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Extracorporeal membrane oxygenation in pregnant and
postpartum women: a ten-year case series

Carolyn M. Webster, MD; Kathleen A. Smith, MD; Tracy A. Manuck, MD, MS

OBJECTIVE: tExtracorporeal membrane oxygenation (ECMO) is a life- number of days on ECMO was 6 (range 1e14). There were no cases of
saving therapy for severe, reversible cardiopulmonary failure, but data

regarding its use in pregnancy and the postpartum period are limited.

We sought to quantify survival of pregnant and postpartum women

necessitating ECMO in a contemporary cohort at a single tertiary

institution.

STUDY DESIGN: All women of reproductive age (14e44 years), who
underwent ECMO at our institution between January 1, 2008, and

December 31, 2017, were identified using a query of hospital encounters

for ECMO-related CPT codes. We manually reviewed all charts of women

of reproductive age; women who were pregnant or<6 weeks postpartum

at the time of ECMO initiation were included. Clinical characteristics and

maternal and fetal outcomes are described.

RESULTS: In this study, 54 women of reproductive age underwent

ECMO for cardiopulmonary failure. Of those, 9 (17%) were pregnant or<6

weeks postpartum at the time of ECMO initiation: 4 antepartum, 1 intra-

operative at the time of cesarean delivery, and 4 postpartum (including 2 in

whom ECMO was initiated on postpartum day 0 or 1). Overall, maternal

survival was 33%. The median maternal age was 24 years (range 19e39
years); most women were nonsmokers without underlying medical

comorbidities. The most common indication for ECMO use in pregnant and

postpartum women was acute respiratory distress syndrome, which was

present in 7 cases (78%), including 5 cases that were due to infectious

etiologies and 2 cases that were attributed to preeclampsia. The median
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obstetric hemorrhage. Venovenous ECMO was utilized in all but 1 case, in

which emergent attempted venoarterial ECMO was unsuccessful in

resuscitating a postpartum patient with cardiac arrest and a massive

pulmonary embolism. A total of 4 women were initiated on ECMO during

pregnancy: their gestational ages at ECMO initiation were 21, 22, 29, and

30 weeks; maternal survival was 50%, and fetal mortality was 50%. A

case of ECMO initiated during cesarean section at 29 weeks’ gestation

resulted in both maternal and fetal survival. Among 4 mothers with ECMO

initiation after childbirth, none survived. Finally, we found a tendency to-

ward survival in those patients for whom ECMO was initiated soon after

mechanical ventilation, earlier in the disease process. In contrast, in this

study, 23 of 45 women of reproductive age (51%) who were not pregnant

but underwent ECMO survived.

CONCLUSION: When ECMO was initiated during pregnancy or during

childbirth, 60% of mothers and fetuses survived, supporting current use of

ECMO as a salvage therapy in pregnant and intrapartum women. In this

generally young and healthy population, ECMO has the potential to in-

crease the survival rates of both mother and fetus and should be

considered a salvage therapy for peripartum women with reversible forms

of cardiorespiratory failure.

Key words: critical care, pregnancy, respiratory failure, hypoxemia,
extracorporeal membrane oxygenation
Introduction
Extracorporeal life support was first
introduced as a life-saving therapy in the
1970s. After its debut, randomized
controlled trials initially showed benefit
only in neonates, with survival
approaching 80% in this population,
compared with 10% to 30% of adults
receiving therapy. However, technolog-
ical improvements, including heparin
coating of equipment in the years 1990
to 2000, led to improved outcomes in
adults, and currently, survival rates in
adults are 50% to 70%.1,2
Modern extracorporeal membrane
oxygenation (ECMO) is utilized in many
tertiary care centers across the United
States and other developed countries as a
life-saving technology for severe,
reversible cardiopulmonary failure. Ac-
cording to the Extracorporeal Life Sup-
port Organization (ELSO), the past
decade has seen an increase in ECMO
use in adults by more than 10-fold, and
rates of use continue to rise.3,4 Use of
ECMO in adults worldwide in 2019
exceeded 12,000 cases, an increase of
30% from the previous year.5

Despite its widespread use, there are
limited data regarding the safety and ef-
ficacy of ECMO when used in pregnant
and postpartum patients. We reviewed
the literature and estimated that fewer
than 150 cases of ECMO use during
pregnancy and the postpartum period
have been published. The largest case
series we are aware of consists of 18
women (4 pregnant and 14
postpartum)6; many publications are
single case reports.6e19 Although the
ELSO closely monitors outcomes and
complication rates among individuals
receiving ECMO, they do not track
pregnancy or postpartum status.1

Therefore, the purpose of this study is
to add to the literature by providing
additional cases of ECMO use in ob-
stetric patients to further support claims
of safety and efficacy when used in
pregnant and postpartum women.

Material and Methods
This was a 10-year case series
(2008e2017) of pregnant and post-
partum women undergoing ECMO at
our tertiary care institution. Cases were
identified using a query of all hospital
encounters for ECMO-related CPT
codes in adolescents and/or women aged
14 to 44 years. Individual chart review
was then performed to confirm ECMO
utilization for cardiopulmonary failure
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Why was this study conducted?
There are limited data regarding the use of extracorporeal membrane oxygena-
tion (ECMO) during pregnancy and the postpartum period; we sought to add to
the current literature by presenting a 10-year case series from a single institution.

Key findings
ECMO was most commonly indicated for cases of persistent hypoxemia on
maximum ventilator settings in the context of acute respiratory distress syn-
drome. Overall rates of maternal survival (33%) and fetal survival (60%) were low,
although maternal survival was higher (60%) if ECMO was initiated during
pregnancy or intrapartum.

What does this add to what is known?
Use of ECMO for pregnant and postpartum women with reversible forms of
cardiorespiratory failure remains a feasible salvage therapy in some cases. Out-
comes in this single-institution case series that is less subject to reporting bias
support meta-analysis results of smaller case series. Consideration of ECMO in
unique circumstances (eg, emergent intraoperative cannulation during cesarean
delivery) in this generally young and healthy population has the potential for both
maternal and fetal survival.

Original Research
and to identify patients with a confirmed
intrauterine pregnancy of at least 6
weeks’ gestation at the time of ECMO
initiation and up to 6 weeks postpartum.
Clinical characteristics and maternal
and/or fetal outcomes were abstracted
via individual chart review.

Our primary outcome of interest was
maternal survival. The secondary
outcome of interest was fetal survival if
the mother was pregnant at the time of
ECMO initiation. Additional character-
istics of interest included indication for
ECMO, type of ECMO circuit (venove-
nous or venoarterial), clinical parame-
ters prompting providers to initiate
mechanical ventilation and ECMO,
length of time on ECMO, and time on
mechanical ventilation before ECMO
cannulation. Obstetric characteristics
were also collected, including gestational
age, mode and timing of delivery, and
postpartum hemorrhage. Survival was
also recorded for the women of repro-
ductive age identified by our query who
were not pregnant or who were post-
partum women. Descriptive analyses are
reported.

This study was reviewed and approved
by the institutional review board at the
University of North Carolina-Chapel
Hill under a waiver of informed consent.
2 AJOG MFM MONTH 2020
Results
In this study, a total of 54 women of
reproductive age underwent ECMO for
cardiopulmonary failure, and of these, 9
(17%) were pregnant or postpartum.
These cases included 4 womenwho were
pregnant at the time of ECMO initiation,
1 who had ECMO cannulation during
birth (cesarean delivery), and 4 who
were postpartum (Table 1). The median
maternal age was 24 (range 19e39)
years. Among the 9 women, 7 (78%)
were nonsmokers, and 5 (56%) self-
identified as non-Hispanic black. Only
2 patients had medical history notable
for underlying medical comorbidities:
one with type 1 diabetes mellitus and the
other with severe asthma.
The most common indication for

ECMO use in pregnancy and the post-
partum period was ARDS, which was
present in 7 of 9 (78%) cases, wherein 5
were due to infectious etiologies and 2
were attributed to preeclampsia. Among
the 9 women, 6 (67%) underwent
ECMO cannulation within 24 hours of
initiation of mechanical ventilation, with
timing ranging from <1 hour to 11 days
(Table 1). Major clinical parameters
present at the time of decision for me-
chanical ventilation and ECMO initia-
tion are listed in Table 2. Venovenous
ECMO was utilized in all but 1 case and
was most often initiated owing to
persistent hypoxemia despite maximal
ventilatory settings or because of the
significant risk of secondary lung
injury from barotrauma, caused by high
airway pressures required to maintain
oxygenation. The single case of venoar-
terial ECMO was an unsuccessful
resuscitation of a postpartum patient
who had cardiac arrest with a massive
pulmonary embolism. Women received
ECMO for a median of 6 (range 1e14)
days.

The timing and duration of ECMO
relative to obstetric outcomes are shown
in Figure 1. Four women were pregnant
at the time of ECMO initiation; the
gestational ages of these 4 women at the
time of ECMO cannulation were 21, 22,
29, and 30 weeks. One additional patient
underwent ECMO cannulation intra-
operatively during an emergent cesarean
delivery at 29 weeks’ gestation. The
remaining women were between
0 and 36 days postpartum at the time of
ECMO initiation. Among the post-
partum women, pregnancy durations
ranged from 12 weeks to full term. In
addition to the aforementioned cesarean
delivery, there were 2 additional de-
liveries that used ECMO, both owing to
preterm labor—one with spontaneous
vaginal delivery of a previable twin
gestation and the other with forceps-
assisted vaginal delivery of a preterm
infant. There were no cases of obstetric
hemorrhage.

Overall, 3 of 9 (33%) mothers sur-
vived. All 3 surviving patients were either
pregnant or intrapartum at the time of
ECMO cannulation, whereas none of the
patients who initiated ECMO post-
partum survived. In addition, in 5 of 9
women in whom ECMO was initiated
while pregnant and/or intrapartum,
maternal survival was 60%, and fetal
survival was 60%; both mother and fetus
survived in 2 pregnancies (40%).

Of the 3 surviving women, 1 woman
had 1 subsequent pregnancy in our
healthcare institution. She had an un-
complicated term delivery of an appro-
priate for gestational age neonate 21
months after her hospital discharge from
her pregnancy requiring ECMO.



TABLE 1
Description of 9 peripartum ECMO cases, including etiology of illness and perinatal course

#

Peripartum status
at time of ECMO
initiation

Etiology of illness/
indication for ECMO

Maternal
survival

Fetal
survival

Delivery indication and
mode of delivery Birth details

ECMO
circuit

Time on MV
before ECMO

Days on
ECMO

Time on MV
post ECMO

A Pregnant, 21 wk Urosepsis, aspiration
pneumonia, ARDS

Yes Yes Nonreassuring fetal
testing in the setting
of diabetic ketoacidosis;
cesarean delivery

Live birth, 4 wk after
ECMO (26 wk)

V-V <12 h (intubated
outside the hospital)

8 8 d

B Pregnant, 22 wk Malaria-induced ARDS Yes No
(previable)

Preterm labor,
spontaneous
vaginal delivery

Spontaneous preterm
delivery of 22-wk
twin gestation

V-V 14 h 6 <1 d

C Pregnant, 29 wk Status asthmaticus,
sepsis

No No Not delivered secondary
to maternal death

Intrauterine fetal
demise noted on
ECMO day 4 at 30 wk

V-V 3 d 6 a

D Pregnant, 30 wk H1N1 influenzaeinduced
ARDS

No Yes Preterm labor; forceps-
assisted vaginal delivery

Live birth on ECMO
day 3 at 30 wk

V-V 6 d 14 6 d

E Intraoperative,
during cesarean
delivery, 29 wk

Preeclampsia with severe
features, flash pulmonary
edema, aspiration, ARDS

Yes Yes Fetal bradycardia owing
to maternal respiratory
failure; cesarean delivery

Live birth at 29 wk V-V 1.5 h 4 1 d

F Postpartum, day 0 Septic abortion with
septic shock, ARDS

No No
(previable)

Dilation and evacuation Fetal demise at
15 wk

V-V 16.5 h 1 a

G Postpartum, day 1 Cholecystitis with septic
shock and multiorgan
failure/ARDS and
subsequent pneumonia

No No
(previable)

Passed spontaneously Spontaneous
abortion at 12 wk

V-V 12 h 9 a

H Postpartum, day 14 Preeclampsia with
pulmonary edema,
ARDS (and subsequent
pneumonia)

No Yesb Failed labor induction;
cesarean delivery

Live birth at term V-V 11 d (MV initiated on
postpartum day 3)

12 (ECMO
d/c’d 2/2
systemic
bleeding)

2 d

I Postpartum, day 36 Large lower extremity
and inferior vena cava
deep venous thrombus,
pulmonary embolism,
cardiac arrest

No Yesb Labor induction;
cesarean delivery

Live birth at term V-A <1 h 1 a

ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation; MV, mechanical ventilation; V-A, venoarterial; V-V, venovenous.

a Death occurred on ECMO; b Delivery occurred before presumed onset of maternal illness.
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TABLE 2
Factors contributing to decision to intubate and decision to initiate ECMO

#

Peripartum status
at time of ECMO
initiation Etiology/indication

Decision/parameters prompting
providers to intubate

Decision/parameters prompting
providers to initiate ECMO

A Pregnant, 21 wk Urosepsis, aspiration
pneumonia, ARDS

Episode of hypoglycemia led to
loss of consciousness and need for
cardiopulmonary resuscitation,
complicated by aspiration

Emergently initiated ECMO upon
arrival from outside the hospital
due to manual ventilation required
to maintain SPO2 >90%

B Pregnant, 22 wk Malaria-induced ARDS Worsening hypoxemia on continuous
PAP support (pH 7.42, PO2 66,
pCO2 27.6)

Persistent respiratory acidosis and
hypoxemia (pH 7.24, pO2 64,
pCO2 49) despite 100% FiO2,
PEEP 18, VT 380, rate 30 on PRVC

C Pregnant, 29 wk Status asthmaticus,
sepsis

Severe acidosis despite bilevel
positive airway pressure (pH 7.08,
pO2 83, pCO2 24.6)

Progressive hypoxemia (pH 7.34,
pO2 67, pCO2 45) despite 100%
FiO2, PEEP 5, VT 480, rate 24 on ACV

D Pregnant, 30 wk H1N1 influenzaeinduced
ARDS

Significant increase in oxygen
requirement, intubation done
outside the hospital to secure
airway before transport

Worsening subcutaneous emphysema,
new left apical pneumothorax
concerning for barotrauma, maximum
ventilator settings with worsening
hypoxemia (pH 7.38, pO2 73, pCO2 45.1)

E Intraoperative,
during cesarean
delivery, 29 wk

Preeclampsia with severe
features, flash pulmonary
edema, ARDS

Intubated at start of cesarean delivery
owing to loss of consciousness,
persistent oxygen saturations of 60%,
witnessed aspiration on induction

Persistent hypoxemia and hypercarbia,
multiple modes of ventilation failed,
manual ventilation required secondary
to high peak airway pressures

F Postpartum,
day 0

Septic abortion with septic
shock, ARDS

Intubated at start of suction dilation
and evacuation for septic abortion;
developed florid pulmonary edema
intraoperatively (aggressive fluid and
blood product resuscitation)

Progressive hypoxia (pH 7.33,
pO2 67, pCO2 40) despite FiO2
100%, PEEP 20, PIP 41 on
pressure-controlled ventilation

G Postpartum,
day 1

Cholecystitis with septic
shock and multiorgan
failure/ARDS and
subsequent pneumonia

Worsening tachypnea on 4 L nasal
cannula (pH 7.25, pO2 83, pCO2 37) with
subsequent acute respiratory decline
requiring intubation

Progressive hypoxemia (pH 7.26,
pO2 48, pCO2 37) despite FiO2
100%, PEEP 15, PIP 50 on
pressure-controlled ventilation

H Postpartum,
day 14

Preeclampsia with
pulmonary edema,
ARDS (and subsequent
pneumonia)

Presented with worsening shortness
of breath on postoperative day 3 after
cesarean delivery; found to be severely
hypertensive (210/170 mm Hg) and
hypoxic with pulmonary edema. Rapidly
intubated for persistent hypoxia (SPO2
65% on room air, improved only to 80%
on nonrebreather)

Following initial improvement on
mechanical ventilation for 9 days
(weaned to pressure support
ventilation), respiratory status
worsened over 48 h with progressive
hypoxemia (pH 7.32, PO2 57,
pCO2 47) despite aggressive
ventilatory settings on high-
frequency percussive ventilation
with FiO2 95%, PEEP 8

I Postpartum,
day 36

Large lower extremity and
inferior vena cava deep
venous thrombus,
pulmonary embolism,
cardiac arrest

Acute decompensation intraoperatively
during thrombectomy

Increasingly difficult to ventilate
with increased airway pressures,
cardiogenic shock, undergoing
active cardiopulmonary
resuscitation

ACV, assist-control ventilation; ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation; PAP, positive airway pressure; PEEP, positive end expiratory pressure; PIP,
peak inspiratory pressure; PRVC, pressure-regulated volume control.
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In addition, in this study, 23 of 45
(51%) women of reproductive age who
were not pregnant or within 6 weeks
postpartum who underwent ECMO at
our institution survived.
4 AJOG MFM MONTH 2020
Comment
In this 10-year study, 1 in 5 women of
reproductive age undergoing ECMO at
our institution were pregnant or <6
weeks postpartum. We found that if
ECMO was initiated during pregnancy
or intrapartum, 60% of mothers and
fetuses survived, supporting the use of
ECMO as a salvage therapy in pregnant
and intrapartum women. Moreover,



FIGURE 1
Timing and duration of ECMO relative to obstetrical outcomes for peripartum
cases of ECMO at our tertiary care center (2008e2017)

Webster et al. Extracorporeal membrane oxygenation in pregnant and postpartum womens. AJOG MFM 2020.
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none of the pregnant women who had
complicated pregnancies owing to severe
maternal illness requiring ECMO during
pregnancy or intrapartum delivered at
term. Specifically, rates of spontaneous
preterm labor and nonreassuring fetal
status were high.

Despite a relative paucity of data in the
obstetric population and the low
maternal survival rate in this cohort,
ECMO remains an attractive life-saving
therapy for severe, reversible cardiopul-
monary failure. Despite the full anti-
coagulation strategies required during
ECMO, none of the antepartum or
postpartum cases were complicated by
obstetric hemorrhage. Although preg-
nant and postpartum women have
unique risks for both infectious and
noninfectious respiratory failure, most
women in this study were young and
lacked extensive medical comorbidities.
Our case of emergent intrapartum
ECMO initiation due to flash pulmonary
edema and refractory hypoxemia and
hypercarbia secondary to preeclampsia
with severe features exemplifies a clinical
scenario unique to pregnancy and illus-
trates a situation where tertiary care re-
sources can be mobilized in
nontraditional ways to meet acute pa-
tient needs. Furthermore, several
women in our case series underwent
ECMO initiation after only a short
period of mechanical ventilation. There
was a tendency toward survival in those
patients for whom ECMO was initiated
soon after mechanical ventilation, earlier
in the disease process. Of the 3 patients
who survived, all were cannulated for
ECMO within 14 hours (range 1.5e14
hours) of intubation and mechanical
ventilation, compared with non-
survivors who were cannulated for
ECMO later (range <1 houre11 days).

Pregnancies complicated by ARDS,
regardless of need for ECMO, are
associated with a high rate of both
maternal mortality (range 6.3%e76.2%)
and perinatal mortality (range 8.3%
e43.5%).20e29 In a pooled analysis of 9
reports6,9,13e19 of 78 pregnant or post-
partum women receiving ECMO (where
each publication included at least 3 pa-
tients; range 3e18), the overall maternal
mortality ratewas 22.8%(95%confidence
interval, 11.6%e35.9%), a rate lower than
that of the general adult population that
received ECMO.30 In addition, other sin-
gle case reports of ECMO in pregnancy
were published, the vast majority of which
reported successful outcomes.7e12 The
wide range of outcomes in previous re-
ports may reflect differences in patient-
level factors and specific underlying etiol-
ogies of ARDS, in addition to publication
biases. We posit that the differences we
found inmaternal outcomes in our cohort
of women who received ECMO may
reflect the unbiased reporting of all cases at
our institution. In addition, other patient-
specific and system-specific factors (eg,
the underlying reason for ECMO, at what
point in the disease process the individual
was placed on ECMO, and other
concomitant treatments) may explain the
observed differences in outcomes.
Although pregnancy does not appear

to influence the overall survival of
women who develop ARDS, there are
several key physiological differences in
pregnancy that must be considered when
caring for the critically ill pregnant pa-
tients.31 Reports regarding ventilatory
management of ARDS in pregnancy
suggest that pregnant women are more
likely to develop severe ARDS requiring
high ventilatory pressures. This is not
unexpected, as the gravid uterus in-
creases intraabdominal pressure, dis-
places the diaphragm upward, and
reduces chest wall compliance.31 In
addition to higher peak airway pressures
required in pregnancy, accepted lung
protective ventilatory strategies in
ARDS, particularly permissive hyper-
capnia and associated respiratory
acidosis, are at odds with fetal well-being
and survival. It is possible that initiating
ECMO early in the course of worsening
ARDS may improve both maternal and
fetal outcomes, compared with me-
chanical ventilation alone.

This study has several strengths. Our
study is one of only a small number of
case series6,9,13e19 to report on outcomes
of a comprehensive case series of preg-
nant and postpartum women receiving
ECMO and adds to the growing body
of literature in this area. Our compre-
hensive chart review permitted evalua-
tion of multiple medical and pregnancy-
MONTH 2020 AJOG MFM 5
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specific factors that may have influenced
outcomes and also permitted us to
describe in detail the specific conditions
leading to deterioration of health of the
patients resulting in both mechanical
ventilation and ECMO. In addition,
manual review of all records of women of
reproductive age who received ECMO
ensured that we were able to capture all
pregnant and postpartum women,
reducing the risk for a positive reporting
bias. Nonetheless, these data should be
interpreted with caution. Assessing out-
comes in this population is limited by
many factors, including the relative rar-
ity of ECMO use and the difficulty in
identifying and tracking pregnancy sta-
tus in those undergoing ECMO.
Furthermore, although this represents
one of the largest case series to date on
ECMO use in pregnancy and the post-
partum period, numbers remain small.

Conclusion
In conclusion, ECMO is a key, potentially
life-saving treatment for severe cardio-
pulmonary failure. Despite high maternal
and perinatal mortality rates, therapy
should not be withheld during pregnancy
or the postpartumperiod. In this generally
young and healthy population, ECMOhas
the potential to improve the survival rates
of both mother and fetus and should be
considered a salvage therapy for pregnant
women with reversible forms of cardio-
respiratory failure. We also noted a ten-
dency toward survival in those patients
whom ECMO was initiated soon after
mechanical ventilation, earlier in the dis-
ease process. Obstetric clinicians should
remain vigilant for the possibility of
spontaneous preterm labor and non-
reassuring fetal status. To better assess
outcomes in this population, we implore
the ELSO, which closely tracks ECMO
cases in the United States, to consider
tracking pregnancy and postpartum
status. n
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