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Maintaining strict temperature control during the maintenance phase of targeted temperature management
(TTM) after cardiac arrest may be an important component of clinical care. Temperature variability outside of
the goal temperature range may lessen the benefit of TTM and worsen neurologic outcomes. The purpose of this
retrospective study of 186 adult patients (70.4% males, mean age 53.8 – 15.7 years) was to investigate the
relationship between body temperature variability (at least one body temperature measurement outside of
36�C – 0.5�C) during the maintenance phase of TTM at 36�C after cardiac arrest and neurologic outcome at
hospital discharge. Patients with temperature variability (n = 124 [66.7%]) did not have significantly higher odds
of poor neurologic outcome compared with those with no temperature variability (odds ratio [OR] = 1.01, 95%
confidence interval [CI] = 0.36–2.82). Use of neuromuscular blocking agents (NMBAs) and having an initial
shockable rhythm were associated with both higher odds of good neurologic outcome (shockable rhythm:
OR = 10.77, 95% CI = 4.30–26.98; NMBA use: OR = 4.54, 95% CI = 1.34–15.40) and survival to hospital dis-
charge (shockable rhythm: OR = 5.90, 95% CI = 2.65–13.13; NMBA use: OR = 3.03, 95% CI = 1.16–7.90). In
this cohort of postcardiac arrest comatose survivors undergoing TTM at 36�C, having temperature variability
during maintenance phase did not significantly impact neurologic outcome or survival.
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Introduction

Targeted temperature management (TTM) is a
neuroprotective strategy that has largely become a stan-

dard of care for comatose survivors of cardiac arrest, partic-
ularly for those with out-of-hospital cardiac arrest and a
shockable rhythm (Bernard et al., 2002; HACA, 2002; Call-
away et al., 2015; Geocadin et al., 2017). TTM comprises
three main phases; (1) induction, which is the rapid lowering of
core body temperature to the targeted temperature, (2) main-
tenance, in which the targeted goal temperature is maintained
for a specific period of time (usually 24 hours), and (3) re-
warming, in which body temperature is slowly increased to
normothermia (Geocadin et al., 2017; Madden et al., 2017).

National guidelines recommend targeting a goal temper-
ature between 32�C and 36�C (Callaway et al., 2015), with

many institutions choosing either 33�C (TTM33) or 36�C
(TTM36) (Deye et al., 2016; Bray et al., 2017; Johnson et al.,
2020). Targeting TTM36 for postresuscitative care has be-
come increasingly utilized following a large clinical trial
demonstrating no difference in neurologic outcomes com-
pared with TTM33 (Nielsen et al., 2013). Despite the in-
crease in utilization of TTM36, many facets related to
implementation of this relatively recent targeted temperature
remain uncertain.

One aspect of clinical management during TTM is the
ability to maintain control of body temperature at the speci-
fied goal temperature. The Emergency Neurological Life
Support (ENLS) guidelines recommend a variation in goal
temperature of less than –0.5�C during the maintenance
phase of TTM (Rittenberger et al., 2015; Elmer and Polder-
man, 2017). It has been hypothesized that strict temperature
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control and avoiding fever during TTM are necessary to
achieve the maximum neuroprotective benefit (Neumar et al.,
2008; Polderman and Herold, 2009). However, several
studies have demonstrated no difference in neurologic out-
comes or survival for patients with temperature variability
compared with those without (Nobile et al., 2015; Nayeri
et al., 2017). Notably, these studies only included patients
with TTM33.

Strict adherence to maintaining goal temperature may be
more challenging when targeting 36�C compared with 33�C
(Casamento et al., 2016; Bray et al., 2017). Low compliance
with maintaining TTM36 results in patients spending more
time outside of the goal temperature range. As TTM36 is just
below normothermia, it is potentially more critical to main-
tain strict temperature control to avoid hyperthermia.

Although limited evidence has not shown low compliance
with TTM36 to be associated with worse neurologic out-
comes relative to TTM33, Bray et al. (2017) reported a trend
toward worsening patient outcomes. However, the impact of
temperature variability on neurologic outcomes specifically
at TTM36 has not been widely studied. The purpose of this
retrospective cohort study was to investigate the association
between body temperature variability during the mainte-
nance phase of TTM and neurologic outcomes for patients
receiving TTM at 36�C after cardiac arrest.

Methods

Population and study design

This was a retrospective study of adult postcardiac arrest
patients at Harborview Medical Center, a Level-1 Trauma
Center and Postcardiac Arrest Receiving Center with 413
beds in Seattle, WA. Patients from November 2014 to June
2017 were included in the study if they were q18 years old,
received TTM at 36�C using surface cooling following a
cardiac arrest, and completed at least the maintenance phase
of TTM. Patients were excluded if there were <10 body
temperatures recorded, or if they did not complete 24 hours of
TTM. Patients were identified using cardiac arrest ICD-9
diagnosis codes from the electronic health record and from an
internal cardiac arrest database of all patients treated with
TTM. This study was approved by the local institutional re-
view board with a waiver of informed consent.

The primary outcome of this study was neurologic out-
come at hospital discharge. Good neurologic outcome was
defined as a Cerebral Performance Category (CPC) scale
score of p2. Poor neurologic outcome was defined as a CPC
score >2. CPC score was determined following a compre-
hensive review of the electronic health record, including
physician, nursing, physical and occupational therapy notes,
cognitive evaluations, and the discharge summary by the
primary author before knowledge of specific cardiac arrest
details. If the primary author was unsure of the appropriate
CPC score, the case was discussed with other authors (also
blinded to cardiac arrest details) for consensus.

TTM protocol

Patient management during TTM was guided by hospital
protocol and the patient care team. In general, TTM was ini-
tiated using surface cooling gel pads with a temperature
management system (Arctic Sun�; Bard Medical, Colorado,

United States) for 24 hours after goal temperature was reached.
Gel pads were selected based on patient’s size according to the
manufacturer’s recommendations. The Arctic Sun temperature
management system uses a proportional, integral derivative
formula to systematically adjust the water temperature using a
preprogrammed algorithm and adjusts water temperature in
response to body temperature every 1 minute to maintain the
programmed goal temperature (Ang et al., 2005; Badjatia
et al., 2007). Temperature measurement accuracy is reported
to be –0.2�C, with precision of 0.1�C and a maximum water
flow of 5 L/min. Water bath range is from 3�C to 45�C.

Core body temperature was monitored using an esophageal
temperature sensing probe (Level 1� Esophageal Stetho-
scope with Temperature Sensor; Smiths Medical, St. Paul,
MN). Sedation included propofol or midazolam infusion, and
pain was managed using fentanyl intravenous (IV) boluses.
Rewarming occurred following*24 hours at 36�C at a rate of
0.3�C/h to a temperature of 37�C. After rewarming, surface
cooling gel pads were set to maintain normothermia at 37�C
for an additional 48 hours for all patients regardless of neu-
rologic status (i.e., for patients who remained comatose and
for patients who regained consciousness).

Shivering was documented in the medical record using a
binary code (present or absent). As per the TTM protocol, all
patients received acetaminophen 650 mg via a nasogastric
tube every 6 hours and counterwarming using a forced air
warming blanket (3M� Bair Hugger� Normothermia Sys-
tem). If shivering was detected, a sedation bolus was given
with an increase in the continuous infusion. If shivering
continued, an IV bolus or continuous infusion of vecuronium
or cisatracurium was used to stop shivering. Other medica-
tions used to manage shivering included magnesium and
buspirone as ordered by the medical team.

Data management

Data were obtained from the electronic health record and
included the following: age, sex, race, body mass index
(BMI) (using weight on admission to the intensive care unit),
location of arrest (in-hospital or out-of-hospital), initial
rhythm (shockable or nonshockable), presence of a witness to
the arrest, bystander cardiopulmonary resuscitation (CPR),
length of cardiac arrest (from time of emergency services
arrival [or time of call if available] to return of spontaneous
circulation, or from inpatient code report), cause of cardiac
arrest (cardiac, respiratory, or unknown), length of hospital-
ization, survival to hospital discharge, discharge disposition,
body temperature, medications administered during TTM,
seizure activity diagnosed by electroencephalogram (EEG)
(EEG data only available for patients when specifically or-
dered by the provider, most often for patients with suspected
seizure activity identified from clinical observations), and
presence of shivering.

For the purposes of this study, the maintenance phase of
TTM was defined as the period from the first time a body
temperature of 36�C – 0.2�C was recorded after induction of
TTM until the start of rewarming. Patients with temperature
variability were defined as having at least one body temper-
ature outside of 36�C – 0.5�C (either >36.5�C or <35.5�C)
during the maintenance phase. Data were inspected for ac-
curacy, and values falling outside of a plausible physiologic
range were excluded (e.g., likely to be entry errors).
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Statistical analysis

Patient characteristics were presented as counts, relative
frequencies, means, and standard deviations (SDs), as ap-
propriate. Multivariate logistic regression models were used
to evaluate the relationship between neurologic outcome and
temperature variability. Covariates included age, sex, race,
BMI, location of cardiac arrest, initial rhythm, initiation of
bystander CPR, cause of cardiac arrest, presence of shivering,
and use of neuromuscular blocking agents (NMBAs). Time to

return of spontaneous circulation was not included given
>40% missing data.

As the total length of time spent outside of goal tempera-
ture may affect neurologic recovery, the proportion of time
with temperature variability with respect to total time of
maintenance phase was estimated. This was accomplished by
first organizing the maintenance phase into 15-minute inter-
vals, and then aligning the intervals with documented body
temperatures. In the case where more than one value for body
temperature occurred during a 15-minute interval, the mean

Table 1. Patient and Event Characteristics, Including Differences

by Presence of Temperature Variability

Characteristic
Total

(n = 186)
Temperature variability

(n = 124)
No temperature

variability (n = 62) p

Sex
Male 131 (70.4) 86 (69.4) 45 (72.6) 0.78
Female 55 (29.6) 38 (30.6) 17 (27.4)
Age (years), mean – SD 53.8 – 15.7 53.7 – 13.7 54.3 – 19.3 0.80
BMI, mean – SD 27.2 – 7.5 27.9 – 7.1 25.8 – 8.1 0.08

Race
Caucasian 127 (68.3) 82 (66.1) 45 (72.6) 0.13
African American 27 (14.5) 18 (14.5) 9 (14.5)
Asian 13 (67.0) 7 (5.6) 6 (9.7)
Other/unknown 19 (10.2) 17 (13.7) 2 (3.2)

Location of cardiac arrest,
Out of hospital 167 (89.8) 114 (91.9) 50 (80.6) 0.10
In-hospital 19 (10.2) 9 (7.3) 10 (16.1)

Initial rhythm
Shockable 66 (35.5) 54 (43.5) 12 (19.4) 0.002*
Nonshockable 120 (64.5) 70 (56.5) 50 (80.6)

Cause of cardiac arrest
Cardiac 82 (44.1) 59 (47.6) 23 (37.1) 0.39
Respiratory 76 (40.9) 47 (37.9) 29 (46.8)
Unknown 28 (15.0) 18 (14.5) 10 (16.1)
Witnessed 103 (55.4) 66 (53.7) 37 (60.7) 0.46
Bystander CPR 116 (62.4) 69 (55.6) 47 (77.0) 0.01*
Length of CA from EMS arrival** (minutes)

mean – SD
19.2 – 13.7 21.4 – 14.5 14.6 – 10.4 0.01*

Shivering 111 (59.7) 83 (66.9) 28 (45.2) 0.01*
Paralytic use 130 (69.9) 91 (73.4) 39 (62.9) 0.19
EEGa 148 (79.6) 98 (79.0) 50 (80.6) 0.95
Epileptic seizuresb 33 (17.7) 20 (16.1) 13 (21.0) 0.54
Length of hospitalization, mean – SD 12.7 – 20.1 12.6 – 21.9 13.0 – 16.2 0.90

Discharge disposition
Home 26 (14.0) 21 (16.9) 5 (8.1) 0.54
SNF/rehabilitation 23 (12.4) 14 (11.3) 9 (14.5)
AMA 5 (2.7) 3 (2.4) 2 (3.2)
Outside hospital 4 (2.2) 3 (2.4) 1 (1.6)
Deceased 128 (68.8) 83 (66.9) 45 (72.6)

CPCc at discharge
1–2 (good) 47 (25.3) 35 (28.2) 12 (19.4) 0.26
3–5 (poor) 139 (74.7) 89 (71.8) 50 (80.6)
Survival 58 (31.2) 41 (33.1) 17 (27.4) 0.54

Data are reported as n (%) unless otherwise noted.
*Denotes group difference p < 0.05.
**40% missing data.
aEEG.
bSeizures diagnosed by EEG.
cCerebral Performance Category scale.
AMA, against medical advice; BMI, body mass index; CPC, Cerebral Performance Category; CPR, cardiopulmonary resuscitation; EEG,

electroencephalogram; SD, standard deviation; SNF, skilled nursing facility.
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of recorded values was used. To estimate body temperature
during 15-minute intervals when no body temperature was
recorded, interpolation using functions ‘‘na.approx’’ and
‘‘na.spline’’ from the package ‘‘zoo’’ (version zoo v1.8–0) in
the R programming language (version 1.0.136) was applied.
This approach uses weighted sums of linear and cubic splines
(2/3 linear, 1/3 spline) to simultaneously maximize monoto-
nicity of the interpolating function between the known data
points, while minimizing the slope discontinuity of the inter-
polant at each known data point (Micula and Micula, 1999).

Percent of time with temperature variability was then
calculated as a proportion of number of minutes with tem-
perature variability (number of 15-minute intervals with body
temperature outside of 36�C – 0.5�C multiplied by 15) out
of total minutes of the maintenance phase (count of all 15-
minute intervals multiplied by 15). Statistical analysis was
performed using STATA (version 14; StataCorp LP, College
Station, TX). All analyses were 2-sided, with a significance
level of a < 0.05.

Results

Out of 237 postcardiac arrest patients during the study
period, 186 met the inclusion criteria. Reasons for exclusion
were death or awakening before completion of the mainte-
nance phase, too few recorded temperatures, or targeting a
temperature other than 36�C. Table 1 summarizes sample
characteristics and features of the cardiac arrest event. No-
tably, patients with temperature variability were significantly
more likely to have had a shockable rhythm (temperature
variability: 43.5% vs. no temperature variability 19.4%; p =
0.002), with less bystander CPR (temperature variability:
55.6% vs. no temperature variability 77.0%; p = 0.01), a
longer arrest time (temperature variability: 21.4 – 14.5 min-
utes vs. no temperature variability 14.6 – 10.4 minutes;
p = 0.01), and more shivering (temperature variability: 66.9%
vs. no temperature variability 45.2%; p = 0.01).

Figure 1 shows the average hourly body temperature for
patients with and without temperature variability. Tempera-
ture variability was not significantly associated with odds of
poor neurologic outcome both for the univariate model (odds
ratio [OR] = 0.61, p = 0.19, 95% confidence interval [CI] =
0.29–1.28), and after adjustment for covariates (OR = 1.01,
p = 0.98, 95% CI = 0.36–2.82). Similarly, percent of time
spent outside of goal temperature range relative to total
length of maintenance phase was not significantly associated

with odds of poor neurologic outcome (OR = 1.00, p = 0.83,
95% CI = 0.95–1.04).

Figure 2 shows the number of recorded body temperatures
outside of the goal temperature range comparing patients
with good neurologic recovery to poor neurologic recovery.
Among those with temperature variability, there were 353
(6.0%) documented body temperatures <35.5�C and 173
(2.9%) documented body temperatures >36.5�C (range:
31.8�C–37.6�C).

Having an initial shockable rhythm and use of NMBAs
were significantly associated with odds of a good neurologic
outcome (shockable rhythm: OR = 10.77, p < 0.001, 95%
CI = 4.30–26.98; NMBA use: OR = 4.54, p = 0.02, 95% CI =
1.34–15.40) (Table 2). Similarly, an initial shockable rhythm
and use of NMBAs were significantly associated with odds of
survival to hospital discharge, but not temperature variability
(shockable rhythm: OR = 5.90, p < 0.001, 95% CI = 2.65–13.13;
NMBA use: OR = 3.03, p = 0.02, 95% CI = 1.16–7.90; temper-
ature variability: OR = 0.69, p = 0.41, 95% CI = 0.28–1.67).

Discussion

This was a retrospective study evaluating the association
between temperature variability during the maintenance
phase of TTM36 and neurologic outcome at hospital dis-
charge. In this study, having temperature variability was not
significantly associated with odds of poor neurologic out-
come. Patients with good neurologic outcome were more
likely to have an initial shockable rhythm and receive
NMBAs during TTM. Likewise, temperature variability was
not associated with odds of survival to hospital discharge, but
patients who survived to discharge were more likely to have a
shockable rhythm and receive NMBAs during TTM.

The present study is one of the first to assess the rela-
tionship between temperature variability and neurologic
outcome specifically at TTM36. Nevertheless, our findings
are in alignment with others who found that having temper-
ature variability was not associated with poor neurologic
outcomes after cardiac arrest when targeting TTM33 (Nobile
et al., 2015; Nayeri et al., 2017). In a retrospective study of
229 comatose survivors of cardiac arrest who underwent
TTM33, Nobile et al. (2015) found that having high tem-
perature variability was not associated with worse neurologic
outcome 3 months postarrest. Similarly, in a cohort of 242
comatose survivors of cardiac arrest treated with TTM33,
Nayeri et al. (2017) did not find that temperature variability

FIG. 1. Differences in average hourly
body temperature for patients with and
without temperature variability data are
graphed as the mean hourly body tempera-
ture with 95% confidence intervals from
hour 0 to 24 of the TTM maintenance phase.
The black points are patients with no tem-
perature variability, and gray points are
patients with temperature variability.
TTM, targeted temperature management.
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was associated with higher odds of poor neurologic outcome.
It should be noted that both Nobile and Nayeri defined tem-
perature variability using the variance or SD of all recorded
body temperatures of subjects in their respective studies ei-
ther by using a cutoff score to determine temperature vari-
ability or by using variance as a continuous scale. Whereas in
the present study, we used the ENLS recommendation to
maintain goal temperature within –0.5�C of the targeted
temperature to a priori define temperature variability as
having at least one body temperature outside of –0.5�C of the
targeted temperature.

We also attempted to capture the total percentage of time
with temperature variability relative to the total TTM main-
tenance period to determine if a greater amount of time with
temperature variability negatively affected neurologic out-
come; however, this was not the case. Although patients with
temperature variability had temperatures >36.5�C (2.9% of
temperatures), it was more frequently noted that body tem-
peratures were <35.5�C (6% of temperatures), with a maxi-

mum recorded temperature of 37.6�C. Meaning that by and
large, patients with temperature variability did not frequently
experience elevated body temperatures during TTM. As hy-
perthermia is thought to worsen brain injury, the lack of el-
evated body temperatures in this cohort may explain why no
difference in neurologic outcome was observed (Gebhardt
et al., 2013; Geocadin et al., 2017).

A number of factors contribute to patients having tem-
perature variability, which adds to the complexity in under-
standing the relationship between such variability and
neurologic outcome. Characteristics of the cardiac arrest,
such as initial rhythm, length of arrest, and bystander CPR,
may play a larger role in patients having poor neurologic
outcome than temperature variability (Daya et al., 2015;
Malta Hansen et al., 2015; Fordyce et al., 2017; Yamaguchi
et al., 2017). In addition, individual hospital protocols could
impact the ability of patients to exhibit temperature vari-
ability. For example, protocols with aggressive antishivering
management using NMBAs may prohibit dynamic temperature

FIG. 2. Box plot of the number of
body temperatures outside of
36�C – 0.5�C for patients with good
neurologic outcome compared with
patients with poor neurologic out-
come. Good neurologic outcome is
defined as a CPC scale score of p2.
Poor neurologic outcome is defined as
a CPC score >2. CPC, Cerebral Per-
formance Category.

Table 2. Results of Multivariate Logistic Regression Model for Patients with Good Neurologic Outcome

Variable OR SE p
95% CI for OR

Lower Upper

Age 0.99 0.01 0.50 0.96 1.02
Female 1.39 0.63 0.47 0.57 3.38
Race

Caucasian Reference — — — —
African American 1.18 0.70 0.78 0.37 3.77
Asian/Pacific Islander 0.95 0.87 0.96 0.16 5.68
Other/unknown 0.47 0.37 0.34 0.10 2.18
BMI 1.01 0.03 0.83 0.95 1.06
In-hospital cardiac arrest 3.81 2.75 0.06 0.93 15.64
Initial shockable rhythm 10.77 5.05 <0.001 4.30 26.98
Bystander CPR 0.90 0.42 0.82 0.35 2.27
Shivering 1.21 0.57 0.68 0.48 3.03
NMBA use 4.54 2.83 0.02 1.34 15.40

CI, confidence interval; NMBA, neuromuscular blocking agent; OR, odds ratio.
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changes from a lack of heat generation due to skeletal muscle
paralysis (Badjatia et al., 2008; Choi et al., 2011). The hos-
pital protocol in this study did not call for immediate initia-
tion of NMBAs, and there was similar NMBA utilization
across temperature variability groups. Other hospital anti-
shivering protocols may produce different results.

In the present study, use of NMBAs was associated both
with higher odds of good neurologic outcome and higher
odds of survival to hospital discharge compared with those
with no NMBA use. This is similar to other studies that
demonstrated a positive relationship between NMBA use and
either good neurologic outcome or survival (Salciccioli et al.,
2013; Lee et al., 2017; May et al., 2018).

We believe this is a notable finding of our study as few
previous studies included patients with TTM36. However, a
recent prospective study of 81 out-of-hospital cardiac arrest
survivors treated with TTM33 or TTM36 did not find a sig-
nificant difference in survival or neurologic outcome at
hospital discharge when patients were randomly assigned to
receive continuous NMBAs versus placebo (Lee et al., 2018).
Importantly though, only six total subjects (7%) received
TTM36. Other studies have similarly found no relationship
between NMBA use and neurologic outcome or survival
during TTM33 (Lascarrou et al., 2014; Stockl et al., 2017).
Given the inconsistent findings and minimal inclusion of
TTM36, larger prospective studies evaluating NMBA use,
especially during TTM36, are warranted.

Having temperature variability was not associated with a
significant difference in survival to hospital discharge com-
pared with patients with no temperature variability. This may
be, in part, because our sample had a high proportion of
patients with a nonshockable rhythm (64.5%) and an overall
high mortality (68.8%). Nonshockable rhythms have been
associated with worse outcomes (Tian et al., 2010; Nielsen
et al., 2013; Geocadin et al., 2017).

Surprisingly, we observed a significantly lower proportion
of bystander CPR in patients with temperature variability, as
well as longer arrest times, compared with those without
temperature variability. We believe this is likely due to the way
in which bystander CPR and length of cardiac arrest data were
reported, and the quantity of missing data, and not necessarily
reflective of a significant finding. We only included length of
cardiac arrest if it was reported in the prehospital emergency
services report, or in the hospital code report. We did not
include information from the emergency room physician note,
which often provided an estimate on arrest length.

There was no difference in the proportion of patients with a
witnessed compared with an unwitnessed arrest, which sug-
gests that a subset of patients received bystander CPR fol-
lowing an unwitnessed arrest. Although bystander CPR
improves the likelihood of survival, the unknown length of
downtime may have been a greater factor (Geri et al., 2017)
that was not captured in our data.

Limitations

This was a retrospective observational study, which limits
generalizability. The large proportion of patients presenting
with nonshockable rhythm and overall high mortality may have
biased results. In addition, differences in pre-TTM factors such
as rate of bystander CPR and length of cardiac arrest between
those with and without temperature variability may have sig-

nificantly altered the true relationship between neurologic re-
covery and temperature variability. We also only included
patients who completed the TTM maintenance phase to capture
the greatest number of temperatures. This may have biased our
sample to include patients who had to survive at least 24 hours,
although this did allow us to compare patients who received a
similar dose of TTM. A larger sample with a more heteroge-
neous population may produce different outcomes.

Finally, we used neurologic outcome at hospital discharge
as the primary outcome, which may have biased our results
toward classifying a higher proportion of survivors with poor
neurologic outcome (19% [n = 11] of survivors) who may
have actually recovered neurologically if followed over a
longer time course. Given that the Harborview Medical
Center is a regional receiving hospital and patients often do
not return to the medical system for care, it was not possible
to follow patients after discharge to determine longer term
neurologic outcomes. Future prospective studies should
evaluate neurologic status over a longer period of time, given
the potential for delayed neurologic recovery.

Conclusion

In this sample of postcardiac arrest comatose survivors
undergoing TTM at 36�C, there was no association between
temperature variability and odds of poor neurologic outcome
or survival to hospital discharge. Patients with good neuro-
logic outcome were more likely to have an initial shockable
rhythm and receive NMBAs. Future prospective studies are
needed to determine the effect of temperature variability on
neurologic recovery, especially when targeting TTM36.
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