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Abstract

Purpose There is little information on the use of extracorporeal membrane oxygenation (ECMO) in pregnant women. Our
objectives are to estimate the use of ECMO in pregnant patients, identify clinical conditions associated with ECMO use,
and assess survival rates by the associated condition.

Methods Using the Healthcare Cost and Utilization Project—Nationwide Inpatient Sample, we carried out a retrospective
cohort study of all delivery admissions in the United States from January 1, 1999, to October 1, 2015. Within the cohort,
women who received ECMO therapy were identified using ICD-9 codes and then survival rates among these women were
calculated.

Results There were 83 women who underwent ECMO therapy in our cohort of 15,335,205 births, for an overall ECMO
use rate of 0.54/100,000 pregnancies. The incidence of ECMO use increased from 0.23/100,000 in 1999 to 2.57/100,000
in 2015. Patients on ECMO were more likely to be older, have a lower income, and have pre-existing medical conditions
when compared with the patients not on ECMO. The overall survival rate for the ECMO group was 62.7%. The most com-
mon reason for ECMO use was acute respiratory failure. Etiologies associated with the highest survival in those on ECMO
were pneumonia and venous thromboembolism, which were found to have survival rates of 75.0% and 81.0%, respectively.
Conclusion The incidence of ECMO use in the obstetric population increased over the last decade and a half. Although
it carries a limited survival rate within this population, it has proven life-saving for many suffering from complications of
pregnancy and delivery.
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Introduction over the past few decades [2], the extent of its use and benefit

in pregnant patients is still unknown. Many of the rare com-

Extracorporeal membrane oxygenation (ECMO) is an
invasive technique of providing cardiac and/or pulmonary
support extracorporeally for patients whose heart and/or
lungs cannot adequately provide oxygenation or perfusion
to sustain life. ECMO systems are most commonly found
in hospital intensive care units (ICU), as typical patients
requiring ECMO suffer from respiratory or cardiac failure
[1]. Although ECMO use has risen in the general population
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plications of pregnancy and delivery can lead to cardiac or
pulmonary failure in the patient [3]. The Centers for Disease
Control and Prevention (CDC) recently stated 700 women
in the United States die every year from pregnancy-related
causes [4], and the Maternal Mortality Review Information
Application (MMRIA) reported that 14% of maternal deaths
are due to cardiovascular and coronary conditions, alone [5].
The current literature of ECMO use in the pregnant or peri-
partum patient consists mainly of case reports and a few case
series. A limited review of this literature showed favora-
ble survival rates of pregnant women placed on ECMO,
such as 80% for the mother, and 70% for the fetus [6]. Only
one cohort study was found, which focused on peripartum
patients and ECMO at a single tertiary institution and stated
a maternal survival rate of 33% [7]. The paucity of obser-
vational analytical studies examining the use of ECMO in
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obstetrical patients, in conjunction with the observed greater
use of ECMO in the parturient, indicates an urgent need for
a large population-based cohort study. The objectives of this
study are to estimate the rate of ECMO usage in pregnant
patients and assess associated survival rates in such patients,
as well as investigate clinical conditions in which ECMO
was indicated.

Materials and methods
Data source

We used the Healthcare Cost and Utilization Project (HCUP)
database to address our study objectives. HCUP is a family
of healthcare databases, encompassing the largest amount
of inpatient hospital admission data in the United States.
The volume of data available allows for the identification
and analysis of trends across the nation [8]. The informa-
tion from HCUP follows proper confidentiality protocols
per the Health Insurance Portability and Accountability
Act (HIPAA) privacy rule. The National Inpatient Sample
(NIS) is a subset database composed of virtually 20% of all
hospital admissions in US community hospitals, regardless
of payer, excluding rehabilitation and long-term care institu-
tions [9]. New data is publicly released annually for up-to-
date research. Their Clinical Classification Software (CCS)
is based on the uniform and standardized International Clas-
sification of Diseases, 9th revision, Clinical Modification
(ICD-9-CM) coding system.

Study population

Using the HCUP database, a cohort was created comprised
of pregnant or peripartum patients from 1999 to October
1st, 2015, exclusively. The data of 230,487,673 patient dis-
charges were collected by the NIS between 1999 and Decem-
ber 31, 2015. This dataset was then truncated as of October
1, 2015 as the NIS switched their coding system from ICD-
9-CM to ICD-10-CM on this date, resulting in the exclu-
sion of 1,744,617 patients. Of the remaining 228,713,056
discharges, 53,577,365 male patients were excluded and
then the ICD-9 codes for pregnancy and delivery (diag-
nosis codes V22.xx, V23.xx, V27.xx, 634.xx-679.xx, and
procedure codes 72xx-75.xx) and maternal deaths (761.6,
NIS Died During Hospitalization) were used to create a
cohort of 15,335,288 pregnant patients. The ICD-9 code for
ECMO (39.65) was subsequently used, creating two distinct
groups: 83 pregnant patients who were treated with ECMO,
and 15,335,205 pregnant patients who were not treated with
ECMO. This code is in concordance with similar studies that
focused on the use of ECMO in different patient populations,
such as a study on ECMO use in the pediatric population by
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Bokman et al. [10], or the study by Wallace et al. regarding
geographical access to life-supporting machines within the
United States [11].

Statistical analysis

First, the annual incidence of ECMO use was calculated
within the number of annual births, and trends were
inspected over the study period. Next, the baseline character-
istics of women requiring ECMO use or not were identified
and the frequency of these characteristics was summarized.
These variables included maternal age, race, insurance type,
hospital type, household median income quartile, history of
previous cesarean section, smoking status, and pre-existing
medical conditions. Then, the indications for ECMO use
were identified using ICD-9-CM codes as follows: heart fail-
ure (code 428x), cardiac arrest (427.5), cardiogenic shock
(785.51), peripartum cardiomyopathy (674.5x), pneumonia
(480x—487x), acute respiratory failure (518.81, 518.82,
799.1), disseminated intravascular coagulation (DIC)
(286.6), venous thromboembolism (VTE) (415.1, 453.4,
671.3,671.4,673.2, V12.51), sepsis (995.91, 991.92), sep-
tic shock (785.52), other infectious conditions (030x—041x),
and acute renal failure (584.9, 639.3, 669.3). Survival rates
and corresponding 95% confidence intervals were calculated
to determine the influence of ECMO use on survival overall
by associated diagnosis. Per the 2010 Tri-Council Policy
statement, the institutional review board was not necessary,
as this study used only de-identified publicly available data.
All analyses were carried out using the statistical software
package SAS Enterprise Guide 6.1 (Cary, NC, USA).

Results

The overall incidence of ECMO use in pregnant patients
during the study period was 0.54 per 100,000 deliveries.
The incidence of ECMO use in pregnant patients per year
between 1999 and 2015 is shown in Fig. 1. Since the dataset
used was truncated as of October 1, 2015, we extrapolated
the data until December 31 to represent a relevant trend. The
incidence increased from 0.23 patients per 100,000 in 1999,
to 2.57 patients per 100,000 in 2015, p <0.0001.

Table 1 lists the baseline demographic characteristics of
the patients by ECMO status. The patients in the ECMO
group were more likely to be older, with 27.7% being
35 years or older, as compared with 14.5% in the non-ECMO
group. Some minor racial disparities were seen, with Black
women being more likely to require ECMO. The ECMO
patients tended to have a lower income, to be on Medicare,
and over 95% of them were treated in urban teaching hospi-
tals. Another notable distinction is that patients on ECMO
were more likely to have pre-existing conditions, such as
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Table 1 Baseline demographic and patient characteristics for preg-
nant patients treated with ECMO

% Patients % Patients not
on ECMO on ECMO

Characteristic

(n=83) (n=15,335,205)
Age (years), n (%)
<25 31.3 343
25-34 41.0 51.2
>35 27.7 14.5
Race, n (%)
Caucasian 43.7 52.4
Black 324 14.7
Hispanic 8.5 22.7
Other 15.5 10.2
Insurance type, n (%)
Medicare 7.2 0.64
Medicaid 42.2 413
Private 45.8 51.8
Other 4.8 6.3
Hospital type, n (%)
Rural 0.00 11.5
Urban non-teaching 4.8 40.6
Urban teaching 95.2 47.9
Median household income quartile, n (%)
Ql 32.1 27.9
Q2 25.6 25.2
Q3 23.1 24.4
Q4 19.2 22.5
Previous cesarean section, n (%) 6.0 14.0
Smoker, n (%) 7.2 54
Pre-existing conditions, n (%)
Diabetes mellitus 2.4 5.2
Lung disease 6.0 3.0
Rheumatic disease 2.4 0.2
Immunologic conditions 1.2 0.01
Hematologic disorders 4.8 1.2

ECMO extracorporeal membrane oxygenation, n number of patients

Year of Admission

Table2 Associated diagnoses related to ECMO use in pregnant
patients

Causal diagnosis Patients affected

n=283 (%)

Overall 83 (100.0)
Heart conditions

Heart failure 26 (31.3)

Cardiac arrest 16 (19.3)

Cardiogenic shock 33 (39.8)

Peripartum cardiomyopathy 24 (28.9)
Lung diseases

Pneumonia 36 (43.4)

Acute respiratory failure 52 (62.7)
Hematologic conditions

Disseminated intravascular coagulation 17 (20.5)

Venous thromboembolism 21 (35.3)
Infectious conditions

Sepsis 44 (53.0)

Septic shock 23 (27.7)

Other 46 (55.4)
Renal conditions

Acute renal failure 35(42.2)

ECMO extracorporeal membrane oxygenation

lung disease, rheumatic disease, immunologic conditions,
and hematologic conditions.

Diagnoses leading to the necessity of ECMO use in preg-
nant patients are listed in Table 2. Notably, acute respiratory
failure (62.7%), pneumonia (43.4%), sepsis (53.0%), and
other infectious conditions (55.4%), excluding septic shock,
were the most common conditions leading to the ECMO use
in our patient population. The survival rates for each associ-
ated diagnosis and their respective 95% confidence intervals
are graphically displayed in Fig. 2. The survival rates for the
disorders listed above were 61.5% (95% Confidence Interval
[95% C1] 48.3-74.3%), 75.0% (95% C1 60.9-89.1%), 65.9%
(95% CI 51.9-79.9%), and 67.4% (95% CI 53.9-81.0%),
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Fig.2 Survival rates per associ-
ated diagnosis related to ECMO
use in the pregnant patient (%,
95% Confidence Interval)
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respectively. The diagnoses with the lowest survival rates
were cardiac arrest (56.3%, 95% CI 32.0-80.6%), peripartum
cardiomyopathy (54.2%, 95% CI 34.2-74.1%), disseminated
intravascular coagulation (47.1%, 95% CI 23.4-70.8%), and
acute renal failure (57.1%, 95% CI 40.7-73.5%).

Discussion

The purpose of this study was to evaluate the use of ECMO
in the pregnant population. Specifically, our objectives were
to investigate the temporal changes in ECMO use in obstet-
rical patients, to enumerate the diagnoses resulting in the
placement of pregnant patients on ECMO, and to analyze
the survival rates of patients on ECMO by diagnostic con-
dition. A cohort of deliveries was created using the HCUP-
NIS database, which was then subdivided into two groups:
those treated with ECMO and those not treated with ECMO.
Eighty-three patients were treated with ECMO during preg-
nancy or in the peripartum period, with acute respiratory
failure being the most common reason for placement on
ECMO. The overall survival rate among pregnant women
requiring ECMO was 62.7%.

In our study, the overall incidence of ECMO use was 0.54
per 100,000 deliveries over the study period. Although the
use of ECMO appeared to be uncommon until about 2006,
in the ensuing years we observed a pronounced increase in
the use of ECMO within the obstetric population. Its use
rose more than 11-fold between 1999 and 2015. A similar
temporal trend in ECMO use was noted by the Extracor-
poreal Life Support Organization (ELSO) in their annual
International Summary [2]. In this summary, they plotted
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the frequency of ECMO use over time in the general popula-
tion. This resulted in a similar curve, showing a steady rise
in the use of ECMO over a larger timespan, from 1990 to
2017. The overall number of cases however, only increased
by about 4.5 times, from 1644 cases in 1990 to 9330 cases
in 2017 [2]. A 2015 study by Sauer et al. declared a 433%
increase in ECMO utilization in the US adult population
from 2006 to 2011, with a trend toward improved survival
rates and unchanged hospital costs [12].

When compared to the pregnant patients who did not
receive ECMO therapy, those requiring ECMO tended to
be older, had a lower income, were treated in urban teach-
ing hospitals, and had higher rates of pre-existing medical
conditions, such as lung disease, rheumatic disease, immu-
nologic conditions, or hematologic disorders. As in similar
studies, such as Elbadawi et al. and the previously mentioned
study by Wallace et al., urban teaching hospitals have the
equipment and expertise to place a patient on ECMO [11,
13]. This is in concordance with our study, which showed
95.2% of ECMO patients being treated in urban teaching
hospitals.

Survival within our cohort was generally favorable with
an overall survival rate of 62.7%, representing 52 out of 83
patients. There is a wide range of survival rates within the
literature that has examined ECMO use among obstetri-
cal patients, which has essentially consisted solely of case
reports and case series. For instance, the largest case series
to date on this procedure within the pregnant and postpar-
tum population was conducted by Agerstrand et al. This
study analyzed a single hospital’s ICU admissions from
2009 to 2015. In all, 18 patients were identified and com-
pared. The overall survival rate in this study was 88.9%,
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significantly higher than our study’s survival rate [14]. We
hypothesize that the discrepancy between survival rates is
caused by a significant difference in sample size between
studies. A cohort study from Aubron et al. focused on
ECMO use at one of the largest ICUs in Australia. Their
patient population, consisting of 151 patients, represented
all adult men and non-pregnant women over the age of
16 who underwent ECMO therapy. Based on the overall
mortality rate presented in the study, we calculated a sur-
vival rate of 62.7%, equal to the survival rate in our study
[15]. In the aforementioned study, ELSO’s International
Summary includes cumulative survival rates from 1990
to 2017, inclusively [2]. Within the adult population, the
overall survival rate was 47.8%, which is much lower than
the rate found in our cohort. We surmise that the 15% dif-
ference in survival rates may be due to a larger proportion
of older patients within ELSO’s adult cohort. Although
patients placed on ECMO are evidently very sick, in gen-
eral, geriatric patients would likely have more comorbid
illnesses than the younger population and thus, the sur-
vival rate would be lower in a sample from the general
population. In contrast, women of reproductive age, like
in our study, tend to be healthier with less co-morbidity,
placing them at a greater likelihood of survival.

Within our patient population, the most common indica-
tions for ECMO use were acute respiratory failure, sepsis,
pneumonia, and other infectious conditions, with over half
of the patients diagnosed with one or more of these condi-
tions. Survival rates in these patients were somewhat favora-
ble and ranged from 61.5 to 75.0%. Pneumonia and venous
thromboembolism were associated with the most favorable
outcomes, with survival rates of 75.0% and 81.0%, respec-
tively. It is likely that the often-reversible nature of infec-
tious conditions, given proper antibiotics and supportive
therapy, is what leads to favorable results in patients with
pneumonia, sepsis, septic shock or other infectious condi-
tions. Overall survival in all the associated diagnoses was
over 50% throughout, with the exception of disseminated
intravascular coagulation, which showed a slightly lower
survival rate of 47.1%.

Pregnancy causes changes in hemodynamics, such as
volume overload and cardiovascular changes [16], which
may lead to detrimental maternal and fetal outcomes. Due
to the youthful and typically healthier baseline status of the
obstetric population when compared to the general popula-
tion, ECMO may be useful to provide temporary cardiac
and respiratory support while reversible conditions, such as
peripartum cardiomyopathy, are managed. With well-trained
and experienced staff, the risk of adverse events can be con-
trolled, thus allowing for predominantly favorable outcomes.

Based on the favorable outcomes of our study, we
recommend the development of a comprehensive regis-
try. This registry could facilitate future research and be a

consulting resource for physicians when deciding if their
patients could benefit from ECMO.

Our study had several limitations. First, our study was
retrospective based on an existing dataset; hence, some vari-
ables of interest were not available. For example, we did not
have information on the gestational age at which patients
were put on ECMO therapy, whether they were treated
before or after delivery, or the long-term maternal outcomes.
Similarly, the duration of therapy, neonatal survival and
outcomes were not available. On the other hand, this study
had several strengths. It is the first major population-based
cohort study on ECMO use in the pregnant and peripartum
population. To our knowledge, it is also the largest study on
this rare obstetrical intervention with the longest timeline
to date, spanning 16 years of data, allowing for the analysis
of temporal trends. Further, the findings of our study are
generalizable to the larger North American obstetrical popu-
lation. As previously mentioned, our study used the ICD-9
code 39.65 to identify the subset of patients who received
ECMO therapy. This is in agreement with similar studies
conducted on different patient populations, such as afore-
mentioned Bokman et al. [10] and Wallace et al. [11]

Conclusion

ECMO use in the obstetric population is on the rise in the
United States and we anticipate the use of this therapy to
continue to increase within this population over the coming
years. The favorable findings were seen in our study open
the doors to a new intervention for fatal complications of
pregnancy. Due to the youthful and, in general, healthier
baseline status of the obstetric population, ECMO is a valid
option for the recovery of severe maternal complications.
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