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Assessment of hepatic reserve for indication of hepatic resection:
how I do it
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years. Surgery, including hepatic resection and liver
transplantation, is the only hope to cure patients of
HCC. However, in Taiwan, liver transplantation is only
available for a limited number of patients with HCC
because organ donation is lacking. Therefore, hepatic
resection has become the most important therapeutic
option to cure patients of HCC.

Currently, the overall surgical mortality of hepatec-
tomy has been reduced to less than 5%.1,2 However,
most of the post-hepatectomy hepatic failures and mor-
tality occur in cirrhotic patients. In Taiwan, 60%–70%
of the HCC patients have hepatitis B, and another
20%–30% of the HCC patients have antibody to hepa-
titis C.3,4 Therefore, 50%–70% of the patients with HCC
are associated with liver cirrhosis.3,4 How to evaluate the
liver function exactly in these cirrhotic patients, and
how to estimate the hepatic reserve after hepatectomy
to prevent liver failure is very important.

Monoethylglycinexylidide (MEGX) is formed from
the metabolism of lidocaine by oxidative N-
deethylation by the hepatic cytochrome P-450 system.
Its formation is a novel quantitative liver function test
and has proven to be a highly sensitive and specific
indication of liver dysfunction.5,6 The rate of MEGX
formation decreases in patients with chronic liver dis-
eases, and increases when liver function recovers. Liver
volume can be measured by computed tomography, and
the parenchymal resection rate can be calculated preop-
eratively. By correlating the findings of remnant liver
volume after hepatectomy and MEGX formation, liver
function reserve after a hepatectomy can be estimated,
to prevent postoperative liver failure for cirrhotic livers.

Patients and methods

Patients

Sixteen patients, 14 men and 2 women, who had hepatic
resection for HCC at Chang-Gung Memorial Hospital
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors in Taiwan, and has been the
leading cause of cancer death for male patients in recent
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from August to December 2003, were enrolled in this
study. The age range of the patients was 34 to 71 years,
with a median of 57.5 years. All patients had cirrhotic
livers, proved by the pathologic pictures. Thirteen pa-
tients (81.3%) were positive for surface antigen of hepa-
titis B, 2 patients (12.5%) had antibodies to hepatitis C,
and 1 patient showed dual positivity for surface antigen
of hepatitis B and antibody for hepatitis C.

Quantitative liver function test

The lidocaine metabolite, MEGX, was used as a quan-
titative liver function test. Lidocaine, 1mg/kg body
weight, was injected intravenously over a 1-min period.
Venous blood samples were taken before and 15 min
after the lidocaine injection for the measurement of
MEGX formation. MEGX formation was measured by
fluorescence polarization immunoassay (Abbott Labo-
ratories, North Chicago, IL, USA) as previously de-
scribed elsewhere.5 All the patients in this study had the
MEGX formation test preoperatively and on the first
postoperative day. The percentage of liver function
reserve was calculated as: (preoperative MEGX forma-
tion/postoperative MEGX formation) � 100%.

The percentage of liver resection

The whole liver volume and tumor volume were mea-
sured by computed tomography volumetry. The volume
of resected liver was measured by water displacement.
The percentage of parenchymal resection was calcu-
lated as: (resected liver volume — tumor volume)/
(whole liver volume — tumor volume) � 100%. The
percentage of remnant liver volume was equal to (1-
parenchymal resection percentage) � 100%.

Statistics

The relationship between remnant liver volume and
quantitative liver function was determined by linear
regression. Hospital stay in two groups with different
MEGX levels was compared by the Mann-Whitney
rank sum test. An r2 value of more than 0.25 and P value
less than 0.05 were considered statistically significant.

Results

Hepatectomy and liver volume

Based on the design of this study, whole liver volume,
tumor volume, and resected liver volume were deter-
mined. The median (interquartile range) volume of
whole liver in the patients was 1124.5 cm3 (1044 to
1215 cm3). The median (interquartile range) volume of
the tumor was 47.5 cm3 (20 to 134cm3). The types of

hepatic resection included six right hemihepatectomies,
four left hemihepatectomies, and six segmentectomies.
The median (interquartile range) volume of resected
liver was 295 cm3 (162.5 to 750cm3). The median per-
centage (interquartile range) of liver parenchyma resec-
tion was 24% (11.9% to 53.8%). Therefore, the median
percentage (interquartile range) of remnant liver
parenchyma was 76% (46.3% to 88%). The median
(interquartile range) amount of blood loss during op-
erations was 450ml (250 to 650 ml). Only four (25%)
patients had blood transfusion. The amount of blood
transfusion was less than 2 units of whole blood in each
of the four patients.

Quantitative liver function

The median (interquartile range) value of preoperative
MEGX formation was 64.8ng/ml (56.4 to 83ng/ml).
After the operation, MEGX formation was measured
again on the first postoperative day. The median
(interquartile range) value of postoperative MEGX for-
mation was 35.8ng/ml (27 to 54.8 ng/ml). The median
(interquartile range) ratio of postoperative MEGX for-
mation to preoperative MEGX formation was 66.1%
(44.9% to 85.2%).

Relationship between remnant liver volume and
MEGX formation

To assess postoperative liver function to prevent liver
failure, we tried to find the relationship between rem-
nant liver volume and liver function. By regression, a
linear relationship between the percentage remnant
liver volume and ratio of MEGX formation after
hepatectomy was found (Fig. 1). The linear regression
equation was:

(Postoperative MEGX formation/
preoperative MEGX formation) � 100%
� (0.688 � percentage of remnant liver volume
� 0.179) � 100% (r2  � 0.49)                       (Eq. 1)

Because the percentage of remnant liver volume could
be estimated preoperatively and the preoperative
MEXG formation was already known, postoperative
MEXG formation could be calculated.

Relationship between international ratio (INR) of
prothrombin time and MEGX formation

Prothrombin time is a sensitive indicator of liver func-
tion. To further understand the meaning of the postop-
erative MEGX level, the relationship between MEGX
formation and INR of prothrombin time was deter-
mined. By regression, a linear relationship between
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MEGX formation after hepatectomy and INR of pro-
thrombin time was found (Fig. 2). The linear regression
equation was:

INR � 1.99 � 0.01 � MEGX (r2  � 0.30)         (Eq. 2)

Thereafter, when the post-hepatectomy MEGX level
was determined, the INR of prothrombin time could be
estimated.

MEGX level and post-hepatectomy course

To determine whether the MEGX level could be used
to predict the post-hepatectomy course of our patients,

the postoperative hospital stay of patients with an
MEGX level of less than 30ng/ml was compared with
that of the patients with an MEGX level of 30ng/ml or
more. Excluding one patient with surgical mortality,
five patients had an MEGX level of less than 30ng/ml,
and ten patients had an MEGX level of 30ng/ml
or more. The median (interquartile range) duration of
postoperative hospital stay for the patients with an
MEGX level of less than 30ng/ml was 20.0 days (18.5
to 23.8 days), which was longer than the 9.0 days (9.0
to 11.0 days) in the patients with an MEGX level of
30ng/ml or more (P � 0.003).

Discussion

Hepatic resection is the first choice of treatment for
HCC, and has the best results among the therapeutic
options. Along with the progress of surgical techniques,
the surgical mortality of hepatic resection is less than
5% currently. However, most surgical mortality occurs
in patients with cirrhotic livers, and the incidence of
surgical mortality of hepatic resection is as high as 15%
in patients with cirrhotic livers.8–11 How to assess the
postoperative functional reserve of a cirrhotic liver
preoperatively to prevent hepatic failure is always an
important issue in liver surgery. In this study, we dem-
onstrate that the postoperative functional reserve of
a cirrhotic liver can be estimated preoperatively
by determining quantitative liver function and liver
volume. The estimation of postoperative functional
reserve can be calculated by the equations shown in this
study.

According to the equations we demonstrated in this
study, the postoperative MEGX level can be calculated
if the parenchymal resection range is decided. Accord-
ing to the MEGX level, the postoperative INR of pro-
thrombin time can also be calculated, and postoperative
hospital stay can be estimated. In the literature, some
guidelines have been described for a feasible range of
hepatic resection in a cirrhotic liver.12 However, these
guidelines can only provide a rough range of parenchy-
mal resection, and cannot indicate the maximal percent-
age resection of liver parenchyma accurately for an
individual patient. The equations in this study can be
used to calculate the maximal percentage resection of
the parenchyma that will not cause severe liver dysfunc-
tion for an individual patient.

Determination of MEGX, formed from the metabo-
lism of lidocaine via oxidative N-deethylation in the
liver, is a novel quantitative liver function test. MEGX
formation has been used effectively to assess liver
function in children,13 liver donors, and liver transplant
recipients.14 It is also useful for predicting the develop-
ment of complications in cirrhotic liver diseases,15–17 and

Fig. 1. The relationship between percentage of remnant liver
volume and ratio of postoperative monoethylglycinexylidide
(MEGX) level. A linear relationship was found between the
percentage of remnant liver volume and the ratio of the post-
operative MEGX level. Op, operation

Fig. 2. The relationship between MEGX level and interna-
tional ratio (INR) of prothrombin time. The MEGX level has
a linear relationship to INR of prothrombin time
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for predicting 1-year pretransplant survival in patients
with cirrhosis.18–20 In this study, we used a MEGX
formation value of 30 ng/ml as a cutoff point to examine
the postoperative course. The results revealed that
the postoperative hospital stay was prolonged if
MEXG formation after hepatic resection was less
than 30 ng/ml. Huang et al.21 pointed out that MEGX
level was a sensitive indicator of liver dysfunction, and
MEGX at 30 ng/ml was a cutoff point to predict
patients’ survival rate. Arrigoni et al.17 demonstrated
that a MEGX value of 25 ng/ml was a reliable cutoff to
discriminate between death and survival in cirrhotic
patients. Therefore, MEXG formation can be employed
to evaluate liver function quantitatively, and can be
used as a short-term prognostic index for patients with
hepatic resection.

Computed tomography volumetry was applied to
measure liver volume in the present study. Heymsfield
et al.22 have demonstrated that CT can be used to mea-
sure liver volume accurately. The difference between
radiographic volume and actual volume is only 3% to
5%. Therefore, it is feasible and reliable to use CT scans
to measure liver volume, tumor volume, and the volume
of the liver expected to be resected, and to calculate the
percentage volume of the remnant liver preoperatively.
Once the percentage volume of the remnant liver has
been calculated, postoperative liver function can be
estimated according to Eq. 2 obtained in this study.

In conclusion, an accurate assessment of postopera-
tive liver functional reserve before hepatic resection
is very important to prevent posthepatectomy liver
failure. The percentage remnant liver volume and a
quantitative test of liver function showed a linear rela-
tionship, and a linear regression equation was created
for remnant liver volume and MEGX formation (Eq. 1).
According to this equation, if the percentage parenchy-
mal of resection is set, postoperative liver function
can be estimated. In the same way, if a postoperative
MEGX level above 30ng/ml is required, the maximal
range of hepatic resection can be determined.
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