 

placental pathology 1) in stillbirths with and without preeclampsia and 2) in stillbirths with 

preeclampsia and live births with preeclampsia (and we speculate that this latter comparison 

will be similar).

Methods

This is a subanalysis of a population-based case-control study of stillbirth conducted by the 

Eunice Kennedy Shriver National Institute of Child Health and Human Development 

Stillbirth Collaborative Research Network [27]. Participants were enrolled at delivery 

between March 2006 and September 2008. There were five catchment areas defined by state 

and county boundaries, including Rhode Island and portions of Massachusetts, Georgia, 

Texas, and Utah. 59 hospitals participated, ensuring access to at least 90% of births in each 

catchment area.

Study methods, study design, and sample size considerations have been previously published 

[27]. We attempted to enroll all women with a stillbirth (cases) in the catchment areas and a 

representative sample of women with a live birth (controls). Women delivering live births 

before 32 weeks of gestation were oversampled to ensure adequate numbers for stratified 

analyses. 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.

Our primary comparison was stillbirths with PE/GH vs. stillbirths without PE/GH. This 

analysis was stratified by term or preterm delivery. Secondary comparison was stillbirths 

with PE/GH vs. live births with PE/GH. Given that preterm births secondary to preterm 

labor are associated with abnormal histopathology as well [29], we stratified analyses by 

term (delivery at or beyond 37 weeks of gestation) and preterm (delivery prior to 37 weeks 

of gestation).

Stillbirths were defined as births at or after 20 weeks’ gestation with Apgar scores of 0 at 1 

and 5 minutes and no signs of life on direct observation. Fetal deaths at 18 or 19 weeks’ 

gestation without good dating criteria were also enrolled so as to include all potential cases 

at or after 20 weeks’ gestation. Gestational age was determined using data from assisted 

reproductive technology, first day of last menstrual period, and ultrasound [27]. Deliveries 

resulting from termination of a live fetus were excluded.

Maternal interviews and medical record abstractions were conducted for all participants, and 

a standardized detailed placental examination protocol was performed as previously 
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described [28]. Prior to study initiation, workshops were held to standardize the pathology 

examination and reporting. No fewer than five full-thickness placental tissue samples were 

obtained, one at the umbilical cord insertion and four others randomly. The full placental 

examination protocol included 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 per protocol. 

Pathologists were not blinded to stillbirth or live birth status, as these evaluations were 

included as part of the clinical evaluation of cause of death or other adverse pregnancy 

outcome.

Placental lesions were categorized by potential mechanisms including developmental, 

inflammatory, and circulatory mechanisms using standard definitions [29]. The extent of the 

lesion was defined as follows: focal, present in one area or on one slide; multifocal or 

patchy, present in more than one area or in multiple slides, or both; and diffuse, when the 

lesions involved the full thickness of the placental disk and involved all slides to a similar 

degree. Inflammatory lesions were defined as maternal (involving the free chorioamnion, 

decidua, and chorionic plate of the placental disc) or fetal (involving the umbilical cord or 

fetal vessels of the chorionic plate).

The analyses were weighted for oversampling and other aspects of the study design and for 

availability of the placental examination using SUDAAN 11.0.0 software [27]. Construction 

of the weights for the overall study [27] and for the placental examination [28], have been 

previously described. If fewer than 5 subjects were present in any given category, we did not 

calculate OR for that comparison. Analysis was restricted to placentas from singleton 

gestations.

Subjects were identified as having pre-eclampsia/gestational hypertension (PE/GH) if: 

PE/GH was specifically noted in the chart for any hospitalizations during pregnancy or for 

the delivery hospitalization; magnesium sulfate was administered during the delivery 

hospitalization for PE; antihypertensive medications were prescribed during the pregnancy 

and not prior to the pregnancy; or hypertension was noted during the pregnancy in 

combination with a 24 hour urine protein >300 mg, serum creatinine >0.8 mg/dl, or platelets 

<100,000/mm [27]. Hypertension was defined as a systolic blood pressure greater than or 

equal to 140 mmHg or a diastolic blood pressure greater than or equal to 90 mmHg. Subjects 

not meeting these criteria were coded as “no PE/GH.” Because data regarding proteinuria 

and maternal serum laboratory testing were not available on each participant, we combined 

the categories of pre-eclampsia and gestational hypertension.

Odds ratios (ORs) and 95% confidence intervals were calculated from univariable logistic 

regression models.

Results

Figure 1 depicts study enrollment. 663/953 (70%) of eligible stillbirth pregnancies were 

enrolled. 620/663 (94%) were singleton gestations, and 518/620 (84%) had analyzable 

placentas for examination. Of those, 79/518 (15%) stillbirths met criteria for PE/GH. 
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1,932/3,088 (63%) eligible live births were enrolled, of which 1,871/1,932 (97%) were 

singleton gestations, and 1,200/1,871 (64%) had analyzable placental examinations. Of 

those, 140/1,200 (12%) live births met criteria for PE/GH. Table 1 shows demographics of 

deliveries analyzed.

All stillbirths were analyzed after stratifying by term or preterm and comparing those with 

PE/GH to those without (Table 2). Figure 2 shows a representative sample of potential 

placental lesions, including distal villous hypoplasia, immature distal villi, and massive 

perivillous fibrin deposition. When considering all preterm stillbirths, there was a higher 

feto-placental ratio in PE/GH pregnancies (OR 1.24 [95% CI 1.11, 1.37) per unit increase). 

There were higher percentages of parenchymal infarction in preterm stillbirths with PE/GH 

than in preterm stillbirths without PE/GH: focal (OR 4.06 [95% CI 1.87, 8.83]), multifocal 

(OR 6.68 [95% CI 3.19, 13.98]), diffuse (OR 11.19 [3.49, 35.87]), and any (OR 5.77 [3.18, 

10.47]). Inflammatory disorders were similar between PE/GH and no PE/GH preterm 

stillbirth deliveries. In term stillbirths, there were no differences in placental histology 

including infarction between pregnancies involving PE/GH and not involving PE/GH. 

Results were similar when limited to non-anomalous stillbirths, with the exception of a 

lower percentage of acute chorioamnionitis involving the chorionic plate in PE/GH affected 

preterm non-anomalous stillbirths compared to PE/GH unaffected preterm non-anomalous 

stillbirths (data not shown).

Table 3 shows all subjects with PE/GH and compares placental lesions found in stillbirths to 

those found in live births. Placentas from stillbirths were significantly smaller than those 

from live births (258.4 versus 435.4 grams), although this comparison is not adjusted for 

gestational age at delivery. In pregnancies affected by PE/GH, live births had higher feto-

placental weight ratios than stillbirths overall (OR 0.8 [95% CI 0.65, 0.97] per 1 unit 

increase). There was a higher rate of velamentous cord insertion in the stillbirth group (3.9% 

versus 0%) but no significant difference in the odds associated with furcate insertion or 

single umbilical artery. There were higher percentages of maternal circulatory disorders in 

stillbirths compared to live births including retroplacental hematoma (OR 4.39 [95% CI 

1.69, 11.37]), multifocal parenchymal infarction (OR 5.74 [2.46, 13.35]), and perivillous /

intervillous fibrin/fibrinoid deposition (diffuse) (OR 6.67 [95% CI 1.17, 37.88]). 

Additionally, there were higher percentages of fetal circulatory disorders in stillbirth 

placentas including fetal vascular thrombi in the chorionic plate (OR 2.85 [95% CI 1.24, 

6.51]), any avascular villi (OR 4.62 [95% CI 1.63, 13.07]), and multifocal avascular villi 

(OR 13.25 [95% CI 3, 58.60]).

Discussion

Both stillbirth and PE/GH were associated with several placental abnormalities. Stillbirths 

had more maternal and fetal placental lesions then live births, consistent with previous 

studies suggesting abnormal placental development as a cause of some stillbirths [31]. In 

this cohort, it has previously been reported that placental abnormalities were responsible for 

23.6% of stillbirths [11]. Other causes included obstetric conditions (29.3%), fetal genetic/

structural abnormalities (13.7%), infection (12.9%), umbilical cord abnormalities (10.4%), 

hypertensive disorders (9.2%), and other maternal medical conditions (7.8%) [11]. 
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Parenchymal infarction was the one lesion associated with stillbirths in women with PE/GH, 

but only in the preterm stratum. Overall, PE/GH pregnancies that were delivered preterm 

had more histologic abnormalities and more severe abnormalities than those delivered at 

term. Notably, amongst term stillbirths, there was no difference in parenchymal infarctions 

between PE/GH affected and unaffected pregnancies. This may reflect a milder phenotype of 

PE/GH at term in this sample.

Placental lesions of note in our study are overwhelmingly lesions of maternal malperfusion. 

Others have reported that placental lesions of the fetal vasculature may be more predominant 

in pregnancies affected by both fetal growth restriction (FGR) and pre-eclampsia [23, 32]. 

We demonstrate chorionic villi with distal villous hypoplasia, immature distal villi, and 

massive fibrin deposition in Figure 2. The degree of maternal malperfusion on 

histopathology has been shown to correlate with clinical severity and preterm gestational age 

[25, 26, 33, 34], which is consistent with our findings. An investigation of 1,210 placental 

examinations from pregnancies complicated by pre-eclampsia found more placental 

hypoplasia (39% vs 18%, p<0.001) and more placental vascular lesions (53% vs 26%, 

p<0.001) in deliveries prior to 34 weeks compared to deliveries at or beyond 37 weeks 

gestation [26].

Lower feto-placental weight ratio was associated with stillbirth but not specifically with 

PE/GH in our analysis. In fact, PE/GH associated preterm stillbirths actually had higher 

feto-placental weight ratios than non-PE/GH associated stillbirths. Fetal growth restriction 

has previously been associated with diminished feto-placental ratio [32], suggesting that a 

less effective placenta producing fewer grams of fetus per gram of placenta causes fetal 

morbidity and mortality, although this is an imperfect marker. Feto-placental weight ratio is 

more clinically relevant than simple placental weight, as unadjusted weight is biased by 

gestational age at delivery. Perhaps stillbirth is more common when the placenta is less 

efficient, suggesting a failure at a functional level.

It is important to note that placental changes in the setting of stillbirth may not be causal. 

Rather, they may be sequelae of the intrauterine demise. The feto-placental ratio may be 

decreased in stillbirth due to decreased fetal perfusion. However, since lesions of the fetal 

vasculature are also noted in fetal growth restriction, these lesions may indeed be causal [23, 

32].

A distinct strength of this study is that all placentas were examined and reported in a 

thorough, standardized protocol, with extensive sampling. Many previous studies evaluating 

placental lesions associated with pre-eclampsia were hampered by pathologists’ prior 

knowledge of PE/GH diagnosis and lack of consistency in pathologic reporting. The 

rigorous reporting protocol makes our findings less biased than many previous.

One limitation is that pathologists were not blinded to stillbirth or live birth status as they 

were also performing fetal autopsies and the placental examination was clinically reported. 

We are also limited by our sample size, which precludes extensive sub-analysis into various 

phenotypes of preeclampsia.
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Placental pathology represents an endpoint view of abnormal development that ultimately 

led to the adverse outcomes of preeclampsia and/or stillbirth. Although parenchymal 

infarctions are more common in PE/GH affected preterm stillbirths, placental lesions found 

in placentas from both stillbirths and pregnancies affected by preeclampsia have significant 

overlap.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
This analysis compares placental examination results for subgroups of singleton stillbirth 

and live birth pregnancies, with particular focus on PE/GH. 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.
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* A placenta examination was deemed inadequate for this analysis if conducted by a 

pathologist other than those trained to follow the Stillbirth Collaborative Research Network 

placental exam protocol or if only slides were available for review. Mummified stillborn 

fetuses were those with Grade IV-V maceration among fragmented fetuses and Grade V 

maceration among intact fetuses. Two stillborn fetuses were both fragmented and macerated.
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Figure 2. 
Hematoxylin and eosin micrographs of placental chorionic villi, 100× magnification. A) 

Normal term; B) distal villous hypoplasia; C) immature distal villi; D) massive perivillous 

fibrin deposition.
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