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Table 5 Multivariate Analysis of Predictive for Hepatic Recurrence in Patients with Synchronous Metastases

Factors Relative 95% confidence intervals p value®
Lower Upper

Primary nodal involvement (positive to negative) 1.49 0.90 2.46 0.124

Tumor (5 c¢m or less to more than 5 cm) 1.14 0.70 1.86 0.604

Number of metastases (solitary to multiple) 1.49 1.02 278 0.043

Time of resection (synchronous to interval) 4,74 1.72 13.1 0.003

# Cox proportional hazards model

The current study showed that nine of the 21 (43%)
patients had new lesions at the time of reevaluation, an
incidence greater than that reported by Elias,'* and similar
to our previous finding for the recurrence rate in the
remnant liver after hepatectomy for CRLM.* One reason
for this discrepancy might be the fact that the preoperative
radiological techniques such as multidetector row CT have
recently been developed and could define the extent of
metastases more accurately.'® However, the current findings
suggested the possibility of occult micrometastases in
patients with .synchronous CRLM. Furthermore, during
interval periods, new detectable lesions appeared in
preoperatively planned future remnant liver. which was
determined prior to colorectal surgery, suggesting that
occult metastases might cause rapid remnant liver recur-
rence after simultaneous hepatectomy. In fact, as shown in

" Fig. 1, a higher rate of rapid remnant liver recurrence was
found in patients undergoing simultaneous colorectal and
hepatic resection for synchronous CRLM. The current data
showed that delayed hepatic resection reduced hepatic
relapse and was a significant prognostic factor in hepatic
disease-free survival in patients with synchronous CRLM.
Taken together, we proposed that delayed hepatic resection’
for synchronous CRLM may detect the occult micro-
metastases and may allow curative hepatectomy, thus
reducing hepatic recurrence. The results of the current
study are consistent with those of Lambert et al??
demonstrating that interval resection may be a beneficial
strategy for patients with synchronous CRLM.

Although this study was retrospective, there may have
been some bias in relation to the variability of surgical
approaches. In our study, there is likely to have been little
substantial difference in surgical approach between the two
groups, except for the development of radiological tech-
niques. . One concern regarding this strategy is that
additional metastases at the time of reevaluation represent
new lesions that have appeared during the interval period.
Lambert et al.*? considered it unlikely' that new nodules
would develop during interval periods; rather, it likely that
occult metastases become detectable. In the current study,
interval resection for synchronous CRLM, at least, did not
impair survival. Rather, interval resection could allow the
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detection of occult metastases which might be associated
with rapid liver recurrence after hepatectomy. A further
advantage of this strategy is the minimization of surgical
morbidity and mortality related to resection of the primary
tumor, such as anastomotic breakdown which leads to
infectious complications and secondary hepatic failure after
hepatectomy.'®?* Overall, from the standpoint of biological
features, interval reevaluation may be a beneficial strategy.

Although our surgical indication for hepatectomy is to
proceed to surgery regardless of the number of metastases
whenever the remnant functional liver volume is preserved
and a potentially curative resection can be performed,
surgical procedures planned prior to resection of the
primary tumor were reconsidered for the 11 patients. There
may thus be some debate regarding the timing of resection.
One requirement is to clarify how long duration between
the first and second operations would be appropriate;
another is to determine whether all patients with synchro-
nous CRLM should undergo interval hepatectomy; the third
is to determine whether chemotherapy is required -during
interval periods, Our current strategy was to perform
separate surgery for synchronous CRLM, and the median/
mean duration between the first and second operations was
2/2.4 months. Allen et al.** reported that for patients who
underwent the second surgery immediately after recovery
from colorectal surgery, the median interval was 7 weeks,
similar to that in our study. In another study, it was reported
that the interval period was up to 6 months.? Since no new
extrahepatic metastases were found after colorectal surgery,
the current strategy of interval resection may be appropri-
ate. Although we examined predictive factors for early
recurrence after simultaneous hepatectomy and. interval
recurrence during interval periods, we were unable to
identify specific predictive factors for the two groups. The
real need is to be able to identify which patients will not
progress and to operate on them as early as possible, while
sparing those who will progress an operation. As we do not
have the ability to do this yet, delayed hepatectomy may be
a reasonable approach.

Chemotherapy for colorectal carcinoma with agents such
as oxaliplatin or irinotecan has greatly improved recently,

and the median survival of patients with irresectable
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advanced colorectal carcinoma has been reported to be .over
20 months to date®® It has been reported that neo-
adjuvant chemotherapy could downstage irresectable
CRLM in selected patients and prolong survival.?® Such a
strategy seems favorable for some patients with irresectable
CRLM. In contrast, in patients with resectable CRLM,
neoadjuvant chemotherapy still remains controversial.
Allen et al.?* reported that patients who received neo-
adjuvant chemotherapy experienced similar overall survival
as patients who did not. They also demonstrated that
subgroups of the patients with disease that did not progress
with chemotherapy experienced significantly improved
survival.2* Similarly, Adam et al. reported that responsive-
ness to neoadjuvant chemotherapy prolongs survival and
neoadjuvant chemotherapy may thus be beneficial for
patient selection.®® In the current study, three patients
underwent preoperative chemotherapy because of irresect-
ability after reevaluation. Fortunately, our 21 consecutive
patients could undergo curative hepatectomy. It is important
to note that irresectability is determined by an insufficient
hepatic functional volume due to the multiple metastatic
nodules, huge ill-located tumors which invade the hepatic
hilus of portal pedicles or invade hepatic veins draining the
remnant liver, and combined irresectable extrahepatic
metastases. Thus, it seems likely that chemotherapy will
be needed during interval periods if the observation periods
are longer and if patients have either a huge tumor, ill-
located tumor, or extrahepatic metastases. Since multiple
CRLM was also a significant prognostic factor in our
series, patients with synchronous multiple CRLM may need
to undergo chemotherapy during interval periods. These
data are consistent with the findings of Capussotti et al.
indicating that patients with more than three metastases
should receive neoadjuvant chemotherapy before liver
resection.’! Additionally, the number of lymph node
metastases has been reported to be a survival indicator.*?
Interval resection could allow the evaluation of pathological
findings prior to hepatectomy, and thus, patients with N2 in
the tumor-node—metastasis (TNM) classification might
need to undergo chemotherapy during interval periods. It
might remain controversial to receive neoadjuvant chemo-
therapy instead of interval resection. In our study, rapid
recurrence was found in patients with multiple metastases
or primary nodal involvement after simultaneous resection.
Thus, when patients with multiple metastases or suspicious
primary nodal involvement are planned to undergo simul-
taneous hepatectomy- instead of interval resection, neo-
adjuvant chemotherapy may be required. Rather, in the
future, neoadjuvant chemotherapy appears to play an
important role in this setting by diminishing occult micro-
metastases and allowing curative resection. However, care
should be taken in administering neoadjuvant chemothera-
py for resectable CRLM, since the incidence of surgical
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morbidity after hepatectomy increases in some patients due
to liver damage after neoadjuvant chemotherapy.**>*

In conclusion, tumor progression was recognized and
occult metastases were detected after interval reevaluation.
Delayed hepatic resection may be a useful approach that
allows the detection of occult metastases in synchronous
CRLM and may reduce rapid remnant liver recurrence after
hepatic resection for synchronous CRLM.
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Abstract

BACKGROUND: Postoperative hepatic insufficiency is a critical complication after extended hepatic
resection in patients with biliary tract malignancies, the majority of whom suffer from obstructive
jaundice. The aim of this study was to assess clinical parameters linked to this type of liver dysfunction.

METHODS: A total of 111 patients were retrospectively reviewed. Patient background, pre- and
intraoperative parameters, and a ratio of remnant liver volume/entire liver volume (RLV/ELV) as a
volumetric parameter were compared between patients with and without postoperative hyperbiliru-
binemia and subsequent fatal outcome.

RESULTS: Logistic regression indicated that only RLV/ELV ratio was an independent factor
influencing postoperative hyperbilirubinemia, and RLV/ELYV ratio and indocyanine green retention rate
at 15 minutes (ICG-R15) were factors affecting survival. Patients with RLV/ELYV less than 40% had 7.6
times the risk of postoperative hyperbilirubinemia, while no patients with RLV/ELV greater than 40%
and ICG-R15 less than 25% died of liver failure.

CONCLUSIONS: The RLV/ELV ratio was the factor with the greatest impact on liver dysfunction
after extended hepatectomy in patients with biliary tract malignancies.
© 2009 Elsevier Inc. All rights reserved.

Recent reports have suggested that aggressive surgical
approaches with extended hepatic resection may result in
improved prognosis for patients with biliary tract malignan-
cies, such as hilar cholangiocarcinoma, advanced gallblad-
der carcinoma, and intrahepatic cholangiocarcinoma.'™
With advances in anatomic knowledge of the liver and
hepatic hilus, as well as in perioperative management and
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surgical techniques, the indications for these approaches
have been expanded, and the likelihood of curative resection
has increased. However, serious complications are some-
times encountered after surgery of this type. Postoperative
hepatic insufficiency is one of the most serious complica-
tions, because it usually has a fatal outcome.

Many factors linked to postoperative hepatic dysfunction
after extended hepatic resection have been reported, includ-
ing preoperative liver function, remnant liver volume, and
amount of blood loss during surgery.®'* These analyses
have usually been performed in patients with hepatic me-
tastasis®!> or hepatocellular carcinoma,g'” and few have
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examined these factors in patients with biliary tract malig-
nancies, the majority of whom suffer from obstructive jaun-
dice.' Obstructive jaundice is known to be an important
risk factor for postoperative liver failure after extended
hepatic resection, and, in fact, unexpected liver dysfunction
is sometimes experienced after such operations. It may be
attributed in such cases to impaired hepatic functional re-
serve due to chronic cholestasis. Therefore, preoperative
biliary drainage is generally provided for such patients, to
restore liver function before extended hepatic resection,
although its impact on postoperative liver dysfunction re-
mains controversial.

In this study, we analyze various pre- and intraoperative
factors to identify patients at risk of developing postopera-
tive liver dysfunction, by reviewing a single-institution
study of patients with biliary tract malignancies, especially
focused on patients undergoing extended hepatic resection.

Patients and Methods

Patients

Between December 1981 and March 2005, a'total of 111
patients with biliary tract malignancies underwent extended
hepatic resection at Chiba University Hospital. Extended
hepatic resection was defined as resection of more than 3
Couinaud segments, that is, extended hemihepatectomy or
trisegmentectomy.

The patients were 43 women and 68 men with a mean
age of 66.1 years (range 40-83) at the time of surgery. The
indications for resection were hilar cholangiocarcinoma in
59 patients, gallbladder carcinoma in 29, and intrahepatic
cholangiocarcinoma in 23. Eight patients (7.4%) had
chronic viral hepatitis but not cirrhosis, and 69 patients
(63%) developed obstructive jaundice with serum total bil-
irubin levels exceeding 3 mg/dL on admission (range 3.1-

Table 1  Types of operative procedures

38.0 mg/dL). All patients with obstructive jaundice received
percutaneous transhepatic or endoscopic biliary drainage
preoperatively to relieve cholestasis. Hepatic resection was
performed principally after total bilirubin concentration had
declined below 3 mg/dL, although 13 patients (19%) still
had jaundice at the time of surgery (3.1-5.8 mg/dL.) because
their jaundice could not be expected to be relieved any
longer. The period from insertion of the drainage tube to
surgery ranged from 7 to 96 days (mean 45.1). Portal vein
embolization was provided prior to hepatic resection for 36
patients (32%). This procedure was introduced to our insti-
tution in August 1994. During the study period a total of 42
patients were considered for this approach. However, 6 of
these 42 patients did not have hepatic resection, because of
peritoneal dissemination (1 patient) or irresectable disease
at the laparotomy (2 patients), the revelation of distant
metastasis after portal vein embolization (1 patient), failure
to relieve jaundice even after biliary drainage (1 patient),
and failure to improve calculated future liver remnant vol-
ume sufficiently (1 patient). Surgical procedures are listed in
Table 1. Bilioenteric anastomosis was performed in 108
patients. '

Postoperative liver dysfunction

Postoperative liver dysfunction after extended hepatic
resection was assessed in terms of postoperative hyperbil-
irubinemia and subsequent fatal outcome. Postoperative hy-
perbilirubinemia was defined as an increase in serum total
bilirubin greater than 10 mg/dL, without a hemolytic or
obstructive mechanism, within 2 weeks after surgery.

Perioperative parameters

To analyze risk factors for developing postoperative liver
dysfunction, the following parameters were assessed: (1)
patient background and preoperative parameters, including

Hilar T Gallbladder Intrahepatic
cholangiocarcinoma carcinoma cholangiocarcinoma
(n = 59) {n = 29) {n = 23)
Type of hepatic resection
Extended right hemihepatectomy 28 24 8
Extended left hemihepatectomy 25 5 11
Right trisegmentectomy ; ' 3
Left trisegmentectomy 6 1
Associated procedure
Bile duct resection and reconstruction 59 29 20
Partial resection of colon 3
Partial resection of duodenum 1 1
‘Vascular resection & reconstruction
Portal vein : , 15 6 6
Inferior vena cava 5
Hepatic artery 3 1 1
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sex, age, presence of chronic viral hepatitis, presence of
obstructive jaundice, serum total bilirubin levels at the time
of surgery, the rate of decrease in the level of serum bili-
rubin (b value”), hepatic functional reserve tests, preoper-
ative portal vein embolization, and presence of cholangitis
before operation; (2) intraoperative parameters, including
type of hepatic resection, combined vascular resection and
reconstruction, bilioenteric anastomosis, amount of blood
loss during surgery, operative time, and total duration of
intermittent Pringle maneuver; and (3) volumetric parame-
ters, including ratio of remnant liver volume/entire liver
volume (RLV/ELV).

As reported by Shimizu et al,”” the b value was calcu-
lated by the nonlinear least squares method, fitted to the
equationy = ae®™, where y is the serum total bilirubin level,
x is the number of days after drainage, a is represented
bilirubin levels on the drainage day, b is the rate of decrease
of serum bilirubin, and e is the base of the natural logarithm.
Based on these data, we categorized the patients into 3
groups: patients with rapid bilirubin decrease (b < —.05),
patients with slow bilirubin decrease (b > —.05), and pa-

1’15

tients without obstructive jaundice (b value not available). .

As hepatic functional reserve tests, both indocyanine green
(ICG) clearance test and the galactose tolerance test (GaTT)
were performed. The ICG clearance test, by means of a
single intravenous injection of ICG .5 mg/kg, was estimated
as a serum retention rate at 15 minutes after injection (ICG-
R15). On the GaTT, a half-life of serum galactose concen-
tration (GaTT-T/2) was determined after an intravenous
injection of 100 mL of p-galactose. These tests were per-
formed just before surgery. Portal vein embolization was
provided when extended right hemihepatectomy, or right or
left hepatic trisegmentectomy, were planned and the mea-
sured future liver remnant volume was expected to be less
than 40% of the entire liver volume. This policy was not
changed throughout the period since the introduction of this
approach. Preoperative cholangitis, occurring within a week
before surgery, was diagnosed by means of clinical and
hematological findings. When cholangitis had subsided, as a
result of antibiotic administration, cholangitis was classified
as mild, and when the insertion of an additional drainage
tube was required, cholangitis was judged as severe.

For a volumetric analysis, preoperative computed tomog-
raphy scan images were retrospectively used to calculate the
volume of the entire liver and the resected liver. To sum-
marize, serial transverse scans were performed at .8-cm
intervals, to include the entire liver, after intravenous bolus
injection of contrast medium. The total liver, excluding
tumor, was outlined on each slice, and the sum of the slices
was calculated by means of integrated software techniques,
using density threshold. This was repeated for volume of
liver resected. The difference between ELV and volume of
liver resected was considered RLV. In patients who under-
went portal vein embolization, this analysis was performed
just before surgery, since the RLV/ELV ratio was signifi-
cantly improved after portal vein embolization (Table 2).

Table 2  Liver volume before and after portal vein
embolization :

Portal vein embolization

Before After
RLV/ELV (%) 33.4*+ 6.5 41.7 * 6.7 -

RLV = remnant liver volume; ELV = entire liver volume,

P value
<.0001

Statistics

Logistic regression was performed to identify possible
risk factors of postoperative hyperbilirubinemia and subse-
quent fatal outcome associated with extended hepatic resec-
tion in cases of biliary tract malignancies. To reduce the
number of variables considered in the model, univariate
analysis was initially performed using Mann-Whitney test
for continuous variables, and 2-tailed Fisher exact proba-
bility test or chi-square test for categorical variables. Only
variables with P < .05 were considered for the model. Once
these potential risk factors were identified, a backward step-
wise procedure was used to establish the final model; the
odds ratio and 95% confident interval were determined.
Statistical calculations were performed using SPSS 13.0
program (SPSS Inc, Chicago, IL).

Results

Postoperative outcome

Seventeen of 111 patients (15.3%) with biliary tract
malignancies who had extended hepatic resection developed
postoperative hyperbilirubinemia. Of these patients, 9
(8.1%) died as a result of subsequent hepatic failure.

Patient background and preoperative parameters
and postoperative outcome

Univariate analysis showed no significant risk factors for
postoperative outcome in regard to patient background.
Among preoperative parameters, only ICG-R15 was a sig-
nificant factor for death due to hepatic failure. Factors re-
lating to obstructive jaundice, such as presence of obstruc-
tive jaundice, serum total bilirubin levels at the time of
surgery, and rate of decrease in the level of serum bilirubin,
were not associated with either postoperative hyperbiliru-
binemia or subsequent fatal outcome. Similarly, preopera-
tive cholangitis did not affect postoperative outcome (Ta-
bles 3 and 4).
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Table 3 Risk factors for postoperative hyperbilirubinemia in patients with biliary tract malignancies

No postoperative Postoperative
hyperbilirubinemia, hyperbilirubinemia
Parameter (n = 94) (n=17) P value
Patient background and preoperative parameters
Gender (M/F) . 58/36 10/7 .82
Age (y) 66.2 + 8.7 65.9 + 8.6 .89
Chronic viral hepatitis (+) 7 1 .81
Obstructive jaundice (+) 56 12 75
Serum total bilirubin level at operation (mg/dL) 1.5 + 1.1 2.0 * 1.4 .10
b value (<—.05/>—-.05) 41/16 7/6 .24
1CG-R15 (%) 12.4 + 8.1 16.6 + 9.8 .07
GaTT-T/2 (min) : 212 + 7.4 22.7 =88 47
Portal vein embolization (+) 31 5 75
Cholangitis (+) (mild/ severe) 18/7 5/1 .59
Intraoperative parameters
Type of hepatic resection (ELH/ERH/TS) 38/49/7 . 3/11/3 15
Vascular resection and reconstruction (+) 27 7 .30
Bilioenteric anastomosis (+) 91 17 46
Blood loss during operation (mL) 1,769 * 1,959 4,438 * 5,266 .01
Operative time (min) ‘ 489 * 96 562 *+ 142 .01
Total duration of intermittent Pringle maneuver (min) 36.2 = 9.7 38.3 £ 17.6 .54
Volumetric parameter
RLV/ELV (%) 55.1 = 16.9 42.4 *+ 15.7 .009

ELtH = éxtended left hepatectomy; ERH = extended right hepatectomy; TS = trisegmentectomy; RLV = remnant liver volume; ELV = entire liver volume.

Intraoperative parameters and

developed postoperative hyperbilirubinemia and who sub-

postoperative outcome sequently died than among those without postoperative liver
: dysfunction. Factors related to surgical procedures were not

The amount of blood loss during surgery and the oper- significantly associated with postoperative liver dysfunction
ative time were significantly greater among patients who (Tables 3 and 4).

Table 4 - Risk factors for postoperative mortality due to liver failure in patients with biliary tract malignancies

No postoperative Postoperative
fatal outcome fatal outcome
Parameter ' (n = 102) {n=29) P value
Patient background and preoperative parameters
Gender (M/F) 64/38 4/5 .28
Age () 65.8 + 8.8 69.0 * 6.0 .29
Chronic viral hepatitis (+) 7 1- .64
Obstructive jaundice (+) 62 6 .81
Serum total bilirubin level at operation (mg/dL) 1.6 + 1.2 1.8 1.3 .60
b value (<—.05/>—.05) 44/19 4/3 .58
1CG-R15 (%) 12.4 £ 8.0 19.6 £ 11.2 .02
GaTT-T/2 (min) 21.4 £ 4.2 219 £ 9.8 .98
Portal vein embolization (+) 33 3 .81
Cholangitis (+) (mild/ severe) 19/7 4/1 .16
Intraoperative parameters
Type of hepatic resection (ELH/ ERH/ TS) . 41/53/8 0/7/2 .92
Vascular resection and reconstruction (+) 30 4 .35
Bilicenteric anastomosis (+) 99 9 .60
Blood loss during operation {mL) 1,942 * 2,126 4,848 + 6,862 .03
Operative time (min) 494 *+ 100 573 * 160 .04
Total duration of intermittent Pringle maneuver (min) 36.2 *+ 14.1 43 %24 .76
Volumetric parameter
RLV/ELV (%) ’ 54.8 + 16.9 35.1 + 1.7 .004

ELH = extended left hepatectomy; ERH = extended right hepatectomy; TS = trisegmentectomy; RLV = remnant liver volume; ELV = entire liver volume.
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Figure 1 A comparison of the RLV/ELYV ratios of patients with

and without postoperative hyperbilirubinemia. Mean RLV/ELV
ratio in patients with hyperbilirubinemia was 42.4% *+ 15%, while
that in patients without hyperbilirubinemia was 55.1% * 17%.
The RLV/ELV ratio in patients with postoperative hyperbiliru-
binemia was significantly lower than in patients without hyperbi-
lirubinemia (p = 0.009).

Volumetric analysis and postoperative outcome

The RLV/ELV ratio was significantly lower in patients
with postoperative liver dysfunction than in patients without
postoperative liver dysfunction (P < .01). Mean RLV/ELV
ratio in patients with postoperative hyperbilirubinemia was
42.4% *+ 15 %, while that in patients without postoperative
hyperbilirubinemia was 55.1% = 17 % (Figure 1). Patients
who ultimately died of liver failure had the lowest RLV/

.ELV ratios, with a mean of 35.1% =+ 11%. Peak postoper-

ative serum total bilirubin levels were negatively correlated
with RLV/ELV ratio (Figure 2) (Tables 3 and 4).
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Figure 2  Relationship between RLV/ELV ratio and peak post-

operative total bilirubin levels within 2 weeks after surgery. A
significant negative correlation was observed (P = 0.002, r =
-0.295).
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Table 5 Multivariate analysis of liver dysfunction

0dds ratio
P value {95% confidence interval)
Hyerbilirubinemia
RLV/ELV ratio .006 .938 (.896-.981)
Blood loss 17 1.000 (1.000-1.000)

Operative time .09
Fatal outcome

1.006 (.999-1.012)

ICG-R15 041 1.105 (1.004-1.215)
RLV/ELV ratio .005 0.864 (.780-.957)
Blood loss 73 1.000 (1.000-1.000)

Operative time 17 1.008 (0.997-1.018)

Logistic regression analysis

Multivariate analysis indicated that only RLV/ELV ratig
was an independent risk factor that influenced hyperbiliru-
binemia after extended hepatic resection, as shown in Table 5.
When logistic regression was used, in order to distinguish
which patients had died of liver failure, ICG-R15 and,
again, RLV/ELV ratio were selected as independent risk
factors.

Determination of the RLV/ELV ratio cut off value
affecting postoperative hyperbilirubinemia

According to receiver operating characteristic curve, the
best RLV/ELV cutoff value was 40%, with sensitivity 59%
and specificity 81%, to distinguish patients with from those
without postoperative hyperbilirubinemia. When RLV/ELV
ratio was used in the logistic regression model as a cate-
gorical variable, instead of a continuous variable, with a
cutoff of 40%, it was an independent risk factor that influ-
enced hyperbilirubinemia after extended hepatic resection
(odds ratio 7.6; 95% confidence interval, 2.1-27; P < .002).

RLV/ELV ratio and ICG-R15 in patients with
fatal outcome

All patients who died of liver failure had a RLV/ELYV
ratio of less than 40% and/or higher than 25% of ICG-R15
(Figure 3). Conversely, all patients who had RLV/ELV
greater than 40% and less than 25% of ICG-R15 tolerated
extended hepatic resection.

Comments

Since extended hepatic resection was first performed to
achieve curative resection, which is reported to be a major
prognostic factor,” patient survival in cases of biliary
tract malignancies has improved greatly. However, the mor-
tality rate after extended hepatic resection is still high,
ranging from 0% to 25%.%3'%~'8 The high mortality rate is
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Figure 3 RLV/ELV ratio and ICG-R15 in patients with fatal

outcomes. Open circles: patients who tolerated extended hepatic
resection. Filled circles: patients who died of liver failure after
extended hepatic resection. All patients tolerated surgery when
their RLV/ELV ratio was >40% and ICG-R15 was <25%.

mainly attributable to postoperative hyperbilirubinemia, fol-
lowed by hepatic failure. Therefore, investigation of factors
that influence postoperative liver dysfunction is of great
interest for surgeons hoping to improve perioperative out-
come in patients with biliary tract malignancies.

Since the majority of patients with biliary tract malig-
nancies have obstructive jaundice, it has been suggested that
preoperative cholestasis is associated with postoperative
liver dysfunction. Many retrospective clinical reports and ex-
perimental data suggest that preoperative obstructive jaundice
is related to postoperative morbidity and mortality.* ! Based
on these facts, routine preoperative biliary decompression,
to a serum bilirubin level of 2-3 mg/dL, has been advocated
to reduce postoperative complications.'®?° In the present
study, all patients with obstructive jaundice received preop-
erative biliary drainage, but 13 (19%) of these patients stil}
had jaundice with serum total bilirubin levels greater than 3
mg/dL at the time of extended hepatic resection. However,
serum total bilirubin levels at the time of surgery and the
rate of decrease in the level of serum bilirubin were not
found to be significant risk factors for postoperative liver
dysfunction. These results raise the question of whether or
not preoperative biliary decompression should be routinely
performed before extended hepatic resection, although it is
possible that patients in this study who had jaundice at the
time of surgery had already received effective relief of
cholestasis in spite of their bilirubin levels. There have been
few reports on this issue, especially in regard to patients
with extended hepatic resections, but Cherqui et al** have
recently shown that major liver resections without preoper-
ative biliary drainage are safe for most patients with ob-
structive jaundice.

Our logistic regression model has shown that the RLV/
ELV ratio was the strongest risk factor for liver dysfunction

after extended hepatic resection in patients, the majority of
whom had preoperative jaundice. Recently, with an increase
of the number of cases with major hepatic resection and
living-related liver transplantation, the importance of volu-
metric analysis by computed tomography images has been
emphasized to avoid postoperative liver dysfunction.?® Sev-
eral reports have shown the minimum extent of remnant
liver volume compatible with a safe postoperative outcome,
with RLV/ELV ratios ranging from 25% to 30%.524% A
significant correlation between remnant liver volume and
postoperative peak bilirubin level has also been reported.®°
These results were similar to our current results, although
the extent of remnant liver volume in patients who devel-
oped postoperative hyperbilirubinemia (mean 42% of RLV/
ELV ratio) and subsequent fatal outcome (mean 35% of
RLV/ELV ratio) was a bit large in our study. The reason for
this might be that, in previous reports, the patients who were
assessed mostly had normal liver parenichyma, while in our
study, the majority of patients had cholestatic liver. Taka-
hashi et al?® have also shown that resection of up to 48.7%
of the liver was safe and hepatectomy of up to 71.6% was
the maximum permissible resection, calculated on the basis
of postoperative bilirubin levels, in patients with obstructive
jaundice, even after relief of it. Their results and ours
suggest that the extent of liver that can be safely resected is
limited in the case of cholestatic liver, even after this con-
dition is relieved, and, when the estimated RLV/ELV ratio
is =40%, which is the critical point for postoperative liver

" dysfunction as shown in this study, portal vein embolization

110

should be performed before extended hepatic resection to
increase the RLV/ELV ratio.

Another significant factor for mortality due to hepatic
failure, but not for postoperative hyperbilirubinemia, was
ICG-R15. Use of ICG-R15 has been proposed by many
institutions as one of the best ways to evaluate the safe
limits for hepatic resection.''*” However, since such assess-
ment is directly influenced by the severity of jaundice, due
to excretory competition with bilirubin, its result must be
carefully interpreted in cases of patients with obstructive
jaundice. In the present study, this evaluation was con-
ducted principally after the total bilirubin level had declined
below 3 mg/dL, even in 8 of 9 patients who died after
extended hepatic resection, although 13 patients who had
jaundice at the time of surgery had total serum bilirubin
levels greater than 3 mg/dL but not beyond 6 mg/dL at the
time of ICG-R15 evaluation. Therefore, the results of ICG-
R15 in patients with fatal outcomes were relatively reliable,
and these results suggested that special attention should be
paid to.the occurrence of liver failure after extended hepatic
resection in patients with high ICG-R15 even after relief of
obstructive jaundice, as mentioned by Lee and Hwang?®
(wherein the livers of patients with an ICG-R15 >15% after
relief of obstructive jaundice often showed diffuse paren-
chymal shrinkage, without evidence of liver cirrhosis). This
may be an irreversible phenomenon, and hence related to
cases of death due to liver failure after extended hepatic
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resection. In our study, no patients with ICG-R15 less than
25% died of liver failure after extended hepatic resection
when their RLV/ELV ratio was greater than 40%.

In addition to preoperative volumetric parameters, intraop-
erative parameters may also influence postsurgical course.
However, our logistic regression model failed to identify
any intraoperative parameters associated with postoperative
hyperbilirubinemia and also with mortality, although, in
univariate analysis, the amount of blood loss during surgery
and the operative time were found to be significant factors
for postoperative hyperbilirubinemia. These results were
similar to those in prévious reports by Nagino et al'* and
Fujii et al.?

In conclusion, we identified RLV/ELYV ratio as having
the strongest impact on postoperative liver dysfunction and
found that ICG-R15, evaluated after relief of jaundice, had
the next strongest relationship to mortality after extended
hepatic resection in patients with biliary tract malignancies.
To prevent postoperative liver dysfunction, volumetric anal-
ysis should be performed in a prospective fashion; based on
the results, preoperative portal vein embolization or, if pos-
sible, limited hepatic resection after precise estimation of
cancer extent®® should be considered.
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