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Abstract

Background: Patients with venoarterial extracorporeal membrane oxygenation (VA-ECMO) are at risk of cerebral reperfusion
injury after prolonged hypoperfusion and immediate restoration of systemic blood flow. We aimed to examine the impact of
mild hypothermia during the first 24 hours post-ECMO on neurological outcome in VA-ECMO patients. Methods: This was
a retrospective study of adult VA-ECMO patients from a tertiary care center. Mild hypothermia was defined as 32-36°C during
the first 24 hours post-ECMO. Primary outcome was good neurological function at discharge measured by a modified Rankin
Scale [?]3. Multivariable logistic regression analysis was performed for primary outcome adjusting for pre-specified covariates.
Results: Overall, 128 consecutive patients with VA-ECMO support (median age: 60 years and 63% males) were included.
Within the first 24 hours of VA-ECMO cannulation, we found a median of 71 readings per patient (interquartile range 45-88).
Eighty-eight patients (68.8%) experienced mild hypothermia within the first 24 hours while 18 of those 88 patients (14.2%) had a
mean temperature<36degC. ECMO indications included post-cardiotomy shock (39.8%), cardiac arrest (29.7%), and cardiogenic
shock (26.6%). Duration of mild hypothermia, but not mean temperature, was independently associated with increased odds
of good neurological outcome at discharge (Odds Ratio [OR]=1.16, 95% Confidence Interval [CI]=1.04-1.31, p=0.01) after
adjusting for age, severity of illness, post-ECMO systemic hemorrhage, post-cardiotomy shock, acute brain injury, and mean
24-hour PaO 2. Neither duration of mild hypothermia (OR=0.93, CI=0.84-1.03, p=0.17) nor mean temperature (OR=0.78,
CI1=0.29-2.08, p=0.62) was significantly associated with mortality. Similarly, duration of mild hypothermia (p=0.47) and mean
24-hour temperature (p=0.76) were not significantly associated with frequency of systemic hemorrhages. Conclusions: In this
single center study, longer duration of mild hypothermia during the first 24 hours of ECMO support was significantly associated
with improved neurological outcome. Mild hypothermia was not associated with an increased risk of systemic hemorrhage or

improved survival.

Introduction

Therapeutic hypothermia has been shown to improve neurological outcome and mortality in comatose cardiac
arrest patients.!”*Patients undergoing extracorporeal membrane oxygenation (ECMO) constitute a special
population with a high risk of acute brain injury (ABI), up to 15.1% in patients undergoing veno-arterial
(VA) ECMO, and 7.1% in patients undergoing veno-venous ECMO.* While evidence for improving neu-
rological outcome with therapeutic hypothermia 32-36°C is well delineated in cardiac arrest,’> the effect
of hypothermia in VA-ECMO is unknown. VA-ECMO patients are susceptible to reperfusion injury given
their prolonged hypoperfusion preceding full restoration of cerebral blood flow, which may benefit from
hypothermia. However, hypothermia may increase the risk of hemorrhagic events with acquired coagulopa-
thy in ECMO.'® We hypothesized that mild hypothermia during the first 24 hours of ECMO may improve
neurological outcome without exacerbating the frequency of systemic hemorrhages.

Methods



Population: We performed a retrospective analysis of ECMO patients admitted to the Johns Hopkins Hospital
between 2016 and 2019. We included all adult patients (age >18 years), excluding patients who underwent
multiple runs to minimize the potential bias resulting from severe illness. This study was carried out with
the approval of the Johns Hopkins institutional review board (IRB00216321). Informed consent and clinical
trial registration are not applicable for this study. Demographics, past medical history, laboratory values,
ECMO indication, hemodynamic data, and Sequential Organ Failure Assessment (SOFA) score (day 1) were
collected.!* ABI included ischemic stroke, intracranial hemorrhage (ICH), cerebral edema, hypoxic ischemic
brain injury, seizures, and coma (Glasgow Coma Scale<8) despite being off sedation for >24 hours.'? Systemic
hemorrhage included surgical site bleeding, gastrointestinal bleeding, disseminated intravascular coagulation,
pulmonary hemorrhage, and genitourinary bleeding.

Exposure: Temperature measurements were collected during the first 24 hours after ECMO cannulation.
Bladder temperatures were collected hourly, while additional recordings were obtained when clinically indi-
cated. Metrics for hypothermia included: mean temperature and time (hours) spent between 32-36°C.5

Outcomes: The primary outcome was neurological function at discharge defined by modified Rankin Scale
(mRS), with a score of 0-3 defined as good neurological outcome (4-6: poor).!3Secondary outcomes included
in-hospital mortality and systemic hemorrhage.

Statistical analysis: Demographic and clinical variables for hypothermia vs. no hypothermia were compared
by unpaired t-test, chi-squared test, or Mann-Whitney U test as appropriate. Results were expressed as
the mean with standard deviation if normally distributed or as the median with quartiles if non-normally
distributed for quantitative variables and as proportions for categorical variables. Carefully selected pre-
specified variables a priori that showed significant association with primary outcome in univariate analyses
were used in the multivariable models reported. A p value <0.05 was considered statistically significant. Odds
ratios (ORs) with 95% confidence intervals (ClIs) were reported. All analyses were carried out in STATA 15
(College Station, TX, USA).

Results

Of the 128 patients with VA-ECMO support, the median age was 60 years (interquartile range [IQR]: 49.5-
68.5) and 81 (63%) were males. ECMO indications included post-cardiotomy shock (39.8%), cardiac arrest
(29.7%), and cardiogenic shock (26.6%). Of 128, 66 (51.6%) experienced ABI.

Within first 24 hours, we found 8,423 temperature measurements(Supplemental Figure 1) with a median
of 71 readings per patient. Mild hypothermia of varying durations was observed in 88/128 patients (68.8%)
within the first 24 hours of ECMO support, and 18/128 patients (14.2%) had a mean temperature less than
36°C (range: 32.4-35.9°C). Mean 24-hour temperature was 36.4°C within the post-cardiotomy shock patients,
36.0°C within the cardiac arrest patients, and 36.5°C within the cardiogenic shock patients.

Baseline characteristics of patients with vs. without mild hypothermia were comparable (Table 1 ). 5/18
(27.8%) patients who had good neurologic outcome with mild hypothermia, while 21/110 patients who had
good neurologic outcome without mild hypothermia (19.1%) (p=0.40) (Supplemental Figure 2 ).

In a multivariable model adjusting for age, SOFA score, ABI, systemic hemorrhage, mean 24-hour PaQOs,
and post-cardiotomy shock, mean 24-hour temperature was not associated with good neurological outcome
(OR=0.70, 95%CI=0.18-2.73, p=0.61). Using the same model, longer duration of mild hypothermia was
independently associated with good neurological outcome (OR=1.17, 95%CI=1.04-1.31, p=0.01) (Figure
1, Table 2 ).

In a sensitivity analysis, neither duration of mild hypothermia (OR=0.93, 95%CI1=0.84-1.03, p=0.17) nor
mean temperature (OR=0.78, 95%CI=0.29-2.08, p=0.62) was significantly associated with mortality. Simi-
larly, duration of mild hypothermia (p=0.47) and mean 24-hour temperature (p=0.76) were not significantly
associated with frequency of systemic hemorrhages (Supplemental Results, Supplemental Table 1-4)
. After excluding patients who experienced cardiac arrest prior to VA-ECMO (n=58), longer duration of
mild hypothermia was associated with improved neurologic outcome at discharge, however this finding was



not statistically significant (OR=0.81, 95% CI=0.64-1.01, p=0.07). Mortality was not associated with either
mean 24-hour temperature (OR=0.77, CI=0.28-2.09, p=0.62) (Supplemental Table 1) or duration of mild
hypothermia (OR=0.93, CI=0.85-1.03, p=0.17) (Supplemental Table 2) after adjusting for age, SOFA
score, ABI, mean 24-hour PaQOs, and post-cardiotomy shock.

Overall, 68 (54%) experienced systemic hemorrhages. Patients with systemic hemorrhage were more likely to
have higher SOFA scores (p=0.003), more likely to be centrally cannulated (p=0.02), and more likely to have
post-cardiotomy shock (p=0.04). In a multivariable model adjusting for SOFA scores, central cannulation,
and post-cardiotomy shock, mean 24-hour temperature (OR=0.91, CI=0.53-1.57, p=0.73) (Supplemental
Table 3) and duration of hypothermia (OR=0.97, CI=0.90-1.05, p=0.48) (Supplemental Table 4) was
not associated with increased odds of systemic hemorrhage. Eight (6.3%) had ICH and mean temperature
(p=0.30) and duration of hypothermia was not associated with ICH (p=0.99).

Discussion

In this paper, we found a significant association between longer duration of mild hypothermia and good
neurological outcome at discharge. This finding supports the hypothesis that early mild hypothermia exerts
a positive effect on neurological outcome in VA-ECMO patients. This observation stands true even after
excluding post-cardiotomy patients who did not experience cardiac arrest. Interestingly, mild hypothermia
did not influence in-hospital mortality. Although one may hypothesize that bleeding may be exacerbated
with ECMO-associated coagulopathy in addition to hypothermia, this was not found to be the case.

We previously showed that early hyperoxia was a strong marker of poor neurological outcome in VA-ECMO
patients.' In this study, hypothermia proved to be yet another significant factor in neurological outcome,
after adjusting for important risk factors including hyperoxia, suggesting temperature management may
be an early intervention that improves neurological outcome in this population. Nevertheless, despite our
findings, there is conflicting evidence regarding the benefit of therapeutic hypothermia in ECMO patients.
In agreement with our study, in a pooled analysis of 13 studies, Chen et al. found a significant associati-
on between hypothermia (32-34°C) and favorable neurologic outcomes, defined by a cerebral performance
category of 1-2.'% In contrast, a recent meta-analysis of 35 studies showed that among extracorporeal car-
diopulmonary resuscitation (eCPR) patients, survival and neurological outcomes were not different between
patients who underwent therapeutic hypothermia (ranging between 33-36°C) and patients who did not.®
However, these reports, unlike our study, were limited by high heterogeneity of included studies without
granular temperature data.

Furthermore, the data on the effect of mild hypothermia in non-eCPR VA-ECMO patients is sparse. While
limited data exists regarding the benefit of early, therapeutic hypothermia in ECMO patients, a physiologic
explanation for why it might be beneficial can be opined for all 3 cohorts, eCPR, cardiogenic shock, and
post-cardiotomy shock. Reperfusion injury secondary to prolonged low flow in eCPR patients portends a
significant neurological injury, which may be mitigated by TTM.'” Also, hypothermia may offer hemody-
namic benefits following cardiogenic shock including reduced metabolic rate, increased contractility, and
increased cardiac output.'®'® A similar advantageous hemodynamic profile could result in improved neuro-
logical outcomes in post-cardiotomy shock patients. This study provides supporting evidence that even in
the non-eCPR patients, mild hypothermia was associated with good neurological outcome. Therefore, our
study is hypothesis-generating, necessitating further research on hypothermia in each VA-ECMO indication.

This study has several limitations. It is a single center observational study. We included ECMO patients
with different indications such as cardiac arrest, cardiogenic shock, and post-cardiotomy shock. However, we
performed a sensitivity analysis to exclude patients with cardiac arrest and the and the benefit to hypothermia
persisted. Given the limited sample size, a multi-center study is necessary to study this question in each VA-
ECMO indication. Despite the small sample size, a beneficial effect of hypothermia was large on neurological
outcome.

Conclusions



In patients undergoing VA-ECMO, longer duration of hypothermia during the first 24 hours of ECMO
support was significantly associated with improved neurological outcome at discharge. Further prospective
multicenter research is warranted to validate these findings.

Figure Legends

Figure 1 . Linear model of probability of good neurologic outcome at discharge as a function of duration of
hypothermia (a) and mean temperature (b) with 95% confidence intervals.
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