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Current guidelines do not inform about use of therapeutic hypothermia among heart fail-
ure (HF) patients who suffer from cardiac arrest. We assessed the risk of mortality associ-
ated with hypothermia among cardiac arrest survivors with HF. This analysis includes
1,416 comatose patients with cardiac arrest who achieved return of spontaneous circula-
tion on admission and had a left ventricular ejection fraction (LVEF) assessment or HF
admission within the previous year. HF was defined as either previous episode of HF or
presence of left ventricular ejection fraction <50%. Hazard ratios (HR) and 95% confi-
dence intervals (CI) for association of hypothermia and mortality among patients with
and without HF were computed using Cox proportional hazard models adjusted for sev-
eral risk factors. A propensity score matched analysis was also performed. There were
624 patients (44 %) with pre-existing HF and 467 patients (33.0%) received hypothermia.
The mortality rate was higher in HF patients treated with hypothermia compared with
patients without hypothermia (75.4% vs 53.2%, p <0.0001). Hypothermia was associated
with increased mortality among HF patients (HR 1.69; 95% CI 1.27, 2.24, p <0.001) and
was not associated with mortality among non-HF patients (HR 1.21; 95% CI 0.93, 1.56,
p =0.15). The association of hypothermia with mortality was higher among HF patients
who presented with shockable rhythm compared with nonshockable rhythm (interaction
p value =0.0495). Hypothermia is associated with increased mortality among cardiac
arrest survivors with known HF. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol

2019;124:751—755)

Each year around 300,000 people suffer from out of hos-
pital and 200,000 suffer from in-hospital sudden cardiac
arrest in the United States.' ™ As per recent data an esti-
mated 6.5 million Americans adults suffer from heart failure
(HF).* Because both cardiac arrest and HF are common, it is
expected that sudden cardiac arrest occurs among pre-exist-
ing HF ranges from 12% to 21% of this specific population.”’
Current 2015 American Heart Association guidelines for
postcardiac arrest care recommend therapeutic hypothermia
for all comatose patients after return of spontaneous circula-
tion (ROSC). However, guidance regarding specific sub-
groups that may benefit from therapeutic hypothermia
remains lacking. Left ventricular dysfunction in itself is a
poor prognostic marker among patients with cardiac arrest
but how hypothermia modifies or affects it has not been stud-
ied.® The present study aims to examine the risk of mortality
among patients with known HF who presented with cardiac
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arrest and were subjected to therapeutic hypothermia in a
large cohort of cardiac arrest patients.

Methods

This is a retrospective cohort study conducted at a large
tertiary care hospital with a large catchment area covering
Western North Carolina, North Carolina. We performed a
retrospective chart review of all the patients who developed
cardiac arrest at Wake Forest Baptist Hospital between Jan-
uary 1, 2012 to December 31, 2016 (5 years). We included
patients with outside hospital nontraumatic cardiac arrest as
well patients with in-hospital arrest. Inclusion criteria
included all consecutive adult patients (age >18 years),
able to survive beyond 24 hours, and able to achieve sys-
tolic blood pressure >90 mm Hg or mean arterial blood
pressure >65 mm Hg after fluid resuscitation with or with-
out vasopressors. Patients were excluded if Glasgow coma
scale >8, >3 estimated hours since cardiac arrest, do-not-
resuscitation designation as a code status, nonmechanically
ventilated patients, pregnant, active ongoing bleeding, and
arrest secondary sepsis. The patient demographics and med-
ical records were extracted from existing electronic medical
chart data. These data were approved for use in research by
the institutional review board of Wake Forest University
with patient consent waived. Initially, 2,122 patients were
identified but after exclusions, a total of 1,416 patients were
included in the study.
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Baseline demographic data including age, gender, race,
height and weight, body mass index, primary rhythm of arrest
and duration of cardiopulmonary resuscitation, previous med-
ical illness including diabetes, hypertension, smoking status,
end-stage renal disease, previous stroke, hyperlipidemia cere-
brovascular accidents were carefully extracted from the chart
based on self-report. Admission hemoglobin, creatinine, lac-
tic acid, and arterial pH were obtained from the laboratory
values. Emergency medical service documentation and code
sheets were reviewed to obtain information about pharmaco-
therapy, defibrillation, and duration of cardiopulmonary
resuscitation. Electrocardiograms were reviewed to assess the
initial rhythm and 12-lead electrocardiogram postcardiac
arrest was used to assess ST elevation myocardial infarction.
The details regarding past medical history were confirmed if
they were mentioned in 2 separate clinical encounters docu-
mented by a physician.

Per institutional policy, therapeutic hypothermia was
employed in patients after cardiac arrest within 6 hours of
ROSC for an expected duration of 24 hours. The goal tem-
perature of 32°C to 36°C was attempted using external cool-
ing methods such as cooling blankets and ice packs. In
addition, cold intravenous crystalloid was administered in
some patients where the target temperature was difficult to
achieve with external agents. Core temperature was mea-
sured using rectal probe or temperature sensing urethral
catheter. The patient was rewarmed passively after 24 hours
unless needed earlier due to hemodynamic instability. The
patients with HF were selected based on clinical documen-
tation of HF in the previous medical records and echocar-
diogram evidence of Left ventricular ejection fraction
<50%. Medical records were reviewed up to a year before
the index event of cardiac arrest. The patient criteria
included patients with both systolic and diastolic dysfunc-
tion. Patients with both ischemic and/or nonischemic car-
diomyopathy were included in this study. The primary
outcome measure was the occurrence of all-cause mortality
from the date of index admission to the date of death or Jan-
uary 1, 2018 (whichever came first) using web-based elec-
tronic death registration system.

Baseline characteristics were compared by the use of
therapeutic hypothermia. Statistical significance for cate-
gorical variables was tested using the chi-square method
and the analysis of variance or Student’s ¢ test for continu-
ous variables. Cox proportional hazard models were
adjusted. Models are provided in tables and Supplementary
Appendix using following models. Propensity score match-
ing was performed to identify controls in 1:1 fashion for all
the HF cases. The score was constructed using 31 demo-
graphic and clinical covariates (Supplementary Appendix).
A nearest neighbor, 1:1 matching was adopted. The propen-
sity score match robustness was tested by evaluation of
standardized mean differences (bias %) between the
unmatched and matched variables with a cut level of 0.1.”
The matched cohort had 308 HF cases and 308 controls.
We were able to achieve balance on all the variables
included in the analysis. Analyses were performed using R
statistical software (R Foundation, Vienna, Austria; down-
load available at http://www.R-project.org) and Match It
package.® Statistical significance was defined as p <0.05
for main effects and interaction.

Results

Overall, 1,416 comatose patients (mean age 62.5 =+
14.6 years, 60.2% males, 67.2% white, and 29.7% black)
achieved ROSC after cardiac arrest. Over a median period
of 17.0 days (interquartile range 4.0 to 252.9 days), 467
(33.0%) were treated with therapeutic hypothermia postcar-
diac arrest. Pre-existing HF was present in 623 (44%).
Table 1 demonstrates a higher prevalence of out of hospital
cardiac arrest (OHCA), ventricular tachycardia/ventricular
fibrillation (VT/VF) arrest, amiodarone use, lidocaine use,
ST elevation myocardial infarction (STEMI), prolonged
mechanical ventilation, percutaneous interventions, percu-
taneous left ventricular assist device use, intraaortic balloon
pump (IABP) use, temporary pacemaker use among
patients who underwent therapeutic hypothermia, whereas
pulmonary embolism was more common in patients with-
out therapeutic hypothermia. In addition, there was longer
duration of cardiopulmonary resuscitation (CPR) and
higher lactic acid levels among patients with hypothermia
than nonhypothermia group. The mortality rates among HF
patients who were treated with therapeutic hypothermia
compared with those who were not treated with hypother-
mia, were higher (incidence rate = 146.6 vs. 87.6 per 100
person years). Figure 1 shows the Kaplan-Meier curves for
HF patients with and without hypothermia and depicts
decreased survival among HF patients treated with hypo-
thermia (log rank <0.0001). There is a sharp decline in sur-
vival during the first 30 days postcardiac arrest. In adjusted
Cox proportional hazard regression models, the use of
hypothermia among HF patient was associated with an
increased risk of mortality (hazard ratios [HR] 1.69; 95%
confidence interval [CI] 1.27, 2.24, p <0.0001), whereas
the use of hypothermia was not associated with increased
risk of mortality among non-HF patients (HR 1.21; 95% CI
0.93, 1.56, p=0.15). Table 2 shows the association between
use of hypothermia with mortality among subgroups:
shockable (VT/VF) rhythm and nonshockable (pulseless
electrical activity or asystole) rhythms. Among HF patients,
the association of mortality with the use of hypothermia
was stronger among patients who presented with shockable
rhythm versus the patients who presented with nonshock-
able rhythm (interaction p value =0.0495). In sensitivity
analysis, hypothermia was associated with increased risk of
mortality among HF patients (HR =1.69; 95% CI=1.26,
2.27, p=0.001) but not among the propensity-matched con-
trols (HR =1.30; 95% CI=0.96, 1.75, p=10.09).

Discussion

To the best of our knowledge, this is the first study to
examine the association of mortality with the use of thera-
peutic hypothermia among patients with pre-existing HF.
We demonstrated that this risk was independent of several
confounders and found hypothermia had a neutral effect
among patients without HF. We also found that the associa-
tion of mortality with use of hypothermia was stronger
among the cardiac arrest patients who presented with
shockable rhythm versus the nonshockable rhythm.

Registry data from Get with the Guidelines for out-of-
hospital cardiac arrest’ and in-hospital cardiac arrest'’
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Table 1
Baseline characteristics by hypothermia status

Patient characteristics Hypothermia p value

No (n=949) Yes (n=467)

Age (years) 62.9+14.6  61.8+£144  0.18
Men 562 (59.2%) 290 (62.1%)  0.16
White 630 (66.4%) 321 (68.7%)
Black 293 (30.9%) 128 (27.4%)
Hispanic 17 (1.8%) 5(1.1%)

Hemoglobin <10 g/dl

Prior coronary artery disease

Hypertension

Hyperlipidemia

Diabetes mellitus

End stage renal disease

Moderate to severe valvular
disease

Prior cerebrovascular accident

Current or former smoker

Prior congestive heart failure

Out of hospital cardiac arrest

Ventricular fibrillation/
tachycardia

Pulseless electrical activity

Asystole

299 31.5%) 135(29.4%)  0.42
512 (54.0%) 268 (58.3%)  0.13
575 (60.6%) 272(59.1%)  0.60
384 (40.5%) 192 (41.7%)  0.65
258 (27.2%) 119 (25.9%)  0.60
295 (31.1%) 150 (32.6%)  0.54

93 (9.8%) 36 (7.8%) 0.22

105 (11.1%) 43 (9.4%) 0.32
370 (39.0%) 182 (39.0%)  0.67
412 (43.4%) 211 (452%)  0.53
551(58.1%) 396 (84.8%) <0.001
243 (25.6%) 242 (51.9%) <0.0001

568 (59.9%) 166 (35.6%) <0.0001
132 (13.9%) 58 (12.4%) 046

Duration of cardiopulmonary 12.5+9.5 19.0£12.7  <0.0001
resuscitation (minutes)

Body mass index (kg/m?) 30.5+14.9 31.0+8.5 0.52
Defibrillation 269 (28.4%) 245 (52.7%) <0.0001
pH 7.26+0.12 7.26+0.11 0.28
Serum creatinine (mg/dl) 2.65+2.58 2.6242.54 0.79
Hemoglobin (g/dl) 11.1+2.6 122425  <0.0001
Lactic acid (mg/dl) 5.0+4.4 5.7+4.2 0.004
Lidocaine infusion 47 (5.0%) 75 (16.1%) <0.0001

Amiodarone infusion

Epinephrine Injection

Vasopressor infusion

Milrinone infusion

Epinephrine infusion

Dobutamine infusion

Heparin infusion

Antibiotic use

Prior antiplatelet use

ST elevation MI

Non-ST elevation MI

Pulmonary embolism

Mechanical ventilation >48
hours

Cardiac catheterization

Percutaneous intervention

237 (25.0%) 205 (43.9%) <0.0001
878 (92.8%) 446 (95.9%)  0.03
416 (44.0%) 215 (46.2%)  0.48
31(33%)  16(3.4%)  0.88
204 (21.6%) 100 (21.4%)  0.93
237(25.1%) 138(29.7%)  0.07
165 (17.4%) 109 (23.4%)  0.008
316 (33.5%) 180 (38.7%)  0.06
524 (56.0%) 238(53.5%)  0.38
125 (13.2%) 102 (21.8%) <0.0001
194 20.5%) 99 (21.2%)  0.77
212(22.5%) 73 (15.8%)  0.003
878 (92.5%) 452 (96.8%)  0.001

129 (13.6%)
111 (11.7%)

77 (16.5%)  0.16
78 (16.7%)  0.01

Extra-cardiac membrane 16 (1.7%) 14 (3.0%) 0.12
oxygenation
Impella use 17 (1.8%) 19 (4.1%) 0.01

Intra-aortic balloon pump use
Temporary pacemaker use

316 (33.3%) 204 (43.7%) <0.0001
67 (7.1%) 148 (31.8%) <0.0001

MI = myocardial infarction.
Vasopressors included phenylephrine, norepinephrine, dopamine, and
vasopressin.

suggest prevalence estimates of 18% and 22% of HF among
cardiac arrest survivors. An increase in survival of these
patients has been observed over the last decade.'' These
registry data failed to comment on use of therapeutic hypo-
thermia among HF patients. Moreover, the current

American Heart Association guidelines'” do not inform on
subgroups of patients who may or may not benefit from
therapeutic hypothermia. These guidelines are based on 1
RCT of 275 European witnessed out-of-hospital cardiac
arrest patients who were randomized to receive therapeutic
hypothermia versus normothermia after reaching hospital,'”
and 1 quasi-randomized trial of 77 comatose Australian car-
diac arrest patients who randomized OHCA patients while
in the ambulance.'* Both studies only included patients if
they had a shockable rhythm present on first medical con-
tact. A pooled analysis of both trials demonstrated
improved survival with pooled RR for 6-month mortality of
0.75 (95% CI, 0.61 to 0.92), which was mainly driven by
the first trial. However, these findings were challenged by a
2013 trial of 939 comatose adult OHCA survivors.'” The
mortality risk was not different among the survivors of car-
diac arrest, in hypothermia and nonhypothermia group
Among cardiac arrest survivors with initial nonshockable
rhythm, only 1 retrospective cohort study of 374 patients
who demonstrated benefit of mild hypothermia in terms of
mortality (adjusted OR 0.56; 95% CI 0.34 to 0.93)."° Simi-
larly, only 1 retrospective cohort study of 8,316 in-hospital
cardiac arrest patients with any initial nonshockable rhythm
showed no difference in mortality at hospital discharge
(adjusted OR 1.11; 95% CI 0.81 to 1.54), whereas the Penn
Alliance for Therapeutic Hypothermia Registry from 6 cen-
ters showed benefit of therapeutic hypothermia among 519
in and OHCA survivors.'” The appraisal of evidence led to
strong recommendation for use of therapeutic hypothermia
for patients with initial shockable rhythm for comatose out-
of-hospital cardiac arrest patients with ROSC and weak rec-
ommendations for its use among patients with either non-
shockable rhythm except unwitnessed asystole and in-
hospital cardiac arrest by Advanced Life Support Task
Force.'® A randomized clinical trial to assess use of thera-
peutic hypothermia among nonshockable rhythm cardiac
arrest patients is underway.'” The data are even more
unclear among patients with in-hospital cardiac arrest with
the largest study from the Get with the Guidelines Registry
showing lower likelihood of survival among 1,568 propen-
sity-matched survivors with therapeutic hypothermia versus
3,714 in nonhypothermia group (27.4% vs 29.2%; relative
risk 0.88; 95% CI 0.80 to 0.97).20 Due to unclear evidence,
current utilization of therapeutic hypothermia remains low
and haphazard especially among patients with initial non-
shockable rhythm.?' - In the Penn Alliance for Therapeutic
Hypothermia Registry, a US-based multicenter registry of
167 patients, therapeutic hypothermia was only provided to
24% of postcardiac arrest patients. One-third of our cohort
(33%) received hypothermia treatment, which is likely a
reflection of contemporary practice pattern. Our observa-
tion that therapeutic hypothermia is associated with
increased risk of mortality could be explained by several
mechanisms. We know that hypothermia leads to increase
in systemic vascular resistance due to peripheral vasocon-
striction that occurs due to increase in sympathetic tone.””
Elevated sympathetic tone has deleterious effects on HF
patients and could tip the already compromised hemody-
namics in these patients toward tissue hypoxia. Moreover,
hypothermia increases the susceptibility to develop coagul-
opathy,” microvascular dysfunction,” and increased risk
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Figure 1. Kaplan-Meier curves for cardiac arrest and pre-existing heart failure patients with and without hypothermia.

of infections,ze which could themselves lead to increase in
mortality.

There are several implications of this study. First, this is
the first study that suggests a possible harmful effect of
therapeutic hypothermia among HF patients which begs the
need for future studies that should evaluate the cardiac
safety of therapeutic hypothermia among various cardiac
arrest subgroups. Second, if we presume that the harmful
effects of therapeutic hypothermia are due to changes in
hemodynamics, then probably a more invasive assessment
of hemodynamics (e.g., using Swan Ganz catheter) among
HF patients. The 2005 publication of evaluation study of
HF and pulmonary artery catheterization (ESCAPE) trial

that showed no benefit of hemodynamic monitoring in
terms of mortality or hospitalization among hospitalized
acute HF patients has led to precipitous decline in the use
of pulmonary artery catheter.”” The prevalence of use of
invasive monitoring was <5% among our cohort. We
hypothesize that because hypothermia could change the
hemodynamics, a thorough invasive assessment could aid
in clinical decision-making and management among HF
patients. These need to be further studied.

Limitations of this study include nonrandomized design
and an indication bias could be of concern in such cohort.
Although we used a propensity-matched analysis to balance
on several confounders and achieved adequate matching,

Table 2
Unadjusted and adjusted risk of mortality associated with hypothermia
Unadjusted P Model 1* p Model 21 P Propensity score P
matched
Known HF
Yes 1.66 (1.35,2.04)  <0.0001  1.77(1.43,2.18) <0.0001  1.69(1.27,2.24) <0.0001  1.69(1.26,2.27)  0.001
No 1.21 (1.00, 1.47) 0.045 1.23(1.02, 1.48) 0.04 1.21(0.93, 1.56) 0.15 1.30(0.96,1.75)  0.09
Interaction p-value 0.015 0.008 0.006
Known HF with PEA/asystole ~ 1.65 (1.25,2.16)  <0.0001  1.68 (1.28,2.21) <0.0001  1.63 (1.10,2.41) 0.02
Known HF with VT/VF 2.61(1.81,3.77) <0.0001  3.02(2.06,4.42) <0.0001  1.99(1.18,3.38) 0.01

*Model 1: age, gender. and race.
fModel 2: model 1 variables, initial rhythm at the time of arrest, defibrillation, ST elevation myocardial infarction, non-ST elevation myocardial infarction,
history of medical co-morbidities (hypertension, diabetes, end-stage renal disease, valvular disease, coronary artery disease, hyperlipidemia, smoking), phar-
macotherapies (lidocaine, amiodarone, epinephrine, vasopressor, dobutamine, milrinone, antibiotics, paralytic use), mechanical ventilation use >48 hours,
temporary pacemaker placement, mechanical circulatory support (IABP, extracorporeal membrane oxygenation (ECMO), Impella), out of hospital cardiac
arrest, duration of CPR, and pulmonary embolism.
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there is a chance for unmeasured residual confounding. In
addition, this is a single tertiary care center study with a
large catchment area in the Western North Carolina; how-
ever, a multicenter study could provide more in depth
understanding of the practice patterns. Larger studies lack
the specific details as available in this chart review.

In conclusion, this is the first and largest retrospective

study to demonstrate a harmful impact of hypothermia on
patients with known HF among cardiac arrest survivors.

Supplementary materials

Supplementary material associated with this article can

be found, in the online version, at doi:10.1016/j.amj
card.2019.05.055.
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