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We investigated the relative effects of 0.5, 1.0, 1.5, 2.0 MAC halothane and
enflurane, and concurrent noxious stimulus on hepatic blood flow and oxygen con
sumption in 14 mongrel dogs randomly divided into groups of seven each. Hepatic
arterial and portal venous blood flow (HABF and PVBF, respectively) were mea
sured continuously using ultrasonic transit time flow meter. Mean arterial blood
pressure (MAP), cardiac index (CI), hepatic oxygen supply, and hepatic oxygen
consumption (HV02) were measured. Halothane significantly deceased HABF,
but not PVBF in a dose dependent manner. Enflurane did not affect HABF
and PVBF significantly. MAP and CI decreased in both groups, with halothane
producing more marked decreases than enflurane. HV0, did not change with en
flurane, but did with halothane, producing significant differences, with halothane
being greater at 1.5, 2.0 MAC. A noxious stimulus only caused minor change in
blood flow. The results suggest that liver blood flow and oxygen consumption are
affected differently by halothane and enflurane and that halothane has a stronger
tendency to cause an imbalance between liver oxygen supply and consumption
than dose enflurane. (Key words: halothane, enflurane, hepatic blood flow, hep
atic oxygen consumption)

(Masaki E, Yasuda N, Tanifuji Y et al.: Effect of halothane and enflurane on
hepatic blood flow and oxygen consumption in dogs. J Anesth 3: 118-122, 1989)

Over the past few decades, there have
been several reports on the hepatic dam
age associated with halothane anesthesia'v'.
The mechanism of halothane hepatotoxicity
is still in debate. It is suggested that there
are two types of halothane-induced hepatic
damage, severe and mild 2,3 . Immunologic
and metabolic factors may govern the mech
anism of the former type, whereas toxic or
hypoxic factors may play a major role in
the latter type". Hypoxia per se may cause
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hepatic damage", and halothane is reported
to change hepatic blood flow5 ,6 . From these
studies, it is predicted that halothane may
produce hypoxia in the liver by causing
imbalance between hepatic oxygen supply
and hepatic oxygen consumption induced by
the change of hepatic blood flow.

There are only a few reports of hepatic
damage after enflurane anesthesia7 ,8 . So it
may be more safe to use enflurane than
halothane when repeated inhalation anes
thetics are to be used or when any suspicion
of liver desease exists. The difference be
tween halothane and enflurane may result
from the reductive metabolism of halothane
and!or from a more pronounced hypoxia
during halothane anesthesia.

To examine the latter postulate, we in-
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Table L Effect of halothane and enflurane on MAP, CI and Chv02

119

0.5

Anesthetic

1.0

concentration (MAC)

1.5 2.0
MAP halothane 87.5 ± 5.5
(mmHg) enflurane 122.8 ± 7.9
CI halothane 2.01 ± 0.16
(lmin-1m-2

) enflurane 2.94 ± 0.19
Chv02 halothane 12.8 ± 1.3
(ml dr l

) enflurane 16.5 ± 1.1

75.1 ± 2.7
99.8 ± 8.6
1.74 ± 0.12
2.54 ± 0.18
12.4 ± 1.7
16.1 ± 0.9+

62.1 ± 5.5*** 52.5 ± 4.1***
84.6 ± 6.3*** 63.0 ± 6.6***
1.97 ± 0.23 1.35 ± 0.10***
2.29 ± 0.21* 1.76 ± 0.17***
11.4 ± 1.4 9.3 ± 1.1
14.3 ± 0.8 13.2 ± 1.2+

Values are mean ± SE n = 7
*P < 0.05, ***P < 0.01 vs 0.5MAC, + P < 0.05 vs halothane

vestigated the effects of halothane and enflu
rane at equipotent anesthetic concentrations
(MAC equivalent) on hepatic blood flow,
oxygen supply and oxygen consumption.

Materials and Methods

Fourteen mongrel dogs weighing 12-20 kg
were divided into two groups of 7 dogs.
Anesthesia was induced with the designated
agent (halothane or enflurane) and 100%
oxygen. Pancuronium bromide 0.15 mg.kg"!

i.v, was administered for immobilization dur
ing laparotomy. After tracheal intubation,
controlled ventilation with a constant Pac02
(35-40 mmHg) was assured. Following la
parotomy, the gastroduodenal artery was lig
ated and ultrasonic transit time flow meter
probes were placed on the common he
patic artery and the portal vein. The femoral
artery was cannulated to permit blood sam
pling and measurement of mean arterial
pressure. Cardiac output was measured by
thermal dilution using a Swan-Ganz catheter
placed in the pulmonary artery. The hepatic
and portal vein were cannulated via the ex
ternal jugular and splenic vein respectively.

Halothane was administered from a Flu
otec 3 (Cyprane) and enflurane was admin
istered from a Enfluratec (Cyprane). One
MAC is regarded to be 0.9% halothane''
and 2% enflurana'" in dogs. After maintain
ing end expiratory anesthetic (halothane and
enflurane) concentration stable at 0.5, 1.0,
1.5 and 2.0 MAC (each for more than 15
min), a clamp was applied to the tail and
the tail was twisted for one minute as a
noxious stimulus. End tidal concentrations of

anesthetics were monitored with a PERKIN
ELMER 1100 Medical Gas Analyzer.

Hepatic arterial blood flow (HABF), por
tal venous blood flow (PVBF) and mean
arterial pressure (MAP) were recorded con
tinuously on a polygraph. The following
measurements were performed before and
immediately after tail clamp; cardiac output
(CO), and blood oxygen content of arterial
(Ca02), portal venous (Cpv02), and hepatic
venous (Chv02) blood.

Hepatic oxygen consumption (HVO2) and
hepatic oxygen supply (02SUPp.) were calcu
lated as:
HV02 = HABF (Ca02 - Chv02)/100 +
PVBF (CpV02 - Chv02)/100
02SUPP. = HABF·Ca02/100 + PVBF·CpV02
/100

where HVo., 02SUPP., HABF, and PVBF
are in ml min-I.

Blood gas tentions, and oxygen con
tent were measured using a CORNING 178
pH/Blood Gas Analyzer and a LEX CON
TL, respectively.

The data are presented by mean values ±
standard errors of the mean. Statistical eval
uation was performed using Multiple com
parison after 'Analysis of Variance (ANOVA)
test.

Results

The tail clamp did not affect any val
ues. We therefore show only the data taken
before stimulation. MAP and CI decreased
in a linear fashion from the value of 0.5
MAC dose-dependently with both halothane
and enflurane. There were small decreases in
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Table 2. Effect of halothane and enflurane on HABF, PVBF and THBF

Anesthetic concentration (MAC)

0.5 1.0 1.5 2.0
HABF halothane
(mt min -1100g-1) enflurane
PVBF halothane
(mt min -1100g-1) enflurane
THBF halothane
(mt min-1100g-1) enflurane

15.9 ± 1.7 13.4 ± 1.6
12.3 ± 2.6 1.29 ± 3.1
59.2 ± 4.2 59.4 ± 4.5
59.5 ± 11.3 52.6 ± 9.3
74.5 ± 3.7 72.0 ± 4.5
71.3 ± 11.2 65.0 ± 9.7

11.3 ± 1.9 8.2 ± 1.2*
15.7 ± 4.6 13.3 ± 3.5
56.6 ± 6.0 53.8 ± 6.4
45.2 ± 8.3 34.9 ± 5.7
67.8 ± 6.1 60.8 ± 7.4
60.4 ± 8.8 47.0 ± 7.0

Values are mean ± SE n = 7, *p < 0.05 vs 0.5MAC

*
o--<)enflurane

n=7

mean±5E

*p (0.05 vs 0.5 MAC

0.5 1.0 1.5 2.0 (MAC)

Fig. 1. Changes in hepatic arterial blood
flow (HABF) and hepatic oxygen supply (02
supp.) by increasing of anesthetic concentra
tions.

*'"

• p <0.05 VB 0.5 MAC

*",p (0.02 VB 0.5MAC

1.5 2.0 (MAC)

mean±5E
n=7
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Chv02 with increasing concentration of anes
thetics which were not significant. Halothane
and enflurane differed significantly in their
effect on Chv02 at 1.0, 2.0 MAC. Halothane
produced greater decreases than enflurane
(table 1).

HABF decreased significantly under
halothane at 2.0 MAC compared to 0.5
MAC but did not change during enflurane
anesthesia. On the other hand, neither anes
thetic altered PVBF. Total hepatic blood
flow (THBF) decreased slightly which were
not significant under both groups (table 2).

Hepatic oxygen consumption (HV0.)
tended to increase dose-dependently under
halothane, but did not change under enflu
rane anesthesia and there were significant
differences between the effect of halothane
and enflurane at 1.5, 2.0 MAC (fig. 2). He
patic oxygen supply (02SUPP.) decreased sig
nificantly in both groups in a similar manner
dose-dependently (fig. 1).

Discussion

We found that increasing concentrations
of halothane and enflurane significantly and
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Fig. 2. Changes in hepatic
oxygen consumption (HV02) by
increasing of anesthetic concen
tration. 0.5 \.0 \.5 2.0 (MAC)

dose-dependently decreased circulatoly vari
ables in the systemic (MAP, CO) but not
hepatic (HABF, PVBF, THBF) circulations.
Only halothane decreased HABF confirming
the report by Thulin and Andreen11. PVBF
and THBF did not change significantly with
anesthetic dose.

In previous studies, halothane produced
progressive decreases in PVBF and THBF
with parallel decreases in C05 ,12 . PVBF,
THBF and HABF have been found to be
decreased during enflurane anesthesia'P'!".
The discrepancy between these studies and
our study may be due to several differ
ences in methods. First, we compared the
values at each MAC (1.0, 1.5, 2.0 MAC)
to the value at 0.5 MAC. In most previous
studies, awake values were used as con
trol. Possibly, our values for PVBF, THBF
and HABF changed slightly with increasing
concentration of anesthetics because they be
gan at already decreased levels. Secondly, in
many studies, barbiturate was used to induce
anesthesia or control state. In contrast we
used the inhalation agent and 100% oxy
gen. Several reports indicate that barbiturate
anesthesia influences hepatic blood flowl 5 ,16 .

Lastly, HABF and PVBF in other studies
were usually measured with electromagnetic
flow meters or radioactive microspheres. La
parotomy was not performed in studies using

the microsphere technique. Regarding elec
tromagnetic flow probes, inaccuracies may
result from misfitting bet-ween the probes
and vessel walls!". The ultrasonic transit
time flow meter overcomes this obsticle.

In the present study, changes in HABF
were different during halothane and enflu
rane anesthesia. HABF decreased in a linear
fashion from 0.5 MAC with increasing con
centrations of halothane, but did not change
during enflurane anesthesia. On the other
hand, hepatic oxygen supply decreased dose
dependently in a similar fashion with both
anesthetics (fig. 1). It is shown that there
is a HABF-PVBF reciprocal relationship to
maintain the oxygen supply to the liver9 ,10 .

Some studies have suggested that the he
patic oxygen requirement itself governs the
reciprocity between HABF and PVBFI 8 ,19 .

It seems conceivable that the pattern of the
HABF-PVBF reciprocal relationship may be
affected differently among anesthetics and
the loss of the HABF-PVBF reciprocal rela
tionship may produce significant decreases in
hepatic oxygen supply at 2.0 MAC with both
anesthetics.

In our study, changes in hepatic oxygen
consumption (HVO 2 ) were different between
halothane and enflurane. These changes were
dose-independent for both anesthetics. How
ever, HVO 2 was noted to decrease signifi-



122 Masaki et a1 J Anesth 1989

cantly with enflurane at 1.5, 2.0 MAC where
with halothane HYO2 did not decrease. Since
oxygen supply decreased similarly with both
anesthetics, the balance between BYO2 and
oxygen supply become marginal with in
creasing concentration of halothane, com
pared to enflurane. This was also represented
by the change of hepatic venous content
(Chv02). Anything that produces imbalance
between oxygen supply and uptake leading
to a rise in hepatic oxygen extraction, causes
a decrease in Chv0220 In our study, Chv02
was more reduced by halothane than enflu
rane.

In conclusion, halothane and enflurane af
fect hepatic blood flow and HYO2 in different
manners. HVO2 is held at higher levels with
halothane than enflurane, and imbalance be
tween hepatic oxygen supply and HYO2 is
more likely to occur with halothane than
enflurane. This may be one of the factors of
halothane hepatotoxicity.

(Received Aug. 11, 1988, accepted or publica
tion Jan. 30, 1989)
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