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Hypothermia in Experimental Hepatic Surgery.* (20443)
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Hypothermia has been used recently(1-5)
to perform intracardiac operations under di-
rect vision without recourse to the use of extra-
corporeal blood pumps. The success of this
technic is due to the greatly lowered oxygen
requirements at reduced temperatures which
allow a relatively long period of total inflow
occlusion. The brain, which is the crucial
organ during the cardiac operations, can ap-
parently withstand anoxia about twice as long
at a temperature of 26°C as it can at the
normal body temperature. Presumably other
organs as well could tolerate longer periods of
anoxia during hypothermia, and may in this
state, after temporary local vascular occlusion,
be subjected to longer bloodless operations
than could be attempted with safety at nor-
mal temperatures. TIf successful, this use of
hypothermia might have practical value as an
aid in performing extensive liver resections.

For surgery of the liver, the advantage of
a bloodless field provided by prolonged com-
plete vascular occlusion is obvious. It has
been our experience, however, to find that
complete hepatic vascular occlusion is not
tolerated long at normal body temperatures
(6,7). Hence, we have investigated the
efficacy of hypothermia in allowing vascular
occlusion of a satisfactory duration. At nor-
mal body temperatures the maximum period
of continuous hepatic artery and portal vein
occlusion tolerated by dogs without resulting
in some deaths was found to be 20 minutes.
After this, as the period of anoxia was length-
ened, the fatality rate increased so that when
the period of occlusion was extended to one
hour there was only one survivor in 49 experi-
ments. This high fatality rate occurred in
spite of the fact that 46 of these dogs received
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antibiotics to prevent growth of the anaerobic
bacteria which normally inhabit the canine
liver (8-11).

Methods and results. The small, mongrel,
adult dogs used in these experiments were
given a combination of antibiotics for 48 hours
prior to surgery. Aureomycin was given orally
twice a day in 500 mg doses while penicillin
was given intramuscularly twice daily in doses
of 150,000 units. After fasting for 12 hours,
the dogs were anesthetized with a 2.5% solu-
tion of sodium pentothal intravenously and
cooling was started. Anesthesia was main-
tained to prevent shivering but when the
temperature had fallen to 28°C no further
anesthesia was needed. After the body tem-
perature had reached 30°C the dogs were given
artificial respiration by means of an electronic
respirator. Body temperature was measured
by means of a rectal thermometer inserted to
a distance of 3 inches.

Each dog was cooled by wrapping the entire
animal in rubberized blankets through which
flowed a cold alcohol solution at a temperature
slightly above the freezing point of water.
Postoperatively, warming was accomplished
with the same blankets, the circulating solu-
tion having been heated.?

The operation was begun when the animal’s
temperature had dropped to 28°C or lower.
Using aseptic technic, the first step was to
clamp the celiac axis and the superior mesen-
teric artery to prevent the intestinal engorge-
ment which would otherwise follow the subse-
quent venous occlusion. Then, within one
minute, the hepatic artery was occluded distal
to the point of origin of the gastroduodenal
artery and the portal vein was occluded just
before it entered the liver. The period of
vascular interruption was one hour, after
which the clamps were removed, the abdomen
was closed, and the animal warmed as de-
scribed.

Eleven dogs were submitted to the above

i The cooling apparatus was manufactured by the
Therm-O-Rite Products Corporation, Buffalo, N. Y.,
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TABLE I. Effect of Hypothermia on Liver Anoxia,

Lowest ——Results——
Dog No.  body temp. Died Survived Autopsy findings
1 29°0 X Liver necrosis
2 25°C X Hemorrhage in liver cords
3 28°C X Normal liver when sacrificed at 21st postoperative day
4 28°C X " ”  mieroscopically
5 26°C X ” "’ when sacrificed at 20th postop. day
6 260(“ >< 2y »” 2 1 i3] 20th i 123
7 26°(! X ” ” ” ” ” 14th ” ”
& 25°C X Died at 21st postoperative day with unexplained ab-
dominal abscess. Liver was normal
9 26°C X Died at 21st postoperative day of pneumonia. Liver
was normal
10 26°C X Normal liver when sacrificed at 21st postoperative day
11 o26°(C X ” » 13 ”» » 56th ¥ 2

procedure and the results are tabulated in
Table I. Animals surviving the operation for
a period of 2 weeks are listed as survivors since
our previous experience with the control ani-
mals(7) indicated that dogs dying of liver
necrosis following complete vascular occlusion
usually died within the first 2 postoperative
days.

Discussion. Previously we reported a fa-
tality rate of 100% among 46 dogs submitted
to occlusion of the total afferent hepatic cir-
culation when antibiotics were administered
(7). This fatality rate was reduced by the
preoperative administration of the adreno-
corticotropic hormone obtained from hog
pituitaries so that, among 36 animals so
treated, 17 survived. The factors that might
have led to this increased survival rate in the
treated animals have been discussed in the
earlier paper.

The present experiments indicate that hypo-
thermia, too, was effective in reducing the
fatality rate which followed afferent hepatic
vascular occlusion maintained for one hour.
The influence of hypothermia is, as was men-
tioned earlier, doubtless due to its effect in
reducing the metabolic activity of the liver.
Our experiments do not indicate whether corti-
cotrophin or hypothermia is more competent
in reducing the toxic effects of hepatic vascular
occlusion and we have not yet tested the effi-
cacy of using them simultaneously, The ex-
perimental evidence presented suggests, how-

ever, that one, or the other, or a combination
may prove to have a practical clinical value in
facilitating massive resections of the liver.
Summary. When hypothermia is induced
in dogs prior to the production of liver anoxia
by completely occluding the afferent hepatic
circulation, the mortality rate of the procedure
is greatly reduced (27.29) as compared to
that previously reported in control animals

(100%).

1. Bigelow, W. G., Lindsay, W. K. Harrison,
R. C., Gordon, R. A,, and Greenwood, W. F., Am.
J. Phuysiol., 1950, v160, 125.

2. Bigelow, W. G., Lindsay, W. K., and Green-
wood, W. F., dnn. Surg., 1950, v132, 849.

3. Boerema, 1., Wildschut, A., Schmidt, W. J. H,
and Broekhuysen, L., Arch. chir. Neerl., 1951, v3, 24.

4. Cookson, B. A, Neptune, W. B., and Bailey,
C. P., Diseases of the Chest, 1952, v22, 245.

5. Lewis, F. J., and Taufic, M., Surgery, 1953,
v33, 52.

6. Raffucci, F. L., and Wangensteen, O. H., Surgical
Forum, W. B. Saunders Co., Philadelphia, 1950, 191-
195,

7. Raffucci, F. L., Surgery, 1953, v33, 342.

8. Markowitz, J., Rappaport, H., and Scott, A. C,
Proc. Soc. Exp. Bior. axp Meb., 1949, v70, 305,

9. Markowitz, J., and Rappaport, A. M., Physiol.
Rev., 1951, v31, 188.

10. Fitts, W. T., Scott, R., and Mackie, J. A,
Surgery, 1950, v28, 458.

11. Lewis, F. J., and Wangensteen, O. H., Proc.
Soc. Exp. Bror. axp MEeb., 1930, v73, 533.

Received October 30, 1952. P.S.E.B.M, 1953, v83.



