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Abstract

Background: ICU admission is uncommon among obstetric patients.
Nevertheless, the epidemiology of ICU utilization is considered to be
a useful proxy for study of severe maternal morbidity and near-miss
events. However, there is paucity of population-level studies in ob-
stetric patients in the United States.

Methods: The Texas Inpatient Public Use Data File and state-based
reports were used to identify pregnancy-associated hospitalizations
and those involving admission to ICU (n = 158,410) for the years
2001 - 2010. The clinical characteristics, outcomes, and the overall
incidence and temporal trends of ICU admission were examined and
stratified analyses of pregnancy outcomes were performed in specific
categories of pregnancy-associated hospitalizations. In addition, ICU
utilization among hospitalizations with maternal complications and
organ dysfunction was evaluated.

Results: Chronic comorbidities (9.7%) and presence of organ dys-
function (6.2%) were uncommon among ICU admissions, with 26.5%
having high severity of illness. The incidence of ICU admission was
39.0 per 1,000 pregnancy-associated hospitalizations-years. Marked
variability was found in ICU admission both across pregnancy out-
comes (ranging from 0.6 per 1,000 abortions-years to 85.9 per 1,000
stillbirths-years) and categories of pregnancy-associated hospitaliza-
tions (ranging from 32.1 per 1,000 delivery hospitalizations-years to
144.8 per 1,000 postpartum hospitalizations-years). The incidence of
ICU admission rose 68% among pregnancy-associated hospitaliza-
tions and for all examined subgroups, except abortion. Preeclampsia/
eclampsia (23.3%) and obstetric hemorrhage (6.9%) were the most
common maternal complications among ICU admissions. Four hun-
dred fourteen women (0.3%) died, while 97.6% were discharged
home.

Conclusions: This study documents the highest incidence of ICU
utilization in obstetric patients in the US to date. The findings sug-
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gest low threshold for obstetric ICU admissions in the state and do
not support comparative use of ICU utilization as surrogate measure
for populations’ burden of severe maternal morbidity and near-miss
events. Nevertheless, the demonstrated tremendous heterogeneity in
ICU utilization across examined subgroups identifies new high-risk
groups of obstetric patients that would benefit from heightened clini-
cian vigilance and timely ICU triage and care. Further studies are
needed to inform reduction in avoidable variability in ICU utilization
to both enhance maternal, fetal, and neonatal outcomes and to im-
prove resource allocation.
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Introduction

The obstetric population in the United States (US) includes in-
creasingly older women [1] and those with chronic comorbidi-
ties [2]. When coupled with concomitantly changing obstetric
practice, including rising use of cesarean section [1, 3], these
changes are thought to be key sources of the observed rising
rates of maternal morbidity during hospitalization [4].

Because maternal mortality rates became relatively rare
[5], there has been increasing focus on addressing severe
maternal morbidity and near-miss events [4, 6] as targets
for improving maternal outcomes and as performance meas-
ure. Thus, studies of the epidemiology of ICU admissions of
obstetric patients are considered to represent a useful proxy
of severe maternal morbidity and near-miss events that can
inform interventions to improve maternal outcomes [6-8].
However, there has been no agreed upon definition of severe
maternal morbidity [6] and the recent consensus-based cri-
teria for near-miss events put forward by the World Health
Organization (WHO) [9] remain controversial [10, 11]. In
addition, while contemporary guidelines stress the overarch-
ing goal that ICU admissions should be reserved for those
patients who are likely to benefit [12], there have been no
evidence-based data to guide clinicians in triaging obstetric
patients to ICU [13, 14].

Although numerous studies examined obstetric critical
care utilization [6, 8], the majority were single-centered, often
involving tertiary centers [6], limiting the interpretation and
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generalizability of their findings. Only few population-level
studies were reported to date on the epidemiology of obstet-
ric ICU utilization in high-resource countries [7, 10, 15, 16].
However, there is marked variability in international availabil-
ity of critical care resources and practice patterns [17]. Thus,
international population-based findings cannot be readily ap-
plied to specific countries.

Because national data sets in the US do not include data on
ICU admission, population-based studies have been restricted
to individual states. Previous state-level investigations of ICU
utilization in obstetric populations in the US showed nearly
four-fold difference between states [7, 16]. The sources of the
marked variability and its applicability to the US population at
large remain unknown.

The increasing rates of maternal morbidity among hospi-
talized women can be expected to affect ICU utilization over
time. However, only one study to date has examined temporal
trends of ICU utilization, showing no change between 1999
and 2008 in Maryland [7].

Another limitation of contemporary reports on the epide-
miology of obstetric ICU utilization involves the methodology
used to derive the incidence of ICU admission. Investigators
generally used the number of delivery hospitalizations as de-
nominator [6]. The likely reason for this approach has been
the comparative ease of access to delivery data in the hospital
setting. In addition, use of a single denominator can facilitate
comparison between studies.

However, using exclusively delivery events to examine
the epidemiology of ICU utilization in obstetric patients en-
tails considerable limitations. Data to date could not quantify
the overall demand for ICU services in non-delivery patient
strata (i.e., women having fetal loss or induced abortion) in
the obstetric population at large, nor for the whole obstetric
population. In addition, investigators generally did not ad-
dress ICU utilization in non-delivery hospitalizations (i.e.,
anterpartum, postpartum) [15, 16]. Non-delivery hospitali-
zations involve for the most part women with complications
brought by or aggravated by pregnancy, who thus would be
expected to have higher rates of ICU utilization, as compared
to delivery hospitalizations, where the majority of women
have relatively uneventful clinical course. When anterpar-
tum or postpartum hospitalizations are examined separately,
the use of delivery hospitalizations as denominator can lead
to substantial underestimation of their demand for critical
care services, as both groups comprise only a minority of all
pregnancy-associated hospitalizations, reported to account for
8.8% of the whole cohort in a recent study [7]. That study
showed that the incidence of ICU admission was markedly
lower among non-delivery hospitalizations when indexed to
delivery hospitalizations [7].

Finally, data on ICU utilization within specific categories
of maternal morbidities can refine future study of interventions
to limit their adverse effects. However, population-based stud-
ies to date generally did not examine these data, with the ex-
ception of a single report, addressing this area indirectly [7].

The objectives of the present study were to better char-
acterize the epidemiology of ICU utilization in the obstetric
population at large and among pregnancy-associated hospi-
talizations in order to inform future investigations on optimal
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resource allocation and preventive and interventional tools to
improve maternal outcomes at a clinician- and health care sys-
tem levels. To do so, we analyzed data from the Texas Inpatient
Public Use Data File (TTPUDF), which tracks information on
non-federal inpatient hospitalizations and includes data on
ICU utilization.

Materials and Methods

This was a retrospective population-based cohort study. Be-
cause we used a publicly available, de-identified data set, this
study was determined to be exempt from formal review by
the Texas Tech Health Sciences Center Institutional Review
Board.

Setting and data sources

We used the TIPUDF to examine ICU utilization by obstet-
ric patients in the state. TIPUDF is an administrative data set
maintained by the Texas Department of State Health Services
[18]. The use of TIPUDF has been previously described [19].
Briefly, the data set includes de-identified inpatient discharge
data on the demographic, clinical, resource utilization, and
outcome domains from state-licensed, non-federal hospitals,
and captures 93-97% of all hospital discharges in the state. The
data set does not provide linkage of pregnancy-associated hos-
pitalizations to corresponding fetal outcomes (other than fetal
loss or stillbirth) or to neonatal outcomes.

Data on the annual number of live births, abortions, and
fetal deaths (stillbirths) [20] were obtained from the Vital Sta-
tistics Annual Reports, compiled by the Center for Health Sta-
tistics at the Texas Department of State Health Services [21].

Study population

We used International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) codes (Supplementary
Table 1, www.jocmr.org) to identify Texas residents with preg-
nancy-associated hospitalizations between 2001 and 2010. We
categorized the type of pregnancy-associated hospitalizations
into the following mutually exclusive, hierarchical groups, us-
ing pregnancy-associated ICD-9-CM codes (Supplementary
Table 1, www.jocmr.org): 1) fetal loss (pregnancies with abor-
tive outcome, excluding induced abortion); 2) induced abor-
tion (termed abortion in the remainder of manuscript); 3) de-
livery (based on the approach described by Kuklina et al [22]);
4) postpartum (hospitalizations with an ICD-9-CM code for
puerperal complications, without pregnancy-related diagnosis
codes of groups 1-3), and 5) antepartum (hospitalization with
pregnancy-related diagnosis, but without pregnancy-related
diagnosis codes of groups 1-4). In addition, we examined preg-
nancy-associated hospitalizations with stillbirths (ICD-9-CM
codes V27.1,V27.3,V27.4,V27.6,V27.7,656.4) as a separate
category from the aforementioned mutually exclusive groups
because stillbirth events can be coded as otherwise antepartum
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and delivery hospitalizations.

ICU admissions

Hospitalizations with ICU admission were identified based on
unit-specific revenue code for an ICU or a coronary care unit.
Intermediate care units or step-down units were not included.
Because administrative data sets do not include information of
the temporal course of hospitalization, it could not be deter-
mined whether ICU admissions occurred at the start of hospi-
talization or later during hospital course. Similarly, the specific
indications for ICU admission and whether ICU admission
preceded or followed fetal loss, stillbirth or delivery cannot be
determined from the administrative data.

Data collection

We collected data on patients’ age, race/ethnicity (categorized
as non-Hispanic black (black), non-Hispanic white (white),
Hispanic, and other), health insurance (categorized as private,
Medicaid, uninsured, and other), and comorbid conditions
(based on the Deyo modification of the Charlson comorbid-
ity index [23]). Because there is no agreed upon definition of
severe maternal morbidity, we used the categories of causes
of maternal death tracked by the CDC [5] and additional ma-
ternal morbidities reported by others [7] to identify maternal
complications (Supplementary Table 2, www.jocmr.org). In
addition, we collected data on the number and type of organ
dysfunction, as previously defined [24] (Supplementary Table
3, www.jocmr.org), as proxy for near-miss events. Because
administrative data sets do not include physiological informa-
tion used to derive severity of illness scores for ICU patients,
we planned to examine the number of organ dysfunctions as
surrogate measure. However, because organ dysfunction was
reported only in a small minority of pregnancy-associated
ICU admissions, we used the All Patients Refined Diagno-
sis Related Groups (APR-DRG) severity of illness indicators,
routinely reported in administrative data and comprised of
four categories including “minor”, “moderate”, “high”, and
“extreme”. The severity of illness indicators are based on pro-
prietary grouping software developed by 3M Health Informa-
tion Systems and integrates patient’s demographics, principal
and secondary diagnoses, and procedure codes. Thus, patients
with increasing number of comorbidities and complications
(i.e., organ dysfunction) would have higher severity of ill-
ness.

Outcomes

The primary outcome was the incidence of ICU admission
among: 1) all pregnant women in the state of Texas and within
specific categories of pregnancy outcomes (feta loss, abortion,
live births, and stillbirths); and 2) all pregnancy-associated
hospitalizations and within specific categories of hospitaliza-
tion (fetal loss, induced abortion, antepartum, delivery, and
postpartum). The secondary outcome was the rate of ICU ad-
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mission within each category of maternal complications and
organ dysfunction.

Data analysis

Because TIPUDF provides discharge-level, rather than pa-
tient-level information and thus precludes proper accounting
for readmissions in the data set, we report number of hospitali-
zations rather than number of patients.

In order to derive an estimate of the total number of preg-
nancies in Texas across the full spectrum of pregnancy pop-
ulation at risk, we calculated the number of total estimated
pregnancies (TEP). TEP for a given year was a combination
of the number of live births, fetal deaths (stillbirths) (events
reported by the state, occurring at > 20 weeks of gestation),
abortions, and estimates of the annual number of fetal losses
(events occurring at < 20 weeks of gestation, including mis-
carriage, ectopic and molar pregnancies). The process to es-
timate the annual number of fetal losses was previously re-
ported [25]. There were 1,783 hospitalizations (0.04%) out of
all pregnancy-associated hospitalizations and 1,266 (0.8%) of
those with ICU admission associated with fetal loss/abortion
that could not be adequately classified to only one group (that
is, either fetal loss or abortion), because their only pregnancy-
associated ICD-9-CM code was 639.XX (complications fol-
lowing abortion and ectopic and molar pregnancies). We thus
excluded these hospitalizations from the descriptive categories
of pregnancy-associated hospitalizations among ICU admis-
sions and from subgroup analysis of the incidence of specific
subgroups outlined under outcomes. To assure consistency, we
used the term fetal loss throughout the manuscript to denote
the terms spontaneous abortion or miscarriage used in other
reports.

Because the demand for ICU services among non-delivery
hospitalizations may be underestimated when examined using
delivery hospitalizations as denominator, additional compara-
tive analyses were performed. Firstly, we examined the inci-
dence of ICU admission for the antepartum and postpartum
hospitalizations, using the number of delivery hospitalizations
as denominator for each. These analyses were performed to
compare our findings with the only prior study [7] that ex-
amined specifically these categories of pregnancy-associated
hospitalizations and used only delivery hospitalizations as de-
nominator. We then reanalyzed the incidence of ICU admis-
sion within antepartum and postpartum hospitalizations (i.e.,
using all postpartum hospitalizations as denominator for ICU
admissions of postpartum hospitalizations).

Death among ICU admissions was examined as hospital
mortality (defined as the number of pregnancy-associated ICU
admissions who died in the hospital divided by the total num-
ber of pregnancy-associated ICU admissions).

We examined the temporal trends of ICU utilization
among all ICU-managed pregnancy-associated hospitaliza-
tions using linear least squares regression of log-transformed
data to derive an average annual percent change (AAPC) and
corresponding 95% confidence intervals (95% Cls). Stratified
analyses of the temporal trends of ICU utilization were then
carried out for the subgroups of the primary outcome using
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Pregnancy-associated
hospitalizations

4,060,659*
Fetal loss Abortion Antepartum Delivery Postpartum
hospitalizations hospitalizations hospitalizations hospitalizations hospitalizations
61,834 6,100 320,056 3,635,581 35,305

Figure 1. Categories of pregnancy-associated hospitalizations in Texas, 2001 - 2010. *There were 1,781 (0.04%) pregnancy-
associated hospitalizations that could not be classified as either fetal loss or abortion.

similar approach.

Because temporal changes in ICU utilization may be af-
fected by changes in threshold of ICU admission, we exam-
ined corresponding temporal trends in severity of illness and
hospital mortality among ICU admissions. We thus converted
the APR-DRG severity of illness qualitative categories de-
scribed earlier to a quantitative four-category score ranging
from 1 for “mild” thorough 4 for “extreme” for individual
hospitalizations, similar to the approach described by Baram
and colleagues [26]. We then calculated the corresponding
mean annual severity of illness score to allow trend analysis,
using the approach described above for trending ICU utiliza-
tion.

Group data are reported as counts and percentages for cat-
egorical variables. All statistical analyses were performed us-
ing MedCalc version 15.6.1 (MedCalc Software, Ostend, Bel-
gium) and SAS version 9.3 (SAS Institute, Cary, NC, USA).
A two-sided P value < 0.05 was considered statistically sig-
nificant.

Results

The categories of pregnancy-associated hospitalizations are
described in Figure 1. There were 158,410 pregnancy-asso-
ciated hospitalizations involving ICU admission, with their
characteristics detailed in Table 1. Women aged > 35 years
comprised 14.8% of the ICU cohort. Comorbid conditions
were reported only in a minority (9.7%), as was the occur-
rence of one or more organ dysfunctions (6.2%). Chronic lung
disease and diabetes were the most commonly reported comor-
bidities. Delivery hospitalizations (73.7%) comprised the most
common category of pregnancy-associated hospitalization
among ICU admissions. There were 1,981 ICU admissions
(1.3%) with stillbirths. Severity of illness was reported as mild
in 37.8%, being extreme only in 3.6%. Hospital mortality was
rare among [CU admissions (0.3%), with the majority (97.6%)
discharged home.

Incidence of ICU admission

The overall incidence of ICU admission and that across cat-
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egories of pregnancy outcomes and pregnancy-associated
hospitalizations are detailed in Table 2. The incidence of
ICU admission was 29.6 per 1,000 TEP-years and 39.0 per
1,000 pregnancy-associated hospitalizations-years. There was
marked variability in ICU utilization within specific categories
of pregnancy outcomes, ranging from 0.6 per 1,000 abortion-
years to 85.9 per 1,000 stillbirths-years. When the incidence of
ICU admission was indexed to delivery hospitalizations, deliv-
ery hospitalizations had the highest ICU utilization at 32.1 per
1,000 delivery hospitalization-years, with the lowest utiliza-
tion rate noted for postpartum hospitalizations, at 1.4 per 1,000
delivery hospitalizations-years.

However, once examined within each category of preg-
nancy-associated hospitalization, the findings reversed, with
the incidence of ICU admission being highest among postpar-
tum hospitalizations at 144.8 per 1,000 postpartum hospitali-
zation-years.

Temporal trends

The temporal changes in the incidence of ICU admission are
outlined in Table 2. The incidence of ICU admission rose
among both TEP and all pregnancy-associated hospitalization
by 63.9% and 68.0%, respectively between 2001 and 2010 and
increased variably in all examined subgroups, with the excep-
tion of abortion. ICU utilization dropped 47% among women
who had abortion in the state, but remained unchanged among
those who were hospitalized.

Severity of illness as measured by mean APR-DRG scores
showed annual decrease of -1.1%/year (95% CI: -2.2% to
-0.06%; P =0.0413) from 2.1 to 1.9 between 2001 and 2010,
respectively. Hospital mortality among ICU admissions re-
mained unchanged (AAPC -1.1%/year; 95% CI: -3.9% to
+1.7%; P =0.4041).

ICU utilization with specific maternal complications and
organ dysfunction

The occurrence of specific maternal complications and organ
dysfunction among ICU admissions and the rate of ICU utili-
zation for each among all pregnancy-associated hospitalization
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Table 1. The Characteristics of Pregnancy-Associated ICU Admissions

Characteristic n = 158,410
Age (years, n (%))>P
<18 7,481 (4.8)
18 - 34 124,898 (80.4)
>35 22,994 (14.8)
Race/ethnicity, n (%)
Hispanic 53,491 (33.8)
White 60,525 (38.2)
Black 30,027 (19.0)
Other 14,327 (9.0)
Missing 40 (<0.1)
Health insurance, n (%)
Private 73,075 (46.10)
Medicaid 71,179 (45.0)
Uninsured 10,465 (6.6)
Other 3,619 (2.3)
Missing 72 (<0.1)
Select comorbidities, n (%)°
Any 15,334 (9.7)
Lung disease 5,133 (3.2)
Connective tissue disease 836 (0.5)
Liver disease 735 (0.4)
Diabetes 4,625 (2.9)
Renal disease 628 (0.3)
Malignancy 321 (0.2)
HIV 120 (0.1)
Categories of pregnancy-associated hospitalizations, n (%)
Delivery 116,691 (73.7)
Antepartum 31,751 (20.0)
Postpartum 5,244 (3.3)
Fetal lossd 3,009 (1.9)
Abortiond 449 (0.3)
Organ dysfunction, n (%)
Any 9,769 (6.2)
>3 449 (0.3)
APR-DRG severity of illness, n (%)
Mild 59,951 (37.8)
Moderate 56,373 (35.6)
High 36,312 (22.9)
Extreme 5,774 (3.6)
Hospital disposition, n (%)
Death 414 (0.3)
Hospice 24 (<0.1)
Another facility 2,213 (1.4)
Home 154,656 (97.6)
Leave against medical advice 1,103 (0.7)

aPercent figures are rounded. PAge groups were reported as < 17, 18 - 44, and 2 45 for 3,037 (1.9%) of ICU
admissions with a diagnosis of human immunodeficiency virus infection, drug or alcohol abuse as additional
means to preserve confidentiality in the data set. The denominator used to derive age group frequency for the
cohort was based on hospitalizations with available 5-year age group designation (n = 155,373). “Based on
comorbidities included in the Deyo-Charlson index. 9The figures for fetal loss and abortion do not include ICU
1,266 (0.8%) hospitalizations for which it could not be determined whether they involved fetal loss or abortion.

HIV: human immunodeficiency virus.
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Table 2. The Incidence of Pregnancy-Associated ICU Admissions

Category of ICU admissions

Denominator Incidence per 1,000?

2010 vs. 2010 (%) AAPC (95% CI) P

From state population

All NERS 29.6
Live births Live births 29.6
Stillbirths Stillbirths 85.9
Fetal loss Fetal loss 43
Abortion Abortion 0.6

From pregnancy-associated hospitalizations

All All 39.0
All Delivery 43.6
Delivery Delivery 32.1
Antepartum Delivery 8.7
Postpartum Delivery 1.4
Antepartum Antepartum 99.2
Postpartum Postpartum 144.8
Fetal loss Fetal loss 48.7
Abortion Abortion 79.6

63.9 +5.0(3.8t06.2)  <0.0001
71.9 +52(4.1106.6)  <0.0001
95.4 +52(2.6t07.8)  0.0015
13.2 +2.1 (2.4 t0+4.6) 0.0867
-47.1 44(-79t0-0.8) 0.0214
68.0 +52(4.0t06.3)  <0.0001
67.1 +5.1(4.0t062)  <0.0001
70.3 +53(4.0t06.6)  <0.0001
53.0 +4.1(2.0t06.2)  0.0020
123.0 +7.8(6.0t09.6)  <0.0001
59.4 +48(331t06.3)  0.0001
63.8 +5.0(39t06.1)  <0.0001
75.2 +58(42t074)  <0.0001
-17.3 +0.1(-3.4t0+3.7) 0.9280

alncidence estimates are per 1,000 of a given denominator-years (i.e., per 1,000 live births-years). PRefers to the relative difference. AAPC: average
annual percent change; 95% ClI: 95% confidence intervals. °TEP: total estimated pregnancies.

with the examined conditions are described in Table 3.

Preeclampsia/eclampsia (23.3%) and obstetric hemor-
rhage (6.9%) were the most common maternal complications
among ICU admissions. However, only a minority of pregnan-
cy-associated hospitalizations with each were admitted to ICU,
at rates of 12.0% and 8.9%, respectively. On the other hand,
nearly 66% of those with status epilepticus received care in the
ICU, though comprising less than 0.1% of ICU admissions.
Similarly, marked variability was noted between frequency of
specific maternal complications among ICU admissions and
the corresponding use of ICU among all hospitalizations with
specific conditions.

Organ dysfunction affected most commonly the respira-
tory and hematological systems among ICU admissions and
high rates of ICU admission were generally observed among
hospitalizations with each organ dysfunction, being the highest
among those respiratory and hepatic dysfunction.

Discussion

In this population-based analysis of pregnancy-associated hos-
pitalizations in Texas, ICU utilization was common. There has
been high variability in ICU utilization across specific sub-
groups of pregnancy outcomes, being highest among women
having stillbirths. Marked heterogeneity in ICU utilization was
also noted within specific categories of pregnancy-associated
hospitalization, being lowest during delivery hospitalizations
and highest during postpartum hospitalization. ICU utilization
rose considerably during the past decade for the whole cohort
and nearly all examined subgroups, while severity of illness
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decreased modestly. Preeclampsia/eclampsia and obstetric
hemorrhage were the most common maternal complications
among ICU-managed hospitalizations, though the majority of
hospitalizations with these conditions were managed outside
ICU. Hospital mortality was rare and the vast majority of ICU
admissions were discharged home.

Incidence of ICU admissions

We found that nearly 1 in 25 pregnancy-associated hospitaliza-
tions in Texas involved admission to ICU, the highest reported
population-based rate in the US and nearly 26-fold higher than
the lowest reported figure [15]. Previously reported incidence
of ICU admission in state-level studies ranged from 1.5 (dur-
ing 1984 - 1997 [15]) to 4.2 (during 1998 - 2008 [7]) per 1,000
deliveries in Maryland and 15.4 (during 1997 - 2005) per 1,000
deliveries in New Jersey [16].

The contributions of variation in ICU bed availability, pa-
tient case-mix, and health care system organization and prac-
tice patterns have to be considered in the interpretation of re-
markable across-state variability in demand for ICU services
in the US. The US has among the highest population-indexed
number of adult ICU beds in high-resource countries [17], but
there have not been, to our knowledge, similar state-specific
data. Increasing number of ICU beds was suggested as a key
driver of rising ICU utilization in the general population [27].
However, while some variability can be expected across sates
in population-adjusted ICU bed numbers, it is unlikely that the
variability is of such magnitude as to the explanation the afore-
mentioned reported difference in ICU utilization. Moreover,
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Table 3. Occurrence of Maternal Complications and Organ Dysfunctions Among ICU Admissions (n = 158,410) and Correspond-
ing Rates of ICU Admission Among Pregnancy-Associated Hospitalizations

Category

Occurrence among ICU admissions (n (%))

Rate of ICU admission (%)*

Maternal complications

Preeclampsia/eclampsia 36,978 (23.3)

Hemorrhage 11,005 (6.9)
Embolism 1,020 (0.6)
Cardiovascular conditions 9,603 (6.1)
Cardiomyopathy 2,740 (1.7)
Cerebrovascular accident 1,049 (0.7)
Sepsis 1,746 (1.1)
Aspiration pneumonia 583 (0.4)
Trauma 1,273 (0.8)
Anesthesia complications 139 (0.1)
Hyperemesis 2,120 (1.3)
Status asthmaticus 154 (0.1)
Status epilepticus 80 (<0.1)
Blood transfusion complication 68 (<0.1)
Organ dysfunction
Respiratory 4,470 (2.8)
Cardiovascular 1,815 (1.1)
Renal 1,051
Hepatic 203 (0.1)
Hematological 3,933 (2.5)
Metabolic 968 (0.6)
Neurological 572 (0.4)

12.0
8.9

51.0
15.2
63.5
48.0
51.3
40.3
15.5
22.6
5.0

25.0
65.6
222

73.5
40.3
64.9
70.2
15.6
58.4
61.1

aRate of ICU admission among all pregnancy-associated hospitalizations with a specific maternal complication or organ dysfunction.

even when availability of ICU beds is nearly similar, as is the
case in the US and Belgium, the incidence of ICU admission
was nearly double in the former [17].

The frequency of severe maternal morbidity can be ex-
pected to vary across states in the US, subject among other
factors to regional variability in demographics and access to
healthcare. Although variability in maternal morbidity likely
contributed to the observed heterogeneity in ICU utilization
rates, it does not appear plausible that the former would dif-
fer nearly four-fold between two contingent US states [7, 16].
Overall women’s severity of illness may have varied between
states. However, severity of illness was not reported in prior
US-based population studies, precluding more direct com-
parison when inferring sources of variability of ICU utiliza-
tion patterns. Of note, there was markedly higher frequency of
maternal complications among ICU admissions in Maryland
[7] than in Texas. The latter differences support the hypothesis
that the markedly higher incidence of ICU admission in Texas
was not driven predominantly by higher burden of maternal
morbidity. It can thus be postulated that between-state vari-
ability in clinical practice and health care system organiza-
tional factors have been the major drivers of the tremendous
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variability in the observed ICU utilization among obstetric
patients, with likely markedly lower threshold for ICU admis-
sion in Texas.

Only one population-based study examined ICU utiliza-
tion during antepartum and postpartum hospitalizations [7].
However, although indexing ICU utilization to delivery hos-
pitalizations can provide a readily available denominator, the
results reflect the predominance of delivery hospitalizations
(comprising over 90% of all pregnancy-associated hospi-
talizations in the latter study [7]). This approach led, as was
demonstrated in our study, to substantial underestimation of
the actual relative demand for critical care resources within
individual categories of pregnancy-associated hospitaliza-
tions. We found that once stratified within specific catego-
ries of pregnancy-associated hospitalizations, ICU utilization
among antepartum and postpartum hospitalizations exceeded
that of delivery hospitalizations by nearly three- and five-fold,
respectively. Although Wanderer et al did not provide sepa-
rately the number of all antepartum and postpartum hospitali-
zations in their population, the calculated incidence of ICU
admission was 22.4 per 1,000 non-delivery hospitalizations
[7], which is 10-fold higher than that among delivery hospi-
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talizations in their cohort. Our findings that women hospital-
ized during postpartum period have the highest incidence of
ICU admission among pregnancy-associated hospitalizations
extend earlier data showing that, as compared with delivery
hospitalizations, the former group has 14-fold higher rates of
severe maternal morbidity [28] and 32-fold higher rate of hos-
pital mortality [29].

We estimated for the first time ICU utilization in the ob-
stetric population, both overall and across specific pregnancy
outcomes, showing that on average 1 in 30 pregnancies in the
state involved ICU admission. Prior studies reported estimates
of ICU utilization among all pregnant women, based exclusive-
ly on pregnancy-associated hospitalizations. This approach ex-
cludes, however, key subgroups that are not hospitalized (i.e.,
fetal loss, abortion). Thus, our study provides broader perspec-
tive of the demand for ICU services for the obstetric population.

The incidence of ICU admission varied 143-fold across
different pregnancy outcomes, ranging from 1 in 1,700 for
women having an abortion to nearly 1 in 12 among women
with stillbirths. When considered from a population perspec-
tive, these findings reflect the remarkable safety of contempo-
rary abortion. On the other hand, the factors underlying the ex-
tremely high demand for critical care resources among women
having stillbirths is less clear. Stillbirths are considered to rep-
resent a relatively neglected area in the global initiative to im-
prove maternal and fetal outcomes [30]. Only limited data are
available on maternal conditions associated with stillbirths in
high-resource countries [30], while a recent audit of stillbirths
in South Africa demonstrated associated maternal conditions
in the majority of women, with the most common representing
those associated with high maternal morbidity [31]. Neverthe-
less, our findings suggest that women with stillbirths represent
a remarkably high-risk obstetric group from maternal perspec-
tive.

Hospitalized women with fetal loss or abortion had, as
expected, markedly higher incidence of ICU admission than
those with delivery hospitalizations, extending the findings
reported by Wanderer et al, when the investigators combined
both groups [7]. This is because, similarly to antepartum and
postpartum hospitalizations, the former groups represent ad-
missions for complications. However, once hospitalized, the
need for ICU care was much higher among those women with
abortion than those with fetal loss, suggesting higher burden of
morbidity among the former.

Temporal trends in ICU utilization

Our findings of progressive rise in the incidence of ICU ad-
mission in Texas contrast those of unchanged ICU utilization
among obstetric hospitalizations in Maryland, reported by
Wanderer et al [7]. The rate of severe maternal morbidity in the
US increased by 107% between 2000 - 2001 and 2010 - 2011
[4] and would be expected to impact ICU utilization over time,
even if to a different magnitude, within all states. However, the
sources of the conflicting findings are unclear and the results
are of special note since ICU utilization by obstetric patients
in Maryland rose 69% between 1984 - 1997 [15] and 1999
and 2008 [7], even when considering only delivery hospitali-
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zations. The investigators of the latter study speculated that
the unchanged ICU utilization rates in Maryland may repre-
sent change in threshold of ICU admission, coding practices,
or that trends in maternal morbidity in the state do not correlate
with national trends [7].

We found decreasing annual severity of illness of ICU ad-
missions. This change may support a possibility of decreasing
threshold of ICU admission over time. However, while sta-
tistically significant, the annual absolute and relative changes
were clinically trivial and unlikely to be the major drivers of
the observed rapid rise in ICU utilization in Texas. The lack
of severity of illness data in the study by Wanderer and col-
leagues [7] limits further comparisons. Additional studies of
the temporal patterns of ICU utilization and patients’ severity
of illness measures coupled with corresponding examination
of broader characteristics of state-specific obstetric population
can provide further insight into the conflicting findings and in-
form resource allocation.

ICU utilization with specific maternal complications and
organ dysfunction

Preeclampsia/eclampsia and obstetric hemorrhage were the
most common reported maternal complications among ICU
admissions in Texas, similar to other reports in the US [6-8]
and a commonly used summary metric of ICU admissions in
this population [6, 8]. However, this basic summary measure
obscures more complex variability in practice approach to ICU
utilization in obstetric patients.

When comparing rates of ICU use for the examined ma-
ternal complications and organ dysfunction between Texas and
Maryland (the only other study providing, though indirectly,
rates of ICU use) [7], we found nearly uniformly markedly
higher rates of admission to ICU for each of the examined
complications and organ dysfunctions, as compared to those
described by Wanderer and colleagues. It may be hypothesized
that the severity of individual maternal complications and or-
gan dysfunctions was substantially higher in the Texas popula-
tion. However, the frequency of each among ICU admissions
was markedly lower than that reported by others [7], consisting
only a minority of all ICU admissions in the state and with the
overall maternal mortality among ICU admissions markedly
lower than that noted in the Maryland cohort [7]. The latter
findings support the likely lower threshold for ICU admission
of obstetric patients by Texas clinicians.

We found that high or extreme severity of illness occurred
only in about one in four of ICU admissions in our study. Our
findings cannot be compared to other US-based population-
based studies, because none reported severity of illness meas-
ures. However, when physiological measures of severity of
illness of ICU managed obstetric patients were examined in
other population-based studies in high-resource countries with
more restrictive admission patterns, the investigators found
that only a minority had organ dysfunction, with even smaller
fraction requiring life-support interventions [10]. The latter
data support a hypothesis that ICU resources in Texas were
commonly used, well beyond the aforementioned traditional
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high-risk obstetric patient groups, for closer patient monitor-
ing, rather than interventional purpose.

ICU utilization and maternal outcomes

The rate of maternal death in our study was toward the lower
end of reported population-level data [7, 15, 16]. There has
been an inverse relationship between the incidence of ICU
admission and maternal death, with 26-fold difference in the
incidence of ICU admission and 22-fold difference in hospital
mortality across US studies [15, 16]. However, the rare oc-
currence of maternal death limits inference about the overall
impact of varying reported ICU utilization.

The majority (58.6%) of maternal deaths in the study by
Wanderer et al occurred without ICU admission [7]. The inves-
tigators indicated that though the threshold for ICU utilization
in Maryland may be lower than elsewhere, the demonstrated
plurality of maternal deaths occurring without ICU admission
could suggest that ICU was still underutilized in their popu-
lation. We recently reported that 26% of deaths occurring in
pregnancy-associated hospitalizations in Texas were not pre-
ceded by admission to ICU [29]. However, the markedly lower
rate of maternal death occurring outside the ICU in Texas does
not necessarily confirm more appropriate ICU utilization in the
state. Indeed, occurrence of maternal death exclusively in the
ICU setting does not equate timely and appropriate triage and
care (see below).

Prior reports on maternal deaths in the US showed high
rates of preventable morality among decedents, related pre-
dominantly to physician and health system factors, stemming
from inadequate early recognition of maternal crises and de-
layed escalation of care, including transfer to ICU [32, 33]. The
administrative data used in our study and in prior population
investigations in the US [7, 15, 16] do not provide information
on the timeliness of problem recognition by clinicians, timeli-
ness of ICU admission, and appropriateness of care around and
following ICU transfer, both among women who died, as well
as the remainder of ICU-managed patients. Nor can these large
data sets inform investigators about the association between
rates of ICU utilization and potentially preventable maternal
death or additional maternal morbidity. The latter measures of
patient-centered benefit of ICU-based care cannot be ethically
examined in a randomized experimental approach. Rather,
the demonstrated tremendous practice variability in ICU uti-
lization among obstetric patients, and substantial difference in
demand for ICU within specific groups related to pregnancy
outcomes and type of hospitalization make a compelling case
for future observational studies with sufficient granularity of
data to inform clinicians, health care systems and policy-level
decisions.

Because maternal mortality is a relatively rare event
among ICU-managed obstetric patients in high-resource coun-
tries, outcomes of survivors can provide broader perspective
when comparing study findings on benefits of ICU-based care.
We found that the vast majority of ICU-managed pregnancy-
associated hospitalizations in Texas were discharged home.
The later findings indicate a remarkably low short-term resid-
ual morbidity at the time of hospital discharge. However, only
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mortality data were reported by other investigators in popu-
lation-based studies, precluding further comparisons or infer-
ence about the benefits of the varying ICU utilization patterns.

Implications of the present study

Our findings confirm that patterns of ICU utilization are an
inappropriate proxy for study of the burden of severe mater-
nal morbidity or near-miss events, at least in a high-resource
health care environment, with high supply of ICU beds.

The threshold for ICU admission may be lower in obstet-
ric patients than among their non-obstetric counterparts with
otherwise similar severity of illness, when fetal and neonatal
outcomes are considered. However, prior studies consistently
demonstrated that only a minority of obstetric patients (me-
dian 16%) were still pregnant at the time of ICU admission
[6]. Thus, ICU admission considerations would be expected to
be comparable between the non-pregnant majority of obstet-
ric patients and non-obstetric population. However, our find-
ings suggest that at a population level clinicians may be using
markedly more lenient criteria when considering ICU admis-
sion in the former.

Given the noted variability in ICU utilization across states
in the US, specific ICU utilization rates for each of the sub-
groups examined in the present study are likely to differ con-
siderably in other healthcare settings and in different popu-
lations. However, our findings demonstrate for the first time
the substantial clinically relevant heterogeneity in demand
for critical care resources within specific pregnancy outcomes
and pregnancy-associated hospitalization groups. These latter
data identify, in turn, specific high-risk populations, requiring
heightened vigilance for early recognition and timely triage
and intervention. In addition, our findings may complement
the current approach based on severe maternal morbidities and
near-miss events, both as targets for future study of preven-
tive and interventional strategies and as potential performance
improvement measure within and across national boundaries.
Finally, these stratified data can help refine comparative study
of resource utilization across populations and healthcare sys-
tems and inform clinicians, investigators and health care pol-
icy makers.

While timely and effective care in an ICU can be life-
saving, ICU admission has a well-known downside, ranging
from risk of ICU-acquired infections with multidrug-resistant
pathogens [34] and delirium [35], to patient and family anxi-
ety [36], with associated short-term [37] and long-term [38]
adverse impact. In addition, unnecessary ICU admission can
limit timely access for sicker patients, which can lead to higher
risk of death [39]. Thus, our study adds to the accumulating
data underscoring the compelling case for measures to identify
and effectively address sources of variability in ICU utilization
among obstetric patients in high-resource care environments.

Strengths and limitations

The key strengths of the present study include use of a high-
quality data set in a state with diverse population, representing
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the largest cohort reported to date of ICU-managed obstetric
patients. The studied population thus allowed for robust esti-
mates of the epidemiology of ICU utilization, with the findings
transcending inter-facility variability.

The study has several limitations due to the retrospective
study design and use of administrative data. In addition to the
limitations noted earlier, dependence on ICD-9 based coding
may have resulted in misclassification of some pregnancy-
associated hospitalizations, maternal complications and organ
dysfunction. However, pregnancy-associated hospitalizations
were the most common category of hospitalization [40] in Tex-
as, with expected high clinician and coder familiarity. Thus, a
systematic bias in the annual reporting or general underestima-
tion of pregnancy-associated hospitalizations is unlikely. Our
approach to identify maternal morbidity and organ dysfunction
was similar to that used by investigators [24, 28, 41].

In addition, although our study provided a broad over-
view of state-level practice patterns of ICU utilization in ob-
stetric patients, the structure of the data set precluded insight
into health system organizational and practice factors that are
bound to affect triage to ICU. Finally, as the present study ex-
panded the growing data on the tremendous across-state vari-
ability in ICU utilization among obstetric patients in the US,
our findings are not generalizable to other states. However, the
noted heterogeneity in ICU utilization across the examined
subgroups of obstetric patients may be considered as bench-
mark for further studies of the relative demand for critical care
resources in other populations and healthcare settings.

Conclusion

We found that pregnancy-associated ICU utilization in Texas
was the highest reported in the US, rising progressively over
the past decade. Tremendous heterogeneity in demand for
critical care resources was demonstrated across pregnancy
outcomes and categories of pregnancy-associated hospitaliza-
tions. The latter findings identify for the first time broader high-
risk patient groups requiring closer vigilance and timely triage
and care. At the same time, our findings suggest markedly low
threshold for ICU admission of obstetric patients in the state,
as evidenced by comparatively rare maternal death and likely
minimal, if any, residual morbidity among hospital survivors.
These findings underscore the need to limit avoidable practice
variability in ICU utilization in the obstetric population in the
US to both enhance maternal, fetal and neonatal outcomes and
to optimize limited resource allocation.
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