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Abstract Liver function reserve estimation is important
for selecting the appropriate patients for hepatectomy or
ablation of tumors. Many liver function tests have been
devised, but the indocyanine green (ICG) clearance test
remains the most popular for its simplicity and perhaps
accuracy. Compared with the Child—Pugh classification,
the ICG retention value at 15 min (ICGR-15) after intra-
venous injection provides more information. Though a
significant difference in ICGR-15 has been observed
between patients with Child—Pugh A and B liver function,
the hospital mortality rates following partial hepatec-
tomy are not significantly different between the two
groups. Yet, ICGR-15 values can differentiate patients with
or without hospital mortality. The cutoff values of ICGR-
15 for a safe major and minor hepatectomy are 14 and
22%, respectively.

Keywords Liver function - Indocyanine green
clearance test - Hepatectomy - Hepatocellular carcinoma

Introduction

The liver is one of the largest organs in the body. Liver
failure leads to impaired protein synthesis, accumulation of
metabolic waste, clotting deficiency, and a predisposition
to infection. Resection of a normal liver up to 75% of the
total volume is not fatal because the liver regenerates
rapidly [1, 2]. However, in most of the situations that
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necessitate partial hepatectomy, i.e., liver tumor, the liver
is abnormal, its functional reserve is reduced, and regen-
eration is slow or absent. Resection of abnormal liver is
therefore risky. In the past few decades, the results of
partial hepatectomy of abnormal liver have improved
[3, 4]. Better selection of patients based on liver function
status could have been the most important contributory
factor to the success. However, an accurate, yet practical
and cost-effective liver function measurement has not been
clearly defined. In this review, our views and experience on
liver function reserve estimation are presented.

Causes of liver injury

The liver can be destroyed by disease, drugs, or chemicals.
Excessive inflammatory reaction to injury ultimately leads
to fibrosis and cirrhosis. In such situations, the liver func-
tion is impaired because hepatocyte perfusion is reduced by
the increased amount of extracellular matrix and decreased
vascular space. Chemotherapy-induced liver toxicity is
now recognized as an important cause of liver failure after
hepatectomy in patients with colorectal cancer metastasis
[5]. Liver tumor itself seldom induces liver damage unless
the tumors are numerous or occlude the inflow and outflow
vessels of the liver or bile duct.

Routine laboratory tests

Liver function can be assessed readily by routine labora-
tory tests. Serum albumin and bilirubin levels are surrogate
markers of synthetic and excretory functions, respectively.
Platelet and white cell counts are reflective of portal
hypertension. Measurement of the blood ammonia level is
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rarely performed, except in cases of hepatic encephalopa-
thy. Raised serum alanine aminotransferase and aspartate
aminotransferase levels are indicative of ongoing hepato-
cyte destruction rather than actual liver function. Instead,
the prothrombin time or the international normalized ratio
is a real-time reflection of liver function. Hypoglycemia
rarely occurs unless the patient is in fulminant hepatic
failure. Some of these tests have been incorporated in the
Child-Pugh classification of liver function (A, B, C) and
the “degree of liver damage” scoring system (A, B, C)
designed by the Liver Cancer Study Group of Japan [6]. In
both systems, only patients with “A” liver function are
considered suitable for partial hepatectomy, while patients
with “B” liver function are borderline cases. An intrinsic
problem of both systems is that subjective parameters, such
as ascites and hepatic encephalopathy, are included and
these render the assessment less accurate. To eliminate the
subjective parameters, the aspartate aminotransferase/pla-
telet count ratio index, which is a biochemical surrogate for
histological fibrogenesis in cirrhosis, may be an alternative
[7]. It was shown to be predictive of posthepatectomy liver
failure. Another approach based on readily available lab-
oratory tests is the model for end-stage liver disease
(MELD) score [8], which incorporates the international
normalized ratio, serum bilirubin level, and serum creati-
nine level in the -calculation. The disadvantage of
employing the MELD score is that many hepatectomy
patients have normal serum creatinine concentrations,
resulting in most of the patients having a low MELD score.
Thus, the range of MELD scores that has been used for the
prediction of posthepatectomy survival is quite narrow [9].
Nevertheless, if patients have underlying or hidden renal
disease, they run a higher chance of dying from the oper-
ation. Indeed, impaired renal function has been identified to
be an important prognostic factor after hepatectomy [10].
Patients with impaired renal function should not be subject
to hepatectomy unless perioperative hemodialysis is
planned.

Indocyanine green clearance test

The indocyanine green (ICG) clearance test is the most
commonly used liver function test in Asia [11] and is
increasingly used in other parts of the world. ICG is a
harmless dye, but occasionally an allergic response to it has
been observed after intravenous administration. After
intravenous administration, it binds completely to albumin
and f-lipoprotein and is exclusively removed by the liver
and excreted unchanged in bile without any entero-hepatic
circulation [12]. It is mainly a measurement of the liver
blood flow and a reflection of intrahepatic portovenous
shunt and sinusoidal capillarization [13]. The ICG retention

value at 15 min (ICGR-15) after intravenous injection is
about 10% in normal persons. The ICG clearance test result
has been used singly or in combination with other param-
eters in recommendations for the extent of hepatectomy.
When the test is used alone, the cutoff value of ICGR-15
after intravenous injection allowing a safe major hepatec-
tomy is 14% [14]. With experience, the cutoff value for a
safe major hepatectomy can be pushed to 17%, but only in
relatively young patients and those with adequate remnant
liver volume [15]. Limited resection (without sacrifice of
nontumorous liver) may be allowed for higher ICGR-15
values. The upper limit was set at 40% by Makuuchi et al.
[16]. Combined with the serum bilirubin level and findings
of ascites, the ICGR-15 has been incorporated in a decision
tree for determination of the extent of hepatectomy. An
almost zero percent hospital mortality rate has been
achieved in a large series of patients selected for hepa-
tectomy based on the decision tree [17].

Compared with the Child—Pugh classification, the ICG
clearance test appears to provide more information
(Fig. 1). Although a significant difference in median
ICGR-15 values has been observed between Child—Pugh A
and B hepatocellular carcinoma patients, a wide range of
ICGR-15 values was seen in both groups of patients.
Taking ICGR-15 as a true reflection of liver function, the
patients classified as Child-Pugh A or B were actually
quite heterogeneous in terms of their liver functions. It is
therefore not unexpected that the difference in the hospital
mortality rates between Child-Pugh A and B patients
undergoing hepatectomy was not significant (4.3 vs. 7.7%,
P = 0.242). However, based on ICGR-15 cutoff values of
10, 14, and 17%, significantly higher hospital mortality
rates were observed in patients with higher ICGR-15 values
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(Child-Pugh A and B patients, 2.4 vs. 5.8%, P = 0.007;
3.5 vs. 6.3%, P=0.043; and 3.6 vs. 7.7%, P = 0.01,
respectively), indicating that ICGR-15 values are more
predictive of the outcome than the Child—Pugh classifica-
tion in hepatocellular carcinoma patients undergoing hep-
atectomy. Based on the data of our patients, the ICGR-15
cutoff value for a safe major hepatectomy is 14% and that
for a minor hepatectomy is 22%. An added benefit of the
ICG clearance test is that 64% of Child—Pugh class B
patients had an ICGR-15 of <22% (Fig. 1). If such patients
had been evaluated by the Child—Pugh classification alone,
they would not have been considered for hepatectomy.

While clinically useful, the ICG retention value should
be interpreted with caution. Falsely high retention values
are seen in patients with portal vein obstruction, bile duct
obstruction, and Gilbert syndrome. Before a patient is
declined for hepatectomy because of a high ICG retention
value, careful evaluation of imaging and history is neces-
sary. Surgeons should look for possibilities of improving
the ICG retention value, thus maximizing the patient’s
chance of receiving meaningful treatments. Treatments that
may improve the ICG clearance include antiviral therapy,
biliary decompression, and portal vein tumor thrombus
extraction or portal vein resection. The limitation of the
ICG clearance test is that it is not routinely available in
many hospitals. To replace laborious measurement and
repeated blood-taking, infrared digital measurement based
on pulse spectrophotometry is now used at the bedside and
has proven to be convenient and accurate in predicting
postoperative liver failure [18-20]. Excellent correlation
has also been shown between the standard and pulse
spectrophotometry methods [21]. Measuring the elimina-
tion constant of ICG by pulse spectrophotometry may
emerge as the most convenient bedside dynamic liver
function test.

Other liver function tests

Many quantitative estimations of liver function based on
the principle of clearance of substrate by the liver have
been developed. The substrates include lidocaine [22],
galactose [23], aminopyrine [24], amino acid [12], and
methacetin [25]. Tests based on these substrates have not
been shown to be superior to the ICG clearance test in the
prediction of posthepatectomy liver failure or complica-
tions. There are also tests that are based on the energy
production of the liver (arterial ketone body ratio; AKBR)
[26, 27] and the number of receptors for asialoglycoprotein
(ASGP-R; technetium-99m-galactosyl human serum albu-
min; 99mTc-GSA scan) [28, 29]. The AKBR test requires
sampling from arterial blood and is therefore inconvenient.
The 99mTc-GSA scan may accurately reflect functional
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liver mass, since ASGP-R is absent from fibrous tissue in
chronic liver disease [29]. A good correlation of the
99mTc-GSA scan result with ICGR-15 has been shown.
However, the 99mTc-GSA scan is expensive and therefore
lacks popularity.

Clinical implications of liver function tests

The major practical value of liver function tests is the
estimation of operative risk from partial hepatectomy [12]
or an ablation procedure [30]. Patients with poor liver
function reserve are more likely to succumb because of loss
of functional liver mass and poor tolerability to general
anesthesia, the stress of the operation, and bleeding. Esti-
mation of the adequacy of the residual liver volume is
therefore an important parameter, in addition to measure-
ment of liver function, in the overall preoperative evalua-
tion. Both the quantity and the quality of the liver remnant
are important considerations. Measurement of the remnant
liver volume can be accurately performed by computed
tomography or magnetic resonance imaging. Assessment
of the adequacy of liver volume for postoperative survival
can be based on the estimated standard liver volume of an
individual [31] or the amount of nontumorous liver on
computed tomography volumetry. If the latter is difficult to
estimate because of an indistinct boundary between the
tumor and the normal liver, then the estimated standard
liver volume would be a better denominator for the cal-
culation of the required remnant liver volume. For a normal
liver, a residual liver volume of 25% of the estimated
standard liver volume would be sufficient for postoperative
survival [1]. For an abnormal liver, a larger volume (35—
40%) is required [32].

To assess the quality of the remnant liver, liver biopsy
has been advocated. This invasive procedure may be
replaced by transient elastography [33], but the prediction
of postoperative outcome by the findings of transient
elastography has not been established.

The reason that researchers continue to develop new
liver function tests even up to this day is because none of
the liver function tests currently available are absolutely
correct in predicting the postoperative outcome. The
deficiency does not lie in the tests themselves, but in the
perception of many surgeons that the remnant liver can
tolerate all intraoperative insults and the patient can
survive if the liver function is normal preoperatively. In
fact, postoperative liver function deterioration is due to
many inter-related intraoperative and postoperative
events. Technical errors, e.g., massive bleeding, pro-
longed inflow occlusion, prolonged outflow occlusion,
residual necrotic liver tissue, and biliary leakage, are
conducive of postoperative liver failure even if the initial
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liver function was normal [34] (Fig. 2). It is not sur-
prising, therefore, that immediate postoperative liver
function assessments are highly predictive of liver failure
[35-37], but such postoperative liver function assess-
ments are not relevant for selecting the appropriate
patients for hepatectomy. To ensure uniform success,
meticulous attention to detail in all surgical endeavors is
of paramount importance. The estimation of liver func-
tion reserve is only part of the overall management and
only part of the contribution to the selection of appro-
priate patients for hepatectomy.
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