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Introduction

Peripartum cardiomyopathy (PPCM) is a disease that 
occurs naturally during pregnancy, with the majority of 
cases occurring within 3 months of delivery and 6 months 

after delivery. PPCM is characterized by cardiomyopathy 

and congestive heart failure, and symptoms include chest 

pain, dyspnea, nocturnal paroxysmal dyspnea, and cough (1). 

These symptoms may be confused with normal symptoms 
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in the third trimester of pregnancy, thereby delaying the 
diagnosis of PPCM (2).

Cardiac arrest (CA) caused by PPCM is a catastrophic disease 
that can lead to a high mortality rate in young women and a 
problem that needs to be addressed urgently (3). When CA 
occurs, rapid intervention and high-quality cardiopulmonary 
resuscitation (CPR) are the basic rescue measures. 
Sometimes, however, CPR is not effective. Extracorporeal 
cardiopulmonary oxygenation-assisted resuscitation 
(ECPR), an advanced artificial cardiopulmonary support 
technology, may be considered when conventional CPR 
efforts fail, as written in guidelines. Although a few cases of 
PPCM successfully treated with extracorporeal membrane 
oxygenation (ECMO) have been reported, we are not aware 
of any cases published in the literature of ECPR successfully 
used in a 5.5-hour CA caused by PPCM. In this paper, 
we present a very rare, successful ECPR case involving 
a 5.5-hour CA caused by perinatal cardiomyopathy. We 
present the following article in accordance with the CARE 
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-6468/rc).

Case presentation

A previously healthy 31-year-old pregnant woman was 
admitted at 34 weeks as an emergency at a local hospital 
due to fever and sinus tachycardia on September 25, 2021. 
Two days later, the patient developed shortness of breath, 

cough with sputum, and hypoxemia (oxygen saturation 
was 88.0%). The patient’s oxygenation did not improve 
after oxygen therapy and instead developed symptoms 
similar to heart failure, including pink foaming sputum 
and cyanosis. Blood pressure (BP) remained within the 
normal range during this period. However, the patient 
underwent emergency cesarean section and a healthy fetus 
was delivered due to slowed fetal heart rate. Subsequently, 
the patient was transferred to the intensive care unit (ICU) 
for further treatment due to the exacerbation of heart 
failure. The ultrasound showed left heart enlargement, 
left ventricular systolic insufficiency, moderate mitral valve 
insufficiency, and an ejection fraction (EF) of 43% but 
showed no right heart dilation or pulmonary artery blood 
clots. After excluding myocarditis, pulmonary embolism, 
eclampsia, aortic dissection, and other diseases, the patient 
was diagnosed with fulminant PPCM based on ultrasound, 
clinical experience, and the 2019 European Society of 
Cardiology (ESC) guidelines on PPCM (4). In accordance 
with the 2018 ESC guidelines for the management of 
cardiovascular diseases during pregnancy, essential therapies 
for patients with acute PPCM are based on the “BOARD” 
method (bromocriptine, oral heart failure therapies, 
anticoagulants, vasorelaxant agents, and diuretics) (5,6). 

However, 6 hours later,  the patient’s condition 
deteriorated and she suffered CA. External cardiac 
compression was given immediately. The patient received 
CPR for 5 hours but did not regain spontaneous circulation 
until the ECMO team arrived. 

Access was established for venoarterial ECMO with 
a right arteriotomy femoral venous cannula (19 Fr 
Medtronic) and femoral arterial cannula (17 Fr Medtronic), 
and a 7 Fr cannula was inserted to provide perfusion distally 
within the femoral artery. With the establishment of flow at  
3.5 L/min in the extracorporeal circuit, the patient resumed 
spontaneous circulation after 30 minutes. 

At this time, the patient’s BP was 79/77 mmHg, lactate 
>15 mmol/L, and anuria had occurred. Venoarterial ECMO 
continued supported by middle-dose infusions of dobutamine 
(8 μg·kg−1·min−1) and milrinone (1 μg·kg−1·min−1). 

Ultrasound showed only 16% EF with heavy left 
ventricular posterior load and limited aortic valve opening. 
Therefore, an intra-aortic balloon pump (IABP) was placed 
to reduce left ventricular afterload and improve myocardial 
perfusion. Continuous renal replacement therapy (CRRT) 
was connected to the ECMO circuit in order to maintain a 
constant internal environment and protect kidney function. 
The activated clotting time (ACT) was between 160 and 
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200 seconds, and neurological assessments were performed 
every day.

After a few days of treatment, the patient’s cardiac 
function gradually improved, with EF value restored from 
16% to 35%, vital signs stable, and lactic acid reduced 
to 3 mmol/L. However, the patient developed bleeding 
complications (nasal cavity, gastrointestinal, and incision) 
due to thrombocytopenia, and treatment with anticoagulant 
reduction and limiting allogeneic platelet (PLT) infusion 
did not result in a return to normal range, which forced us 
to eventually stop ECMO assistance on day 9. 

Although we successfully removed the ECMO, we 
found that the patient’s pupils began to differ in size. An 
urgent cranial computed tomography (CT) scan showed an 
intracranial hemorrhage (ICH) in the patient’s right frontal 
lobe, occipitotemporal area, and temporal lobe (Figure 1). 
Without hesitation, cranial decompression was conducted, 
but intracranial hematoma removal was not performed due 
to technical limitations at the local hospital. Decompression 
surgery failed to relieve the patient’s symptoms, and the 
patient was transferred to our hospital (The People’s 
Hospital of Gaozhou) for further intracranial hematoma 
removal. The patient gradually became conscious after 
surgery. 

However, 4 days later, the patient fell into a coma due to 
recurrent cerebral hemorrhage and had to undergo surgery 
again (Figure 1). Fortunately, the patient recovered from the 
surgery without further cerebral hemorrhage. 

After more than 40 days of treatment, the patient 
recovered and was discharged without any sequelae and her 

EF had restored to 50%. The patient was followed up for 
1 year. She had a good recovery without any complications 
and returned to work as a teacher (Figure 2).

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the 
Declaration of Helsinki (as revised in 2013). Written 
informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.

Discussion

Record identification and data extraction

A search of the PubMed database was conducted using 
the keywords “pregnant woman,” “cardiogenic shock,” 
“ECMO,” “peripartum cardiomyopathy,” “extracorporeal 
cardiopulmonary resuscitation,” “cardiac arrest,” and 
“postpartum,” and 9 articles were retrieved. All of the 
patients underwent ECPR during pregnancy or in the 
perinatal period. Of the patients, 8 underwent ECPR at 
hospital, and 1 case underwent ECPR outside hospital.

General information and outcomes

The average age of patients was 27.25±5.19 years (range, 
19–36 years). Gestational age ranged from 18 to 39 weeks. 
All of the patients received ECMO support due to failed 

A B C

Figure 1 CT images of the patient with recurrent intracerebral hemorrhage. (A) First cerebral hemorrhage. Cranial decompression was 
conducted, but intracranial hematoma removal was not performed due to technical limitations at the local hospital. Decompression surgery 
failed to relieve the patient’s symptoms, and the patient was transferred to our hospital for further intracranial hematoma removal. (B) 
Recurrent intracerebral hemorrhage. CT showed that 2 days after surgery, the patient developed recurrent cerebral hemorrhage. (C) CT 
showed good absorption of the hematoma after reoperation. CT, computed tomography.
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CPR treatment after CA. The mean interval time between 
CPR and ECMO was 69.71±30.15 minutes (range,  
30–120 minutes), and the mean ECMO duration time 
was 4.79±2.03 days. Causes of CA included pulmonary 
embolism, amniotic fluid embolism, spontaneous coronary 
artery dissection, and PPCM, among others. All patients 
were successfully weaned off ECMO support. Eight 
patients were discharged, and 1 patient died of multiple 
organ dysfunction syndrome (MODS). Complications 
included Harlequin syndrome, but no other neurological 
complications occurred. Baseline data of the 9 cases are 
shown in Table 1.

By reviewing the literature, we found that ECPR can 
help patients with perinatal CA caused by different reasons 
and the success rate is very high. Pulmonary embolism 
(amniotic fluid embolism) was the most common cause, 
followed by PPCM, and massive hemorrhage and dissection 
were the least common causes. The longest CA case that 
has been retrieved is 2 hours in our mini-review. It was a 
miracle that CA up to 5.5 hours were successfully treated 
through ECPR in our case. We analyzed the possible factors 
that are beneficial to the survival of patients, which provides 
a good experience for clinicians to treat such patients.

Reasons for the success of ECPR

According to registration data of the Extracorporeal 

Life Support Organization, the overall survival rate 
of adult ECPR is only about 30%. A previous study 
had confirmed that the survival rate of ECPR is less 
than 10% if the initiation low-flow time is longer than  
90 minutes (16). Therefore, it is recommended to start 
ECPR within 10 minutes. More than 60 minutes of ECPR 
is considered the “limit”, and patients rarely have a good 
clinical outcome beyond this time (17). In our literature 
review, the longest duration of CA was 2 hours, whereas our 
case regained spontaneous circulation after 5.5 hours, and 
although she experienced severe neurological complications, 
she ultimately survived. Such a case has never been reported, 
and we wanted to know the factors for survival, other  
than luck.

Generally, brain tissue has poor tolerance to hypoxia. 
When cerebral blood supply is interrupted, brain cells will 
stop electrical activity in 2 minutes, and irreversible damage 
will occur in brain tissue after 5 minutes. Thus, when CA 
occurs, CPR should be taken immediately to reduce the 
ischemic time of the brain (18).

In CA, high-quality CPR is a key determinant of 
patient survival, especially in cerebral perfusion and 
cerebral protection. International guidelines highlight the 
importance of high-quality chest compressions, which are 
defined as compressions at a depth of 5–6 cm and a rate 
of 100–120 per minute, allowing full chest recoil between 
compressions and minimization of interruptions (19). 

Figure 2 A timeline figure of the treatment process. ECPR, extracorporeal cardiopulmonary resuscitation; ECMO, extracorporeal 
membrane oxygenation; ICH, intracranial hemorrhage; PPCM, peripartum cardiomyopathy; CT, computed tomography; ICU, intensive 
care unit.
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The most important clinical significance of standard CPR 
procedure is to maintain uninterrupted cerebral blood flow 
to promote the recovery of brain function. This is a key 
factor in the absence of neurological sequelae in the patient.

However, delivery of effective chest compressions 
is often inconsistent, subject to fatigue, and practically  
challenging (20). Mechanical CPR devices provide an 
automated way to deliver high-quality CPR (21). 

Our patient had CA in the ICU, which was immediately 
recognized, and she was resuscitated without prolonged 
ischemic hypoxia to the brain. After 10 minutes of CPR, 
the physician realized that it might be difficult to restore 
spontaneous circulation, and he contacted the ECMO team 
and activated the mechanical CPR device simultaneously. 
This case demonstrated that in situations in which high-
quality manual chest compressions cannot be performed 
safely, the use of mechanical devices may be a reasonable 
clinical approach. More importantly, the patient had 
no significant interruption during CPR. Systolic blood 
pressure was maintained at about 60−80 mmHg, there 
was no obvious skin cyanosis, and pupillary reflex had not 
disappeared.

It is worth noting that this patient had a CA in the ICU, 
which has the best rescue conditions and facilities, and is 
another important reason for the survival of the patient. If 
the CA occurred outside the hospital, it would be difficult 
to ensure that the patient received continuous effective 
CPR or effective support of mechanical CPR equipment. 
If transport is involved, a portable mechanical CPR device 
should be used as it provides continuous and effective 
cardiac compression. In addition, the patient was very 
young, there was no concomitant underlying disease, the 
patient was not obese, and the CPR resuscitation process 
was of high quality, all factors contributing to the success.

It was very commendable that the doctor in charge 
predicted that the ECMO team would not arrive 
immediately, and he did not abandon treatment. In addition 
to CPR, the doctor put an ice cap on the patient for 
brain protection, which may have also helped the patient 
to reduce cerebral oxygen consumption. We adopted 
a management strategy of mild hypothermia cerebral 
protection during ECMO support (rectal temperature was 
34–35 ℃ for 3 days). According to the guidelines, patients 
who regain spontaneous circulation but are unconscious 
should be treated with mild hypothermia at 32−34 ℃ for 
12−24 hours (22-24). At the same time, with the support of 

vasoactive drugs, hemodynamic stability was maintained for 
effective organ perfusion pressure.

How can ECMO ICH complications be recognized and 
prevented

ICH is a serious complication of ECMO and has a high 
mortality rate. Major risk factors include thrombocytopenia, 
ECMO duration, anticoagulation, ECPR, sepsis, and 
renal failure, among others (25). A study had shown that 
thrombocytopenia is an independent risk factor for ICH 
(20). Our patient was very lucky. When we found that the 
patient had symptomatic intracerebral hemorrhage, the 
patient’s heart function had recovered somewhat. Although 
the patient received PLT infusion, the PLT value of the 
patient never reached more than 50×109/L because there 
was not enough PLT to use. We removed ECMO after 
discussion because the patient had a large intracerebral 
hemorrhage that required surgery. If the patient could not 
be removed from ECMO due to poor cardiac function, 
then we would have had to discontinue anticoagulation. In 
this situation, if the brain hemorrhage cannot be treated, it 
is difficult for the patient to survive. 

There were no cases of ICH in the literature review that 
we summarized, but our patient had 2 episodes of cerebral 
hemorrhage, and we hope that our experience can help 
ICU physicians to better deal with this special situation. 
We developed a flow chart to help physicians identify and 
manage ICH (Figure 3).

Warning

Because there is no local ECMO team, local doctors spend 
a lot of time looking for ECMO support, resulting in the 
patient not receiving timely ECMO support. This suggests 
that ICU departments should have a professional ECMO 
team or can be supported by a rapid regional ECMO 
collaboration network, which is very important for the 
treatment of critically ill patients.

Conclusions

ECPR is an effective advanced extracorporeal life support 
technique that can be used to treat critically ill perinatal 
and CA patients. Mechanical CPR devices could deliver 
high-quality CPR. ECMO-related complications such as 
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PCA, CPR >10 min

ECMO team inclusion/exclusion criteria

Setup ECMO (femoral arteriotomy; heparinsisation) 

Bbnormal

Brain CT

ICH

Stop or reduce anticoagulation; 

correcting blood clotting function

Conservative treatment 

or surgical intervention

Termination of the ECMO

Stop anticoagulation; 

correcting blood clotting function; 

observing

ROSB (aortic valve opening ok!) No ROSB (poor aortic valve opening) IABP; LV decompression

Flow, haemodynamics, PH, ABG, HCT , PLT, TEG; APTT, ACT

Observe  (UCG, flow, haemodynamics, PH, ABG, HCT, TEG; APTT, ACT, PLT)

Observe 2 (bleeding, pupil, nervous reflex, limb movement)

No

No

Yes

Yes

Figure 3 A flow chart to help physicians identify and manage ICH. PCA, peripartum cardiac arrest; CPR, cardiopulmonary resuscitation; 
ECMO, extracorporeal membrane oxygenation; ROSB, return of spontaneous beating; IABP, intra-aortic ballon pump; ABG, arterial blood 
gas; HCT, hematocrit; PLT, platelets; TEG, thrombelastography; APTT, activated partial thromboplastin time; ACT, activated clotting 
time; LV, left ventricle; UCG, ultrasonic cardiography; CT, computerized tomography; ICH, intracranial hemorrhage.
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thrombocytopenia and ICH must be treated with caution. 
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