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Use of extracorporeal membrane oxygenation in 
patients with acute high-risk pulmonary embolism:  
a case series with literature review 

Background: Although extracorporeal membrane oxygenation (ECMO) has been used for the 
treatment of acute high-risk pulmonary embolism (PE), there are limited reports which focus 
on this approach. Herein, we described our experience with ECMO in patients with acute 
high-risk PE. 
Methods: We retrospectively reviewed medical records of patients diagnosed with acute high-
risk PE and treated with ECMO between January 2014 and December 2018.
Results: Among 16 patients included, median age was 51 years (interquartile range [IQR], 38 
to 71 years) and six (37.5%) were male. Cardiac arrest was occurred in 12 (75.0%) including 
two cases of out-of-hospital arrest. All patients underwent veno-arterial ECMO and median 
ECMO duration was 1.5 days (IQR, 0.0 to 4.5 days). Systemic thrombolysis and surgical embo-
lectomy were performed in seven (43.8%) and nine (56.3%) patients, respectively including 
three patients (18.8%) received both treatments. Overall 30-day mortality rate was 43.8% 
(95% confidence interval, 23.1% to 66.8%) and 30-day mortality rates according to the treat-
ment groups were ECMO alone (33.3%, n=3), ECMO with thrombolysis (50.0%, n=4) and 
ECMO with embolectomy (44.4%, n=9).   
Conclusions: Despite the vigorous treatment efforts, patients with acute high-risk PE were 
related to substantial morbidity and mortality. We report our experience of ECMO as rescue 
therapy for refractory shock or cardiac arrest in patients with PE.
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INTRODUCTION

Acute pulmonary embolism (PE) is the most serious clinical presentation of venous throm-

boembolism which causes obstructive shock and hemodynamic instability [1-3]. It is strati-

fied based on the early PE-related mortality risk and the high-risk group is defined as the pa-

tients who have shock or systemic hypotension [2,3]. Despite the expedited lifesaving treat-

ments such as systemic thrombolysis and surgical embolectomy, unfortunately, acute high-

risk PE is associated with significant morbidity and mortality [2-5]. 

http://crossmark.crossref.org/dialog/?doi=10.4266/acc.2019.00500&domain=pdf&date_stamp=2019-05-31
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  Veno-arterial extracorporeal membrane oxygenation (V-A 

ECMO) which bypasses both lungs and heart is a potentially 

lifesaving therapeutic option by providing hemodynamic and 

respiratory support in patients with acute high-risk PE [5-7]. It 

may serve as a bridge therapy to systemic thrombolysis or sur-

gical embolectomy or as a stand-alone therapy without pri-

mary reperfusion, which supports patients mechanically while 

waiting for the activation of innate physiologic thrombolysis 

[5-7]. To date, however, there have been limited reports de-

scribing this approach and the literatures still have not pro-

vided sufficient evidence whether the ECMO is an effective 

therapeutic option for the acute high-risk PE [2,3,8]. In this 

context, we described our experience with ECMO in patients 

with acute high-risk PE and reviewed the related literatures. 

MATERIALS AND METHODS

Study Design and Data Collection
The study was performed at Asan Medical Center, a tertiary 

referral teaching hospital in Seoul, Korea, where the annual 

ECMO volume is > 200 cases. The data were retrospectively 

collected from adult patients ( ≥ 19 years old) who were diag-

nosed with acute high-risk PE and treated with ECMO between 

January 2014 and December 2018. According to the latest Amer-

ican Heart Association and European Society of Cardiology 

guidelines, the acute high-risk PE was defined as suspected or 

confirmed acute PE in the presence of shock or persistent ar-

terial hypotension and patients whose systolic blood pressure 

< 90 mmHg or drop by ≥ 40 mmHg for > 15 minutes were re-

garded as having a persistent arterial hypotension [2,3]. In our 

institution, ECMO was performed by a specialized ECMO team 

which consists of cardiothoracic surgeons and perfusionists. 

Because we included patients with acute high-risk PE who re-

quire urgent cardiopulmonary and respiratory support, pe-

ripherally inserted V-A ECMO of which drainage cannulation 

at femoral vein and return cannulation at femoral artery was 

primarily considered as an initial configuration in all cases. 

  Data on baseline characteristics were retrieved at the time 

of diagnosis, which include age, gender, body mass index, smok-

ing history, comorbidities, predisposing factors for venous 

thromboembolism, presenting symptoms and signs, and diag-

nostic modalities. We also investigated major procedures per-

formed for the treatment of acute high-risk PE including sys-

temic thrombolysis and surgical embolectomy. Clinical out-

comes were compared in terms of 30-day mortality rate and 

ECMO weaning rate according to the treatment modalities; 

thrombolysis group vs. nonthrombolysis group and embolec-

KEY MESSAGES 

■ �Overall 30-day mortality rate was 43.8% in patients with 
acute high-risk pulmonary embolism who required he-
modynamic and respiratory support with extracorpore-
al membrane oxygenation (ECMO).

■ �We divided three group of patients such as ECMO alone, 
ECMO with thrombolysis, and ECMO with embolectomy.

■ �ECMO was treated in conjunction with either systemic 
thrombolysis or surgical embolectomy in patients with 
acute high-risk pulmonary embolism.

tomy group vs. non-embolectomy group. Complications were 

investigated and compared according to the treatment groups 

as well. 

  The study was performed according to the Helsinki Decla-

ration and approved by the Institutional Review Board of Asan 

Medical Center (IRB No. 2019-0359). The informed consent 

was waived because of the retrospective nature of the study.

Statistical Analysis
Continuous variables were summarized using means with 

standard deviations and categorical variables were summa-

rized using frequencies with proportions. Kaplan-Meier curves 

were plotted for the survival analyses. Statistical analyses were 

performed using IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, 

USA). 

RESULTS

Baseline Characteristics
We identified 16 patients with acute high-risk PE who were 

treated with ECMO between January 2014 and December 2018. 

Table 1 describes the baseline characteristics of included pa-

tients. The median age was 51 years (interquartile range [IQR], 

38 to 71 years) and six patients (37.5%) were male. The most 

common predisposing factor for venous thromboembolism 

was recent hospitalization (n = 7, 43.7%) followed by active 

cancer (n = 6, 37.5%) and recent invasive vascular procedures 

(n = 5, 31.2%). Four patients (25.0%) were pregnant at the time 

of diagnosis and previous history of venous thromboembo-

lism was reported in one patient (6.2%). 

Initial Presentation and Diagnosis
Initial symptoms and signs and the diagnostic modalities are 

described in Table 2. The most common initial presentation 

was dyspnea (n=6, 37.5%) followed by hemodynamic collapse 
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(n =4, 25.0%). Cardiac arrest was reported in 12 (75.0%) includ-

ing two cases occurred at out-of-hospital in Figure 1. Among 

13 patients who performed computed tomography (CT) angi-

ography, right ventricle strain pattern which was defined as 

the ratio of right ventricle and left ventricle ratio > 1 was ob-

served in 12 patients (92.3%). The diagnosis was confirmed 

without CT angiography in three patients (18.8%). Two pa-

tients were suspected of acute PE on echocardiography and 

the diagnosis was confirmed during surgical embolectomy. A 

patient was presented with cardiac arrest and initially suspect-

ed of acute coronary syndrome. He was transferred for coro-

nary angiography, but the there was no abnormality in coro-

nary arteries and acute PE was diagnosed during pulmonary 

angiography. Echocardiography was performed in all patients 

of which 15 (93.8%) showed right ventricular dilatation and 

dysfunction.

Therapeutic Procedures 
Procedures performed for the treatment of acute high-risk PE 

are described in Table 3. All patients required mechanical sup-

port with V-A ECMO and the median ECMO duration was 1.5 

days (IQR, 0.0 to 4.5 days). Among 16 patients included, three 

(18.8%) were treated with ECMO alone and 13 (81.3%) were 

bridged to one or more primary reperfusion therapies such as 

systemic thrombolysis and surgical embolectomy. Systemic 

thrombolysis and surgical embolectomy were performed in 

seven patients (43.8%) and nine patients (56.3%), respectively 

including three patients (18.8%) who received both treatments; 

in these patients, systemic thrombolysis was followed by sur-

gical embolectomy because of persistent shock and systemic 

hypotension. No catheter-based thrombolysis was performed 

because it was not available in our hospital. 

Clinical Outcomes and Complications
The overall 30-day mortality was occurred in seven patients 

(43.8%) and the ECMO was successfully weaned in 10 patients 

(62.5%) (Table 4, Figure 2). The most common complication 

was bleeding (n = 9, 56.3%) which requires transfusion of ≥ 2 

packed red blood cells. Cerebrovascular accident and arterial 

ischemia were reported in one patient (6.2%), respectively, 

and both were assessed to be associated with ECMO support.

Table 1. Baseline characteristics of the included patients

Variable Value (n=16)

Age (yr) 51 (38–71)

Male 6 (37.5)

Body mass index (kg/m2) 25.0 (22.6–32.7)

Smoking 2 (12.5)

Comorbidity

   Diabetes 4 (25.0)

   Hypertension 4 (25.0)

   Chronic kidney disease 0

Predisposing factor

   Recent hospitalization  7 (43.7)

   Active cancer  6 (37.5)

   Recent invasive procedure  5 (31.2)

   Pregnancy  4 (25.0)

   Immobilization 3 (18.8)

   History of venous thromboembolism 1 (6.2)

   Recent trauma 1 (6.2)

   Hormone therapy 0 

   Thrombophilia 0 

Values are presented as median (interquartile range) or number (%).

Table 2. Initial presentation and diagnosis of acute high-risk pul-
monary embolism

Variable Value (n=16)

Initial symptom

   Dyspnea  6 (37.5)

   Hemodynamic collapse  4 (25.0)

   Syncope  3 (18.8)

   Altered mentality  2 (12.5)

   Leg pain or swelling 1 (6.2)

Cardiac arrest 12 (75.0)

   In-hospital 10 (83.3)

   Out-of-hospital  2 (16.7)

CT angiography 13 (81.2)

   Saddle pulmonary embolism on CT 9 (69.2)

   RV strain on CT 12 (92.3)

Echocardiography  16 (100.0)

   RV dysfunction 15 (93.8)

   RV dilatation 15 (93.8)

   LV ejection fraction (%)  21 (9–53)

Laboratory finding

   D-dimer (μg/ml) 24.1 (6.7–35.2)

   CK-MB (ng/ml) 4.0 (1.8–9.2)

   Troponin I (pg/ml) 0.3 (0.1–1.2)

   BNP (pg/ml) 171 (65–347)

   Lactate (mmol/L)  9.4 (4.9–13.3)

Values are presented as number (%) or median (interquartile range).
CT: computed tomography; RV: right ventricle; LV: left ventricle; CK-
MB: creatine kinase-muscle/brain; BNP: brain natriuretic peptide.
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Table 3. Treatment of acute high-risk pulmonary embolism

Variable Value (n=6)

ECMO 16 (100.0)

   Duration (day)  1.5 (0.0–4.5)

   V-A ECMO 16 (100.0)

   Central V-A ECMO 2 (12.5)

IVC filter 2 (12.5)

Treatment strategy

   ECMO alone 3 (18.8)

   ECMO+systemic thrombolysis 4 (25.0)

   ECMO+surgical embolectomy 6 (37.5)

   ECMO+systemic thrombolysis+surgical embolectomy 3 (18.8)

Values are presented as number (%) or median (interquartile range).
ECMO: extracorporeal membrane oxygenation; V-A: veno-arterial; IVC: 
inferior vena cava.

Table 4. Clinical outcomes and complications according to treat-
ment strategies

Variable
ECMO alone 

(n=3)

ECMO with 
thrombolysis 

(n=4)

ECMO with 
embolectomy 

(n=9)

30-Day mortality 1 (33.3) 2 (50.0) 4 (44.4)

ECMO weaning 2 (66.7) 2 (50.0) 6 (66.7)

Bleeding 1 (33.3) 1 (25.0) 7 (77.8)

Cerebrovascular event 0 0 1 (11.1)

Wound infection 0 1 (25.0) 1 (11.1)

Arterial ischemia 0 0 1 (11.1)

Recurrent DVT 0 0 1 (11.1)

CTEPH 0 0 0 

Values are presented as number (%).
ECMO: extracorporeal membrane oxygenation; DVT: deep vein throm-
bosis; CTEPH: chronic thromboembolic pulmonary hypertension.

  In Figure 1, we described 30-day mortalities and causes of 

death according to the treatment strategies. Despite the vigor-

ous treatment efforts, substantial mortalities were reported in 

each treatment group (33.3%–50.0%). The most common cause 

of death was cardiogenic shock (n = 5, 71.4%). Cerebral anoxia 

and multiorgan failure were reported in a case (6.3%), respec-

tively. We also compared clinical outcomes and complications 

according to the treatment groups; 30-day mortality rate was 

43.8% (95% confidence interval, 23.1% to 66.8%) and 30-day 

mortality rates according to the treatment groups was ECMO 

Figure 1. (A) A timeline of treatment strategies and 30-day mortalities. (B) A flowchart of treatment strategies and 30-day mortalities with 
causes of death. PE: pulmonary embolism; ECMO: extracorporeal membrane oxygenation; ECPR: extracorporeal cardiopulmonary resuscita-
tion. 

16 Massive PE

12 Cardiac arrest
ECMO=ECPR

2 ECMO

2 Embolectomy
2 Death 

5 Thrombolysis
          2 Death
          1 Survival

2 Thrombolysis

2 ECMO
1 Survival 

1 Embolectomy
1 Survival 

4 Non-cardiac arrest

4 Embolectomy
          1 Death 
          3 Survival 

2 Embolectomy
          1 Death 
          1 Survival 

3 ECMO alone
          1 Death 
          2 Survival 

3 ECMO alone

30-Day mortality, 33.3% 
(n=1) 

1 Cardiogenic shock

30-Day mortality, 50.0% 
(n=2) 

2 Cardiogenic shock

4 ECMO+  
thrombolysis

30-Day mortality, 50.0% (n=3)
       2 Cardiogenic shock
       1 Cerebral anoxia

6 ECMO+ 
embolectomy

 30-Day mortality, 33.3%  
(n=1)

1 Multiorgan failure

3 ECMO+thrombolysis+ 
embolectomy

16 High-risk PE treated 
with ECMO

A

B
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alone (n = 3, 33.3%), ECMO with thrombolysis (n = 4, 50.0%) 

and ECMO with embolectomy (n = 9, 44.4%) (Table 4).

  We showed outcome of patients by initial cardiac arrest or 

not (Table 5). Besides four peripartum patients were included. 

After C-sec, PE developed three patients and a patient after 

D&C due to ectopic pregnancy. We did all four patients ECPR, 

one patient died during extracorporeal cardiopulmonary re-

suscitation, and three patients survived. Among three pa-

tients, one patient received thrombolysis, one for embolecto-

my, and one for ECMO alone.

DISCUSSION

The management of acute high-risk PE requires multifaceted 

approaches including hemodynamic and respiratory support 

in addition to anticoagulation and primary reperfusion thera-

py [2,3]. Several approaches have been suggested to provide 

hemodynamic and respiratory support, which includes fluid 

challenge, use of vasopressors and inotropes, inhalation of ni-

tric oxide, and mechanical ventilation with minimal positive 

end expiratory pressure. However, none has been proved to 

provide sufficient hemodynamic and respiratory support in 

patients with acute high-risk PE [2,3,9-12]. Recently, there is 

an increasing attention to the utilization of ECMO in the treat-

ment of acute PE which causes hemodynamic instability [5]. 

But the notion is only supported by occasional case reports 

and patient series and the literatures still have not provided 

sufficient evidence whether the ECMO is an effective option 

for the treatment of acute high-risk PE [2,3,5-8,13-15].

  In this consecutive case series, we presented our data on 16 

patients with confirmed acute high-risk PE who required both 

hemodynamic and respiratory support with V-A ECMO. Sys-

temic thrombolysis and surgical embolectomy were performed 

in seven and nine patients, respectively including three patients 

Table 5. ECMO outcomes and ICU events according to CPR

Outcome/event Non-CPR (n=4) CPR (n=12)

30-Day mortality 2 (50.0)  5 (41.7)

In-hospital mortality 2 (50.0)  7 (58.3)

Total mortality 2 (50.0)  7 (58.3)

ECMO duration (day) 5.2±5.3 3.0±4.6

ICU LOS (day) 8.5±5.3 12.3±15.2

Hospital LOS (day) 25.8±19.9 46.7±56.8

Thrombolysis 2 (50.0)  5 (41.7)

Embolectomy 3 (75.0)  6 (50.0)

Acute kidney injury requiring RRT 2 (50.0)  7 (58.3)

Cerebrovascular event 0 1 (8.3)

Wound infection 0  2 (16.7)

Artery ischemia 0 1 (8.3)

Recurrent DVT 1 (25.0) 0 

CTEPH 0 0 

Values are presented as number (%) or mean±standard deviation.
ECMO: extracorporeal membrane oxygenation; ICU: intensive care unit; 
CPR: cardiopulmonary resuscitation; LOS: length of stay; RRT: renal re-
placement therapy; DVT: deep vein thrombosis; CTEPH: chronic throm-
boembolic pulmonary hypertension.

Figure 2. Thirty-day mortality. CI: confidence interval.
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who received both treatments. Despite the vigorous therapeu-

tic efforts, patients with acute high-risk PE had significant mor-

bidity and mortality and seven patients (43.8%) died within 30 

days from the initial diagnosis. The overall 30-day mortality 

rate, 43.8%, reported in our study seems to be high, but is sim-

ilar to the results reported in other studies which support the 

potential benefit of ECMO in patients with acute high-risk PE 

[6,7,13-15]. Moreover, in the present study, three-quarters of 

patients were initially presented with cardiac arrest which is a 

well-known risk factor for mortality even when full standard 

resuscitative efforts are employed [5,16]. Considering the high-

er mortality rate in patients with acute PE who developed car-

diac arrest, which ranges from 52% to 65% [17], further study 

is needed for the potential benefit of ECMO in patients with 

acute high-risk PE. 

  Historically surgical embolectomy was the treatment of choice 

for acute PE which causes shock or systemic hypotension, but 

less invasive procedures such as systemic thrombolysis have 

been introduced during last decades [5,18,19]. Currently, both 

treatments are recommended by the latest clinical guidelines 

and, in a recent systematic review, there is no evidence that 

one is superior to the other treatment particularly in patients 

treated with ECMO [2,3,5]. In the present study, 30-day mor-

tality rates and ECMO weaning rates were similar among treat-

ments.
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  Treatment with ECMO alone also may be considered in 

some patients with acute high-risk PE. It has been shown that 

the recovery of right ventricle and hemodynamic improve-

ment may be achieved within 5 days from the ECMO support 

by the activation of innate physiologic thrombolysis [17]. In 

our study, three patients were treated with ECMO alone with-

out any primary reperfusion therapy. Although one of them, 

who was initially presented with out-of-hospital cardiac arrest 

and required > 30 minutes until the initiation of ECMO sup-

port, died within a few hours after admission, the remaining 

are survived without other invasive procedures. This approach 

may be beneficial by avoiding potential risks of primary re-

perfusion therapy such as major bleeding and surgical site in-

fection, but currently there are limited data regarding who will 

be successfully bridged to recovery or who will require prima-

ry reperfusion therapy. Further studies are required to assess 

the clinical outcomes and prognostic factors in patients with 

acute high-risk PE, treated with ECMO support alone.

  There are several limitations in our study. The study was 

retrospectively performed in a single center and may be prone 

to bias. The relatively small number of patients included in 

the study also limit the generalization of results. Nonetheless, 

it should be noted that this is an area where the randomized 

controlled trials are virtually impossible and the results from 

cases reports and patient series are important to guide clinical 

practices. 

  In conclusion, despite the vigorous treatment efforts, pa-

tients with acute high-risk PE were related to substantial mor-

bidity and mortality. We report our experience of ECMO as 

rescue therapy for refractory shock or cardiac arrest in patients 

with PE. Further investigations are required in larger samples 

to confirm our findings. 
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