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Abstract

Purpose Core body temperature has been extensively
investigated as a thereuptic target in care after cardiac
arrest. Nevertheless, the integrity of thermoregulation in
patients after cardiac arrest has not been well studied. We
sought to evaluate whether low spontaneous body
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temperature after cardiac arrest is associated with
increased death and a worse neurologic outcome, and
whether patients with low spontaneous body temperature
exhibit features suggestive of impaired thermoregulation.
Methods We conducted a single-centre retrospective
cohort study. We included all adult patients who
underwent temperature control with hypothermia after
cardiac arrest between 1 January 2014 and 30 June 2020.
The primary exposure was low spontaneous core body
temperature (< 35 °C) at initiation of hypothermia therapy.
The primary outcome was in-hospital death and the
secondary outcome was poor neurologic outcomes at
discharge.

Results Five hundred and ninety-seven adult patients,
comprising both in- and out-of-hospital cardiac arrests,
were included. Patients with low spontaneous body
temperature also had slightly lower average temperature,
and more frequent transient but controlled breakthrough
fever episodes in the first 24 hr. In the multivariable
logistic  regression analysis, low spontaneous body
temperature was associated with higher odds of in-
hospital death (odds ratio, 2.9; 95% confidence interval,
1.9 to 4.2; P < 0.001).

Conclusion In this single-centre retrospective cohort
study, low spontaneous core body temperature was
associated with poor outcomes in patients after cardiac
arrest. Patients with low spontaneous body temperature
also  exhibited  features  suggestive of impaired
thermoregulation. Further research is needed to
determine whether body temperature upon presentation
reflects the of the patient’s underlying
physiology and severity of brain insult after a cardiac
arrest.

robustness
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Résumé

Objectif La temperature corporelle centrale a fait I’objet
d’etudes approfondies en tant que cible therapeutique dans
les soins apres un arrét cardiaque. Neanmoins, 1'integrite’
de la thermoregulation apres un arrét cardiaque n’a pas
ete’ bien etudice. Nous avons cherche” a evaluer si une
temperature corporelle spontanement basse apres un arrét
cardiaque etait associce d une augmentation de la
mortalite et d une issue neurologique plus grave, et si les
individus ayant une temperature corporelle spontanement
basse presentaient des caracteristiques suggerant une
alteration de la thermoregulation.

Méthode Nous avons mené une etude de cohorte
retrospective monocentrique. Nous avons inclus tou-tes
les patient-es adultes ayant benefici€' d’'un contréle de
temperature lors d’une hypothermie apres un arrét
cardiaque entre le ler janvier 2014 et le 30 juin 2020.
L’exposition principale etait une temperature corporelle
centrale spontanement basse (< 35 °C) au debut du
traitement de [’hypothermie. Le critere d’évaluation
principal  etait le deces a [hdpital, et le critere

d’évaluation secondaire etait de mauvaises issues
neurologiques d la sortie de I’hopital.
Résultats Cing cent quatre-vingt-dix-sept patient-es

adultes, ayant subi des arréts cardiaques d I’hdpital ou
hors de I’hdpital, ont ete’inclus-es. Les patient-es ayant une
temperature corporelle spontanement
egalement une temperature moyenne legerement plus
basse et des episodes de fievre paroxystique transitoires
mais contrdles plus frequents au cours des premieres 24
heures. Dans [’analyse de regression logistique
multivariee, une temperature corporelle spontanement
basse etait associee a une probabilite’ plus elevee de
deces a Ihopital (rapport de cotes, 2,9; intervalle de
confiance a 95 %, 1,9 da 4,2; P < 0,001).

Conclusion Dans cette etude de cohorte retrospective
monocentrique, une temperature corporelle centrale
spontanement basse a ete” associee a de mauvais devenirs
apres un arrét cardiaque. Les patient-es presentant une
temperature corporelle spontanement basse presentaient
egalement des caracteristiques suggerant une alteration de
la thermoregulation. D’autres recherches sont necessaires
pour determiner si la temperature corporelle lors de la
presentation reflete la robustesse de la physiologie sous-
Jacente des patient-es et la gravite de la lesion cerebrale
apres un arrét cardiaque.

basse avaient

Keywords cardiac arrest - hypothermia - outcomes -
targeted temperature therapy - thermoregulation
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Neurologic injury comprises 46% of all-cause mortality in
patients admitted to the intensive care unit (ICU) after
cardiac arrest.” In 2002, two landmark research studies
found that neurologic outcomes may be improved by
cooling the patient to 32-34 °C for 12-24 hr.>* Since then,
temperature control with hypothermia has been
incorporated in the treatment algorithm for adult patients
after cardiac arrest,"® guided by protocols on patient
selection and optimal cooling temperatures.’ ™

Apart from treating temperature as a therapeutic end
point, Yoshimura et al. and Benz—Woerner et al. found that
lower core body temperatures at the time of hospital
admission, rapid achievement of the target temperature,
and longer duration of passive rewarming were associated
with increased mortaliy.'”!" These results suggest that the
integrity of thermoregulation characterized by core body
temperature at hospital admission, and ability to avoid
poikiothermia, may reflect the patient’s underlying
physiologic robustness and severity of brain insult after a
cardiac arrest.

The current literature investigating the integrity of
thermoregulation in relation to patient outcomes is
limited because studies on the topic are scarce, raising
concerns about the reproducibility of the results.
Furthermore, these studies often have small sample sizes,
which further limits their generalizability. Previous studies
have postulated that a low spontaneous body temperature
might indicate impaired thermoregulation; however, these
studies have not thoroughly explored additional
physiologic parameters, such as temperature patterns,
which could provide further evidence to support this
postulation.

We hypothesized that low spontaneous body
temperature may be associated with increased in-hospital
death after return of spontaneous circulation (ROSC) in
patients with cardiac arrest. We sought to examine the
association between low spontaneous core temperature at
the time of hypothermia initiation and in-hospital death. In
doing so, we defined impaired thermoregulation as a
spontaneous core temperature of < 35 °C at the time of
temperature control with hypothermia initiation, which was
based on the finding of previous studies conducted by
Benz—Woerner e al. and den Hartog er al.'"'> We also
hypothesized that the temporal temperature patterns would
differ between patients with impaired and intact
thermoregulation. Thus, we aimed to explore the 24-hr
temporal temperature patterns of impaired
thermoregulation such as transient breakthrough
temperature > 37.5 °C during hypothermia therapy
(lasting 48 hr).
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Methods

We conducted a single-centre retrospective cohort study
that assessed the relationship between low spontaneous
core temperature at the time of hypothermia initiation
(primary exposure) and outcomes in both in- and out-of-
hospital patients with cardiac arrest who underwent
temperature control with hypothermia after ROSC. The
primary outcome was in-hospital death. After obtaining
approval from the research ethics board (REB: 116485;
Western University, London, ON, Canada; principal
investigator, Jason Chui), we screened 840 patient
records and extracted data from 597 patients who
achieved ROSC and received temperature control with
hypothermia between 1 January 2014 and 30 June 2020.

Study cohort

We identified study patients through an electronic database
maintained by the London Health Sciences Centre (LHSC),
London, ON, Canada. We excluded adult (age > 18 yr old)
patients who had ROSC after in- or out-of-hospital cardiac
arrest and received temperature control with hypothermia
between 1 January 2014 and 30 June 2020. We chose the
study start time, 1 January 2014, to coincide with the
implementation of electronic orders for hypothermia
therapy at our institution. We excluded patients if either
primary exposure or primary outcome were not available.
We considered a minimum of 24-hr temperature data to be
necessary to describe the temperature pattern that could
appropriately characterize the patients’ thermoregulation
status. Therefore, we excluded patients if hypothermia
therapy was not initiated at our institution, if hypothermia
therapy occurred during transfer between hospitals, or if
hypothermia therapy was terminated because life support
was withdrawn within 24 hr.

Routine temperature control with hypothermia care at
our institution allows for a core body temperature of
32-34 °C to be maintained for 24 hr and continuous core
body temperature monitoring with hourly documentation.
Cooling was achieved with a cooling blanket and
nonheated airway humidification; however, if this was
insufficient, patients could be given 500 mL of refrigerated
normal saline (0.9%) solution intravenously over 15 min as
needed. After 24 hr of cooling, passive rewarming was
initiated with a target temperature of 37.5 °C within six
hours. If this was not achieved, active rewarming with a
warming blanket could be initiated. Hyperthermia
prevention (> 37.5 °C) was maintained from 24-96 hr
post cooling.

Exposure variables

We defined low spontaneous body temperature as a
spontaneous core temperature of < 35 °C at the time of
hypothermia initiation, which was based on the previous
finding that an admission temperature of < 35 °C was
associated with lower survival.'* Impaired
thermoregulation was defined as the inability of
autonomic and behavioural responses to maintain body
temperature within the physiologic range; however, it is not
an operative definition in clinical practice.'® Therefore, we
first defined all patients with a spontaneous core
temperature of < 35 °C at the time of hypothermia
initiation to have impaired thermoregulation, and then
further characterized additional features of
thermoregulation like the average and variation in body
temperature and the presence and duration of breakthrough
fever. We chose a duration of 24 hr to allow for adequate
description of the temperature pattern and to minimize
missing temperature data once the maintenance phase of
hypothermia therapy was completed. The goal was to
determine if these indirect measures of impaired
thermoregulation would support our definition based on
spontaneous core body temperature at the time of
hypothermia initiation. We defined breakthrough fever as
any spike in body temperature > 37.5 °C. Average body
temperature during hypothermia therapy was defined as the
average hourly core body temperature from initiation of
hypothermia therapy up to 48 hr after. The hourly core
body temperature was obtained via either esophageal,
bladder, or pulmonary artery catheter measurements.

Outcome variables

The primary outcome was in-hospital death. We used death
occurring in the hospital to minimize the amount of
missing data. The cause of death was obtained from the
medical certificate of death. Neurologic-related death such
as brain injury or brain death was listed as the primary
cause of death on the death certificate (Electronic
Supplementary Material [ESM] eTable 1).

The secondary outcomes included neurologic outcome
at institutional discharge, ICU length of stay, and hospital
length of stay. The neurologic outcome was collected at the
time of hospital discharge (i.e., discharge from either acute
care, long-term care, or rehabilitation facilities in
continuity with the encounter for cardiac arrest
management). We scored the neurologic status using a
dichotomized form of the Cerebral Performance Category
(CPC) score, where a score of < 2 was defined as good
neurologic status and a score > 2 was defined as poor
neurologic status™” (ESM eTable 2).

@ Springer
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Data collection

We retrieved patient demographics from electronic patient

records. We manually collected cardiac arrest
characteristics, patient body temperature during
hypothermia therapy (up to 48 hr), method of

temperature measurement, and outcome variables from
paper charts. Patient temperature data were taken from the
time of hypothermia therapy initiation to 48 hr later, thus
allowing for capture of the rewarming phase (i.e., 24 hr
after cooling). We collected and managed study data using
REDCap® (Vanderbilt University, Nashville, TN, USA)
electronic data capture tools. Attempts to minimize
interrater variability during manual data extraction were
accomplished by allowing a data extraction learning period
with two patient records and data verification, providing a
standardized data extraction protocol and training to each
of the research assistants, and creating an open-door policy
for questions (ESM eTable 1 provides guidelines to resolve
contentious variables encountered during data collection).
Additionally, each REDCap instrument had a maximum of
two investigators performing independent, nonoverlapping
data extraction, with primary outcomes being extracted by
only one investigator. We performed double data extraction
for 10% of randomly selected patients or patients with
known data collection errors.

Statistical analysis

We summarized patient demographics, cardiac arrest
characteristics, body temperature during hypothermia
therapy, and outcomes. We also summarized the hourly
body temperature during hypothermia therapy, hypothermia
therapy characteristics, and outcomes for both patients with
initial spontaneous temperature of < 35 °C or initial
spontaneous temperature of > 35 °C. We constructed a
directed acyclic graph (DAG) to identify confounders in the
regression analysis based on the recommendations from the
critical care society (ESM eAppendix 1).'> We controlled
age, diabetes, baseline CPC score, renal replacement
therapy, cirrhosis, out-of-hospital cardiac arrest, witness
cardiac arrest, bystander cardiopulmonary resuscitation
(CPR), drug overdose, trauma, and winter season
(November to February) in the analysis using the causal
model method. Other variables examined were either not
confounders or did not have enough supporting evidence.
Further explanation of confounder selection is summarized
in the DAG.

We then performed multivariable logistic regression
analysis for in-hospital death with control for the
aforementioned 11 confounders identified in the DAG.
The strength of association was quantified by odds ratios
(ORs) and 95% confidence intervals (CIs).

@ Springer

We further used a multivariable Cox proportional hazard
model to assess the association between the survival time
of patients and low spontaneous body temperature < 35 °C.
Time-to-event analysis was performed to assess the
probability of survival from hypothermia therapy
initiation to either death or censoring at 180 days after
hypothermia therapy initiation, whichever came first. We
constructed a Kaplan—Meier survival graph to compare the
survival probability between low and normal spontaneous
body temperature. We further used log-rank test to assess
difference of survival between two groups.

Due to limited knowledge in guiding construction of the
DAG, we repeated our logistic regression analysis based on
P value methods for variable selection to ensure the
robustness of our results. Twenty variables were included
in the univariable analysis of P value method. We then
used variables with P < 0.1 to construct two multivariable
logistic regression models for death and poor neurologic
outcomes and a multivariable Cox proportional hazard
regression model.

A subgroup analysis of included patients who had
withdrawal of life support was performed for both
multivariable  logistic ~ regression  analysis  and
multivariable Cox proportional hazard analysis.

We employed the E-value method to evaluate the
potential impact of unmeasured confounding.'*"'® The
E-value method estimates the minimum strength of
association that an unmeasured confounder would need to
have with both the exposure and the outcome, while
accounting for other confounding variables, to fully explain
away the observed association between the exposure and
outcome.'*'¢

We performed all statistical analyses using Stata version
14.0 (StataCorp LLC, College Station, TX, USA). A
P value < 0.05 was considered statistically significant.

Results

Eight hundred and forty patients underwent temperature
control with hypothermia after ROSC between 1 January
2014 and 30 June 2020. We excluded 154 patients because
life support was withdrawn within 24 hr of targeted
temperature management initiation (i.e., no temperature
data for 24 hr), 74 because hypothermia therapy was not
initiated at LHSC, 14 because no temperature data were
available, and one because of conflicting time data (where
hypothermia therapy was initiated before the date of
cardiac arrest). Therefore, 597 patients were included in
our final analysis (ESM eAppendix 2). This cohort was
predominately male (69%) with a mean (standard deviation
[SD]) age of 61 (16) yr. Most patients (94%) had a good
baseline neurologic status before cardiac arrest. Regarding
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cardiac arrest characteristics, 61% and 75% of patients
experienced an out-of-hospital cardiac arrest and witnessed
arrest, respectively. Bystander CPR was initiated in 64% of
patients. Most (59%) presented with nonshockable rhythm,
while only 19% of patients with cardiac arrest had an
identifiable ST-elevation myocardial infarction on the
electrocardiogram. Other baseline characteristics for the
cohort of 597 patients are summarized in Table 1.

Of the 597 patients, 209 had low initial spontaneous
core body temperature < 35 °C and 388 had an initial
spontaneous core body temperature > 35 °C. The mean
(SD) spontaneous temperature at the time of hypothermia
therapy initiation was 33.9 (0.9) °C in the low spontaneous
core body temperature group, and 36.3 (0.8) °C in the
group with spontaneous core body temperature > 35 °C.
The hourly body temperature between the two groups is
shown in Fig. 1. The mean (SD) body temperature during
hypothermia therapy in participants with low spontaneous
core body temperature was slightly lower than that in the
group with spontaneous core body temperature > 35 °C
(34.6 [1.0] °C and 35.0 [1.0] °C , respectively; Table 2).
Patients with spontaneous core body temperature > 35 °C
had more frequent breakthrough fever (29% and 18%,
respectively); however, the average cumulative duration of
fever was short and was not different between two groups
(Table 2). The short duration of fever in both groups may
reflect the aggressive control of fever in our unit.

In-hospital death

Three hundred and twenty-five of 597 patients (54%) died
in the hospital. The cause of death was specified in 313
patients, 227 of whom (73%) died of neurologic causes, 32
(10%) of cardiovascular causes, and 54 (17%) of other
causes (Table 2).

In the multivariable logistic regression, low spontaneous
body temperature was associated with increased in-hospital
death (OR, 2.9; 95% CI, 1.9 to 4.2; P < 0.001) (Table 3)
with control of 11 confounders.

From the Kaplan—Meier plot, the median duration of
time to death or censoring was 24 days. Most deaths
occurred shortly after hypothermia therapy initiation,
after which the mortality rate reached a plateau 30 days
after hypothermia therapy initiation. The probability of
death was significantly greater in the low spontaneous
core body temperature group than in the group with
spontaneous core body temperature > 35 °C (log-rank
test, P < 0.001) (Fig. 2). In the multivariate Cox
proportional hazard regression analysis, low spontaneous
body temperature was positively associated with
increased in-hospital death (hazard ratio [HR], 1.4;
95% CI, 1.2 to 1.7; P < 0.001).

Secondary outcomes

A poor neurologic outcome at hospital discharge was found
in 32% of patients. In the multivariable logistic regression
analysis, low spontaneous body temperature was associated
with increased risk of a poor neurologic outcome (OR, 1.7;
95% CI, 1.0 to 2.4; P < 0.001) (ESM eTable 4).

The mean (SD) ICU length of stay for patients with low
spontaneous core body temperature was shorter than that for
patients with a spontaneous core body temperature > 35 °C
(10 [16] and 18 [51] days, respectively). Nevertheless, this
difference was related to the higher ICU mortality rate in
patients with low spontaneous core body temperature. There
was no statistically significant difference in hospital length
of stay between the two groups for the participants who
survived until ICU discharge. The time-to-event analysis
also showed no difference in the time to hospital discharge
between the two groups for the participants who survived
until ICU discharge (log-rank test, P = 0.2) (ESM eFigure).

Ancillary analysis

The repeated multivariable logistic regression analysis and
Cox proportional hazard regression analyses using the
P value method for confounder selection yielded similar
results to using the causal model (or DAG) method (ESM
eTables 3-5). Using the P value method of confounder
selection for multivariable logistic regression, patients with
low spontaneous body temperature were associated with
more in-hospital death (OR, 2.7; 95% CI, 1.8 to 4.0;
P <0.0001) (ESM eTables 3 and 4). In the Cox proportional
hazard regression analyses using the P value method of
confounder selection, low spontaneous body temperature
was associated with increased in-hospital death (HR, 1.4;
95% CI, 1.2 to 1.6; P < 0.001) (ESM eTable 5).

The subgroup analysis revealed that the presence or
absence of withdrawal of life support did not influence the
association between initial spontaneous body temperature
and in-hospital death (ESM eTable 6).

The calculated E-value for the association between
initial spontaneous body temperature (exposure) and in-
hospital death (primary outcome) was 2.8. This E-value
represents the magnitude of unmeasured confounding
required to invalidate the observed association. In other
words, an unmeasured confounder would need to influence
the spontaneous body temperature (exposure) and in-
hospital death (outcome) by 2.8-fold, while also
controlling other covariates. Given the context of this
study, it is possible but unlikely that a variable capable of
exerting such a substantial impact on both exposure and
outcome exists that could significantly alter the study
results. The details of calculation are presented in ESM
eTable 7.

@ Springer
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Table 1 Patient demographics and cardiac arrest characteristics

Characteristic Initial spontaneous body temperature Initial spontaneous body temperature Total

<35°C > 35°C
Age (yr), mean (SD) 61 (17) 62 (16) 61 (16)
Male sex, n/total N (%) 137/209 (66%) 274/388 (70%) 411/597 (69%)

Medical history, n/total N (%)

Diabetes mellitus

Coronary artery disease

Good neurologic status (CPC)

Home renal replacement therapy requirement
Home oxygen requirement

Home ventilation requirement

Metastatic cancer
Cirrhosis

Pregnant

Characteristics of cardiac arrest, n/total N (%)
Location of cardiac arrest

Out-of-hospital
In-hospital

Emergency department

Hospital ward

Operating room

Other

Uncertain
Witnessed

Yes

No

Uncertain
Bystander CPR

Yes

No

Uncertain

Associated with trauma or asphyxiation
Associated with overdose

First monitored rhythm

47/209 (23%)
47/209 (23%)
195/208 (94%)
6/209 (3%)
3/208 (1%)
2/205 (1%)
3/209 (1%)
4/209 (2%)
0/209 (0%)

154/209 (74%)

22/54 (41%)
26/54 (48%)
4/54 (1%)
2/54 (4%)

147/208 (71%)
60/208 (29%)
1/208 (1%)

116/208 (56%)
90/208 (43%)
2/208 (1%)
7/209 (3%)
19/209 (9%)

124/387 (32%)
105/388 (27%)
362/387 (94%)
24/388 (6%)
14 /387(4%)
8/385 (2%)
5/388 (1%)
11/388 (3%)
3/388 (0.8%)

208/388 (54%)

43/179 (24%)
116/179 (65%)
11/179 (6%)
9/179 (5%)

297/385 (77%)
80/385 (21%)
8/385 (2%)

260/384 (68%)
109/384 (28%)
15/384 (4%)
8/388 (2%)
17/388 (4%)

171/596 (29%)
152/597 (25%)
557/595 (94%)
30/597 (5%)
17/595 (3%)
10/590 (2%)
8/597 (1%)
15/597 (3%)
3/597 (0.5%)

362/597 (61%)
233 (39%)
65/233 (28%)
142/233 (61%)
15/233 (6%)
11/233 (5%)
2/233 (1%)

444/593 (75%)
140/593 (24%)
9/593 (1%)

376/592 (64%)
199/592 (34%)
17/592 (3%)
15/597 (3%)
36/597 (6%)

Shockable
Yes 76/208 (37%) 156/383 (41%) 232/591 (39%)
No 129/208 (62%) 217/383 (57%) 346/591 (59%)
Uncertain 3/208 (2%) 10/383 (3%) 13/591 (2%)
STEMI
Yes 39/209 (19%) 75/387 (19%) 114/596 (19%)
No 165/209 (79%) 286/387 (74%) 451/596 (76%)
Uncertain 51209 (2%) 26/387 (7%) 31/596 (5%)
CPC = cerebral performance categories scale; CPR = cardiopulmonary resuscitation; SD = standard deviation; STEMI = ST-
elevation myocardial infarction
Discussion was associated with increased death and worsened

neurologic outcome in patients after cardiac arrest. Our
Our study found that a low spontaneous body  results were consistent with those shown by prior
temperature < 35 °C at hypothermia therapy initiation studies,'®'*!7 where low admission body temperature

@ Springer
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Fig. 1 Hourly body temperature during targeted temperature management. The graph shows the hourly body temperature in two groups 48 hr
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represents the median hourly temperature. The upper and lower adjacent lines show the upper and lower adjacent values. The dots represent
outliners. The mean (standard deviation) time from cardiac arrest to TTM initiation was 5.4 (10.5) hr.

TTM = targeted temperature management

was associated with either higher mortality or poorer
neurologic outcomes. Nevertheless, our study is the first to
show that both death and poor neurologic outcomes are
impacted by low spontaneous body temperature in the
same data set. The consistency of our results with previous
findings supports the validity of the observed association.
Furthermore, our time-to-death analysis suggests that the
majority of deaths occurred within the first 15 days of ICU
admission, providing new insights for future outcome
measurements.

Our results also suggest that patients with low
spontaneous body temperature exhibited features
indicative of impaired thermoregulation. Therefore, our
findings support the postulation that the thermoregulatory
function may be associated with the outcomes of patients
after cardiac arrest. From a pathophysiologic standpoint, a
low spontaneous core body temperature may reflect the
robustness of the patients’ underlying physiology,
especially after having undergone a period of global
ischemia,"®'” or may reflect the degree of neurologic
injury. Literature involving patients with ruptured cerebral
aneurysms has shown that low admission body temperature
was associated with delayed cerebral infraction. Traumatic
brain injury patients with low admission body temperature

were also shown to have lower admission Glasgow coma
scale ratings.”® Furthermore, either extremely low or high
brain temperatures in patients with traumatic brain injury
were shown to be associated with poor long-term
neurologic outcomes.?’ Taken together, low spontaneous
body temperature may reflect the severity of cerebral injury

and systemic injury secondary to cardiac arrest.
Nevertheless, it remains unknown whether low
spontaneous body temperature is solely a poor

prognosticator or if it holds potential as a therapeutic
target for future interventions.

Integrity of thermoregulation is difficult to assess in
practice. Our operative definition of low spontaneous body
temperature at the time of hypothermia therapy initiation
allows clinical application of our findings. The patients
with intact thermoregulation were more likely to have
higher average body temperature during hypothermia
therapy and more frequent transient breakthrough fever.
It is important to reiterate that the breakthrough fever in
this study was transient and was similar in terms of
duration in both groups. Therefore, our results did not
imply presence of breakthrough fever was associated with
better outcomes. Instead, the presence of transient but
controlled breakthrough fever episodes may indicate the

@ Springer
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Table 2 Primary and secondary outcomes
All Initial spontaneous Initial spontaneous P value
participants body temperature body temperature
<35°C > 35 °C
Body temperature and TTM characteristics
Time from cardiac arrest to TTM initiation (hr), 3.3 [2.0-6.0] 3.1 [2.0-5.4] 3.6 [2.0-6.5] 0.11
median [IQR]
Spontaneous body temperature at the time of 355 (1.4) 33.9 (0.9) 36.3 (0.8) < 0.001*
TTM initiation, mean (SD)
Mean body temperature during TTM (°C), mean (SD) 34.8 (1.0) 34.6 (1.0) 35.0 (1.0) < 0.001*
Variation in body temperature during TTM (°C), mean (SD) 1.3 (0.9) 1.4 (1.0) 1.3 (0.9) 0.4
Any breakthrough fever during TTM, n/total N (%) 152/597 (26%) 38/209 (18%) 114/388 (29%) < 0.003*
Cumulative duration of breakthrough fever during TTM 0 [0-1] 0 [0-0] 0 [0-1] 0.02%*
(hr), median [IQR]
Outcome
In-hospital death, n/total N (%) 325/597 (54%) 141/209 (67%) 184/388 (47%) < 0.001*
Death in ICU, n/total N (%) 306/597 (51%) 139/209 (67%) 167/388 (43%) < 0.001%*
Causes of death, n/total N (%)
Neurologic cause 227/313 (73%) 107/135 (80%) 120/178 (68%) 0.05
Cardiovascular cause 32/313 (10%) 12/135 (9%) 20/178 (12%)
Other 54/313 (17%) 16/313 (12%) 38/178 (22%)
Time to death or censoring (days), median [IQR] 24 [4-180] 7 [3-180] 180 [6-180]
Poor neurologic outcome at discharge, n/total N (%) 403/596 (68%) 1557209 (74%) 248/387 (64%) 0.01*
Length of stay (hr), median [IQR]
ICU length of stay 8 [5-15] 6 [4-14] 8 [5-16] 0.007*
Hospital length of stay 19 [12-32] 16.5 [11.5-27] 19.5 [12-37] 0.19

#*Includes only those who survived to ICU discharge

“Statistically significant

All parametric data were tested by unpaired Student’s ¢ test. Nonparametric data were tested by Wilcoxon rank sum test. All categorical data
were tested with the Chi square test. The variation of body temperature is defined as the difference of the highest and lowest body temperature in

the 24-hr period.

ICU = intensive care unit; IQR = interquartile range; SD = standard deviation; TTM = targeted temperature management

physiologic ability to mount a fever response and may
indirectly reflect on the robustness of the patients’
physiology. Despite our findings suggesting that low
spontaneous body temperature may indicate impaired
thermoregulation, it is important to consider that various
factors, such as environmental temperature, can contribute
to both low body temperature and poor outcomes.
Therefore, the causal relationship between impaired
thermoregulation and low spontaneous body temperature
remains speculative.

Limitations

This study is limited by its retrospective, single-centre
design but the sample size is considerable. Although we
employed two approaches to account for confounders,
several important confounders impacting poor outcomes
such as duration of cardiac arrest, time to CPR, APACHE

@ Springer

Il score, cumulative no-flow states and low-flow states
were not included because consistent documentation was
lacking. To address these unmeasured confounders in our
models, we calculated the E-value to quantify their
potential impact. Despite our best efforts, there may still
be unmeasured confounders that could have affected the
certainty of the associations. Additionally, although our
findings suggest that a low spontaneous body temperature
may indicate impaired thermoregulation, causal inference
in this regard remains uncertain. Furthermore, we only
included patients who underwent hypothermia therapy
because these patients had mandatory hourly temperature
measurements as per our institutional policy. Thus, our
results may not be applicable to patients who require
temperature management for the prevention of
hypothermia, such as those who regain complete
consciousness after resuscitation or present with brief
cardiac arrest that allows for early extubation. One hundred
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Table 3 Logistic regression analyses for in-hospital death and Cox proportional hazard regression analysis for time to in-hospital death

Characteristic Multivariable logistic regression Cox proportional hazard regression
OR 95% CI P value HR 95% CI P value
Initial spontaneous body temperature < 35 °C 2.9 1.9 to 4.2 < 0.001* 1.4 1.2 to 1.7 < 0.001*
Age (every decade) 1.2 1.1to 1.4 0.001* 1.1 1.0to 1.3 0.03*
Diabetes mellitus 1.8 12t028 0.004* 1.2 1.0to 1.5 0.03*
Baseline neurologic status (CPC) 0.3 0.1 to 0.6 0.002* 0.6 0.4 t0 0.9 0.007*
Renal replacement therapy 32 13t079 0.01%* 1.3 09to 1.9 0.18
Cirrhosis 1.8 0.6 to 5.7 0.3 1.0 0.6 to 1.7 0.9
Arrest related to trauma and/or asphyxiation 2.1 0.6 to 6.8 0.3 1.3 0.7 to 2.2 0.4
Arrest related to drug overdose 4.1 1.7 t0 9.9 0.001* 1.8 1.2 to 2.6 0.002%*
Out-of-hospital cardiac arrest 0.8 0.5t0 1.2 0.3 0.9 0.7 to 1.1 0.3
Witnessed cardiac arrest 0.5 0.3t00.8 0.003* 0.8 0.6 to 0.9 0.01*
Bystander CPR 0.7 0.5to0 1.0 0.08%* 0.8 0.7to 1.0 0.05*
Winter season 1.1 0.7to 1.6 0.8 1.0 0.8to 1.2 0.9

Impaired thermoregulation is defined as initial spontaneous body temperature < 35 °C at the time of targeted temperature management initiation
(temperature > 35 °C as base)

“Statistically significant

CI = confidence interval; CPC = cerebral performance categories scale; CPR = cardiopulmonary resuscitation; HR = hazards ratio; OR = odds
ratio

1.00+
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= |nitial spontaneous body temperature = 35°C Initial spontaneous body temperature <35°C

Fig. 2 Probability of survival up to 180 days after targeted temperature management initiation. The graph shows the probability of survival up to
180 days after TTM initiation among patients classified into two groups. Data were censored as either death occurred or reaching the last day of
follow-up. The graph shows high probability of survival in patients who initial spontaneous body temperature > 35 °C during TTM.

TTM = targeted temperature management
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and fifty-four patients who had withdrawal of life support
within 24 hr of hypothermia therapy initiation were
excluded because of incomplete hourly temperature data
to characterize the status of thermoregulation. The
exclusion of these patients may have introduced selection
bias; however, our subgroup analysis of time to in-hospital
death did not find any differences between subgroups
(ESM eTable 6). We did not explore the reasons for
withdrawal of life support nor did we include the neuro-
prognostication data as it was beyond the scope of this
study. The method of temperature measurement, such as
esophageal, bladder, or other routes, was not consistently
documented. Consequently, it was not possible to analyze
its effect. Nevertheless, based on our clinical experience,
the predominant method of measuring body temperature
was through the use of an esophageal temperature probe.
Lastly, although the temperature targets for therapeutic
hypothermia in many institutes have been changed from
32-34 °C to 36 °C, the external validity of our results
should not be limited because a previous clinical trial’
showed that the temperature target of hypothermia therapy
does not influence death or poor neurologic outcomes.

Conclusion

In this single-centre retrospective cohort study, low
spontaneous core body temperature was associated with
poor outcomes in patients after cardiac arrest. Body
temperature is not only a therapeutic target in patients who
experience cardiac arrest but may also reflect the severity of
the initial injury and/or the robustness of the patient’s residual
physiology. Because of the limitations of this study, future
research is needed to confirm and expand on our findings.
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