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The Effects of Sevoflurane, Halothane, Enflurane, and Isoflurane
on Hepatic Blood Flow and Oxygenation in Chronically

Instrumented Greyhound Dogs

Edward J. Frink, Jr., M.D.,* Scott E. Morgan, B.S.,T André Coetzee, Ph.D., M.D., F.F.A.R.C.S., %
Peter F. Conzen, M.D.,§ Burnell R. Brown, Jr., M.D., Ph.D., F.F.A.R.C.S.1

Inhalational anesthetics produce differential effects on hepatic
blood flow and oxygenation that may impact hepatocellular function
and drug clearance. In this investigation, the effects of sevoflurane
on hepatic blood flow and oxygenation were compared with those
of enflurane, halothane, and isoflurane in ten chronically instru-
mented greyhound dogs. Each dog randomly received enflurane,
halothane, isoflurane, and sevoflurane, each at 1.0, 1.5, and 2.0 MAC
concentrations. Mean arterial blood pressure and cardiac output
decreased in a dose-dependent fashion during all four anesthetics
studied. Heart rate increased compared to control during enflurane,
isoflurane, and sevoflurane anesthesia and did not change during
halothane anesthesia. Hepatic arterial blood flow and portal venous
blood flow were measured by chronically implanted electromagnetic
flow probes. Hepatic O, delivery and consumption were calculated
after hepatic arterial, portal venous, and hepatic venous blood gas
analysis. Hepatic arterial blood flow was maintained with sevoflurane
and isoflurane. Halothane and enflurane reduced hepatic arterial
blood flow during all anesthetic levels compared to control (P < 0.05),
with marked reductions occurring with 1.5 and 2.0 MAC halothane
concomitant with an increase in hepatic arterial vascular resistance.
Portal venous blood flow was reduced with isoflurane and sevoflur-
ane at 1.5 and 2.0 MAC. A somewhat greater reduction in portal
venous blood flow occurred during 2.0 MAC sevoflurane (P < 0.05
compared to control and 1.0 MAC values for sevoflurane). Enflurane
reduced portal venous bloed flow at 1.0, 1.5, and 2.0 MAC compared
to control. Halothane produced the greatest reduction in portal ve-
nous bleod flow (P < 0.05 compared to sevoflurane). Hepatic O,
delivery during 1.5 and 2.0 MAC halothane exposure was reduced
compared to results obtained with sevoflurane and isoflurane (P <
0.05). Hepatic O, extraction showed no significant increase at any
anesthetic MAC level other than 2.0 MAC for halothane and sevo-
flurane. Increases in O, extraction were due to large reductions in
O; delivery with halothane and a moderate reduction in O, delivery
with sevoflurane not accompanied by a further reduction in O, con-
sumption. The authors conclude that sevoflurane at concentrations
less than 2.0 MAC preserves hepatic arterial blood flow, total hepatic
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O, delivery, and the O, delivery-to-consumption ratio. Halothane
produces the greatest reductions in hepatic arterial and portal venous
blood flow. (Key words: Anesthetics, volatile: sevoflurane; halothane;
enflurane, isoflurane. Liver: blood flow; oxygen consumption. Ar-
teries: hepatic. Veins: portal.)

SEVOFLURANE is a halogenated volatile anesthetic that
is nonpungent and possesses a low blood—gas solubility
coefficient, providing rapid induction and emergence'*
compared to that of other currently used inhalation an-
esthetic agents. Sevoflurane is currently undergoing clin-
ical evaluation in the United States and is approved for
clinical use in Japan. The cardiovascular effects of sevo-
flurane appear to be comparable to those of isoflurane®#*;
however, the effect of this agent on hepatic perfusion and
oxygenation has not been well studied.

Alterations in hepatic blood flow and O, delivery may
have an impact on hepatocellular damage and various liver
functions, including drug metabolism. In this study we
used chronically instrumented greyhound dogs to com-
pare alterations in hepatic blood flow and oxygenation
caused by halothane, enflurane, isoflurane, and sevoflu-
rane. The use of chronically instrumented animals allows
comparison of all agents in each animal and avoids changes
in hepatic blood flow, which may occur with surgical
trauma in more acute experimental preparations.

Materials and Methods

Ten healthy greyhound dogs (28-30 kg) were used for
study after approval from the Tucson Veterans Admin-
istration Institutional Animal Care and Use Committee
had been obtained.

SURGICAL PREPARATION

Following induction of anesthesia with sodium thio-
pental (4-6 mg-kg™') and tracheal intubation and the
establishment of maintenance anesthesia with isoflurane,

** Kazama T, Ikeda K: The comparative cardiovascular effects of
sevoflurane, halothane and isoflurane. Japanese Journal of Anesthesia
2:63-68, 1988.
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a midline laparotomy was performed for insertion of
chronic electromagnetic flow probes (Carolina Medical
Electronics, King, NC) around the common hepatic artery
(10 or 12 mm ID) and the portal vein (35 or 40 mm ID)
for best fit. Care was taken during dissection to preserve
surrounding neurovascular structures. Heparin-coated
polyurethane catheters (89 cm length; Arrow Interna-
tional Inc., Reading PA) were inserted into the portal
vein, abdominal aorta (via the femoral artery), and hepatic
vein (surgically below the diaphragm) for monitoring of
pressure and blood sampling. Following abdominal clo-
sure, catheters and flow probe wires were passed subcu-
taneously and exteriorized to the animal’s back.

A 7.5-Fr pulmonary artery catheter (Baxter Healthcare
Corp., Irvine, CA) was inserted via the right external jug-
ular vein into the distal pulmonary artery and tunneled
subcutaneously to the animal’s back. All vascular catheters
were protected in the pouch of a specially designed animal
Jjacket. The electromagnetic flow probe terminals were
protected with metal caps on the animal’s back. During
the surgical procedure lactated Ringer’s solution was in-
fused (8-10 ml-kg™' -h™"). Postoperative analgesia was
provided during the first 24 h with fentanyl citrate in-
fusion and subsequent use of pentazocine as required on
the 2nd day of recovery. Intravenous fluids were given
during the first 24 h and antibiotic prophylaxis accom-
plished using cefazolin sodium. Animals were allowed to
recover for 5-7 days prior to experimentation. All animals
were ambulatory on the 1st day after surgery and were
tolerating oral intake well by the 2nd day.

EXPERIMENTAL PROTOCOL

With the animals in a quiet state, control measurements
were taken for body temperature, arterial pressure, heart
rate, cardiac output, pulmonary capillary wedge pressure,
and hepatic venous pressure. Blood samples were obtained
for hematocrit and arterial, hepatic venous, and portal
venous blood gas analysis (Nova Biomedical Stat Profile
3, Waltham, MA). Hepatic arterial blood flow (HABF)
and portal venous blood flow (PVBF) measurements
(model FM701D electromagnetic flow meter, Carolina
Medical Electronics) were obtained with the animal resting
quietly on its side.

After control measurements, animals received in ran-
dom fashion halothane, enflurane, isoflurane, or sevo-
flurane each on a subsequent experimental day with 2
days allowed between investigations. Anesthesia was de-
livered using a semiclosed anesthetic circuit containing
soda lime COy absorbent. Each animal was evaluated dur-
ing anesthesia with the four anesthetic agents using
equivalent concentrations for 1.0, 1.5, and 2.0 MAC for
each agent. For each anesthetic agent evaluated, the order
of concentration was randomized during each experi-
mental procedure.

Anesthesiology
V 76, No 1, Jan 1992

Animals were deprived of food and water the night
before each experiment. Intravenous fluids in the form
of 0.9 N saline were administered as 16 ml - kg™ prior to
anesthesia and then 3 ml-kg-~'h™' during anesthesia.
After inhalation induction via mask using the appropriate
anesthetic agent and after tracheal intubation, the lungs
ventilated with 70% nitrogen (2.5 1 min™') and 30% O,
(750 ml-min~') with the ventilatory rate adjusted to
maintain arterial CO, tension at 35-40 mmHg as deter-
mined by blood gas analysis. For each anesthetic MAC
level evaluated, end-tidal anesthetic concentration (Datex
Puritan-Bennett Anesthetic Agent Monitor 222, Wil-
mington, MA) was equilibrated for 30 min before repeat
experimental measurements were obtained. End-tidal
sevoflurane, enflurane, halothane, and isoflurane mea-
surements were obtained with an infrared anesthetic agent
monitor (Datex) that was calibrated using the appropriate
anesthetic gas standard samples (Scott Medical Products,
Plumsteadyville, PA). Anesthetic concentrations evaluated
in each animal were as follows: halothane 0.9, 1.3, and
1.8%; enflurane 1.7, 2.5, and 3.4%; isoflurane 1.3, 1.95,
and 2.6%; and sevoflurane 2.3, 3.4, and 4.6%. These per-
centages represent 1.0, 1.5, and 2.0 equivalent MAC value
concentrations respectively for each agent.

When end-tidal anesthetic concentration had been
maintained for 30 min at each MAC value, hemodynamic
measurements and blood sampling were repeated using
a protocol as outlined previously for control measure-
ments. During anesthetic delivery, all measurements were
recorded while the animals were positioned laterally in a
manner similar to the preanesthetic period.

CALCULATIONS

Total hepatic blood flow was the sum of HABF and
PVBF in ml- min™" - 100 g™". Blood Oy content was cal-
culated as: 1.34 X hemoglobin X Og saturation + 0.003
X Po,. Total hepatic Oy delivery per 100 g liver was cal-
culated as portal venous Oy delivery + hepatic arterial
O; delivery, where portal venous Oy delivery = portal
venous Og content X PVBF/100 g and hepatic arterial
O; delivery = hepatic arterial O, content X HABF /100
g- Hepatic O, consumption in ml- min - 100 g™! (HVOy)
was calculated as

([portal venous O content X portal venous flow]
+ [hepatic arterial O, content X hepatic arterial flow]
— [hepatic venous O, content] X [hepatic arterial flow
+ portal venous flow)/100.
Hepatic oxygen extraction (%)

_ hepatic Oy consumption
hepatic artery + portal venous Oy supply

X 100
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The data were analyzed for comparison of values ob-
tained for each anesthetic agent at various MAC values
and for comparison between anesthetic agents at com-
parable MAC values. Two-way analysis of variance and
Duncan multiple-range testing were used, with signifi-
cance defined as P < 0.05. All data are expressed as mean
+ standard errors of the mean,

Results

Changes in mean arterial pressure, heart rate, and car-
diac output are summarized in table 1. Enflurane de-
creased mean arterial pressure compared to control dur-
ing 1.0 MAC exposure. All four anesthetics decreased
mean arterial pressure compared to control with exposure
to 1.5 and 2.0 MAC concentrations. Heart rate increased
compared to control during enflurane, isoflurane, and
sevoflurane anesthesia. Heart rate at comparable MAG
values did not differ with these three agents. Heart rate
did not change compared to control during halothane
anesthesia. Cardiac output decreased in a dose-dependent
fashion with all anesthetic agents evaluated. Cardiac out-
put at 2,0 MAC-equivalent exposure during halothane
anesthesia was lower when compared to values obtained
with isoflurane only. Enflurane produced a decreased
cardiac output when compared to isoflurane during 1.5
MAC anesthetic exposure.

Hepatic blood flow and oxygenation variables during
control and anesthetized conditions are summarized in
tables 2, 3, and 4. HABF was maintained with sevoflurane
and isoflurane at all MAC levels studied when compared
to control. Enflurane and halothane caused a decrease in

SEVOFLURANE EFFECT ON HEPATIC BLOOD FLOW 87

HABF compared to the control state. Halothane caused
the greatest decrease in HABF; values obtained during
1.5 and 2.0 MAC exposure were less than those for sevo-
flurane or isoflurane at MAC-equivalent values (table 2).
PVBF decreased with all anesthetic agents evaluated at
higher MAC (1.5 and 2.0) values compared to control.
Halothane decreased PVBF during 1.0 and 1.5 MAC ex-
posure when compared to sevoflurane at equianesthetic
concentrations (table 2).

Total hepatic blood flow showed a decline with in-
creasing anesthetic concentration for all agents. Enflurane
decreased total hepatic blood flow to a greater extent
than did sevoflurane only at the 1.0 MAC level. Sevo-
flurane and isoflurane did not differ in their effect on
total hepatic blood flow. Halothane, in contrast to sevo-
flurane and isoflurane, caused a dramatic decrease in total
hepatic blood flow, particularly during 1.5 and 2.0 MAC
exposure (table 2).

The observed changes in hepatic blood flow produced
corresponding changes in hepatic O delivery, with halo-
thane producing the greatest reduction in O; delivery
(tables 3 and 4).

Hepatic Og extraction was relatively well maintained
or decreased with all anesthetic agents during 1.0 and 1.5
MAC anesthetic exposure other than enflurane, which
tended to increase Oy extraction in a dose-dependent
fashion. Oy extraction values during enflurane anesthesia
were not, however, significantly different from control,
due to a larger standard error. Halothane at 2.0 MAC
produced an increase in Oy extraction compared to the
1.5 MAC value, largely because of reduced Oy, delivery.

TABLE 1. Systemic Hemodynamic Variables During Control and Halothane, Enflurane, Isoflurane, and Sevoflurane, Anesthesia

Anesthetic Cardiac Output Mcan Arterial Pressure Heart Rate
(MAC) (1-min™") (mmHg) (beats per min)
Sevoflurane
Control 7404 1056 +4 844
1.0 5.5 £ 0.2% 947+ 5.3 107 £ 5*
1.5 4.8 + 0.3* 77.2 £ 3.6* 101 = 3*
2.0 3.9 £ 0.3%} 63.7 £ 4.2%4 96 * 3*
Isoflurane :
Control 7.5 0.4 113 %4 85t4
1.0 5.8 + 0.3% 96.6 = 7.1 115 £ 7%
1.5 5.4 + 0.3% 86.7 £ 2.9* 106 * 4*
2.0 4.7 = 0.4%} 75.4 £ 8.2% 106 + 5*
Enflurane
Control 7.5+0.5 106 =7 896
1.0 4.9 + 0.4* | 89.4 % 5.2% 107 + 5*
1.5 4.2 &+ 0.2%4 73.2 £ 4.7% 104+6
2.0 3.8 £ 0.3% 60.0 £ 4.9%¢ 103 £ 3%
Halothane
Control 7.8+ 0.6 106 +7.4 845
1.0 5.3 £ 0.5% 90.6 + 7.5 90 6
1.5 4.6 £ 0.4* 78.6 + 6.8% 90 +6
2.0 3.3 £ 0.3%% 63.6 &= 4.0% 925

* Differs from control (P < 0.05).
1 Differs from 1.0 MAC value (P < 0.05).

1 Differs from isoflurane at comparable MAC values (P < 0.05).
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TABLE 2. Liver Circulation and Hepatic Arterial Vascular Resistance during Control
and Halothane, Enflurane, Isolfurane, and Sevoflurane Anesthesia

Anesthesiology
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Hepatic Arterial Portal Venous ‘Total Hepatic Hepatic Arterial
Anesthetic Blood Flow Blood Flow Blood Flow Vascular Resistance
(MAC) (ml+min~'+100 g™) (ml-min~'-100 g~!) (ml+min~'+100 g~%) (mmHg + min - mi™")
Sevoflurane .
Control 26.3 + 3.2 115+ 6 141 = 11 0.77 £ 0.12
1.0 24.5 + 3.4 97 7 122+ 9 0.76 £ 0.11
1.5 26.1 + 3.2 79 & 7% 104 = 6% 0.56 + 0.08
2.0 24,7 + 4.0 69 * 3* 92 & Bk} 0.50 + 0.08
Isoflurane
Control 25.7 + 2.4 107 £ 6 133+ 6 0.79 + 0.10
1.0 23.8 +2.3 85+ 6 108 £ 7% 0.80 + 0.18
1.5 21.7 + 1.7 75 + 4% 97 + b* 0.65 + 0.08
2.0 21.0 = 2.8 74 x 7% 96 & 6% 0.70 £ 0.17
Enflurane
Control 26,4 = 2.8 1155 142+ 8 0.79 £ 0.17
1.0 17.2 £ 1.7* 70 x 5% 86 = b5*§ 0.94 + 0.14
1.5 16.3 & 1.8% 72 & 4% 83 £ b* 0.85 + 0.18
2.0 16.1 = 2.7* 63 * 6% 75 £ 6%§ 0.78 +0.19
Halothane
Control 25.0 + 2.4 110+ 6 1344+ 7 0.83 £ 0.18
1.0 16.8 + 2.2* 67 = 5f 84 + T7H§ 0.97 £ 0.12
1.5 13.1 + 0.6*§ 62 £ 4% 75 £ 4%§ 0.97 = 0.07%
2.0 9.9 *+ 1.1*§ 49 & 4%§ 59 + 4%§ 1.08 £ 0.12%

* Differs from control (P < 0.05).
1 Differs from 1.0 MAC value (P < 0.05).
¥ Differs from sevoflurane at comparable MAC values (P < 0.05).

§ Differs from isoflurane and sevoflurane at comparable MAC values
(P <0.05).

Halothane produced the greatest reduction in hepatic Oy
consumption compared to control values of the four
agents evaluated. During 2.0 MAC exposure, sevoflurane
increased Og extraction, which differed from O, extrac-

tion values at 1.0 MAC but not control. This appeared
to be due to further-reduced Oy delivery (largely due to
reduced PVBF) that was not balanced by a concomitant
reduction in Os demand.

TABLE 3. Hepatic Vascular Oxygen Content, Hepatic Arterial and Portal Venous Oxygen Delivery
during Control and Halothane, Enflurane, Isoflurane, and Sevoflurane Anesthesia

Hepatic Arterial Hepatic Vein Oy Portal Vein Oy Hepatic Arterial O, Portal Venous Oy
Anesthetic 'Oy Content Content Content Delivery Delivery
(MAC) (ml/100 mi) (m1/100 mi) (m1/100 ml) (ml-min™+ 100 g (ml-min™ 100 g™
Sevoflurane
Control 19.91 = 0.73 14.25 + 0.70 16.92 + 0.65 5.32 + 0.12 19.3 + 0.3
1.0 18.28 + 0.75 13.17 + 0.92 15.93 £ 0.79 4.53 +£0.12 15.5 + 0.2
1.5 18.22 + 0.81 12,92 £+ 0.75 15.77 £ 0.89 4.68 +0.12 12.3 + 0.1
2.0 18.44 + 0.60 12,17 £ 0.98 15.31 £ 0.88 3.88 £ 0.13 11.3 £ 0.1
Isoflurane
Control 20.93 + 0.50 15.90 £ 1.10 18.56 + 0.57 5.43 = 0.80 19.9 1.3
1.0 19.27 + 0.68 14.54 + 0.57 16.76 £ 0.76 4.50 £ 0.37 13.9 £ 0.9%
1.5 18.65 + 0.93 13.79 £ 0.91 16.70 = 1.00 3.99 + 0.29 12.5 £ 0.9%
2.0 18.60 + 1.06 13.96 = 0.98 16.59 + 1.31 4.12 + 0.55 12.2 £ 1.3*%
Enflurane
Control 20.81 + 0.41 15.15 £ 1.17 18.19 + 0.58 5.39 + 0.96 204 +1.4
1.0 18.19 + 0.73 13.59 + 0.88 15.84 + 0.93 3.09 + 0.35% 10.4 + 0.9%
1.5 18.79 + 0.75 14.04 £ 0.73 16.27 + 0.85 2.62 = 0.31%% 11.2 =+ 0.5%
2.0 18.55 + 1.06 14.79 £ 1.53 16.00 + 1.45 2.43 + 0.70%} 10.2 = 1.1%
Halothane
Control 20.51 + 0.42 14.55 + 0.86 18.01 + 0.58 4.98 £ 0.65 202 £ 1.6
1.0 18.21 + 0.89 13.00 + 1.06 15.78 + 1.14 3.11 & 0.54% 10.4 £ 1.2%
1.5 18.21 + 0.77 13.25 £ 1.07 16.20 + 0.96 2.49 & 0.24%§ 9.8 £ 0.6*
2.0 18.31 + 1.06 11.49 = 1.17 15.28 + 1.64 1.64 £ 0.11*§ 8.0 £ 1.7*
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* Differs from control (P < 0.05).
T Differs from sevoflurane at comparable MAC values (P < 0.05).
I Differs from 2.0 MAC value (P < 0.05).

§ Differs from isoflurane and sevoflurane at comparable MAC values
(P <0.05).
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TABLE 4. Hepatic Oxygen Delivery, Consumption, and Extraction
during Control and Halothane, Enflurane, Isoflurane,
and Sevoflurane Anesthesia

‘Total Hepatic Total Hepatic Oy
Oy Delivery Consumption
Anesthetic (mlemin~!. (m!-min~'.
(MAC) 100 g™ 100 g™) Oy Extraction (%)

Sevoflurane

Control 38.0 +2.3 7.09 £ 0.59 19.22 =+ 1.10

1.0 327 + 2.1 5.04 £ 0.57* | 17.23 = 1.97

1.5 29.4 + 2.4% 6.19 = 1.04 23.78 + 2.61

2.0 26.8 + 1.9% 6.10 = 0.56 27.96 = 1.93*}
Isoflurane

Control 37.5+ 4.0 6.59 + 1.20 21.79 + 3.45

1.0 302+1.9 5.46 + 0.92 18.07 £ 2.20

1.5 27.8 £ 2.1% 5.25 + 0.59 19.78 + 1.85

2.0 27.7 £ 3.7 5.09 + 0.46 23.96 + 3.24
Enflurane

Control 455 + 7.1 9.04 + 0.86 19.98 + 0.72

1.0 26.1 + 4,2% 7.06 £+ 0.74 27.08 + 3.39

1.5 24,6 + 1.8% 7.28 £+ 0.68 28,42 + 2,86

2.0 21.1 + 3.6%* 5.89 + 0.98 31.09 + 7.52
Halothane

Control 42,6 + 3.0 8.60 + 1.53 22,64 + 2,35

1.0 24,4 + 2,2% 3.73 £ 0.28* | 20.13 £ 2.19

1.5 25,4 + 1.4% 3.20 +0.33* | 16.80+1.33

2.0 18.6 + 3.2% 4.15 + 0.65* | 27.10 + 1.82%

* Differs from control (P < 0.05).
+ Differs from 1.0 MAC value (P < 0.05).
} Differs from 1.5 MAC value (P < 0.05).

The hepatic arterial vascular resistance at 1.5 and 2.0
MAC concentration of halothane were greater than cor-
responding values for sevoflurane (table 2) (P < 0.05).

Discussion

The results of this investigation indicate that sevoflu-
rane produces only moderate changes in hepatic perfu-
sion, particularly during exposure to concentrations less
than 2.0 MAGC, and that these changes are similar to those
produced during isoflurane anesthesia.

In our investigation, several features of study design
were important. First, a single breed of dog was used,
and each animal was evaluated during all four anesthetic
agents. Second, we studied anesthetic effects on hepatic
perfusion in chronically instrumented animals. This
should allow evaluation of anesthetic influence devoid of
changes in hepatic blood flow that can occur with surgical
trauma.* In addition, awake control measurements were
possible without necessity for ‘‘barbiturate” control, as
has been used in two previous investigations.*®

The results of our study are similar in several respects
to those obtained in other investigations. Yu et al. 1 com-

11 Yu B, Miyazaki T, Matsumato N, Hori T: Effects of sevoflurane
vs halothane anesthesia combined with hepatolobectomy on liver cir-
culation and oxygen metabolism in the dog. Hiroshima Journal of
Anesthesia 25:85-89, 1989.
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pared sevoflurane and halothane effects on hepatic cir-
culation in conjunction with hepatic lobectomy. They
found that hepatic blood flow, particularly HABF, was
better maintained during sevoflurane than during halo-
thane. Another investigation using chronically instru-
mented dogs’ showed that sevoflurane increased HABF
compared to the awake state.

Isoflurane in several investigations has been associ-
ated with good maintenance of HABF.®? Our investiga-
tion produced comparable results. Two previous
investigations'®!! have suggested that isoflurane may ac-
tually increase HABF. Reasons for these differing results
are unclear. Radioactive labeled microspheres were used
to measure blood flows in the studies showing increased
HABF with isoflurane, whereas our study used electro-
magnetic flow probes. The study in dogs by Gelman et
al.'%allowed 1 week for recovery; however, a laparotomy
was not performed during their investigation. Our re-
covery time after surgery prior to investigation was 5-7
days. It is unclear what recovery time in these animals
may be required to prevent any influence of the previous
surgical procedure on hepatic perfusion. However, the
order of anesthetic to which each animal was exposed was
randomized in our investigation, and each animal was
evaluated under the influence of all four agents. There-
fore, results obtained in this study for comparison between
agents should accurately reflect differential effects.

Hepatic blood flow decreases with the institution of
positive pressure ventilation. During control measure-
ments, the dogs breathed spontaneously whereas during
the anesthetized condition, controlled ventilation was
maintained, which may have produced a percentage of
the reductions in hepatic blood flow observed during
anesthetized states compared to control.

Hepatic Og extraction neither changed significantly nor
decreased except during exposure to 2.0 MAC sevoflu-
rane and halothane. Halothane produced an increase in
Og extraction due to a dramatic decline in total hepatic
O delivery. Sevoflurane reduced O, delivery at 2.0 MAC;
this reduction was not counterbalanced by a further re-
duction in Oy consumption. The explanation for this re-
sult with sevoflurane is at present unclear. In the study
by Yu et al., 77 hepatic Oy consumption during sevoflurane
and halothane anesthesia was evaluated. They found no
difference in Oy consumption between agents. However,
a single anesthetic level (1.5 MAC) was evaluated for each
agent, and thus their data does not differ from our results:
our reduction in Oy delivery-to-consumption ratio oc-
curred only with the highest concentration (2.0 MAC) of
sevoflurane exposure.

Halothane decreased total hepatic flow, and particularly
HABF, to a greater extent than did the other inhalational
agents. Halothane reduced HABF with an increase in
HAVR that has been noted in previous investigations.>'°
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Normally, a decrease in PVBF is reciprocally compensated
by an increase in HABF both in animals'*'® and in hu-
mans.'* This mechanism appears to be relatively well pre-
served with isoflurane and altered to the greatest extent
with halothane anesthesia.'®

In summary, our results suggest that sevoflurane is ca-
pable of maintaining hepatic blood flow (particularly
HABF) and O, delivery; these effects are comparable to
those produced by isoflurane with 1.0 and 1.5 MAC anes-
thesia. Halothane produces more marked reductions than
enflurane, isoflurane or sevoflurane in total hepatic blood
flow, largely because of dramatic decreases in HABF.
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