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The Effect of Dobutamine on Hepatic Blood Flow and Oxygen
Supply-Uptake Ratio during Enflurane Nitrous Oxide |

Anesthesia in Humans Undergoing Liver Resection

Motoshi Kainuma, M.D.,* Nobuyuki Kimura, M.D.,t Toshiaki Nonami, M.D.,} Tsuyoshi Kurokawa, M.D.,§
Takafumi Ito, M.D.,§ Koichi Nakashima, M.D.,Y Yashuhiro Shimada, M.D.**

Liver surgery is often accompanied by hepatic hypoperfusion and
hypoxia, and it is controversial whether catecholamines increase
hepatic blood flow and oxygen supply. The effects of 3
pg- kg '+ min™' dobutamine on hepatic circulation and oxygen bal-
ance were examined in patients anesthetized with enflurane, nitrous
oxide, and oxygen for liver surgery. Dobutamine did not cause a
significant increase in hepatic arterial blood flow. However, total
hepatic blood Row and portal venous blood flow were increased,
resulting in an increase in hepatic oxygen delivery (HDy,). The in-
crease in HDg, was not associated with an improvement of hepatic
oxygen supply-uptake ratio, since hepatic oxygen uptake (HVo,)
also increased. After hepatectomy, the increases in portal venous
blood flow and HDo, were not accompanied by an increase in
HV,. The stimulation of hepatocellular oxygen metabolism by do-
butamine and depressed responsiveness of adrenoceptors on hepa-
tocytes in which metabolism was already augmented are the likely
explanation for the different reactions before and after hepatectomy.
(Key Words: Liver: blood flow; oxygen transport; oxygen uptake.
Surgery: hepatic. Sympathetic nervous system, catecholamines: do-
butamine.)

LIVER SURGERY may be accompanied by impaired hepatic
perfusion and oxygen balance in the peri- and postoper-
ative periods. Such hypoperfusion may in turn be related
to postoperative liver failure.!™* Consequently, various
pharmacologic agents have been used in an attempt to
protect the liver from perioperative ischemia and/ or to
improve impaired metabolism after ischemia.” The va-
soactive drugs used to increase systemic oxygen delivery
do not necessarily improve the oxygenation of the
splanchnic organs.®’ The a-adrenergic properties of nor-
epinephrine, epmephrme and dopamine produce marked
and selective constriction of the splanchnic precapillary
and postcapillary vessels and consequent reduction in ar-
terial inflow.®” Furthermore, dopamine reportedly in-
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creases hepatic oxygen uptake (HV,,) ina dose-dependent
fashion, such that it is doubtful whether dopamine can
improve the hepatic oxygen supply-uptake relationship.®
Dobutamine has a less potent a-adrenergic effect than
dopamine and has a mild 8, effect® by which the hepatic
arterioles may be dilated, leading to an increase in hepatic
oxygen delivery (HDo,). A recent animal study showed
that dobutamine increased hepatic arterial blood flow
(HABF) and improved the hepatic oxygen supply—uptake
relationship.'® Therefore, this study was conducted in a
series of patients undergoing hepatectomy to examine 1)
whether dobutamine can increase HABF and/or portal
venous blood flow (PBF) and 2) whether it can improve
the hepatic oxygen supply—-uptake relationship.

Materials and Methods

ANESTHESIA AND SURGICAL PROCEDURE

After obtaining institutional approval and informed
consent, we studied 14 consecutive adult patients (nine
men and five women) undergoing elective hepatic lobec-
tomy for hepatocellular carcinoma. Their average age,
height, and weight were 57 yr (range 72-38 yr), 160 cm
(range 171-141 cm), and 54 kg (range 73-44 kg), re-
spectively (table 1). All patients preoperatively had normal
cardiac and respiratory function, serum electrolytes, and
urinalysis. Liver function studies were all within normal
limits. Abdominal angiography, including selective hepatic
venography, was performed to evaluate the liver tumor.

Patients received 0.5 mg atropine sulfate and 50 mg
hydroxyzine hydrochleride intramuscularly as premedi-
cation. Fiberoptic flow directed catheters (Opticath model
P7110-EH, Oximetrix, Mountain View, CA) were in-

~ serted through the right internal jugular vein into the

pulmonary artery and the hepatic vein under fluoroscopic
guidarice. Preoperative roentgenogram of selective he-
patic venography was used to confirm proper placement
of the catheter into the hepatic vein. The details of this
procedure have been described elsewhere.>* Both cath-
eters were used for continuous monitoring of mixed ve-
nous and hepatic venous oxygen saturations and pulmo-
nary arterial, central venous, and hepatic venous pressures
and for intermittent meastrement of pulmonary artery
wedge pressure and cardiac output. Mixed venous and

432

20z ludy 91 uo 3sanb Aq ypd°G0000-00060266 1-Z¥S0000/70LSGZE/CEY/E/L LIPA-01onIE/ABO|OISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology

V77, No 8, Sep 1992 HEPATIC OXYGEN SUPPLY-UPTAKE AND DOBUTAMINE 43 3
TABLE 1. Patient Population Characteristics and Operative Variables

Case Age ' Height Weight BSA R Weight EBL Hxt Operating t
Number (yr) Sex {cm) (kg) (m?) Operation (g) (ml) (min) (min)
1 61 M 157 50 1.48 RL 510 860 46 317
2 60 M 171 56 1.65 LL 480 1,683 60 255
3 54 M 166 73 1.81 sp + 150 1,800 115 490
4 42 M 165 47 1.50 LL 650 3,680 128 457
5 48 M 166 57 1.63 RL 880 2,334 120 453
6 68 M 167 46 1.49 RL 650 1,800 118 - 510
7 57 F 155 48 1.44 LL 450 285 55 275
8 59 F 150 46 1.37 RL 580 800 110 470
9 63 M 168 49 1.54 CBS 260 3,100 80 420
10 72 F 147 54 1.46 CBS 400 2,500 160 540
11 54 F 148 44 1.34 Sp 96 2,500 140 415
12 © 60 M 160 66 1.69 RL 3,000% 571 45 457
13 38 F 158 49 1.47 RPS 150 863 85 325
14 60 M 169 65 1.75 Sp 200 960 50 300
Mean 57 160 54 1.54 420 1,695 94 403

BSA = body surface area; R weight = the weight of the resected
liver mass; EBL = estimated blood loss; Hx t = hepatectomy time;
Operating t = total operating time; M = male; F = female; RL = right
lobectomy; LL = left lobectomy; SP = subsegmental or partial resec-
tion; CBS = central bisegmentectomy; RPS = right posterior segmen-
tectomy; mean = the mean values.

hepatic venous oxygen saturations were calibrated by
measuring hemoglobin oxygen saturation of venous blood
samples with a Co-oximeter (OSM-3, Radiometer, Co-
penhagen, Denmark). Systolic, diastolic, and mean arterial
pressures were monitored continuously via an arterial
catheter inserted in the radial artery.

Anesthetic induction and tracheal intubation were ac-
complished with 5 mg/kg thiamylal sodium and 0.1 mg/
kg, vecuronium bromide intravenously. Anesthesia was
maintained with 67% nitrous oxide and oxygen with en-
flurane. Anesthetic management was supervised by the
same anesthesiologist in all cases. When vessels and bile
ducts in the hepatic hilus were exposed, the tip of a 4-Fr
polyvinyl catheter was inserted into the portal vein
through the superior mesenteric vein for measurement

of portal venous pressure and for blood sampling. Hep--

atectomy was performed by one of two chief surgeons in
our institute. The relevant factors related to hepatectomy
are listed in table 1. ’

STUDY PROTOCOL -

The first series of measurements (control-I) was per-
* formed when vessels and bile ducts in the hepatic hilus
were exposed. During this period, inspiratory concentra-
tion of enflurane was adjusted to maintain a mean arterial.
pressure of 80-90 mmHg. Then the end-expired con-
centration of enflurane (1-2%), which was verified by an
anesthetic gas monitor (Capnomac, Datex Inc., Tewks-
bury, MA), was maintained at a constant level during the
first series of measurements. The ventilatory setting was
also adjusted to maintain Paco, between 35 and 40 mmHg
while expired carbon dioxide concentration was contin-’

The mean value of the weight of the resected liver mass was cal-
culated by excluding the weight of the giant liver tumor in case 12,
* The weight including the giant liver tumor.

uously monitored. Measured variables included heart rate;
mean arterial, pulmonary arterial, pulmonary artery
wedge, central venous, portal venous, and hepatic venous
pressures; and cardiac output, HABF, and PBF. Hepatic
venous pressure was measured via the hepatic venous
catheter. Cardiac output was measured with the ther-
modilution method. An ultrasonic flowmeter (Transonic
Systems Inc, New York, NY) was used for measurement
of HABF and PBF. Blood samples were taken simulta-
neously through the radial arterial, hepatic venous, pul-
monary arterial, and portal venous catheters for mea-
surements of blood gas tensions, oxygen contents, and
hemoglobin concentration using a blood gas analyzer and
Co-oximeter (ABL III and OSM-3, Radiometer, Copen-
hagen, Denmark). Simultaneously, blood samples were
taken through the radial arterial catheter for measure-
ments of blood concentrations of ketone bodies and
through the hepatic venous catheter for measurements
of blood concentrations of pyruvate and lactate. Then an
intravenous administration of dobutamine was initiated
at 3 ug-kg™ - min~!. Ten to twelve minutes were allowed

for the stabilization of hemodynamics, and the second -

series of measurements (dobutamine-I) were performed
in the same manner as control-1. After the completion of
the second series of measurements, dobutamine admin-
istration was stopped and hepatectomy was commenced.
After completion of hepatectomy, the third and the fourth
series of measurements were performed using the same
methods as those used for the first and the second mea-
surements. The third series of measurements (control-II)
served as control values after hepatectomy. Subsequently,
a second intravenous administration of dobutamine was
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initiated at 3 pg-kg™'+min~'. After confirming steady-
state hemodynamic parameters for 10-12 min, the fourth
series of measurements (dobutamine-II) was performed.
The surgical maneuvers were interrupted entirely
during the measurements. End-expired enflurane con-
centrations during measurement times were 1.5 + 0.1%
before hepatectomy and 1.3 + 0.1% after hepatectomy,
respectively. Lactated Ringer’s solution was infused at a
rate of 10 ml - kg'1 -h™!, and no other vasoactive agents
were administered during the study periods. Estimated
blood loss was replaced by blood transfusion to maintain
blood hemoglobin concentration at 9-10 g+ dl™" during
hepatectomy as well as throughout the surgery.

BIOCHEMICAL ASSAYS

For the assay of ketone bodies, 5 ml blood was drawn
into a heparinized syringe and mixed with 5 ml ice-cold
10% (weight/volume) perchloric acid. The suspension was
centrifuged at 10,000 X g for 15 min at 0-4° C. The
supernatant was adjusted to a pH of 6.0 with cold 69%
(weight/volume) potassium carbonate and recentrifuged
at 10,000 X g for 5 min at 0-4° C. The final supernatant
was used to determine the ketone body concentration.
Acetoacetate and f-hydroxybutyrate levels were mea-
sured spectrophotometrically by the methods of Mellanby
and Williamson'! and Williamson and Mellanby,'? re-
spectively. The coefficient of variation was less than 3.0%
for the ketone body concentration and less than 2.8% for
acetoacetate and $-hydroxybutyrate. The ratio of aceto-
acetate to S-hydroxybutyrate concentrations in the hepatic
venous blood was represented as arterial blood ketone

body ratio. For'the assay of lactate and pyruvate, 2 ml .

blood was taken from the hepatic vein and immediately
mixed with 80 pl fluoride/EDTA solution (Boehringer
Mannheim Co., Germany). It was centrifuged at 10,000
X g for 5 min, and the supernatant was obtained for the
enzymic reaction of lactate dehydrogenase. Lactate and
pyruvate concentrations were measured spectrophoto-
memcally by the methods of Noll'® and Czok and Lam-
precht,'* respectively. The coefficient of variation for both
values was less than 1.3%. The ratio of lactate to pyruvate
‘concéntrations in the hepatic venous plasma was denoted
the lactate—pyruvate ratio.

CALCULATIONS
Systemic and hepatic circulation and oxygen supply-
uptake variables were calculated by the following for-
mulas:

MAP — CVP
CI
MPAP — PAWP
CI

SVR = X 80 (dyn s-cm™°-m?)

"PVR = X 80 (dyn+s-cm™®-m?)
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_ MAP —HVP 5 2
HAVR = HABF X 0.001 X 80 (dyn-s-cm™-m?)

_ PVP —HVP .5 9
POVR_PBFXO.OOIXBO(dyn s-cm” - m°)

SDo, = CI X Cag, X 10 (ml Og+min~" - m™2)
S\.’o2 =
HDO2 =

SDo, — CI X Cvo, X 10 (ml Og+min~! - m™2)
HABF X Cag, X 0.01 + PBF
X Cpvo, X 0.01 (ml Oz min~"' - m™3)

HV,, = HDo, — (HABF + PBF) X Chvp,

%X 0.01:(ml Og* min~' - m™?)

Prep Do, = PBF X Cag, X 0.01 (ml Og+min™!-m™2)
Prep Vo, = Prep Do, — PBF X Cpvo,

X 0.01 (ml Og+ min™!+m™%)

where SVR, PVR, HAVR, and PoVR = systemic, pul-
monary, hepatic arterial, and portal venous vascular re-
sistances, respectively; SDo, and SV, = systemic oxygen
delivery and uptake, respectively; Prep Do, and Prep
Vo, = preportal oxygen delivery and uptake, respectively;
CI = cardiac index (liters per minute per square meter);
Cao,, Cvo,, Cpvo,, and Chvp, are oxygen contents in ar-
terial, mixed venous, portal venous, and hepatic venous
blood, respectively (milliliters oxygen per deciliter).

All results were expressed as means = SEM. Data were
analyzed using repeated-measures analysis of variance.
‘The Student-Newman-Keuls test was used to make pair-
wise mean comparisons. Data points with P values < 0.05
were considered statistically significant.

Results

Dobutamine infusion was associated with significant
increases in mean arterial pressure, heart rate, and CI;
however, no changes occurred in pulmonary arterial,
pulmonary artery wedge, central venous, portal venous,
and hepatic venous pressures either before or after hep-
atectomy (tables 2 and 3). CI increased and systemic vas-
cular resistance decreased significantly after hepatectomy
(table 2). PBF was significantly increased, whereas HABF
was not changed by dobutamine either before or after
hepatectomy. There were no differences in hepatic ar-
terial vascular resistance, venous vascular resistance, and
the ratio of HABF to PBF between any measurement
times. The ratio of total hepatic blood flow (THBF) to
CI was not changed by dobutamine, but it was significantly
decreased after hepatectomy (table 3).

There were no significant changes in Pag, or Paco, or
in arterial, mixed venous, portal venous, and hepatic ve-
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TABLE 2, Hemodynamic Variables in Systemic Circulation With or Without Dobutamine Administration

Control-1 DOB-I Control-11 DOB-I1
HR 84+3 94 + 5* 94 +3 103 £ 4%+
MAP 88+2 96 =+ 4* 822 93 + 37
MPAP 14+1 15+ 1 16 + 1 17+2
PAWP 8+1 7+2 81 8+1
CvVp 5+1 541 5x1 5+ 1
CI 3.6+ 0.3 4.3 + 0.3% 4.1 £ 0.4% 4.7 £ 0.4%F
SVR 2,088 + 208 1,814 + 581 1,621 + 139* 1,634 3 154%
PVR 154 + 18 151 =+ 14 158 + 21 168 + 18

Means * SEM. n = 14.

Control-I = without dobutamine before hepatectomy; DOB-I = with
3 ug - kg™ min™" dobutamine before hepatectomy; Control-1I = without
dobutamine after hepatectomy; DOB-II = 3 ug+ kg™ min™" of dobut-
amine after hepatectomy; HR = heart rate in beats-min™'; MAP,
MPAP, PAWP, and CVP = mean arterial, mean pulmonary arterial,

nous oxygen contents by dobutamine infusion. However,
arterial and mixed venous oxygen contents and blood he-
moglobin concentration decreased significantly after
hepatectomy (table 4). Dobutamine infusion was asso-
ciated with significantly increased HDo, and HV o, before
hepatectomy, and only HDo, increased significantly after
hepatectomy. These variables were significantly lower at
control-1I than control-I. Hepatic oxygen extraction as
measured by the ratio of HV, to HDo, was maintained
between 0.19 and 0.23 without significant differences be-
tween any measurement times. Preportal oxygen delivery
was significantly increased by dobutamine, whereas pre-
portal oxygen uptake and preportal oxygen extraction
showed no significant changes. Systemic oxygen delivery
and uptake increased with dobutamine both before and
after hepatectomy, without changes in systemic oxygen
extraction (table 5). Dobutamine infusion was not asso-

pulmonary artery wedge, and central venous pressures, respectively
(mmHg); CI = cardiac index (1> min™ - m™%); SVR and PVR = systemic
and pulmonary vascular resistances, respectively (dyn s+ cm™-m?),

* P < 0.05 versus Control-I.

T P < 0.05 versus Control-11.

ciated with significant changes in the ratios of THBF to
CI, HDo, to systemic oxygen delivery, and HVo, to Sys-
temic oxygen uptake. The ratio of THBF to CI, HDo,,
and HV, significantly decreased after hepatectomy. Do-
butamine infusion was not associated with significant
changes in blood concentrations of lactate, pyruvate, and
ketone bodies. However, blood concentrations of lactate,
pyruvate, and the lactate-pyruvate ratio increased sig-
nificantly after hepatectomy (table 6).

Discussion

METHODOLOGY AND HEMODYNAMICS

The limitations associated with human investigation
imposed a limitation to this study in that only a single
dose of dobutamine could be investigated. The dose was

TABLE 3. Hemodynamic Variables in Hepatic Circulation With or Without Dobutamine Administration

Control-I DOB-1 Control-I1 DOB-II
PVP 1241 12+1 13+1 13+1
HVP 7+1 6+1 7+1 7x1
HABF 147 £ 21 171 + 26 124 + 17 146 + 20
PBF 428 + 32 556 + 43* 386 + 28 445 * 307
THBF 574 £ 36 753 £ 49% 511 + 37, 591 + 42
HABF/PBF 0.39 £ 0.07 0.35 £ 0.07 0.34 + 0.04 0.33 + 0.04
HABF/CI 0.05 £ 0.01 0.05 *= 0.01 0.04 = 0.01 0.03 + 0.00%
PBF/CI 0.13 % 0.01 " 0.13 £ 0.01 0.10 £ 0.01% 0.11 £0.01%
THBF/CI 0.18 + 0.02 0.18 £ 0.01 0.14 £ 0.01% 0.14 £ 0.02%
HAVR 53,510 * 6,920 53,070 + 8,010 62,540 * 9,550 57,270 + 6,820
PoVR 897 + 140 777 £ 159- 920 £+ 197 858 + 209

Means + SEM. n = 14, .

Control-I = without dobutamine before hepatectomy; DOB-I = with
3 pg-kg™ min™' of dobutamine before hepatectomy; Control-11
= without dobutamine after hepatectomy; DOB-II = 3 ug-kg™' min
dobutamine after hepatectomy; PVP and HVP = portal venous and
hepatic venous pressures, respectively (mmHg); HABF, PBF, and
THBF = hepatic arterial, porta] venous, and total hep;i_tic blood flows,
respectively (ml- min™' - m™2); HABF/PBF = the ratio of hepatic ar-

terial to portal venous blood flow; HABF/CI = hepatic arterial blood
flow fraction in cardiac index; PBF/CI = portal venous blood flow
fraction in cardiac index; THBF/CI = total hepatic blood flow fraction
in cardiac index; HAVR and PoVR = hepatic artertal vascular resistance
and portal venous vascular resistances, respectively (dyn s+ cm™ - m?),

* P < 0.01 versus Control-I.

T P < 0.01 versus Control-I1.

1 P < 0.05 versus Control-I.
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TABLE 4. Endoexpiratory Enflurane Concentration, Blood
Hemoglobin Concentration, and Blood Oxygen Variables
With or Without Dobutamine Administration

Control-1 DOB-1 Control-I1 DOB-11
Enflurane %| 1.5 +0.1 1.5 0.1 1.3 +0,1% 1.3 £ 0.1*
Hb 11.1 2051 11,405 9.7:+0.2*%| 10.1 £ 0.2%
Pag, 158 + 7 162 £6 174 =7 178 = 6
Paco, 36+ 1 37x1 36 =2 36 +2
Cap, 153 £ 0.6 | 15.6 £ 0.6, 13.5 = 0.4* | 14.0 £ 0.3*
Cvo, 129+0.5 | 13.4 %06 11.6 £0.3* [ 12.0 = 0.3
Spvo, 87219894+ 1588515 |89.3+1.8
Cpvo, 13207 (13.9+06(11.7+04 |124+04
Shvo, 723:+37749+48|71.0+44 [759+5.3
Chvo, 11.3+06|12.0+0.8| 9.9+0.7 |10.8%0.7

Means + SEM. n = 14,

Control-1 = without dobutamine before hepatectomy; DOB-I = with
3 pg-kg™" min™' dobutamine before hepatectomy; Control-I = without
dobutamine after hepatectomy; DOB-II = 3 pg- kg™ min™! of dobut-
amine after hepatectomy; Enflurane %, end-expired enflurane con-
centration (%); Hb = arterial blood hemoglobin concentration (g dI™");
Pag, and Paco, = arterial oxygen and carbon dioxide pressures, re-
spectively (mmHg); Cao,, Cvo,, Cpvg,, and Chvy, = arterial, mixed
venous, portal venous, and hepatic venous oxygen contents, respectively
(ml - dI™"); Spvo, and Shve, = portal and hepatic venous oxygen satu-
rations, respectively (%).

* P < 0.05 versus Control-1.

limited to 3 pug-kg™' - min™!, because even such a small
dose was conceivably sufficient to affect hepatic and sys-
temic circulation without causing excessive hypertension
and tachycardia.® The measurement times of dobutamine-
I and dobutamine-II were predetermined to permit a
maximal effect of intravenous dobutamine, since the mean
plasma half-life of dobutamine is 2 min.? In addition, do-
butamine is metabolized or eliminated within 10-12 min

Anesthesiology
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after cessation of its administration.®'® Therefore, we as-
sumed no residual effect of dobutamine at control-II be-
cause more than 40 min always was required for hepa-
tectomy to be accomplished. E
Lower than normal values of PBF and THBF!® at con-
trol-I could be explained in part by the presence of en-
flurane anesthesia. A recent animal study demonstrated
that enflurane causes a dose-dependent decrease in PBF
and THBF.!” The increase in PBF by dobutamine in this
study might be a passive response to the increased CI
when the unchanged ratio of PBF to CI from control-I
to dobutamine-I and control-II to dobutamine-II, respec-
tively, was taken into consideration. This phenomenon
agrees with the concept that portal vascular bed lacks an
intrinsic pressure-flow autoregulatory mechanism.'® The
result of constant portal venous pressure also might sup-
port the concept that portal venous pressure instead of
PBF is a principally regulated variable in portal vascula-
ture.'®!® These results suggest that dobutamine could
ameliorate the decrease in PBF that may have been caused
by enflurane. An unexpectedly small increase in HABF
and the absence of change in hepatic arterial vascular
resistance imply that dobutamine could not dilate hepatic
arterioles enough through its Bo-receptor agonistic effect.
There may be some hepatic arterial vasoconstricting effect
through a hepatic arterial buffer response?*?! and/or a
pressure-flow autoregulatory mechanism'® to counteract
the Bo-receptor agonistic effect of dobutamine.
The increased THBF by dobutamine should be linked
to an increase in Hl')oz. However, the increase in HD02
was relatively small because of the significant increase in

. PBF rather than in HABF. The increase in HDo, was

accompanied by an increase in HV o, before hepatectomy,

TABLE 5. Oxygen Delivery and Uptake Variables in Systemic and Hepatic Circulations With or Without Dobutamine Administration

Control-1 DOB-1 Control-1T DOB-I1
SDO, 533.6 + 46.5 667.2 & 52.1* 549.8 + 41.4 662.8 £ 61.11%
Vo, . 78.5 + 5.4 90.9 + 6.5+ 74,1+ 6.2 87.5 + 7.1%
SVo./SDo, 0.15 = 0.01 0.14 % 0.01 0.14 % 0,01 . 0.14 % 0.01
HDg, 78.0 + 5.1 104.4 + 7.8% 62.5 * 5.41 78.1 * 6.3%
HVo, 16.4 + 3.4 21.8 + 3.5+ 13.0 2.2+ 13.4 + 2.5¢
HV,,/HDo, 0.21 +0.04 .0.23 £ 0.06 0.23 + 0.05 0.19 + 0.04
HV,,/SVo, 0.19 + 0.04 0.20 % 0.05 0.16 + 0.02 0.14 + 0.02
HDoy/SDo, 0.16 + 0.02 0.16 * 0.01 "0.12 £ 0.01F 0.12 + 0.017
Prep D 65.0 £ 5.2 87.8 + 8.4* 52.7 + 4.3 62.6 = 4.9

¢p Vo,

Prep Vo, 9.2+15 9.2+ 1.4 73412 6.9 + 0.9
Prep vb,/PreP 1')0’ 0.12 £+ 0.02 0.11 +0.02 0.14 + 0.02 0.12 + 0.02

Means + SEM. n = 14, :
Control-I = without dobutamine before hepatectomy; DOB-I = with
3 pg-kg™ min~' dobutamine before hepatectomy; .Control-II
= without dobutamine after hepatectomy; DOB-II = 3 pg - kg’l min~!
of dobutamine after hepatectomy; SDo, and SV, = systemic oxygen
delivery and uptake, respectively (ml Oz min™-m™2); SV¢,/SDg,
= systemic oxygen extraction; HDo, and HV, = hepatic oxygen de-
- livery and uptake, respectively, (ml O min™'-m™2); HVo,/HDog,

= hepatic oxygen extraction; HVo,/SV, = the ratio of hepatic to sys-
temic oy{ien uptake; HDo,/SDo, = the ratio of hepatic to systemic
oxygen delivery; Prep Do, and Prep Vo, = preportal oxygen delivery
and uptake, respectively (ml Og-min™'-m™2); Prep Vo,/Prep Do,
= preportal oxygen extraction.

* P < 0.01 versus Control-1.” -

T P < 0.05 versus Control-1.

$ P < 0.05 versus Control-11.
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TABLE 6. Blood Lactate, Pyruvate, and Ketone Body

; Concentrations With or Without Dobutamine
Control-I DOB.I Control-I1 DOB-II
L 18.3 £ 3.0 178+ 25 .| 36.5+8.7% | 38.1 + 3.1F
P 1.9+ 04 1.8+ 04 2.7+047% | 25037
L/P 11.2 £ 1.2 12.0 + 1.6 15.0 £ 1.2* | 17.6 + 2.8}
TK 74299 |824%121|61.4+60 |580+5.2
AA 328 £ 5.8 35.8 £ 6.7 314 +4.8 36.1 £ 5.3
f-HBA | 41.3 £ 5.6 | 46.8+7.6 30.0 = 4.2 31.1+£ 7.5
AKBR | 0.92+0.17 | 1.10 £ 0.31 | 1.51 + 0.43 | 1.75 + 0.39

HEPATIC OXYGEN SUPPLY-UPTAKE AND DOBUTAMINE

Means * SEM. n = 14,

Control-I = without dobutamine before hepatectomy; DOB-I = with
3 ug - kg™ min"! dobutaminebefore hepatectomy; Control-I11 = without
dobutamine after hepatectomy; DOB-1I = 3 ug « kg™ min™" dobutamine
after hepatectomy; L = hepatic venous blood concentration of lactate
{mg/dl); P = hepatic venous blood concentration of pyruvate (mg/
dl); L/P = lactate~pyruvate ratio; TK = arterial blood concentration
of total ketone bodies (uM); AA = arterial blood concentration of ace-
toacetate (uM); S-HBA = arterial blood concentration of B-hydroxy-
butyrate (uM); AKBR = arterial blood ketone body ratio.

* P < 0.01 versus Control-I. _

1 P < 0.05 versus Control-1.

but not after hepatectomy. This point was so characteristic
in this study that it is worthy of detailed discussion.

HEPATIC OXYGEN SUPPLY AND UPTAKE
BEFORE HEPATECTOMY

Concomitant increases in HDo, and HV, before hep-
atectomy may represent at least two different possibilities.
The first is that HDo, was less than the critical oxygen
delivery and resulted in HV, being HDo,-dependent,
suggesting a preexisting hepatic hypoxic state?*** in con-
trol-I. Unchanged hepatic oxygen extraction from con-
trol-I to dobutamine-I seems to support this possibility,
because hepatic oxygen extraction should decrease if
HV o, was independent of HDg,. However, this possibility
would necessitate an underlying oxygen deficit in the liver
as indicated by an increased blood lactate concentration.2*
The lactate and pyruvate concentrations and the lactate—
pyruvate ratio®® were actually slightly higher, and the ar-
terial blood ketone body ratio lower than normal.2® How-
ever, these values are not sufficient to indicate hepatic
hypoxia at control-1. Therefore, we could speculate on
a second possibility, related to the fact that exogenous
catecholamines can directly stimulate intracellular oxi-
dative metabolism, thereby increasing tissue oxygen de-
mand.”%%"28 Although the exact mechanism is unknown,
there is presumably an increase in oxygen metabolisin,
. mediated by the activation of the cyclic adenosine mono-
phosphate, alteration of active transport process at the
membrane, and/or uncoupling oxidative phosphorylation
at the mitochondria.” These could occur regardless of
alterations in oxygen delivery. Furthermore, a larger dose
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of dobutamine would have caused a disproportionate in-
crease in HV,, as reported in an animal study.® In’this
context, the second possibility is more likely to explain
the increase HV o, by dobutamine before hepatectomy.

HEPATIC OXYGEN SUPPLY AND UPTAKE
AFTER HEPATECTOMY

Why was HVo, not increased by dobutamine after
hepatectomy? First, we presumed that HV ¢, had already
become independent of HDo, at control-II. The mean
weight of the resected liver mass in our cases was 420 g
which was approximately 40% of the total liver weight.
Accordingly, if HVo, at control-II was estimated from
that value, it would approximate 10 ml:min~!-m™2
or 60% of the control-I value, which was 16.4 ml-
min~'-m™%. However, the mean value of HVo, was
actually increased to 13.0 ml+min™'+m™ immediately
after hepatectomy. A similar phenomenon was observed
in an animal study.'® Hepatocellular injury by hepatec-
tomy could be followed by augmented intracellular oxy-
gen metabolism, whether it is aerobic or anaerobic, as-
sociated with an acute inflammatory response triggering
the abrupt release of interleukin-1 from Kupffer cells and
the overwhelming production of acute-phase proteins in
hepatocytes.?**® Thus, HVo, might already have in-
creased enough to be independent of HDo, in the indi-
vidual hepatocytes and could not be increased by dobu-
tamine even when HDy, increased at dobutamine-11.%!
On the other hand, the pyruvate and lactate concentra-
tions and the lactate-pyruvate ratio at control-II were
abnormally large. These could reflect hepatic hypoxia,
which might have given a response of oxygen uptake de-
pending on oxygen supply.®* However, there may

‘have been an impairment of hepatocellular oxygen ex-

traction,* causing unchanged HV, despite an increased
HDo, by dobutamine at dobutamine-IL. Hepatocellular
necrosis with cellular membranous disintegration caused
by hepatectomy®® should be associated with depressed re-
sponsiveness of adrenoceptors®*** on the hepatocytes. In

- addition, there may be less responsiveness of portal vas-

cular beds to dobutamine. As a result, the increases in
PBF and HD,, were too small to cause a significant in-
crease in HV02 at dobutamine-II. Consequently, un-
changed HV o, was presumably associated with depressed
responsiveness of adrenoceptors on hepatocytes, where
oxygen metabolism was already augmented after hepa-
tectomy.

Intravenous administration of dobutamine at 3
ug kg™ - min~" was associated with increases in PBF and
HDo, before and after hepatectomy during enflurane,
nitrous oxide, and oxygen anesthesia. HV o, was increased
before hepatectomy, whereas it was unchanged after hep-
atectomy. The stimulation of hepatocellular oxygen me-
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tabolism by dobutamine and the depressed responsiveness
of adrenoceptors on hepatocytes with already augmented
metabolism are likely explanations for the different re-
actions before and after hepatectomy.

References

1. Gelman S: Disturbances in hepatic blood flow during anesthesia
and surgery. Arch Surg 111:881-883, 1976

2. Gelman S, Dillard E, Bradley EL: Hepatic circulation during sur-
gical stress.and anesthesia with halothane, isoflurane, or fentanyl.
Anesth Analg 66:936-943, 1987

3. Kainuma M, Fujiwara Y, Kimura N, Shitaokoshi A, Nakashima
K, Shimada Y: Monitoring hepatic venous hemoglobin oxygen
saturation in patients undergoing liver surgery. ANESTHESIOL-
OGY 74:49-52, 1991

4. Kainuma M, Nakashima K, Sakuma I, Kawase M, Komatsu T,
Shimada Y, Nimura Y, Nonami T: Hepatic venous hemoglobin
oxygen saturation predicts liver dysfunction after hepatectomy.
ANESTHESIOLOGY 74:379-386, 1992

5. Hasselgren P-O: Prevention and treatment of ischemia of the liver.
Surg Gynécol Obstet 164:187-196, 1987

6. Banks RO, Gallavan RH, Zinner M], Bulkley GB, Harper SL,
Granger DN, Jacobson ED: Vasoactive agents in control of the
mesenteric circulation. Fed Proc 44:2743-2749, 1985

7. Kvietys PR, Granger DN: Vasoactive agents and splanchnic oxygen
uptake. Am J Physiol 243:G1-G9, 1982
8. Roytblat L, Gelman S, Bradley EL, Henderson T, Parks D: Do-
pamine and hepatic oxygen supply-demand relationship. Can j
Physiol Pharmacol 68:1165-1169, 1989
9. Leier CV, Unverferth DV: Diagnosis and treatment drugs: Five

years later. Dobutamine. Ann Intern Med 99:490-496, 1983

10. Nonami T, Asahi K, Harada A, Nakao A, Takagi H: Effect of

' hyperdynamlc circulatory support on hepatic hemodynamics,

oxygeén supply and demand after massive hepatectomy. Surgery
109:277-283, 1991 .

11. Mellanby J, Williamson DH: Acetoacetate, Methods of Enzymatic
Analysis. 2nd edition. Edited by Bergmeyer HU. New York,
Academic Press Inc., 1974, pp 1446-1451

12. Williamson DH, Mellanby J: D-(-)-3-hydroxybutyrate. Methods of
Enzymatic Analysis. 2nd edition. Edited by Bergmeyer HU.
New York, Academic Press Inc., 1974, pp 1836-1839

13. Noll F: L-(+)-Lactate. Determination with LDH, GPT and NAD.
Methods of Enzymatic Analysis. 2nd edition. Edited by Berg-
meyer HU. New York, Academic Press Inc., 1974, pp 1475~
1479

14. Czok'R, Lamprecht W: Pyruvate, phosphoenolpyruvate and D-
glycerate- -phosphate, Methods of Enzymatic Analysis. 2nd
.edition. Edited by Bergmeyer HU. New York, Academic Press
Inc., 1974, pp 1446-1451

15. Kates RE, Leier CV: Dobutamine pharmacokinetics in severe heart
failure. Clin Pharmacol Ther 24:537-541, 1978

16. Gottlieb ME, Sarfeh 1J, Stratton H, Goldman ML, Newell JC,
Shah DM: Hepatic perfusion and splanchnic oxygen consump-
tion in patients postinjury. ] Trauma 23:836-843, 1983

17. Bernard J-M, Doursout M-F, Wouters P, Hartley CJ, Cohen M,

KAINUMA ET AL.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28,

29.

30.

31,

32,

33.

34,

—

B

Anesthesiology
V 77, No 8, Sep 1992

Merin RG, Chelly JE: Effects of enflurane and isoflurane on
hepatic and renal circulations in chronically instrumented dogs.
ANESTHESIOLOGY 74:298-302, 1991
Richardson PDI, Withrington PG: Pressure-flow relationships and
effects of noradrenaline and isoprenaline on the hepatic arterial
and portal venous vascular beds of the dog. J Physiol (Lond)
282:451-470, 1978
Richardson PDI: Physiological regulation of the hepatic circulation.
Fed Proc 41:2111-2116, 1982
Lautt WW, Legare DJ, D'Almeida WS: Adenosine as putative
regulator of hepatic arterial flow. Am | Physiol 248:H331-
H338, 1985 -
Lautt WW: Mechanism and role of intrinsic regulation of hepatic
arterial blood flow: Hepatic arterial buffer response. Am ]
Physiol 249:G549-G556, 1985
Wilson DF, Erecinska M, Drown G, Silver IA: The oxygen de-
- pendence of cellular energy metabolism. Arch Biochem Biophys
195:485-493, 1979
Schumacker PT, Samsel RW: Oxygen delivery and uptake by pe-
ripheral tissues: Physiology and pathophysiology. Crit Care Clin
5:255-269, 1989
Vincent J-L, Roman A, Backer DD, Kahn R]: Oxygen uptake/
supply dependency: Effects of short-term dobutamine infusion.
Am Rev Respir Dis 142:2-7, 1990
Cohen RD, Simpson R: Lactate metabolism. ANESTHESIOLOGY
43:661-673, 1975
Ozawa K, Aoyama H, Yasuda K, Shimahara Y, Nakatani T, Tanaka
J Yamamoto M, Kamiyama Y, Tobe T: Metabolic abnormalities
associated with postoperative organ failure: A redox theory.
Arch Surg 118:1245-1251, 1983
Richter EA, Ruderman NB, Galbo H: Alpha and beta adrenergic
effects on metabolism in contracting perfused muscle. Acta
Physiol Scand 116:2156-222, 1982
Duran WN, Renkin EM: Influence of sympathetic nerves on ox-
ygen uptake of resting mammalian skeletal muscle. Am J Physiol
231:529-537, 1976
Nunes G, Blaisdell FW, Margaretten W: Mechanism of hepatic
" dysfunction following shock and trauma. Arch Surg 100:546-
556, 1970
Dinarello C: Interleukin-1 and the pathogenesis of the acute-phase
response. N Engl ] Med 311:1413-1418, 1984
Wison JR, Martin JL, Ferraro N: Impaired skeletal muscle nutritive
flow during exercise in patients with congestive heart failure:
Role of cardiac pump dysfunction as determined by the effect
of dobutamine. Am J Cardiol 53:1308-1315, 1984
Lemasters J], Stemkowski CJ, Ji S, Thurman RG: Cell surface
changes and enzyme release during hypoxia and reoxygenation
in the isolated, perfused rat liver. ] Cell Biol 97:778-786, 1983
Bristow MR, Ginsburg R, Minobe W, Cubicciotti RS, Sageman
WS, Lurie K, Billingham ME, Harrison DC, Stinson EB: De-
creased catecholamine sensitivity and beta-adrenergic receptor
density in failing human hearts. N Engl ] Med 307:205-211,
1982
Maskin CS, Forman R, Sonnenblick EH Frishman WH, LeJemtel
TH: Failure of dobutamine to increase exercise capacity despite
hemodynamic improvement in severe chronic heart failure. Am
J Cardiol 51:177-182, 1983

20z ludy 91 uo 3sanb Aq ypd°G0000-00060266 1-Z¥S0000/70LSGZE/CEY/E/L LIPA-01onIE/ABO|OISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



