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Pre-Induction Skin-Surface 
Warming Minimizes 
Intraoperative 
Core Hypothermia 
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Department of Anesthesiology and Intensive Care, Saint-Antoine Hospital, Paris, 
France, and the Thermoregulation Research Laboratory, University of California, 
San Francisco, CA. 

Study Objective: To test the hypothesis that only one hour of preinduction skin-surface 
warming decreases the rate at which core hypothermia develops during the first hour of 
anesthesia. 
Design: Randomized, prospective study. 
Setting: Operating theater of a uniuersity hospital. 
Patients: 16 ASA status I and II adult patients scheduled for laparoscopic cholecys- 
tectomy under general anesthesia. 
Interventions: Eight patients were assigned to receive forced-air warming for one 
hour before induction of anesthesia (prewarmed group); the other eight patients were 
covered only with a wool blanket during a similar preinduction period (control group). 
Measurements and Main Results: Tympanic membrane (core) and mean skin- 
surface temperatures were measured at 15-minutes intervals, starting one hour before 
induction of anesthesia. Mean skin temperature increased from 34.0 + O.I”C to 37.0 
? 0.2”C in the pre-warmed group (p < 0.05), but remained unchanged at 34.7 2 
0.3”C in the control group. Core temperature during the preinduction period did not 
change significantly in either group. Following induction of anesthesia, core tempera- 
ture decreased at a rate of 1 .I + O.l”Clhr in the control group, but only 0.6 f  O.l”Clhr 
in the pre-warmed group (p < 0.05). After one hour of anesthesia, six of eight pre- 
warmed patients had core temperatures of at least 36.5”C, whereas only one of the eight 
control patients did (p < 0.05). 
Conclusions: A single hour of preoperative skin-surface warming reduced the rate at 
which core hypothermia developed during the first hour of anesthesia. Preoperative skin 
surface warming is particularly helpful during short procedures because redistribution 
hypothermia is otherwise dfficult to treat. 

Keywords: Hypothermia, redistribution; heat; thermoregulation; 
temperature; warming technique, forced-air. 

Introduction 

The first hour of general anesthesia is usually accompanied by a rapid 1” to 
1.5% reduction in core temperature,ls2 resulting largely from an internal 
core-to-peripheral redistribution of body heat. ‘v4 Because core temperature is 
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well regulated, cutaneous warming, in unanesthetized 
individuals alters core temperature minimally, if at a11.5 
However, warming does increase peripheral tissue tem- 
perature and thus body heat content. If peripheral tis- 
sue temperature approaches that of the core, induction 
of anesthesia will produce little redistribution hypother- 
mia because heat only can flow down a temperature gra- 
dient. 

Two hours of pre-warming has already been shown 
effective in nonsurgical volunteers given general anes- 
thesia;‘j moreover, similar pre-warming combined with a 
moderately effective active intraoperative warming 
markedly reduces the initial decrease in core tempera- 
ture and prevents intraoperative hypothermia.’ Accord- 
ingly, the aim of this study was to determine if a shorter 
period of prewarming (one that might be clinically prac- 
tical) minimizes redistribution hypothermia in surgical 
patients not provided with any active intraoperative 
warming. 

Materials and Methods 

Protocol 

With approval of the Hospital Saint-Antoine Local Eth- 
ics Committee and patient informed consent, we studied 
16 ASA physical status I and II adults undergoing elec- 
tive laparoscopic cholecystectomy. None was obese, fe- 
brile, or had a history of thyroid disease or dysautono- 
mia. All were given oral hydroxyzine 100 mg one hour 
before surgery. 

The patients were randomly assigned, via a random 
numbers table, to one of two types of thermal manage- 
ment before induction of anesthesia (preinduction pe- 
riod). Eight patients were covered up to the shoulders 
with a forced-air warming cover attached to a Bair Hug- 
ger Model 500 forced-air warmer (Augustine Medical, 
Inc., Eden Prairie, MN) set on “high” (approximately 
41°C) for at least 1 hour.’ As recommended by the man- 
ufacturer, a cotton sheet was placed over the cover to 
minimize heat exchanges between the top of the blanket 
and the environment (pre-warmed group). We used a 
Bair Hugger because it is the most effective available 
forced-air warmer.* The other eight patients were cov- 
ered only with a wool blanket during a similar preinduc- 
tion period (control group).g 

At the end of the preinduction period, patients were 
transferred within 5 minutes to the operating room. 
During induction of anesthesia, patients in both groups 
were covered only with a single cotton sheet. Anesthesia 
was induced with thiopental (5 mg/kg) and fentanyl (3 
Fg/kg); tracheal intubation was facilitated by administra- 
tion of atracurium besylate 0.5 mg/kg. Anesthesia was 
maintained with nitrous oxide 60%, enflurane, and fen- 
tanyl. Ventilation was mechanically controlled via a 
semi-closed circle system with a fresh gas flow of 2 
Umin, to maintain end-tidal PCOs between 30 and 35 
mmHg (Capnomac, Datex Instrumentarium, Helsinki, 
Finland); heat-and-moisture exchanging filters” were 
not used. 

Patients in both groups were subsequently covered 
only with a single layer of surgical draping.g No special 
precautions were taken intraoperatively to avoid hypo- 
thermia. Intravenous (IV) fluids were infused at ambi- 
ent temperature. In the postanesthesia care unit, all pa- 
tients were actively rewarmed. 

Measurements 

Temperatures were monitored using Mona-Therm 
thermocouples (Mallinckrodt Anesthesiology Products, 
Inc., St. Louis, MO). The probes were connected to 
Mallinckrodt Model 65 10 two-channel electronic ther- 
mometers. Core temperatures were measured at the 
tympanic membrane. The aural probe was inserted until 
the patients felt the thermocouple touch the tympanic 
membrane; appropriate placement was confirmed when 
they easily detected a gentle rubbing of the attached 
wire. The probe was then securely taped in place and the 
aural canal occluded with cotton. Four adhesive skin- 
surface probes were fixed on the chest, the upper left 
arm, the lateral calf, and thigh. Mean skin temperature 
was calculated as 0.3 . (Tchest + T,,,) + 0.2 . (Trhigh + 
Tcad ’ ’ 

Temperature measurements were initiated when the 
patients arrived in the preoperative area, and subse- 
quently recorded at 15-minute intervals. At the end of 
the pre-warming period, patients were asked if they felt 
excessively warm. However, thermal comfort was not 
specifically quantified. Shivering during postanesthesia 
recovery was qualitatively evaluated by an independent 
observer blinded to thermal management. 

Data Analysis 

Data were analyzed using repeated measures analysis of 
variance (between periods in each group) and Fisher’s 
exact or unpaired 1 tests (between groups). The rate at 
which core temperature decreased during the first hour 
of anesthesia was determined using linear regression. 
Results are expressed as means + SEM; a p-value less 
than 0.05 identified statistically significant differences. 

Results 

Morphometric characteristics and initial core tempera- 
tures were comparable in the two groups. Intraoperative 
ambient temperatures also were similar in each group, 
as were the amount of IV fluid and opioids administered 
and the duration of surgery (Table I). 

Pre-warming lasted 61 2 1 minutes. No patient com- 
plained of thermal discomfort after pre-warming. Mean 
skin temperature during the preinduction period re- 
mained unchanged at 34.7 2 0.3”C in control patients, 
but increased from 34.0 5 O.l”C to 37.0 2 0.2% in the 
pre-warmed group. Core temperature during the pre- 
induction period did not change significantly in either 
group. 

Following induction of anesthesia, core temperature 
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Original Contributions 

Table 1. Physical Characteristics, Ambient Temperatures, 
Duration of Anesthesia, Opioid Administration, and 

During recovery shivering was observed in two pa- 

Intravenous (IV) Fluid Replacement 
tients of the pre-warmed group and in five patients in 
the control group (p = NS). 

Gender (M/F) 
Age (yrs) 
Weight (kg) 
Height (cm) 
Initial core (“C) temperature 
Preoperative ambient 

temperature (“C) 
Anesthesia duration (min) 
Ambient intraoperative 

temperature (“C) 
Administered IV volume (L) 
Fentanyl (kg) 

Control Prewarmed 

Group Group 

216 315 
42 rf: 4 46 + 4 
64 + 4 66 2 5 

166 + 3 163 f  4 
37.1 + 0.1 37.1 + 0.1 

24.3 + 0.3 25.0 + O.l* 
122 + 6 132 + 14 

21.2 2 0.2 21.0 * 0.1 
1.1 * 0.1 1.1 + 0.1 

370 + 34 430 + 26 

Note: Data are presented as means 2 SEM. The asterisk (*) indi- 
cates that preoperative ambient temperatures differed significantly 
in the two groups (p < 0.05); however, the difference was not 
clinically important. 

decreased at a rate of 1.1 ? O.l”C/hr in the control 
group, but only 0.6 + O.l”C/hr in the pre-warmed pa- 
tients (p < 0.05). After one hour of anesthesia, core 
temperature in the control group had decreased from 
37.1 ? 0.1% to 36.0 o O.l”C, whereas the pre-warmed 
patients decreased from 37.1 ? 0.1% to only 36.6 + 
0.1% @I < 0.05). At that time, six of eight pre-warmed 
patients had core temperatures of at least 36.5”C, 
whereas core temperatures were less than that value in 
seven of the eight control patients (p < 0.05). At the end 
of surgery, core temperature in the control group was 
35.7 + 0.2”C uersus 36.1 ? 0.1% in those that were pre- 
warmed (p < 0.05). 

38 1 

Temp 

1 Before induction Surgery 
35 - 

0 30 60 3b 

Time (min) 

Figure 1. Core temperatures during the preinduction pe- 
riod did not change significantly in the control group (open 
circles) or the pre-warmed group (solid circles). Following 
induction of anesthesia, core temperature in the control 
group decreased at nearly twice the rate of that in the pre- 
warmed patients (p < 0.05). After one hour of anesthesia, 
core temperatures were 0.6% greater in the pre-warmed 
patients than in the control group. Results are presented as 
means -C SEM. * = p < 0.05. 

Discussion 

Hypothermia remains a common and potentially serious 
problem. Documented complications resulting from in- 
traoperative core hypothermia include an increased in- 
cidence of myocardial ischemia,12 reduced resistance to 
surgical wound infections,13*‘4 coagulopathy,i5-” and 
prolonged drug action.1s’1g Hypothermia also induces 
postanesthesia shivering, 2o which is uncomfortable and 
potentially harmful, because it increases metabolic de- 
mand during recovery.21 

Intraoperative hypothermia develops in three 
phases: (1) a rapid decrease in core temperature during 
the first hour of anesthesia, resulting from an internal 
redistribution of body heat;3s4s22 (2) a slower, linear de- 
crease in core temperature apparently resultin 

% 
from 

heat loss exceeding metabolic heat production; and, 
(3) a core temperature plateau in patients becoming suf- 
ficiently hypothermic to trigger thermoregulatory vaso- 
constriction.24 

Core temperature usually decreases 1” to 1.5% dur- 
ing the first hour of anesthesia.‘s2 General anesthesia 
only slightly increases cutaneous heat 10~~~3~ and de- 
creases metabolic heat production only about 20%.4,2s 
Initial hypothermia thus results mainly from anesthetic- 
induced inhibition of tonic thermoregulatory vasocon- 
striction, 26 which permits an internal core-to-peripheral 
redistribution of body heat. 

Redistribution hypothermia has proven difficult to 
treat because of the large internal flow of heat and be- 
cause heat applied to the skin surface requires consid- 
erable time to reach the core. Consequent1 

F 
even the 

most effective, clinically available warmers5* ’ often do 
not prevent core hypothermia during the first hour of 
anesthesia.23s28 Normothermia subsequently can be re- 
stored by cutaneous warming, but the process typically 
requires a total anesthesia time exceeding two 
hours. 23,27,28 

The magnitude of redistribution hypothermia de- 
pends only minimally on ambient temperature, cutane- 
ous insulation, or size of the surgical incision. It is, how- 
ever, critically dependent on the temperature of tissue in 
the peripheral thermal compartment (arms and legs). 
Human core temperature is well regulated2’ and rarely 
differs from expected values by more than a few tenths 
of a degree.30 In distinct contrast to core temperature, 
peripheral tissue temperature can vary enormously.31-33 
The thermoregulatory system apparently permits such 
variation specifically to avoid initiating responses to each 
environmental change. As a result, peripheral tissues 
lose heat in a cool environment and absorb heat in a 
warm one. 

Cutaneous warming in unanesthetized individuals 
thus minimally alters core temperature, but it does in- 
crease body heat content and peripheral tissue temper- 

386 J. Clin. Anesth., vol. 7, August 1995 



ature. Such pre-warming should minimize redistribu- 
tion hypothermia during subsequent induction of 
anesthesia. Our data confirm this hypothesis: the pre- 
warmed patients cooled at about one half the rate of the 
control patients and remained significantly warmer 
when surgery was finished (approximately 2 hours). 

Previous studies have shown that a full two hours of 
preinduction warming minimizes redistribution hypo- 
thermia in volunteers.6 Similar periods of pre-warming 
also minimized intraoperative hypothermia in patients 
who were actively warmed intraoperatively.’ Our cur- 
rent results indicate that just one hour of pre-warming 
also is effective, even in patients not actively warmed 
during surgery. 

In summary, 16 patients undergoing laparoscopic 
cholecystectomy were randomly assigned to forced-air 
warming for one hour before induction of anesthesia or 
no special warming during a similar preinduction pe- 
riod. After induction of anesthesia, patients in both 
groups were covered with a single layer of surgical drap- 
ing. Pre-warming did not alter core temperature, but it 
reduced the rate at which core hypothermia developed 
from 1.1 2 0. 1°C to 0.6 2 1. l”C/hr. These data indicate 
that only one hour of cutaneous warming before induc- 
tion of anesthesia significantly decreases redistribution 
hypothermia. 
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The Effects of Preinduction Warming on Temperature and Blood 
Pressure During PropofoUNitrous Oxide Anesthesia 

James M. Hyson, Daniel I. Sessler, Azita Moayeri, Joseph MC&ire, 
Mark Schroeder 

Department of Anesthesia, University of California, San Francisco 
San Francisco, CA 

Abstract 

BACKGROUND: Core temperature decreases rapidly after induction of anesthesia, 
largely because heat is redistributed to peripheral tissues. The hypothesis that warm- 
ing peripheral tissues before induction of general anesthesia (prewarming) mini- 
mizes hypothermia was tested. Because circulating blood volume may be greater 
during exposure to heat compared to cold, the hypothesis that prewarming de- 
creases the amount of hypotension associated with induction of anesthesia was tested 
also. Finally, the hypothesis that the difference between direct radial arterial blood 
pressure and blood pressure measured oscillometrically at the brachial artery de- 
pends on thermoregulatory and anesthetic conditions was tested. METHODS: Each 
of 6 volunteers underwent general anesthesia (propofol and nitrous oxide) twice on 
the same day. Each anesthetic lasted 1 h and was preceded by either 2 h of active 
warming with forced air or 2 h of passive cooling by exposure to a typical operating 
room environment. After induction of each anesthetic, volunteers were fully ex- 
posed to the ambient environment. Volunteers recovered for 2 h before starting the 
second preinduction treatment. RESULTS: Initial tympanic membrane tempera- 
tures were similar before each preinduction treatment: 36.7 2 0.6 degrees C when 
volunteers were warmed. Tympanic membrane temperature did not change during 
the preinduction period without warming but increased slightly (delta T = 0.4 + 0.2 
degrees C) during warming. After induction of anesthesia, core temperatures de- 
creased to 36.1 -+ 0.4 degrees C) over 1 h when volunteers were prewarmed but 
decreased to 34.9 f 0.4 degrees C when they were not. Radial arterial systolic, 
diastolic, and mean blood pressures were lower before induction of anesthesia when 
volunteers were warmed compared to when no warming was given. Oscillometric 
diastolic and mean pressures also were lower during prewarming; however, oscillo- 
metric systolic pressure did not differ significantly. Prewarming did not result in less 
hypotension after induction. Without warming, the difference (radial arterial minus 
oscillometric) in systolic blood pressure measurements was approximately 17 mmHg. 
Warming was associated with a reversal of the systolic pressure difference to ap- 
proximately - 6 mmHg. After induction of anesthesia, the differences in systolic and 
mean pressure measurements became more negative with respect to the preinduc- 
tion values regardless of preinduction warming treatment. CONCLUSIONS: These 
data confirm our hypothesis that redistribution hypothermia can be minimized by 
preinduction warming of peripheral tissues. Prewarming decreases blood pressure 
but does not prevent subsequent hypotension after induction. The difference be- 
tween radical arterial blood pressure and oscillometric blood pressure depends on 
thermoregulatory vasomotor changes but also may be influenced by vasodilation 
associated with administration of propofol and nitrous oxide. 

Reprinted from Anesthesiology 1993;79:2 19-28. 
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