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 Background: Left ventricular decompression is the primary method for solving VA-ECMO-induced LV afterload increase, but 
the effect of specific methods on patient outcomes and complications is unknown.

 Material/Methods: We searched for all published reports conducted in patients undergoing ECMO combined with LVD. Statistical 
analyses were performed using Stata 12.0.

 Results: The results showed that the risk of death with ECMO combined with LVD was 29% lower than that with ECMO 
alone (OR=0.71, 95% CI: 0.56–0.89, I2=59.5%, P<0.001). Although the risk of death with ECMO combined oth-
er LV decompression techniques was higher than that with ECMO combined with IABP, the difference was not 
statistically significant (OR=1.27, 95% CI: 0.86–1.87, I2=44.0%, P=0.057). In addition, the ORs values of hem-
orrhage, stroke/acute episodes, lower-limb ischemia, and hemolysis for ECMO combined with LVD were 0.69 
(0.66–0.71), 0.82 (0.78–0.89), 0.71 (0.30–1.66), and 0.48 (0.16–1.39), respectively. The risk of complications, 
such as stroke/TIA, limb ischemia, and hemolysis, of ECMO combined with IABP was lower than that of ECMO 
combined other LV decompression techniques, and the risk of bleeding was higher for ECMO combined with 
IABP.

 Conclusions: ECMO combined with LVD is more beneficial than using ECMO alone and helps to lower patient mortality.

 MeSH Keywords: Extracorporeal Membrane Oxygenation • Intra-Aortic Balloon Pumping • Mortality • Postoperative 
Complications • Ventricular Outflow Obstruction

 Abbreviations: AMI – acute myocardial infarction; CVP – central venous pressure; IABP – intra-aortic balloon pumping; 
LV – left ventricular; VADs – left ventricular assist devices; LVD – left ventricular decompression; 
RCTs – randomized controlled trials; RR – relative risk; STEMI – ST-elevation myocardial infarction; 
LVEDP – left ventricular end-diastolic pressure; VA-ECMO – veno-arterial extracorporeal membrane 
oxygenation
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Background

Cardiogenic shock is a clinical syndrome resulting from left, 
right, or biventricular dysfunction that eventually leads to circu-
latory failure and multiple organ dysfunction [1]. Acute myocar-
dial infarction (AMI), especially ST-elevation myocardial infarc-
tion (STEMI), is the most common cause of cardiogenic shock. 
In addition, the causes of non-acute coronary syndrome can 
also result in cardiogenic shock [2]. Cardiogenic shock is now 
considered an acute and lethal disorder in the ICU. The main 
presentation of cardiogenic shock is hemodynamic instability, 
and it can even progress to refractory shock, which is associ-
ated with a mortality rate of approximately 50% [3].

In cardiogenic shock, ventricular abnormalities mainly mani-
fest as irreversible contraction and diastolic dysfunction, lead-
ing to reduced cardiac output, increased ventricular diastolic 
pressure, and decreased coronary perfusion pressure. Left ven-
tricular (LV) dysfunction and ischemia are the most common 
complications, elevating left atrial pressure, leading to pulmo-
nary edema, hypoxia, pulmonary blood vessel convulsion, and 
worsening ischemia [4,5]. Fluids, vasopressors, and inotropes 
are usually used to assure cardiac output and oxygen delivery. 
However, the effects of treatment are often not ideal because 
escalating doses of vasopressors and inotropes are related to 
higher mortality [6,7]. Thus, mechanical circulatory support 
may improve the management of refractory cardiogenic shock.

Currently, the most popular and useful method for restoring 
cardiac function and improving cardiac output is extracorpo-
real membrane oxygenation (ECMO). Veno-arterial ECMO (VA-
ECMO) provides cardiopulmonary support for patients whose 
heart and lungs are unable to survive. It is also a bridge to myo-
cardial recovery or heart transplantation in cases of refractory 
cardiogenic shock [8]. Currently, VA-ECMO is widely recognized 
as a first-line treatment in the clinic. However, from the clin-
ical perspective, ECMO does not improve cardiac function or 
promote cardiac output as much as expected. In fact, ECMO 
can only help cardiogenic shock patients achieve LV function 
but cannot improve LV function during left ventricular (LV) fail-
ure. However, VA-ECMO often increases left ventricular after-
load and increases the stress on an already dysfunctional left 
ventricle [9,10]. This phenomenon results in retrograde aor-
tic flow that can increase left ventricular end-diastolic pres-
sure (LVEDP), which leads to severe pulmonary edema and 
increased wall stress and myocardial oxygen consumption, 
ultimately impairing myocardial recovery and increasing mor-
tality. As ECMO appears to be the most appropriate way to 
replace cardiac function, determining how to unload the left 
ventricle during ECMO administration is essential.

In a recent study, researchers found that left ventricular decom-
pression, such as ECMO combined IABP and ECMO combined 

other LV decompression techniques (like ventricular assist de-
vice, surgical atrial septostomy, or left ventricular drainage), 
might be useful in decreasing LV afterload [11,12]. The com-
bination of ECMO and left ventricular decompression (LVD) 
may be a potential treatment for patients on ECMO who have 
LV dysfunction. However, studies have shown wide variations 
in clinical results regarding IABP and surgical methods during 
ECMO [13,14]. The combination of ECMO and LVD has been re-
viewed, but, to date, no study has been conducted to determine 
which method is best for reducing LV afterload. Therefore, we 
performed this systematic review and meta-analysis to assess 
the methodology of IABP and other left ventricular decompres-
sion methods during VA-ECMO and to evaluate the efficacy, fea-
sibility, and safety of the combination of these methodologies.

Material and Methods

Search strategy and selection criteria

We performed a systematic review of published randomized 
controlled trials (RCTs), quasi-RCTs, and other comparative stud-
ies performed in patients undergoing ECMO plus left ventricu-
lar decompression. We defined left ventricular decompression 
as mechanical support including intra-aortic balloon pumping 
(IABP) and other left ventricular decompression methods, includ-
ing left ventricular assist devices (VADs) and surgical methods 
such as surgical atrial septostomy and left ventricular drainage.

We searched the following medical bibliographical databases: 
PubMed, EMBASE, Web of Knowledge, and the Cochrane Library. 
We also searched trial registries for ongoing trials. We used 
text words and MeSH headings containing “VA-extracorporeal 
membrane oxygenation”, “mechanical support”, “intra-aortic 
balloon pumping”, “left ventricular assist devices”, “atrial sep-
tostomy”, “left ventricular drainage”, “cardiogenic shock”, “left 
ventricular distension”, “left ventricular vent”, and “left ven-
tricular unloading” in the search. The PubMed search strate-
gy is presented in Figure 1.

Reviews, commentaries, letters, correspondences, conference 
abstracts, case reports, expert opinions, editorials, and animal 
experiments were excluded. Articles involving pediatric patients 
were excluded. Three investigators (PP, PY, and KX) indepen-
dently performed the search and selection of the articles. Any 
disagreement was resolved by a third party (DL, XZ, XW, LY, 
and WZ). The date range for the search was from the date of 
the first references available to May 31, 2019.

Data extraction and group comparisons

The following data were extracted for each trial: the author, 
year of publication, study type, study population and number, 
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technical parameters, indicators of ECMO, main outcomes, and 
complications. The primary outcome was hospital mortality, 
and the secondary outcome was the incidence of complica-
tions. We tried to contact the corresponding author(s) if the 
data were not presented or needed clarification.

When studying left heart decompression, we first divided the 
studies into 2 groups: the ECMO alone group and ECMO com-
bined with the left ventricular decompression group. The left 
ventricular decompression group included studies on mechan-
ical assistance (IABP and VAD) and assisted surgery (surgical 
atrial septostomy and left ventricular drainage). In addition, 
because there were many studies on IABP and fewer articles 
on VAD and other assisted surgery, we compared the mortality 
rate and complications of the ECMO+IABP group with that of 
the VAD and ECMO-assisted surgery together, defined as the 
ECMO combined other LV decompression techniques group.

Statistical and meta-analysis

The relative risk (RR) and its confidence interval were calculated 
by extracting positive and negative numbers from the 2 groups. 
The meta-analysis results in this study are represented by for-
est maps. The heterogeneity test between different studies was 
evaluated by I2 statistics. When P³0.1, there was no obvious 
heterogeneity, and I2³50%, P<0.1 indicated that heterogeneity 
was obvious. Random-effects models were used for analysis, 
regardless of whether there was heterogeneity between the 
studies. However, if the effect values in the original literature 
were divided into 2 categories by gender, a fixed-effect mod-
el was used to analyze the combined effects. Publication bias 
was assessed by Begg’s test and Egger’s test, and the signif-
icance level (a) was set to 0.05. If P£0.05, there was publica-
tion bias. Subgroup analysis was used to explore the effects of 

different study characteristics on outcomes. Statistical analysis 
and meta-analysis were performed using Stata 12.0 software.

Results

Figure 1 shows the results of the search and selection pro-
cesses. A total of 584 articles were retrieved after de-duplica-
tion. Of them, 525 were eliminated for various reasons based 
on the title and abstract, leaving 59 studies that were scruti-
nized by full-text review. There were 23 studies that met our 
eligibility criteria and were included. We did not identify any 
more relevant articles in the bibliographies of original articles. 
These studies are summarized in Table 1 (the ECMO group vs. 
ECMO combined with the left ventricular decompression group) 
and Table 2 (ECMO+IABP group vs. ECMO combined other LV 
decompression techniques group).

Systematic review

The risk of death with ECMO combined with left ventricular 
decompression therapy compared with ECMO alone

A total of 23 studies were included in the meta-analysis. 
The results showed that the risk of death with ECMO com-
bined with left ventricular decompression therapy was 29% 
lower than that with ECMO alone. This difference was statis-
tically significant (OR=0.71, 95% CI: 0.56–0.89), but I2=59.5% 
(P<0.001) indicated that the studies exhibited strong hetero-
geneity, and further analysis is needed to find the source of 
heterogeneity (Figure 2).

Records identi�ed by database search
(n=623)

Records after duplicates removed
(n=584)

Additional records identi�ed through
other sources (n=5)

Records screened
(n=59)

Records excluded (n=535):
1) Review and meta-analysis (n=72)
2) Animal research study (n=221)
3) Case report (n=64)
4) Pediatrics (n=114)
5) Non-English published literature (n=54)

Full-text articles excluded with reasons (n=29):
1) Not related to purpose of the study (n=21)
2) Unable to calculate the risk of onset (n=2)
3) Mortality could not be accurately calculated (n=6)
4) No complications-related data (n=4)

Full-text articles assessed for
eligibility (n=26)

Studies included in systematic review
(n=26)

Studies included in quantitative
synthesis (n=23)

Figure 1. Process for the identification of the included studies.
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Author Year Region Design Males Females 
Mean 
BMI

Mean 
age 

Sample

Maniuc [24] 2019 Germany
Case control 
study

54 21 – 61 ± 13 75

Singh [25] 2019 UK
Retrospective 
study

16 7 28.2±3.3
50 

(45–56)
23

Nersesian [26] 2018 Germany
Retrospective 
study

72 34 –
59 

(18–76)
106

Chen [27] 2019 China
Retrospective 
study

112 40
23.6 

(20.8–25.9)
49.5±14.1 152

Solé [28] 2018 Spain
Retrospective 
study

19 9 –
69.2 

(50–89)
28

Schiller [29] 2018 Sweden
Retrospective 
study

67 27 – 59±15 94

Chen [30] 2018 China
Retrospective 
study

45 15 23.4±4.0 51.4±12.7 60

Huang [31] 2018 Taiwan
Retrospective 
study

40 6 – 57.5±10.1 46

Fiedler [32] 2018 USA
Retrospective 
study

45 14 31±7.1 59±10.3 59

Matsumoto [33] 2018 Japan
Retrospective 
study

21 15
21 

(19–22)
44 

(24–64)
37

Ando [34] 2018 USA
Retrospective 
study

171 81
27.0

(23.6–32.2)
56.0 

(45.0–63.0)
252

Pawale [35] 2017 USA
Retrospective 
study

38 15 – 54.9±10.8 43

Mourad [36] 2017 France
Retrospective 
study

35 7 26.5 (25–27.5)
54 

(50–60)
42

Shah [37] 2017 USA
Retrospective 
study

57306 86948 – 68.8±13.3 144254

Centofanti [38] 2017 Italy
Retrospective 
study

13 11 – 46.0±14.41 24

Abdeen [39] 2016 Germany
Retrospective 
study

31 9 23±5 51±12 40

Aso [40] 2016 Japan
Retrospective 
study

774 292 – – 1066

Pappalardo [19] 2016 Germany
Retrospective 
study

55 8 –
51 

(47–61)
63

Cheng [41] 2016 USA
Retrospective 
study

50 23 – 53.4±12.2 73

Lackermair [42] 2016 Germany
Retrospective 
study

21 7 – 60.5±17 28

Lin [43] 2016 Taiwan
Retrospective 
study

399 130 25.1±3.9 56.8±13.4 529

Leidenfrost [44] 2015 USA
Retrospective 
study

– - – 45.6±16 27

Table 1.  Features of the studies included in this systematic review comparing ECMO combined with left ventricular decompression and 
ECMO alone.
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Subgroup analysis for the comparison of the risk of death 
with ECMO combined with left ventricular decompression 
therapy to that with ECMO alone

Subgroup analysis was performed based on whether the sam-
ple size was greater than 50. The results showed that, in stud-
ies with a sample size smaller than 50, the risk of death with 
ECMO combined with left ventricular decompression therapy 
was 49% lower than that with ECMO alone. The difference was 
statistically significant (OR=0.51, 95% CI: 0.33–0.81, I2=0.0%, 
P=0.859), suggesting low heterogeneity. In studies with a sam-
ple size greater than 50, the risk of death with ECMO com-
bined with left ventricular decompression therapy was still 
less than 22% and was lower than that with ECMO alone, but 
the difference was not statistically significant (OR=0.78, 95% 
CI: 0.61–1.01, I2=69.0%, P<0.001). This result indicated high 

heterogeneity (see Figure 3A), which may have been because 
the samples from study 36 and study 39 were much larger 
than those from the other studies, making the results unstable.

After study 36 and study 39 were excluded, studies with a sam-
ple size greater than 50 showed that the risk of death with 
ECMO combined with left ventricular decompression therapy 
was still lower than that with ECMO alone (OR=0.79, 95% CI: 
0.64–0.99, I2=0.0%, P=0.607). The heterogeneity for the entire 
meta-analysis was small and acceptable (I2=0.0%, P=0.732), 
indicating that the heterogeneity was likely derived from the es-
pecially large sample sizes of studies 36 and 39 (see Figure 3B).

Table 1 continued.  Features of the studies included in this systematic review comparing ECMO combined with left ventricular 
decompression and ECMO alone.

Author
ECMO+ 

MCS deaths
ECMO+ 

MCS total
ECMO 
deaths

ECMO 
total

Diabetes Hypertension CKD

Maniuc [24] 15 50 12 25 – – –

Singh [25] 13 18 4 5 1 3 –

Nersesian [26] 20 37 39 69 – – –

Chen [27] 66 66 73 86 20 39 –

Solé [28] 5 20 8 8 9 18 –

Schiller [29] 16 46 18 48 – – –

Chen [30] 8 38 11 22 10 20 –

Huang [31] 5 12 24 34 17 27 3

Fiedler [32] 3 12 11 37 36 42 –

Matsumoto [33] 2 22 9 15 5 2 –

Ando [34] 30 125 37 127 135 83 –

Pawale [35] 6 21 8 22 – – –

Mourad [36] 8 19 11 23 14 12 –

Shah [37] 31011 64338 35962 79916 74680 45208 37283

Centofanti [38] 0 6 4 11 – – –

Abdeen [39] 10 17 16 23 – – –

Aso [40] 258 533 310 533 14 2 –

Pappalardo [19] 10 21 31 42 – – –

Cheng [41] 11 30 31 43 12 – –

Lackermair [42] 3 9 18 28 – – –

Lin [43] 144 302 110 227 171 185 238

Leidenfrost [44] 1 12 7 15 – – –
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Comparison of the risk of death with ECMO combined with 
IABP to that of ECMO combined other LV decompression 
techniques

To further analyze the effect of different methods of left ven-
tricular decompression on mortality, a total of 11 articles 
were included in the meta-analysis for the risk of death with 
ECMO combined with IABP group compared to that of ECMO 

combined with other LV decompression techniques group 
(Table 2). The results showed that although the risk of death 
with ECMO combined other LV decompression techniques group 
was higher than that in the ECMO+IABP group, the difference 
was not statistically significant (OR=1.27, 95% CI: 0.86-1.87, 
I2= 44.0%, P=0.057), as shown in Figure 4.

Author Year Region Design Males Females
Mean 
BMI

Mean 
age

Diabetes

Kim [45] 2019 Korea Case control study 16 51 24 
(21–26)

68 
(58–77)

11

Chen [27] 2019 China Retrospective study 112 40 23.6 
(20.8–25.9)

49.5±14.1 20

Matsumoto [33] 2018 Japan Retrospective study 21 15 22 
(20–24)

44 
(24–64)

5

Nersesian [26] 2018 Germany Retrospective study 72 34 – 59 
(18–76)

–

Schiller [29] 2018 Sweden Retrospective study 67 27 – 59±15 –

Fiedler [32] 2018 USA Retrospective study 45 14 28.8±5.9 59±10.3 36

Mourad [36] 2018 France Retrospective study 35 7 26.5 
(25–27.5)

54 
[50–60]

14

Bréchot [46] 2017 France Retrospective study 94 32 26 
(23–29)

53 
(43–61)

–

Pappalardo [19] 2016 Germany Retrospective study 55 8 – 51 
(47–61)

–

Lin [43] 2016 Taiwan Retrospective study 399 130 25.1±3.9 56.8±13.4 171

Leidenfrost [44] 2015 USA Retrospective study - – – 45.6±16 –

Table 2. Features of the studies included in this systematic review comparing ECMO combined with IABP, ECMO-assisted surgery.

Author
Hyperte-

nsion
Sample

IABP 
death

IABP total
VAD 

death
VAD total Complications

Kim [45] 12 67 5 44 6 23 Stroke, AF, respiratory complications, kidney 
damage, lower limb ischaemia, bleeding

Chen [27] 39 158 19 79 10 79 Bleeding, lower limb ischaemia, neurological 
complications

Matsumoto [33] 2 37 13 15 15 22 Lower limb ischaemia, haemorrhage, stroke

Nersesian [26] – 37 16 28 5 9 Haemolysis, haemorrhage, stroke

Schiller [29] – 94 19 46 17 48 –

Fiedler [32] 42 59 3 12 11 47 –

Mourad [36] 12 42 11 23 8 19 Bleeding, haemolysis, stroke

Bréchot [46] – 126 23 63 31 63 –

Pappalardo [19] – 63 31 42 10 21 Bleeding

Lin [43] 185 529 144 302 110 227 –

Leidenfrost [44] – 27 8 27 1 12 –
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Subgroup analysis based on different sample sizes (Figure 5A) 
showed that the risk of death in the ECMO combined other LV 
decompression techniques group was higher than that in the 
ECMO+IABP group in studies with a sample size smaller than 
50, and the difference was statistically significant (OR=1.99, 
95% CI: 1.00–3.98, I2=0.0%, P=0.444). In studies with a sample 
size greater than 50, although the risk of death in the ECMO 
combined other LV decompression techniques group was high-
er than that in the ECMO+IABP group, the difference was not 
statistically significant (OR=1.10, 95% CI: 0.70–1.71, I2=50.6%, 
P=0.059). This result indicates that there was no statistically 
significant difference in the risk of death between the 2 in the 
studies with large sample sizes. Therefore, large-sample cohort 
studies and clinical randomized controlled trials are needed to 
further validate the therapeutic effects of these 2 methods.

Subgroup analysis based on the different regions (Figure 5B) 
showed as that in Asia, the risk of death in the ECMO com-
bined other LV decompression techniques group was higher 
than that in the ECMO+IABP group, but the difference was not 
statistically significant (OR=1.24, 95% CI: 0.61–2.52, I2=63.4%, 
P=0.042), suggesting that the results of the included studies 
from Asia were heterogeneous, probably due to the significant 

differences in sample sizes among these studies; similar results 
were found for Europe and North America. There was no sig-
nificant difference in mortality between the 2 groups (Europe: 
OR=1.17, 95 CI%: 0.66–2.09, I2=38.5, P=0.164; North America: 
OR=2.18, 95% CI: 0.53–8.98, I2=44%, P=0.057), suggesting that 
the studies from Europe were less heterogeneous. The hetero-
geneity of the studies from North America was small, but only 
2 articles were included.

Comparison of the risk of complications among ECMO 
combined with left ventricular decompression therapy vs. 
ECMO alone and ECMO combined with IABP vs. ECMO 
combined with other LV decompression techniques

The results showed that the risk of 4 complications of ECMO 
combined with left ventricular decompression therapy was 
lower than that of ECMO alone. The ORs for hemorrhage, 
stroke/acute episodes, lower-limb ischemia, and hemolysis 
were 0.69 (0.66-0.71), 0.82 (0.78–0.89), 0.71 (0.30–1.66), and 
0.48 (0.16–1.39), respectively, as shown in Figure 6A. In ad-
dition, the risk of stroke/transient ischemic attack (TIA), limb 
ischemia, and hemolysis complications in the ECMO combined 
with IABP group was lower than that of the ECMO combined 

Author
Maniuc
Singh
Nersesian
Chen
Solé
Schiller
Chen
Huang
Fiedler
Matsumoto
Ando
Pawale
Mourad
Shah
Centofanti
Abdeen
Aso
Pappalardo
Cheng
Lackermair
Lin
Leidenfrost

Overall (I-squared=59.5%, p=0.000)
Note: Weights are from random e�ects analysis

Year
2019
2019
2018
2019
2018
2018
2018
2018
2018
2018
2018
2017
2017
2017
2017
2016
2016
2016
2016
2016
2016
2015

OR (95% CI)    
0.46 (0.17, 1.25)

0.65  (0.06, 7.32)
0.91 (0.41, 2.02)
0.85 (0.35, 2.07)
0.33 (0.08, 1.36)
0.89 (0.38, 2.06)
0.80 (0.27, 2.39)
0.42 (0.11, 1.57)
0.79 (0.18, 3.48)
0.83 (0.28, 2.50)
0.77 (0.44, 1.35)
0.70 (0.19, 2.53)
0.79 (0.23, 2.70)
1.14 (1.11, 1.16)
0.36 (0.07, 1.81)
0.63 (0.17, 2.32)
0.67 (0.53, 0.86)
0.32 (0.11, 0.97)
0.41 (0.16, 1.03)
0.28 (0.06, 1.36)
0.97 (0.69, 1.37)
0.10 (0.01, 1.02)
0.71 (0.56, 0.89)

% weight          
3.94
0.88
5.35
4.64
2.96
4.96
3.45
2.52
2.10
3.43
7.86
2.63
2.85

14.51
1.78
2.59

12.55
3.46
4.35
1.92

11.03
0.94

100.0

.1 3.51

Sample   
75
23

106
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Figure 2.  Forest plot of comparing the risk of death between ECMO combined with left ventricular decompression (LVD) therapy and 
ECMO alone.
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Figure 3.  Forest plot comparing the risk of death between ECMO combined with left ventricular decompression (LVD) therapy and 
ECMO alone (A represents all the included studies; B represents the studies excluding ref. [14] and [17]).
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other LV decompression techniques group, and the risk of 
bleeding in the ECMO combined with IABP group was high-
er than that in the ECMO combined other LV decompression 
techniques group, as shown in Figure 6B.

Publication bias and sensitivity analysis

Figures 7 and 8 show the Egger’s test and sensitivity analysis 
results for risk of death with ECMO combined with left ven-
tricular decompression therapy compared to that with ECMO 
alone and the risk of death with ECMO combined other LV de-
compression techniques compared to that with ECMO com-
bined with IABP. Figure 7A shows that there was no publica-
tion bias (P=0.175), and the funnel plot shows that the studies 
were evenly distributed on the bottom sides of the funnel. 
Sensitivity analysis showed that after the elimination of studies 
36 and 39, the results were more stable, as shown in Figure 8A. 
The results of Begg’s test and Egger’s test, shown in Figure 7B, 
indicated that there was no publication bias, and the P values 
were 0.484 and 0.241, respectively. The funnel plots showed 
that the studies were evenly distributed on both sides of the 
funnel. Sensitivity analysis showed that the results were sta-
ble, as shown in Figure 8B.

Discussion

As we often see, central venous pressure (CVP) decreases sig-
nificantly during ECMO in patients with severe LV dysfunction. 
However, the left atrial pressure remains high as the left ventri-
cle contracts, and diastolic function is seriously impaired, result-
ing in excessive LV preload and LVEDP [15]. Elevating ECMO flow 
is not a good strategy for decreasing preload because a high 
blood flow rate can injure blood cells and the increase in retro-
grade perfusion flow further increases the LV afterload [9,16]. 
At this time, ECMO combined with decompression therapy such 
as IABP or ECMO combined other LV decompression techniques 
can effectively reduce LV afterload and balance the left and right 
heart filling. In this study, we performed a meta-analysis and 
found that the risk of death with ECMO combined with left ven-
tricular decompression therapy was lower than that with ECMO 
alone. Through subgroup analysis, we found that a difference 
in sample sizes was the source of study heterogeneity. By di-
viding the studies into those with a sample size greater than 
50 cases and those with a sample size smaller than 50 cases 
and excluding studies 36 and 39, we confirmed this conclusion.

The intra-aortic balloon pump (IABP), a counter-pulsation pump 
placed in the descending aorta, is the most commonly used 
assist device worldwide. The principle of IABP is inflation of 
the balloon in diastole and active deflation in systole, which 
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Figure 4.  Forest plot comparing the risk of death between ECMO combined with ECMO-assisted surgery and ECMO combined with 
IABP.
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induces higher diastolic perfusion pressure in the coronary 
arteries and unloads the diseased heart by reducing left ven-
tricular afterload during systole [17]. According to its mech-
anistic features, IABP can neutralize some of the adverse ef-
fects of VA-ECMO; IABP can reduce the increased afterload 
of retrograde flow and increase myocardial oxygen supply by 

lowering myocardial oxygen consumption [13]. Furthermore, 
in some studies, IABP was found to increase coronary perfu-
sion [17]. The counteracting effect of IABP helps ECMO better 
reduce the work of the heart and help the heart recover. Our 
statistical results show that ECMO combined with LVD is more 
beneficial than using ECMO alone and helps to lower patient 
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Figure 5.  Forest plot comparing the risk of death between ECMO-assisted surgery and ECMO combined with IABP (A represents 
grouping by sample size; B represents grouping by region).
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mortality. Similar to our results, another team illustrated that 
ECMO and IABP have synergistic effects, play complementary 
roles in the treatment of acute cardiac failure, and can improve 
treatment outcomes [11], and IABP combined with VA-ECMO 
can also improve the success rate of weaning from VA-ECMO. 
However, the advantages of ECMO combined with IABP are 
largely based on theory and small-sample studies. When we 
conducted a meta-analysis, the heterogeneity of the results 
was mainly due to the number of samples and regional dif-
ferences. Thus, in the future, we plan to carry out large-scale, 
multi-regional, and multi-center RCT studies to assess chang-
es in hemodynamics and microcirculation with ECMO+IABP.

ECMO combined other LV decompression techniques is increas-
ingly used in patients with left ventricular venting. In the ICU, 
we prefer a simple and rapid method of decreasing LV afterload. 
The most common method of LV decompression during ECMO 
is Impella. As a left ventricular assist device, Impella is a micro-
axial pump that unloads the left ventricle and reduces left ven-
tricular wall stress [18]. The left ventricular wall tension can be 
reduced by 80%, and myocardial oxygen demand is reduced by 
40%; thus, it is an ideal treatment for correcting refractory heart 
failure and heart transplantation problems. In recent years, many 
experiments have proven that Impella combined with ECMO, 
termed ECMPELLA, can better replace cardiac function [19,20]. 
Besides Impella, other methods, such as intraoperative left atri-
al decompression, can be performed by placing a left ventricular 

drainage tube to improve heart function. In our meta-analysis, 
our results showed that patients with ECMO combined other LV 
decompression techniques exhibited lower mortality than those 
undergoing ECMO alone. Subgroup analysis indicated that, as a 
method for left ventricular assist, IABP seems to have more ad-
vantages than ECMO combined other LV decompression tech-
niques. Although there was no significant difference between 
the ECMO+IABP group and the ECMO combined other LV de-
compression techniques group, subgroup analysis showed that 
the risk of death with ECMO combined other LV decompression 
techniques as higher than that with ECMO+IABP in studies with 
a sample size smaller than 50. In addition, high costs and risk of 
complications should be considered with the use of Impella [19]. 
Nevertheless, the results are based on retrospective data, and 
randomized controlled trials should be performed in the future.

When using ECMO and related assist devices, complications, 
which are decisive factors in the prognosis of patients, are the 
focus of attention. Many experiments have shown that the 
cause of death in refractory cardiac shock patients is not heart 
failure, but is instead incurable complications due to the use 
of mechanical support [21,22]. To our surprise, the incidence of 
complications in patients undergoing ECMO combined with as-
sist devices was lower than that in patients undergoing ECMO 
alone. Similarly, another analysis also showed that VA-ECMO plus 
IABP is related to decreased in-hospital deaths of patients with 
extracorporeal cardiopulmonary resuscitation, postcardiotomy 
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Figure 6.  Comparison of the risk of complication between ECMO combined with left ventricular decompression (LVD) therapy and 
ECMO alone (A) and ECMO-assisted surgery and ECMO combined with IABP (B).
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cardiogenic shock, and ischemic heart disease [23]. This does not 
mean that the use of an assist device increases complications. 
When we use various mechanical devices, we will be more vig-
ilant and fully prepared to prevent or reduce the occurrence of 
bleeding, ischemia, and hemolysis. In other words, when regu-
lar treatments cannot support a patient’s life and mechanical 
devices are needed to replace heart function, complications are 
by no means an excuse for refusing to use the device.

The present study has several limitations. First, this was a 
meta-analysis that incorporated a series of related studies, 
including retrospective studies and prospective studies, from 
different regions and with different sample sizes, which may 
have been the source of heterogeneity and may have affected 
the final conclusions. Second, we compared ECMO+IABP and 
ECMO combined other LV decompression techniques. Due to 
the limited literature, we did not discuss the different meth-
ods of left ventricular decompression in more detail. It is pos-
sible that other methods, such as different surgical methods, 
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Figure 7.  Funnel plot for ECMO combined with left ventricular decompression (LVD) therapy and ECMO alone (A) and ECMO-assisted 
surgery and ECMO combined with IABP (B).
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Figure 8.  Sensitivity analysis for ECMO combined with left ventricular decompression (LVD) therapy and ECMO alone (A) and 
ECMO-assisted surgery and ECMO combined with IABP (B).

affect the dominant effect of ECMO-assisted surgery and other 
interventions. Future research should specifically distinguish 
the different effects of different left ventricular decompression 
methods in addition to IABP in patients with cardiogenic shock.

Conclusions

ECMO is useful in cardiogenic shock and is associated with 
lower mortality. Left ventricular decompression is more impor-
tant for VA-ECMO than for ECMO alone and helps to improve 
patient outcomes without increasing the risk of ECMO-related 
complications. Our statistical analysis did not find better out-
comes for ECMO combined other LV decompression techniques 
than for ECMO+IABP. A prospective multi-center study would 
help determine the potential of this technique to improve the 
outcomes of critically ill patients. In particular, the hemody-
namic effects of different left heart decompression methods 
should be clearly defined.
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