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Objective: To evaluate the association between congenital uterine anomalies (CUAs) and placenta accreta spectrum (PAS) in a large,
nationally representative sample.

Design: Cross-sectional, observational study using the US National Inpatient Sample from 2017 to 2021. Logistic regression models
were constructed to evaluate associations between the exposure and the outcome. Predetermined confounding variables included
age, history of a cesarean delivery, and placenta previa. A sensitivity analysis was performed including only patients with a code
for placenta accreta spectrum who also underwent hysterectomy. Data were weighted according to National Inpatient Sample complex
sampling weights to account for year-to-year variation and to extrapolate estimates to the US population.

Subjects: Pregnant patients at > 20 weeks’ gestation with International Classification of Disease codes for congenital uterine anom-
alies or PAS.

Exposure: Code for at least 1 of the CUAs.

Main Outcome Measures: Code for at least 1 of the types of PAS during delivery hospitalization.

Results: The study cohort included 17,594,765 (or 3,518,955 unweighted) individuals. CUAs were present in 78,809 (0.45%, 15,259
unweighted) individuals. PAS was more frequent in patients with CUA than in those without (0.42% vs. 0.12%), with a weighted
odds ratio (OR) of 3.36 (95% confidence interval [CI], 2.62-4.32; unweighted OR, 3.37 [95% CI, 2.63-4.31]). When controlling for
age, prior cesarean, and placenta previa, the odds of having PAS was higher in those with a CUA than in those without (weighted
adjusted OR [aOR], 2.46 [95% CI, 1.87-3.17]; unweighted aOR, 2.44 [95% CI, 1.88-3.16]). In the sensitivity analysis including only in-
dividuals with PAS who underwent a hysterectomy, CUA continued to be associated with PAS (weighted aOR, 2.26 [95% CI, 1.52-3.36];
unweighted aOR, 2.26 [95% CI, 1.55-3.31]).

Conclusion: In this population-based study, CUAs were associated with an increased odds of PAS. Patients with CUA should have
careful screening for PAS at the time of routine obstetric ultrasound. (F S Rep® 2025;6:67-72. ©2025 by American Society for
Reproductive Medicine.)
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physiology of PAS. The most ean birth and the presence of a placenta

a major contributor to maternal
morbidity and mortality and is
increasing in frequency, now affecting
approximately 1 in 500 pregnancies
(1). Despite this, there is a limited un-
derstanding of the etiology and patho-

P lacenta accreta spectrum (PAS) is

commonly accepted understanding is
that PAS is a condition characterized
by abnormal placental trophoblastic
attachment into a damaged endome-
trial/myometrial layer (2). The major
risk factors for PAS include prior cesar-
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previa. Understanding other risk fac-
tors may help us better understand
and detect PAS, paving the way for
improved risk assessment, diagnosis,
and management strategies to improve
maternal outcomes.
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Congenital uterine anomalies (CUAs) are developmental dif-
ferences of the uterus that form during embryogenesis. The
prevalence of CUA is estimated to be as high as 5.5% in the
general population; however, the incidence is notably higher
among those who experience infertility (8%) and recurrent
miscarriages (13%) (3). The presence of CUA predisposes pa-
tients to more uterine surgeries (e.g., septum resection),
in vitro fertilization (IVF) treatments, and previa placentation
that may increase the risk of PAS (4). Furthermore, patients
with CUA, especially those with canalization defects (e.g.,
septate uterus), may have embryo implantation along the
septum possibly further contributing to the risk of PAS (5).

Whether individuals with CUA are at increased risk of
PAS is unclear. CUAs are known to be associated with an
increased risk of obstetric complications such as preterm
birth, cesarean delivery, malpresentation, and fetal growth re-
striction; however, the association between the risk of PAS
and CUA has not been sufficiently explored in studies that
are either too small, imprecisely focused on PAS, or fail to ac-
count for plausible confounding (3, 6-11).

Therefore, we aimed to explore the association between
CUA and PAS in a large, population-based data set. We hy-
pothesized that CUA would be associated with PAS after con-
trolling for confounding factors.

MATERIALS AND METHODS

We conducted a cross-sectional observational study using
discharge data from the National Inpatient Sample (NIS), US
Healthcare Cost and Utilization Project, Agency for Health-
care Research and Quality, from 2017 to 2021. This database
is a publicly available, nationally representative sample that
includes International Classification of Diseases, Tenth Revi-
sion, Clinical Modification (ICD-10-CM)/Procedure Coding
System coding data from individual hospital discharges.

Discharges associated with individuals aged 12-55 years
who delivered at >20 weeks’ gestation were included in
this study. Delivery discharges were identified using the
methodology described by Clapp et al. (12). International
Classification of Diseases codes were used to determine weeks
of gestation, exposures, and outcomes (Supplemental
Appendix 1, available online). To account for changes in
the hospitals included in the sample over time and allow for
US population level estimates, sampling weights provided
by the Healthcare Cost and Utilization Project were applied
to the primary analyses. Unweighted results are also reported.
The primary exposure was CUAs (Table 1). We included only
uterine and cervical anomalies because vaginal anomalies are
not expected to influence placental implantation.

The primary outcome was PAS, which was defined using
ICD-10-CM codes 043.2xx. This set of codes incorporates di-
agnoses of placenta accreta, increta, and percreta. We excluded
any PAS diagnosis only occurring in the first trimester
(043.2x1). Previa was defined as an ICD-10-CM code for com-
plete or partial placenta previa in the second or third trimester
when accompanied by a coexisting code for cesarean birth or
hysterectomy. Although a history of cesarean birth is available
to ascertain through International Classification of Diseases
codes, the number of prior cesarean deliveries or type of prior
cesarean (classical or low transverse) was not. Additionally,
prior uterine surgeries creating a uterine scar (Z98.891) are a
risk factor for PAS (13, 14); thus, this ICD-10 code was included
with prior cesarean birth in the covariate “prior uterine scar.”

Logistic regression models were used to derive the unad-
justed and adjusted odds ratios (aORs) with associated 95% con-
fidence intervals (CIs). Covariates included in the final model
were those that were defined a priori as physiologically impor-
tant (previa, prior cesarean, or prior uterine scar). Although it is
an important potential confounding variable, we did not
include assisted reproductive technology (ART) or IVF in the

TABLE 1

International Classification of Diseases, Tenth Revision, Clinical Modification/Procedure Coding System codes for congenital uterine anomalies.

ICD-10 codes for congenital uterine anomalies

Q51.0 Agenesis of the uterus

Q51.1x

Q51.2x Other doubling of the uterus

Q51.3 Bicornuate uterus

Q514 Unicornuate uterus

Q51.5 Agenesis and aplasia of the cervix

Q51.8x

Q51.9 Congenital malformations of the uterus and cervix

Benipal. Uterine anomalies and placenta accreta. F S Rep 2025.

Other congenital malformations of the uterus and cervix

Appropriate synonyms

Congenital absence of the uterus

Doubling of the uterus with doubling of the cervix and vagina

Didelphic uterus

Uterus septate

Uterus bilocularis

Bicornuate uterus

Bicornuate uterus in pregnancy

Bicornuate uterus complicating
antenatal care, infant not yet
delivered

Uterus unicornis

Uterus unicornuate

Congenital absence of the cervix

Congenital absent uterine cervix

Arcuate uterus

Hypoplasia of the uterus or cervix

Cervical duplication

Congenital uterine anomaly

Inadequate development of the
endometrium
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primary analytic models because ART is drastically undercoded
among delivering individuals in the NIS. In this cohort, 0.11% of
pregnancies were reported to be conceived by ART/IVF,
compared with the 1.9% of all pregnancies estimated by the
CDC (15, 16). An exploratory analysis including IVF as a covar-
iate was performed separately. We excluded race in our model
because this was not thought to impact placental implantation
and rather should be viewed as a social construct (17).

A sensitivity analysis, aimed at increasing the likelihood
that a code for PAS represents a true case of PAS, was per-
formed by changing the outcome definition to only include
individuals with PAS who underwent hysterectomy. This
was performed to account for the possibility of overcoding
of PAS in the entire cohort. PAS with hysterectomy may be
more likely to represent “true” coded PAS cases.

Data analyses were completed using STATA 17.0 (Stata-
Corp LLC, College Station, TX). This study was exempt from
our institutional review board, and data sources were deiden-
tified and publicly available. The Reporting of studies Con-
ducted using Observational Routinely-collected Health Data
modification to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines were followed for
cross-sectional studies in this analysis (18). A P value of
< .05 was considered statistically significant.

RESULTS

In this sampling-weighted analysis, 17,594,765 (unweighted
n = 3,518,955) records met the inclusion criteria (Table 2).

TABLE 2

F S Rep®

Of these, 76,294 (0.4%; n = 15,259 unweighted) had a CUA,
and 21,879 (0.1%; n = 4,440 unweighted) had PAS. A single
anomaly was coded in 74,134 (unweighted n = 14,827),
whereas 2,115 (unweighted n = 423) had a code for 2 anom-
alies and 45 (unweighted n = 9) had a code for 3 anomalies.
The most common uterine/cervical anomaly was a bicornuate
uterus (56.3%), other doubling of the uterus (18.2%), and
other congenital malformations of wuterus and cervix
(16.99%). Baseline characteristics were similar between those
with and without CUA except for race and prior uterine scar
(Table 2). Those with CUA were more likely to be white
(65.0% vs. 50.4%) and, as expected, much more likely to
have a prior uterine scar (33.9% vs. 17.9%).

The primary outcome, PAS, occurred more frequently in
those with CUA than in those without (0.4% vs. 0.1%,
P<.001). In the unadjusted logistic regression model, deliveries
associated with individuals with a CUA were more likely to have
PAS (weighted odds ratio [OR], 3.36 [95% CI, 2.62-4.32]; un-
weighted OR, 3.37 [95% CI, 2.63-4.31]) than those associated
with individuals without a CUA (Fig. 1). In multivariable logistic
regression, when controlling for age, prior uterine scar, and
placenta previa, deliveries associated with individuals with a
CUA had higher odds of PAS (weighted aOR, 2.43 [95% CI,
1.87-3.16]; unweighted aOR, 2.44 [95% CI, 1.88-3.16]).

PAS occurred more frequently in some but not most sub-
types of CUA including bicornuate uterus and “other doubling
of the uterus” (Table 3).

In the sensitivity analysis, when including only individ-
uals with a code for PAS who underwent hysterectomy, the

Characteristics of patients with and without congenital uterine anomalies.

Congenital uterine anomaly

Yes n = 76,294 Non = 17,518,471
Characteristic (unweighted n = 15,259) (unweighted n = 3,503,696)
Age, y 29.54 (5.6) 29.10 (5.8)
Weeks' gestation at delivery, 37.23(3.11) 38.33 (2.24)
mean
Race®
Asian 3,914 (5.1%) 1,038,219 (5.9%)
Black 4,265 (5.6%) 2,533,744 (14.6%)
Hispanic 12,385 (16.2%) 3,582,444 (20.4%)
Native American 470 (0.6%) 123,284 (0.7%)
White 49,454 (65.0%) 8,844,700 (50.4%)
None of the above 3,020 (4.0%) 762,934 (4.4%)
Not specified 2,784 (3.6%) 633,143 (3.6%)
Chronic hypertension 2,365 (3.1%) 510,004 (2.9%)
Obesity 10,459 (13.8%) 2,205,079 (12.6%)
Tobacco use 3,660 (4.8%) 874,484 (5.0%)
Prediabetes 995 (1.3%) 212,479 (1.2%)
Assisted reproductive 200 (0.3%) 19,529 (0.1%)

technology/IVF
Placenta accreta spectrum
Prior uterine scar (including

prior cesarean birth)
Placenta previa

320 (0.4%)
25,844 (33.9%)

520 (0.7 %)

21,879 (0.1%)
3,130,488 (17.9%)

73,919 (0.4%)

Note: Data are presented as weighted numbers (percentages) or means (standard deviations) unless otherwise noted.

IVF = in vitro fertilization.
2 Race/ethnicity reported here to demonstrate the demographic representation of the cohort.
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. —e—3.36 (2.62, 4.32)
Unadjusted ——eo——13.37 (2.63, 4.31)
——e—— 243 (1.87,3.16)

Adjusted- —e—— 2.44(1.88, 3.16)

——e—1 2.26(1.52, 3.36)
— e | 226(1.54,3.31)

e Weighted 1 2 4 8
Unweighted Odds Ratio (95% ClI)

The odds of placenta accreta spectrum in individuals with congenital
uterine anomalies compared to those without, presented in an
unadjusted analysis, an adjusted analysis (controlling for maternal
age, prior uterine scar, and placenta previa), and a sensitivity
analysis (restricted to patients with both a PAS diagnosis code and
hysterectomy).

Sensitivity analysis

Benipal. Uterine anomalies and placenta accreta. F S Rep 2025.

association between CUAs and PAS remained (weighted aOR,
2.26 [95% CI, 1.52-3.36]; unweighted aOR, 2.26 [95% CI,
1.54-3.31]). A sensitivity analysis adding ART as a covariate
in modeling showed a similar association between CUA and
PAS (weighted aOR, 2.44 [95% CI, 1.87-3.17]; unweighted
aOR, 2.44 [95% CI, 1.88-3.16]).

DISCUSSION

In this large, cross-sectional study, deliveries in individuals
with a CUA had 2 to 3 times the odds of developing
PAS compared with those in individuals without CUA. This

association persisted when controlling for placenta previa,
age, ART, and history of prior uterine scar (including prior
cesarean birth). The association held in our sensitivity anal-
ysis when using a stricter definition of PAS to increase the
likely accuracy of the ICD-10 diagnosis.

Our study bolsters and clarifies what has previously been
demonstrated in a few small studies: that deliveries associated
with individuals with a CUA are associated with an increased
odds of PAS. One evaluation of patients in the NIS showed
that unsuspected PAS at the time of vaginal delivery was
strongly associated with uterine anomalies (aOR, 6.23; 95%
CI, 4.20-9.26) (19). This study did not address most cases of
PAS because it excluded most patients with PAS and those
with previa or who underwent cesarean and only evaluated
those with unsuspected PAS. Similarly, in a meta-analysis
evaluating obstetric complications associated with CUAs,
Panagiotopoulos et al. (11) found a modest association be-
tween CUA and placental retention (OR, 1.71; 95% CI, 1.16-
2.52) and strong association between CUA and placenta pre-
via (OR, 4.00; CI, 1.87-8.56). However, this study did not
describe how placental retention was treated, if PAS was sus-
pected or confirmed, or if patients had significant morbidity.
Another evaluation of patients with CUA found 5 cases (5.4%)
of placenta previa, 3 of which required hysterectomy due to
PAS. This study was small (111 pregnancies) and did not
address whether individuals had prior cesarean deliveries.
Furthermore, the largest study to date on this topic (457 indi-
viduals with a CUA) by Wang et al. (7) found that 19.7% had
placenta accreta/increta (although notably the reported inci-
dence of accreta/increta in the control group was markedly
higher than prior population studies would suggest at 11.8%).

TABLE 3

Placenta accreta spectrum in association with uterine and cervical anomaly subtypes.

Placenta accreta spectrum

Yes n = 22,200
(unweighted n = 4,440)

320 (1.4%)

043.2x
043.2x: CUA of any type

043.21: Agenesis of the 0 (0.0%)
uterus

043.22: Doubling of the 0 (0.0%)
uterus with doubling of
the cervix and vagina

043.23: Other doubling of 35 (0.2%)

the uterus

043.24: Bicornuate 210 (1.0%)

043.25: Unicornuate 10 (0.1%)

043.26: Agenesis and 0(0.0%)
aplasia of the cervix

043.27: Other congenital 70 (0.3%)
malformations of the
uterus and cervix

043.28: Congenital 5(0.0%)

malformations of the
uterus and cervix,
unspecified

Non = 17,572,567

(unweighted n = 3,514,515) Pvalue
75,975 (0.4%) <.001

30 (0.0%) .93

1,150 (0.0%) .60

13,929 (0.1%) .02
42,959 (0.2%) <.001

6,280 (0.0%) 74

5(0.0%) 97

12,919 (0.1%) <.001

895 (0.0%) 10

Note: Data are presented as weighted numbers (%) unless otherwise noted. Of note, columns may not add to the total n because some individual discharges were coded with multiple CUAs. CUA =

congenital uterine anomaly.
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The association between CUA and PAS may be mediated,
in part, by the higher incidence of uterine surgery and ART in
the CUA population; however, it makes sense biologically that
those with CUA may be at risk of PAS regardless of prior sur-
gery and ART. Any abnormality of the endometrial-
myometrial interface, such as that that occurs in CUAs, could
potentially increase the risk of PAS. For example, the endo-
metrium covering a uterine septum has been demonstrated
to have differences in histologic composition (decreased glan-
dular cells and cilia) and decreased connective tissue in the
myometrium, compared with that covering normal myome-
trium, potentially predisposing patients to abnormal
placental attachment (20). Additionally, the shape of the cav-
ity or thickness of the endometrium and myometrium is
altered in individuals with a CUA, which may increase the
chances of having abnormal placentation (10). If it is true
that CUA and PAS are biologically related, this may help us
gain insights into the etiology of PAS, a controversial topic
(2, 21). Further investigation is needed to reveal the biologic
or pathophysiological link between PAS and CUA.

These findings may have important implications for ante-
natal diagnosis and for better understanding the disease pro-
cess of PAS. The prenatal diagnosis of PAS is imperfect,
owing to relatively low predictive values of prenatal imaging
and lack of a reliable biomarker resulting in both overdiagno-
sis and underdiagnosis (22). Population-based studies suggest
that half or more of PAS goes undetected antenatally until the
time of delivery (23, 24). Understanding risk factors for PAS
may improve diagnosis and management; for example, pa-
tients with CUA may benefit from expert consultation and/
or additional ultrasound assessment for PAS risk stratifica-
tion. Our data suggest that CUA is an independent risk factor
for PAS. If so, then CUA may be added to the list of the iden-
tifiable risks of PAS (alongside cesarean birth, prior uterine
surgeries, and placenta previa) at the time of second-
trimester ultrasound.

There are limitations of our study. First, the limitations of
research using large administrative data sets are serious and
should be acknowledged (25-27). Specifically, the ICD-10 co-
des for PAS are relatively new codes that have not been well
validated (28). Many consider histopathologic confirmation
of a clinical diagnosis of PAS to be the gold standard; howev-
er, this data set did not allow for this evaluation. Second, CUA
was likely undercoded in this database. Prior work suggests
that 3.5% of fertile women and 5.5% of all reproductive-
aged women have some form of CUA. In contrast, only
0.4% of this population had a diagnostic code for CUA. This
undercoding is likely because ICD-10 codes are only available
from the delivery hospitalization, not from the individual’s
entire medical record. There exists the potential for individ-
uals with a CUA to have that diagnosis omitted from the cod-
ing of the delivery hospitalization record. Misclassification of
CUA, however, would most likely result in bias toward the
null hypothesis. Furthermore, CUA was undercoded to a
greater extent than PAS, and this differential coding error
had unclear ramifications for the analysis. Third, there is
the strong potential for unmeasured confounding. For
example, prior uterine surgery may not be comprehensively
coded in a delivery hospitalization encounter. Fourth,

F S Rep®

although this database is large, we are unable to adequately
analyze different CUA subtypes and their association with
PAS. Our exploratory analysis showed that bicornuate uterus
and “other doubling of the uterus” may be associated with
PAS, whereas others are not; however, data on subtypes
should be interpreted with extreme caution owing to nonspe-
cific diagnosis (e.g., “other doubling”) and very small sample
size within subtypes. Finally, we believe that this study was
unable to sufficiently control for a higher rate of ART or
IVF in the CUA group (0.3% vs. 0.1%) because this was mark-
edly undercoded.

This study has several strengths. First, it was performed us-
ing a large, population-based data set, which allows for anal-
ysis of a greater number of individuals who have both rare
disorders. Second, multiple analyses consistently demonstrate
an association and magnitude similar to the primary analysis.

CONCLUSION

Our results suggest that CUA is an independent risk factor for
PAS. This association may be useful both in our understand-
ing of the disease itself and in creating better risk stratifica-
tion protocols for diagnosis of PAS.
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