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Abstract

Aim: Venoarterial extracorporeal membrane oxygenation (VA-ECMO) has become a common intervention for patients with cardiogenic shock (CS),
often complicated by cardiac arrest (CA). Moderate hypothermia (MH) has shown promise.in mitigating ischemia—reperfusion injury following CA.
The HYPO-ECMO trial aimed to compare the effect of MH versus normothermia in refractory CS rescued by VA-ECMO. The primary aim of this
non-predefined post hoc study was to assess the treatment effect of. MH in the subgroup of patients with cardiac arrest (CA) within the HYPO-
ECMO trial. Additionally, we will evaluate the prognostic significance of CA in these patients.

Methods: This post hoc analysis utilized data from the randomized HYPO-ECMO trial conducted across 20 French cardiac shock care centers
between October 2016 and July 2019. Participants included intubated patients receiving VA-ECMO for CS for less than 6 h, with 334 patients com-
pleting the trial. Patients were randomized to early MH (33-34 °C) or normothermia (36—37 °C) for 24 h.

Results: Of the 334 patients, 159 (48%) experienced preceding CA. Mortality in the CA group was 50.9% at 30 days and 59.1% at 180 days, com-
pared to 42.3% and 51.4% in the no-CA group, respectively (adjusted risk difference [RD] at 30 days, 8.1% [—0.8 to 17.1%], p=0.074 and RD at
180 days 7.0% [—3.0 to 16.9%)], p=0.17). MH was associated with a significant reduction in primary (RD —13.3% [—16.3 to —0.3%], p= 0.031) and
secondary outcomes in the CA group only (p < 0.025 for all), with a significant interaction between MH and CA status for 180-day mortality [p = 0.03].
Conclusions: This post hoc analysis suggests that MH shows potential for reducing mortality and composite endpoints in patients with cardiac
arrest and refractory CS treated with VA-ECMO without an increased risk of severe bleeding or infection. Further research is needed to validate

these findings and elucidate underlying mechanisms.

Keywords: Extracorporeal Membrane Oxygenation, Shock, cardiogenic, Hypothermia, induced, Cardiac arrest

Introduction

The initiation of venoarterial extracorporeal membrane oxygenation
(VA-ECMO) has emerged as an increasingly common intervention
in patients with cardiogenic shock (CS), including cardiac arrest
refractory to standard therapies.’

Severe CS, especially in case of associated cardiac arrest, may
be associated with ischemia—reperfusion injury. Patients with refrac-
tory CS requiring VA-ECMO likely have the most severe ischemia—
reperfusion injury.> Moderate hypothermia (MH) may mitigate the

* Corresponding author at: Médecine Intensive et Réanimation, CHRU Nancy, Péle Cardio-Médico-Chirurgical, 54511 Vandceuvre-les-Nancy, France.

E-mail address: blevy5463@gmail.com (B. Levy).

deleterious effects of ischemia—reperfusion.® The randomized, multi-
center, controlled HYPO-ECMO trial was designed to compare the
effects of moderate hypothermia (MH) to those of normothermia in
CS patients treated with venoarterial extracorporeal membrane oxy-
genation (VA-ECMO).* Although the results of the primary analysis
did not reach statistical significance, MH was associated with a sig-
nificant 8% absolute risk reduction (—8.3 (—16.3 to —0.3)) in 30-day
mortality in patients with CS receiving VA-ECMO.* However, MH
was associated with a lower risk of the composite outcome of death,
heart transplant, escalation to LVAD implantation and stroke at
30 days. The number of patients with serious adverse reactions (sev-

" The members of the HYPO-ECMO Trial Group and the International ECMO Network are listed in Appendix 1 at the end of the article.
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ere and moderate bleeding, infectious events) was not significantly
different between the groups.

In the HYPO-ECMO study, approximately 50% of the patients
had cardiac arrest (CA) preceding the ECMO run. CA is a frequent
complication in this context, affecting nearly 50-75% of patients,
and may represent a strong disease modifier.””” Patients with refrac-
tory CS and CA requiring VA-ECMO are likely to have the most sev-
ere ischemia—reperfusion injury® and, consequently, are likely to
benefit from hypothermia. In the context of CA, modifications in prog-
nosis may be linked to both severe ischemia—reperfusion injuries and
neurological lesions due to brain ischemia® rather than only to exten-
sive cardiac damage.'° Crucially, moderate hypothermia may have a
beneficial effect in these three situations.

However, the prognostic role of CA before VA-ECMO is debated.
CA prior to VA-ECMO was associated with a 25% decrease in sur-
vival probability among nearly 4000 CS patients between 2003 and
2013 according to the ELSO registry.'" In contrast, in a population
of patients with AMI requiring VA-ECMO, the proportion of patients
receiving pre-ECMO CA was high (57%) but was not associated with
prognosis.® The primary aim of this non-predefined post hoc study
was to assess the treatment effect of MH in the subgroup of patients
with cardiac arrest (CA) within the HYPO-ECMO trial. Additionally, as
a secondary endpoint, we will evaluate the prognostic significance of
CA in patients with refractory cardiogenic shock (CS) undergoing
treatment with VA-ECMO.

Methods

HYPO-ECMO trial

The HYPO-ECMO study was a randomized, controlled, multicenter
trial conducted at 20 French cardiac shock care centers between
October 2016 and July 2019. The trial was funded by a national grant
(trial registration number NCT02754193). The protocol and main
results have already been published.'®* Endotracheally intubated
adult patients with CS treated with VA-ECMO were eligible for inclu-
sion during the first 6 h (if possible, within 4 h) after VA-ECMO initi-
ation. MH (temperature maintained at 33°C < T < 34°C) was
induced as soon as possible after VA-ECMO implementation, and
patients were randomized into groups; MH was maintained for 24 h
in the intervention group, followed by progressive rewarming. The
main exclusion criteria were under 18 years of age, pregnant, receiv-
ing VA-ECMO following cardiac surgery for left ventricular assist
device (LVAD) implantation or a heart transplant or combined lung
and heart transplant, receiving VA-ECMO due to acute poisoning
with cardiotoxic drugs, experiencing uncontrolled bleeding that per-
sisted despite medical intervention (including surgery or medication),
required venoarterial ECMO following cardiopulmonary resuscitation
(CPR) exceeding 45 min, or out-of-hospital refractory CA.

The trial was authorized by French health authorities (Agence
Nationale de la Securite du Medicament et des Produits de Sante)
as well as the appropriate ethics committee (Comite de Protection
des Personnes) and supported by the International ECMO Network
(ECMONet).

Post-hoc study: Factors associated with refractory CA were pre-
specified exclusion criteria for the HYPO-ECMO trial (i.e., out-of-
hospital refractory CA requiring ECPR, implantation of VA-ECMO
under cardiac massage for >45 min, cerebral deficit with fixed dilated
pupils, patient moribund on the day of randomization, and prior irre-
versible neurological disease).

The outcome definitions were consistent with those used in the
HYPO-ECMO trial. The primary outcome was 30-day mortality.
The main secondary outcomes included mortality at days 60 and
180, as well as a composite outcome of death, heart transplant,
escalation to LVAD implantation and stroke at days 30, 60, and
180. We defined four subgroups based on CA status (yes/no) and
study intervention (normothermia versus MH). The Cerebral Perfor-
mance Category (CPC) was used to classified the neurologic status
of cardiac arrest patients. The CPC ranges from 1 to 5 and is com-
monly dichotomized into “good” (CPC 1-2) versus poor (CPC 3-5).

Statistical analysis

Baseline characteristics are expressed as frequency (percentage) for
categorical variables and mean + SD or median (IQR) for continuous
variables data with normal or skewed distributions, respectively.
Baseline characteristics were compared between patients with CA
and those without, and between the four subgroups based on CA
status and study intervention (normothermia versus moderate
hypothermia) using ttest or Wilcoxon test as appropriate for contin-
uous variables and the Chi-square test or Fisher's exact test for cat-
egorical variables.

The association of CA with each study endpoint was assessed on
an absolute scale, by calculation of risk differences using a binomial
generalized estimating equation (GEE) model with an identity link,
taking into account intracenter correlation, with and without adjust-
ment on the intervention group.

A subgroup analysis was also performed for the primary outcome
using prespecified adjustment variables (age, prior MI, post cardiac
surgery, vasopressor dose (patients who have not received vaso-
pressor therapy were coded at a dose of 0 ug/kg/min), lactate and
SOFA score at baseline). For each continuous adjustment variable,
subgroups were defined by dichotomizing the variable according to
the median. Interactions between CA status and the subgroups were
assessed by introducing an interaction term within the binomial GEE
model adjusted on the intervention group. The adjusted risk differ-
ences in each subgroup and the p-values for interaction were
assessed using the Wald test. The effect of moderate hypothermia
according to CA status was evaluated for each study outcome by cal-
culation of risk differences using a binomial GEE model by adding an
interaction term between CA status and study group. Survival prob-
abilities are illustrated using Kaplan-Meier curves and were com-
pared using a log-rank test.

All analyses were performed using R software version 4.1.2 (R
Foundation for Statistical Computing).

Results

Patient characteristics

Information on prior CA was available for all 334 patients in the trial
(Table 1). Post hoc CA characteristics were available for 137/155
(88%) patients and were extracted from medical records ((Table 2).
One hundred and fifty-nine (48%) patients experienced CA before
VA-ECMO implementation (Table 1). Baseline characteristics at ran-
domization were similar in both groups (Table 1). The intervention
(MH) was distributed in a balanced manner across groups. In the
subgroup of patients with available data on CA typology (88%),
74% had in-hospital CA and witnessed cardiac arrest occurred in
95% of cases. A VA-ECMO system was implanted during CPR in
38% of patients. The duration of no-flow intervals was less than
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Table 1 - Baseline characteristics according to CA status (cardiac arrest vs. no cardiac arrest).

165
166
167
168
169
170

Variable No cardiac arrest (n = 175) Cardiac arrest (n = 159) p-value*
Intervention group

Normothermia 88 (50.3%) 78 (49.1%) 0.82
Moderate hypothermia 87 (49.7%) 81 (50.9%)

Demographics

Age (years) 58 +12 57 +£12 0.33
Sex 0.38
Male 136 (77.7%) 117 (73.6%)

Female 39 (22.3%) 2 (26.4%)

Body mass index (kg/m?) @ 26.1+4.8[n=171] 27.7+6.1 [n=152] 0.009
Cardiovascular history ©

Hypertension 60/172 (34.9%) 61/154 (39.6%) 0.38
Ischemic cardiopathy 39/171 (22.8%) 33/150 (22:0%) 0.86
Myocardial infarction 23/169 (13.6%) 24/150 (16.0%) 0.55
Heart failure 36/170 (21.2%) 29/151 (19.2%) 0.66
Valvular cardiopathy 32/170 (18.8%) 11/150 (7.3%) 0.003
Etiologies of cardiogenic shock °©

Acute coronary syndrome 54 (30.9%) 67 (42.1%) 0.032
Valvular cardiopathy 20 (11.4%) 8 (5.0%) 0.035
Ischemic cardiomyopathy 40 (22.9%) 34 (21.4%) 0.75
Rhythmic cardiopathy 20 (11.4%) 3 (14.5%) 0.41
Post-cardiac surgery 32 (18.3%) 8 (11.3%) 0.075
Acute myocarditis 13 (7.4%) 8 (11.3%) 0.22
Unlabeled dilated cardiomyopathy 20 (11.4%) ( .8%) 0.009
Pulmonary embolism 6 (3.4%) 1 (6.9%) 0.15
Tako-Tsubo 6 (3.4%) 5 (3.1%) 0.88
Echocardiogram and laboratory results

LVEF before VA-ECMO implantation (%) 20 (15 — 30) [n= 124] 20 (15— 35) [n=89] 0.35
pH ¢ 7.35+0:13 [n=169] 7.29+0.17 [n=156] 0.0003
Arterial lactate level, median (IQR), mmol/L® 3.9 (22-7.1) [n=167] 5.9 (3.3 -9.8) [n=151] 0.0004
Sequential organ failure assessment score, median (IQR)f 10 (7 = 12) [n=144] 11 (8 —13) [n=118] 0.17
Creatinine (umol/L) 137 (101 — 195) [n = 170] 126 (93 — 173) [n= 150] 0.22
Total bilirubin (umol/L) 17.0 (10.1 — 31.8) [n=140] 12.1 (8.0 — 20.0) [n = 126] 0.0007
Medications

Vasopressor use 152/172 (88.4%) 117/153 (76.5%) 0.005
Vasopressor dose (ng/kg/min) 0.48 (0.14 — 1.30) [n=167] 0.27 (0.01 — 0.84) [n=144] 0.003
Norepinephrine use 140/172 (81.4%) 106/153 (69.3%) 0.011
Norepinephrine dose (ug/kg/min) ° 0.58 (0.22 — 1.49) [n=136] 0.40 (0.18 — 1.04) [n=99] 0.14
Epinephrine use 47/172 (27.3%) 34/153 (22.2%) 0.29
Epinephrine dose (ug/kg/min) 9 0.30 (0.20 — 0.72) [n=45] 0.20 (0.10 — 0.60) [n=29] 0.27
Dobutamine use 120/172 (69.8%) 82/153 (53.6%) 0.003
Dobutamine dose (ug/kg/min) 9 6.00 (4.83 — 10.00) [n=117] 8.00 (4.59 — 11.00) [n=76] 0.46

Epinephrine during CPR (%)

Coronarography after stabilization of patients (%)

75/106 (70.8%)
75/106 (70.8%)

Values are mean + SD or median (Q1 — Q3) for continuous variables, n (%) for categorical variables.
*p-value from t-test or Wilcoxon test for continuous variables, Chi-square test or Fisher’s exact test for categorical variables.

Abbreviations: CA, cardiac arrest; ECMO, extracorporeal membrane oxygenation; LVEF, left ventricular ejection fraction. Sl units conversion factor: to convert

lactate to mg/dL, divide by 0.111.

#Calculated as weight in kilograms divided by height in meters squared.
Determined by the clinician in charge of the patient and based on chart review.

°May have 1 or more cardiogenic shock etiologies.

“Normal range is 7.35-7.45.
°A normal level is less than 2 mmol/L.

1 min, and the median duration of low-flow was 17 (9—-33) minutes. A bilirubin (p=0.0007) levels. In contrast, at baseline, CA patients 171
shockable rhythm was present in 51.8% of patients. were less often treated with dobutamine (p=0.004) or nore- 172

The etiology of CS was more frequently characterized as acute pinephrine (p=0.016) than were patients without CA, but the fre- 173
coronary syndrome (ACS) in patients who experienced CA than in quency of epinephrine treatment did not differ among CA patients 174
patients who did not (42.1% vs. 30.9%, p=0.043). CA patients and those without a CA history. The SOFA score, left ventricular 175
had a lower pH (p = 0.0003) and higher lactate (p = 0.0004) and total ejection fraction, and creatinine level at baseline were not signifi- 176
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Table 2 - Cardiac arrest characteristics.

CA (n=159)

In-hospital CA (%)

Out-of-hospital CA (%)

Witnessed CA

Emergency department CA (%)

Catheter laboratory CA (%)

Operating room or intensive care unit CA (%)
ECMO implantation during CPR (%)
Shockable rhythm (%)

No-flow duration, min

Low-flow duration, min

Epinephrine during CPR (%)

Coronary angiography after patient stabilization (%)

102/137 (74.5%)
35/137 (25.5%)
130/137 (94.9%)
12/137 (8.8%)
22/137 (16.1%)
68/137 (49.6%)
52/137 (38.0%)
71/137 (51.8%)
1 (0-1) [n=137]
17 (9-33) [n=137]
109/137 (79.6%)
119/137 (86.9%)

Abbreviations: CA, cardiac arrest; ECMO, extracorporeal membrane oxygenation. S| units conversion factor: to convert lactate to mg/dL, divide by 0.111.

@Calculated as weight in kilograms divided by height in meters squared.

PDetermined by the clinician in charge of the patient and based on chart review.

°May have 1 or more CS etiologies.
9Normal range is 7.35 to 7.45.
°A normal level is less than 2 mmol/L.

"Mortality prediction score based on the degree of dysfunction in 6 organ systems. Scores range from 0 to 24. The score was determined by the clinicians in

charge of the patients during the trial.
90nly considered in patients with available data.

cantly different across groups (p>0.1). Importantly, all survivors
patients who experienced a cardiac arrest were in Cerebral Perfor-
mance Scale 1-2 (no or moderate cerebral disability) one month
after inclusion.

Potential beneficial effects of moderate hypothermia

Effect of moderate hypothermia (vs. normothermia) according to CA
status is presented in Fig. 1 and Table 3. MH was associated with a
significant reduction in mortality at 7 days (RD —12.4%, Cl 95%

A Primary Endpoint - All-Cause Death at Day 30

4 —— No cardiac arrest and moderate hypothermia
704 —~ No cardiac arrest and normothermia

—— Cardiac arrest and moderate hypothermia

= = Cardiac arrest and normothermia

Cumulative Event Rate (%)
H
o

Log-rank tests:
Overall: p=0.055

10 4 Among No cardiac arrest: p=0.45
4 Among Cardiac arrest: p=0.063
0
0 5 10 15 20 25 30
Days since Randomization

No. at Risk
—_— 87 77 67 62 59 52 a1
= 88 79 59 53 50 49 41
— 8 69 61 52 50 48 44
-= 78 57 48 a4 35 33 28

[-21.4 to —3.3%], p=0.008), 30days (RD —13.3%, Cl 95%
[-16.3 to —0.3%], p=0.031), 60days (RD —14.8%, Cl 95%
[-27.6 to —2.0%)], p=0.024), and 180 days (RD —15.0%, Cl 95%
[—27.6 to —2.3%], p=0.020) in the CA group only. The interaction
between CA status and MH benefit increased over time and became
significant at 180 days (p for interaction = 0.031).

Similarly, MH was associated with a significant reduction in the
composite endpoint of death, cardiac transplant, escalation to LVAD
or stroke at days 30, 60 and 180 (p < 0.025 for all) in the CA group

B All-Cause Death at Day 180
100 1
1 —— No cardiac arrest and moderate hypothermia
904 -- No cardiac arrest and normothermia
1 —— Cardiac arrest and moderate hypothermia
801 -~ cardiac arrest and normothermia
9 4
s ™M1 m e
©
o
€
2 e ~—
51 D0 e e e e ——— e A e S
[
=
s
-]
€
3
Log-rank tests:
Overall: p=0.042
Among No cardiac arrest: p=0.98
Among Cardiac arrest: p=0.036
0 30 60 90 120 150 180
Days since Randomization
No. at Risk
— 87 51 45 41 40 40 36
== 88 49 46 45 45 45 33
— 81 45 39 38 38 36 31
-= 78 32 26 24 23 23 21

Fig. 1 - Kaplan-Meier curves for all-cause mortality at days 30 (A) and 180 (B) according to CA status and study
group. All-cause mortality according to cardiac arrest (CA) status and study group illustrated using Kaplan-Meier
curves on day 30 (A) and day 180 (B). Differences between survival curves were analyzed using the log-rank test.
Moderate hypothermia (MH) was associated with a trend toward a reduction in mortality at 30 days (log-rank test
p = 0.063), which became significant at 180 days (log-rank test p = 0.036) in only the CA group (no-CA group: log-rank

test p = 0.45 on day 30 and p = 0.98 on day 180).
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Table 3 - Effect of moderate hypothermia (vs. normothermia) according to CA status on binary endpoints
according to risk differences.
Moderate hypothermia (n = 168) Normothermia Unadjusted
(n=166)
N events/N (%) RD (Cl 95%) p- Interaction

Overall

No cardiac
arrest
Cardiac arrest

Overall

No cardiac
arrest

Cardiac arrest

Overall

No cardiac
arrest
Cardiac arrest

Overall

No cardiac
arrest

Cardiac arrest

Overall

No cardiac
arrest

Cardiac arrest

Overall

No cardiac
arrest
Cardiac arrest

Overall

No cardiac
arrest

Cardiac arrest

Overall

No cardiac
arrest

Cardiac arrest

value p-value

Primary endpoint of All-cause mortality at
30 days

71/168 (42.3%)

35/87 (40.2%)

36/81 (44.4%)

Secondary endpoints

All-cause mortality at 2 days

10/168 (6.0%)

4/87 (4.6%)

6/81 (7.4%)

All-cause mortality at 7 days
29/168 (17.3%)

12/87 (13.8%)

17/81 (21.0%)

All-cause mortality at 60 days
82/168 (48.8%)
41/87 (47.1%)

41/81 (50.6%)

All-cause mortality at 180 days
88/168 (52.4%)
46/87 (52.9%)

42/81 (51.9%)

Composite endpoint at day 30
92/168/(54.8%)

50/87. (57.5%)

42/81 (51.9%)

Composite endpoint at day 60
102/168 (60.7%)
55/87 (63.2%)

47/81 (58.0%)

Composite endpoint at day 180
106/168 (63.1%)
58/87 (66.7%)

48/81 (59.3%)

84/166 (50.6%)
39/88 (44.3%)

45/78 (57.7%)

11/166 (6.6%)
2/88 (2.3%)

9/78 (11.5%)

46/166 (27.7%)
20/88 (22.7%)

26/78 (3313%)

91/166 (54.8%)
40/88 (45.5%)

51/78 (65.4%)

96/166 (57.8%)
44/88 (50.0%)

52/78 (66.7%)

112/166 (67.5%)

58/88 (65.9%)

54/78 (69.2%)

117/166 (70.5%)

60/88 (68.2%)

57/78 (73.1%)

121/166 (72.9%)

63/88 (71.6%)

58/78 (74.4%)

~8.3(-16.3 10 0.041
~0.3)
~40(-1671088) 054  0.34

—13.3 (-25.4 to 0.031
-1.2)

0.7 (-5.3103.9)  0.77
2.3 (<2510 7.2) 035 023

—41(-125t042) 0.33

—10.4 (-16.6 to 0.0009 0.72
~4.3)

-89 (-2151t036) 0.16

—12.4 (-214to 0.008

~3.3)

—6.0 (-16.7t0 4.6) 0.27
17 (-11.9t0 154) 0.80  0.068

—14.8 (—27.6 to 0.024
—2.0)

—55(-17.5t106.5) 0.37
3.0(-12.0t017.9) 070  0.031

—15.0 (—27.6 to 0.020

~2.3)

—12.7 (-22.3 to 0.009

-3.2)

-84 (-19.1t02.3) 0.12 023
—17.5 (-30.5 to 0.009

—4.4)

—-9.8 (—20.91t0 1.3) 0.083
-4.8 (-17.2t07.5) 0.44 0.12

—15.3 (—28.2 to 0.020
—2.4)

~9.8(-21.9t02.3) 0.11
—50(—20.4t010.5) 053  0.20

—15.1 (-28.0 to 0.021
—2.3)

(continued on next page)
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Table 3 (continued)

Moderate hypothermia (n = 168)

Normothermia
(n =166)

Unadjusted

N events/N (%)

RD (Cl 95%) p- Interaction

value p-value

Renal replacement therapy during the study

Overall 61/165 (37.0%)
No cardiac 34/86 (39.5%)
arrest

Cardiac arrest 27/79 (34.2%)

77/164 (47.0%)
41/87 (47.1%)

36/77 (46.8%)

9.4 (-209t02.1) 0.11
~7.8(-28.41012.9) 046  0.86

~11.0 (-34.0 to 0.35
12.0)

Effect of moderate hypothermia is reported (reference = normothermia).

The RDs (unadjusted or adjusted) are expressed as percentages and were calculated using a binomial generalized estimating equation (GEE) model with identity

link that accounted for intracenter correlation.

only, although the interaction did not reach statistical significance (p
for interaction > 0.10).

CA was associated with a trend toward increased 30-day
mortality

Results on the primary and secondary outcomes according to risk
difference models are presented in Table 4. Overall, 81/159 patients
(50.9%) in the CA group had died compared to 74/175 patients
(42.3%) in the no-CA group at 30 days. CA was associated with a
trend toward increased 30-day mortality (adjusted risk difference
(RD), 8.1%, Cl 95% [—0.8 to 17.1%)], p=0.074; adjusted OR 1.31,
Cl 95% [0.82 to 2.11], p=0.26) illustrated by the Kaplan-Meier

curves (Log-rank test p = 0.082) (Fig. 2). The results were consistent
across all subgroups with no significant interaction, except for lac-
tate > 4.8 which was associated with an increased 30-day mortality
(RD 19.7%, Cl 95% [6.9 to 32.5%], p for interaction = 0.002) (figure
online supplement).

Discussion

The main findings of our study are as follows: 1) in VA-ECMO-treated
CS patients managed according to current protocols, almost half of
the patients experienced CA either before or during ECMO implanta-

Table 4 - Effect of cardiac arrest (vs. no cardiac arrest) on binary endpoints according to risk differences.

No cardiac arrest
(n=175)

Cardiac arrest
(n =159)

N events/N (%)

Primary endpoint

All-cause mortality at 30 days 74/175 (42.3%)

Secondary endpoints
All-cause mortality

81/159 (50.9%)

All-cause mortality at 2 days
All-cause mortality at 7 days
All-cause mortality at 60 days

All-cause mortality at 180 days

Composite endpoint
Composite endpoint at day 30

Composite endpoint at day 60

Composite endpoint at day 180

6/175 (3.4%)
32/175 (18.3%)
81/175 (46.3%)

90/175 (51.4%)

108/175 (61.7%)
115/175 (65.7%)

121/175 (69.1%)

Renal replacement therapy during 75/173 (43.4%)

the study

15/159 (9.4%)
43/159 (27.0%)
92/159 (57.9%)

94/159 (59.1%)

96/159 (60.4%)
104/159 (65.4%)
106/159 (66.7%)

63/156 (40.4%)

Unadjusted Adjusted for study
group

RD (Cl 95%) p- RD (Cl 95%) p-
value value

8.1(-1.6to 0.10 8.1 (-0.8 to 0.074

17.8) 17.1)

6.0 (1.5t0 10.5) 0.009 6.1 (1.7 to 10.5) 0.006

8.7(1.1t0 16.3) 0.026 8.6 (1.2t0 16.0) 0.023

10.8 (-0.5to 0.062 10.9 (0.1 to 0.048

22.1) 21.8)

6.8 (—3.7 to 0.20 7.0 (—3.0to 0.17

17.2) 16.9)

-0.6 (—10.1to  0.90 -0.3(-9.1to 0.95

8.9) 8.6)

1.0 (9.0 to 0.85 1.3 (-8.2to 0.79

10.9) 10.8)

-2.0(-119to 0.68 -1.6(—109to 0.74

7.8) 7.8)

—-49 (-154to 0.36 —49(—149t0 0.34

5.5) 5.1)

Effect of cardiac arrest is reported (reference = no cardiac arrest).

The RDs (unadjusted or adjusted) are expressed as percentages and were calculated using a binomial generalized estimating equation (GEE) model with identity

link that accounted for intracenter correlation.
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A Primary Endpoint - All-Cause Death at Day 30
80 1
1 —— No cardiac arrest
704 —— Cardiac arrest
60 -
50 1
40 1
30 1

Cumulative Event Rate (%)

201
10 1
0 - . v .
0 5 10 15 20 25 30
Days since Randomization

Log-rank test: p=0.082

No. at Risk
— 175 156 126 115 109 101 82
— 159 126 109 93 85 81 72

B All-Cause Death at Day 180

—— No cardiac arrest
70 —— Cardiac arrest

Cumulative Event Rate (%)

Log-rank test: p=0.086
0 30 60 90 120 150 180
Days since Randomization

No. at Risk
—_ 175 100 91 86 85 85 69
— 159 77 65 62 61 59 52

Fig. 2 - Kaplan-Meier curves for all-cause mortality at days 30 (A) and 180 (B) Kaplan-Meier curves for all-cause
mortality according to cardiac arrest status at days 30 (A) and 180 (B).

tion and 2) the influence of MH on both survival and overall outcomes
was notably pronounced in patients with a history of CA, demonstrat-
ing significant benefits in terms of the 180-day mortality rate indicat-
ing that additional studies focusing on cardiac arrest patients could
be beneficial to corroborate this finding.

CA incidence and VA-ECMO

In the present study, one hundred and fifty-nine (48%) patients expe-
rienced CA before VA-ECMO implementation. Up to 40% of patients
with severe CS and half of those with AMI-CS have a history of
CA.%"" In our study of VA-ECMO treated CS patients with various
etiologies, we observed a higher incidence of ACS and a lower inci-
dence of unlabeled dilated cardiomyopathy ‘as etiology of CS in
patients experiencing CA. The CULPRIT-SHOCK trial revealed a
slightly higher incidence of VA-ECMO implantation in the CA group
than in the control group.®

Prognostic value of pre-ECMO CA

The occurrence of CA prior to VA-ECMO was associated with a 25%
reduction in survival probability among nearly 4000 CS patients
recorded in the ELSO registry from 2003 to 2013."" In this post-
hoc analysis, CA was associated with a trend towards increased
mortality at day 30 in all subgroups, except for patients with elevated
baseline lactate levels. In this specific subgroup, CA patients exhib-
ited a 20% statistically significant increased risk of 30-day mortality,
with a notable interaction between CA and lactate levels. Patients
with persistently high blood lactate levels constitute a particularly
high-risk population.'®

Effect of MH in patients with CA

In comatose patients not supported with VA-ECMO after out-of-
hospital CA (OHCA), targeted hypothermia did not lead to a lower
incidence of death at 6 months than targeted normothermia.'*'®
Our results suggest that an overall reduction in 30-day mortality is
associated with MH therapy, which was primarily driven by its effect
in patients with CA. Similarly, the benefits of MH on the composite
outcome of death, heart transplantation, escalation to LVAD implan-
tation, or stroke were evident in patients who had experienced CA.

The TTM 2 trial and a recent meta-analysis'® found that in patients
with coma after out-of-hospital cardiac arrest, targeted hypothermia
did not lead to a lower incidence of death by 6 months than targeted
normothermia. The distinct effect of MH in the HYPO-ECMO trial
compared to studies focusing on OHCA may be attributed to various
factors, the most notable of which are the potential of MH to mitigate
the deleterious effects of ischemia—reperfusion.'” ' Other potential
reasons for the discrepant findings include the following: i) The
HYPO-ECMO trial excluded moribund patients and those with a pri-
ori suspicion of poor neurological prognosis, resulting in a population
with potentially good neurological prognosis as assessed by CPC
one month after inclusion. ii) ACS was the predominant etiology of
CS in patients in the CA group, and there was a trend toward a
reduction in mortality with the use of MH in CS patients with CA com-
plicating AMI although this point was recently challenged”; we cannot
exclude the possibility that the results are partly associated with the
potential benefits of hypothermia in AMI.2°2 i) MH in OHCA is linked
to an elevated risk of malignant arrhythmia, a risk that might have
been prevented or stabilized by VA-ECMO in our trial."® iv) The num-
ber of witnessed arrests was the same in the HYPO-ECMO trial and
the TTM2 trial; the main difference was that in the present study, wit-
nesses were highly specialized in resuscitation in the in-hospital set-
ting. v) The time taken to achieve hypothermia was longer in the
TTM2 trial'® than in the HYPO-ECMO trial (8 versus 2 h; this differ-
ence is important, as animal experiments have consistently demon-
strated improved outcomes when cooling is initiated promptly after
injury.*

Implications for clinical practice

The findings from the current trial are likely to change clinical prac-
tices. First, our findings indicate that CA in CS in patients rescued
by VA-ECMO was not associated with a catastrophic prognosis.
While the current cohort includes a portion of patients who under-
went ECPR for intra-hospital cardiac arrest, the majority of patients
were not in cardiac arrest during cannulation. Second, our results
suggest that MH reduces all-cause mortality and a composite end-
point encompassing death, heart transplant, escalation to LVAD
implantation, and stroke in patients with preceding CA. Therefore,
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given that the implementation of hypothermia was feasible, safe and
not associated with an increased risk of severe bleeding or infection,
there may be a role for therapeutic hypothermia in this population.

Limitations

This study has several limitations. Our study was a post-hoc analy-
sis, that bears significant limitations, including the risk of selection
bias, an increased risk of type | errors, a lack of control for confound-
ing variables, and the absence of external validation. Nevertheless,
despite these limitations, the current findings are biologically plausi-
ble. The HYPO-ECMO trial was not designed to assess differences
in 30-day mortality according to CA. CA was not prespecified as a
randomization stratum for intervention allocation; however, due to
the high prevalence of CA (nearly 50%), the proportion of patients
treated with MH or normothermia was well balanced. The information
on prognostic modifiers, such as the initial location of CA, shockable
rhythm, and no-flow or low-flow durations, was not available for the
entire population. Nevertheless, complete information were obtained
in 86% of cardiac arrest patients. The present results should be inter-
preted according to the HYPO-ECMO exclusion criteria since 74% of
the arrests occurred in the hospital, and patients with prolonged CA
or out-of-hospital refractory arrest, were excluded from the study.
The last patient was enrolled in late 2019. However, there have been
no significant modifications to the recommendations for either car-
diac arrest or ECMO management since then. Finally, neuroprog-
nostication in CA patients was not protocolized, but it was
recommended that treatment of these patients adhere to the latest
guidelines. Importantly, all survivors who experienced CA were clas-
sified as CPC 1-2 (no or moderate cerebral disability) one month
after inclusion.

Conclusions

This post hoc analysis suggests that in patients with cardiogenic
shock and supported by VA-ECMO, moderate hypothermia appears
to be associated with a potential reduction in mortality and the com-
posite endpoint in the cardiac arrest group. Our results carry two pri-
mary implications for clinical practice and knowledge dissemination.
Firstly, VA-ECMO may be considered in cardiogenic shock compli-
cated by cardiac arrest. Secondly, in this distinct population, the
favorable effects of hypothermia are likely. Therefore, additional
research is needed to validate these findings and delve into the
potential mechanisms behind these associations.
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