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Noninvasive ICG 
clearance test for 
estimating hepatic 
blood flow during 
halothane and 
isoflurane anaesthesia 

The purpose o f  this study was to estimate hepatic blood flow 
during halothane (HAL) or isoflurane (ISO) anaesthesia with 
the noninvasive indocyanine green (ICG) clearance test. 
Twenty-four ASA status I adult patients, scheduled for elective 
surgery without liver disease, were allocated into four groups. 
Before surgery, ICG clearance was measured twice in patients 
before and after 1, 2 MAC HAL-N20, I and 2 MAC ISO- 
N20 anaesthesia by ICG clearance meter (Sumitomo Electron- 
ics@ , Japan). This method eliminates the blood sampling and 
delay o f  the conventional 1CG test. The ICG clearance is dis- 
played in two indices: K (ICG disappearance rate) and RI5 
(ICG retention rate 15 min after 0.5 mg" kg -! ICG injection). 
Indirect blood pressure and heart rate were measured simul- 
taneously. Mean arterial pressure (MAP) decreased by 27, 22 
and 29% with 2 MAC HAL-N20, and with 1 and 2 MAC 
ISO-N20 groups, respectively (P < 0.05). The ICG clearance 
was less (P < 0.05) in the 2 MAC HAL-N20 group (K, 0.087 
min -I) than with either awake (K, 0.'131 min -1) or other groups 
(K, 0.114 and 0.144 min -~, in the 1 MAC HAL and ISO- 
N20 groups, respectively) in spite o f  a similar degree of  the 
depletion of  M A p  in 2 MAC IS0-3120 group (K, 0.124 min-t). 
We conclude that isoflurane has a more favourable effect on 
liver circulation than does halothane. 

Ce travail vise il $valuer le ddbit sanguin hdpatique pendant 
l'anesthdsie ~ l~alothane (HAL) ou ~ Hsoflurane (ISO) par 
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l~preuve de clairance non invasif du vert d'indocyanine (ICG). 
Vingt-quatre adultes ASA I exempts de toute affection h~pa- 
tique, programm~s pour une chirurgie non urgente sont r~partis 
en quatre groupes. Avant l~ntervention, la clairance de I'ICG 
est mesur~e ~ deux reprises avant et apr~s une anesth~sie HAL- 
N20 MAC I et 2, et ISO-N20 MAC 1 et 2, avec un appareil 
de mesure d'ICG (Sumitomo Electronics@, Japon). Cette 
m~thode ~limine l~chantillonnage sanguin et le d~lai propre 

l~preuve d'ICG conventionnelle. La clairance de I'ICG est 
affich~e sous deux index: K (la vitesse de disparition de I'ICG) 
et Rt~ tie taux de r~tention de I'ICG 15 rain apr~s l'injection 
de 0,5 rag" kg -t  d'ICG). La pression art~rielle indirecte et la 
fr~quence cardiaque sont mesur~es simultan~ment. La pression 
art~rielle moyenne (PAM) diminue de 27, 22 et 29% respec- 
tivement dans le groupe HAL-N20 MAC 2, et dans les groupes 
ISO-N20 MAC 1 et 2 (P < 0,05). La clairance de I'ICG est 
moins ~lev~e (P < 0,05) dans le groupe HAL-N20 MAC 2 
(K, 0,087 min -1) que soit clans les groupes ~veill~s (K, 0,131 
rain -1) ou les autres groupes (K, 0,114 et 0,144 min -t, res- 
pectivement, darts les groupes HAL-N?O MAC 1 et ISO-N20 ) 
malgr~ un niveau de diminution de la PAM identique clans 
le groupe ISO-N20 MAC 2 (K, 0,124 min-t). Nous concluons 
que l~soflurane a un effet plus favorable sur la circulation h~pa- 
tique que l~alothane. 

Inhalational anaesthetics that decrease cardiac output will 
lead to at least proportional decrements in total hepatic 
blood flow. Halothane has been reported to reduce hepatic 
blood flow and hepatic oxygen supply in animal exper- 
iments. ~,2 Isoflurane increases hepatic arterial blood flow 
and maintains total hepatic blood flow, in contrast to 
halothane. 1-4 There have been only a few studies address- 
ing the effects of anaesthetics on hepatic blood flow in 
humans: 5,6 no dose-related clinical studies have compared 
the effects of halothane and isoflurane on indocyanine 
green (ICG) clearance. 

A new method of measuring the disappearance rate 
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TABLE 1 Details of patients studied 
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n Age (yr) B W  (kg) Body mass index (BMI) 

H-I (halothane I MAC) 6 40.4 -I- 1.9 55.1 + 1.4 22.2 +0.1 
H-2 (halothane 2 MAC) 6 45.7 -t- 1.9 60.0 -I- 1.9 22.0 -I- 0. I 
1-1 (isoflurane I MAC) 6 43.0 + 2.4 54.2 + 1.7 22.1 + 0.1 
1-2 (isoflurane 2 MAC) 6 38.9 + 2.8 60.7 4- 1.2 22.2 4- 0.1 

(Mean + SEM). 

of ICG from the plasma through a photopiece 7 eliminates 
the blood sampling and delay of the original ICG test 
while providing an estimation of hepatic blood flow. With 
this instrument, the optical sensor utilizes two light- 
emiting diodes operating at 810 and 940 nm wavelength, 
and one photodiode to sample the transmittance of light 
through the tip of the index finger. Thus, the plasma dis- 
appearance rate of ICG is measured and expressed as 
K. The 15 min retention rate of ICG (Rts) is calculated 
from K. The aim of this study was to evaluate the effects 
of halothane and isoflurane on ICG clearance using the 
finger piece method. 

Methods 
We studied 24 adult patients undergoing elective minor 
oral or otolaryngeal surgery. Ethics Committee approval 
and informed consent were obtained. The patients were 
allocated randomly to four groups: Group H-l, H-2, I- 
1 and I-2 were given I MAC halothane (n = 6), 2 MAC 
halothane (n = 6), 1 MAC isoflurane (n = 6) and 2 
MAC isoflurane (n = 6), respectively. Concentrations of 
0.8% for halothane and 1.3% for isoflurane were con- 
sidered as 1 MAC. Patients with evidence of liver disease, 
either clinical or biochemical, or who had received an 
inhalation anaesthetic within three months, were ex- 
cluded. 

All patients were premedicated with midazolam (2.5 
mg ira) and atropine sulphate (0.5 mg im) at least one 
hour before entering the operating theatre. Anaesthesia 
was induced with thiamylal (5 mg- kg -I) followed by suc- 
cinylcholine (1 mg" kg -~) to facilitate tracheal intubation. 
The patients' lungs were ventilated mechanically with 
67% nitrous oxide (N20) in oxygen and the respective 
inhalational anaesthetic. End-tidal carbon dioxide con- 
centrations (PETCO2) were monitored (Capnomac@, 
Datex@, Helsinki, Finland) to maintain normocapnia 
and end-expired concentration of the inhalational anaes- 
thetics were measured (Normac@, Datex@, Helsinki, 
Finland) throughout the experiment. The ICG clearance 
was read from an ICG clearance meter RK-1000@ (Su- 
mitomo Electric@), following the intravenous injection 
of 0.5 rag" kg -j of ICG within 30 sec. 

The data are shown as the ICG disappearance rate 
(K) and the ICG retention rate 15 rnin after ICG injection 

(Ris). Before the surgical procedure, the measurements 
were performed prior to and 15 min after induction of 
each anaesthetic. Heart rate and blood pressure were 
monitored simultaneously. 

The data were analyzed to compare values obtained 
for each anaesthetic agent at various MAC values and 
for comparison between anaesthetic agents at comparable 
MAC values. Two-way analysis of variance and Duncan 
multiple-range testing were used, with significance defined 
as P < 0.05. All data are represented as mean + SEM. 

Results 
There were no differences among the groups in either 
age, body weight or body mass index (Table I). 

Haemodynamic changes, PETCO2 and ICG clearance 
before and after induction of anaesthesia in each group 
are shown in Table II. There were no differences among 
the groups in PETCO2; mean arterial pressure (MAP) 
was decreased in the H-2 (-26.5%), I-1 (-22.0%) and 
I-2 (-28.9%) groups after induction of anaesthesia. Only 
in the H-I group did MAP remain close to the pre- 
induction level during the study. The 2 MAC isoflurane 
group was the only group in which the heart rate in- 
creased 54.3% (P < 0.05) compared with the pre- 
anaesthesia value. The ICG disappearance rate (K) was 
reduced from 0.131 + 0.001 min -I in awake to 0.087 
-t- 0.001 min -I during 2 MAC halothane anaesthesia (P 
< 0.05). The ICG retention rate 15 rain after the ICG 
injection showed an increase from 14.3 + 0.5% in awake 
to 27.2 + 0.9% in the H-2 group (P < 0.05). The dif- 
ferences between the results with 2 MAC halothane and 
those in other groups were statistically significant (P < 
0.05). 

Discussion 
Indocyanine green clearance techniques can be used to 
estimate hepatic blood flow (HBF) and hepatic function, s 
Because the conventional ICG clearance test requires 
multiple blood sampling and several hours for processing 
before receiving the results, it is unsuitable for practical 
and non-invasive clinical measurement. Our previous 
study found that the ICG clearance meter test can be 
performed quickly and non-invasively. 9 

Knowledge of the hepatic extraction ratio for ICG is 
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TABLE II Haemodynamics, PETCO 2 and ICG clearance during halothane and isoflurane anaesthesia 

Halothane lsoflurane 

Awake 1 MAC Awake 2 MAC Awake 1 MAC Awake 2 MAC 

HR (bpm) 70.2 + 3.5 76.0 + 1.6 77.0 + 2.2 72.7 + 1.6 73.8 + 1.3 
sBP (mmHg) 123.0 4- 4.0 113.4 + 4.3 120.0 -1- 3.0 87.7 -t- 2.0 *a 130.0 -t- 2.1 
dBP (mmHg) 76.0 + 1.6 72.2 4- 2.7 73.0 + 3.2 53.3 -t- 2.6 *a 78.0 4- 2.3 
MAP (mmHg) 91.4+2.3 85.8+3.2 88.7+3.1 64.7+2.4 *a 76.2+8.7 
PETCO 2 (mmHg) 38.1 + 0.1 39.0 + 0.2 
K 0.120-t-0.003 0.114-t-0.004 0.131-t-0.001 0.087+0.001"I" 0.135-1-0.004 
Ri5(% ) 17,1 4- 0.9 19.6 -1- 1.2 14.3 -I- 0.5 27.2 -I- 0.9"1" 14.2 4- 1.2 

75.8 4- 2.8 60.5 + 1.4 93.3 -I- 4.8 *b 
98.0 + 2.5 *a 120.8 + 2.2 91.3 :i: 2.5 *a 
54.3 + 0.9 ~ 67.8 + 2.7 43.5 4- 1.2"" 
69.3 + 0.8*" 86.8 4- 2.4 61.5 -I- 1.4 *~ 
38.5 + 0.1 38.4 + 0.2 

0.144-t-0.003 0.124-t-0.006 0.124-1-0.007 
11.9+0.6 18.4-t-2.3 18.7+2.8 

(Mean 4- SEM) 
K = ICG disappearance rate; RI5 = ICG retention rate 15 rain after the injection of ICG. 
*P < 0.05 vs control in corresponding anaesthetic 
I"P< 0.05 vs I or 2 MAC isoflurane in corresponding stages. 
ap < 0.05 vs 1 MAC halothane in corresponding stages. 
bp < 0.05 vs other three groups in corresponding stages. 

necessary to measure liver blood flow quantitatively, be- 
cause such a dye removal test reflects the blood flow, 
uptake, intracellular binding, metabolic transformation, 
and biliary excretion. I f  any of these physiological func- 
tions is impaired, systemic retention of  the dye will occur. 
Although it is impossible to determine the accurate HBF 
changes by ICG clearance without knowing the hepatic 
extraction rate, fluoroscopic hepatic catheterization is not 
performed so that traumatic insertion and irradiation are 
avoided. However, the ICG clearance technique has been 
used as a reliable method to estimate H B F  in humans 5,6,1~ 
and animals. ~l Thus, non-invasive ICG clearance test can 
provide valuable information concerning intraoperative 
hepatic blood flow. 

Our present study shows that during 1 MAC 
halothane-N20, l and 2 MAC isoflurane-N20 in humans 
ICG clearance is maintained. Only the use of 2 MAC 
halothane-N20 caused reduced ICG clearance despite a 
similar degree of M A P  depression in the 2 MAC 
isoflurane-N20 group. Because halothane and isoflurane 
show a different degree of myocardial depression even 
at the same MAC, the possibility that halothane reduces 
the ICG clearance by decreasing cardiac output may exist. 
Therefore, it is difficult to determine whether halothane 
causes the delayed ICG clearance directly or indirectly 
because we did not measure cardiac output in the present 
study. Cousins et  al. 6 reported that 0.5% halothane-N20 
did not cause any changes in ICG clearance in humans. 
Their results are in agreement with our data of  1 MAC 
halothane-N20 but  they did not perform a dose-response 
study and their measurements were performed following 
laparotomy. 

The effects of  anaesthetics on hepatic blood flow 
(HBF)  have not been studied extensively in humans with- 
out surgical stimulation. It has been reported that lapa- 
rotomy per se caused a greater decrease in hepatic blood 

flow than anaesthetics, t2 Controlled ventilation ~s and 
application of PEEP  t4 reduce portal venous blood flow 
or HBF, respectively. In humans, it has been reported 
that anaesthetic induction using either thiopentone- 
succinylcholine t2 or thiopentone-fentanyl-paneuronium s 
decreases H B F  by 20%. It remains difficult to distinguish 
the effects caused by either ventilation or induction of 
anaesthesia from other factors, but  the present study was 
designed to minimize the effects of  other factors. Thus, 
the differences between the groups seems to be attrib- 
utable to the differential effects of  the anaesthetic agents 
and dosages. 

Hepatic arterial blood flow shows pressure-flow au- 
toregulation in the normal animals but not during severe 
fasting. ~S Under physiological conditions, portal blood 
flow (PBF) changes modulate hepatic arterial tone to 
maintain total hepatic blood flow. ~6 This phenomenon 
is called the "hepatic arterial buffer response," and its 
sensitivity to inhalational anaesthetics is currently under 
investigation. Halothane impairs this response and de- 
creases H B F  secondary to reductions in both portal blood 
flow and hepatic arterial blood flow in animal stud- 
ies. i-3,17-19 

In dogs, Gelman et  al. 3 reported that the hepatic ar- 
terial buffer response was maintained during isoflurane 
anaesthesia; the decrease in PBF was compensated by 
the increase of  hepatic arterial blood flow. Although ICG 
clearance did not correlate with changes in liver blood 
flow in their experiment, they observed that ICG clear- 
ance decreased during halothane anaesthesia and did not 
change during isoflurane anaesthesia. Their findings 
agree with the present study. However, the effect of iso- 
flurane on hepatic blood flow has been debated. Bernard 
et  al. 2~ observed no change in H B F  during isoflurane 
anaesthesia in the chronically instrumented dogs. Frink 
et  al. 17 observed a decrease in PBF  and total hepatic 
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blood flow in greyhounds, though the effect of isoflurane 
was less than that of halothane. These conflicting results 
may be due to the differences of breeds (mongrel dog 
vs greyhound) or techniques for estimating HBF (elec- 
tromagnetic flow probe vs pulsed Doppler flow probe 
vs labeled microspheres). 

In humans, Goldfarb et al. 5 observed a non-significant 
20% decrease in HBF during 1 MAC halothane anaes- 
thesia, and an increase (+40%) during 1 MAC isoflurane 
anaesthesia with nitrous oxide, using conventional ICG 
and fluoroscopic hepatic catheterization. However, some 
methodological difficulties may have existed in their study 
because they changed the position of the Swan-Ganz 
catheter from the pulmonary artery into a hepatic vein 
at each measurement and the timing of blood samplings 
for measuring ICG clearance was not mentioned. More- 
over, only a single dose of each anaesthetic was studied. 
They reported that ICG clearance decreased during 1 
MAC halothane anaesthesia and postulated that the ef- 
fects of halogenated agents stem from direct effects on 
the splanchnic circulation. In the present study, only 2 
MAC halothane induced delay of ICG clearance; neither 
1 MAC or 2 MAC isoflurane resulted in any deterio- 
ration. The difference between our results and Goldfarb 
et al. may have been due to the different techniques for 
measuring ICG clearance. 

In conclusion, it appears that isoflurane and halothane 
cause different types and degrees of liver circulatory dis- 
turbance. We suggest that isoflurane at 2 MAC has a 
less deteriorative effect on liver circulation than does hal- 
othane in humans. The finger piece ICG test is useful 
to evaluate a liver circulation in operating room because 
it is non-invasive and convenient. 
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