EFFECTS OF HALOTHANE AND ETHER ANESTHESIA
ON OXYGEN INDICES IN THE HEPATO-PORTAL REGION

S. I. Gel'man UDC 617-089.5-031.81-07:616.149~-008.922.1

In experiments on cats, ether and halothane anesthesia lowered the blood oxygen saturation
in the portal vein and caused the development of circulatory hypoxia in the aorta—portal vein
sector. Utilization of oxygen by the tissues of the hepato-portal region was reduced in con-
nection with the decrease in volume blood flow, A tendency was observed for the liver to
change to an arterial circulation because of an increase in the resistance to the portal blood
flow.

A study of changes in the oxygen indices of the hepato-portal region under the influence of inhalation
of anesthetics has an important bearing on the correct assessment of liver function and activity of the cir-
culatory system during general anesthesia. Data on this problem in the literature are few in number and
highly contradictory in nature [8-11].

EXPERIMENTAL METHOD

Altogether 26 chronic experiments were carried out on cats. A polyvinyl chloride catheter was in-
serted into the portal vein 4-7 days before the main experiment by the method of Seleznev and Khrabrova
[4] slightly modified by the writer. During the main experiment, when the animals were fixed to a frame,
catheters were introduced under local anesthesia through the femoral artery into the aorta and through the
femoral vein into the posterior vena cava as far as the mouth of the hepatic veins.

To measure the volume of blood flowing from the liver, a catheter was introduced into one of the
hepatic lobular veins before its occlusion by passing it through the right external jugular vein and the
anterior and posterior venae cavae. Blood flowing from this particular part of the liver was passed
through a bubble rheometer [6, 12] into a catheter introduced into the left external jugular vein. From
these results the volume of blood flowing from the whole liver was calculated [5}

Tracheotomy was then performed, and after an interval of 30 min, anesthesia was given by Ayre's
method [7] for 1 h with a mixture of ether and oxygen (12 animals) or of halothane with oxygen (nine ani-
mals). Spontaneous breathing was preserved. In the control series (five animals), inhalation of oxygen
was given.

During the experiments, besides the volume of blood flowing from the liver, the pressure in the aorta,
portal vein, and posterior vena cava (at the mouth of the hepatic veins) was recorded, and the oxygen satura-
tion of the blood in the aorta and portal and hepatic veins was determined periodically by means of the
OKO-01 "Biofizpribor" cuvette oxyhemometer. From the results of these measurements, values charac-
terizing the circulation and oxygen indices of the hepato-portal regmn were calculated. The numerical re-
sults were subjected to statistical analysis [2, 3].

Department of Anesthesiology and Resuscitation, S. M. Kirov Leningrad Postgraduate Medical Insti-
tute. Laboratory of Pathophysiology, I. I. Dzhanelidze Emergency Aid Research Institute, Leningrad. (Pre~
sented by Academician of the Academy of Medical Sciences of the USSR V. 8. Il'in.) Translated from
Byulleten' Tksperimental'noi Biologii i Meditsiny, Vol. 70, No. 10, pp. 24-26, October, 1970. Original
article submitted March 27, 1970.

© 1971 Consultants Bureau, a division of. Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

1124



TABLE 1. Changes in Oxygen Indices of the Liver During Ether and Halothane Anesthesia (M xm)

Blood oxygen saturation, % oxyhemoglobin

Coefficient of oxygen utilization

LR N =
@ml] @rinpadao ot
ﬁ 3 N - SO
S £ H H HHHHHH
o w O MO N W W
H O] B L HFE A
T S o
8 NN
8 HHaoardg oo
w e O OO
= HoHOHHOHH W H
-y < ONMm W
b CRCRCRCR R
S c oo
®
ol
[}
15} 0 -
= ARG N
w M NNMHrd O O O
@ HH HHHHHH
g ¢ O ™M NN I O
o ammﬁ*ﬂ‘ﬁ:ﬁ:b:
(] [ e s}
=
ey
I
8 )
L e R e R
w - M NMANCOC OO
- HHHHHHHAH
oyt H OO HIO O VM
B BID IO M H
= c oo
=
82 =
GJ;>C§""::
= -—100
.--(~gg>‘gh
® B O
B R o = D
kel a8 B s
2 o 9¥E 8.
k=l 252 5 o'd
B g Y s h
@ LTS
d o
g R )
=) st Eooxn
Q £5988°°®a
s+ T > LTI TR )
> oo Q0 Q.
-2 92985 % 0
CGN*;Q’@@@.—i
TE83ZEEwwg
OOQ)Q)Q):;;:§
G DA A==
=
=
<
"o
@]
g
(5]
%
(@]
B2
&
&
5]
& o
T &
E 3
S
=]
5)
3
o
wm
3
S
[
=3
1
S
=
G
e
=~
<

Oxygen absorption, ml/100 g/ min

240
225}
21t
195} °,
180 °
15t
150} .
135
120}
105+
gt
75t
st

b
5

W w s 0 w40

Fig. 1. Portocaval gradient as a function
of blood oxygen saturation in portal vein
during ether and halothane anesthesia.
Black circles show observations during
ether anesthesia; white circles observa-
tions during halothane anesthesia.
Abscissa, blood oxygen saturation in por-
tal vein (in% oxyhemoglobin); ordinate,
portocaval gradient (in mm water).

RESULTS

Changes in the circulation in the hepato-portal region during
ether and halothane anesthesia have been partly described previously
[1], and they consisted mainly of a decrease in the volume blood flow
in the liver. Under ether anesthesia this decrease (from 52.1 7.1 to
28,1 £ 3.8 ml/min/100 g weight of organ) was due to an increase in
vascular resistance (from 9.5 =3 -10° to 24.8 £10.7 - 10° dynes - sec-
cm®). The coefficient of correlation between these two indices was
—0.46 +0,1; P< 0.01., During halothane anesthesia, the quantitatively
similar decrease in blood flow was due to arterial hypotension (the
coefficient of correlation between these two indices was +0.60 +0.1;
P<0.01).

The changes in oxygen indices of the liver occurred in the same
direction in both series of experiments (Table 1).

The oxygen saturation of the arterial blood was unchanged by
anesthesia, and in both series of experiments a significant (P < 0.05)
decrease in the blood oxygen saturation in the portal vein and a corres-
ponding increase in the arterio-venous oxygen difference and coefficient
of utilization were observed in the sector aorta—portal vein, The ob-
served decrease in absorption of oxygen in the whole hepato-portal
region (from 2.2 fo 1.2 and 1.7 ml/100 g/min) was certainly due to a
decrease in the volume blood flow through this region. The coefficient
of correlation between these two indices was +0.8 £0.04 (P <0.01) in
halothane and +0.90 +0.03 (P < 0.01) in ether anesthesia.
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The blood oxygen saturation in the hepatic vein,the arterio-venous oxygen difference, and the coeffi-
cient of oxygen utilization in the sector aorta—heptic vein was not significantly altered.

It can be concluded from these results that the principal changes in the oxygen indices of the hepato-
portal region during ether and halothane anesthesia reflect the development of circulatory hypoxia in the
sector aorta—portal vein. The decrease in blood oxygen saturation in the portal vein, in the absence of any
such decrease in the hepatic veins, is evidence of a tendency for the liver to change over to an arterial
blood supply.

This analysis showed conclusively that the lower the blood oxygen saturation in the portal vein, the
higher the portocaval gradient (i.e., the lower the portal blood flow). Correlation relationships and coeffi-
cients of curvolinear correlation between the degree of blood oxygen saturation in the portal vein and the
portocaval gradient during ether and halothane anesthesia ranged from 0.55 to 0.70. This dependence is ex~
pressed graphically by a hyperbola (Fig. 1). The curve was obtained by equalization of an empirical series
by the method of the weighted sliding mean and by a graphic method.

The tendency for the liver to change to an arterial blood supply is evidently one of the principal
mechanisms compensating for circulatory disorders in the whole hepato-portal region during general
anesthesia.

No significant changes in the blood supply or oxygenation of the hepato-portal region were observed
in the control series of experiments.
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