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After our experience with this system and
the preparation of this report, we found that
Johnson and Ito 2 had reported a system using
small oxygen tanks for a pressure source in
1969. However, tanks have to be replaced,
and their pressure watched. Using the regu-
lator with piped gas is simpler, requires less
attention, and is less expensive.
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The Effect of Warming Blankets on Muointenance of
Body Temperature of the Anesthetized,
Paralyzed Adult Patient

Rocer H. Mormss, M.D.,° axp AxiL Kumar, M.B.B.S.{

Surgical patients frequently become hypo-
thermic (body temperature less than 36 C)
during operation. Thermal blankets have been
recommended for preventing intraoperative
heat loss-5 but their usefulness and safety
have been questioned.t-® Maintenance of am-
bient temperatures in the range of 21-24 C
has also been recommended as a means of de-
creasing intraoperative heat loss.®%1° This
study was undertaken to determine the effec-
tiveness of warming blankets, as used clini-
cally, in preventing hypothermia, compared
with the effect of operating room temperatures.

METHODS

Fifty adult patients undergoing either intra-
abdominal surgery or procedures not involving
any body cavity were studied. A warming
blanket covered by two thin layers of cotton
blanket was placed beneath each patient in
the study group. Thermal blankets were at-
tached to previously warmed blanket-heating
units (selected temperature 41 C) before in-
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duction of anesthesia. Anesthesia was in-
duced in the operating room with thiopental
sodium (Pentothal), followed by succinylcho-
line hydrochloride (Anectine) for intubation.
Maintenance was accomplished with nitrous
oxide, 3—4 }/min, and oxygen, 2 }/min, supple-
mented by an intravenously-injected narcotic
(alone or in combination with a tranquilizer).§
A nondepolarizing muscle relaxant § was given,
and ventilation was controlled. All intravenous
fluids were infused at room temperature.

Temperatures measured with either mercury
thermometers or calibrated thermistors and
telethermometers were: 1) preoperative oral;
2) warming-unit fluid; 3) upper surface of
the cotton blanket covering the thermal blan-
ket; 4) esophageal (38 cm from the incisors);
5) operating room.

Patients in cold (18-21 C) rooms have been
shown to have significantly greater decreases
in esophageal temperature than those in warm
(21-24 C) rooms.> 10 Therefore, in order to
compare the efficacy of warming blankets in
preventing hypothermia with the effect of
room temperature, the patients were grouped
as follows: 1. ten study patients versus 17 con-

 Choices of narcotic (morphine, meperidine, or
fentanyl), tranquilizer (diazepam, droperidol, or
none), and muscle relaxant (d-tubocurarine or
gallamine) were those of the individual adminis-
tering anesthesia (not of the authors conducting
the study) and hence were uncontrolled.
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trol patients § in cold rooms; IL eleven study
patients versus 12 control patients in warm
rooms; IIL ten study patients in cold rooms
versus 11 study patients in warm rooms. Dif-
ferences between mean esophageal tempera-
tures of subjects in these groups after one, two
and three hours of anesthesia were analyzed
for statistical significance. Other variables
which may affect patient temperature loss were
also examined: preoperative oral temperatures;
operating room temperatures; patients’ ages;
volume and rate of intravenous fluid infusion;
operative sites (intra-abdominal versus proce-
dures not involving a bedy cavity). Both stan-
dard deviations and t values for the difference
between two means were calculated as de-
seribed by Fisher.1t

ResuLTs

Blanket Heating Units.  Mean water tem-
perature before starting the heating units was
21.5+0.6 C. During the first 11 minutes of
heating, mean water temperature rose to 41.3
+0.5 C. Subsequent temperatures remained
stable at 40.3 C.

Blanket Temperatures. Mean changes in
surface temperatures after attachment to the
previously-warmed blanket-heating units are
shown in figure 1. Mean surface temperature
of the cotion blankets remained stable after
45 minutes of warming.

Preoperative Oral Temperatures. Mean pre-
operative temperature of control patients was
36.9 == 0.2 C, and that of the warmed subjects
was 36.8=0.4 C. There was no significant
difference between these preoperative tem-
peratures.

Temperatures of Study and Control Groups
in Cold Rooms. Mean temperatures of cold
operating rooms were 19.7:0.9 C for the
study group and 19.7 = 0.7 C for the control
group. Mean esophageal temperatures of
study and control patients are shown in fig-
ure 2. No statistically significant differences
between the mean esophageal temperature of
the two groups were found after one, two or
three hours of anesthesia.

§ Randomization was done by drawing a num-
ber from a box containing the numbers one to 100.
Odd-numbered patients were placed on warming
blankets; even-numbered patients were controls.
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Frc. 1. Changes in surface temperature {mean
=SD) of cotton blankets covering the thermal
blankets after attachment to the prewarmed heat-
ing units.

Temperatures of Study and Control Groups
in Warm Rooms. Mean temperatures of warm
operating rooms were 22.3=0.8 C for the
study group and 22.4 = 1.0 C for the control
group. Mean esophageal temperatures of
study and control patients are illustrated in
figure 3. Again, there were no statistically sig-
nificant differences between the mean esopha-
geal temperatures of the two groups after one,
two or three hours of anesthesia.

Temperatures of Study Group in Cold and
Warm Rooms. Mean esophageal temperatures
of study patients in 18-21-C and 21-24-C
rooms are shown in figure 4. The two- and
three-hour differences of 0.6 and 0.7 C be-
tween mean esophageal temperatures of study
patients in cold and warm rooms were sta-
tistically significant (t=2.529, P < 0.05, and
t = 3.356, P < 0.01, respectively).

Study Versus Control Ages, Fluid Infusions
and Operative Sites. Mean age of study pa-
tients was 50 = 22 years; that of the control
group was 51 = 18 years. Mean fluid infusion
rate for the study subjects was 490 = 180 ml/
hour; that for controls was 430 =160 ml/
hour. Seventy-six per cent of the operations
in the study group and 83 per cent in the con-
trol group were intra-abdominal. In both
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Fic. 2. Comparison of warmed patients” esopha-
geal temperatures (mean =SD) with those of con-
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Fic. 3. Comparison of warmed patients” esopha-
geal temperatures (mean =SD) with those of con-
trols in 21-24 C operating rooms. Time in min-
utes after induction of anesthesia.

groups the intra-abdominal operations con-
sisted of cholecystectomies, gastrectomies and
bowel resections. Other procedures in both
groups did not involve a body cavity. Pa-
tients who lost more than 1,000 ml of blood
during the first three hours of anesthesia were
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induction of anesthesia.

not included in this study. There were no sta-
tistically significant differences between study
and control groups in age, rate of fluid infu-
sion, or operative site.

Discussiox

The principal finding of this study is that a
single warming blanket covered by two layers
of thin cotton blanket is not effective in pre-
venting hypothermia in lightly-anesthetized,
paralyzed adults in cold operating rooms.
Both study and control patients became hypo-
thermic after an hour of anesthesia in 18-21-
C rooms and remained hypothermic for the
duration of anesthesia. In contrast, patients
in both groups in 21-24-C rooms remained in
the normothermic range (above 36 C) for the
duration of anesthesia. The importance of the
ambient temperature as a cause of patient heat
loss was demonstrated by the statistically sig-
nificant differences between mean esophageal
temperatures of patients on warming blankets
in cold rooms and warmed patients in warm
rooms. No significant differences between
study and control patients with regard to age,
rate of fluid infusion, or operative site were
found.
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Several factors may have contributed to the
ineflectiveness of the thermal blanket. The
maximum mean surface temperature of the
cotton blankets (37.7 = 0.5 C) was only 3-3
C higher than normal skin temperature (33—
35 C*2). Since only 30 per cent of a patient’s
body surface area (estimated from the “Rule
of Nines”*) was in contact with the warmed
cotton blanket, the greater portion remained
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warming blanket), may have resulted in a
more-slowly-achieved, lower maximum tem-
perature directly under the patient than would
have resulted if such insulation had not been
used. It is also possible that the cutaneous
vessels of the dependent parts of the body
were compressed by the weight of the patient,
decreasing heat exchange between patient and
blanket and also between the patient’s skin
and body core.

In summary, a single warming blanket cov-
ered by two thin layers of cotton blanket un-
der a lightly-anesthetized, paralyzed adult was
not effective in preventing intraoperative hy-
pothermia, and placing a patient on a warm-
ing blanket is not a suitable substitute for ade-
quate heating (21-24 C) of the operating
room to maintain a patient in the normother-
mic range of 36-37.5 C.
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globulin, 22.6 per cent developed hepatitis, while of 47 who did not receive gamma-
globulin, 19.1 per cent had evidence of hepatitis. In the gamma-globulin-treated
group, the calculated ratio was one case of hepatitis for every 19 units of blood ad-
ministered, while in the non-gamma-globulin group it was one for every 17 units of
blood given. The incidence of icteric hepatitis among gamma-globulin recipients
was 5.5 per cent, against 8.5 per cent in those who did not receive it. This was not
statistically significant. There were no deaths among the patients who developed
hepatitis. Administration of gamma-globulin does not appear to be a useful thera-
peutic modality in the prevention of posttransfusion hepatitis.  (Spellberg, M. A,
and Berman, P. M.: The Incidence of Posttransfusion Hepatitis and the Lack of
Efficacy of Gamma Globulin in Its Prevention, Amer. J. Gast. 55: 564574, 1971.)
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