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Abstract Graft oxygenation plays 
an important role in successful liver 
transplantation. Intraoperative 
changes in the oxygenation state of 
the liver graft were measured by 
near infrared spectroscopy in 
28 cases of living related liver trans- 
plantation. Oxygen saturation of 
hemoglobin in the liver (hepatic 
SO,) changed from 81.2 YO f 1.5 YO 
(mean f SEM) before donation (in 
the donor) to 49.7 YO k 4.2 YO after 
portal reflow, to 58.4 % f 5.0 YO after 
arterial reflow, and then to 
71.4 % f 3.9 % before c1osure:Mean 
hepatic SO, was positively correlat- 
ed with portal flow rate as measured 
by duplex Doppler sonography. 
Cases with low portal flow rate 
showed a high coefficient of varia- 
tion (SD/mean) of hepatic SO,, in- 
dicating heterogeneous tissue oxy- 
genation. Though graft size was ex- 

pected to affect the graft oxygen- 
ation state, hepatic SO, was fairly 
independent of the graft-to-recipi- 
ent weight ratio. In two cases with 
markedly low hepatic SO,, postop- 
erative graft dysfunction occurred. 
This study suggest that the method 
of near infrared spectroscopy is reli- 
able and useful for assessing the 
graft oxygenation state in liver 
transplantation. 
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Introduction 

In liver transplantation, adequate tissue oxygenation of 
the graft is essential to the initial functioning. Since the 
energy metabolism of the liver greatly depends on the ox- 
ygen supply that the hepatocytes receive through the por- 
tal vein and the hepatic artery, serious complications in 
the early postoperative period are primarily associated 
with insufficient blood flow to the graft liver [6, 10, 20, 
24,261. Clinically, duplex Doppler sonography has been 
widely used to measure the blood flow in the main ves- 
sels, including the portal vein, the hepatic artery, and the 
hepatic vein [14, 231. However, it is difficult to monitor 

the oxygenation state at the tissue level by duplex Dopp- ~ 

ler sonography. This technique can be erroneous, espe- 
cially in a case in which the intrahepatic blood flow is het- 
erogeneously distributed, since the flow rate measured in 
the main vessels does not always reflect the local tissue 
oxygenation. Even if a fairly high flow rate is main- 
tained, low-flow areas, which tend to remain ischemic, 
may suffer postoperative hepatocellular damage. 

Graft size is one special concern in living related liver 
transplantation because the size of the graft liver that 
can be donated from living relatives is restricted in size 
by the anatomical structures [l, 5, 19,22,25]. There are 
usually two options; lateral segment transplantation or 
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left lobe transplantation. The graft liver, however, may 
be too large for a small baby or too small for a large ado- 
lescent recipient. Graft function depends upon tissue ox- 
ygenation, which is determined by the balance between 
oxygen supply and consumption. In the case of a small 
graft, the oxygen consumption may exceed the oxygen 
supply due to the increased metabolic demand. In the 
case of a large graft, on the other hand, the graft may 
not receive an adequate supply of blood. It is, therefore, 
important to measure the oxygenation state at the tis- 
sue level, as well as the blood flow in the main vessels. 

Intersegmental differences pose another problem in 
living related liver transplantation, especially in left 
lobe transplantation. Since the safety of the donor has 
the highest priority, graft harvesting that jeopardizes 
the donor cannot be done. It is sometimes difficult to 
preserve the artery or the hepatic vein with the medial 
segment of the graft in the optimd condition for anasto- 
mosis due to anatomical variations [5, 16, 251. In such 
cases, the medial segment may be subject to ischemia 
or congestion. 

This study employed near infrared (NIR) spectrosco- 
py, a means of optical measurement that takes advantage 
of the ability of near infrared light to penetrate deep into 
tissue, something which visible light is unable to do. Pre- 
vious studies have dernonstratcd the utility of NIR spec- 
troscopy in detecting the oxygen saturation of tissue he- 
moglobin as an indicator of tissue oxygenation [3,8,12]. 
Since oxygen is transported to tissue exclusively by he- 
moglobin, a decrease in the oxygen saturation of tissue 
hemoglobin should be one of the earliest warnings of tis- 
sue hypoxia. The noninvasive, real-time NIR method 
has advantages for clinical application. In previous stud- 
ies, we introduced a new method using NIR spectrosco- 
py by which oxygen saturation of tissue hemoglobin can 
be quantitatively measured [12]. In this study, we assess 
the oxygenation state of the graft liver in living related 
liver transplantation by NIR spectroscopy. We further 
evaluate the clinical implications by comparing the data 
of oxygenation state with those of the blood flow to the 
graft liver measured by duplex Doppler sonography 
and with the recipient’s postoperative course. 

Materials and methods 

Subjects 

Twenty-eight cases of living related liver transplantation per- 
formed in Kyoto University Hospital were studied. Table 1 shows 
the profiles of the recipients and donors. Preoperative examina- 
tion revealed no abnormal findings in liver function in any of the 
donors. 

In cases in which the lateral segment was transplanted (S2 + 3), 
the left hepatic vein of the graft liver was anastomosed to the com- 
bined orifice of the left and middle hepatic veins of the recipient. 
In four out of six cases of left lobe transplantation (S2+3 +4), ei- 

Table 1 Clinical profiles of 28 cases of living related liver trans- 
plantation 

Recipients 
Age 

Sex 

Body weight 

Original disease 

Donors 
Age 

Relationship 

Graft weight 

Type of operation 
Lateral segment trans- 
plantation 
Left lobe transplantation 

3.5 k 0.7 years 
(range 3 months to 13 years) 
Male 7 
Female 21 
14.2 rt 2.2 kg 
(range 4.040.4 kg) 
Biliary atresia 
Intrahepatic cholestasis 
Wilson’s disease 
Fulminant hepatitis 
Liver cirrhosis 
Hypertyrosinemia 
Alagille’s syndrome 

32.9 +_ 1.1 years 
(range 2 5 4 0  years) 
Father 12 
Mother 16 
268.8 k 10.5 g 
(range 200-440 g) 

22 
6 

22 
1 
1 
1 
1 
1 
1 

ther the middle hepatic vein was included with the graft side and 
the common stem of the left and middle hepatic veins was used 
for anastomosis, or else the two hepatic veins were plastied to 
form a single orifice for anastomosis. In the other two cases 
(S2 + 3 + partial S4), the middle hepatic vein was left with the do- 
nor side. In one of these two cases, a relatively large hepatic vein 
was anastomosed to the recipient’s right hepatic vein as well as 
the left hepatic vein (two hepatic vein anastomosis). In the other 
case, a partial drainage vein of the medial segment was ligated. 
The portal vein of the graft liver was anastomosed to the recipi- 
ent’s portal venous trunk or to the confluence of the splenic vein 
and the superior mesenteric vein. Venous grafts were used in five 
cases. The hepatic artery of the graft liver was anastomosed to the 
right or left hepatic artery of the recipient using a microvascular 
surgical technique [16]. Two-artery anastomosis was performed in 
five cases. During the operation, the patients were ventilated with 
3 3 % 4 0 %  oxygen, and PaO, was maintained between 
100 mmHg and 250 mmHg. Circulation and ventilation were sta- 
ble in all recipients and donors at the time of measurement. Hemo- 
globin concentration in the peripheral blood was between 7 g!dl 
and 13 gldl. Although venovenous bypass was not employed dur- 
ing portal clamping, no intestinal congestion was observed. Uni- 
versity of Wisconsin (UW) solution was used to wash out all liver 
grafts. Cold ischemia time and warm ischemia time were 
71.0 i 9.2 min (mean i SEM) and 45.6 rt 3.1 min, respectively. 

NIR spectroscopy 

A photodiode scanner MCPD 1000 (Otsuka Electronics, Japan) 
with quartz optical fibers was used. Two optical fiber probes, one 
for light emission and the other for light detection, were brought 
into contact with the surface of the liver. The absorption spectrum 
was measured at wavelengths from 700 nm to1000 nm. 



113 

The spectral analysis has been described elsewhere [12]. The ef- 
fect of photon scattering on the absorption spectrum was corrected 
by the following equation: 

corrected %abs(A) = 117 {%abs(i)exp(1.927 % abs(1)) 
+ %abs(A)exp(0.827 % abs(1))) 

where %abs(A) represents %absorption at the wavelength of 1. 
Multicomponent curve fitting was performed to the corrected 

absorption spectrum, following the Beer-Lambert law (Fig. 1): 

O.D.(1) = L(A) (&,(A) [oxyhemoglobin] + E 2 ( 1 )  [deoxyhemoglo- 
bin] + e,(L)A[oxidized cytochrome aa,] + e,(jl)A[reduced cyto- 
chrome aa,] + a,(1) [blood-free liver] + a,@) [UW solution]} 

where O.D. represents optical density, absorbance of the liver; L 
represents mean light pathlength in the liver; and E 1-4, a 1-2 the 
extinction coefficient or absorbance of each component. 

Blood-free liver spectrum was measured at the back table after 
excision of the graft liver. Oxygen saturation of hemoglobin in the 
liver (hepatic SO,), and total content of hemoglobin in the liver 
(hepatic THb) were calculated as follows: 

hepatic SO, = [oxyhemoglobin] / ( [oxyhemoglobin] + [deoxyhe- 
moglobin] ) x 100 % hepatic THb = ( [oxyhemoglobin] + [deoxy- 
hemoglobin] ) /(the sum of all components' ratios) 

The changes in the hepatic THb were expressed relative to that 
of the donor before donation. Measurements were done at 10 or 
14 points along the anterior convexity of the graft liver at the fol- 
lowing times: (1)' before donation (in the donor), (2) after reflow 
of the portal vein, (3) after reflow of the hepatic artery, and (4) at 
the end of the operation. A coefficient of variation (CV = SDI 
mean) of hepatic SO, was used as a measure of heterogeneity of 
the tissue oxygenation. 

The blood flow in the main vessels was estimated by duplex 
Doppler sonography after arterial reflow and at the end of the oper- 
ation. Blood flow volume was calculated from the cross-sectional 
area and the mean velocity. The cross-sectional area was measured 
on the B-mode image, which was scanned perpendicular to the long 
axis of the blood vessel. The mean velocity was measured from the 
Doppler shift of the frequency corrected by the incident angle. Judg- 
ing from the portal flow rate of normal adults, reported as 16 ml/kg 
body weight, a flow rate under 8 mlikg body weight was defined as 
a decreased portal flow and higher rates as good portal flow [17]. 

Informed consent was obtained from the patients' parents and 
relatives. The study protocol was approved by the Ethics Commit- 
tee of Kyoto University and performed in accordance with the eth- 
ical standards laid down in the Declaration of Helsinki. 

All data were expressed as mean k SEM. Statistical analysis 
was performed by analysis of variance. A P value less than 0.05 
was considered significant. When analysis of variance showed a sig- 
nificant difference, Student's t-test was additionally performed. 

Results 

Figure 2 shows the changes in the mean and CV of he- 
patic SO, and the mean of THb. The mean values of 
the hepatic SO, and THb increased gradually following 
operative procedures. The CV of hepatic SO,, repre- 
senting the heterogeneity of tissue oxygenation, was 
the highest after portal reflow and gradually decreased 
thereafter. 

In 12 of the 28cases, duplex Doppler sonography 
demonstrated decreased portal venous flow (< 8 ml/kg 

5 I 

700 750 800 a50 900 950 1000 
Wave length (nm) 

Fig.l Typical absorption spectrum of the liver and the result of 
multicomponent analysis. The six components used were: oxyhe- 
moglobin (oxy Hb), deoxyhemoglobin (deoxy Hb), oxidized cyto- 
chrome aa3 (oxicyt aa3, reduced cytochrome (red cyt aa$, blood- 
free liver, and UW solution 

body weight) in association with spontaneous portosys- 
temic shunts and/or stenosis at the anastomotic site af- 
ter arterial reflow. Ligation of the shunts and/or reanas- 
tomosis of the portal vein were additionally performed 
in these case until a good portal flow image was ob- 
tained by duplex Doppler sonography. Patency of the 
hepatic artery and of the hepatic vein was verified by 
duplex Doppler sonography at the time of measure- 
ment in all cases. As shown in Fig.3, the mean hepatic 
SO, was significantly lower in cases of decreased portal 
flow than that in cases of good portal flow. The higher 
CV values of hepatic SO, in the case of decreased por- 
tal flow indicates that the tissue oxygenation was more 
heterogeneous in such cases. Figure 4 shows the rela- 
tionship between the portal flow rate and the hepatic 
SO2 in 29 measurements of 18 cases in which the flow 
rate at the postanastomotic site of the portal vein could 
be quantified by duplex Doppler sonography. A posi- 
tive correlation between them, apparently in two-phase 
fashion, was demonstrated; y = 6.24 x f 26.2, (portal 
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Fig.2 A The mean hepatic SO, 100 
value gradually increased after 
reperfusion. B In contrast, CV 8o ' 60 
mean hepatic THb value grad- 
ually increased. P < 0.001 for ,g 
time-coursc changes in hepatic 5 
SO, and CV (analysis of vari- 
ance). * P < 0.05; ** P < 0.01; 
*** P < 0.001 compared to the 
value before donation (un- 
paired t-test) 
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flow < 8 ml/kg body weight), y =  0.02 x k 76.2 (portal 
flow > 8 ml/kg body weight). 

Figure 5 shows the relationship between the mean 
values of hepatic SO, and THb at the end of the opera- 
tion and the graft-to-recipient weight ratio. Excluding 
two cases with extremely low mean values of hepatic 
SO,, which were probably due to the disturbed microcir- 
culation, the hepatic THb showed a negative correlation 
(y = 14.3 x ? 139.9, Y = 0.52, P < 0.01), indicating that 
relatively smaller grafts contained more blood. Howev- 
er, the correlation between hepatic SO, and the graft- 
to-recipient weight ratio was not statistically significant 

Table2 shows the comparison of hepatic SO, and 
THb in the lateral segment and in the medial segment in 
six cases of left lobe transplantation. Hepatic SO, in the 
medial segment was significantly lower than that in the 
lateral segment after portal reflow, although the values 
varied widely from case to case. A low hepatic SO, value 
was usually associated with a high hepatic THb value in- 
dicating that tissue congestion occurred in the medial 
segment. In one case in which the middle hepatic vein 
was left to the donor and a small drainage vein from the 
medial segment was ligated, the hepatic SO, in the medi- 
al segment was calculated as 0 YO after portal reflow and 
recovered to 53.4 % after arterial reflow, whereas those 
in the lateral segment were 58.5 Yo and 81.6 YO, respec- 
tively. Duplex Doppler sonography showed no blood 
flow after portal reflow and portal regurgitation after ar- 

(y = -2.3 x +81.9, Y = 0.28). 

terial reflow in the medial segment. The postoperative 
course was uneventful. In two out of the other five 
cases, the mean hepatic SO, values in the medial seg- 
ment were less than half of those in the lateral segment, 
but they increased to the same levels after arterial reflow. 

Figure 6 shows the relationship between the mean 
hepatic SO, at the end of the operation and the maxi- 
mal value of serum ALT on the 1st postoperative day. 
In two cases with extremely low mean hepatic SO, val- 
ues, the serum ALT level was markedly elevated. In 
one of these cases (# 1 in Fig. 6), duplex Doppler sonog- 
raphy showed that the blood flow in the main vessels 
was within the normal limit and that the intrahepatic 
color flow image was also good. However, the hepatic 
SO, value in one part of segment 3 did not increase. He- 
patic THb in the low hepatic SO, areas was 117.4% 
(mean), which was rather high compared with the he- 
patic THb value of 62 YO in the high hepatic SO, areas. 
Arterial ketone body ratio (AKBR; acetoacetatelp -hy- 
droxybutyrate) increased over 1.0 within 24 h after re- 
flow, which is a sign of good graft functioning [18, 191. 
Although the elevation of ALT was prolonged for a 
few weeks, the recipient recovered thereafter. In the 
other case of extremely low hepatic SO, (# 2 in Fig. 6), 
prolonged ischemia during the operation was probably 
the cause. No significant portal flow was obtained after 
reperfusion due to obstruction of the recipient's portal 
vein at the confluence and massive spontaneous spleno- 
renal shunts. Even though the portal flow became de- 
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Fig.3 A, B Differences in: A mean and B CV of the hepatic SO, 
between the groups of good (> 8 ml/kg body weight) and decreased 
(< 8 ml/kg body weight) portal flow as assessed by duplex Doppler 
sonography. The differences were significant after arterial reflow. 
* P < 0.01: ** P < 0.001 

tectable after reanastomosis of the portal vein and liga- 
tion of the collaterals, the hepatic SO, did not increase 
as efficiently as it did in other cases. The hepatic THb in- 
creases to as high as 507.7 YO at the end of the operation, 
which was extremely high compared with other cases, 
although the patency of the hepatic vein was proven by 
duplex Doppler sonography. The recovery of AKBR 
was delayed and the postoperative course was compro- 
mised. The patient died on the 20th postoperative day. 
In the other 26 cases, with hepatic SO, values higher 
than 60 YO , the patients had uneventful postoperative 
courses. AKBR increased over 1.0 within 24 h after re- 
flow in all of these cases. There was no statistically sig- 
nificant correlation between hepatic SO, and postoper- 
ative ALT level. 

100 0 
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I 

2 40 
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20 
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0 ' :  
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Portal flow rate (mlimin per kg body weight) 

Fig. 4 Relationship between portal flow rate and mean hepatic 
SO,. Data points represent 29 measurements in 18 cases in which 
the portal flow rate could be quantitated by duplex Doppler sonog- 
raphy: 14 points after arterial reflow and 15 points at the end of op- 
eration 

Discussion 

Studies indicate that NIR spectroscopy is a promising 
method for assessing the tissue oxygenation state [3, 8, 
121. Liver transplantation would be one useful clinical 
application of this technology since an adequate blood 
supply and tissue oxygenation of the graft is essential 
to its initial functioning [6, 10, 20, 24, 261. The positive 
correlation between the hepatic SO, value measured 
by NIR spectroscopy and the portal flow rate measured 
by duplex Doppler sonography indicates that the 
method employed in this study is a reliable one with 
potential application in the intraoperative assessment 
of the graft oxygenation state. The data shown in Fig. 4 
indicate that hepatic SO, sharply dropped when the 
portal flow rate decreased to under 8ml/kg body 
weight, whereas in the cases with the portal flow rate 
over 8ml/kg body weight, hepatic SO, was indepen- 
dent of the portal flow rate and was maintained at 
76.7% k 2.6Y0, as high as that before donation 
(81.2 YO f 1.5 Y ) .  It is, therefore, suggested that the 
portal flow rate should be kept over 8ml/kg body 
weight. The two-phased correlation between portal 
flow rate and hepatic SO, is attributed to the dual 
blood supply, which is characteristic of the hepatic 
circulation. The portal flow is superimposed on the he- 
patic arterial flow, which provides approximately half 
of the total oxygen supply to the liver, and the arterial 
flow is controlled under autoregulatory mechanisms to 
compensate for the decrease in portal flow [2]. The 
tissue oxygenation would, therefore, be maintained un- 
til the portal flow decreases to fairly low levels. In 
addition, since the oxygen saturation of the portal 
blood is lower than that of the arterial blood, an ex- 
tremely increased portal flow does not cause hepatic hy- 
peroxia. 
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The present method can measure the local tissue oxy- 
genation in areas as small as the optical fiber separation. 
The results demonstrated that the hepatic tissue was 
heterogeneously oxygenated at the times immediately 
after reperfusion and that the heterogeneity tended to 
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Fig.6 Relationship between hepatic SO, and postoperative ALT 
level. Two cases with extremely low hepatic SO, showed elevated 
serum ALT levels ( 0 ) 

remain in cases with a decreased portal flow rate. It is 
likely that the high-flow areas exist as functional intra- 
hepatic shunts and that the low-flow areas remain is- 
chemic. Such conditions must be unfavorable to graft 
function and may cause postoperative hepatocellular 
damage, even if the total hepatic blood flow is not criti- 
cally decreased. The heterogeneity of graft oxygenation 
shortly after reflow may be attributed to the disturbed 
microcirculation. It has been reported that ischemic-re- 
perfusion of the graft liver causes endothelial cell de- 
rangement and Kupffer cell activation, followed by the 
release of reactive oxygen compounds and various 
chemical mediators. These induce neutrophils and 
platelets to adhere to the sinusoidal lining cells and hy- 
percoagulability, leading to stagnant or stopped flow in 
the sinusoids [4, 151. Recent reports have suggested 
that the contraction of Ito cells, which are located in 
Disse’s space, contributes to the microcirculatory distur- 
bance in pathological conditions such as ischemia-reper- 
fusion [21]. 

Graft size is a serious concern in living related liver 
transplantation [ l ,  7, 9, 19, 221, since too small a graft 
cannot support the metabolic demand and too large a 
graft cannot be accommodated in the recipient’s abdo- 
men. It is possible that the graft-to-recipient weight ra- 

Table 2 Comparison of hepatic 
SO, and THb between the lat- 
era1 segment and the medial 
segment in six cases of left lobe 
transplantation 

Hepatic so, (%.> 

Lateral segment 
Medial segment 
HeDatic THb (‘YO) 

Portal reflow Arterial reflow End of operation 
63.8 k 3.5 79.5 k 3.1 81.3 ? 4.1 
40.9 * 14.9* 74.8 * 5.4 74.0 k 7.4 

\ ,  

Portal reflow Arterial reflow End of operation 
129.3 * 14.0 109.3 k 17.5 122.0 k 14.3 

120.6 * 19.5 137.2 k 19.8 141.7 * 15.4 

* P < 0.05 for the difference be- 
tween the segments (Student’s 
t -test) 

Lateral segment 
Medial segment 
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tio is a factor affecting graft oxygenation. In a case with 
large graft size relative to recipient weight, the oxygen 
supply per unit tissue ought to decrease, since the por- 
tal flow is dependent upon the recipient weight rather 
than upon the graft size. On the other hand, in a case 
with small graft size relative to recipient weight, oxygen 
consumption per unit tissue ought to increase, due to 
the relatively increased metabolic load to the graft liv- 
er. Since the tissue oxygenation state is determined by 
the balance between oxygen supply and consumption, 
both cases can result in a low oxygenation state. As 
shown in Fig. 5 ,  however, only a slight correlation, prob- 
ably with no clinical significance, was demonstrated 
with hepatic SO,, while hepatic THb was fairly depen- 
dent upon the graft-to-recipient weight ratio. These re- 
sults suggest that oxygen supply and consumption com- 
pensate for each other, with the result that the tissue ox- 
ygenation state is fairly independent of the graft-to-re- 
cipient weight ratio. For example, in a case of a low 
graft-to-recipient weight ratio, the blood supply was 
high, but the oxygen consumption was also high to 
keep the oxygenation state at nearly constant levels. 
The same was true in a case of high graft-to-recipient 
weight ratio. Although the lower limit of the graft size 
is unknown, there are reports of successful results with 
(graft weight) / (recipient’s estimated liver weight) of as 
little as 0.46 and 0.27 [7, 91, which correspond to the 
graft-to-recipient weight ratio of approximately 1.1 % 
and 0.7 %, respectively. This study showed that as long 
as the ratio is between 0.8 YO and 6 ‘70, the graft oxygen- 
ation state is quite constant. 

The assessment of intersegmental differences by NIR 
spectroscopy is of great use in left lobe transplantation. 
Although the number of trials was small, this study sug- 
gests that the drainage vein from the medial segment 
should be kept patent even if it is a small segmental 
vein. It is also suggested that reconstruction of the ar- 
tery to the medial segment is important, especially in 
cases of poor venous drainage. Arterial reconstruction 
is sometimes difficult in cases in which the artery to the 
medial segment originates separately from the artery to 

the lateral segment. The microvascular surgical tech- 
nique was of great help in such cases [16]. 

The ultimate purpose of clinical examination is to 
predict postoperative graft function. In this study, since 
the liver graft was donated from a healthy donor and im- 
mediately implanted in a recipient, pre-existing or pres- 
ervation liver injury was minimal. Although the number 
of cases with complicated postoperative courses was 
very small for these very reasons, the serum ALT level 
was significantly elevated, or the postoperative course 
was compromised, in two cases with very low mean he- 
patic SO, values, suggesting that hepatic SO, is possibly 
useful as a prognostic parameter. Previous reports sug- 
gest that the sinusoidal lining cells are the site most vul- 
nerable to ischemia-reperfusion injury and that dis- 
turbed microcirculation is one of the main factors lead- 
ing to subsequent hepatocellular damage [4, 13, 151. 
Our previous study showed that prolonged liver is- 
chemia prevents redox recovery after reflow, especially 
in areas with the greatest concentration of hemoglobin 
[l l] .  This would suggest that in these two cases the hy- 
poxic areas detected by NIR spectroscopy showed low 
hepatic SO, values and high hepatic THb values, mean- 
ing that tissue congestion had occurred in spite of pa- 
tient hepatic veins. It is speculated that local stagnation 
of the intrahepatic blood flow caused tissue congestion 
and hypoxia, resulting in postoperative hepatocellular 
damage. 

The technical advantages of NIR spectroscopy - that 
it is rapid, noninvasive, and simple to use - make it suit- 
able for clinical use. This study has shown that the graft 
oxygenation state measured by NIR spectroscopy corre- 
lated well with portal blood flow as measured by duplex 
Doppler sonography and with the recipient’s postopera- 
tive course. With further improvement, it would be pos- 
sible to expand the use of this technology to postopera- 
tive monitoring after liver transplantation. It is conclud- 
ed that NIR spectroscopy is a reliable method for mea- 
suring the oxygenation state of the liver graft and poten- 
tially useful as a prognostic parameter in liver transplan- 
tation. 
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