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ABSTRACT

Background: Many clinicians do not know under what
exact conditions extracorporeal membrane oxygenation
(ECMO) can get the best results. In this study, we explored
the optimal indications for ECMO in patients with refractory
cardiogenic shock.

Methods: From October 2014 to November 2019, 23
patients with refractory cardiogenic shock were treated with
ECMO in our hospital, including 11 cases with acute left
anterior myocardial infarction, 3 with acute left inferior and
right ventricular myocardial infarction, and 9 with fulminant
myocarditis. These cases were divided into survivors (n =
10) and nonsurvivors (n = 13), and the clinical data of the 2
groups were compared.

Results: The weaning rate of ECMO was 60.9%. The
discharge survival rate was 43.5%. There were significant dif-
ferences in age, sequential organ failure assessment (SOFA)
score, vasoactive-inotropic (VIS) score, lactic acid concentra-
tions, primary disease, and smoking history between survivors
and nonsurvivors before ECMO (P < .05). There were sig-
nificant differences in blood pressure (systolic and diastolic),
oxygen partial pressure, and left ventricular ejection fraction
between survivors and nonsurvivors 1 day before the removal
of ECMO (P < .05).

Conclusions: The reversibility of the primary disease
causing refractory cardiogenic shock is critical to the survival
rate of ECMO. Etiological treatment is essential, and extra
attention should be paid to the use of ECMO in patients with
irreversible primary disease. ECMO should be regarded as
a first aid device and is not suitable for long-term cardiac
assistance; left ventricular assist or heart transplantation is a
better option.

INTRODUCTION

The complex and unpredictable effects of extracorporeal
membrane oxygenation (ECMO) on heart function, as well
as its low survival rate in refractory cardiogenic shock, are
confusing to clinicians. Quite a few conflate ECMO with tra-
ditional cardiopulmonary bypass, arguing that ECMO can
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partially or completely replace the function of heart and lungs
and allow the organs to rest. However, this is not always the
case. Traditional cardiopulmonary bypass is connected in par-
allel to the body’s circulatory system, so blood does not pass
through the heart and lungs, reducing the load on and resting
them. ECMO is connected in series to the body’s circulatory
system, and the effects on the heart and lungs are therefore
complex and subject to many factors. It is difficult to predict
whether the heart and lungs get rest or benefit from ECMO.
Studies of the effects of ECMO on the heart and lungs have
often been contradictory and do not go into great detail about
how to properly use ECMO. We report the cases of ECMO
in our center and explore the optimal indications for ECMO
in patients with refractory cardiogenic shock.

METHODS

From October 2014 to November 2019, 23 patients (14
males and 9 females, median age 55.00 years; interquartile
range 48.00, 68.00) with refractory cardiogenic shock were
treated with ECMO in our hospital. Eleven patients had
acute left anterior myocardial infarction, 3 acute left inferior
and right ventricular myocardial infarction, and 9 fulminant
myocarditis. Cases were divided into survivors (n = 10) and
nonsurvivors (n = 13), and the characteristics of the 2 groups
were compared.

In our center, venoarterial ECMO for refractory cardio-
genic shock was indicated when the following criteria were
met: persistence or aggravation of tissue hypoxia (extensive
skin mottling, anuria, neurological impairment, elevated
blood lactate, etc.) despite adequate fluid loading; or sustained
hypotension (systolic blood pressure <90 mmHg or mean
arterial pressure <65 mmHg) despite infusion of very-high-
dose catecholamines (epinephrine >0.3 pg/kg/min, dopamine
>15 pg/kg/min, norepinephrine >0.3 pg/kg/min).

Coronary angiography was carried out in 21 patients (the
exceptions were 2 patients with fulminant myocarditis). Per-
cutaneous coronary intervention (PCI) was carried out in 7
patients with acute left anterior myocardial infarction and
3 with acute left inferior and right ventricular myocardial
infarction (9 before the establishment of ECMO, and 1 at
the same time). Coronary artery bypass grafting (CABG) was
carried out in 4 patients with acute left anterior myocardial
infarction (3 before the establishment of ECMO, and 1 at the
same time).

Venoarterial ECMO with femoral cannulation was used in
all cases. ECMO support consisted of a polimethylpentene
oxygenator and a centrifugal pump (Maquet, Hechingen,
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Germany). Activated clotting time of 180 to 210 seconds
was maintained throughout the ECMO support period. The
pump blood flow was adjusted to provide a cardiac index of
2.6 L/min/m’ or higher to obtain an inlet venous saturation
>70%. Percutaneous vessel cannulation was carried out with
a modified Seldinger technique in 5 cases; surgical vessel can-
nulation was carried out in the remaining cases.

The weaning process from venoarterial ECMO was per-
formed by gradually decreasing ECMO support. ECMO was
reduced to low levels (ECMO flow 1.0 to 1.5 L/min) with
stable mean arterial pressure >65 mmHg, no or low doses of
catecholamines (epinephrine <0.03 pg/kg/min, dopamine <5
pg/kg/min, norepinephrine <0.03 pg/kg/min), and central
venous oxygen saturation >70%.

Intra-aortic balloon pump (IABP) was applied in cases
with acute myocardial infarction unless there was limited
access to the femoral artery, such as PCI via the femoral
artery on one side, ECMO or serious femoral arterial disease
on the other (10 cases). For patients with fulminant myocar-
ditis, IABP was used only if there was no pulsatile blood flow
after ECMO (5 cases).

Categorical data are presented as percentages, and con-
tinuous data are presented as mean + standard deviation.
Normally distributed continuous variables were compared
using unpaired Student’s ¢ test. Other continuous variables
were compared using Mann-Whitney U test. Categorical
data were compared using ¥’ test or Fisher’s exact test. P <
.05 was considered statistically significant. All analyses were
performed using SPSS PASW Statistics 22/Windows (IBM
Corp., Armonk, NY).

All procedures performed in the study involving human
participants were in accordance with the 1964 Helsinki Dec-
laration and its later amendments or comparable ethical stan-
dards. This study was approved by the institutional review
board, and written informed consent was waived because of
the retrospective study design. No funding was acquired.

RESULTS

The interval between the onset of cardiogenic shock and
venoarterial ECMO was 2.50 hours (range 2.50 to 3.50). The
weaning rate of ECMO was 60.9%. The discharge survival
rate was 43.5%: all 11 patients with acute left anterior myo-
cardial infarction died; all 3 patients with acute left inferior
and right ventricular myocardial infarction survived; and 7 of
9 patients with fulminant myocarditis survived.

Of the 11 patients with acute left anterior myocardial
infarction, 7 died on ECMO (1 brain death attributed to mas-
sive cerebral hemorrhage, 6 multiple system organ failure).
Four patients were weaned off ECMO and cardiogenic shock
recurred, and they died in the hospital. Two patients with
complete atrioventricular block died, and the others recov-
ered sinus rhythm at the later stages of ECMO.

Of the 7 patients with fulminant myocarditis accompa-
nied by complete atrioventricular block, 5 were implanted
with temporary pacemakers. Of those, 1 recovered autoge-

nous pulsatile blood flow 5 days after beginning ECMO but
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suffered a massive cerebral hemorrhage and died on ECMO.
Of the 2 cases with complete atrioventricular block who did
not receive temporary pacemakers, 1 recovered sinus rhythm
5 days after beginning ECMO, and 1 had poor ECMO venous
drainage, with circulation that could not be maintained effec-
tively, and died on ECMO.

A comparison of baseline characteristics between survivors
and nonsurvivors before ECMO is shown in Table 1. There
were significant differences in age, SOFA score, VIS score,
lactic acid concentrations, primary disease, and smoking his-
tory (P < .05). The interval between the onset of cardiogenic
shock and venoarterial ECMO showed no significant differ-
ence (P > .05).

A comparison of characteristics between the groups while
on ECMO is shown in Table 2. Lactic acid concentrations
were significantly different 1 day after beginning ECMO
(P < .05). Systolic blood pressure and left ventricular ejec-
tion fraction were significantly different 2 days after begin-
ning ECMO (P < .05). Blood pressure (systolic and diastolic),
oxygen partial pressure, and left ventricular ejection frac-
tion were significantly different 1 day before the removal of
ECMO (P < .05).

A comparison of other characteristics is shown in Table 3.
The application of IABP showed a significant difference (P <
.05). The application of continuous renal replacement ther-
apy, the running times of ECMO and ventilator, the resident
time in the intensive care unit, and complications showed no
significant differences (P > .05).

Cardiogenic shock is a low-cardiac-output state resulting
in life-threatening end-organ hypoperfusion and hypoxia.
Clinical presentation is typically characterized by persistent
hypotension unresponsive to volume replacement, accompa-
nied by clinical features of end-organ hypoperfusion requir-
ing intervention with pharmacological or mechanical support
[Thiele 2012; Reynolds 2008]. Efforts to reduce mortality
from cardiogenic shock have been directed toward improving
mechanical circulatory support devices [Thiele 2012; Sandhu
2015; Thiele 2015]. Venoarterial ECMO with femoral can-
nulation is first-line therapy, because it is easy to set up, and
quick insertion at the bedside is possible in emergent settings.
Rates of ECMO used for cardiogenic shock have gradually
increased over the past decade, but the overall survival rate is
still low [Nasr 2019].

There is a lot of debate about whether the technology of
ECMO itself is flawed, along with indications, patient selec-
tion, timing, or method used. ECMO is not quite in line with
the body’s normal physiological condition: there is competi-
tive blood flow, the afterload of the heart is increased, the
preload of the heart is reduced, and whether the total load of
the heart is reduced is difficult to assess. In addition, owing
to competitive blood flow, it is difficult to determine whether
coronary arteries are supplied by relatively hyperoxic blood
via ECMO or by relatively hypoxic blood via the patient’s
own pulmonary circulation. Considering the huge suction
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Table 1. Patient characteristics before ECMO, by survival*

Characteristic All (N = 23) Survivors (n = 10) Nonsurvivors (n = 13) P Value
Male 14 5 9 372
Age (y) 55.00 (48.00, 68.00) 47.70 + 18.74 60.77 + 10.66 .046
Weight (kg) 71.30 £ 9.13 71.20 + 7.18 71.38 + 10.68 .963
Body mass index (kg/m?) 25.58 +2.59 26.19 + 3.42 25.10 + 1.74 374
Blood pressure (mmHg)
Systolic 84.00 (75.00, 114.00) 88.50 (81.00, 122.75) 80.00 (74.00, 101.00) .281
Diastolic 61.30 + 17.83 67.80 + 16.92 56.31 + 17.49 128
SOFA score 10.00 (9.00, 14.00) 9.00 (8.00, 10.00) 14.00 (11.50, 15.00) .019
VIS score 45.00 (15.00, 75.00) 15.00 (15.00, 15.00) 75.00 (45.00, 75.00) .000
Creatinine (umol/L) 114.57 + 66.49 118.40 + 72.69 M.62 + 64.19 .815
BUN (mmol/L) 7.20 (6.60, 10.20) 7.70 (6.50, 12.08) 7.00 (6.45, 9.70) 461
Creatine kinase (U/L) 1860.00 (873.00, 4150.00) 1322.50 (761.00, 2453.25) 3956.00 (1220.50, 5623.00) .344
Creatine kinase-MB (U /L) 228.00 (120.00, 411.00) 130.00 (111.50, 219.75) 398.00 (195.00, 687.50) .526
Cardiac troponin | (ug/L) 6.53 (4.83, 10.00) 4.32 (2.34, 6.34) 8.02 (6.31, 10.00) .238
PO, (mmHg) 72.10 (58.20, 105.60) 89.15 (62.28, 112.35) 71.20 (55.65, 79.75) .402
PCO, (mmHg) 32.70 + 8.59 30.88 + 7.36 34.10 + 9.48 .385
Base excess (mmol /L) -4.88 +4.33 -4.46 +2.88 -521+5.29 .692
Lactic acid (mmol/L) 3.40 (1.60, 8.50) 2.64 +£2.56 7.46 +4.80 .006
LVEF (%) 40.22 + 12.31 41.90 £ 11.71 38.92 + 13.07 .577
Comorbidities
Arterial hypertension 13 5 8 .600
Diabetes mellitus 5 1 4 .251
Smoking 10 8 .049
Drinking 4 0 4 .057
Etiology (primary disease) .000
Acute myocardial infarction
Left anterior 1 0 1
Left Inferior + right ventricular + 3 3 0
complete atrioventricular block
(temporary pacemaker implantation)
Fulminant myocarditis 9 7 2
Lung edema + hypoxemia 1 1 0
Complete right bundle block 1 1 0
Complete atrioventricular block 6 4 2
Complete atrioventricular block + 1 1 0
frequent ventricular fibrillation
Temporary pacemaker implantation 5 4 1
Interval from onset of cardiogenic shock 2.50 (2.50, 3.50) 2.40 (1.88, 2.50) 3.50 (2.50, 5.25) 124

venoarterial ECMO (h)

*Data are n (%), mean + standard deviation, median (interquartile range), or n.

BUN indicates blood urea nitrogen; LVEF, left ventricular ejection fraction; PCO,, carbon dioxide partial pressure; PO,, oxygen partial pressure.
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Table 2. Patient characteristics during ECMO, by survival*

Characteristic All Survivors Nonsurvivors P Value
1 day after beginning ECMO
BP (mmHg)
Systolic 110.00 (102.00, 123.00) 113.40 + 11.14 106.69 + 23.23 AN
Diastolic 68.26 + 16.26 71.60 + 16.09 65.69 + 16.55 .400
Creatinine (umol /L) 114.00 (75.50, 149.00) 93.50 (57.00, 139.50) 122.00 (83.00, 207.00) .397
BUN (mmol/L) 9.50 + 4.36 8.87 £ 5.49 10.07 + 3.18 542
Creatine kinase (U/L) 1001.00 (484.00, 5968.50) 552.00 (454.50, 1004.50) 4980.00 (801.00, 9176.00) .397
Creatine kinase-MB (U/L) 73.00 (53.00, 338.00) 62.00 (44.75, 78.00) 290.00 (55.00, 936.00) .397
Cardiac troponin | (ug/L) 5.43 (2.36, 10.00) 3.04 (1.23, 5.23) 10.00 (5.43, 10.00) 227
PO, (mmHg) 216.57 + 134.94 158.50 + 83.40 261.23 + 152.29 .053
PCO, (mmHg) 34.60 + 6.74 33.74 +3.27 35.26 + 8.61 .567
Base excess (mmol /L) 1.12 £ 4.90 1.90 (0.60, 2.83) 1.70 (-3.25, 4.60) 402
Lactic acid (mmol/L) 3.70 (1.90, 8.70) 2.99 +2.06 8.95 + 7.66 .018
LVEF (%) 30.95 + 11.44 34.20 + 10.93 28.25 + 11.59 233
2 days after beginning ECMO
Blood pressure (mmHg)
Systolic 110.751 + 17.31 118.50 + 11.91 103.00 + 18.89 .042
Diastolic 66.20 + 12.31 66.40 + 12.05 66.00 + 13.22 .944
Creatinine (umol /L) 107.10 + 67.87 93.30 + 48.51 120.90 + 83.35 377
BUN (mmol/L) 8.70 (5.93, 13.35) 6.40 (4.38, 10.60) 11.40 (8.05, 15.30) .333
Creatine kinase (U/L) 619.00 (382.50, 4213.00) 499.50 (249.50, 629.25) 3972.00 (523.50, 10006.50) .395
Creatine kinase-MB (U/L) 34.00 (27.75, 241.00) 30.00 (20.75, 32.00) 207.00 (36.00, 406.25) 274
Cardiac troponin | (ug/L) 4.19 (2.44, 10.00) 2.48 (1.44, 4.34) 8.10 (4.07, 10.00) 274
PO, (mmHg) 113.10 (76.50, 220.00) 106.99 + 33.80 207.04 + 143.77 .058
PCO, (mmHg) 34.77 £ 5.58 34.26 + 3.95 35.27 + 7.04 .697
Base excess (mmol /L) 2.59 +4.58 3.90 (2.18, 4.85) 1.80 (-1.43, 5.05) 299
Lactic acid (mmol/L) 1.85 (1.53, 3.90) 1.82 £0.95 5.46 £ 5.92 .086
LVEF (%) 32.45 + 13.01 38.40 + 14.01 26.50 + 9.08 .037
1 day before removal of ECMO
Blood pressure (mmHg)
Systolic 100.39 + 28.16 119.50 + 13.95 85.69 +27.74 .001
Diastolic 58.30 + 14.98 67.50 £ 9.79 51.23 + 14.66 .006
Creatinine (umol /L) 99.40 + 47.06 88.20 + 45.81 110.60 + 47.93 299
BUN (mmol/L) 9.35 (7.23, 16.05) 9.31 +£4.50 14.19 + 6.52 .067
Creatine kinase (U/L) 364.00 (118.00, 1460.00) 162.00 (109.00, 471.50) 1135.00 (203.50, 3302.50) .333
Creatine kinase-MB (U/L) 26.00 (19.25, 46.50) 23.00 (17.25, 27.25) 42.00 (23.75, 235.25) .220
Cardiac troponin | (ug/L) 2.82 (1.35, 4.19) 1.72 (0.49, 2.94) 3.69 (2.92, 10.00) 274
PO, (mmHg) 108.60 (77.70, 170.00) 101.41 + 26.09 198.92 + 142.91 .032
PCO, (mmHg) 33.10 (31.00, 37.60) 33.35 (32.28, 34.98) 32.40 (29.30, 40.75) .526
Base excess (mmol /L) 1.34 +5.38 3.42+2.71 -0.26 £ 6.42 105
Lactic acid (mmol/L) 2.00 (1.00, 6.30) 1.10 (0.90, 1. 85) 4.40 (1.80, 10.15) 461
LVEF (%) 37.78 + 14.55 50.90 + 5.92 27.69 + 10.40 .000

*Data are n (%), mean * standard deviation, median (interquartile range), or n.

BUN indicates blood urea nitrogen; LVEF, left ventricular ejection fraction; PCO,, carbon dioxide partial pressure; PO,, oxygen partial pressure
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Table 3. Other patient characteristics, by survival*

Characteristic All Survivors Nonsurvivors P Value
Venoarterial ECMO weaning 14 10 4 .002
Died on ECMO 9 0 9
Cause of death

Multiorgan failure 7 0 7

Brain death 2 0 2

Cardiogenic shock recurrence 4 0 4
Application of CRRT 2 0 2 212
Application of IABP 15 4 il .026
Running time of ECMO (h) 98.61 + 68.80 92.10 + 28.42 103.62 + 89.49 .669
Running time of ventilator (h) 110.00 (73.00, 135.00) 116.00 (93.75, 133.50) 80.00 (37.00, 259.00) 461
Resident time on intensive care unit (h) 161.46 + 113.18 171.00 + 46.15 154.12 + 147.49 .703
Ventilator-associated pneumonia 1 0 1 .393
Wound infection 7 4 3 405
Thrombosis of venous cannula 1 0 1 393
Complication of implantation ischemia 2 0 2 212
Brain bleed 2 0 2 212
Upper gastrointestinal bleeding 2 1 1 .854

*Data are n (%), mean * standard deviation, or median (interquartile range).

CRRT indicates continuous renal replacement therapy.

effect of ECMO’s venous drainage catheter, it is impossible
to accurately assess whether the nutrients produced by gas-
trointestinal tract absorption and liver metabolism can reach
the heart (and other organs) to provide necessary nutrients.
Recently, particular attention was paid to the oxygen supply
to the brain, which was assessed by several maneuvers [Rejm-
stad 2017]. Adjusting the pattern of ECMO connection, such
as the veno-arterial-veno model, may ensure oxygen supply
to the brain.

Our clinical data showed that blood pressure (systolic and
diastolic), oxygen partial pressure, and left ventricular ejec-
tion fraction had significant differences between survivors and
nonsurvivors 1 day before the removal of ECMO (P < .05). It
was thus obvious that the reversibility of the primary disease
causing refractory cardiogenic shock was critical to the sur-
vival rate in ECMO patients. We discuss separately the differ-
ent assistant effects of ECMO in different primary diseases.

The causes of refractory cardiogenic shock are different,
and acute myocardial infarction with left ventricular dysfunc-
tion is the most frequent cause of cardiogenic shock [Thiele
2012]. Advances in reperfusion therapy have been associ-
ated with improvements in survival, but in-hospital mortality
remains high [Thiele 2012; Kolte 2014; Goldberg 2016]. The
prognosis of acute myocardial infarction of different ventric-
ular walls is different, and the relevant literature is sparse.

Hemodynamic changes of cardiogenic shock are not the
same between left inferior plus right ventricular myocardial
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infarction and left anterior myocardial infarction. In general,
the infarct-related artery of left inferior and right ventricular
myocardial infarction is the right coronary artery, and that of
left anterior myocardial infarction is the left coronary artery.
The course and prognosis are also different [Lee 2014; Smarz
2016; Chen 2016].

In all 3 cases with acute left inferior and right ventricular
myocardial infarction, ECMO was particularly suitable for
this condition of cardiogenic shock. ECMO could effectively
reduce the preload of the heart, which is usually significantly
increased in left inferior and right ventricular myocardial
infarction, and the increased afterload of the heart pro-
duced by ECMO could be compensated for by the relatively
well-preserved left ventricle. During ECMO, physiological
parameters gradually improved; in particular, urine output
increased. A few days after successful PCI, complete atrio-
ventricular block was restored to sinus rhythm, right ven-
tricular myocardial infarction recovered, cardiogenic shock
disappeared, weaning of ECMO was easy, and all 3 cases were
discharged.

Left anterior myocardial infarction with cardiogenic shock
was quite different. In all 11 cases with acute left anterior
myocardial infarction, the left ventricular ejection fraction
was generally lower and could not be improved despite PCI
or CABG. The weak left ventricle received the increased
afterload caused by ECMO, which further reduced cardiac
output. The aortic valves could not open effectively, and as
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a result, left ventricular end-diastolic pressure significantly
increased, left ventricular end-diastolic volume increased, left
atrial pressure increased, pulmonary edema increased, grad-
ual consolidation of the lung appeared, and further irrevers-
ible deterioration of vital organs ensued. Weaning of ECMO
was very difficult. Therefore, ECMO is not suitable for long-
term cardiac assistance in left anterior myocardial infarction.
IABP, Impella pump, or atrial septotomy may be used for left
ventricular decompression, but the results are often unsat-
isfactory. It is recommended that long-term left ventricular
assist devices or heart transplantation be performed before
irreversible damage occurs to other organs. In this condition,
there is no value in trying to prolong ECMO, because the
situation will only get worse, frequently resulting in multiple
system organ failure. All 11 patients with acute left anterior
myocardial infarction finally died in our hospital.

Fulminant myocarditis often presents similarly to acute
coronary syndrome, and coronary angiography can be nec-
essary to exclude acute ischemia as the cause of chest pain
or cardiogenic shock. In patients with fulminant myocardi-
tis with cardiogenic shock not responding to pharmacologic
therapy, IABP can be used. If it is not effective in maintaining
adequate cardiac output, then ECMO should be instituted.
The use of the IABP in peripheral venoarterial ECMO is
debated, however. In our study, IABP was used only if there
was no pulsatile blood flow after ECMO. Most fulminant
myocarditis is generally self-limited and just needs support-
ive treatment to recover; only a small percentage of patients
need immunosuppressive therapy, develop chronic cardiac
insufficiency, or require long-term cardiac assistance or heart
transplantation [Montero 2018; Matsumoto 2018]. In fact,
ECMO for fulminant myocarditis is not exactly consistent
with the patient’s physiological condition because competi-
tive blood flow is still present, but most fulminant myocardi-
tis is self-limited and brief and the survival rate is relatively
high [Chong 2018; Liao 2018]. ECMO could improve the
survival rate of patients with fulminant myocarditis and
shorten the recovery time of sinus rhythm in patients with
complete atrioventricular block or ventricular tachycardia
[Lin 2016]. In general, ECMO had an excellent performance
with this disease. In 9 cases with fulminant myocarditis, 7
were discharged.

In our opinion, the timely use of ECMO is indicated
when life-threatening or irreversible damage to vital organs is
imminent. However, during ECMO, it is necessary to make
timely adjustments according to the progression of the dis-
ease and the different assistant effects of ECMO. For patients
with reversible left inferior and right ventricular infarction
or fulminant myocarditis, ECMO should be continued until
recovery; for patients with irreversible left anterior myocar-
dial infarction or fulminant myocarditis, there is no value in
trying to prolong ECMO. It should be converted to left ven-
tricular assist or heart transplantation in time.

This study was retrospective, highlighting a time when
long-term left ventricular assist devices or heart transplanta-
tion was not available in most regions of China, so we had an
opportunity to observe and discuss the effect of ECMO as
the first, main, and ultimate cardiac assist device in refractory

© 2020 Forum Multimedia Publishing, LLC

cardiogenic shock. Moreover, the different prognosis of acute
myocardial infarction of different ventricular walls treated by
ECMO allowed us to discuss the cases separately to guide
future clinical treatment.

This study had several limitations. First, because of the
small sample size, statistical analysis might lead to bias, and
statistical analysis of different diseases could not be carried
out. Second, because the patients were in emergency condi-
tions, there was not much time to collect complete clinical
data. Finally, because the study was retrospective, the criteria
for diagnosis and treatment might not be uniform.

The reversibility of the primary disease causing refractory
cardiogenic shock is critical to the survival rate in ECMO.
Etiological treatment is essential, and extra attention should
be paid to the use of ECMO in patients with irreversible
primary disease. In that case, it should be regarded as a first
aid device and is not exactly suitable for long-term cardiac
assistance; left ventricular assist or heart transplantation is a
better option.
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