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a b s t r a c t
Background: To examine whether venoarterial extracorporeal membrane oxygenation (VA-ECMO) improves survival of patients with acute pulmonary embolism (PE).
Methods: Following the PRISMA guidelines, a systematic search was conducted up to August 2019 of the
databases: PubMed/MEDLINE, EMBASE and Cochrane. All studies reporting the survival of adult patients
with acute PE treated with VA-ECMO and including four patients or more were included. Exclusion
criteria were: correspondences, reviews and studies in absence of a full text, written in other languages
than English or Dutch, or dating before 1980. Short-term (hospital or 30-day) survival data were pooled
and presented with relative risks (RR) and 95% conﬁdence intervals (95% CI). Also, the following predeﬁned factors were evaluated for their association with survival in VA-ECMO treated patients: age >
60 years, male sex, pre-ECMO cardiac arrest, surgical embolectomy, catheter directed therapy, systemic
thrombolysis, and VA-ECMO as single therapy.
Results: A total of 29 observational studies were included (N = 1947 patients: VA-ECMO N = 1138 and
control N = 809). There was no difference in short-term survival between VA-ECMO treated patients
and control patients (RR 0.91, 95% CI 0.71–1.16). In acute PE patients undergoing VA-ECMO, age > 60
years was associated with lower survival (RR 0.72, 95% CI 0.52–0.99), surgical embolectomy was associated with higher survival (RR 1.96, 95% CI 1.39–2.76) and pre-ECMO cardiac arrest showed a trend toward
lower survival (RR 0.88, 95% CI 0.77–1.01). The other evaluated factors were not associated with a difference in survival.
Conclusions: At present, there is insufﬁcient evidence that VA-ECMO treatment improves short-term survival of acute PE patients. Low quality evidence suggest that VA-ECMO patients aged ≤60 years or who received SE have higher survival rates. Considering the limited evidence derived from the present data, this
study emphasizes the need for prospective studies.
Protocol registration: PROSPERO CRD42019120370.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Massive pulmonary embolism (PE) is associated with poor survival.
The obstructive shock caused by massive PE can result in end-organ failure and cardiac arrest [1,2]. Venoarterial Extracorporeal Membrane Oxygenation (VA-ECMO) is increasingly used as a treatment strategy in
hemodynamically compromised patients with acute PE. VA-ECMO restores the circulation and unloads the right ventricle by bypassing the
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2.4. Deﬁnitions

pulmonary circulation. While circulation is restored, the PE can resolve
or be removed. So, in case of acute PE, VA-ECMO may be used as bridge
to recovery or bridge to treatment.
Although VA-ECMO enables haemodynamic stability and restores
tissue perfusion, it is unknown if this high-risk therapy will lead to
higher survival rates in acute PE patients. In addition, it is not clear
which patients would beneﬁt the most and for which patients this
highly invasive therapy with major complication rate would not be a
suitable treatment option.
In an attempt to investigate whether VA-ECMO treatment is beneﬁcial and if there are any factors associated with clinical outcome, we performed a systematic review and meta-analysis on the current available
evidence. The aim of this study is to examine whether VA-ECMO treatment is associated with an improved survival in acute PE patients and to
explore factors that may be associated with survival.

The primary outcome was short-term survival, deﬁned as hospital or 30-day survival. Long-term survival was deﬁned as ≥3-month
survival. Favourable neurological outcome was deﬁned as a cerebral
performance category (CPC) score of 1–2. As secondary outcome, factors were evaluated for their association with survival in patients
treated with VA-ECMO. The following pre-deﬁned factors were evaluated: age > 60 years, male sex, cardiac arrest occurring pre ECMO
initiation or during ECMO initiation (i.e., extracorporeal cardiopulmonary resuscitation, ECPR), surgical embolectomy, catheter directed therapy (i.e., thrombectomy or thrombolysis, CDT), systemic
thrombolysis and VA-ECMO as single therapy.
2.5. Data extraction
Two reviewers (M.K. and L.M.) extracted the data independently,
using a pre-deﬁned standardized data extraction form. Extracted data
were compared and in case of discrepancies the original articles were
checked. The pre-deﬁned data extraction included: study characteristics (e.g., author and study design), number of PE patients (categorized
in VA-ECMO and control), patient demographics (e.g., age and sex),
baseline characteristics (e.g., predisposing factors and extracorporeal
cardiopulmonary resuscitation, ECPR), treatment characteristics
(e.g., systemic thrombolysis and surgical embolectomy), clinical course
(e.g., complications) and clinical outcomes (e.g., survival and neurological outcome). We classiﬁed study design as descriptive study or cohort
study as described by Grimes et al. [4]
For the meta-analyses on factors associated with outcome, data were
collected from studies that reported individual patient outcomes of patients treated with VA-ECMO (survivors and non-survivors). In case
data were missing regarding the evaluated factors, we attempted to obtain this information by contacting the ﬁrst author.

2. Materials and methods
This study is performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [3]. It is listed in the PROSPERO register with registration number CRD42019120370.

2.1. Study eligibility criteria
To qualify for inclusion studies had to include adults (≥ 18 years)
with acute PE of any aetiology who received VA-ECMO treatment. We
also included studies that only contained a subgroup of acute PE patients with VA-ECMO. A control group (deﬁned as acute PE patients
without VA-ECMO treatment) was not necessary to qualify for inclusion. Studies were only included if they reported the primary outcome
(short-term survival) for PE patients that received VA-ECMO. Any type
of study (e.g., randomized trial, observational cohort, case-control,
case-series) containing four patients or more was included. Exclusion
criteria were studies that only involved patients with cardiac arrest or
shock due to other aetiologies than PE. Further, correspondences, reviews and studies in absence of a full text, written in other languages
than English or Dutch or dating before 1980 were also excluded.

2.6. Quality assessment
The quality of the individual studies and the certainty of evidence
were assessed by two independent reviewers (M.K. and L.M.). The overall quality / certainty of evidence was rated using the GRADE's approach.
[5] All included studies had an observational design and were therefore
evaluated using the Newcastle-Ottawa Scale (NOS) for the individual
quality assessment of non-randomized studies [6]. The NOS is a ‘starrating system’ divided in to three sections: the selection of the study
groups (max. 4 stars); the comparability of the groups (max. 2 stars);
and the ascertainment of respectively, either the exposure or outcome
of interest for case-control or cohort studies (max. 3 stars). The NOS
scoring system is classiﬁed as: poor quality 0–3 stars; fair quality 4–6
stars, good quality 7–9 stars. Discrepancies were resolved by discussion.

2.2. Search
A medical information specialist conducted a systematic search of
the following databases: PubMed/MEDLINE (OVID), EMBASE (OVID)
and the Cochrane Central Register of Controlled Trials (CENTRAL) up
to 5 August 2019. The full search is available in the Additional ﬁle Appendix 1. In summary, we integrated various search terms containing
‘extracorporeal life support’ combined with ‘pulmonary embolism’ applying the Boolean operator ‘AND’ using medical subject headings
(Mesh) and free terms. Synonyms were added to the search: ‘Extracorporeal membrane oxygenation’ or ‘ECMO’ or ‘ECLS’ combined with ‘pulmonary thromboembolism’ using the Boolean operator ‘OR’ to screen
on various synonyms.

2.7. Statistical analysis
First, we narratively described study, patient, clinical characteristics,
and outcomes for each included study. Studies were categorized as VAECMO with control or, only VA-ECMO patients without a control group.
Continuous variables were reported using mean and standard deviation
(SD) or median and 25–75% quartiles (IQR) where applicable. Categorical variables were reported using numbers and percentages.
Second, for the meta-analysis involving all controlled studies, association with survival was evaluated by calculating the pooled risk ratio
(RR) with 95% conﬁdence interval (95% CI). The RRs were compared
using the random-effects model and the DerSimonian and Laird
method. Because of the presence of multiple zero cells, a value of 0.5
was added to each cell. Forest plots were provided for our primary outcome (short-term survival) and secondary outcome (factors evaluated
for their association with survival in patients treated with VA-ECMO).

2.3. Study selection
Two reviewers (M.K. and L.M.) independently screened all titles and
abstracts. After selecting articles for full text screening, they discussed
any disagreements regarding inclusion or exclusion. Next, these selected papers were independently screened (by M.K. and L.M.) in full
text and if they met the selection criteria, they were included for data
extraction. Disagreements concerning inclusion or exclusion for this review were discussed and when needed a third reviewer (A.V.) was
consulted. All of the disagreements regarding eligibility were resolved.
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3. Results

Identification

Third, in a pre-deﬁned additional analysis we divided patients in
three subgroups: [1] Patients with obstructive shock before ECMO
placement; [2] Patients who experienced a cardiac arrest before or during ECMO placement; [3] these cardiac arrest patients were further divided in patients with ROSC before or during ECMO placement and
patients without ROSC during ECMO placement (i.e., ECPR) patients. A
loss of output and/or pulsatility during ECMO treatment was not taken
into account in these subgroups. To estimate summary effects sizes,
we used a single column meta-analysis technique. We synthesized a
weighted average proportion (effect size) by using a random effects
model. Due to the small sample size and some extreme proportions,
we used a double-arcsin transformation on the data. The forest plot
data were back transformed to proportions. With this analysis we
attempted to decrease the heterogeneity between studies.
For these meta-analyses, heterogeneity was assessed using I2 and
Tau2 statistics. In accordance with the Cochrane handbook, an I2 of
more than 40% was classiﬁed as substantial heterogeneity. [7] Egger regression tests and funnel plots were provided to assess publication bias.
A sensitivity analysis was performed to check if outlying studies inﬂuenced our results. In the factors that contained outliers, additional analysis with exclusion of these studies was performed. A two-sided p-value
of ≤0.05 was considered statistically signiﬁcant, except for Egger regression test in which a two-sided p-value of ≤0.10 was considered statistically signiﬁcant. We performed all analyses using the Meta package in R
studio, version 3.6.0.

3.1. Study selection
A total of 913 unique articles were retrieved during our search. We
assessed 91 articles full text for eligibility and included 29 articles for
this review, of which 24 articles reported individual patient outcome
data and were included in the meta-analysis [8-36]. All included studies
had an observational design. The reasons for exclusion of the articles are
listed in Fig. 1. Overall, a total number of 1947 acute PE patients were included in the studies. Of these patients, 1138 received VA-ECMO treatment and 809 patients did not receive VA-ECMO treatment (control
group). In the studies which reported the predeﬁned subgroups, 143
patients were reported as being in shock and 511 patients suffered a
cardiac arrest, of whom 106 patients received ECPR. The criteria and indications for the decision to initiate VA-ECMO in the included studies
are available in Additional ﬁle Table A.
3.2. Characteristics
Study characteristics are shown in Additional ﬁle Table B for the included studies. There were 20 descriptive studies and 9 retrospective
cohort studies. Patient characteristics of acute PE patients treated with
VA-ECMO and control patients are shown in the Additional ﬁle
Table C. The clinical course of patients is shown in Table 1.

1252 after search
325 Pubmed/Medline
914 EMBASE (ovid)
13 CENTRAL

Screening

279 duplicates removed

973 after deduplication

877 Exclusion after Title/Abstract screening

96 Full text screening

Eligibility

67 Exclusions:
- 40 conference papers
- 11 no mortality rates of ECMO patients
- 4 no mortality rates PE patients
- 3 only chronic pulmonary thrombectomy
- 2 abstract only
- 2 reviews
- 2 duplicates
- 2 n< 4 cases
- 1 same cohort as other included paper

Included

29 Included for systematic review

24 Included for meta-analysis

Fig. 1. Flowchart of study selection using PRISMA guidelines.
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7 (32)
22 (42)

AKI/CVVH

Other

Twelve of the included studies reported complication rates. The classiﬁcations/deﬁnitions of complications were not reported (most studies) or heterogeneous among the studies. In the Additional ﬁle Table D
the classiﬁcation of complications of individual studies is reported. The
incidence of complications differed widely, as shown in Table 1. Bleeding occurred in 8–100% of the patients, neurological complications (including neurological bleeding) in 8–76%, AKI/CVVH in 14–76%, and
VA-ECMO problems in 5–66% of the patients.

27 (52)

3.3. Complications

VA-ECMO problems 1 (5)
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3 (19)

2 (9)
3 (14)

13 (59)
20 (39)

16 (100)
0 (0)
11 (69)

22 (100)
1 (11)
14 (88)
2 (21)
5 (23)

8 (89)
0 (0)

58 (45)

3
8
13
14
15
16
24
25
26

Bougouin
Funakoshi
Mandigers
Meneveau
Minakawa
Moon
Kjaergaard
Shiomi
Takahashi

12
112
22
52
94
14
22
9
16

70
249
46
128
261
9
16
22
8

13 (25)

11 (79)
22 (100)

17 (33)

29 (26)

22 (100)
18 (35)
70 (100)
45 (18)
46 (100)
45 (35)
12 (100)
48 (43)
22 (100)
39 (75)

1 (7)
5 (23)

1 (5)

83 (74)
19 (86)
20 (38)

1 (7)
12 (55)

2 (9)
4 (8)

Neurological (incl
bleeding)
Bleeding
Systemic
thrombolysis
CDT
Surgical
Embolectomy
VA-ECMO
Control
Control

VA-ECMO

Control

VA-ECMO

ECPR (n, %)
Cardiac arrest (n, %)

VA-ECMO

Of the 24 studies included in the meta-analysis on patients treated
with VA-ECMO, 12 studies (n = 137) reported the age of individual
patients, 16 studies (n = 239) reported sex differences, 22 studies
(n = 330) reported cardiac arrest, 17 studies (n = 275) reported surgical embolectomy, 11 studies (n = 193) reported CDT, 15 studies (n =
225) reported systemic thrombolysis and 14 studies (n = 178) reported
VA-ECMO as single treatment.
Two factors were associated with a signiﬁcant difference in survival
(Additional ﬁle Table H). Age > 60 years was associated with lower
chance of survival, compared with age ≤ 60 years (RR 0.72, 95% CI
0.52–0.99). Surgical embolectomy was associated with higher chance
of survival, compared with patients who did not undergo surgical

Shock (n, %)

3.6. Factors associated with survival in patients with VA-ECMO

Number of PE
patients

Table 1a
Clinical course of massive pulmonary embolism patients treated with/without VA-ECMO. Studies including VA-ECMO and control patients.

Meta-analysis showed no difference in short-term survival for VAECMO treated patients and control patients (RR 0.91, 95% CI
0.71–1.16) (Fig. 2). The average weighted short-term survival proportion of VA-ECMO treated acute PE patients was 0.81 (95% CI
0.59–0.97) in shock patients, 0.50 (95% CI 0.39–0.60) in cardiac arrest
patients and 0.34 (95% CI 0.21–0.49) in ECPR patients (shown in
Fig. 3). The individual study results on survival outcomes of VA-ECMO
vs. control patients are summarised in Table 2. For the three VA-ECMO
treated subgroups (i.e., shock, cardiac arrest, and ECPR) results are
shown in Additional ﬁle Table F.
There was signiﬁcant heterogeneity between the studies regarding
short-term survival in shock patients and cardiac arrest patients. No signiﬁcant risk of publication bias was found. Additional ﬁle Table G shows
the assessment of heterogeneity and risk of publication bias for shortterm survival of VA-ECMO vs. control patients and per subgroup. Additional ﬁle Appendix 2 shows the funnel and inﬂuence plot of short-term
survival.
As mentioned, there were limited control groups available for the
subgroup analysis. Only two studies reported VA-ECMO patients with
a control group regarding survival outcomes in shock patients.
Kjaergaard et al. [14] (N = 38) showed a survival rate of 81.8% in the
control group and Takahashi et al. [16] (N = 24) showed a survival
rate of 100% in the VA-ECMO treated group as well as the control
group. For cardiac arrest three studies included a control group.
Mandigers et al. [10] (N = 68) showed a survival rate of 31.8% in the
VA-ECMO treated group and 10.9% in the control group. Kjaergaard
et al. [14] (N = 38) showed a survival rate of 54.5% in the VA-ECMO
treated group and 80% in the control group. Shiomi et al. [15] (N =
31) showed a survival rate of 100% in the VA-ECMO treated group and
50% in the control group.

Study

3.5. Short-term survival

Reperfusion therapy (type, n, %)

Complications (type, n, %)

According to the GRADE's approach, the certainty of the evidence
was low, as all included studies had an observational design and the
overall quality was fair to poor. Quality assessment of the individual
studies measured by the NOS resulted in a fair quality score for 22 studies and a poor quality score for 7 studies (Additional ﬁle Table E).

5 (24)
24 (46)

Infection

3.4. Quality assessment and certainty of evidence
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Al-Bawardy
Aso
Corsi
de Chambrun
Dennis
Dolmatova
George
Kawahito
Maggio
Malekan
Munakata
Omar
Pasrija
Swol
Sakuma
Hashiba
Maj
Tayama
Ius
Elbadawi

13
353
17
4
5
5
32
7
19
4
10
4
20
5
7
12
6
7
36
219

VA-ECMO

7 (100)

1 (14)
11 (58)
3 (75)
1 (10)
3 (75)
9 (90)
2 (50)
5 (25)
5 (100)
5 (71)
12 (100)
6 (100)
2 (29)
15 (42)

15 (82)
4 (100)
5 (100)
4 (80)
15 (47)
5 (71)
10 (53)

2 (12)
4 (100)

5 (100)

13 (100)

13 (100)

6 (50)
6 (100)

2 (10)
5 (100)

5 (71)
8 (42)

7 (41)
0 (0)
5 (100)

1 (17)
5 (71)
20 (56)
45 (20.4)

8 (80)
2 (50)
11 (55)
2 (40)
1 (14)

1 (20)
2 (6)
3 (43)
4 (21)

2 (12)

4 (31)

1 (14)
4 (33)
2 (33)

8 (80)
2 (50)
1 (5)

7 (37)

2 (40)
19 (59)

2 (12)

3 (23)

CDT

7 (35)
3 (60)
6 (86)
6 (50)
2 (33)
6 (86)
19 (53)
54 (24.9)

2 (20)

3 (60)
5 (16)
7 (100)
6 (32)

8 (47)

8 (62)

Systemic
thrombolysis

Reperfusion therapy (type, n, %)

VA-ECMO Surgical
Embolectomy

Cardiac arrest ECPR
(n, %)
(n, %)

VA-ECMO VA-ECMO

Shock
(n, %)

Only VA ECMO 1 (20)

RVAD 1 (25)

Other

VA-ECMO = veno arterial extracorporeal membrane oxygenation, PE = pulmonary embolism, ECPR = extracorporeal cardiopulmonary resuscitation.
CDT = catheter directed thrombectomy/thrombolysis.
RVAD = right ventricular assist device, AKI = acute kidney injury, CVVH = continuous veno venous hemoﬁltration.

1
2
4
5
6
7
9
10
11
12
17
18
19
20
21
22
23
27
28
29

Study

Number of PE
patients

Table 1b
Studies including only VA-ECMO patients, without control group.

6 (50)
2 (33)
3 (43)
3 (8)
59 (27)

2 (10)
3 (60)

14 (74)
4 (100)
10 (100)

11 (34)

15 (88)

7 (54)

Bleeding

2 (6)

1 (17)

1 (20)

5 (24)

1 (20)

4 (24)

Neurological (incl
bleeding)

Complications (type, n, %)

1 (17)

1 (10)

5 (24)

2 (12)

5 (14)

4 (20)

5 (24)

13 (76)

144 (66)

1 (17)

2 (40)

3 (14)

Infection AKI/CVVH VA-ECMO
problems

3 (50)
1 (14)
10 (28)

1 (5)

15 (79)

3 (60)

2 (12)

2 (15)

Other

M. Karami, L. Mandigers, D.D.R. Miranda et al.
Journal of Critical Care 64 (2021) 245–254

M. Karami, L. Mandigers, D.D.R. Miranda et al.

Journal of Critical Care 64 (2021) 245–254

Fig. 2. Short-term survival of VA-ECMO and control patients.

often insufﬁcient in patients with massive PE due to a right ventricle
outﬂow obstruction [39-41].
We performed a comprehensive systematic review evaluating
survival in VA-ECMO treated and control acute PE patients. To our
knowledge, this is the ﬁrst meta-analysis to examine the survival
for predeﬁned subgroups and predictors for survival in acute PE patients with VA-ECMO treatment. A previous review published in
2015 evaluating the role of ECMO in acute PE included 78 patients
treated with ECMO (11 case reports, 9 case series).[42] Although
we included studies reporting on 4 patients or more, we were able
to include 1138 patients treated with VA-ECMO in our review. The
difference in sample size between our and the previous review highlights the fact that VA-ECMO is increasingly utilized as a treatment
strategy in acute PE.
Despite the low evidence and lack of beneﬁt of VA-ECMO treatment
in the overall acute PE group, there may be a possible beneﬁt in the subgroup of patients who suffered a (refractory) cardiac arrest. More research is needed to ﬁnd out if VA-ECMO treatment could be beneﬁcial.
In severe shock patients as well as patients suffering (refractory) cardiac
arrest it is important to perform prospective studies to compare VAECMO treated patients with non-VA-ECMO treated patients. Cardiac arrest with or without ROSC before ECMO placement are different entities
which may have a very different prognosis. Unfortunately, most of the
included articles did not differentiate between these subgroups or report separate outcome. Future studies should clearly differentiate between patients who had a cardiac arrest but gained ROSC before
ECMO placement and patients with ECPR.
Additionally, the advantages or disadvantages of systemic thrombolysis in patients who are treated with VA-ECMO has to be investigated.
Also, in order to adequately compare therapies and their outcome, studies should more clearly report the indication and timing of reperfusion
therapies. For instance, the use of ECMO treatment prior to surgical intervention (and maintained during or removed after procedure) can
have a different indication and outcome than ECMO treatment after surgical intervention.
Perfusion therapy with thrombolysis resulted in a reduction of adverse outcome (i.e. combined end-point of mortality and recurrent
PE) in a population consisting mostly of high-risk PE patients with the
presence of cardiogenic shock. [2] The risk of severe bleeding with this
treatment is approximately 10%. However, if thrombolytic therapy is
combined with ECMO there is an additional increased risk of bleeding
(due to the need for vascular access) which should be taken into careful
consideration. The use of ECMO alone as reperfusion method could offer
an alternative, but is currently considered controversial. We speculate

emobolectomy (RR 1.96, 95%CI 1.39–2.76). Also, there was a trend toward a lower survival for patients who suffered a cardiac arrest prior
to or during VA-ECMO placement, compared to patients without cardiac
arrest (RR 0.88, 95% CI 0.77–1.01). Male sex, catheter directed therapy,
systemic thrombolysis and ECMO as single treatment were not associated with a difference in survival. Forest plots of the evaluated factors
are included in the Additional ﬁle Appendix 3: A-G.
Assessment of the risk of publication bias showed no signiﬁcant bias
for the evaluated factors. Also, no signiﬁcant heterogeneity was identiﬁed. The funnel plots are included in the Additional ﬁle Appendix 4:
A-G and the inﬂuence plots are included in the Additional ﬁle Appendix
5: A-G. Sensitivity analyses of the results by exclusion of outlying studies did not result in a signiﬁcant difference (Additional ﬁle Table I).
4. Discussion
In this systematic review and meta-analysis, we found insufﬁcient
evidence of short-term survival beneﬁt for VA-ECMO treatment in
acute PE patients. Furthermore, in acute PE patients who were treated
with VA-ECMO, we found that age ≤ 60 years and treatment with surgical embolectomy were associated with improved survival.
A possible explanation why VA-ECMO treatment did not improve
short-term survival in acute PE patients might be that patients who
needed VA-ECMO treatment may be more severely ill and hemodynamically compromised than patients without VA-ECMO treatment.
Furthermore, VA-ECMO treatment is associated with severe complications, which may counterbalance a possible beneﬁt of treatment.
In the broad continuum of obstructive shock, acute PE resulting
in a cardiac arrest is the most severe form of shock which probably
justiﬁes VA-ECMO treatment. Even in patients treated with ECPR,
we found a short-term survival rate of 34%. This is higher than the
survival rate of patients with cardiac arrest due to acute PE without
VA-ECMO treatment ranging from 8.5–18.3% as reported in previous
studies. [37,38]
In patients treated with VA-ECMO for acute PE, age ≤ 60 years and
surgical embolectomy were associated with higher chance of survival.
Furthermore, we found a trend (p = 0.06) toward lower survival in patients suffering a cardiac arrest before VA-ECMO treatment, compared
to non-cardiac arrest patients. Most probably, this higher survival indicates that younger patients and patients who are in a condition good
enough to undergo a surgical embolectomy, are the less ill patients
with a higher a priori chance of survival. The trend toward lower survival in cardiac arrest patients could be explained by the severity of
the illness as well as resuscitation difﬁculties, as conventional CPR is
250
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Fig. 3. Short-term survival of VA-ECMO patients per subgroup (shock, cardiac arrest and ECPR).

that in patients in whom ECMO treatment is deemed necessary a combination of ECMO and surgical intervention may be a better option than
ECMO combined with thrombolysis. However, with the current data it is
impossible to derive an evidence based recommendation regarding this
subject.

4.1. Limitations
Only limited evidence can be derived from the present data due to
the observational design of the included studies, only fair-poor quality
of the individual studies, relatively small sample sizes and substantial
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Table 2a
Survival outcomes of massive pulmonary embolism patients treated with/without VA-ECMO. Studies including VA-ECMO and control patients
Short-term survival (n, %)
Study

Long-term survival (n, %)

Deﬁnition

VA-ECMO

Control

3
Bougouin
8
Funakoshi
13 Mandigers

hospital
30 day
hospital

3/12 (25.0)
60/112 (53.6)
7/22 (31.8)

16/70 (22.9)
177/249 (71.1)
5/46 (10.9)

14
15
16
24

30-day
hospital/30-day
hospital
30 day

20/52 (38.5)
71/94 (75.5)
6/14 (42.8)
12/22 (54.5)

73/128 (57.0) 90-day
211/261 (80.8)
2/9 (22.2)
90-day
13/16 (81.3)
1 year

25 Shiomi

hospital

9/9 (100.0)

18/22 (81.8)

26 Takahashi

30 day

13/16 (81.3)

8/8 (100.0)

Meneveau
Minakawa
Moon
Kjaergaard

Deﬁnition VA-ECMO

Control

CPC 1/2 score of
survivors

Causes of death

VA-ECMO

Control

VA-ECMO

6/7 (86.0)

3/4 (75.0) Neurologic n= 11
(50.0),
hemodynamic n=2
(9.0), (multi)organ
dysfunction
syndrome n=2
(9.0)

Control

Neurologic
n=2 (4.3),
hemodynamic
n=39 (84.8)

18/52 (34.6) 68/128 (53.1)
6/14 (42.9)
10/22 (45.5) 9/13 (69.2)

Hemodynamic n=3 Neurologic
(13.6)
n=1 (6.3)
Neurologic
n=2 (22.2),
(multi) organ
dysfunction
syndrome
n=1 (4.5)
Neurologic n=2
(12.5), (multi)
organ dysfunction
syndrome n=1
(6.25)

Although we performed an extensive systematic review of the current available evidence regarding VA-ECMO treatment in acute PE, we
applied study selection criteria (exclusion of studies published before
the year 1980 and/or less than 4 patients and language restrictions
[i.e., only English/Dutch]) which may limit our ﬁndings.
Another limitation is that we were unable to analyse the effect of
complications in ECMO treated patients. ECMO is associated with

heterogeneity between the studies regarding the primary outcome. Due
to the observational nature of the studies there were discrepancies between ECMO and control patients which makes it difﬁcult to interpret
results. For example, the proportion of patients with cardiac arrest differed among ECMO and control patients in the studies performed by
Funakoshi, Meneveau, Kjaergaard and Takahashi. Also, the indication
for ECMO treatment differed among studies or was not reported.

Table 2b
Studies including only VA-ECMO patients, without control group.
1
2
4
5
6
7

Al-Bawardy
Aso
Corsi
de Chambrun
Dennis
Dolmatova

30 day
hospital
hospital
hospital
hospital
hospital

9/13 (69.2)
127/353 (36.0)
8/17 (47.1)
2/4 (50.0)
1/5 (20.0)
3/5 (60.0)

9
10
11

George
Kawahito
Maggio

hospital
hospital
hospital

17/32 (53.1)
4/7 (57.1)
11/19 (57.9)

12
17
18

Malekan
Munakata
Omar

hospital
30-day
hospital

4/4 (100.0)
7/10 (70.0)
1/4 (25.0)

19
20

Pasrija
Swol

hospital
hospital

19/20 (95.0)
2/5 (40.0)

21
22
23
27

Sakuma
Hashiba
Maj
Tayama

hospital
hospital

4/7 (57.1)
10/12 (83.3)
2/6 (33.3)
3/7 (42.9)

28

Ius

hospital

23/36 (63.9)

29
Total

Elbadawi

hospital

84/219 (38.4)
341/785 = 43.4%

1 year

6/13 (46.2)

90 day

8/17 (47.1)
2/2 (100.0)
1/1 (100.0)
Neurologic n= 1 (20.0), hemodynamic
n= 1 (20.0)

1 year

90-day

Hemodynamic n=2 (28.6)
Neurologic n=4 (21), hemodynamic
n=1 (5.2), (multi) organ dysfunction
syndrome n=1 (5.2)

11/19 (57.9)

19/20 (95.0)

19/19 (100.0)

(multi) organ dysfunction syndrome
n=1 (25.0)
Neurologic n=1 (5.0)
Neurologic n=1 (20), hemodynamic
n=2 (40.0)

7/10 (70.0)
Hemodynamic n=3 (42.9), (multi)
organ dysfunction syndrome n=1 (14.3)
Neurologic n=7 (19.4), hemodynamic
n=2 (5.6), (multi)organ dysfunction
syndrome n=2 (5.6)

VA-ECMO = veno arterial extracorporeal membrane oxygenation, CPC = cerebral performance category.
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[8] Bougouin W, Marijon E, Planquette B, Karam N, Dumas F, Celermajer DS, et al. Pulmonary embolism related sudden cardiac arrest admitted alive at hospital: management and outcomes. Resuscitation. 2017;115:135–40.
[9] Funakoshi H, Matsui H, Fushimi K, Yasunaga H. Variation in patient backgrounds,
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and neurological outcome with extracorporeal cardiopulmonary resuscitation for
refractory cardiac arrest caused by massive pulmonary embolism: a two center observational study. Resuscitation. 2018;136:8–13.
[11] Meneveau N, Guillon B, Planquette B, Piton G, Kimmoun A, Gaide-Chevronnay L,
et al. Outcomes after extracorporeal membrane oxygenation for the treatment of
high-risk pulmonary embolism: a multicentre series of 52 cases. Eur Heart J. 2018;
39(47):4196–204.
[12] Minakawa M, Fukuda I, Miyata H, Motomura N, Takamoto S, Taniguchi S, et al. Outcomes of pulmonary embolectomy for acute pulmonary embolism. Circ J. 2018;82
(8):2184–90.
[13] Moon D, Lee SN, Yoo KD, Jo MS. Extracorporeal membrane oxygenation improved
survival in patients with massive pulmonary embolism. Ann Saudi Med. 2018;38
(3):174–80.
[14] Kjaergaard B, Kristensen JH, Sindby JE, de Neergaard S, Rasmussen BS. Extracorporeal membrane oxygenation in life-threatening massive pulmonary embolism. Perfusion. 2019;34(6):467–74.
[15] Shiomi D, Kiyama H, Shimizu M, Yamada M, Shimada N, Takahashi A, et al. Surgical
embolectomy for high-risk acute pulmonary embolism is standard therapy. Interact
Cardiovasc Thorac Surg. 2017;25(2):297–301.
[16] Takahashi H, Okada K, Matsumori M, Kano H, Kitagawa A, Okita Y. Aggressive surgical treatment of acute pulmonary embolism with circulatory collapse. Ann Thorac
Surg. 2012;94(3):785–91.
[17] Al-Bawardy R, Rosenﬁeld K, Borges J, Young MN, Albaghdadi M, Rosovsky R, et al.
Extracorporeal membrane oxygenation in acute massive pulmonary embolism: a
case series and review of the literature. Perfusion (United Kingdom). 2019;34(1):
22–8.
[18] Aso S, Matsui H, Fushimi K, Yasunaga H. In-hospital mortality and successful
weaning from venoarterial extracorporeal membrane oxygenation: analysis of
5,263 patients using a national inpatient database in Japan. Crit Care. 2016;20:80.
[19] Corsi F, Lebreton G, Brechot N, Hekimian G, Nieszkowska A, Trouillet JL, et al. Lifethreatening massive pulmonary embolism rescued by venoarterial-extracorporeal
membrane oxygenation. Crit Care. 2017;21(1):76.
[20] De Chambrun MP, Brechot N, Hekimian G, Lebreton G, Schmidt M, Demondion P,
et al. Veno-arterial ECMO for refractory cardiogenic shock following cardiac arrest.
Annals of Intensive Care Conference: French Intensive Care Society, International
Congress Reanimation, 6(SUPPL. 1). ; 2016.
[21] Dennis M, McCanny P, D’Souza M, Forrest P, Burns B, Lowe DA, et al. Extracorporeal
cardiopulmonary resuscitation for refractory cardiac arrest: A multicentre experience. Int J Cardiol. 2017;231:131–6.
[22] Dolmatova EV, Moazzami K, Cocke TP, Elmann E, Vaidya P, Ng AF, et al. Extracorporeal membrane oxygenation in massive pulmonary embolism. Heart Lung. 2017;46
(2):106–9.
[23] George B, Davis G, Guglin M, Smyth S. Reply to: a protocolized approach to venoarterial extracorporeal membrane oxygenation for massive pulmonary embolism.
Resuscitation. 2018;126:e13.
[24] Kawahito K, Murata S, Adachi H, Ino T, Fuse K. Resuscitation and circulatory support
using extracorporeal membrane oxygenation for fulminant pulmonary embolism.
Artif Organs. 2000;24(6):427–30.
[25] Maggio P, Hemmila M, Haft J, Bartlett R. Extracorporeal life support for massive pulmonary embolism. J Trauma. 2007;62(3):570–6.
[26] Malekan R, Saunders PC, Yu CJ, Brown KA, Gass AL, Spielvogel D, et al. Peripheral extracorporeal membrane oxygenation: comprehensive therapy for high-risk massive
pulmonary embolism. Ann Thorac Surg. 2012;94(1):104–8.
[27] Munakata R, Yamamoto T, Hosokawa Y, Tokita Y, Akutsu K, Sato N, et al. Massive
pulmonary embolism requiring extracorporeal life support treated with catheterbased interventions. Int Heart J. 2012;53(6):370–4.
[28] Omar HR, Miller J, Mangar D, Camporesi EM. Experience with extracorporeal membrane oxygenation in massive and submassive pulmonary embolism in a tertiary
care center. Am J Emerg Med. 2013;31(11):1616–7.
[29] Pasrija C, Kronﬂi A, George P, Raithel M, Boulos F, Herr DL, et al. Utilization of Venoarterial extracorporeal membrane oxygenation for massive pulmonary embolism.
Ann Thorac Surg. 2018;105(2):498–504.
[30] Swol J, Buchwald D, Strauch J, Schildhauer TA. Extracorporeal life support (ECLS) for
cardiopulmonary resuscitation (CPR) with pulmonary embolism in surgical patients
- a case series. Perfusion. 2016;31(1):54–9.
[31] Sakuma M, Nakamura M, Yamada N, Nakano T, Shirato K. Percutaneous cardiopulmonary support for the treatment of acute pulmonary embolism: summarized review of the literature in Japan including our own experience. Ann Vasc Dis. 2009;2
(1):7–16.
[32] Hashiba K, Okuda J, Maejima N, Iwahashi N, Tsukahara K, Tahara Y, et al. Percutaneous cardiopulmonary support in pulmonary embolism with cardiac arrest. Resuscitation. 2012;83(2):183–7.
[33] Maj G, Melisurgo G, De Bonis M, Pappalardo F. ECLS management in pulmonary embolism with cardiac arrest: which strategy is better? Resuscitation. 2014;85(10):
e175–6.
[34] Tayama E, Takaseya T, Hiratsuka R, Akasu K, Teshima H, Hayashida N, et al. Percutaneous cardiopulmonary support for treatment of massive pulmonary embolism. J
Artif Organs. 2002;5(4):228–32.

several major adverse events such as bleeding and this should be properly investigated. However, due to heterogeneity among the included
studies or the absence of classiﬁcation of complications this analysis
could not be performed in this meta-analysis.
5. Conclusions
At present, there is insufﬁcient evidence that VA-ECMO treatment
improves survival of acute PE patients. Low quality evidence suggest
that VA-ECMO patients aged ≤60 years or who received SE have higher
short-term survival rates. Considering the limited evidence derived
from the present data, this study emphasizes the need for prospective
studies.
Ethics approval
Not applicable.
Consent for publication
Not applicable.
Data availability
The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.
Authors' contributions
MK and LM conducted the study, performed the analysis and wrote
the manuscript. AV, JH, DM and CU were responsible for the design of
the study and ﬁnal version of the manuscript. DK contributed in the primary design and data collection. WR and JB contributed to the statistical
design and analysis. All authors read and approved the ﬁnal manuscript.
Funding
None.
Declaration of Competing Interest
The authors declare that they have no competing interest.
Acknowledgements
None.
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2021.03.006.
References
[1] Alotaibi GS, Wu C, Senthilselvan A, McMurtry MS. Secular trends in incidence and
mortality of acute venous thromboembolism: The AB-VTE Population-Based study.
Am J Med. 2016;129(8) 879.e19–25.
[2] Konstantinides SV, Meyer G. The 2019 ESC guidelines on the diagnosis and management of acute pulmonary embolism. Eur Heart J. 2019;40(42):3453–5.
[3] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.
[4] Grimes DA, Schulz KF. An overview of clinical research: the lay of the land. Lancet
(London, England). 2002;359(9300):57–61.
[5] Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, et al. GRADE
guidelines: 3. Rating the quality of evidence. J Clin Epidemiol. 2011;64(4):401–6.
[6] Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle–
Ottawa scale (NOS) for assessing the quality if nonrandomized studies in metaanalyses; 2009.
[7] Higgins J, Green S. Cochrane handbook for systematic reviews of interventions.
version 5.1 ed; 2011.
253

M. Karami, L. Mandigers, D.D.R. Miranda et al.

Journal of Critical Care 64 (2021) 245–254
[39] Logan JK, Pantle H, Huiras P, Bessman E, Bright L. Evidence-based diagnosis and
thrombolytic treatment of cardiac arrest or periarrest due to suspected pulmonary
embolism. Am J Emerg Med. 2014;32(7):789–96.
[40] Kurkciyan I, Meron G, Sterz F, Janata K, Domanovits H, Holzer M, et al. Pulmonary
embolism as a cause of cardiac arrest: presentation and outcome. Arch Intern
Med. 2000;160(10):1529–35.
[41] Yousuf T, Brinton T, Ahmed K, Iskander J, Woznicka D, Kramer J, et al. Tissue plasminogen activator use in cardiac arrest secondary to fulminant pulmonary embolism. J Clin Med Res. 2016;8(3):190–5.

[35] Ius F, Hoeper MM, Fegbeutel C, Kuhn C, Olsson K, Koigeldiyev N, et al. Extracorporeal
membrane oxygenation and surgical embolectomy for high-risk pulmonary embolism. Eur Respir J. 2019;53(4).
[36] Elbadawi A, Mentias A, Elgendy IY, Mohamed AH, Syed MH, Ogunbayo GO, et al. National trends and outcomes for extra-corporeal membrane oxygenation use in highrisk pulmonary embolism. Vasc Med. 2019;24(3):230–3.
[37] Javaudin F, Lascarrou JB, Le Bastard Q, Bourry Q, Latour C, De Carvalho H, et al.
Thrombolysis during resuscitation for out-of-hospital cardiac arrest caused by pulmonary embolism increases 30-day survival: ﬁndings from the French National Cardiac Arrest Registry. Chest. 2019;156(6):1167–75.
[38] Er F, Nia AM, Gassanov N, Caglayan E, Erdmann E, Hoppe UC. Impact of rescuethrombolysis during cardiopulmonary resuscitation in patients with pulmonary embolism. PLoS One. 2009;4(12):e8323.

254

