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Sevoflurane reduced but isoflurane maintained hepatic blood flow 
during anesthesia in man 
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Abstract: The indocyanine green (ICG) clearance rate (K) 
and estimated total hepatic blood flow (THBF) were studied 
by the single injection technique. The THBF was estimated 
from the calculated circulating blood volume and the fixed 
extraction rate. The blood concentration of ICG was deter- 
mined by the finger piece technique. Twenty-seven patients 
were randomly divided into three groups of nine and received 
67% nitrous oxide, 33% oxygen, and the following volatile 
anesthetics: 0.8% halothane, 1.2% isoflurane, or 1.7% 
sevoflurane. ICG (0.5 mg-kg 1) was administered intrave- 
nously and K was determined three times following the injec- 
tion. The K value in the halothane and sevoflurane groups 
decreased significantly 1 h after induction of anesthesia: from 
0.188 + 0.048 to 0.142-_+ 0.029 in the halothane group and 
from 0.178 + 0.027 to 0.155 _+ 0.021 in the sevoflurane group. 
There was no significant change in the K value in the 
isoflurane group throughout the study. 
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Introduction 

There are many methods to measure hepatic blood flow 
clinically. The conditions in the operating room require 
the method to be simple, noninvasive and time-saving 
without special instruments such as a radioisotope de- 
tector, fluoroscopy, and other equipment. Techniques 
which use a single injection of an indicator are simple 
and can be measured repeatedly. However,  techniques 
which involve the continuous injection of an indicator 
[1] require insertion of a catheter into the hepatic vein 
and withdrawal of blood several times. Furthermore,  
steps to determine the concentration of the indicator in 
the blood take much time. 

Address correspondence to: T. Hongo 
Received for publication on November  2, 1992; ac- 
cepted on May 19, 1993 

Recently, an instrument has been developed to detect 
the blood concentration of the indicator indocyanine 
green (ICG). The use of an optical finger piece allows us 
to obtain clearance curves noninvasively [2]. The effects 
of two anesthetics, isoflurane and sevoflurane, on he- 
patic circulation have not been defined clinically [3-5]. 
In the present study, we applied this method to detect 
total hepatic blood flow (THBF)  during inhalation an- 
esthesia. 

Materials and methods 

After  detailed explanation of the study, informed con- 
sent was obtained from 27 patients, ASA class I or II, 
aged 18-64 years, who were scheduled for tympano- 
plasty, tonsillectomy, or radical maxillary and ethmoi- 
dal sinectomy. Patients with liver diseases were 
excluded from the study. The patients were randomly 
divided into three groups of nine to receive the follow- 
ing volatile anesthetics: halothane, isoflurane, or 
sevoflurane. 

The patients received 0.5 mg atropine and 50 mg 
hydroxyzine pamoate  intramuscularly 1 h before the 
induction of anesthesia. A finger piece for measuring 
blood concentration of the indicator was attached to the 
tip of the left index finger. A teflon-mantled needle was 
inserted into the right cephalic vein. 

blood pressure was measured by the oscillometric 
method and printed out on a recorder (BX-2, Nihon 
Colin, Nagoya, Japan). ECG  was also observed on a 
cathode-ray tube monitor and recorded on a polygraph 
(Life scope 08, Nihon Koden Kogyo, Tokyo, Japan). 
The blood concentration of the indicator, ICG, was de- 
termined by an ICG Clearance Meter  (RK-1000, 
Daiichi Pharmaceutical, Tokyo, Japan). The principle 
whereby the blood concentration of ICG was measured 
involved the detection of 810 nm transmitted light ab- 
sorbed by the indicator through the finger tip. The influ- 
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ence of finger tissue and blood was corrected by the 
absorbance of light at 940 nm. The central processor 
unit attached to the instrument calculated the half- 
decay time (h/2) of the ICG. 

Induction and maintenance of anesthesia 

Anesthesia was induced with 5 mg.kg 1 thiamylal so- 
dium, intravenously (i.v.), followed by l mg-Kg -~ 
succinylcholine, i.v. After  endotracheal  intubation, an- 
esthesia was maintained with volatile anesthetics car- 
ried with 67% nitrous oxide and 33% oxygen. Three 
anesthetics, halothane, isoflurane, and sevoflurane, 
were used for the experiment. The concentrations of the 
inhaled volatile anesthetics were 0.8% halothane (GOF 
group), 1.2% isoflurane (GOI  group), and 1.7% 
sevoflurane (GOS group). When these concentrations 
were converted into minimum alveolar concentrations 
(MAC), they equaled 1.04 MAC halothane, 1.04 MAC 
isoflurane, and 1.05 MAC sevoflurane. The concentra- 
tion of the inhaled anesthetics was measured by a gas 
analyzer, (type 1304, Briiel-Kj~er, Copenhagen, Den- 
mark). Each anesthetic at this concentration could 
maintain the depth of anesthesia necessary for the 
surgery. 

Determination of K 

ICG (0.5 mg-kg -1) was administered by a bolus injec- 
tion, and the clearance rate of ICG (K) was calculated 
from the half-decay time as follows, K = 0.693/tl/~. 

Namihisa et al. [2] reported that the K value obtained 
by the finger piece technique differed from the value 
obtained by the direct determination technique in the 
blood. The K value was corrected by Namihisa's for- 
mula [2]: corrected K = (Kf + 0.002)/0.816, where Kf is 
the K value obtained by the finger piece technique. 

Experimental protocol 

ICG (0.5 mg.kg -1) was administered to all patients and 
K was determined three times: before induction of anes- 
thesia, 1 h after induction of anesthesia, and 30 min af- 
ter extubation in the recovery room. The hemodynamic 
changes in the three groups were recorded and ana- 
lyzed. Liver functions were assessed for 7 days after 
anesthesia. 

Preliminary experiment 

Changes in the K value when ICG was administered 
two times were measured in the preliminary study. ICG 
(0.5 mg.kg -1) was administered to six conscious volun- 
teers two times at a 30-rain interval. Then the K value 
was determined with the ICG Clearance Meter. 

The mean and standard deviation of the K value was 
0.188 _+ 0.034 in the first injection of ICG and 0.187 _ 
0.024 in the second injection. The mean difference was 
0 .001_  0.039 which was not statistically significant. 
There  was also no significant difference between the 
two values of dye concentration which interpolated at 
zero time. These findings showed that there was no 
accumulation in the blood 30 min after injection. 

Estimation of hepatic blood flow 

T H B F  was estimated by the formula, T H B F  (ml/min) = 
BV.K/ER, where BV (ml) is the circulating blood vol- 
ume, K is the clearance rate of ICG, and E R  is the rate 
of extraction of ICG from the liver. The circulating 
blood volume was calculated by the formula of Ogawa 
et al. [6]: men, BV (ml) = 0.1682H 3 + 0.05048W + 
0.444; women, BV (ml) = 0.2502H 3 + 0.06253W - 
0.662, where BV is the circulating blood volume, H is 
body height in meters, and W is body weight in kilo- 
grams. The value of E R  was fixed at 0.71 in this study 
according to the study of Kennedy et al. [7]. 

Statistics 

The data obtained in this study were presented as the 
mathematical mean with standard deviation. Equality 
of paired or nonpaired data over the three groups was 
tested by Kruskal-Wallis's test or Friedman's test. Dif- 
ferences between two groups were assessed by the 
Wilcoxon U-test. A probability less than 0.05 was as- 
sumed to be significant. 

Results 

Table 1 shows the distribution of sex, age, body weight, 
calculated circulating blood volume, body surface area, 
and operation time. There  were no significant differ- 
ences among the three groups in any items. 

Table 2 shows the K values in the three groups. The K 
values decreased significantly at 1 h after induction of 
anesthesia in the G O F  group (P  = 0.038) and the GOS 
group (P = 0.033). In the the GOS group, K decreased 
from 0.178 _+ 0.027 to 0.155 _+ 0.021. Thirty min after 
extubation, the K values of the G O F  and the GOS 
groups recovered to the control values. There were no 
significant changes in the K value of the GOI  group 
throughout  the study. In the values of the three groups 
at 1 h after induction of anesthesia, K of the GOI  group 
was significantly higher than those of the other groups 
(P = 0.049). The K value of the G O F  group at 1 h after 
induction of anesthesia was significantly lower than the 
values of the G O F  group obtained before anesthesia 
and 30 min after extubation (P = 0.045). 
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Table 1. Patient data 

G O F  group G O I  group GOS group 

Sex (male/female)  5/4 5/4 5/4 
Age  (years) 35.0 _+ 16.2 43.2 _+ 12.2 48.7 +_ 12.5 
Body weight (kg) 61.3 + 10.3 57.8 + 7.2 59.9 _+ 7.2 
Circulating blood volume (ml) a 4202 _+ 610 4016 _+ 536 4138 + 453 
Body surface area (m 2) 1.65 _+ 0.17 1.60 _+ 0.12 1.63 + 0.12 
Durat ion of surgery (min) 109 + 45 120 _+ 48 126 _+ 31 

GOF, 0.8% halothane; GOI, 1.2% isoflurane; GOS, 1.7% sevoflurane. 
Values are expressed as mean _+ SD. 

Calculated by the formula of Ogawa et al. [6]. 

Table 2. Indocyaning green clearance rate (K) and total 
hepatic blood flow and (THBF) values 

THBF a 
Group Period K ~ (ml/min/m 2) 

GOF Before anesthesia 0.188 • 0.048 673 + 177 
i h after induction of 

anesthesia 0.142 + 0.029 *+ 506 • 104 .1 
30 min after extubation 0.145 + 0.047 521 _+ 178 

GOI Before anesthesia 0.182 + 0.040 636 + 139 
1 h after induction of 

anesthesia 0.174 + 0.025* 612 _+ 98 
30min after extubation 0.157 _+ 0.051 560 • 194 

GOS Before anesthesia 0.178 • 0.027 636 _+ 96 
1 h after induction of 

anesthesia 0.155 _+ 0.021" 553 _+ 65* 
30 min after extubation 0.155 • 0.048 557 _+ 177 

GOF, 0.8% halothane; GOI, 1.2% isoflurane; GOS, 1.7% 
sevoflurane. 
* P < 0.05, compared with the value before anesthesia in each group. 
*P < 0.05, compared with the values before anesthesia and 30 min 
after extubation in each group. 
~ P < 0.05, compared with the values of the other two groups at l h 
after induction of anesthesia. 

Mean _+ SD. 

T H B F  is s h o w n  in T a b l e  2. T h e  G O F  a n d  G O S  

g r o u p s  s h o w e d  s ign i f ican t  d e c r e a s e s  in T H B F  at 1 h 

a f t e r  i n d u c t i o n  o f  a n e s t h e s i a ,  b u t  t h e  G O I  g r o u p  m a i n -  

t a i n e d  T H B F ,  T H B F  o f  t h e  G O F  g r o u p  d e c r e a s e d  

s ign i f ican t ly  ( P  = 0.028).  T H B F  of  t h e  G O S  g r o u p  

d e c r e a s e d  f r o m  636 ___ 96 m l . m i n - l . m  2 to  553 _ 65 ml.  

m i n - l . m  2 ( p  = 0.044). T h i r t y  m i n  a f t e r  e x t u b a t i o n ,  

T H B F  o f  t h e  G O F  a n d  G O S  g r o u p s  r e c o v e r e d  to  t h e  

c o n t r o l  va lues .  T h e r e  w e r e  n o  s ign i f i can t  c h a n g e s  in t h e  

G O I  g r o u p  t h r o u g h o u t  t h e  s tudy.  

T h e  m e a n  a r t e r i a l  b l o o d  p r e s s u r e  a n d  h e a r t  r a t e  a r e  

s h o w n  in T a b l e  3. T h e  m e a n  a r t e r i a l  b l o o d  p r e s s u r e  

d e c r e a s e d  s ign i f ican t ly  at  1 h a f t e r  i n d u c t i o n  o f  a n e s t h e -  

sia in t h e  G O I  and  G O S  g r o u p s  ( P  = 0.025 a n d  0.017, 

r e s p e c t i v e l y ) .  T h e  h e a r t  r a t e  i n c r e a s e d  s ign i f i can t ly  at 

1 h a f t e r  i n d u c t i o n  o f  a n e s t h e s i a  in t h e  G O F  g r o u p  ( P  = 

0.021).  In  e a c h  g r o u p ,  t h e r e  was  n o  c o r r e l a t i o n  b e t w e e n  

t h e  d e c r e a s e s  o f  t h e  T H B F  a n d  t h e  d e c r e a s e  o f  t h e  

m e a n  a r t e r i a l  b l o o d  p r e s s u r e  at  1 h a f t e r  i n d u c t i o n  o f  

a n e s t h e s i a .  

T a b l e  4 s h o w s  the  b l o o d  c h e m i s t r y  d a t a  b e f o r e  a n d  

a f t e r  a n e s t h e s i a .  T h e  p o s t - a n e s t h e s i a  v a l u e  s h o w e d  t h e  
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l a rges t  v a l u e  w i t h i n  7 days  a f t e r  t h e  su rge ry .  G l u t a m i c  

o x a l o a c e t i c  t r a n s a m i n a s e  ( G O T )  r o s e  s ign i f i can t ly  a f t e r  

a n e s t h e s i a  in al l  g r o u p s  ( G O F  g r o u p ,  P = 0.012; G O I  

g r o u p ,  P = 0.008; a n d  G O S  g r o u p ,  P = 0.038).  T h e r e  

w e r e  no  s ign i f i can t  c h a n g e s  in g l u t a m i c  p y r u v i c  t r an -  

s a m i n a s e  ( G P T ) ,  a l ka l i ne  p h o s p h a t a s e  ( A L P ) ,  a n d  lac-  

t a t e  d e h y d r o g e n a s e  ( L D H ) .  I n  e a c h  g r o u p ,  t h e r e  was  no  

c o r r e l a t i o n  b e t w e e n  t h e  d e c r e a s e  in T H B F  at 1 h a f t e r  

i n d u c t i o n  o f  a n e s t h e s i a  and  e l e v a t i o n  o f  p o s t - a n e s t h e s i a  

v a l u e  o f  G O T .  

Table 3. Change of mBP and H R  

1 h after induction 
Group Before anesthesia" of anesthesia a 

mBP (mmHg) GOF 90 + 16 76 + 6 
GOI 99 _+ 10 80 • 16" 
GOS 99 _+ 1l 77 + 12" 

HR GOF 67 + 12 78 _+ 9* 
(beats. min ~) GOI 69 _+ 10 79 _+ 14 

GOS 70_+ 10 73 • l l  

mBP, mean arterial blood pressure; HR, heart rate; GOF, 0.8% 
halothane; GOI, 1.2% isoflurane; GOS, 1.7% sevoflurane. 
* P < 0.05, compared with the value before anesthesia in each group. 
a Mean _+ SD. 

Table 4. Blood chemistry data 

Group Before anesthesia b After anesthesia ab 

GPT (IU/1) GOF 16 + 8 21 + 13 
GOI 17 _+ 6 16 + 7 
GOS 16 + 7 15 _+ 6 

GOT (IU/l) GOF 18 + 5 35 _+ 15" 
GOI 21 + 6 28 _+ 9** 
GOS 1 8 + 7  28_+6" 

ALP (IU/1) GOF 130 _+ 29 131 _+ 34 
GOI 130 + 35 143 _+ 56 
GOS 142 + 40 154 + 42 

LDH (IU/1) GOF 307 + 45 295 + 39 
GOI 304 + 51 299 _+ 42 
GOS 270 + 37 275 + 37 

GOF, 0.8% halothane; GOI, 1.2% isoflurane; GOS, 1.7% 
sevoflurane; GPT, glutamic pyruvic transaminase; GOT, glutamic 
oxaloacetic transaminase; ALP, alkaline phosphatase; LDH, lactate 
dehydrogenase. 
* P < 0.05; ** P < 0.01 compared with the value before anesthesia in 
each group. 
a The data represent the largest values within 7 days following the 
surgery. 
b Mean _+ SD. 
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Discussion 

Currently, both direct and indirect methods are used to 
determine hepatic blood flow clinically. The indirect 
methods include the continuous indicator infusion 
method, the single indicator injection method, and the 
dilution method by injection of radioisotopes into the 
portal vein. Bradley et al. [1] developed the continuous 
indicator infusion method in 1945. His method requires 
inserting the catheter into the hepatic vein under 
fluoroscopy. The method of single injection of the indi- 
cator is simple and repeatable, with little invasion. 

In the present study, we selected the technique of 
single injection of ICG. However, there are several 
problems related to this method that need to be solved. 
The first is selection of the best indicator. Because ICG 
combines immediately with plasma albumin, it remains 
in the circulation for a long time. The liver extracts 97% 
of the ICG and excretes it into the bile without degrada- 
tion [8]. The second problem is to determine the blood 
concentration of the indicator. The concentration of 
ICG was measured continuously with an instrument 
developed to detect ICG in blood by means of a finger 
piece. The clearance rate (K) was calculated automati- 
cally by the half-life of ICG in blood (t~a). However, a 
difference was found between the K value determined 
with this instrument and direct measurement of the 
blood concentration. The K value was corrected by a 
formula proposed by Namihisa et al. [2] in this study. 
The third problem is estimating the circulating blood 
volume. The circulating blood volume could not be esti- 
mated by this technique, so it was estimated by the 
formula of Ogawa et al. [6]. It was considered that there 
was no marked change in blood volume during the 
study. Furthermore, all patients in the present study 
received operations involved in otorhinolaryngology 
with slight surgical invasion and bleeding. The fourth 
problem is the ER during first-pass elimination in the 
liver. Many investigators have reported rates between 
62% and 77% [3,7,9,10]. There are some reports con- 
cerning ER during anesthesia, Goldfarb et al. [3] found 
no alterations in ER in patients with halothane-N20 
anesthesia and a change from 75% to 58% with 
isoflurane-N20 anesthesia. The available information is 
very limited in patients with sevoflurane-N20 anesthe- 
sia. We set a fixed rate of 71% according to the report of 
Kennedy et al. [7]. 

The blood concentration of ICG decreased linearly 
on a semilogarithmic scale within 15 min after injection, 
but the tail of concentration curve appeared to deviate 
after that, suggesting the saturated liver cell by ICG or 
reverse flow of ICG from the liver cell to the blood. This 
phenomenon suggested the possibility of interference 
when ICG was administered repeatedly. The K value 
was determined two times over a 30-min interval in the 

preliminary experiments. The data showed no prolon- 
gation of the half-decay time. The amount of adminis- 
tered ICG also affected the K value. Gelman et al. [4] 
observed a marked prolongation of the half-life, when 
ICG, 5 mg.kg -1, was injected by a bolus into dogs. How- 
ever, Cherrick et al. [11] found no alteration in the K 
value when they administered a bolus of ICG, 0.5 to 
2.0 mg.kg -1, to patients with normal liver function. 
Therefore, the amount of 0.5 mg-kg < of ICG was ad- 
ministered and the K values were determined over a 
1-h interval in the present study. 

The K values represent THBF under the assumptions 
of calculated blood volume and fixed ER in patients 
with inhalational anesthesia and minor surgery. The 
THBF obtained before anesthesia in the present study 
was 649 -+ 137 ml.min-~.m -2. It was lower than the value 
reported by Bradley et al. [1] who reported a mean 
THBF of 868 _+ 117 ml.min-l-m -2 in healthy adult vol- 
unteers. 

The effect of anesthetics or anesthetic techniques on 
hepatic blood flow has been widely investigated in ani- 
mals. Thulin et al. [12] observed reductions of hepatic 
arterial blood flow to 54% of controls and portal venous 
blood flow to 60% of controls when 1% to 2% 
halothane was inhaled by dogs. Hughes et al. [13] re- 
ported a reduction of hepatic arterial blood flow to 35% 
of controls and portal venous blood flow to 45% of 
controls after inhalation of 2% halothane in dogs. 
Gelman et al. [4] reported that 1.4% isoflurane in- 
creased hepatic arterial blood flow to 197% of controls, 
but decreased portal venous flow to 74% of controls, 
showing no change in THBF. Kohno et al. [5] reported 
that 2.5% sevoflurane reduced hepatic arterial blood 
flow to 74% of controls and portal venous blood flow to 
76% of controls in dogs. 

There has been a small number of clinical investiga- 
tions on liver hemodynamics. Price et al. [14] showed 
that inhalation of 1.3% to 1.9% halothane reduced 
THBF to 78% of controls, by continuous infusion of 
ICG. Goldfarb et al. [3] reported that 1.3% isoflurane 
anesthesia combined with N20 increased THBF to 
140% of the value obtained after induction of anesthe- 
sia with thiopental and fentanyl. No clinical study on 
sevoflurane anesthesia has been reported. We found in 
the present study that halothane anesthesia, combined 
with N20, reduced THBF to 75% of controls, but 
isoflurane anesthesia combined with N20 maintained 
the THBF (96% of controls). Our data coincided with 
the reports of Price et al. [14]. and Goldfarb et al. [3]. 
We also observed that sevoflurane anesthesia combined 
with N20 reduced THBF to 87% of controls. 

In summary, the K values in the three groups under 
inhalational anesthesia by the technique of single injec- 
tion of ICG and THBF were investigated. The estima- 
tion of THBF was based on the calculated blood volume 
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and fixed E R .  T h e  b l o o d  concen t r a t i on  of  I C G  was 

d e t e r m i n e d  by the f inger p iece  t echn ique  and the  K 

va lue  was ca lcu la ted  with  an I C G  Clea rance  Mete r .  

This  t echn ique  a l lowed  a rapid,  noninvas ive ,  and bed-  

side es t imate  of  T H B F .  It  r evea led  a m a r k e d  r educ t ion  

in T H B F  by h a l o t h a n e - N 2 0  and sevof lu rane -N20  anes-  

thesia,  but  no change  by i sof lurane-N20 anesthesia .  
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