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Abstract

Aims This study aimed to investigate differences in baseline and treatment characteristics, and in-hospital mortality
according to the aetiologies of cardiogenic shock in patients undergoing veno-arterial-extracorporeal membrane oxygenation
(VA-ECMO).

Methods and results The RESCUE registry is a multicentre, observational cohort that includes 1247 patients with cardiogenic
shock from 12 centres. A total of 496 patients requiring VA-ECMO were finally selected, and the study population was
stratified by cardiogenic shock aetiology [ischaemic cardiomyopathy (ICM, n = 342) and non-ICM (NICM, n = 154)]. The primary
outcome of interest was in-hospital mortality. Sensitivity analyses including propensity-score matching adjustments were
performed. Mean age of the entire population was 61.8 + 14.2, and 30.8% were women. There were significant differences
in baseline characteristics; notable differences included the older age of patients with ICM (65.1 + 13.7 vs. 58.2 + 13.8,
P < 0.001), preponderance of males [258 (75.4%) vs. 85 (55.2%), P < 0.001], and higher prevalence of diabetes mellitus
[140 (40.9%) vs. 39 (25.3%), P = 0.001] compared with patients in the NICM aetiology group. Patients with ischaemic
cardiogenic shock were more likely to have longer shock duration before VA-ECMO implantation (518.7 + 941.4 min vs.
292.4 + 707.8 min, P = 0.003) and were less likely to undergo distal limb perfusion than those with NICM [108 (31.6%) vs.
79 (51.3%), P < 0.001]. In-hospital mortality in the overall cohort was 52.2%; patients with ICM had a higher unadjusted risk
of in-hospital mortality [203 (59.4%) vs. 56 (36.4%); unadjusted hazard ratio, 2.295; 95% confidence interval, 1.698-3.100;
P < 0.001]. There were no significant differences in the primary outcome between the two aetiologies following
propensity-score matching multiple adjustments (adjusted hazard ratio, 1.265; 95% confidence interval, 0.840-1.906;
P = 0.260).

Conclusions Results of the current study indicated among patients with cardiogenic shock undergoing VA-ECMO, ischaemic
aetiology does not seem to impact in-hospital mortality. These findings underline that early initiation and appropriate treat-
ment strategies of VA-ECMO for patients with ICM shock are required.
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Introduction

Cardiogenic shock, the most severe form of acute heart
failure (HF), is characterized by life-threatening end-organ
hypo-perfusion resulting from a low cardiac output state.
Improvement in survival has been observed over the past
two decades, attributed to the introduction of routine use
of early revascularisation in acute myocardial infarction
(AMI) and modern intensive care.? Nevertheless, survival in
cardiogenic shock is still dismal.

Mechanical circulatory support (MCS) devices provide a
therapeutic option for patients with cardiogenic shock
refractory to pharmacologic treatment. In the context of per-
sistently poor cardiogenic shock outcomes and technological
improvements in MCS, the number of patients treated with
MCS, such as veno-arterial-extracorporeal membrane oxy-
genation (VA-ECMO), has increased exponentially over the
last decade.®>* Given the increased utilization of this thera-
peutic modality, it becomes clinically relevant to identify
various determinants of clinical outcome. Although outcome
data are limited to observational studies, there does appear
to be differential short-term outcomes according to indica-
tion for MCS.*

Ischaemic cardiomyopathy (ICM) is the most common
aetiology of HF.*® Multiple studies have shown that patients
with ICM have decreased survival compared to patients with
non-ICM (NICM).”® However, few studies have assessed the
impact of HF aetiology (ICM vs. NICM) on outcomes in pa-
tients with cardiogenic shock that underwent VA-ECMO, leav-
ing this field underexplored. Accordingly, the objective of this
study was to describe the prevalence, clinical characteristics,
in-hospital treatment, and in-hospital prognosis of a large co-
hort of patients with cardiogenic shock that underwent VA-
ECMO stratified by their aetiology.

Methods
Study population

The RESCUE (REtrospective and prospective observational
Study to investigate Clinical oUtcomes and Efficacy of left ven-
tricular assist device for Korean patients with cardiogenic
shock, NCT02985008 at www.clinicaltrials.gov) study is a
multicentre, retrospective and prospective registry of patients
with cardiogenic shock aged over 19 years. A total of 1247 pa-
tients from 12 tertiary centres were enrolled between January

2014 and December 2018 (954 enrolled retrospectively and
293 prospectively). Inclusion criteria were as follows: (i) age
> 19 years old, (ii) systolic blood pressure <90 mmHg for
30 min or a state that required inotrope or vasopressor sup-
port to achieve a systolic blood pressure >90 mmHg, and (iii)
the presence of pulmonary congestion and signs of impaired
organ perfusion (altered mental status, cold skin, urine output
<0.5 mL/kg/h for the previous 6 h, or blood lactate
>2.0 mmol/L). Major exclusion criteria were out-of-hospital
cardiac arrest, other causes of shock apart from cardiogenic
shock (hypovolemic, septic shock, or post-cardiotomy shock),
and those who refused active treatment. For the current
study, 496 patients who underwent VA-ECMO for cardiogenic
shock were selected. The timeframe of the selected patients
was the same as the original population. Among the selected,
patients were classified according to cardiogenic shock
aetiology (i.e. ICM or NICM), and we compared clinical profiles
and in-hospital outcomes as ICM vs. NICM (Figure S1).

Data collection and outcomes

The institutional review board of each hospital approved the
study protocol and waived the requirement for written in-
formed consent for patients enrolled in the retrospective reg-
istry. We obtained informed consent from the patients
enrolled for prospective registry. The study was conducted
according to the principles of the Declaration of Helsinki.
For the RESCUE registry, information about patient demo-
graphics, laboratory data, procedural data, in-hospital man-
agement, and outcomes were collected by independent
clinical research coordinators via web-based case report
forms. Additional information was obtained from medical re-
cords, when necessary.

The primary outcome of the present study was determina-
tion of the impact of ICM on in-hospital mortality. Secondary
outcomes were in-hospital cardiac mortality and VA-ECMO
related complications such as limb ischaemia, bleeding,
in-hospital cerebrovascular accident, and sepsis. All-cause
mortality was defined as death from any cause. All deaths
were considered of cardiac cause unless an undisputed
non-cardiac cause could be established.

Procedures

The VA-ECMO devices were initiated when patients in
cardiogenic shock were unresponsive to the administration
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of vasopressors after the correction of hypovolaemia and
hypoxaemia or when arrest was prolonged or recurrent.’
VA-ECMO device was inserted by percutaneous cannulation
using the Seldinger technique or surgical cannulation using
the cut-down method at femoral vessels. Patients were
heparinised to an activated clotting time of 180-200 s during
the course of ECMO support. The decision to implant an
intra-aortic balloon pump was determined by experienced
interventional cardiologists or cardiac surgeons. The
intra-aortic balloon pump was inserted percutaneously
through the femoral artery with fluoroscopy guidance. If
necessary, coronary interventions and best available medical
treatment were performed in accordance with relevant stan-
dard guidelines at the time of each procedure.*®

Statistical analysis

Categorical variables were tested using the )(2 test or Fisher’s
exact test, as appropriate, and presented as number and
relative frequencies (percentages). Continuous variables
were compared using the analysis of variance or the
Kruskal-Wallis test, as appropriate, and presented as
mean * standard deviation or median with interquartile
ranges, according to whether they were normally distributed.
Cumulative event rates were calculated based on Kaplan—
Meier censoring estimates, and comparison of clinical out-
comes between the ICM and NICM groups was performed
with the log-rank test. Because differences in baseline char-
acteristics could significantly affect outcomes, sensitivity
analyses were performed to adjust for confounders as much
as possible. Details of the statistical analysis are presented in
the Supporting information. The Cox proportional hazard
regression in a propensity-score matched cohort was per-
formed. All available covariates were included in the logistic
regression model to generate propensity scores precisely fol-
lowing the recommendations of analysis using propensity
score.’* Propensity score matching yielded 84 patients in
the ICM group and 84 control subjects in the NICM group.
Balance between the two groups after propensity-score
matching was assessed by calculating per cent standardized
mean differences. Per cent standardized mean differences
after propensity-score matching were within +20% across
all matched covariates, demonstrating achievement of
successful balance between comparative groups (Table SI1).
To identify independent predictors of in-hospital mortality,
we used a multivariable Cox proportional hazard model.
C-statistics with 95% confidence intervals (Cls) were
calculated to validate the discriminant function of the model.
Statistical analyses were performed using R Statistical Soft-
ware (version 3.2.5; R Foundation for Statistical Computing,
Vienna, Austria) with P < 0.05 considered statistically
significant.

Results

Overall (n = 496), 342 patients (69.0% of the total) were re-
ported to have ICM and 154 (31.0%) to have NICM. Among
patients with ischaemic shock (n = 342), 57.3% had ST-seg-
ment elevation AMI, 28.1% non-ST-segment elevation AMI,
and 14.6% had ICM without AMI (Figure S2A). Figure S2B
shows the prevalence of various NICM aetiologies in the
study population. Median age of the entire study population
was 61.8 + 14.2 years, and 30.8% were women.

Baseline characteristics

The baseline demographic and clinical characteristics of pa-
tients with ICM compared with those with NICM are shown
in Table S2. Notable differences included the older age of pa-
tients with ICM, preponderance of male patients, and higher
prevalence of diabetes mellitus compared with patients in
the NICM aetiology group. Patients with ICM had significantly
higher levels of lactic acid before VA-ECMO implantation
compared with NICM patients. Patients with ICM were more
likely to be in sustained cardiac arrest prior to initiation of
support with VA-ECMO. Table S3 lists various treatment char-
acteristics recorded during index hospitalization among ICM
and NICM patients with cardiogenic shock that underwent
VA-ECMO. Overall, patients with ICM were more likely to
have had a higher vasoactive inotropic score and to have
had a longer duration of cardiogenic shock before ECMO im-
plantation. Vasoactive inotropic score was developed as an
objective measure of the magnitude of vasopressor support
and was demonstrated to be an independent predictor of
clinical outcomes.'? Patients with ICM had a higher preva-
lence of mechanical ventilation and continuous renal replace-
ment therapy and had a lower prevalence of distal limb
perfusion.

In-hospital outcome

The rate of the primary outcome is shown in Table 1, Figure 1,
and Table S3. Patients with ICM had a higher unadjusted risk
of in-hospital mortality compared with NICM patients [hazard
ratio (HR), 2.295; 95% Cl, 1.698-3.100; P < 0.001]. However,
the risk of in-hospital mortality was not different between the
two groups after propensity score matching multiple adjust-
ments (adjusted HR, 1.265; 95% Cl, 0.840-1.906; P = 0.260).
Details of the in-hospital outcome are presented in the
Supporting information. Table 2 shows rates of secondary
outcomes in patients with ICM compared with those with
NICM. There were no significant differences between the
two groups in the adjusted rates of cardiac mortality, ECMO
cannula insertion site bleeding, limb ischaemia, gastrointesti-
nal bleeding, cerebrovascular accident, and sepsis.
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Table 1 In-hospital mortality according to ICM vs. NICM

ICMP NICMP Unadjusted PSM adjustment
(n = 342) (n = 154) HR (95% Cl) P value HR (95% Cl) P value
In-hospital mortality 203 (59.4) 56 (36.4) 2.295 (1.698-3.100) <0.001 1.265 (0.840-1.906) 0.260
Cl, confidence interval; HR, hazard ratio; ICM, ischaemic cardiomyopathy; NICM, non-ischaemic cardiomyopathy; PSM, propensity-score

matching.
Values are expressed as n (%)

Figure 1 Time-to-event curves for in-hospital mortality in the overall cohort of patients (A) and in the propensity-score matched cohort of patients (B)
managed with a VA-ECMO. ICM, ischaemic cardiomyopathy; NICM, non-ischaemic cardiomyopathy; VA-ECMO, veno-arterial-extracorporeal membrane
oxygenation.
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Table 2 In-hospital outcomes

Overall ICM NICM Unadjusted HR Adjusted HR
(n = 496) (n = 342) (n = 154) (95% ClI) P value (95% Cl) P value
In-hospital 225 (45.4) 178 (52.0) 47 (30.5) 2.248 (1.627-3.108) <0.001 1.360 (0.813-2.276) 0.241

cardiac mortality

ECMO site bleeding 62 (12.5) 45 (13.2) 17 (11.0) 1.221 (0.674-2.211 0.510 1.260 (0.655-2.423) 0.489

)
Limb ischaemia 35(7.1) 25(7.3) 10 (6.5) 1.136 (0.531-2.427) 0.743 0.843 (0.377-1.885) 0.678
Gl bleeding 27 (5.4) 19 (5.6) 8 (5.2) 1.074 (0.459-2.509) 0.870 0.981 (0.396-2.434) 0.967
Cerebrovascular 18 (3.6) 15 (4.4) 3(1.9) 2.309 (0.659-8.095) 0.191 1.584 (0.417-60.13) 0.500
accident
Sepsis 21 (4.2) 12 (3.5) 9 (5.8) 0.586 (0.242-1.421) 0.237 0.562 (0.228-1.386) 0.211
Survival ICM NICM Unadjusted HR Adjusted HR
(n = 237) (n =139) (n = 98) (95% Cl) P value (95% Cl) P value

Poor neurological 19 (7.9) 18 (12.9) 1(1.0) 14.459 (1.897-110.219) 0.010 14.891 (1.935-114.569) 0.009
outcome

Cl, confidence interval; CPC, Glasgow-Pittsburgh Cerebral Performance Categories; ECMO, extracorporeal membrane oxygenation; Gl,
gastrointestinal; ICM, ischaemic cardiomyopathy; HR, hazard ratio; NICM, non-ischaemic cardiomyopathy.

Poor neurological outcomes = CPC scores of 3 (severe cerebral disability: conscious, dependent on others for daily support because of
impaired brain function, ranges from ambulatory state to severe dementia or paralysis), 4 (coma or vegetative state: any degree of coma
without the presence of all brain death criteria, unawareness, even if appears awake without interaction with environment; may have
spontaneous eye opening and sleep/awake cycles, cerebral unresponsiveness), or 5 (brain death: apnoea, areflexia, or electroencephalo-
gram silence).
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Independent predictors of all-cause mortality

Table 3 shows the independent predictors of in-hospital mor-
tality in sensitivity analyses using propensity score matching
and inverse-probability weighting analysis. Lactic acid level
before ECMO implantation, time from shock to ECMO implan-
tation, cardiopulmonary resuscitation, and distal limb perfu-
sion were identified as independent predictors of in-hospital
mortality.

Discussion

The objective of this study was to describe the prevalence,
clinical characteristics, and in-hospital outcomes of ischaemic
and non-ischaemic aetiologies of cardiomyopathy in a con-
temporary population of patients with cardiogenic shock that
underwent VA-ECMO. The findings may be summarized as
follows: (i) the majority of patients with cardiogenic shock
that underwent VA-ECMO had ICM. (ii) There were significant
differences in demographic and clinical characteristics of pa-
tients with ICM compared with those with NICM. (iii) Simi-
larly, comparison of in-hospital treatment characteristics
between two groups of patients revealed clinically meaning-
ful differences. (iv) However, in-hospital mortality was similar
for patients with ICM and NICM following multiple adjust-
ments including in-hospital treatment characteristics. Consis-
tent results were retained in sensitivity analyses using
propensity score matching and inverse-probability weighting
analysis (Figure S3).

Prevalence and baseline characteristics of ICM

We observed that ICM was the leading cause of cardiogenic
shock in patients underwent VA-ECMO (69.0% of the total).

Table 3 Predictors for in-hospital mortality

This was in agreement with previous studies; Gheorghiade
et al. reported in a review of 24 trials that 62% of patients
had an investigator reported ischaemic aetiology.*3

As expected, there were significant differences in
demographic and clinical characteristics of patients with
ischaemic as compared with NICM. Patients with NIC were
older, and more often were male and current smokers, and
more often had a history of diabetes mellitus, hypertension,
and dyslipidaemia.

In-hospital treatment

Comparison of treatment characteristics of patients with ICM
and NICM revealed clinically meaningful differences; patients
with ischaemic cardiogenic shock were more likely to have
had a longer duration of shock prior to ECMO implantation
and higher vasoactive inotropic score®>%*? than patients with
NICM. On the other hand, a lower number of patients in the
ICM cohort underwent distal limb perfusion than those in the
NICM. The marked differences in baseline characteristics
between ICM and NICM cases are considered to have a sub-
stantial impact on the treatment of cardiogenic shock, and
differences in these treatment characteristics may affect
clinical outcomes.

In-hospital mortality

Despite intensive care and provision of MCS, in-hospital
mortality in the overall cohort of cardiogenic shock patients
managed with a VA-ECMO was 52.2%. This was in agreement
with previous studies; Jaya Batra et al. reported that 30 day
mortality was 52.2% in the overall cohort of patients that
underwent ECMO in New York state.™

Adjusted HR 95% Cl P value
Propensity score matched population
Body mass index 1.104 1.037-1.175 0.002
Left ventricular ejection fraction 0.983 0.966-1.000 0.049
Creatinine clearance rate 0.413 0.270-0.631 <0.001
Pre-ECMO lactic acid 1.074 1.022-1.129 0.005
Shock to ECMO time 1.133 0.979-1.310 0.093
Cardiopulmonary resuscitation 3.712 2.257-6.104 <0.001
Distal limb perfusion 0.539 0.338-0.862 0.010
Mechanical ventilator 2.497 1.138-5.482 0.023
IPW-adjusted
Pre-ECMO lactic acid 1.095 1.032-1.161 0.003
Shock to ECMO time 1.000 (1.0002) 1.000-1.000 (1-1.000396) 0.003
Cardiopulmonary resuscitation 1.711 1.110-2.636 0.015
Initial pump flow 0.704 0.531-0.934 0.015
Distal limb perfusion 0.486 0.325-0.726 <0.001
CRRT 1.616 1.076-2.426 0.021

Cl, confidence interval; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; HR, hazard ratio;

IPW, inverse-probability weighting
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Numerous studies have demonstrated an increased
mortality in patients with ischaemic aetiology compared with
non-ischaemic aetiology in HF patients treated with
guideline-directed medical therapy.”® This difference of mor-
tality has been attributed to an older population and higher
rates of comorbidities, suggesting that it may also influence
outcomes in cardiogenic shock patients on VA-ECMO. Fur-
thermore, short-term survival on VA-ECMO is influenced by
the indication for MCS as well as by comorbidities of
patients.>> However, our analysis demonstrated that there
were no significant differences in in-hospital mortality be-
tween two cardiogenic shock aetiologies following multiple
adjustments including in-hospital treatment. This is an unex-
pected result, but one possible explanation for why ischaemic
aetiology was not associated with increased mortality rates in
the SMART-RESCUE registry may relate to the artificial
improvement in systemic perfusion associated with the
placement and appropriate management of VA-ECMO which
can compensate for the pathophysiological factors that con-
tribute to decreased survival in patients with ICM. Recently,
Acharya et al., using data from the ELSO registry, reported
that patients with AMI complicated by cardiogenic shock
VA-ECMO achieved similar survival to hospital discharge;
AMI complicated by cardiogenic shock was not a predictor
of mortality in multivariable analysis (HR, 0.89; 95% Cl,
0.768-1.050; P = 0.177).* This was consistent with our study,
supporting an important early role for VA-ECMO in this
vulnerable population.

Predictors for in-hospital mortality

The timing of the ECMO cannulation appears to be associated
with both morbidity and mortality. Several investigators have
found that a longer delay to support initiation is associated
with a much higher risk of end-organ injury and patient death
among those with refractory cardiogenic shock.'® Our find-
ings, in which the duration of shock prior to ECMO placement
in survivors was shorter compared with those of non-survi-
vors, also lend support to these previous reports that early in-
tervention with MCS is important to prevent the downward
and complex spiral associated with cardiogenic shock.® In ad-
dition, the present analysis shows that the use of distal perfu-
sion catheters reduced the incidence of limb ischaemia and
in-hospital mortality. These findings are in agreement with a
prior meta-analysis that reported the presence of a distal per-
fusion catheter was associated with at least a 15.7% absolute
reduction in the incidence of limb ischaemia.’

Taken together, it may be postulated that if appropriate
therapy were taken with patients with cardiogenic shock,
in-hospital outcomes would be similar across aetiologies;
therefore, this suggests that ICM should not necessarily affect
the decision to initiate VA-ECMO support in patients with car-
diogenic shock.

Study limitations

Our study has several limitations that need to be acknowl-
edged. First, limitations are inevitably linked to the observa-
tional design of our study, which does not make it possible
to rule out unmeasured/residual confounding even after mul-
tiple adjustments, which might explain the significant differ-
ences in outcomes observed between patients with ICM and
those with NICM. In addition, the RESCUE registry contains
observational study data; therefore, the in-hospital treatment
reflects individual physicians’ preferences, introducing con-
founding selection bias. Second, cardiogenic shock aetiology
was reported by investigators and not verified in any way;
however, the characteristics of the patients in the different
aetiologic groups were consistent with what would be ex-
pected, suggesting valid categorization by investigators.®
Third, appropriate caution must be taken when interpreting
our findings, given the small sample size of our cohort.
Furthermore, higher events per variable might be needed
when low prevalence predictors are present in a model to
eliminate bias in regression coefficients and improve predic-
tive accuracy.®® Fourth, the study is restricted to in-hospital
outcomes only, leading to the limitation of our ability to assess
mid-term to long-term outcomes. Lastly, lack of information
about some haemodynamic parameters such as central
venous pressure, central venous oxygen saturation, cardiac
output, and cardiac index renders a more comprehensive
analysis unfeasible with this database.

Conclusions

Patients with an ischaemic cardiogenic shock were signifi-
cantly older, had more comorbidities, including diabetes,
and had different VA-ECMO treatment characteristics. After
adjustments for all these poor prognostic characteristics,
the aetiology of cardiogenic shock was not in itself associated
with worse clinical outcomes. More invasive and dedicated
treatment strategies may be needed for patients with ICM
cardiogenic shock.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Percent Standardized Differences of Variables
among Unadjusted, Propensity-Score Matched, and IPW-
Adjusted Cohort, and Baseline Characteristics of Propensity-
Score Matched Cohort.

Table S2. Baseline Characteristics.

Table S2. In-Hospital Treatment Characteristics.

Table S3. In-Hospital Mortality According to ICM versus NICM.

cardiomyopathy, VA-ECMO =
membrane oxygenation.
Figure S2. Prevalence of ischaemic and non-ischaemic cardio-
myopathy (A). Prevalence of various non-ischaemic aetiol-
ogies (B).

DCM = dilated cardiomyopathy, ICM = ischaemic
cardiomyopathy, NICM = non-ischaemic cardiomyopathy,
PTE = pulmonary thromboembolism, SCMP = stress induced
cardiomyopathy, VHD = valvular heart disease.

Figure S3. Cardiogenic Shock Treated with VA-ECMO

ICM = ischaemic cardiomyopathy, IPW = inverse-probability
weighting, NICM = non-ischaemic cardiomyopathy, PSM = pro-
pensity-score matching, VA-ECMO = veno-arterial-extracorpo-

veno-arterial-extracorporeal

Figure S1. Patient Flow

ICM = ischaemic cardiomyopathy, NICM = non-ischaemic
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