
Li et al. Journal of Cardiothoracic Surgery          (2022) 17:321  
https://doi.org/10.1186/s13019-022-02093-1

CASE REPORT

Five critically ill pregnant women/parturients 
treated with extracorporeal membrane 
oxygenation
Ying Li1†, Chi Xu2†, Furong Li1, Zheng Yan3, Shugao Ye4, Jinqi Ma1* and Juan Wen5* 

Abstract 

Background: Maternal mortality has always been a major medical concern. Recently, the successful application of 
extracorporeal membrane oxygenation (ECMO) technology in the rescue of near-death patients has been reported.

Case presentation: This study retrospectively analyzed 5 cases of critically ill pregnant women/parturients treated 
with ECMO for respiratory and circulatory failure in the Wuxi People’s Hospital from 2018 to 2020. The mean age of the 
5 cases was 30.2 years. Among them, Cases 1 and 5 were treated with Venoarterial (VA) ECMO. Case 1 was diagnosed 
with congenital heart disease, atrial septal defect, and severe pulmonary hypertension. VA ECMO was applied before 
cesarean section and was successfully removed after double lung transplantation, but the patient died 10 months 
after delivery from lung infection. While Case 5 was diagnosed with systemic lupus erythematosus, lupus nephritis, 
thrombotic vascular disease, HELLP syndrome, and cerebral hemorrhage. VA ECMO was applied 39 days after cesar-
ean section, and the patient died 40 days after delivery due to multiple organ failure. Cases 3 and 4 were treated with 
Venovenous (VV) ECMO. Case 3 was diagnosed with refractory postpartum hemorrhage, and Case 4 was diagnosed 
with postpartum hypoglycemic coma, aspiration pneumonia, and shock. They were treated with VV ECMO after 
delivery, and all survived after successful evacuation. Another Case (Case 2) was diagnosed with postpartum pelvic 
infection, sepsis and septic shock, and was treated with VA ECMO at 15 days after delivery. The patient changed to VV 
ECMO at 30 days after delivery due to significant improvement in heart function and poor lung function, but even-
tually died of multiple organ failure. For the 5 cases, the mean duration of ECMO was 8.7 days, the mean duration 
of intensive care was 22.0 days, and the mean length of hospital stay was 57.6 days. As a result, 3 patients gradually 
returned to normal with significant improvement in ventilation and oxygenation after ECMO treatment.

Conclusions: ECMO technology can be used to treat some of the critical obstetric patients with respiratory and 
circulatory failure that is ineffective to conventional treatment, but it has no therapeutic effect on the primary disease.

Keywords: Critically ill pregnant women/parturients, Extracorporeal membrane oxygenation, Postpartum 
hemorrhage, Respiratory and circulatory failure, China
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Background
Maternal mortality has always been a major medical 
concern. In recent 20 years, the successful application of 
Extracorporeal Membrane Oxygenation (ECMO) tech-
nology in the rescue of near-death patients has been 
reported year by year [1–5]. According to statistics of 
Extracorporeal Life Support Organization (ELSO), as of 
October 19, 2021, there were 154,106 patients treated 
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with ECMO worldwide [6]. However, ELSO does not 
report specific statistical data related to the application 
of ECMO in pregnant women or parturients. A recent 
systematic review has quantified the number of cases 
and indications for extracorporeal life support (ECLS) 
in women during the peripartum period from 221 stud-
ies and reported maternal and fetal complications and 
outcomes associated with peripartum ECLS [7], but few 
from Chinese women. In the past decade, there have 
been reports of successful treatment of acute respiratory 
distress syndrome (ARDS) in pregnant women compli-
cated with influenza A (H1N1) in China after applica-
tion of ECMO [8, 9]. This study retrospectively analyzed 
the data of 5 critically ill pregnant women/parturients 
treated by ECMO technology, summarized the treatment 
process and complications, and provided reference for 
the application of ECMO technology in critically ill preg-
nant women/parturients.

Case presentation
This study retrospectively included 5 cases of critically 
ill pregnant women/parturients treated with ECMO for 
respiratory and circulatory failure in the Affiliated Wuxi 
People’s Hospital of Nanjing Medical University from 
January 2018 to December 2020, all of whom had indica-
tions of ECMO treatment without contraindications [10]. 
Wuxi People’s Hospital is one of the leading lung trans-
plant centres in the world, with mature ECMO technol-
ogy. The 5 critically ill pregnant women/parturients on 
the verge of death underwent active rescue and decided 
to apply the ECMO technique, which was jointly com-
pleted by the ECMO team of thoracic surgery, doctors 
from the department of critical care medicine and anes-
thesiologists. Venoarterial (VA) ECMO or Venovenous 

(VV) ECMO are selected according to therapeutic pur-
poses, and standard procedures are followed for cathe-
terization, monitoring, and withdrawal of the ECMO [11, 
12]. The study was approved by the institutional review 
board of Wuxi People’s Hospital, and written informed 
consent were obtained from the patient or patient’s 
relative.

Basic information of 5 cases before ECMO application 
(Table 1)
Case 1 was diagnosed with congenital heart disease, 
secundum atrial septal defect (central type), and severe 
pulmonary hypertension (mean pulmonary artery pres-
sure: 104  mmHg) in 2013. During the early pregnancy, 
a multi-disciplinary team in our hospital recommended 
termination of pregnancy, but the patient refused. The 
patient was admitted to hospital at 21 weeks and 3 days 
of gestation (May 3, 2018) with NYHA grade III car-
diac function, and mean pulmonary artery pressure 
of 140  mmHg as indicated by echocardiography. At 
27 weeks and 5 days of gestation, her condition worsened, 
and she was given continuous high flow oxygen (inhaled 
oxygen flow 35 L/min, oxygen concentration 95%). Blood 
oxygen saturation was maintained at 0.82–0.88 and heart 
rate was 116  beats /min. On the same day, emergency 
application of ECMO followed by cesarean section. 

Case 2 delivered vaginally at 38  weeks and 6  days 
(June 2018) in another hospital. The delivery process 
was smooth, and left perineal incision and suture were 
performed during delivery. At 7  days postpartum, the 
woman developed lower abdominal pain and fever. At 
14  days postpartum, B-ultrasonography showed cystic 
mass in the right ovary with pyometra in the right sal-
pinx. After anti-inflammatory therapy, there was no 

Table 1 Clinical characteristics and ECMO indications of 5 cases

ECMO, extracorporeal membrane oxygenation; CPR, cardiopulmonary resuscitation; ARDS, acute respiratory distress syndrome

Case Age (year) Gravidity/
parity

Delivery mode Application time of 
ECMO

Primary illness ECMO indications Number of CPR 
performed prior to 
ECMO

Case 1 42 7/1 Caesarean section 27 Weeks and 5 days 
of gestation

Severe pulmonary 
hypertension, congen-
ital heart disease, atrial 
septal defect

Right heart failure 0

Case 2 28 1/1 Vaginal delivery Postpartum 15 days Pelvic infection, puer-
peral sepsis

Septic shock, cardio-
genic shock

1

Case 3 27 5/2 Vaginal delivery The day of delivery Refractory postpartum 
hemorrhage

ARDS 2

Case 4 31 4/1 Vaginal delivery Postpartum 24 days Type I diabetes, post-
partum hypoglycemia

ARDS 2

Case 5 23 3/1 Caesarean section Postpartum 39 days Systemic lupus 
erythematosus, lupus 
nephritis

Severe myocardial 
depression, circulatory 
failure

2
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improvement and blood pressure tended to decrease. At 
15  days postpartum, laparoscopic right salpingectomy, 
pelvic abscess removal and pelvic adhesiolysis were per-
formed in emergency, and the pus during the operation 
indicated gram-positive cocci. Postoperative trachea 
extubation was performed with clear consciousness. 
Ten minutes after extubation, there was confusion and 
decreased blood pressure. The patient was immediately 
rescued with pressure boost, capacity enlargement, blood 
transfusion and endotracheal intubation, and transferred 
to our hospital. ECMO was urgently applied in our hos-
pital for sepsis, septic shock, and multifunctional organ 
dysfunction syndrome (circulatory and respiratory).

Case 3 delivered vaginally at 40  weeks and 5  days of 
gestation (December 2018) in township hospital. Due to 
refractory postpartum hemorrhage, disseminated intra-
vascular coagulation and cardiac arrest, cardiopulmonary 
resuscitation and total hysterectomy were performed 
immediately. After surgery, she was transferred to our 
hospital. Due to intra-abdominal bleeding, the right uter-
ine vein ligation and bilateral internal iliac artery ligation 
were performed, and the postpartum hemorrhage totaled 
5000 ml. At the end of the second operation, the heart-
beat dropped to 30 beats /min again. After cardiopulmo-
nary resuscitation, ECMO was urgently applied due to 
poor oxygenation.

Case 4 was diagnosed with type I diabetes mellitus 
in 1999 and received long-term subcutaneous insulin 
treatment. On July 24, 2019, she delivered vaginally at 
38  weeks and 6  days of gestation in our hospital. After 
delivery, the dosage of insulin was adjusted to 1/3 of 
that before delivery, and blood glucose was controlled 
within the target range during hospitalization. At 24 days 
after delivery, the blood glucose was measured at home 
as "Low", and dizziness, unconsciousness and coma 
appeared. The woman was still unconscious after her 
family fed her with about 250  ml sugar water, and then 
she was hospitalized in emergency. The monitored blood 
oxygen saturation value was 0.09, and endotracheal intu-
bation and ventilator assisted ventilation were immedi-
ately given. Oxygen saturation did not rise after rising to 
0.50, and there were two episodes of slow heart rate (< 40 
beats/min). Then, ECMO was applied immediately.

Case 5 was diagnosed with systemic lupus erythema-
tosus and polymyositis in 2017, and was successively 
treated with hormone, tacrolimus and methotrexate. 
After January 2020, the patient stopped using tacroli-
mus and methotrexate without following the doctor’s 
advice and became pregnant (last menstruation: March 
21, 2020). During pregnancy, the patient received 
hydroxychloroquine, aspirin, enoxaparin, and pred-
nisone (5  mg per day (mg/day)). At 24  weeks of ges-
tation, prednisone was added to 30  mg/day due to 

increased urinary protein, positive antinuclear antibody 
and anti-U1 ribonucleoprotein. At 25 weeks and 4 days 
of gestation, the SLEDA score was 7, and the patient 
was given methylprednisolone 120  mg/day, along 
with immunotherapy with gamma globulin and cyclo-
sporine. At 25  weeks and 5  days of gestation, she was 
suddenly unconscious, with 8 breaths/min and oxygen 
saturation of 88%. CT examination suggested multiple 
cerebral hemorrhage and diffuse cerebral edema. On 
the same day, due to cerebral hemorrhage, cerebral her-
nia and HELLP syndrome, emergency caesarean deliv-
ery was performed. After operation, ventilator-assisted 
ventilation, anti-infection, diuresis, hormone shock, 
plasmapheresis and other treatments were given. At 
39 days postpartum, the blood pressure decreased pro-
gressively, and ECMO was urgently applied.

ECMO treatment and outcome of the 5 cases (Table 2)
For case 1, VA ECMO was first used, and then cesarean 
section, ligation of bilateral uterine artery ascending 
branches, ligation of bilateral ovarian artery communi-
cating branches, and ligation of bilateral fallopian tubes 
were performed. After surgery, the patient was treated 
with ventilator assisted ventilation, ECMO cardiopul-
monary support, pulmonary hypertension control, anti-
infection and diuretic treatment, and the patient had 
good uterine contraction and less lochia. Since then, 
many attempts to remove ECMO have failed, with poor 
cardiac function. At 11 days after the cesarean section, 
repair of atrial septal defect and double lung trans-
plantation were performed. The operation was suc-
cessful, and ECMO was successfully removed at 5 days 
after the operation (16 days after the cesarean section). 
However, the patient developed a pulmonary infection 
10  months after the operation due to self-discontinu-
ation of anti-infective and immunosuppressive drugs, 
and died on April 1, 2019 (287 days after the cesarean 
section) despite active treatment. At present, the new-
born is developing well without neurological abnor-
malities. Case 2 was treated with VA ECMO at 15 days 
after delivery. The patient changed to VV ECMO at 
30 days after delivery due to significant improvement in 
heart function and poor lung function, but eventually 
died of multiple organ failure due to pelvic infection 
and sepsis. Cases 3 and 4 were treated with VV ECMO 
after delivery, and were successfully evacuated from 
ECMO and survived. Case 5 died of multiple organ fail-
ure and circulation deterioration even after VA ECMO 
was applied at 39  days after delivery. For the 5 cases, 
the mean duration of ECMO was 8.7  days, the mean 
duration of intensive care was 22.0 days, and the mean 
length of hospital stay was 57.6 days.
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Coagulation conditions during ECMO treatment
Heparin was used for anticoagulation during ECMO 
treatment, and the pump speed of heparin was adjusted 
according to the target values (activated clotting time 
(ACT): 130–150 s; activated partial thromboplastin time 
(APTT): 50–60  s). For the 3 patients (Cases 1, 3 and 4) 
who successfully treated by ECMO, the ACT and APTT 
were maintained in the range of 73.7–142.0 s and 26.4–
51.0 s, respectively. While for the 2 patients (Cases 2 and 
5) who treated by ECMO unsuccessfully, the ACT and 
APTT were maintained in the range of 126.0–154.0 s and 
32.5–86.8 s, respectively (Table 3). Among the 5 patients, 
only Case 1 developed thrombotic complications (throm-
bus at the membrane oxygenation and inferior vena cava 
thrombosis), which may be related to ECMO type, hemo-
dynamic changes caused by the primary disease, duration 
of ECMO use, infection and other factors.

Discussion and conclusions
ECMO, also known as artificial heart and lung, is an 
effective in vitro life support technology for patients with 
extremely critical cardiopulmonary failure. Its work-
ing principle is to realize the exchange of gas and blood 
through the extracorporeal circulation system, partially 
replace pulmonary oxygenation and cardiac pump func-
tion, significantly improve the patient’s oxygenation and 
ventilation, correct hypoxemia and hypercapnia, and ulti-
mately achieve the recovery of cardiopulmonary function 
[11]. When the primary disease becomes acute or pro-
gressive and cannot be sustained by conventional means, 
ECMO can be used. It can provide temporary cardiopul-
monary support for shock patients and is increasingly 
used in intensive care medicine. ECMO can be used con-
tinuously for hours to days and it has been reported that 
ECMO can be used for peripartum patient up to 110 days 
[13].

In the application of ECMO in pregnant women/par-
turients, there are both obstetric and non-obstetric fac-
tors. In developed countries, ECMO technology has 
been increasingly reported in the treatment of pregnant 

women/parturients with acute respiratory failure, severe 
heart failure, postpartum hemorrhage induced cardiac 
arrest, pulmonary embolism, and amniotic fluid embo-
lism [14–16]. Ong et  al. systematically reviewed ECMO 
indications of 97 pregnant women/parturients and found 
that adult respiratory distress syndrome (91.9%) was the 
most common respiratory tract indication, while pulmo-
nary embolism (23.7%) and perinatal cardiomyopathy 
(16.9%) were the two most common cardiovascular indi-
cations [17]. In this study, indications of ECMO included 
refractory postpartum hemorrhage, puerperal infection, 
congenital heart disease with severe pulmonary hyper-
tension, HELLP due to systemic lupus erythematosus, 
and severe hypoglycemic coma. In the 5 cases treated 
with ECMO, 3 patients gradually returned to normal 
with significant improvement in ventilation and oxygena-
tion, while the other 2 patients failed to respond to treat-
ment and eventually died.

Due to the risk of thrombosis and embolism during 
ECMO application, heparin anticoagulation is required 
regardless of VV ECMO or VA ECMO, so bleeding is 
the primary complication. Once the bleeding caused by 
abnormal coagulation function occurs during pregnancy, 
it will increase the difficulty of treatment, and even 
endanger the life of pregnant women and fetuses in seri-
ous cases. If heparin is used during delivery, it is easy to 
bleed and coagulation indicators are difficult to monitor 
due to the surgical incision or placental uterus dissection 
has not been healed. However, in the 3 patients success-
fully treated in this study, lochia and other bleeding did 
not increase due to heparin, and the reasons were consid-
ered as follows: (1) Active and effective uterine devascu-
larization was performed during cesarean section (Case 
1), and bilateral internal iliac artery ligation was per-
formed during the second operation (case 2); (2) Timely 
supplement of blood products; (3) Postoperative con-
tinuous monitoring of coagulation function, and strictly 
controlling the dosage of heparin; (4) The use of drugs 
to promote uterine contractions; (5) It may be related to 
the hypercoagulability of maternal blood. Therefore, the 
use of several preventive measures can reduce the risk of 
severe bleeding after maternal ECMO use. In the other 
2 patients who failed to respond to ECMO treatment, 
coagulation time was more prolonged, which was mainly 
related to systemic coagulation dysfunction caused by the 
primary disease.

Our report has several limitations. The current data 
come from case series with considerable heterogeneity. 
We did not have an unexposed group without ECMO 
to compare outcomes. Another limitation is the lack of 
detailed information on fetal outcomes. Based on these 
data alone, accurate prediction of fetal risk by mater-
nal ECMO is challenging. Prospective and detailed 

Table 3 Coagulation conditions of the 5 cases during ECMO 
treatment

ECMO, extracorporeal membrane oxygenation; ACT, activated clotting time; 
APTT, activated partial thromboplastin time

Case Anticoagulant ACT (s) APTT (s)

Case 1 Heparin 73.7–109.0 34.1–51.0

Case 2 Heparin 140.0–154.0 32.5–76.5

Case 3 Heparin 96.0–115.2 35.0–43.6

Case 4 Heparin 98.3–142.0 26.4–45.5

Case 5 Heparin 126.0–143.0 64.3–86.8
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reporting with multicenter studies may better elucidate 
the association of ECMO use during pregnancy with 
maternal and fetal outcomes.

Despite these limitations, we concluded that, ECMO 
technology can be used to treat some of the critical 
obstetric patients with respiratory and circulatory fail-
ure that is ineffective to conventional treatment. When 
pregnant women/parturients appear respiratory and 
circulatory failure, based on active treatment of the pri-
mary disease, if there are indications of ECMO, ECMO 
can be applied as soon as possible [18, 19], and primary 
care institutions should immediately refer patients 
to medical institutions with conditions for ECMO 
application.

At present, ECMO technology, as the ultimate sup-
portive treatment of critical diseases, has complex 
operation and high requirements. There is still a lack 
of relevant guidelines or expert consensus on ECMO in 
the treatment of critically ill pregnant women, and few 
medical institutions are qualified to use ECMO, so the 
application and management of ECMO need further 
research and discussion.
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