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Abstract
Objective To determine the rate, maternal characteristics, timing, and indicators of severe maternal morbidity (SMM) that
occurs at postpartum readmission.
Study design Women with a birth in California during 2008–2012 were included in the analysis. Readmissions up to
42 days after delivery were investigated. SMM was defined as presence of any of the 21 indicators defined by ICD-9 codes.
Results Among 2,413,943 women with a birth, SMM at readmission occurred in 4229 women. Of all SMM, 12.1% occurred
at readmission. Over half (53.5%) of the readmissions with SMM occurred within the first week after delivery hospitali-
zation. The most common indicators of SMM were blood transfusion, sepsis, and pulmonary edema/acute heart failure.
Conclusion Twelve percent of SMM was identified at readmission with the majority occurring within 1 week after discharge
from delivery hospitalization. Because early readmission may reflect lack of discharge readiness, there may be opportunities
to improve care.

Introduction

In the United States, there has been a steady increase in
pregnancy-related mortality and severe maternal morbidity
(SMM) [1, 2]. Based on vital statistics, maternal mortality
increased by 26.6% during 2000–2014 [3], and SMM
during delivery hospitalizations doubled during 1998–2011
[1].

With the documented increase in pregnancy-related
mortality, it has been suggested that more careful inves-
tigation of SMM, which is almost 50 times more common
than maternal death, could provide clinically-relevant

measures for quality of maternal care [4]. However, the
current knowledge of SMM and its causes is mostly
limited to studies of delivery hospitalization [5, 6]. The
investigation of SMM at postpartum readmission has been
limited to a single large dataset study that did not link the
delivery and readmission hospitalizations [1]. Never-
theless, using ICD-9 codes, this study reported that in the
period of 2008–2009, for every 10,000 delivery hospita-
lizations, there were 129 delivery hospitalizations and 29
postpartum hospitalizations with at least one severe
complication [1]. Thus, so far there have not been long-
itudinal investigations of the prevalence and character-
istics of SMM that presents at postpartum readmission. To
understand the totality of SMM, we wanted to focus on
the morbidity presenting at postpartum readmission in
order to improve care.

We investigated SMM that occurred during postpartum
readmissions up to 42 days after discharge from delivery
hospital, using linked birth cohort files for California
births. Our specific study aims were to determine (1)
the rate of SMM that occurs at postpartum readmission,
(2) the maternal characteristics among women with
SMM at readmission, (3) the timing of readmission
with SMM, and (4) the common indicators of SMM at
readmission.

* Anna I. Girsen
agirsen@stanford.edu

1 Department of Obstetrics & Gynecology, Division of Maternal-
Fetal Medicine, Stanford University, Stanford, CA, USA

2 Department of Pediatrics, Division of Neonatal & Developmental
Medicine, Stanford University, Stanford, CA, USA

3 California Pediatric Quality Care Consortium, Stanford, CA, USA

Supplementary information The online version of this article (https://
doi.org/10.1038/s41372-019-0481-z) contains supplementary material,
which is available to authorized users.

http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-019-0481-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-019-0481-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-019-0481-z&domain=pdf
http://orcid.org/0000-0002-6631-4243
http://orcid.org/0000-0002-6631-4243
http://orcid.org/0000-0002-6631-4243
http://orcid.org/0000-0002-6631-4243
http://orcid.org/0000-0002-6631-4243
http://orcid.org/0000-0001-8383-1720
http://orcid.org/0000-0001-8383-1720
http://orcid.org/0000-0001-8383-1720
http://orcid.org/0000-0001-8383-1720
http://orcid.org/0000-0001-8383-1720
mailto:agirsen@stanford.edu
https://doi.org/10.1038/s41372-019-0481-z
https://doi.org/10.1038/s41372-019-0481-z


Material and methods

We performed a cohort study using the California birth
cohorts from 2008–2012, which link the birth records
with Office of Statewide Health and Planning maternal
and infant hospital discharge data during pregnancy
through postpartum period. The datasets include maternal
and pregnancy characteristics from birth certificates and
discharge diagnosis and procedure codes from maternal
antenatal, intrapartum and postpartum hospitalizations
[7]. Stanford University Institutional Review Board and
the California State Committee for the Protection of
Human Subjects reviewed and approved this study before
its initiation.

From 2008 to 2012, a total of 2,637,896 California
women had a hospital delivery of a live birth or a fetal death
after 20 weeks of gestation including singleton and multi-
fetal gestations. We excluded women with unlinked mother-
delivery records (n= 96,852), records with a missing
gestational age (n= 66,405), women who died before dis-
charge from the delivery hospital (n= 113), and pregnan-
cies with gestational age <20 weeks or >45 weeks (n=
21,929, to minimize data errors). Women who had multiple
gestations were included, but we included only one delivery
record for each multiple-gestation delivery (n= 38,654
duplicate records excluded), leaving 2,413,943 women for
analysis. Information on fetal deaths was only available for
years 2008–2011, not for 2012. For women who were
transferred as part of their delivery-related hospitalization,
we included diagnosis and procedure codes from all rele-
vant contiguous hospitalizations.

We investigated readmissions up to 42 days after dis-
charge from delivery hospital. SMM was defined as pre-
sence of any of the 21 SMM indicators based on
International Classification of Disease, 9th Edition, Clinical
Modification (ICD-9) diagnosis or procedure codes as
recommended by the Centers for Disease Control and Pre-
vention (see Supplementary information) [8, 9]. To avoid
the bias of multiple readmissions, we limited the investi-
gation of indicators of SMM at readmission to the first
postpartum readmission.

We compared maternal characteristics of women with
SMM at readmission to women with no SMM at read-
mission and to women with no readmission. Maternal age at
delivery, race/ethnicity, parity, education, insurance type for
prenatal care, the timing of initiation of prenatal care, pre-
pregnancy weight, and height were from the birth certifi-
cate. Prepregnancy body mass index was calculated from
maternal weight and height. Maternal comorbidities were
obtained from ICD-9 diagnosis codes at delivery or post-
partum hospitalization record and/or birth certificate.
Cesarean delivery was reported either in the delivery hos-
pitalization record or on the birth certificate.

We investigated the timing of readmission with SMM
by week within 42 days of discharge from delivery hos-
pital. All readmissions for each woman were calculated
within 42 days of discharge. We assessed the distribution
of 21 SMM indicators among women with SMM at
readmission. In order to determine whether events or
conditions at delivery admission would predict read-
mission with SMM in this longitudinal dataset, we
selected the three most common indicators for SMM at
readmission and looked for possible predictors at delivery
admission.

Statistical analysis was performed using SAS program
SAS 9.4 (SAS Institute, Cary, NC). Women with missing
data for any of the variables were excluded from the ana-
lysis. We calculated the frequencies of SMM during
delivery and readmission hospitalizations. Comparisons
between groups were performed using Chi-square test for
categorical variables and ANOVA for continuous variables.
The level of significance was set at p < 0.05.

Results

Among 2,413,943 women included in the analysis, 24,442
(1.0% of all women) had one or more postpartum read-
missions within 42 days of delivery. Of these women, 4229
(17.3% of women with readmission) had SMM at
readmission.

In Table 1, we present the maternal and obstetric char-
acteristics of women with SMM at readmission compared
with those without SMM at readmission and to those with
no readmission. Compared with women with readmission
but no SMM and to women with no readmission, those with
SMM at readmission were older, more likely to be non-
Hispanic black, less likely to be Hispanic, more educated,
and more often had private insurance and a multifetal
gestation. In addition, they more often had SMM at delivery
hospitalization, a cesarean delivery, a preexisting comor-
bidity, or a pregnancy complication. The mean length of
stay at delivery hospitalization for all three groups was
2.6–2.7 days (Table 1).

In addition to 4229 women who had SMM at read-
mission, 34,830 women had SMM at delivery admission,
thus, 12.1 percent of SMM occurred at readmission. Only
459 women had SMM at both delivery and at readmission.

In Fig. 1, we present the timing of readmission with
SMM. The majority of readmissions with SMM (53.5%)
occurred during the first week after discharge from delivery
hospitalization (Fig. 1).

The indicators of SMM are presented in Table 2. The
three most common indicators of SMM at readmission were
blood transfusion (40.3%), sepsis (21.7%), and pulmonary
edema/acute heart failure (17.0%); whereas the frequencies
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of other causes were <10% each (Table 2). Of 1704 women
with blood transfusion as an SMM indicator at readmission,
181 (10.6%) had anemia coded at delivery hospitalization
and 42 (2.5%) had postpartum hemorrhage coded at deliv-
ery hospitalization. Of 918 women with sepsis as an SMM
indicator at readmission, only 42 (4.6%) had chor-
ioamnionitis at delivery. Similarly, of 718 women with
pulmonary edema/acute heart failure as an SMM indicator
at readmission, 15 (2.1%) had adult respiratory distress
syndrome at delivery, 12 (1.7%) had acute renal failure, and
10 (1.4%) had heart failure/arrest during surgery or
procedure.

Discussion

Our results from a diverse population-based cohort in
California show that over twelve percent of women with
SMM were identified at the postpartum readmission. About
half of readmissions with SMM occurred within the first
week of discharge from delivery hospital.

National attention has focused on reducing maternal
mortality and SMM [1, 2, 4]. However, few studies have
specifically focused on investigating SMM occurring during
postpartum readmission—a vital component in under-
standing the overall burden. Harvey and colleagues

Table 1 Maternal demographics and obstetric characteristics among women who had a postpartum readmission within 42 days after discharge
from delivery hospital with severe maternal morbidity (SMM), among women with readmission and no SMM, and among women with no
readmission

Variable Postpartum readmission
with SMM

Postpartum readmission
without SMM

No postpartum
readmission

P-valuea

Total N N= 4229 N= 20,213 N= 2,353,228

Maternal age (years ± SD) 29.4 (±6.8) 27.8 (±6.7) 28.4 (±6.3) <0.01

Race/Ethnicityb <0.01

White, non-Hispanic 1393 (33.4) 6184 (30.9) 709240 (30.6)

Black, non-Hispanic 657 (15.7) 1862 (9.3) 130159 (5.6)

Hispanic 1495 (35.8) 9631 (48.2) 1124558 (48.5)

Asian/Pacific Islander, non-Hispanic 484 (11.6) 1695 (8.5) 276665 (11.9)

Other 146 (3.5) 627 (3.1) 77466 (3.3)

Nulliparous 1812 (43.0) 9693 (48.1) 936787 (39.9) <0.01

Multifetal gestation 203 (4.8) 564 (2.8) 36993 (1.6) <0.01

Maternal educationc <0.01

No high school diploma 773 (19.0) 4407 (22.7) 548132 (24.1) <0.01

High school graduate 1114 (27.4) 5648 (29.1) 590281 (26.0)

Associate degree or some college 1196 (29.4) 5364 (27.6) 547912 (24.1)

College graduate 984 (24.2) 4001 (20.6) 586451 (25.8)

Insurance type for prenatal cared <0.01

No prenatal care/unknown 46 (1.1) 144 (0.7) 12527 (0.6)

Government program 2039 (49.3) 10761 (54.4) 1162807 (51.0)

Private insurance 2040 (49.5) 8894 (44.9) 1104210 (48.4)

BMI (prepregnancy) 27.6 ( ± 7.4) 28.0 ( ± 8.1) 25.9 ( ± 6.0) <0.01

Fetal deathe 34 (0.8) 100 (0.5) 7111 (0.3) <0.01

Cesarean delivery 2179 (51.5) 9279 (45.9) 761525 (32.4) <0.01

Delivery hospitalization length of stay (days) 2.6 ( ± 1.9) 2.7 ( ± 3.6) 2.6 ( ± 2.2) <0.01

SMM at delivery 459 (10.9) 884 (4.4) 32562 (1.4) <0.01

Conditions at delivery

Chronic hypertension 178 (4.2) 654 (3.2) 57385 (2.4) <0.01

Gestational hypertension 100 (2.4) 430 (2.1) 53133 (2.3) 0.41

Severe preeclampsia/eclampsia 67 (1.6) 289 (1.4) 30464 (1.3) 0.06

Mild preeclampsia 74 (1.8) 412 (2.0) 44971 (1.9) 0.31

Preexisting diabetes 87 (2.1) 362 (1.8) 30015 (1.3) <0.01

Gestational diabetes 600 (14.2) 2630 (13.0) 286439 (12.2) <0.01

Data are given as n (%) or mean (±SD)
aP-value calculated using Chi-square test for categorical and ANOVA for continuous variables
b1.5% of women had missing data and were excluded from analysis of this variable
c3.4% of women had missing data and were excluded from analysis of this variable
d3.1% of women had missing data and were excluded from analysis of this variable
eInformation on fetal deaths was available for years 2008–2011, not 2012
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investigated the risk of hospital encounters within one year
after SMM during delivery hospitalization among women
with no preexisting medical conditions [6]. They found that

having severe morbidity at delivery increased a woman’s
risk of postpartum hospitalization by twofold [6]. These
results are in line with our finding that women with post-
partum readmission with SMM were more likely to have
had SMM at delivery hospitalization. By including women
with various preexisting conditions, we believe that our data
provide a more complete picture of SMM.

In a large nationwide study, Callaghan et al. using ICD-9
codes reported that in the period of 2008–2009, for every
10,000 delivery hospitalizations, there were 129 delivery
hospitalizations and 29 postpartum hospitalizations with at
least one severe complication [1]. For comparison, using
linked maternal hospital discharge and birth certificate data,
we were able to report that approximately twelve percent of
all SMM occurred at postpartum readmission. Thus, a sig-
nificant number of women at risk for SMM remain uni-
dentified during delivery hospitalization. Furthermore, over
half of the readmissions with severe morbidity occurred
during the first week after discharge from the delivery
hospitalization.

We found significant differences in demographic and
medical/obstetric characteristics at delivery between those
with SMM at readmission vs. those without SMM at
readmission vs. those without a readmission. Perhaps, these
differences are driven by maternal age, cesarean delivery,
and comorbidities. In addition, we looked for potential
predictors for SMM at readmission present at the delivery
admission. Few women with SMM at readmission had
precursor conditions coded at delivery admission. Although
these predictors at delivery for SMM at readmission may
have been undercoded, it seems more likely that events
leading to SMM solely representing at readmission had an
onset after the delivery admission.

We found that the leading indicators of SMM at read-
mission were blood transfusion (an indicator of hemor-
rhage), sepsis, and pulmonary edema/acute heart failure.
Previously, two studies have reported causes of maternal
readmission, but neither examined indicators of SMM
among women with readmission [10, 11]. Belfort et al.
investigated readmissions (irrespective of SMM) within
6 weeks after delivery and showed that the major causes
were infectious in origin [10]. This is in line with our
finding of sepsis being within the three most common
indicators of SMM at readmission. Clapp et al. found that
among all postpartum readmissions occurring within the
first 6 weeks after delivery, the most common causes were
hypertensive disorder, wound infection or breakdown,
psychiatric disease, and uterine infection (9). These results
are also supported by our findings of sepsis and acute heart
failure being within the top three indicators of SMM at
readmission.

Strengths of our study include a large and diverse
population-based cohort we used for this analysis. We

Fig. 1 Timing of postpartum readmission with severe maternal mor-
bidity by week, up to 6 weeks after discharge from delivery
hospitalization

Table 2 Percent of women with severe maternal morbidity (SMM) at
postpartum hospital readmission who had each specific
indicator of SMM

SMM indicator Percent of women with each
indicator N (%)

Blood transfusion 1704 (40.3)

Sepsis 918 (21.7)

Pulmonary edema/acute heart
failure

718 (17.0)

Air and thrombotic embolism 383 (9.1)

Adult respiratory distress syndrome 314 (7.4)

Acute renal failure 302 (7.1)

Puerperal cerebrovascular disorders 270 (6.4)

Eclampsia 241 (5.7)

Disseminated intravascular
coagulation

219 (5.2)

Shock 214 (5.1)

Hysterectomy 161 (3.8)

Ventilation 51 (1.2)

Acute myocardial infarction 48 (1.1)

Conversion of cardiac rhythm 40 (1.0)

Sickle cell disease with crisis 24 (0.6)

Severe anesthesia complications 18 (0.4)

Heart failure/arrest during surgery
or procedure

16 (0.4)

Cardiac arrest/ventricular fibrillation 15 (0.4)

Temporary tracheostomy 12 (0.3)

Aneurysm 7 (0.2)

Amniotic fluid embolism 4 (0.1)

aCategories are based on the Centers for Disease Control and
Prevention recommended index of severe maternal morbidity
(see Supplementary information) [9, 10]. Note that each woman could
have more than one indicator, thus the total exceeds 100 percent
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examined deliveries during a relatively recent time period,
and it is unlikely that the obstetric practice in California has
changed substantially since that time. We were able to link
the hospital admission with subsequent readmissions and
investigate the presence of SMM at readmission. Further-
more, we were able to give details of SMM at readmission
including maternal characteristics, the timing and the most
common indicators.

Our study is not without limitations. The SMM indi-
cators investigated in this study were defined based on the
ICD-9 diagnosis and procedure codes used for billing
purposes and might therefore be subject to miscoding or
missing information. Although the California population
is diverse and large (1 in 8 births in the United States are
in California), we acknowledge that limiting our study
cohort to one state might affect the generalizability of our
results.

Our unique observations in this study are that over
twelve percent of women with SMM present at postpartum
readmission and that over half of the readmissions with
severe morbidity occur within 1 week of discharge from the
delivery hospitalization. Because early readmission with
SMM may reflect lack of discharge readiness, there may be
opportunities to improve care.
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