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Chorioamnionitis occurs when a bacterial infection leads to
inflammation of themembranes and chorion of the placenta.
The condition is not uncommon, occurring in 1 to 4% of term
births and up to 5 to 10% of preterm births.1,2 In addition
to preterm birth, other potential risk factors for develop-
ing chorioamnionitis are thought to include: prolonged
rupture of membranes, internal labor monitoring, nullipar-
ity, meconium-stained amniotic fluid, smoking, alcohol or
drug abuse, immunocompromised status, colonization with

group B Streptococcus, bacterial vaginosis, and sexually
transmitted infections (STIs) during pregnancy.3

Timely and efficient identification and management of
chorioamnionitis are important to minimize the risk of
potential neonatal and maternal complications. A major
concern for mothers affected by chorioamnionitis is the
development of postpartum infections, such as wound infec-
tion, endometritis, sepsis, and bacteremia, which are three to
four times more common in these women.3 In addition to
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Abstract Objective Guidelines for the management of chorioamnionitis include intrapartum
antibiotics, while postpartum antibiotics after spontaneous vaginal delivery (SVD) are
reserved high-risk women. Our objective is to describe the incidence of and risk factors
for postpartum infection after SVD complicated by chorioamnionitis.
Study Design This is a retrospective study of SVDs with clinically diagnosed cho-
rioamnionitis at a single center. The primary outcome was a composite of postpartum
infection. Women who developed the primary outcome were compared with those
who did not using bivariate statistics. Regression models were developed to estimate
adjusted odds of outcomes.
Results In this cohort, 346 women underwent SVD complicated by chorioamnionitis.
Of these, 23 (6.6%) developed postpartum infections (endometritis n¼ 7, urinary tract
infection/pyelonephritis n¼ 6, sepsis n¼ 4, and perineal wound infection n¼ 6).
Receipt of antibiotics intra- or postpartum did not differ between groups, but women
with postpartum infections were more likely to deliver prior to 32 weeks (17.4 vs. 4.9%,
p¼ 0.04). When controlling for antibiotic use, delivery at< 32 weeks was associated
with 3.8-fold increased (95% confidence interval: 1.07–13.7) odds of postpartum
infection.
Conclusion Postpartum infections occur in �1/15 women delivering vaginally with
chorioamnionitis, with those who deliver at< 32 weeks’ gestation being at increased risk.
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infectious complications, these women are also at an in-
creased risk of requiring a cesarean section and postpartum
hemorrhage following either vaginal or cesarean delivery.3–5

In spite of the known complications and previous research
in this area, there remains disagreement regarding the appro-
priate antibiotic regimen, and current practices are based
largely on clinical consensus rather than large well-designed
clinical trials.3 Although existing evidence does support the
use of intrapartum antibiotics, the role of postpartum anti-
biotics in preventing maternal postpartum infection is uncer-
tain. Practices range from no treatment at all to 48 hours of
postpartum antibiotics.6,7 Much of the existing literature on
postpartum infection following chorioamnionitis has focused
on cases that occur following cesarean delivery, where rates of
postpartum infections are notably higher,8whereas literature
describing the incidence of infections or providing guidance
with regard to the appropriate antibiotic management after
vaginal delivery complicated by chorioamnionitis is more
limited. Though large randomized controlled trials have
been attempted, the conclusions have not been robust due
to low enrollment and low rates of the primary outcome.9,10

The current committee opinion released by the American
College of Obstetricians and Gynecologists (ACOG) states
thatwomenwith chorioamnionitiswhoundergo spontaneous
vaginal delivery (SVD) may not require antibiotics postpar-
tum.11However, this recommendation is supportedbya study
where the reduced treatment armdid, in fact, receive a dose of
antibiotics postpartum.12 Given the clinical equipoise that
exists, the objective of this study is to investigate the incidence
of postpartum infections in women with clinical chorioam-
nionitis following SVD, and, if possible, identify risk factors
associated with this outcome.

Materials and Methods

The study was reviewed and approved by the Institutional
Review Board at Duke University (IRB: Pro00089967).Women
in this study were identified using discharge International
Classification of Diseases, 9th Revision and International Clas-
sification of Diseases, 10th Revision codes to screen for vaginal
delivery and chorioamnionitis between January 1, 2014, and
December 21, 2017, at a single academic medical center.
Women were included in the study if they delivered a
nonanomalous fetus or fetuses, were clinically diagnosed
with chorioamnionitis, and delivered vaginally. Women with
delivery at less than 20 weeks, intrauterine fetal demise at
any gestational age, and those missing delivery data were
excluded. During the study period, at our institution, clinical
chorioamnionitis was defined as fever> 38.0°C in addition to
one or more of the following: maternal tachycardia, fetal
tachycardia, fundal tenderness, and foul-smelling amniotic
fluid. Women who were coded as having chorioamnionitis,
but did not meet diagnostic criteria upon chart review were
also excluded. From participants who met the diagnostic
criteria, demographic data, chronic medical conditions, ante-
partum complications, delivery information, and postpartum
complications and course were collected from the electronic
medical record and stored in a REDCap database.

The primary outcome for this study was the incidence of
postpartum infection within 6 weeks of a vaginal delivery
complicated by chorioamnionitis. Postpartum infections
included endometritis, perineal wound infection, sepsis,
urinary tract infection (UTI), and pyelonephritis. Sepsis
was defined by the systemic inflammatory response syn-
drome criteria in patients with a known source of infection
(i.e., placenta or positive blood cultures) in addition to two or
more of the following attributes: temperature> 38°C
or< 36°C, heart rate> 90 beats per minute, respiratory
rate> 20 per minute or PaCO2< 32mm Hg, and white blood
cell> 12,000/mm3,< 4,000/mm3, or> 10% bands.13 Endo-
metritis was defined as fundal tenderness accompanied by
fevers in the postpartum period. Wound infection was diag-
nosed based on clinical presentation with the appropriate
combination of signs and symptoms. UTI and pyelonephritis
were both included based on laboratory results and assessed
with urinalysis and positive urine culture obtained prior to
the initiation of antibiotics. The incidence of the individual
components of the composite was also estimated. The inci-
dence of other indicators of maternal morbidity including:
development of fever of unknown origin, need for postpar-
tum blood transfusion, need for manual placenta extraction,
and need for postpartum dilation and curettage was also
examined. Secondarily, we aimed to identify risk factors for
development of postpartum infection. Antibiotics, both
intrapartum and postpartum were given at the discretion
of the obstetric provider. Intrapartum antibiotics included
any antibiotics given during labor and prior to delivery,
specifically for the indication of presumed chorioamnionitis.
Postpartum antibiotics were defined as those given imme-
diately postpartum and documented as prophylactic. If anti-
biotics were stopped and then restarted due to concern of
infection, this was not included as receipt of postpartum
antibiotics.

Women who experienced postpartum infections were
compared with women who did not develop postpartum
infections using bivariate statistics as appropriate. Multi-
variable logistic regression was used to estimate the adjusted
odds of the primary outcome. The chosenvariableswere those
that either demonstrated statistical significance in thepreced-
ing bivariate analysis and/or had biologic plausibility. Data
analysiswasperformedusing Stata software (version 14; Stata
Corporation, College Station, TX). A p-value of< 0.05 was
considered statistically significant.

Results

Out of 346 women who met the criteria for inclusion in this
study, 23 patients (6.6%) experienced a postpartum infection
(►Fig. 1). Endometritis occurred most commonly (2.0%),
though six women (1.7%) had urinary pathology and an
additional six (1.7%) had a perineal infection. Noninfectious
postpartummaternal morbidity wasmore common, with 14
(4.1%) women readmitted, 14 (4.1%) requiring a blood trans-
fusion, and 19 (5.5%) requiring manual placenta extraction
(►Table 1). Themedian length of stay postpartumwas 2 days
in both groups (interquartile range: 2, 2; p¼ 0.72).
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Women with postpartum infections were similar with
respect to demographic composition to those who did not
experience postpartum infections (►Table 2). The groups
also demonstrated similar rates of chronic hypertension,
asthma, preexisting diabetes mellitus, and STIs during preg-
nancy. In terms of antepartum complications, the groups did
not demonstrate significant differences with respect to rates of
preterm prelabor rupture of the membranes, intrauterine
growth restriction, cerclage, gestational diabetes mellitus, pre-
eclampsia, or group B Streptococcus colonization (►Table 3).

While the two groups were similar with respect to median
gestational age at delivery (39.3 vs. 39.6weeks), women in the

group with postpartum infections were more likely to have
delivered prior to 32 weeks (17.4 vs. 5%, p¼ 0.04) (►Table 4).
Delivery at less than 37 and less than 34 weeks did not
differ (data not shown). Intrapartum antibiotics were given
to 60.9% of women who ultimately experienced postpartum
infections and 73.1% of women who did not (p¼ 0.23). There
was no difference in the number of doses of antepartum
antibiotics received between the two groups (►Table 4).
No differences in operative delivery, third or fourth degree
lacerations, ormanual placenta extractionwere seen between
the groups (►Table 4). Postpartum antibiotics were given to
52.2% of women who ultimately experienced a postpartum
infection and 30.7% of women who did not (p¼ 0.03). In
regression models, delivery prior to 32 weeks was associated
with a 3 8-fold increased odds of postpartum infection
(95% confidence interval [CI]: 1.07–13.7), while receipt of
intrapartum antibiotics (adjusted odds ratio [aOR]: 0.43, 95%
CI: 0.17–1.10) and receipt of postpartum antibiotics (aOR:
2.25, 95% CI: 0.91–5.58) were not found to be significant
(►Table 5).

Discussion

The most recent ACOG Committee Opinion and the prepon-
derance of data suggest that antibioticsmay not be necessary
after vaginal delivery.11,14,15 While not all women develop
infectious complications following chorioamnionitis, previ-
ous research has established an intrapartum diagnosis of
chorioamnionitis as a risk factor for the development of
postpartum infections.4,8,15 A secondary analysis of data
from the Consortium on Safe Labor (2002–2008) found

Table 1 Maternal morbidity after vaginal delivery complicated
by chorioamnionitis

Number of women affected
n¼ 346 (%)

Any postpartum infection 23 (6.6)

Sepsis 4 (1.2)

Endometritis 7 (2.0)

UTI/pyelonephritis 6 (1.7)

Perineal wound infection 6 (1.7)

Fever of unknown origin 2 (0.6)

Readmission 14 (4.1)

Blood transfusion 14 (4.1)

Manual placenta extraction 19 (5.5)

Dilation and curettage 11 (3.2)

Abbreviation: UTI, urinary tract infection.

Fig. 1 Derivation of study cohort. ICD, International Classification of Diseases.
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that 11.9 and 4.1% of women whose labor was affected by
chorioamnionitis and delivered via cesarean section or vagi-
nally, respectively, experienced adverse maternal outcomes
including hysterectomy, postpartum transfusion, venous
thromboembolism, endometritis, wound infection, intensive
care unit admission, and death.15 When chorioamnionitis
was not diagnosed, 2.9% of women who delivered vaginally
and 4.2% of women who delivered via cesarean section
experienced these complications.15 In the Safe Labor study
group, the increased incidence of adverse maternal out-
comes was found to be significant in the setting of cesarean
delivery but not vaginal delivery.15 However, when individ-
ual outcomes were examined instead of the composite
measure, there was a statistically significant increase in
the frequency of developing endometritis (2 vs. 22%) or
perineal wound infection (2 vs. 33%) in women who deliv-
ered vaginally without chorioamnionitis versus with cho-
rioamnionitis.15 The findings from our population present a
similar picture, with 6.6% of women who had a vaginal
delivery complicated by chorioamnionitis developing a post-
partum infection, of which 30% was endometritis and 26%
perineal wound infection.

At present, antibiotic usage following vaginal delivery
complicated by chorioamnionitis ranges from no additional

postpartum antibiotics (�34.6% of providers) to continuation
of antibiotics for 48 hours postpartum (�24.7% of providers).7

Thisdiscrepancy is in largepartdue to apaucityof reliabledata
describing the specific risk factors that would make a woman
more likely to develop infectious complications in this setting.
In this study,wedemonstrate that delivery prior to32weeks is
associated with a 3.8-fold increased odds of postpartum
infection when controlling for receipt of intrapartum anti-
biotics or postpartum antibiotics. A recent secondary analysis
using data from 1999 to 2002, identified elevated body mass
index (BMI) and preterm delivery at less than 32weeks as risk
factors for postpartum infection in women following vaginal
birth after cesarean section.16 Our study, using recent data,
demonstrates a similarly elevated risk among women deliver-
ing vaginally preterm.

This patient cohort is larger than any other published
studies that previously examined the morbidity associated
with chorioamnionitis following vaginal delivery.6,9,10

Rouse et al found that chorioamnionitis was associated
with increased risk of the development of pelvic abscess
and septic pelvic thrombophlebitis.8 However, this study
only included women who underwent cesarean section.
Two additional randomized studies attempted to provide
evidence for appropriate postpartummanagement following
vaginal delivery. In one study, one dose of postpartum anti-
biotics was found to be equivalent to 48 or more hours of
postpartum antibiotics, but only 109 women were enrolled
and there was no study arm that did not receive postpartum
antibiotics.9 The other study did include a study arm that
received no postpartum antibiotics, but only 41womenwere
enrolled total making it difficult to determine if the study

Table 2 Maternal demographics among women with and
without postpartum infectious complications

With
postpartum
infection
n¼ 23 (%)

Without
postpartum
infection
n¼ 323 (%)

p-Value

Median maternal
age in y (IQR)

28 (23, 31) 27 (23, 32) 0.94

Race (n¼ 334)

White 9 (39.1) 98 (30.3) 0.42

Black 7 (30.4) 104 (32.2)

Asian 4 (17.4) 32 (9.9)

Other 3 (13.0) 77 (23.8)

Private insurance 16 (69.6) 172 (53.3) 0.19

Multiples 2 (8.7) 6 (1.9) 0.09

Multiparous 5 (21.7) 66 (20.4) > 0.99

Chronic
hypertension

1 (4.3) 11 (3.4) 0.57

History of asthma 4 (17.4) 30 (9.3) 0.26

Preexisting
diabetes mellitus

0 6 (1.9) > 0.99

STI during
pregnancy

2 (8.7) 33 (10.2) > 0.99

Tobacco use 1 (4.3) 22 (6.8) > 0.99

THC use 0 7 (2.2) > 0.99

BMI> 40 4 (17.4) 49 (15.2) 0.77

BMI> 50 2 (8.7) 14 (4.3) 0.28

Abbreviations: BMI, body mass index; IQR, interquartile range; STI,
sexually transmitted infection; THC, tetrahydrocannabinol.

Table 3 Antepartum complications

With
postpartum
infection
n¼ 23 (%)

Without
postpartum
infection
n¼ 323 (%)

p-Value

IUFD 0 0 –

PPROM 3 (13) 20 (6.2) 0.19

IUGR 0 9 (2.8) > 0.99

Cerclage 0 8 (2.5) > 0.99

Gestational
diabetes
mellitus

1 (4.3) 24 (7.4) > 0.99

Gestational
hypertension

1 (4.3) 21 (6.5) > 0.99

Preeclampsia 2 (8.7) 16 (5) 0.34

Severe
preeclampsia

0 3 (0.9) > 0.99

Group B Strep þ 4 (17.4) 75 (23.2) 0.79

Median BMI at
delivery (IQR)

28.6 (25.4,
34.9)

31.1 (27.4,
36.1)

0.15

Abbreviations: BMI, body mass index; IQR, interquartile range; IUFD,
intrauterine fetal demise; IUGR, intrauterine growth restriction; PPROM,
preterm premature rupture of the membranes; Strep, Streptococcus.
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was adequately powered.10 A final study managed to enroll
292 women, but this study was not limited to those who
delivered vaginally and all women received at least one
postpartum dose of antibiotics.12

It would be remiss to not comment on the receipt of
postpartum antibiotics, which was more common among
women with postpartum infections. We believe this is relat-
ed to clinicians’ ability to recognize and treat this subset of
high-risk women due to insufficient intrapartum antibiotic

therapy or continued or worsening signs of infection in the
postpartum period, rather than antibiotic failure.

This study provides an important counterpart to existing
literature on the occurrence of postpartum infections follow-
ing cesarean delivery. While datasets focused on postpartum
morbidity from chorioamnionitis after cesarean section have
been published, the incidence of these complications after
vaginal delivery and the associated risk factors are not well
documented.8Althoughwewere only able to identify a cohort
of 346 women, this group was similar with respect to many
factors that may have affected their risk of complications such
as insurance status, STI during pregnancy, BMI, gestational
diabetes, and group B Streptococcus colonization.

One of the greatest challenges that we faced in analyzing
the data from this study is the difficulty in assessing
adequacy of the intrapartum antibiotics regimen. The
majority of women, once diagnosed with clinical chorioam-
nionitis, were treated with ampicillin and gentamicin.
However, the decision to initiate treatment and at what
time to do so is at the discretion of each provider. Although
we did not measure the exact time from diagnosis of
chorioamnionitis to delivery, we found that there was no
difference in the number of doses of antepartum antibiotics
received between women who did versus did not develop a
postpartum infection. The same limitation is also present
for postpartum antibiotic regimens and length of postpar-
tum treatment. This was not a randomized controlled
study; therefore, the women who received postpartum
antibiotics did not all receive the same regimen and did
not all receive the same number of doses postpartum.
Furthermore, although our sample size was large enough
to show statistical significance for preterm delivery prior to
32 weeks, we were limited in the number of participants
due to the retrospective nature of the study. Additionally,
retrospective studies can only comment on associations but
not on causality. Of particular interest in a larger cohort or
in a prospective study, we would be to investigate whether
the differences in rates of third and fourth degree lacer-
ations, manual placenta extraction, episiotomy, and opera-
tive delivery became significant as these occurrences were
all more common in the group that experienced infectious
complications. We were further limited by a small number
of outcomes. Thus, in an effort to not overfit the regression
model, we were only able to control for a few factors.
Though, we selected those who were most significant
clinically or statistically. Finally, this study relies upon the
clinical diagnosis of chorioamnionitis as determined by the
clinician. It is not the current practice in our center to
routinely culture placentas or uteri, and thus, we are unable
to define any microbiologic differences between the study
groups.

In conclusion, in this cohort of women who delivered vagi-
nally in the setting of chorioamnionitis, 6.6% had a postpartum
infection and 9.8% had a noninfectious postpartum morbidity.
This study identified preterm vaginal delivery complicated by
chorioamnionitis prior to 32 weeks as one risk factor for
postpartum infections, even after controlling for confounders
that may warrant consideration of postpartum antibiotics.

Table 4 Labor and delivery details

With
postpartum
infection
n¼ 23 (%)

Without
postpartum
infection
n¼ 323 (%)

p-Value

Induction 9 (39.1) 125 (38.7) > 0.99

Median Tmax (IQR) 38.4 (38.1,
38.7)

38.4 (38.1,
38.9)

0.99

Maternal
tachycardia

13 (56.5) 136 (42.1) 0.2

Fetal tachycardia 10 (43.5) 165 (51.1) 0.52

Fundal tenderness 3 (13) 14 (4.3) 0.09

Purulent discharge 0 10 (3.1) > 0.99

Operative vaginal
delivery

7 (30.4) 63 (19.5) 0.28

Meconium 6 (26.1) 107 (33.1) 0.65

Episiotomy 3 (13) 14 (4.3) 0.10

Third or fourth
deg laceration

4 (17.4) 7 (2.2) 0.14

Postpartum
hemorrhage

1 (4.3) 29 (9) 0.71

Median EBL at
delivery (IQR)

300
(200, 400)

300 (250,
400)

0.48

Manual placenta
extraction

3 (13) 16 (5) 0.12

Antibiotics

Intrapartum 14 (60.9) 236 (73.1) 0.23

Postpartum 12 (52.2) 99 (30.7) 0.03

Number of doses
of antibiotics
intrapartum (IQR)

2 (2, 2) 2 (2, 3) 0.63

Delivery prior
to 32 wk

4 (17.4) 16 (5) 0.04

Median gestational
age at delivery (IQR)

39.3 (37.5,
40.4)

39.6 (38.6,
40.4)

0.27

Abbreviations: EBL, estimated blood loss; IQR, interquartile range.

Table 5 Adjusted odds of postpartum infectious complications

aOR 95% CI

Delivery prior to 32 wk 3.84 (1.07–13.7)

Intrapartum antibiotics 0.43 (0.17–1.10)

Postpartum antibiotics 2.25 (0.91–5.58)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval.
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