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Abstract

Objective—Approximately 10% of stillbirths (SB) are attributed to fetal anomalies, but 

anomalies are also common in live births (LB). We aimed to assess the relationship between 

anomalies, by system, and stillbirth.

Design—Secondary analysis of a prospective, case-control study

Setting—Multi-center-59 hospitals in five regional catchment areas in the United States (U.S.).

Population or Sample—All stillbirths and representative live birth controls.

Methods—Standardized postmortem examinations performed in stillbirths, medical record 

abstraction for stillbirths and live births.

Main Outcome Measures—Incidence of major anomalies, by type, compared between 

stillbirths and live births with univariable and multivariable analyses utilizing weighted analysis to 

account for study design and differential consent.
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Results—Of 465 singleton stillbirths included, 23.4% had one or more major anomalies 

compared to 4.3% of 1871 live births. Having an anomaly increased the odds of stillbirth; an 

increasing number of anomalies was more highly associated with stillbirth. Regardless of organ 

system affected, the presence of an anomaly increased the odds of stillbirth. These relationships 

remained significant if stillbirths with known genetic abnormalities are excluded. After 

multivariable analyses, the odds of stillbirth for any anomaly was aOR 4.33, 95% CI 2.80–6.70 

and the systems most strongly associated with stillbirth were cystic hygroma (aOR 29.97, 95% CI 

5.85–153.57), thoracic (aOR16.18, 95% CI 4.30–60.94), and craniofacial (aOR 35.25, 95% CI 

9.22–134.68).

Conclusions—In pregnancies affected by anomalies, the odds of stillbirth are higher with 

increasing numbers of anomalies. Anomalies of nearly any organ system increased the odds of 

stillbirth even when adjusting for gestational age and maternal race.

Tweetable abstract

Stillbirth risk increases with anomalies of nearly any organ system and with number of anomalies 

seen.
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Introduction

Stillbirth, defined by the WHO as fetal death at 28 weeks estimated gestational age (EGA) 

or more, affects 18.4 per 1000 births worldwide (1). In the United States (U.S.), fetal death 

at or beyond 20 weeks EGA is routinely classified as stillbirth and affects one in 168 

pregnancies. The 2017 U.S. National Vital Statistics Report shows that a stillbirth rate of 

5.786 stillbirths per 1000 livebirths, nearly identical to that of infant deaths, at 5.79 per 1000 

livebirths (2,3).

The cause of stillbirth varies and is often multifactorial with maternal, fetal, and obstetric 

contributions. National Vital Statistics Reports investigating the causes of fetal death report a 

rate of anomalies of 10.8% among stillbirths (3). Similar results were noted in a large U.S. 

study wherein stillbirth was attributed to fetal genetic and / or structural abnormalities in 

13.7% of cases (4). Anomalies are also relatively common in live births, affecting 3.0% 

(1/33) when all anomalies are included (5,6). In the absence of data delineating stillbirth risk 

by anomaly system, clinicians are limited in providing accurate counseling regarding this 

risk. While it is logical to speculate that complex and/or multisystem anomalies are at higher 

risk of stillbirth than isolated or mild anomalies, this has not been systematically assessed.

While “fetal genetic and/or structural abnormalities” have been described as a cause of 

stillbirth, further detailed description of this group is lacking. Additionally, the relative 

contribution of various anomalies to stillbirth by anatomic system is uncertain. Thus, we 

aimed to characterize pregnancies affected by anomalies (stillbirths and live births) and 

assess the associations of stillbirth with specific anomalies and groups of anomalies.
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Methods

We conducted a secondary analysis of data from the SCRN prospective case-control study 

(March 2006 through September 2008). This is cross-sectional data from patients enrolled at 

the time of delivery. Accordingly, women may have had adequate, inadequate, or no prenatal 

care. The study design, methodology, and primary findings have been described (6). 

Stillbirths and live births were enrolled at the time of delivery in five regional catchment 

areas in Rhode Island, Massachusetts, Georgia, Texas, and Utah. Stillbirth was defined as a 

fetus with Apgar scores of 0 at 1 and 5 minutes without signs of life by direct observation. 

Deliveries performed as a result of termination of pregnancy were excluded from the study.

Gestational age was determined by the best clinical estimate. Multiple sources were used 

including information from assisted reproductive technology, last menstrual period, and/or 

obstetric ultrasound (8). Fetal deaths occurring at 18 through 19 weeks 6 days estimated 

gestational age with poor gestational dating criteria were also included so as to avoid 

inadvertent exclusion of fetuses that may have been ≥20 weeks’ gestation (7). All 

participants provided written informed consent and the study was approved by the 

institutional review boards at each of the participating sites as well as the Data Coordinating 

and Analysis Center.

Women were enrolled at the time of diagnosis of stillbirth or at delivery in the case of live 

births. Women underwent a standardized maternal interview, medical record abstraction, 

biospecimen collection, postmortem examinations of the fetus and placenta, as well as 

attempted karyotype. Fetal autopsy and placental examinations were performed by perinatal 

pathologists using study specific standardized protocols, that included centralized training 

(9,10). Biospecimens collected included maternal blood, fetal blood (umbilical cord) when 

available, placental tissue, and fetal tissue (in the case of stillbirths). In stillbirth cases, 

additional laboratory evaluation was recommended (based on clinically recommended 

evaluation of stillbirth) and included karyotype, testing for fetal-maternal hemorrhage, 

antibody screen, infectious serologies (syphilis and parvovirus), antiphospholipid antibodies, 

and toxicology screen. When possible, biospecimens were stored to complete additional 

testing not completed at time of delivery including chromosomal microarray (7,11,12).

For this analysis we included stillbirths and live births with and without major fetal 

anomalies. Multifetal gestations and stillbirths without perinatal postmortem examination 

data were excluded. Major anomalies were grouped by anatomic system and specific 

anomaly type including cystic hygroma, central nervous system (open neural tube defect, 

anencephaly, hydranencephaly, hydrocephalus, holoprosencephaly, and other), thoracic 

(congenital diaphragmatic hernia, cystic adenomatoid malformation (CAM), pulmonary 

sequestration, other), cardiac (atrioseptal defect, ventricular septal defect, atrioventricular 

canal defect, transposition of the great vessels, tetralogy of fallot, other), gastrointestinal 

(gastroschisis, omphalocele, duodenal atresia, other), genitourinary (hydronephrosis/

ureteropelvic junction obstruction, autosomal recessive polycystic kidney disease, 

multicystic/dysplastic kidney, posterior urethral valves, renal agenesis, other), skeletal 

(skeletal dysplasia, club feet, other), umbilical cord, craniofacial (cleft palate, other), 

hydrops fetalis, and other. A “write in” option was available to further describe 
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abnormalities, particularly those listed as “other”. These “write in” sections were 

individually reviewed to ensure they were appropriately categorized. A “craniofacial 

anomalies” category was added after data inspection revealed that these were not 

consistently categorized. Additionally, a category of “hydrops” was added. True “knots” 

were not considered as anomalies and were not considered causes of death in the SCRN 

study. When multiple abnormalities were noted and consistent with hydrops (i.e., ascites, 

pleural effusions, skin edema), they were categorized as a single diagnosis of hydrops. When 

multiple anomalies were noted, they were coded separately to provide an accurate total 

anomaly count.

Statistical Analysis

Baseline demographics and clinical characteristics were reported for stillbirths with and 

without anomalies, and live births with and without anomalies. Demographics were 

compared between stillbirths with and without anomalies, and among anomalous deliveries 

between stillbirths and live births. The incidence of anomalies, overall (any) and by type, 

was compared between stillbirths and live births. Anomaly types (by system and 

subcategory) were then compared between stillbirths and live births using univariable and 

multivariable analyses.

The outcome of stillbirth delivery was modeled in a logistic regression model, to estimate 

the association of any anomaly, and each system with stillbirth. In adjusted modeling, the 

four covariates considered for inclusion were gestational age at delivery (preterm, early 

term, full/late term), race/ethnicity (white, black, Hispanic, other), maternal age (<35 vs 

35+), and maternal education (college or more vs less than college). Variable selection 

occurred in the model of the association of any anomaly with stillbirth occurred by removing 

variables for which the overall effect was non-significant with p≥0.05. The same set of 

covariates that remained in the model of any anomalies and stillbirth were included in 

adjusted analyses for models of the association of each system with stillbirth.

To address whether additional anomalies are associated with stillbirth, we compared number 

of anomalies, categorized as 1, 2, 3+ versus zero anomalies, in a logistic regression model 

where the outcome was stillbirth.

Mean and SD reported for continuous characteristics with comparisons tested with a two-

sample t-test. P-values are reported from a Wald chi square for categorical characteristics. 

Unadjusted and adjusted odds ratios (aOR) with 95% confidence intervals are reported for 

logistic regressions. In a sensitivity analysis, the impact of removing stillbirth deliveries at 

gestational ages 18 weeks to 19 weeks 6 days are evaluated. Statistical significance was 

defined as p <0.05. All analyses were completed using the SCRN analytical weights (7) in 

SAS 9.4 using survey-analysis procedures (surveymeans, surveyfreq, and surveylogistic).

Results

The SCRN database included 2595 women. After excluding 104 multigestation pregnancies 

and 155 cases of stillbirth without perinatal postmortem examination data available, a total 

of 465 stillbirth and 1871 live birth cases were included in our analysis (Figure 1). Among 
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stillbirths, 23.4% had one or more major anomalies compared to 4.3% of live births. In 

pregnancies ending in stillbirth, those that were affected by anomalies were more 

commononly born to Hispanic women, had lower maternal education, were born preterm, 

and had genetic abnormalities (Table S1a). Among all pregnancies affected by anomalies, 

gestational age at delivery was the only baseline demographic or clinical characteristic 

associated with stillbirth (Table S1b).

Anomalies (overall) and affecting each organ system were significantly associated with 

stillbirth (Table 1); however not all specific anomaly types (subcategories) were associated 

with stillbirth (Table S2). The odds of stillbirth varied by organ system with increased odds 

of stillbirth for anomalies in all systems in unadjusted analysis (Figure 2). When excluding 

cases with known genetic abnormalities, these trends were unchanged. (Figure 2, Table S3). 

Additionally, in a subgroup analysis of those cases diagnosed in the antenatal period, trends 

were unchanged (Table S4). Of note, because there were no cases of hydrops fetalis in the 

live birth group, an odds ratio could not be calculated for this finding.

In the model of the association of any anomaly with stillbirth, variable selection first 

excluded maternal education, then maternal age. After adjustment for race/ethnicity and 

gestational age at delivery, any anomaly remained significantly associated with stillbirth, but 

with an odds ratio estimate 37% smaller in magnitude than that in unadjusted analyses. 

Similarly, for each system the association with stillbirth was smaller but still significant, 

with the exception of CNS anomaly which was no longer significant when adjusted for 

maternal race and gestational age at delivery (Figure 2). The odds of stillbirth for any 

anomaly was aOR 4.33, 95% CI 2.80–6.70 and the odds of stillbirth were highest for cystic 

hygroma (aOR 29.97, 95% CI 5.85–153.57), thoracic (aOR16.18, 95% CI 4.30–60.94), and 

craniofacial anomalies (aOR 35.25, 95% CI 9.22–134.68) (Figure 2, Table S2).

The number of anomalies was significantly associated with stillbirth (p<0.001) (Table 1). 

The distribution of anomaly count in the stillbirth group is wider than those in the live birth 

group and remained the case when excluding genetic abnormalities (Figure S1). The odds of 

stillbirth increased monotonically with additional anomalies (as compared to zero 

anomalies) (Figure 3). This remained true when excluding cases with genetic abnormalities, 

and for one and three anomalies adjustment for maternal race/ethnicity and gestational age at 

delivery (Table S5).

Ten stillbirth deliveries occurred at gestational ages 18 and 19 weeks. None of these were 

affected by anomalies. Excluding these deliveries impacts results by a non-substantial 

amount; increasing differences between stillbirth and livebirth deliveries very slightly (data 

not shown).

Discussion

Main Findings

In this case-control study of pregnancies affected by anomalies, with the exception of CNS 

anomalies, the odds of stillbirth increase in the presence of an anomaly in any system and 
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this effect is additive when multiple anomalies are present. This analysis may provide a 

framework for counseling families with pregnancies affected by anomalies.

Strengths and Limitations

Our study has some limitations. First, we ascertained malformations in live births by 

medical record abstraction and patient interview. Although these approaches are likely to 

identify all major abnormalities, they are not as robust as perinatal postmortem examination. 

Also, we did not enroll 100% of cases of stillbirth or live birth, providing a potential source 

of bias. Another limitation of our study was the inability to evaluate the decision to pursue a 

termination, additional antenatal surveillance (serial ultrasounds for example), or iatrogenic 

preterm birth in the context of known anomalies. Accordingly, our observations of an 

increased proportion of stillbirths with anomalies in Hispanic women or preterm births may 

be due to unmeasured confounders. Since cases of termination of pregnancy were excluded, 

those women with poor access to abortion care, or religious or cultural objections to 

pregnancy termination may be more likely to end up in the stillbirth group, inflating the 

calculated stillbirth risk in this population. Given small numbers of events for anomalies of 

specific organ systems, the confidence intervals were wide, potentially limiting the 

interpretation of the magnitude of the effect size. Finally, the number of stillbirths and live 

births was too small for meaningful analysis of individual abnormalities.

There also were several strengths of the study. Most notably, as a large multicenter case-

control study with five catchment areas including 59 hospitals, the population is 

geographically, ethnically, and racially diverse, optimizing generalizability of our findings. 

Stillbirths underwent standardized perinatal postmortem examination, ensuring accurate 

ascertainment of all abnormalities. Although this was not performed on live births, 

abnormalities in controls were assessed via medical record abstraction and patient interview, 

ensuring identification of major problems. In addition, numbers were large for a study of 

stillbirths, and granular data were collected relative to studies using vital statistics.

Interpretation (in light of other evidence)

The incidence of stillbirth in the context of anomalies was described in a European 

population based study. However, this study did not report the odds of stillbirth associated 

with anomalies as our study has (14). In a multicenter prospective cohort study of 1025 

stillbirths, congenital anomalies were the cited cause of stillbirth in 4.8% of cases (14). This 

was lower than the rate of stillbirths reported due to anomalies using U.S. vital statistics 

(10.8%) (2) as well as by the SCRN study (13.7%) (4). Notably, our reported 23.4% 

incidence of anomalies among stillbirths only indicates the presence of one or more 

anomalies that were not necessarily considered a cause of death. We previously reported that 

anomalies were a cause of death in 13.7% of our study population (4). The higher rate of 

reported anomalies in the two U.S. studies is likely due in part to the inclusion of all 

anomalies, rather than only those considered a cause of death. Other reasons for the 

differences noted include variation in rates of pregnancy termination in the setting of 

prenatally diagnosed anomalies and differences in the classification systems used to assign a 

cause of death.
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Conclusion

Historically, counseling surrounding some anomalies has generically included an increased 

risk of stillbirth. However, these data go further to support this claim as well as to delineate 

the magnitude by which that risk may change based on the type and number of anomalies 

present. Since the odds of stillbirth were higher with nearly all anomaly types, our findings 

support consideration of antenatal testing in the setting of major anomalies when the goal is 

to optimize fetal outcome. Of course, our data do not allow assessment of the cost 

effectiveness or clinical efficacy of antenatal testing in pregnancies with anomalies, but raise 

the question as a potential focus for future studies. Additionally, these data can facilitate the 

refinement of stillbirth classification systems when considering fetal anomalies as a cause of 

death.

Supplementary Material
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Figure 1. 
Study Enrollment.
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Figure 2. 
Odds ratio of stillbirth vs live birth by anomaly type.
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Figure 3. 
Impact of additional anomalies.
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Table 1.

Presence of anomalies by system in stillbirths versus live births

Value Stillbirth Live birth p

Unweighted 465 1871

Weighted 461 1412

n (%) n (%)

Any Anomaly 108 (23.4) 61 (4.3) <.001

Number of anomalies

 1 42 (9.1) 47 (3.3) <.001

 2 17 (3.6) 9 (0.7)

 3+ 49 (10.6) 5 (0.3)

System

Cystic Hygroma 16 (3.5) 1 (0.1) <.001

CNS 17 (3.6) 6 (0.4) <.001

Thorax Defects 12 (2.6) 2 (0.1) 0.001

Cardiac Defects 35 (7.7) 9 (0.6) <.001

Gastrointestinal defects 26 (5.6) 6 (0.4) <.001

Genitourinary defects 22 (4.8) 9 (0.6) <.001

Skeletal defects 30 (6.5) 15 (1.1) <.001

Umbilical cord abnormalities 26 (5.6) 7 (0.5) <.001

Craniofacial 26 (5.6) 2 (0.1) <.001

Hydrops 30 (6.4) 0 (0) *

Other anomaly 37 (8.1) 18 (1.3) <.001

*
p-value not available when zero events observed in one group.

Statistics shown in the table are based on weighted data
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