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ABSTRACT
Background/Purpose  Cardiac arrest is a common cause 
of death and neurological injury; therapeutic cooling for 
neuroprotection is standard of care. Despite numerous and 
ongoing trials targeting a specified cooling temperature for 
a target duration, the concept of temperature dose—the 
duration spent at a given depth of hypothermia—is not as 
well explored.
Methods  In this retrospective study, we examined 66 
patients 18 years of age or older undergoing therapeutic 
hypothermia for cardiac arrest between 2007 and 
2010 to assess the relationship of temperature dose 
with outcomes. Demographic, clinical, outcome and 
temperature data were collected. Demographic and 
clinical data underwent bivariate regression analysis for 
association with outcome. Time-temperature curves were 
divided into pre-determined temperature thresholds and 
assessed by logistic regression analysis for association 
with outcome. A second, multivariate regression analysis 
was performed controlling for factors associated with poor 
outcomes.
Results  Old age was significantly associated with poor 
outcome and a shockable arrest rhythm was significantly 
associated with positive outcome. Subjects spent an 
average of 2.82 hours below 35°C, 7.31 hours ≥35°C to 
≤36.5°C, 24.75 hours >36.5 to <38.0°C and 7.06 hours 
≥38°C. Logistic regression analysis revealed borderline 
significant positive association between good outcome and 
time at a cooling depth (35°C–36.5°C, p=0.05); adjusted 
for old age, the association became significant (p=0.04).
Conclusion  Controlling for old age, longer durations 
between >35°C, ≤36.5°C during therapeutic hypothermia 
for cardiac arrest were significantly associated with good 
clinical outcomes. Time spent within a given temperature 
range may be useful for measuring the effect of 
temperature management.

INTRODUCTION
Cardiac arrest is a common cause of death, 
and in survivors, neurological complications 
can be devastating. Studies have shown that 
therapeutic hypothermia improves neuro-
logic outcomes in patients with out-of-hospital 
cardiac arrest.1–3 More recent data suggests 
moderate temperature management to a 
target of 36.0°C results in similar outcomes 
to targeting 33.0°C.4 While meta-analyses 

have debated the salutary effect of targeted 
temperature management, it has gained wide 
adoption.5–7

Existing studies have investigated the 
effect of mild hypothermia compared with 
controlled euthermia.3 5 Despite numerous 
and ongoing trials on optimal cooling depth, 
the concept of temperature dose—the dura-
tion at a given depth of hypothermia—is 
not as well explored. While there has been 
some investigation into prolonged cooling 
beyond 24 hours, the focus has generally 
been on the effect at a fixed temperature, 
not the relative impact of different phases 
of cooling.8 9 In this retrospective study, we 
analysed 66 patients undergoing therapeutic 

Key messages

What is already known on this topic
	► Therapeutic temperature management for cardiac 
arrest has been shown to improve neurological out-
comes; however, the depth and duration of cooling 
are areas of active investigation. In this retrospec-
tive study, we examined the concept of temperature 
dose—the duration spent at a given depth of hy-
pothermia—and its association with outcome, as a 
novel measure of temperature management.

What this study adds
	► Our study demonstrates an association between 
longer dosing durations at moderate cooling tem-
peratures (>35°C, ≤36.5°C) and positive outcomes 
after cardiac arrest, when controlled for old age; the 
analysis of time spent within a given temperature 
range represents a more granular measure of tem-
perature dose.

How this study might affect research, practice 
and/or policy

	► Our study is consistent with mounting evidence sup-
porting the efficacy of moderate temperature cool-
ing strategies for cardiac arrest, and it represents 
a proof-of-concept for measuring time-temperature 
dose in hypothermia studies.
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hypothermia between 2007 and 2010 for cardiac arrest to 
determine the impact of temperature dose on outcomes.

METHODS
Primary research question
In a retrospective review of patients suffering cardiac 
arrest and being treated with our institution’s therapeutic 
hypothermia protocol, is there a relationship between 
outcome and thermal dose (defined as time spent in a 
temperature range)?

Subject selection
Subjects were initially screened through the Duke Enter-
prise Data Unified Content Explorer (DEDUCE). Inclu-
sion parameters included 18 years of age and older, 
treatment with therapeutic hypothermia in the setting 
of coma after cardiac arrest between 2007 and 2010, 
and use of EEG monitoring during cardiac arrest (the 
EEG parameter was associated with a separate analysis 
and was a surrogate for hypothermia patients receiving 
protocoled care under the guidance of neuro-intensivists 
during this study period). Initial DEDUCE results were 
manually screened, and patients receiving therapeutic 
hypothermia for other indications and patients misdoc-
umented as having undergone cardiac arrest were 
excluded. Patients were included regardless of the aeti-
ology of cardiac arrest or arrest rhythm. Patients initially 
treated at an outside facility and transferred to our insti-
tution were also excluded.

Data abstraction
Demographic data (age at time of arrest, gender, inpa-
tient vs outpatient arrest location and time to return of 
spontaneous circulation (ROSC) when available) were 
manually collected from the electronic health record. As a 
retrospective cohort, Ulstein variables (such as witnessed 
cardiac arrest, lay CPR) were not consistently documented 
in this sample group, as such surrogate markers for arrest 
severity and resuscitation quality, including defibrillation-
eligible arrest rhythm, presenting lactic acid, and pH 
were collected.10 Outcomes were identified on basis of 
discharge disposition and were dichotomised as poor 
(skilled nursing facility, hospice or death discharge) or 
good (home or rehab discharge). Temperature‐time 
coordinates were manually abstracted for each patient, 
from the first post‐arrest temperature on file to the last 
documented temperature prior to death, discharge or 48 
hours postrewarming to 37.0°C (figure 1). When multiple 
temperature sources were available, temperatures were 
recorded from core temperature sources in the following 
preferential order: urinary bladder, rectum, oesophagus, 
mouth, axilla. Since the timing of temperature recording 
was not consistent, temperatures were recorded as avail-
able and not at fixed intervals. Given the limitations of 
electronic hospital record format at the time of the study, 
time-temperature data was collected manually.

Data analysis
Demographics
Statistical analysis was performed using R Core Team, 
2014.11 Continuous demographic and clinical variables 
were summarised qualitatively. Patients were divided 
into age terciles (young ≤51 years, middle=52–65 years, 
old  >65 years). Initial postarrest pH and lactic acid, 
deepest cooling temperature, variation at target tempera-
ture, warming rates, and overall duration of hypothermia 
(time below 37°C) was summarised by quartiles. Demo-
graphic variables were assessed for association with 
outcome by bivariate logistic regression analysis.

Temperature data
Given manual data abstraction and possibility of nursing 
record error, outlier data points were identified algo-
rithmically and set to ‘missing’ in subsequent analysis, 
but were maintained in the data record. Cooling dose 
was summarised by time in hours spent in predeter-
mined temperature thresholds (deep cooling  <35°C, 
mild cooling  ≥35°C to  ≤36.5°C, euthermia  >36.5°C to 
<38.0°C, fever  ≥38°C), and was derived for each 
temperature time course. Durations of time within 
each of the four predetermined temperature ranges 
was assessed individually for association with positive 
or negative outcome using bivariate logistic regression 
analysis. A second, multivariate regression analysis was 
performed controlling for demographic factors iden-
tified as having significant (p<0.05) associations with 
poor outcomes.

Figure 1  Time-temperature curves for the 66 patient cohort.
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RESULTS
Our 66 patients had a median age of 55.5 years, with a 
range of 19–93; 56% were male (table 1). The population 
was closely divided between shockable and non-shockable 
arrest rhythms. The cohort demonstrated a median initial 
lactate of 7.9 mm/L and a median initial pH of 7.20. 39% 
of patients were discharged under a dichotomised good 
disposition, of which 33% of patients went to rehabil-
itation units and 6% went home. Sixty-one per cent of 
patients were discharged with poor dispositions, of which 
6% went to a skilled nursing facility and 45% died or were 
discharged to hospice.

Among demographic variables, (table 2), only old age 
(>65 years old), was significantly (p<0.05) correlated with 

poor outcomes (LOR=‐1.95, CI=(−3.39 to –0.50), p<0.01). 
Among clinical variables, a shockable arrest rhythm 
(ventricular fibrillation or tachycardia) was significantly 
associated with positive outcome (LOR=2.53, CI=(1.32, 
3.74), p<<0.01). Gender, post‐arrest pH and lactic acid, 
cooling method, and other age groups were not statisti-
cally associated with outcome.

The mean temperature nadir for the study group was 
32.88°C, with a mean temperature variability at target 
depth of 0.17°C (table  3). Patients warmed at a mean 
rate of 0.30°C/hour. The mean duration for cooling for 
the study group was 22.49 hours (table 4). The patients 
spent an average of 2.82 hours below 35°C, 7.31 hours 
between ≥35°C to ≤36.5°C, 24.75 hours >36.5°C to <38.0°C 
and 7.06 hours ≥38°C. Bivariate logistic regression models 
of outcome against cooling depth, variability, warming 
rate and time spent in each of the temperature catego-
ries demonstrated a borderline significant positive asso-
ciation only between good outcome and longer cooling 
at temperatures greater than 35°C and less than or equal 
to 36.5°C (LOR=0.07, 95% CI=(0.00 to0.14)) p=0.05; 
table  4), with the log-OR expressing an effect per-hour 
spent within a temperature range.

Given the strong association between age and outcome, 
a second set of logistic regression analyses were performed 
between outcome and each of the temperature character-
istics while controlling for age (table 5). When adjusted 
for the influence of old age, the association of positive 
outcome and time spent ≥35°C to ≤36.5°C became signif-
icant (LOR=0.08, 95% CI=(0.01 to 0.16), p=0.04). In 
contrast, depth of cooling (LOR=0.34, 95% CI=(−0.92 to 
1.74), p=0.60), time spent below 35°C (LOR=−0.06, 95% 
CI=(−0.18 to 0.04), p=0.27), time spent above 36.5°C and 
less than 38°C (LOR=0.01, CI=(95% CI −0.03 to 0.16), 

Table 1  Critical demographic data for patient receiving 
protocoled therapeutic hypothermia for cardiac arrest

Age at arrest (years)

 � Median 55.5

 � Range 19–93

Sex n (%)

 � Male 37 (56)

 � Female 29 (44)

Arrest rhythm n (%)

 � Shock 31 (47)

 � Non-shock 35 (53)

Outcome n (%)

 � Good 26 (39)

  �  Home 22 (33)

  �  Rehab 4 (6)

 � Poor 40 (61)

  �  SNF 4 (6)

  �  Hospice 36 (55)

Initial lab values

 � pH

 � Median 7.20

 � Range 6.80–7.57

Lactate (n=62)

 � Median 7.9

 � Range 1.0–17.1

Table 2  Bivariate regression analysis of demographic factors with patient outcome

Missing points Coefficient SE Z value P value

Age 0 −0.06 0.02 −2.71 <0.01

Gender 0 0.37 0.51 0.72 0.47

Initial pH 0 1.73 1.50 1.15 0.25

Initial lactate 4 0.06 0.07 −0.94 0.35

Shockable arrest rhythm 0 2.534 0.62 4.1 <0.01

Age—middle 0 −0.26 0.60 −0.43 0.67

Age—old 0 −1.95 0.74 −2.64 <0.01

Table 3  General characteristics of therapeutic hypothermia 
within the cohort including mean depth of cooling and mean 
temperature variation at target temperature (in degrees 
centigrade), and mean warming rate (in degrees centigrade 
per hour)

Temperature category Mean SD

Cooling depth 32.88 0.43

Variability 0.17 0.25

Warming rate 0.30 °c/hr 0.25 °c/hr
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p=0.52) and time spent febrile (≥38°C; LOR=−0.05, 95% 
CI=(−0.12 to 0.02), p=0.16) did not demonstrate statisti-
cally discernable effects on outcome after adjusting for 
old age.

DISCUSSION
In this retrospective analysis of 66 patients undergoing 
protocoled therapeutic hypothermia after cardiac arrest, 
we studied the effect of temperature dosing on patient 
outcome, which we defined as time spent within predeter-
mined temperature thresholds during treatment. When 
controlling for patient age, the strongest univariate predictor 
of poor outcome in our cohort, the length of time spent 
between >35°C and ≤36.5°C was associated with improved 
outcomes. While the change in log-odds ratio for time spent 
in this temperature group is numerically small (LOR=0.08), 
it expresses a per-hour effect. For example, 2 hours spent 
in this temperature range would be associated with a log-
odds ratio 0.16, or about a 17% increase in the odds of a 
favourable outcome (OR=exp(0.16)=1.174). This duration-
dependent association suggests the potential for greater 
effect with longer cooling periods.

In human studies, the bulk of prospective investigations 
examine the impact of depth of cooling.3 4 There is animal 
data suggesting better neuronal protection with longer dura-
tions of cooling and a positive impact on survival.12 Prospec-
tive trials have been conducted on prolonged cooling depth 
at 33°C for 48-hours over 24-hours, without significant benefit 
over shorter durations, and potentially worse cognitive 
impairment.8 13 Given the lack of prospective human inves-
tigations and our retrospective study associating improved 

outcomes with longer durations of mild temperature 
management (temperatures of 36°C±1°C), further research 
on longer temperature management may be warranted.

In our study population, the duration of cooling with 
temperatures >36.5°C or ≤35°C had no statistically signifi-
cant association with improved outcomes. These results are 
consistent with the Targeted Temperature Management 
trial, which showed that cooling to 36°C was effective in the 
management of cardiac arrest.4 The relative lack of impact 
from deeper cooling is consistent with mounting data 
suggesting that temperature control is more significant than 
maximal depth of cooling.7 14 These results are also consis-
tent with a prospective study demonstrating that there were 
no significant differences in outcomes for survivors of out-of-
hospital cardiac arrest maintained at target temperature of 
33°C for 24 and 48 hours.8

Further, duration of posthypothermia fever was not found 
to have an association with outcome. This is similar to the 
findings of Gebhardt et al, which showed that fever has a 
negative survival impact, but only in patients not treated with 
therapeutic hypothermia.15

Our study does have its limitations, most notably that it is 
retrospective and is based on a relatively small patient popu-
lation, which includes patients suffering from both shock-
able and non-shockable arrest rhythms. Hence, our failure 
to detect certain associations may be a matter of statistical 
power. Despite our small sample size, our use of logistical 
regression models is sound: based on a simulation study, 
Peduzzi et al find logistic regression models to be stable when 
the number of events per variable (EPV) exceeds 10.16 The 
models we fit have EPVs >10, as we observe 26 events and 
include one or two covariates.

The retrospective data collection, along with the mixed 
inpatient and outpatient population, was also limited in 
the collection of some Ulstein variables, inconsistently 
documented in the patient charts, notably lay-rescuer CPR, 
witnessing of cardiac arrest and ROSC; while not as robust, 
we did collect and assess surrogate measures of arrest severity, 
such as postarrest serum lactate and pH. Further, demo-
graphics and outcomes data are comparable to a recent 
temperature management trial examining patients suffering 
from non-shockable arrest rhythms, supporting our study’s 
generalisability.17

Table 4  Duration spent within temperature control 
categories

Temperature category
Mean duration 
(hours) SD

<35°C 2.82 6.02

35°C to ≤36.5°C 7.31 8.16

>36.5°C to <38.0°C 24.75 13.63

≥38°C 7.06 9.33

Total cooling duration in all temp 22.49 10.23

Table 5  Univariate regression analysis of outcomes with regards to depth of cooling, variability at target temperature, 
warming rate, and time within cooling interval, with the coefficient expressing a log-OR, first without adjustment for impact of 
old age and subsequently with adjustment

Temperature category Coefficient 95% CI P value
Age-adjusted 
coefficient Age adjusted 95% CI Age-adjusted PI

Cooling depth 0.16 −1.05 to 1.39 0.79 0.34 −0.92 to 1.74 0.60

Variability 0.20 −1.97 to 2.27 0.85 0.38 −1.84 to 2.55 0.72

Warming rate −0.02 −0.08 to 0.03 0.38 −0.04 −0.11 to 0.01 0.15

<35°C −0.04 −0.15 to 0.05 0.44 −0.06 −0.18 to 0.04 0.27

35°C to ≤36.5°C 0.07 0 to 0.14 0.05 0.08 0.01 to 0.16 0.04

>36.5 to <38.0°C 0.00 −0.03 to 0.04 0.84 0.01 −0.03 to 0.05 0.52

≥38°C −0.05 −0.11 to 0.01 0.14 −0.05 −0.12 to 0.02 0.16
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Second, without adjustment for age, our finding of 
improved outcomes in moderate cooling only borders on 
significance (p=0.05). However, given the a priori expected 
and statistically discernable effect of old age in our relatively 
small patient population, the statistical adjustment is reason-
able. Another potential concern is the age of the data set; 
the dates of sample collection were during a period of more 
clinical practice heterogeneity for hypothermia manage-
ment in our institution. This permitted a wider range of 
time-temperature courses for our assessment.

CONCLUSION
While both depth and total duration of cooling have 
been investigated, our analysis uniquely approaches the 
impact of time spent within given temperature ranges. 
When controlled for old age, longer durations spent 
between  >35°C, ≤36.5°C during therapeutic hypothermia 
for cardiac arrest were significantly associated with good clin-
ical outcomes in our patient population. The analysis of time 
spent within a given temperature range represents a more 
granular measure of temperature dose and may be useful 
for measuring therapeutic interventions using tempera-
ture management. While this small retrospective analysis is 
limited in and of itself, it represents a proof of concept for 
more granular time-temperature dose assessments. Further 
prospective investigation into the optimal time-temperature 
dosing of hypothermia after cardiac arrest is warranted.
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