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W ith increasing use of ad-
vanced devices to con-
trol core body tempera-
ture, clinicians find it

primarily difficult to achieving and

maintaining goal temperature during
shivering (1–3). This is an integrated
thermoregulatory reflex triggered by a
core body temperature that is lower
than the hypothalamic set point, result-
ing in two simultaneous processes: in-
voluntary, oscillatory muscular activity;
and cutaneous vasoconstriction. To-
gether, these responses generate heat
in an effort to maintain a set core body
temperature (4). Many of the pharma-
cologic agents that can counter shivering
work to inhibit this response centrally;
however, as a side effect, these can ob-
scure the neurologic assessment (1).

Alternatively, the shivering–vasocon-
strictive response can be combated by
altering the cutaneous response to
changes in body temperature. Mean skin
temperatures contribute approximately
20% to the control of shivering with (5)
or without (6) general anesthesia, and a
reduction of skin temperature from 33°C
to 30°C, despite a constant brain temper-
ature, has been shown to initiate shiver-
ing (7). Forced-air warming systems in-
crease skin temperature by 2°C to 3°C
(8), and in the postoperative setting, they
have been shown to be efficient in pre-
venting postanaesthetic shivering (9) or

rapidly inhibiting it when it occurs (10).
The use of a forced air warmer in the
recovery room can reduce the frequency
(11, 12) and impact (12) of postanaes-
thetic shivering.

Based on the success of controlling
shivering with counter warming (CW) in
previous studies on temperature modu-
lating devices (13, 14), we have utilized
surface CW as the baseline antishivering
measure in our patients undergoing ther-
apeutic temperature modulation (TTM).
However, the metabolic impact of surface
CW while simultaneously cooling a pa-
tient remains unclear. Therefore, we de-
signed a study to assess the impact of
cutaneous warming on energy expendi-
ture measurements in patients with brain
injury undergoing TTM.

METHODS

Study Design. This was a prospective ob-
servational study of periodic shivering and in-
direct calorimetry (IDC) assessments in pa-
tients with brain injury, who underwent TTM
for fever (15–17), elevated intracranial pres-
sure (18), or cardiac arrest (19) as part of
routine clinical care according to established
protocols in our intensive care unit. Potential
subjects were screened on morning rounds

*See also p. 2106.
From the Departments of Neurology (NB, LF, AF, MB,

JMS, SAM) and Neurosurgery (NB, SAM), Columbia Uni-
versity College of Physicians and Surgeons, New York,
NY; and Departments of Clinical Nutrition (ES) and Nurs-
ing (MP), New York Presbyterian Hospital, New York, NY.

Supported, in part, by the National Center for Re-
search Resources (NCRR), Grant KL2 RR024157 (to N.B.),
a component of the National Institutes of Health (NIH) and
NIH Roadmap for Medical Research, and its contents are
solely the responsibility of the authors and do not neces-
sarily represent the official view of NCRR or NIH. Infor-
mation on NCRR is available at http://www.ncrr.nih.gov/.
Information on Re-engineering the Clinical Research En-
terprise can be obtained from http://nihroadmap.nih.gov/
clinicalresearch/overview-translational.asp

Neeraj Badjatia has received speaking honoraria from
Medivance. Stephan A. Mayer has received research and
unrestricted educational grant support, speaking hono-
raria, consulting fees, and stock options from Medivance,
and unrestricted educational grant support from Innercool
Therapies and Alsius. The remaining authors have not
disclosed any potential conflicts of interest.

For information regarding this article, E-mail:
nbadjatia@neuro.columbia.edu

Copyright © 2009 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e31819fffd3

Objective: To determine the impact of counter warming (CW)
with an air circulating blanket on shivering and metabolic profile
during therapeutic temperature modulation (TTM).

Design: A prospective observational study.
Setting: An 18-bed neurologic intensive care unit.
Patients: Fifty mechanically ventilated patients with brain injury

undergoing TTM with automated surface and intravascular devices.
Interventions: Fifty indirect calorimetry (IDC) measurements

with and without CW during TTM.
Measurements and Main Results: IDC was continuously per-

formed for 10–15 minutes at baseline with CW (phase I), off CW
(phase II), and again after the return of CW (phase III). Shivering
severity during each phase was scored on a scale of 0�3 using the
Bedside Shivering Assessment Scale (BSAS). Resting energy expen-
diture (REE), oxygen consumption, and carbon dioxide production
were determined by IDC; 56% were women, with mean age 61 � 15

years. At the time of IDC, 72% of patients had signs of shivering
(BSAS >0). All measures of basal metabolism increased after re-
moval of the air warming blanket (from phases I and II); REE in-
creased by 27% and oxygen consumption by 29% (both p < 0.002).
A one-point increase in baseline BSAS was noted in 55% (n � 23/42)
of patients from phase I to phase II. In a multivariate analysis,
sedative use (p � 0.03), baseline moderate to severe shivering (p �
0.04), and lower serum magnesium levels (p � 0.01) were associated
with greater increases in REE between phase I and phase II of CW.
Phase III of CW was associated with a reversal in the increases in all
metabolic variables.

Conclusions: Surface CW provides beneficial control of shiv-
ering and improves the metabolic profile during TTM. (Crit Care
Med 2009; 37:1893–1897)

KEY WORDS: energy expenditure; hypothermia; normothermia;
shivering; indirect calorimetry; brain injury; counter warming
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and recruited after verbal consent was pro-
vided by the patient or a family member. The
study was approved by the Columbia Univer-
sity Institutional Review Board.

Indirect Calorimetry. Studies were per-
formed once a day at the time of a shivering
assessment using a Vmax Spectra (Sensor-
medic, Anaheim, CA) to measure inspired and
expired concentrations of oxygen (O2), CO2,
and minute ventilation. This open circuit sys-
tem conducts continuous measurements of
oxygen and CO2 concentration in the inspired
and expired air, allowing calculation of oxygen
consumption (VO2, mL/min) and carbon diox-
ide production (VCO2, mL/min), time averaged
during 60 seconds. From this information, the
resting energy expenditure (REE) (kcal/d) is
calculated using the Weir equation (20):

REE � (3.9 � VO2) � 1.1 � (VCO2)

A certified technician (E.S.) conducted reg-
ular device calibration according to manufac-
turer guidelines to ensure accuracy of the ox-
ygen and CO2 sensory equipment. The
baseline IDC measurements were based on a
steady state, which was defined as a 20-minute
interval during which average minute VO2 and
VCO2 changed by �5% and �10%, respec-
tively. Data were recorded every 60 seconds
throughout the entire IDC session. IDC stud-
ies were not performed in patients who re-
quired fraction of inspired oxygen �50%,
were known to be seizing, or had signs of early
spasticity. The absence of seizure in obtunded
or comatose patients was confirmed by con-
tinuous video electroencephalography at the
time of IDC. Each of these conditions has been
previously shown to alter the reliability of IDC
measurements (21).

Counter Warming. Surface CW was
achieved by covering the anterior surface of
the patients with an air circulating blanket
(BAIR Hugger, AZant Healthcare, Eden Prarie,
MN) warmed to the maximal temperature set-
ting (43°C). As part of routine care, all patients
in our intensive care unit had surface CW in
place during TTM. For purposes of this study,
all patients had blankets in place for at least 30
minutes before IDC baseline measurements, as
outlined earlier (phase I). The surface warming
blanket was then removed, and continuous met-
abolic measurements were continued for an-
other 10–15 minutes (phase II). The warming
blanket was subsequently placed back onto the
patient, and metabolic measurements were con-
tinued for another 10–15 minutes (phase III).
During the study period, no changes were made
to sedative medication usage.

Therapeutic Temperature Modulation.
Target temperatures for fever control ranged
between 36.5°C and 37.0°C, whereas the tar-
get temperature for hypothermia ranged be-
tween 33.0°C and 35.5°C. Fever control was
defined as the application of a temperature
regulating device to induce and maintain nor-
mothermia (37.0°C) in a patient who was fe-
brile. Hypothermia was targeted at 33°C for all
patients with cardiac arrest, and between

33.0°C and 35.5°C for all other patients based
on the goal for intracranial pressure control
and individual patient response to cooling.

Cooling was performed with either an in-
travascular (Celsius Control System, Inner-
cool Therapies, San Diego, CA) or surface
cooling (Arctic Sun Cooling System, Mediv-
ance, Louisville, CO) device. Decisions regard-
ing the method and duration of cooling were
left to the discretion of the attending neuroin-
tensivist. The administration of acetamino-
phen (650 mg Q4 hours) was continued in
patients undergoing therapeutic normother-
mia. In both normothermia and hypothermia
patients, measures to combat shivering in-
cluded the standard administration of buspi-
rone (30 mg orally Q8 hours) and skin CW
with forced air warmed to the maximal tem-
perature (43°C) setting (BAIR Hugger, AZant
Healthcare) according to our intensive care
unit protocol. Subsequent use of intravenous
analgo-sedation to treat shivering with propo-
fol, dexmedetomidine, meperidine, or fentanyl
was decided on a case-by-case basis by the
neurocritical care team. Administration and
dosage of any sedative medication within 2
hours of IDC was recorded and included in
analysis.

Bedside Shivering Assessment Scale. An
assessment of shivering immediately before
the initiation of IDC was performed and again
when CW was discontinued. The Bedside Shiv-
ering Assessment Scale (BSAS) score has pre-
viously been reported to be a valid predictor of
the metabolic demand of shivering during
TTM (22). This four-point scale rates shivering
as absent, mild, moderate, or severe.

Statistical Analysis. Baseline characteris-
tics and measures of energy expenditure, hy-
permetabolic index, VCO2, and VO2 were mea-
sured as either continuous variables with
reported mean � SD or as categorical variables
with reported count and proportions (%) for
each of the categories. Averages of the meta-
bolic measurements during each of the phases
of CW were compared using analysis of vari-
ance (ANOVA). A post hoc analysis utilizing a
least significant difference was performed to
assess any differences in metabolic measure-
ments between phases of CW. Mean differ-
ences in metabolic variables between phases I
and II among categorical and continuous
baseline factors were assessed using a two-
sided independent Student’s t test and Pear-
son’s correlation coefficient, respectively.
Variables found to have a p � 0.20 were en-
tered into a multivariable linear regression
model to predict phase I to phase II changes in
metabolic variables. Data were analyzed with
commercially available statistical software
(SPSS version 15.0, SPSS, Chicago, IL).

RESULTS

Baseline Characteristics. Between
January and December 2006, 50 patients
underwent 50 IDC tests. Clinical charac-
teristics at the time of IDC testing are

noted in Table 1. Each patient underwent
only one assessment per day.

Patients diagnosed with subarachnoid
hemorrhage (SAH) comprised the major-
ity of subjects (n � 32/50, 64%). As com-
pared to other patients, patients with
SAH had no significant difference in VO2

(305 � 97 mL/min vs. 262 � 72 mL/min,
p � 0.10), VCO2 (208 � 58 mL/min vs.
190 � 64 mL/min, p � 0.3), or REE
(2021 � 614 kcal/d vs. 1766 � 453 kcal/d,
p � 0.13). Patients with SAH had a
higher incidence of shivering (BSAS
�1 � 81% vs. 56%, p � 0.05). There was
no significant difference in the age (60 �
16 years vs. 63 � 13 years, p � 0.7),
gender (women: 59% vs. 50%, p � 0.6),
body mass index (28 � 4 kg/m2 vs. 27 �
4 kg/m2, p � 0.9), body surface area
(2.0 � 0.2 m2 vs. 1.8 � 0.1 m2, p � 0.5),
or temperature goal (normothermia:
94% vs. 83%, p � 0.3) when comparing
patients with SAH to the other patients in
the study.

Impact of Surface CW on Shivering and
Metabolic Measurements. Core body tem-
peratures did not significantly change with
removal of CW (�°C: 0.04 � 0.06, p � 0.9)
for all patients. Baseline shivering status

Table 1. Baseline characteristics at the time of
indirect calorimetry testing; demographic char-
acteristics of patients undergoing indirect calo-
rimetry testing

Characteristic n � 50

Age (yrs), mean � SD 61 � 15
Female (%) 28 (56)
Body mass index (kg/m2),

mean � SD

27 � 4

Body surface area (m2),
mean � SD

1.9 � 0.2

Diagnosis (%)
Intracerebral hemorrhage 9 (18)
Subarachnoid hemorrhage 32 (64)
Cardiac arrest 3 (6)
Traumatic brain injury 3 (6)
Ischemic stroke 3 (6)

BSAS score (%)
0 14 (28)
1 20 (40)
2 8 (16)
3 8 (16)

Temperature goal (%)
Normothermiaa 44 (88)
Hypothermiab 6 (12)

Cooling method (%)
Surfacec 45 (90)
Intravasculard 5 (10)

BSAS, Bedside Shivering Assessment Scale.
aGoal core body temperature of 36.5°C–

37.0°C; bgoal core body temperature of 33.0°C–
35.5°C; carctic sun temperature management
system; dcelsius control system.
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increased by one point in 55% (n � 23/
42) of patients from phase I to phase II,
and no patient had a decline in their BSAS
score. A significant change in the average
REE (ANOVA: F � 60.9, p � 0.001), VO2

(ANOVA: F � 63.1, p � 0.001), and VCO2

(ANOVA: F � 31.2, p � 0.001) was noted
between phases I and III (Table 2). On post
hoc analysis, there was a significant change
in all metabolic variables between phases I
and II (p � 0.05) and phases II and III (p �
0.05). However, there was no significant
difference noted when assessing average
difference in REE (�REE: �168 kcal/d,
95% CI: �48 to 194, p � 0.1), VO2 (�VO2:
�28 mL/min, 95% CI: �13 to �35, p �
0.1), VCO2 (�VCO2: �10 mL/min, 95% CI:
�6 to �16, p � 0.4) between phases I and
III, respectively.

We did further subgroup analyses of
characteristics that may have influ-
enced the changes seen in shivering
and metabolic measurements between
phases of CW.

Therapeutic Temperature Modula-
tion. The incidence of shivering at base-
line was similar in normothermia as
compared to hypothermia patients (75%

vs. 50%, p � 0.3). We found no signifi-
cant difference in the metabolic response
to removal of CW when comparing nor-
mothermia with hypothermia patients
(REE: 594 � 351 kcal/d vs. 466 � 305
kcal/d, p � 0.4; �VO2: 95 � 79 mL/min
vs. 75 � 51, p � 0.3; �VCO2: 38 � 14 vs.
30 � 18, p � 0.8).

Nearly all patients underwent sur-
face cooling (n � 45/50, 90%). Patients
cooled by a surface device did not differ
significantly in their metabolic re-
sponse between phases I and II of CW as
compared to patients cooled with an
intravascular device (�REE: 504 � 428
kcal/d vs. 557 � 478 kcal/d, p � 0.8;
�VO2: 81 � 70 mL/min vs. 89 � 72
mL/min, p � 0.9; �VCO2: 32 � 9 mL/
min vs. 36 � 14 mL/min, p � 0.9).

Baseline Shivering Status. The major-
ity of IDC tests were performed when
there was at least mild shivering (BSAS
�1 � 36/50 � 72%). At the time of
testing, the presence of shivering (BSAS
�0) was significantly associated with a
lower body mass index (26.3 � 4.6 kg/m2

vs. 29.3 � 1.9 kg/m2, p � 0.02), body
surface area (1.8 � 0.2 m2 vs. 2.0 � 0.1

m2, p � 0.001), and serum magnesium
levels (1.8 � 0.3 mg/dL vs. 2.4 � 0.3
mg/dL, p � 0.001).

Patients with moderate to severe shiv-
ering (BSAS 2�3) had a significant in-
crease in REE (�REE: 1022 � 971 kcal/d
vs. 299 � 253 kcal/d, p � 0.01), oxygen
consumption (�VO2: 160 � 147 mL/min
vs. 51 � 38 mL/min, p � 0.01) and CO2

production (�VCO2: 84 � 97 mL/min vs.
10 � 47 mL/min, p � 0.01) as compared
to patients with no to mild shivering
(BSAS 0–1) at baseline (Fig. 1).

Sedative Usage. Sedatives were admin-
istered to 40% (n � 20/50) of the patients
within 2 hours of IDC measurement.
Propofol infusion was the most com-
monly used sedative (n � 19, 38%) at a
median dose of 86 mg�kg�1�hr�1 (range:
23–250 mg�kg�1�hr�1). Fentanyl was
used in 13% (n � 6/50) of patients at a
median dose of 40 	g (25–50 	g), meper-
idine was used in 16% (n � 8/50) of pa-
tients at a median dose of 50 	g (range:
25–75 	g), and dexmedetomidine infusion
was used in 6% (n � 3/50) of patients at
a median dose of 0.4 	g�kg�1�min�1

(range: 0.2–0.7 	g�kg�1�min�1). There
was no significant relationship between
the BSAS score and propofol dose
(ANOVA F � 0.5, p � 0.7), meperidine
dose (ANOVA F � 1.1, p � 0.4), dexme-
detomidine dose (ANOVA F � 0.2, p �
0.9), and fentanyl dose (ANOVA F � 1.1,
p � 0.4). However, the proportion of pa-
tients with moderate to severe shivering
receiving sedatives was significantly
higher as compared to those patients
with no to mild shivering (88% vs. 18%,
p � 0.01).

Patients receiving any sedation within
2 hours of the study period had a signif-
icant increase in all metabolic variables
between phase I and phase II of CW
(�REE: 847 � 859 kcal/d vs. 229 � 111
kcal/d, p � 0.002; �VO2: 134 � 130 mL/
min vs. 40 � 16 mL/min, p � 0.002; �
VCO2: 65 � 92 mL/min vs. 4 � 37 mL/
min, p � 0.006).

Serum Magnesium Level. A lower
baseline serum magnesium level (REE:
R � �0.59, p � 0.001; VO2: R � �0.56,
p � 0.001; VCO2: R � �0.57, p � 0.001)
correlated with a significant increase in
the metabolic measurements between
phase I and phase II of CW.

Multivariable Models of Factors Influ-
encing Metabolic Rate Between Phase I
and Phase II of CW. In a multivariable
linear regression model adjusting for the
diagnosis of SAH, the increase in REE
(�REE) and oxygen consumption (�VO2)
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Figure 1. Changes in metabolic variables in phases I–III of counter warming depending on baseline
shivering status. Comparison of the changes in metabolic variables from phase I to phase II of counter
warming between no to mild shivering and moderate to severe shivering. �, no to mild shivering; �,
moderate to severe shivering; BSAS, Bedside Shivering Assessment Scale.

Table 2. Impact of surface counter warming on metabolic measurements; average measurement of
metabolic parameters during each phase of counter warming

Measurement

Counter Warming

pPhase I Phase II Phase III

REE (kcal/d) 1936 � 566 2466 � 1028 2104 � 837 �0.001
VO2 (mL/min) 291 � 10 376 � 160 319 � 131 �0.001
VCO2 (mL/min) 201 � 59 235 � 93 211 � 78 �0.001

REE, resting energy expenditure; VO2, oxygen consumption; VCO2, carbon dioxide production.
p represents result of ANOVA testing. Post hoc testing demonstrated significant differences

between each phase of counter warming.
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measurements between phase I and phase
II of CW were associated with patients
who had lower serum magnesium levels,
moderate to severe shivering (BSAS 2–3),
and higher sedative use (Table 3). The
diagnosis of SAH was not found to be
significantly associated with any of the
metabolic measurements in these multi-
variable models.

DISCUSSION

We found that the use of a warming
blanket counters the metabolic impact of
shivering during TTM. Surface warming
works by countering the feedback loop
from the skin temperature to the hypo-
thalamic thermoregulation centers. Al-
though previous surface warming studies
used regional hand and face warming and
did not find a significant benefit (23), we
found that by covering the entire anterior
surface, sparing the neck and face, sur-
face CW is beneficial. This greater pro-
portion of surface warming likely had a
greater effect on the mean skin tempera-
ture and impact on the feedback to the
hypothalamic thermoregulatory centers.
Cheng et al (24) have shown that a linear
relationship exists between core temper-
ature and the average skin temperature
for the appearance of shivering in the
nonanesthetized patient. The threshold
temperature for shivering is equal to the
sum of 20% of the mean skin tempera-
ture and 80% of the core temperature.
Therefore, to inhibit shivering, the aver-
age skin temperature must be raised by at
least 4°C to be as efficient as a 1°C in-
crease in core temperature (24). Al-
though the surface warming device was
turned to the maximal temperature
setting of 43°C, we did not assess shiver-

ing thresholds or directly measure the
skin temperatures in our patients.

Each patient had a demonstrable met-
abolic benefit of surface CW, even when
there was no or only mild shivering
present at baseline. This reduces the con-
cern of any counter effect of surface
warming while inducing normothermia
or hypothermia. The metabolic impact of
CW did depend on the baseline shivering
status of patients with no to mild shiver-
ing (BSAS 0–1, respectively) having a di-
minished response to removal of surface
CW as compared to patients with moder-
ate to severe shivering (BSAS 2–3, re-
spectively) (Fig. 1). This means that
among patients with moderate to severe
shivering, the combination of surface CW
and buspirone have a significant but in-
complete effect in ameliorating the met-
abolic implications of shivering, indicat-
ing the importance of finding additional
methods to control shivering.

An alternative, nonsedating regimen
would be to continue targeting the pe-
ripheral mechanisms of cutaneous vaso-
constriction or skeletal muscular activity.
Infusions of dantrolene have been shown
to reduce both the severity and threshold
for shivering (25); however, this may lead
to prolonged muscular weakness and in-
creased number of ventilator days, and
therefore, limit its usefulness.

Additional targeting of the cutaneous
vasoconstrictive response, however, may
still be possible with the intravenous ad-
ministration of magnesium. As seen in
this study and previous assessments of
shivering (1), hypomagnesemia is a risk
factor for not only baseline shivering but
also response to surface CW. Magnesium
at high doses reduces the shivering re-
sponse or increases the rate of achieving

mild hypothermia in healthy volunteers
(26) and postoperative patients (27–29).
The mechanism is related to its periph-
eral vasodilatory properties, which exert
negative feedback control on the thermo-
regulation centers located in the preoptic
nucleus of the hypothalamus (28). Unlike
pharmacologic interventions used to sup-
press shivering, magnesium infusion is
not associated with a sedative effect and
has potential neuroprotective (30) prop-
erties. Therefore, the administration of
high doses of magnesium sulfate to pre-
vent shivering in this patient population
may be a well-suited adjunctive therapy
and should be further studied.

This study is limited in its generaliz-
ability by the fact that the majority of
patients underwent normothermia with a
surface cooling device; however, there is
no reason to believe that the metabolic
benefit of surface CW would not translate
readily to other depths of cooling. This is
likely due to the fact that the incidence of
shivering is dependent on the shivering
threshold, with a lower incidence occur-
ring at temperatures �35.5°C. However,
the intensity of shivering, which is what
our energy expenditure measurements
and the BSAS measured, is more depen-
dent on activation of muscles than core
body temperature (31). Although we did
not find a significant difference in the
impact of CW with an intravascular de-
vice, the number of patients cooled with
this method was low (n � 5). Patients
cooled with intravascular devices will
have more exposed body surface area and
therefore may benefit more from CW.
This study was designed to address a
physiologic end point, and so the effect of
reducing shivering with CW as it relates
to clinical outcome was not measured.
Shivering and its counter measures may
impact on the outcome (1) in patients
undergoing TTM and should be incorpo-
rated into any prospective study of TTM.

CONCLUSION

Whole body surface CW during TTM
represents a simple, nonsedating method
to combat the metabolic impact of shiv-
ering. This technique, however, does not
provide adequate shiver control for all
patients. Future studies should focus on
minimally sedating antishivering regi-
mens that can provide additional benefit
when surface CW fails.

Table 3. Factors associated with the changes in metabolic parameters between phase I and phase II of
counter warming

�VO2
a �VCO2

b �REE

BSAS 2–3c 0.28d 0.17 0.26
p 0.04 0.2 0.04

Sedative use 0.27 0.21 0.26
p 0.03 0.1 0.03

Magnesium �0.35 �0.37 �0.37
p 0.01 0.01 0.01

REE, resting energy expenditure; BSAS, Bedside Shivering Assessment Scale; VO2, oxygen con-
sumption; VCO2, carbon dioxide production.

aOxygen consumption; bcarbon dioxide production; cbedside Shivering Assessment Scale Scores
that represent moderate to severe shivering; dbeta coefficient from the linear regression model.
Multivariate linear regression models of factors that predict the change in metabolic parameters
between phase I and phase II of counter warming. Models consist of patients diagnosed with
subarachnoid hemorrhage, use of sedatives, and baseline serum magnesium levels.
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