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Objective: To assess the trends in perioperative outcome of hepa-
tectomy for hepatobiliary diseases.
Methods: Data of 1222 consecutive patients who underwent hepa-
tectomy for hepatobiliary diseases from July 1989 to June 2003 in a
tertiary institution were collected prospectively. Perioperative out-
come of patients in the first (group I) and second (group II) halves
of this period was compared. Factors associated with morbidity and
mortality were analyzed.
Results: Diagnoses included hepatocellular carcinoma (n � 734),
other liver cancers (n � 257), extrahepatic biliary malignancies (n �
43), hepatolithiasis (n � 101), benign liver tumors (n � 61), and
other diseases (n � 26). The majority of patients (61.8%) underwent
major hepatectomy of �3 segments. The overall hospital mortality
and morbidity were 4.9% and 32.4%, respectively. The number of
hepatectomies increased from 402 in group I to 820 in group II,
partly as a result of more liberal patient selection. Group II had more
elderly patients (P � 0.006), more patients with comorbid illnesses
(P � 0.001), and significantly worse liver function. Nonetheless,
group II had lower blood loss (median 750 versus 1450 mL, P �
0.001), perioperative transfusion (17.3% versus 67.7%, P � 0.001),
morbidity (30.0% versus 37.3%, P � 0.012), and hospital mortality
(3.7% versus 7.5%, P � 0.004). On multivariate analysis, hypoalbu-
minemia, thrombocytopenia, elevated serum creatinine, major he-

patic resection, and transfusion were the significant predictors of
hospital mortality, whereas concomitant extrahepatic procedure,
thrombocytopenia, and transfusion were the predictors of morbidity.
Conclusions: Perioperative outcome has improved despite extend-
ing the indication of hepatectomy to more high-risk patients. The
role of hepatectomy in the management of hepatobiliary diseases
can be expanded. Reduced perioperative transfusion is the main
contributory factor for improved outcome.

(Ann Surg 2004;240: 698–710)

Evolution of surgical techniques in partial hepatectomy has
enabled the procedure to be performed with operative

mortality rate of less than 5% in high-volume centers in
recent years.1–5 Before the 1980s, hepatic resection was
typically associated with a mortality rate of greater than
10%.6–9 Better understanding of the segmental liver anatomy
and refined surgical techniques in controlling hemorrhage are
the 2 most important factors that have contributed to the
improved perioperative outcome of hepatectomy.5,10 Another
important factor is the better selection of patients in terms of
liver function reserve and comorbid conditions, which helps
to reduce mortality from liver failure and other severe post-
operative complications such as pneumonia.3,11,12 Finally, the
concentration of hepatic resection in experienced hepatobili-
ary centers is also a critical factor. Recent studies from the
United States have demonstrated that a high hospital mortal-
ity rate of around 10% is still being observed in low-volume
hospitals, whereas the hospital mortality rate in high-volume
centers is less than 5%.13,14

The improved safety of hepatic resection has led to the
broadening of the indications of hepatectomy in patients with
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normal liver.3,4 Partial hepatectomy is now performed more
frequently in good-risk patients with conditions associated
with normal liver, such as colorectal liver metastasis.15 The
improved safety of hepatic resection has also led to a more
liberal application of the procedure in patients with benign
tumors.16 With the enhanced safety, some surgeons have
advocated hepatic resection for some noncolorectal liver
metastases even though the oncological benefit remains un-
clear.17,18 However, the role of hepatic resection in patients
with chronic liver disease is still considered limited because
of the associated increase in operative mortality and morbid-
ity, especially when major hepatic resection is re-
quired.14,19,20 Advanced age is considered another limiting
factor as several recent studies have reported that elderly
patients had significantly increased operative morbidity and
mortality.4,14,20 It remains to be demonstrated that the role of
hepatic resection can be extended to such high-risk patients
with favorable perioperative outcome. The current study
analyzes the trend of perioperative outcome of 1222 consec-
utive patients with hepatectomy for various benign or malig-
nant hepatobiliary diseases in a specialized hepatobiliary
center over a 14-year period, with a particular reference to the
prevalence of underlying risk conditions such as impaired
liver function reserve, advanced age, and presence of comor-
bid illnesses.

PATIENTS AND METHODS
During a 14-year period from July 1, 1989, to June 30,

2003, 1222 consecutive patients underwent elective hepatic
resection for benign or malignant hepatobiliary diseases at the
Department of Surgery, University of Hong Kong Medical
Centre, Queen Mary Hospital, Hong Kong, China. One hun-
dred sixty-three living donors who underwent donor hepatic
resection for liver transplantation during the study period
were not included in this study. The hepatectomies were
performed by a surgical team specialized in hepatobiliary
surgery.

Preoperative Assessment
All patients had ultrasonography and contrast com-

puted tomography (CT) scan or magnetic resonance imaging
to evaluate the liver or biliary pathology. In patients with
biliary obstruction, preoperative biliary drainage of the liver
remnant to be preserved was performed endoscopically or
percutaneously. Assessment of liver function was based on
Child’s classification, liver biochemistry, and coagulation
profile. In patients with hepatocellular carcinoma (HCC),
indocyanine green (ICG) clearance test was routinely per-
formed because of the high incidence of associated chronic
liver disease. This test was not performed in patients with
other hepatobiliary diseases associated with normal liver.
Before 1997, an ICG retention at 15 minutes (ICGR-15) of
14% was considered the safety limit of major hepatic resec-

tion, defined as resection of 3 or more Couinaud liver seg-
ments, in cirrhotic patients.21 In the more recent years, we
have extended the limit of ICGR-15 for major hepatic resec-
tion to 20%.22 In the recent 2 years, CT volumetry was used
to aid assessment of liver function reserve, and right portal
vein embolization was performed in selected patients with a
small liver remnant undergoing right or extended right hep-
atectomy.

Operative Techniques
Patients undergoing hepatectomy were generally ex-

plored through a bilateral subcostal incision with vertical
midline extension. In selected patients with a large right lobe
tumor or a small tumor located at the superior and posterior
part of the right liver, a thoracoabdominal approach was
used.23 Since June 1994, staging laparoscopy and laparo-
scopic ultrasound have been used with increasing frequency
to assess the extent of tumors and to assess the severity of any
cirrhosis and size of liver remnant.24 After laparotomy, in-
traoperative ultrasound was routinely performed to detect any
lesions in the contralateral lobe, any tumor invasion of portal
vein or hepatic veins, and to define the relationship between
the tumor and major intrahepatic vessels.

Parenchymal transection was performed using the fin-
ger-fracture technique between 1989 and 1992 and thereafter
using an ultrasonic dissector. In some cases of right hepatec-
tomy for a large tumor that made mobilization of the right
lobe difficult, parenchymal transection was performed with-
out premobilization of the liver and extrahepatic control of
the right hepatic vein (anterior approach).25 The hepatic duct
was isolated and ligated or sutured at the time of hepatic
transection. Since 1998, we have routinely employed an
endoscopic vascular linear cutter (Ethicon Endo-surgery,
Cincinnati, OH) to divide hepatic veins extrahepatically or
during hepatic transection. Before 1998, intermittent Pringle
maneuver was used frequently.26 However, with increased
experience in recent years, Pringle maneuver was used only
when significant bleeding was encountered. Instead, more
attention was paid to lowering of the central venous pressure
to below 5 cm H2O to reduce venous bleeding during tran-
section. Total vascular exclusion was not performed in any
patients. Meticulous attention was paid to the preservation of
function in the remnant liver by avoiding prolonged rotation,
hypoxic injury, or venous congestion due to overloading of
circulation. After transection, bile leakage test was performed
using methylene blue injection via a cystic duct cannula, and
any leakage site was carefully repaired with fine sutures.
Blood transfusion was initiated when the hemoglobin level
fell to below 8 g/dL. We did not use fresh frozen plasma
during or after operation unless there was a severe bleeding
tendency. Before 1998, an abdominal drain was placed al-
most routinely after hepatic resection. Recently, no drain was
used even in patients with chronic liver disease after a

Annals of Surgery • Volume 240, Number 4, October 2004 Improving Perioperative Outcome of Hepatectomy

© 2004 Lippincott Williams & Wilkins 699



randomized trial demonstrated a higher morbidity with the
use of abdominal drainage.27

Postoperative Care
All patients with major hepatic resection were moni-

tored in the intensive care unit in the immediate postoperative
period. The need for postoperative mechanical ventilation
was determined by the anesthetists. Pain control was pro-
vided by continuous intravenous morphine infusion if the
patient needed mechanical ventilation; otherwise, pain was
controlled by on demand intravenous meperidine injection
before 1994 and patient-controlled intravenous infusion of
morphine after 1994. A broad-spectrum antibiotic was given
for at least 3 days, and intravenous albumin was given for
cirrhotic patients with hypoalbuminemia. In selected patients,
a Broviac catheter was inserted at the end of the operation for
postoperative parenteral nutrition. A formula enriched with
branched-chain amino acids and medium-chain triglyceride
was given for 5 to 7 days after operation.28 Since the dem-
onstration of the benefit of parenteral nutrition in reducing
postoperative morbidity in a randomized controlled trial pub-
lished in 1994,28 postoperative parenteral nutrition became a
routine practice for all patients with cirrhosis undergoing
major hepatic resection. Oral feeding was started when the
bowel sounds returned.

Data Collection and Analysis
To analyze the trends in perioperative variables and

outcome of hepatectomy in our institution over the 14-year
study period, patients operated in the first half (July 1989 to
June 1996, group I) were compared with those operated in the
second half (July 1996 to June 2003, group II) of the study
period. Pre-, intra-, and postoperative data were recorded
prospectively in a computerized database established since
1989. Histopathological data including status of underlying
liver (normal, chronic hepatitis, cirrhosis) were also col-
lected. The types of hepatic resection were described accord-
ing to the terminology recommended by the International
Hepato-Pancreato-Biliary Association.29 Concomitant proce-
dure was defined as any extrahepatic organ resection, portal
lymphadenectomy, or extrahepatic biliary resection and re-
construction. Thoracotomy and cholecystectomy were not
considered as additional extrahepatic procedures. Hospital
mortality was defined as any death that occurred during the
same hospital admission for the hepatic resection.

Continuous variables were expressed as median and
interquartile range and compared using Mann-Whitney U
test. Categorical variables were compared by the �2 test with
Yates’ correction or Fisher exact test where appropriate.
Multivariate analyses of risk factors of morbidity and mor-
tality were performed using a binary logistic regression
model. All statistical analyses were performed using statisti-

cal software (SPSS 9.05 for Windows, SPSS, Inc, Chicago,
IL). Results were considered significant at P � 0.05.

RESULTS
During the study period, 854 men and 368 women under-

went hepatectomy for benign or malignant hepatobiliary dis-
eases (Table 1). The most common indication was HCC, which
accounted for 60% of all hepatectomies. The most common
benign indication was hepatolithiasis. The number of hepatic
resection had increased from 402 in the first half (group I) to 820
in the second half (group II) of the study period.

Preoperative Variables
Table 2 shows a comparison of the preoperative vari-

ables between the 2 groups of patients. Group II patients were
significantly older than group I patients. The proportion of
patients �70 years old was higher in group II (n � 120,
14.6%) than in group I (n � 36, 9.0%) (P � 0.006). The

TABLE 1. Indications for Hepatic Resection

Indication No. of Patients

Malignant disease 1034 (84.6%)
Primary liver malignancy

Hepatocellular carcinoma 734
Cholangiocarcinoma 61*
Cystadenocarcinoma 9
Hepatoblastoma 6
Neuroendocrine carcinoma 4
Dendritic cell tumor 6
Sarcoma and others 15

Metastatic liver malignancy
Colorectal 139
Others 17

Extrahepatic biliary malignancy
Cholangiocarcinoma 30
Gallbladder carcinoma 13

Benign disease 188 (15.4%)
Hepatolithiasis 101
Hemangioma 22
Focal nodular hyperplasia 20
Adenoma 7
Angiomyolipoma 8
Cystadenoma 4
Arteriovenous malformation 2
Dysplastic/regenerative nodule 12
Liver cyst 4
Liver abscess 4
Postcholecystectomy bile duct injury 2
Choledochal cyst 2

*Includes 13 patients with underlying hepatolithiasis
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oldest patients who underwent hepatectomy in group I and
group II aged 82 and 88 years, respectively. Group II patients
also had a significantly higher proportion of comorbid
medical conditions. The most common comorbid condition
was cardiovascular disease (n � 54 in group I, 192 in group
II), followed by diabetes mellitus (n � 40 in group I,
96 in group II), chronic respiratory disease (n � 24 in group
I, 58 in group II), and chronic renal disease (n � 8 in group
I, 30 in group II). There was a significant increase in the
prevalence of cardiovascular disease in group II compared
with group I (23.4% versus 13.4%, P � 0.001). The preva-
lence of other comorbid conditions has also increased but the
differences between the 2 groups were not statistically sig-
nificant.

There was a significantly higher proportion of cirrhosis,
worse liver function in terms of serum albumin and prothrom-
bin time, and a higher frequency of thrombocytopenia in
group II. Among patients with noncirrhotic liver, 90 patients
(22.4%) in group I and 236 patients (28.8%) in group II had
histologic evidence of chronic hepatitis. Overall, 724 of the
1222 patients (59.2%) had histologic evidence of chronic
liver disease. The tumor size of those patients with intrahe-
patic tumors was significantly larger in group II compared
with group I.

Operative Variables
Of the 1222 patients, 755 (61.8%) underwent major

hepatic resection, whereas the other 467 patients (38.2%)
underwent minor hepatic resection of 2 or fewer segments.
Table 3 depicts the frequencies of various types of hepatec-
tomy. Most of the hepatectomies were anatomic resections,
with only 15.3% being nonanatomical resections. Extended
right or left hepatectomy was performed in a substantial
proportion of patients (n � 284, 23.2%). In group II, 16

patients who had right or extended right hepatectomy re-
ceived right portal vein embolization before surgery. Con-
comitant extrahepatic procedures were performed in 319
patients (26.1%). These procedures included partial excision
of the diaphragm (n � 111), hepaticojejunostomy with or
without excision of the bile duct (n � 153), portal lymphad-
enectomy (n � 47), pancreaticoduodenectomy (n � 2), re-
section of stomach (n � 16), colon (n � 15), adrenal gland (n
� 16), kidney (n � 4), lung (n � 4), chest wall (n � 1), and

TABLE 2. Comparison of Preoperative Variables*

Group I
(n � 402)

Group II
(n � 820) P

Age, y 54.0 (43.5–64.0) 58.0 (45.0–67.5) 0.037
Gender, male/female 292/110 562/258 0.142
Presence of comorbid illnesses† 100 (24.9%) 292 (35.6%) 0.001
Cirrhotic liver 115 (28.6%) 283 (34.5%) 0.038
Thrombocytopenia (Platelet �150 � 109 /L) 93 (23.1%) 244 (29.8%) 0.015
Hypoalbuminemia (Serum albumin �40 g/L) 117 (29.1%) 332 (40.5%) �0.001
Hyperbilirubinemia (Serum bilirubin �20 �mol/L) 71 (17.7%) 165 (20.1%) 0.340
Prothrombin time, seconds 11.0 (10.7–12.3) 12.6 (11.5–13.8) �0.001
Elevated serum creatinine (Serum creatinine �120 �mol/L) 26 (6.5%) 49 (6.0%) 0.736
Tumor size, cm‡ 5.0 (3.0–9.0) 6.5 (3.8–10.5) �0.001

*Continuous variables are expressed as median and interquartile range; otherwise, figures represent number of patients, with percentage in parentheses.
†Comorbid illnesses include cardiovascular diseases, chronic respiratory diseases, chronic renal diseases, and diabetes mellitus.
‡Among 320 patients in group I and 731 patients in group II with intrahepatic benign or malignant tumors.

TABLE 3. Types of Hepatic Resection Among 1222 Patients

Type of Hepatic Resection
No. of Patients

(%)

Major hepatic resection
Right hepatectomy 321 (26.3)
Right hepatectomy with resection of segment 1 27 (2.2)
Extended right hepatectomy 181 (14.8)
Extended right hepatectomy with resection of

segment 1
48 (3.9)

Left hepatectomy 102 (8.3)
Left hepatectomy with resection of segment 1 13 (1.1)
Extended left hepatectomy 45 (3.7)
Extended left hepatectomy with resection of

segment 1
10 (0.8)

Central bisectionectomy (segments 4, 5 and 8) 8 (0.7)
Minor hepatic resection

Bisegmentectomy* 225 (18.4)
Segmentectomy 55 (4.5)
Nonanatomical resection 187 (15.3)

*Bisegmentectomy includes left lateral sectionectomy, right posterior
sectionectomy, right anterior sectionectomy, and other resections of 2 seg-
ments.
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distal pancreas (n � 1). Some patients had more than 1
extrahepatic procedure. Additional ablation of liver tumors in
the contralateral lobe was performed in 25 patients, including
cryotherapy in 2 patients in group I and radiofrequency
ablation in 23 patients in group II.

Table 4 shows a comparison of operative variables
between the 2 groups. There were no significant differences
in the proportion of major hepatic resections or concomitant
extrahepatic procedures. The use of Pringle maneuver was
significantly reduced in group II, and an increased proportion
of patients in group II did not have any abdominal drainage
after hepatectomy. There was also a significant reduction of
blood loss and blood transfusion. Figure 1 shows the trend of
perioperative blood transfusion year by year. The blood
transfusion rate has been reduced from 90.9% among 22
patients operated between July and December 1989 to 2.9%
among 102 patients operated between January and June 2003.

Perioperative Outcome
The overall morbidity, 30-day operative mortality, and

hospital mortality of the 1222 patients were 32.4% (n � 396),
3.2% (n � 39), and 4.9% (n � 60), respectively. The hospital
mortality rate was higher after hepatic resection for malignant
disease than after hepatic resection for benign disease (5.5%
versus 1.6%, P � 0.022), and the hospital mortality rate in
cirrhotic patients was higher than that in noncirrhotic patients
(6.8% versus 4.0%, P � 0.035). When stratified according to
the type of hepatectomy, the highest hospital mortality was
observed in patients with extended right hepatectomy (8.7%,
20/229), followed by right hepatectomy (6.6%, 23/348). In
contrast, the hospital mortality rates of segmentectomy and
nonanatomical resection were only 1.8% (1/55) and 2.1%
(4/187), respectively.

Table 5 shows a comparison of the perioperative out-
come between the 2 groups. Group II had significantly re-

duced intensive care unit stay, use of postoperative mechan-
ical ventilation, hospital stay, morbidity, and hospital
mortality rates. The hospital mortality has been reduced from
7.5% to 3.7%, and the morbidity rate has been reduced from
37.3% to 30.0%. When stratified according to the extent of
resection, there was a significant reduction in the hospital
mortality after major hepatic resection from 9.6% (24/249) in
group I to 4.7% in group II (24/506) (P � 0.010), and the
morbidity rate was reduced from 45.8% (114/249) to 31.2%
(158/506) (P � 0.001). Among patients with minor hepatic
resection, there was also a reduction in hospital mortality rate
from 3.9% (6/153) to 1.9% (6/314), but the difference was
not statistically significant (P � 0.220). The morbidity rate
after minor hepatic resection was not significantly different
between the 2 groups (23.5% versus 28.0%, P � 0.302).

Table 6 shows a comparison of specific complications
between the 2 groups. Among the surgical complications,
there was a significant reduction in the rates of biliary fistula
and intraabdominal abscess in group II. Among the medical
complications, group II had significantly reduced rates of bron-
chopneumonia and pleural effusion requiring tapping. The rates
of other complications were not significantly different between
the 2 groups. The rate of liver failure in the 2 groups was similar
despite the worse liver function in group II.

Risk Factors for Morbidity and Hospital
Mortality

Table 7 shows the influence of preoperative and oper-
ative variables on morbidity and hospital mortality of the
1222 patients by univariate analysis. Male gender, cirrhotic
liver, thrombocytopenia, major hepatic resection, concomi-
tant extrahepatic procedure, use of Pringle maneuver, blood
loss �1 L, and perioperative blood transfusion were associ-

TABLE 4. Comparison of Operative Variables*

Group I
(n � 402)

Group II
(n � 820) P

Extent of hepatic resection 0.937
Major 249 (61.9%) 506 (61.7%)
Minor 153 (38.1%) 314 (38.3%)

Concomitant extrahepatic procedure 103 (25.6%) 216 (26.3%) 0.788
Use of Pringle maneuver 182 (45.3%) 224 (27.3%) �0.001
Use of abdominal drain 381 (94.8%) 417 (50.8%) �0.001
Operative blood loss, mL 1450 (850–2950) 750 (400–1450) �0.001
Perioperative blood transfusion required† 272 (67.7%) 142 (17.3%) �0.001
Volume of blood transfused (L) 0.8 (0–2.0) 0 (0–0) �0.001

*Continuous variables are expressed as median and interquartile range; otherwise, figures represent number of patients with percentage in parentheses.
†Perioperative blood transfusion includes any blood or packed cell transfusion within or after the operation during the hospital stay.
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ated with increased morbidity, whereas malignant disease,
cirrhotic liver, hyperbilirubinemia, hypoalbuminemia, throm-
bocytopenia, elevated preoperative serum creatinine, major
hepatic resection, use of Pringle maneuver, blood loss �1 L,
and perioperative blood transfusion were associated with
increased hospital mortality.

Multivariate analyses of risk factors for morbidity and
hospital mortality, respectively, were performed by entering
the significant factors identified in univariate analyses into a
logistic regression model. The significant independent factors
for morbidity were thrombocytopenia, concomitant extrahe-
patic procedure, and perioperative blood transfusion, and
those for hospital mortality were hypoalbuminemia, throm-
bocytopenia, elevated serum creatinine, major hepatic resec-
tion, and perioperative blood transfusion (Table 8).

DISCUSSION
Liver resections are increasingly performed as a stan-

dard treatment of various hepatobiliary diseases. However,
there were few large contemporary studies of the periopera-
tive outcome of hepatic resection.3–5 In a study of 747
hepatectomies in the 1990s, Belghiti et al3 demonstrated a
low operative mortality rate of 1% in patients with normal
liver, but the operative mortality rate was 8.7% in cirrhotic
patients. Jarnagin et al4 reported a series of 1803 patients with
hepatic resection in the 1990s and demonstrated a significant
improvement in perioperative outcome over the study period,
which was attributed to increased use of parenchymal pre-
serving segmental resections and decrease in the number of
hepatic segments resected. More recently, Imamura et al5

reported zero mortality after hepatic resection in a series of

FIGURE 1. Trend of perioperative blood transfusion requirement year by year over the study period. For the year 1989, only
patients operated from July to December were included, and for the year 2003, only patients operated from January to June were
included.

TABLE 5. Comparison of Perioperative Outcomes*

Group I
(n � 402)

Group II
(n � 820) P

Intensive care unit stay, days 1 (0–49) 0.5 (0–17) 0.005
Postoperative mechanical ventilation 215 (53.5%) 174 (21.2%) �0.001
Postoperative parenteral nutrition 114 (28.4%) 373 (45.5%) �0.001
Postoperative day of resumption of oral feeding 2.5 (2–3.5) 1.5 (1–2) �0.001
Hospital stay, days 10 (7.5–16) 7 (6–11.5) �0.001
Overall morbidity 150 (37.3%) 246 (30.0%) 0.012
30-Day operative mortality 17 (4.2%) 22 (2.7%) 0.141
Hospital mortality 30 (7.5%) 30 (3.7%) 0.004

*Continuous variables are expressed as median and interquartile range; otherwise, figures represent number of patients with percentage in parentheses.
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915 patients. The authors emphasized the importance of case
selection, and they adopted a strict selection in terms of liver
function reserve. The current study demonstrated for the first
time that improved perioperative outcome could be achieved
even when the indications of hepatectomy were extended to
more high-risk patients with borderline liver function reserve,
advanced age, and comorbid medical illnesses.

Compared with the reported series of hepatectomy from
western centers,3,4 our patient population was characterized
by a high proportion of patients with HCC (60%) and hence
a high proportion of patients (59.2%) with cirrhosis or
chronic hepatitis. In contrast, in the study of Jarnagin et al,4

metastatic colorectal cancer accounted for 62% of the indi-
cations for hepatectomy, whereas cirrhosis or fibrosis was
present in only 8.8% of the patients. Hepatic resection in
cirrhotic liver is technically more challenging than resection
in normal liver, with increased risk of bleeding, septic com-
plications, and postoperative liver failure.30 Several authors
have emphasized the importance of strict selection in terms of
liver function reserve in ensuring favorable perioperative

outcomes in patients with chronic liver disease.5,11,31 ICG
clearance is a commonly used test of liver function to aid
selection of patients for hepatectomy. In the study by
Imamura et al,5 only patients with ICGR-15 of less than 10%
were offered right hepatectomy or extended hepatectomy.
The use of such a strict selection criterion was considered by
the authors to be a major factor for the excellent result of zero
mortality in their series. We offered major hepatectomy to
patients with less favorable liver function reserve. Before
1997, major hepatic resection was offered to patients with
ICGR-15 of less than 14%. In recent years, we have adopted
an even more liberal selection criterion and offered right
hepatectomy or extended hepatectomy to patients with
ICGR-15 up to 20%.22 Our aggressive approach was partly
driven by the improving survival results that we have ob-
served in hepatic resection for HCC, even for large HCC that
required extended hepatectomy.22,32 Excluding living donors
with normal liver undergoing donor hepatectomy for liver
transplantation, the proportion of patients with resection of 2
or more Couinaud segments was 80.2% in our series, as
compared with 27.3% in the study by Imamura et al.5 In fact,
the proportion of major hepatic resection was the highest in
this series compared with the other 3 large series of hepatec-
tomy recently reported in the literature.3–5

Comparing the 2 halves of the 14-year study period, the
proportion of major hepatic resection has remained similar
despite a significantly higher proportion of patients with
cirrhosis and poorer liver function in group II. The frequency
of thrombocytopenia was also higher in group II compared
with group I, and this presumably reflects a higher proportion
of patients with significant portal hypertension in group II.
Nonetheless, the perioperative outcome in group II has im-
proved significantly in terms of morbidity, hospital mortality,
and other parameters such as intensive care unit stay and
hospital stay. The liver failure rate has not increased despite
the worse liver function in group II. These results supported
our aggressive approach in offering hepatic resection to more
patients with borderline liver function reserve. Among pa-
tients with intrahepatic tumors, there was a significant in-
crease in tumor size in group II compared with group I,
reflecting a trend of more aggressive hepatic resection for
large tumors in the recent years. While major hepatic resec-
tion was a risk factor for hospital mortality, the hospital
mortality of 4.7% after major hepatic resection in group II
was acceptable. Cirrhosis was associated with increased mor-
bidity and hospital mortality in the univariate analyses, but
cirrhosis per se was not a significant factor in the multivariate
analyses. Instead, thrombocytopenia was a significant risk
factor in the multivariate analyses of both morbidity and
hospital mortality, and hypoalbuminemia was another risk
factor for hospital mortality. Jarnagin et al5 also found that
preoperative thrombocytopenia was an independent risk fac-
tor of mortality after hepatic resection, and hypoalbuminemia

TABLE 6. Comparison of Complications*

Group I, %
(n � 402)

Group II, %
(n � 820) P

Surgical complications
Biliary fistula 24 (6.0) 14 (1.7) �0.001
Intraabdominal abscess 22 (5.5) 11 (1.3) �0.001
Postoperative hemorrhage 9 (2.2) 11 (1.3) 0.298
Wound infection 34 (8.5) 81 (9.9) 0.428
Wound dehiscence 7 (1.7) 9 (1.1) 0.352
Intestinal obstruction 1 (0.2) 1 (0.1) 0.550
Intestinal fistula 2 (0.5) 0 (0) 0.108

Medical complications
Liver failure 20 (5.0) 27 (3.3) 0.151
Infected ascites 2 (0.5) 4 (0.5) 1.000
Variceal bleeding 1 (0.2) 1 (0.1) 1.000
Peptic ulcer bleeding 5 (1.2) 7 (0.9) 0.422
Bronchopneumonia 41 (10.2) 44 (5.4) 0.004
Pleural effusion requiring

tapping
40 (10.0) 23 (2.8) 0.001

Empyema thoracis 1 (0.2) 1 (0.1) 1.000
Pneumothorax 5 (1.2) 9 (1.1) 0.782
Cardiac arrhythmia 6 (1.5) 20 (2.4) 0.281
Myocardial infarction 1 (0.2) 1 (0.1) 0.550
Heart failure 2 (0.5) 4 (0.5) 0.980
Renal failure 11 (2.7) 24 (2.9) 0.851
Urinary tract infection 3 (0.7) 3 (0.4) 0.401

*Some patients have more than 1 complication. Other complications not
listed in the table included pericardial effusion (n � 1) and superior
mesenteric vein thrombosis (n � 1) in group I.
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TABLE 7. Univariate Analysis of Risk Factors for Morbidity and Hospital Mortality

Variable Morbidity, % P Hospital Mortality, % P

Gender
Male (n � 854) 294 (34.4) 0.022 48 (5.6) 0.080
Female (n � 368) 102 (27.7) 12 (3.3)

Age
�70 years (n � 1066) 337 (31.6) 0.122 50 (4.7) 0.331
�70 years (n � 156) 59 (37.8) 10 (6.4)

Comorbid illness
No (n � 830) 262 (31.6) 0.361 37 (4.5) 0.287
Yes (n � 392) 134 (34.2) 23 (5.9)

Diagnosis
Benign (n � 188) 51 (27.1) 0.093 3 (1.6) 0.022
Malignant (n � 1034) 345 (33.4) 57 (5.5)

Cirrhotic liver
No (n � 824) 249 (30.2) 0.019 33 (4.0) 0.035
Yes (n � 398) 147 (36.9) 27 (6.8)

Hyperbilirubinemia
No (n � 986) 307 (31.1) 0.053 40 (4.1) 0.005
Yes (n � 236) 89 (37.7) 20 (8.5)

Hypoalbuminemia
No (n � 773) 237 (30.7) 0.112 24 (3.1) �0.001
Yes (n � 449) 159 (35.4) 36 (8.0)

Prothrombin time �12 s
No (n � 594) 190 (32.0) 0.809 23 (3.9) 0.102
Yes (n � 628) 206 (32.8) 37 (5.9)

Thrombocytopenia
No (n � 885) 263 (29.7) �0.001 34 (3.8) 0.005
Yes (n � 337) 133 (39.5) 26 (7.7)

Creatinine �120 �mol/L
No (n � 1147) 365 (31.8) 0.088 48 (4.2) �0.001
Yes (n � 75) 31 (41.3) 12 (16.0)

Extent of resection
Major (n � 755) 272 (36.0) 0.001 48 (6.4) 0.003
Minor (n � 467) 124 (26.6) 12 (2.6)

Extrahepatic procedure
No (n � 903) 277 (30.7) 0.033 39 (4.3) 0.108
Yes (n � 319) 119 (37.3) 21 (6.6)

Pringle maneuver
No (n � 816) 231 (28.3) �0.001 31 (3.8) �0.001
Yes (n � 406) 165 (40.6) 29 (7.1)

Blood loss
�1 L (n � 665) 158 (23.8) �0.001 19 (2.9) �0.001
�1 L (n � 557) 238 (42.7) 41 (7.4)

Blood transfusion
No (n � 808) 210 (26.0) �0.001 21 (2.6) �0.001
Yes (n � 414) 186 (44.9) 39 (9.4)

Annals of Surgery • Volume 240, Number 4, October 2004 Improving Perioperative Outcome of Hepatectomy

© 2004 Lippincott Williams & Wilkins 705



was a risk factor for morbidity. In the current study, group II
patients had a higher incidence of hypoalbuminemia and
thrombocytopenia, yet the operative morbidity and hospital
mortality had decreased. Presumably the adverse effects of
hypoalbuminemia and thrombocytopenia were compensated
by the improvement in surgical techniques and perioperative
care.

While our experience is more concentrated on hepatic
resection for HCC, a more aggressive surgical approach has
also been extended to other hepatobiliary cancers. Recent
studies from other groups have demonstrated improved sur-
vival with aggressive surgical approach in other hepatobiliary
malignancies such as colorectal liver metastasis and hilar
cholangiocarcinoma.33–35 Resection of these malignancies
often requires concomitant extrahepatic procedures such as
synchronous colonic resection or extrahepatic biliary resec-
tion and reconstruction. Extrahepatic biliary procedures are
also required for some benign indications such as hepatoli-
thiasis.36 While previous studies found that extrahepatic pro-
cedures increased the risk of mortality in patients undergoing
hepatectomy,3,4 in our experience, extrahepatic procedures
were associated with increased morbidity but not increased
mortality. The capability to perform hepatectomy combined
with major extrahepatic procedures safely should help to
expand the role of hepatic resection to more complicated
hepatobiliary diseases. Two strategies have further expanded
the indications for hepatic resection. One is preoperative
portal vein embolization to induce hypertrophy of liver rem-
nant in patients with inadequate liver function reserve and
small liver remnant volume. This strategy can be employed
not only in patients with normal liver but also in selected
patients with chronic liver disease or biliary obstruction from

extrahepatic biliary malignancies.35,37 The other strategy is
the use of radiofrequency ablation in combination with he-
patic resection, which can be used to treat multiple bilobar
malignancies when it is anatomically not feasible or too risky
to encompass all the lesions by hepatic resection alone.38

In addition to the liver function reserve, advanced age
and comorbid illnesses are other pre-existing host conditions
that sometimes preclude patients from hepatic resection.
Some previous studies have reported that advanced age was
a significant risk factor for morbidity or mortality after
hepatic resection,4,14,20,39 and comorbid illnesses such as
cardiovascular disease and diabetes mellitus have also been
reported to be significant risk factors.11,39,40 However, recent
studies from our group and others have demonstrated that
advanced age or comorbid illnesses may not adversely affect
the outcome of hepatic resection, provided that careful pre-
operative assessment and meticulous perioperative manage-
ment were executed.41–43 Hence, in recent years, we have
become more liberal in offering hepatic resection to elderly
patients and patients with comorbid illnesses. In this study,
neither advanced age nor comorbid illness was associated
with significantly increased morbidity or mortality. Neverthe-
less, we would like to emphasize that careful preoperative
case selection and meticulous postoperative management in
liaison with the anesthetists and the relevant specialist phy-
sicians are essential to achieve favorable outcome in elderly
patients and patients with comorbid illnesses. The operative
morbidity and hospital mortality have been reduced in group
II compared with group I, while the proportions of elderly
patients and patients with comorbid illnesses, in particular
cardiovascular disease, have increased significantly. Of the
medical complications, there was a significant reduction in
the incidence of respiratory complications. Better postopera-
tive pain control with the use of patient-controlled analgesia
probably has played an important role in reducing respiratory
complications. With the aging population worldwide, the
survival benefit of hepatic resection for malignant diseases in
elderly patients is expected to increase, and hence hepatic
resection is going to play an increasingly important role in
this group of patients. A previous study on HCC managed in
our institution showed a similar survival benefit from hepatic
resection in elderly patients compared with younger pa-
tients.41 While we advocate that the role of hepatectomy can
be expanded in elderly patients and patients with comorbid
illnesses such as diabetes mellitus and cardiovascular dis-
eases that are under control, we caution against hepatic
resection in patients with impaired renal function, because
elevated serum creatinine level was a significant risk factor of
mortality. A previous study on extended hepatic resection has
also identified elevated serum creatinine level as a risk factor
of postoperative mortality.44

Jarnagin et al4 observed that the improved perioperative
outcomes of hepatic resection in their study were largely the

TABLE 8. Significant factors for morbidity and hospital
mortality by multivariate analysis

Variable
Risk Ratio

(95% Confidence Interval) P

Morbidity
Thrombocytopenia 1.679 (1.228–2.295) 0.001
Concomitant extrahepatic

procedure
1.426 (1.070–2.346) 0.016

Perioperative blood
transfusion

1.722 (1.264–2.346) 0.001

Hospital mortality
Hypoalbuminemia 2.151 (1.245–3.717) 0.006
Thrombocytopenia 2.142 (1.146–4.004) 0.017
Elevated serum creatinine 3.864 (1.849–8.074) �0.001
Major hepatic resection 1.572 (1.103–2.242) 0.013
Perioperative blood

transfusion
3.007 (1.490–6.609) �0.001
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result of a decline in the number of liver segments resected.
In contrast, in our study, the overall improvement in periop-
erative outcome over the study period was mainly ascribed to
the reduced mortality and morbidity in patients undergoing
major hepatic resection. Over the study period, there have
been substantial changes in the surgical technique of hepatic
resection and perioperative management. It is difficult to
attribute the reduced operative morbidity and hospital mor-
tality to a specific factor. Among the risk factors of morbidity
and mortality in the multivariate analyses, perioperative
blood transfusion was the only risk factor that has been
significantly reduced in group II compared with group I.
Hence, advance in surgical technique that has led to reduced
operative blood loss was likely to be an important factor for
the improved outcome. Several changes in the surgical tech-
nique over the study period, including the use of ultrasonic
dissection instead of the finger-fracture technique, the adop-
tion of a low central venous pressure during hepatic transec-
tion and the use of a vascular stapler for control of hepatic
veins, together with the increased experience of the surgeons,
have all contributed to the reduction in operative blood loss.
A notable change in the surgical technique in recent years is
the reduced use of Pringle maneuver. Although we have
previously demonstrated in a randomized trial that Pringle
maneuver was effective in reducing blood loss during hepatic
transection,26 we have also observed a time constraint in the
total duration of Pringle maneuver that the liver could toler-
ate,45 which could sometimes lead to a hasty transection and
hence more bleeding. With increased experience, we found
that hepatic transection could be performed with low blood
loss even without the Pringle maneuver. The absence of a
time constraint from Pringle maneuver allows the surgeon to
control each bleeding point precisely before continuing with
the transection. Our change in attitude toward the use of
Pringle maneuver was partly influenced by our experience in
living donor hepatectomy, in which we never applied any
portal clamping. Of the 163 living donor hepatectomies
performed without Pringle maneuver in our unit during the
same period, including 129 patients with right lobe donation,
only 1 patient required perioperative blood transfusion, and
there was no hospital mortality. In recent years, most of the
hepatic resections, including those on cirrhotic liver, were
performed without Pringle maneuver, and operative blood
loss and the requirement for blood transfusion were on the
decreasing trend. Perioperative blood transfusion could in-
crease perioperative morbidity and mortality by causing im-
mune suppression, and it has also been shown to adversely
affect the long-term survival after hepatic resection for HCC
or colorectal metastasis.46,47 The achievement of zero blood
transfusion rate should be a common goal of all surgeons
performing hepatic resection.

In conclusion, this study demonstrated that periopera-
tive outcome has improved despite extending the indication

of hepatectomy to more high-risk patients. Hence, the role of
hepatectomy in the management of benign and malignant
hepatobiliary diseases can be expanded. Reduced periopera-
tive transfusion is the main contributory factor for the im-
proved outcome, and further effort should be directed toward
improving surgical techniques to achieve bloodless hepatic
resection.
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Discussions
DR. DAVID M. NAGORNEY (ROCHESTER, MINNESOTA): Dr.

Poon, congratulations for showing us that major hepatic
resection can be performed with less morbidity and mortality
despite increases in co-morbidity and cirrhosis than in the
past. Importantly, the largest gains in your series were in
patients with malignancy. Again I would congratulate you
and recommend that everyone peruse the article carefully to
learn about the perioperative management so that we can
employ these techniques that made your results so safe. I also
want to commend you for extending the results of the Me-
morial Sloan-Kettering group that show decreased morbidity
and mortality in the past. I have 3 questions.

First, the outcome of the cirrhotics improved with a
decrease in operative mortality by 50% and a decrease in
morbidity by 30%, but you didn’t state what the Pugh-Child’s
class was. Did this change over time or were they similar over
time?

Second, your patients were considered high risk be-
cause of cirrhosis. And because of that, a lot of people would
have transplanted these patients with HCC. Do you think the
degree of reduction of perioperative morbidity and mortality
will affect the choice or the sequence of therapy and long-
term outcome for HCC?

And finally, ablative approaches are currently the rage.
Although the most attractive one is percutaneous ablation, I
think the accuracy of ablation can be improved laparoscopi-
cally or at laparotomy. Do you think that your perioperative
management schema can be employed as effectively in the
patients with worse liver disease who are candidates for
ablation as effectively as those who underwent resection?

Congratulations on your work and thank you for allow-
ing me to comment.

DR. J. MICHAEL HENDERSON (CLEVELAND, OHIO): I appre-
ciate the opportunity to comment on this paper. This group
deserves a lot of credit for the outstanding work they have
done over the last 2 decades in this area. This paper is really
a validation of many of the other studies they have done.
Randomized trials looking at drains or no drains, nutrition or
no nutrition, which are further validated in this very large
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series. The results are outstanding, and I think you can sum it
up in one word: experience. I have a couple of questions, Dr.
Poon.

First in looking at your patient populations, defining
who you select for surgery, indocyanine green was one of
your tests, yet it did not appear as a significant test in your
univariate or multivariate analyses. Why keep doing it? You
have shown value in the standard tests, hypoalbuminemia and
hypobilirubinemia. Is ICG of value or is it redundant? Has the
use of ICG really gone?

The second point that struck me as I read the manu-
script was the huge series of patients with hepatolithiasis.
Was this group’s morbidity different? I would imagine they
might have a higher infection rate, and lumping them in with
malignancy patients might alter the overall experience? Were
their outcomes different?

Again congratulations on a superb paper and thank you
for bringing this experience to this group.

DR. HENRY A. PITT (MILWAUKEE, WISCONSIN): Again,
congratulations on excellent results, which are among the
best in the world.

In reading your abstract and listening to your presen-
tation I was struck by the fact that you had so few patients
with biliary malignancies. My take is that you have included
the intrahepatic cholangiocarcinomas, but you have not re-
ported the gallbladder cancers and the perihilar cholangiocar-
cinomas. Am I correct in that presumption? If you have
excluded them, why? The recent data from Memorial, as well
as our recent data from Milwaukee, suggests that operative
mortality is equally low in these very challenging patients.
Did you also have a low mortality in patients with biliary
malignancies?

DR. RONNIE T. POON (HONG KONG, CHINA): Thanks to
the discussants for their questions. I will answer the questions
in the order they were asked.

First are the questions by Dr. Nagorney. For the first
question, the severity of liver cirrhosis was similar between
the 2 time periods in terms of Child-Pugh score. The majority
of patients in our series had Child-Pugh score at grade A, but
the proportion of grade B patients was similar between the 2
time periods.

Your second question about the role of liver resection
and liver transplantation in patients with cirrhosis is very
important in view of the ongoing debate on whether a Child’s
A cirrhotic patient with a small hepatocellular carcinoma less
than 5 centimeters should receive resection or transplantation
as the treatment of choice.

This study clearly demonstrates an improved perioper-
ative outcome of hepatic resection in cirrhotic patients largely
because of reduced blood loss and blood transfusions in
recent years. The reduction of blood transfusion will also lead

to improved long-term survival, as several studies have al-
ready demonstrated that perioperative blood transfusion has
an adverse effect on long-term survival after resection of
hepatocellular carcinoma probably related to an immunosup-
pressive effect.

In fact, a previous study from our group published in
the Annals of Surgery in the year 2001 has demonstrated
improving long-term survival after resection of hepatocellular
carcinoma as a result of reduced perioperative blood transfu-
sion. The 5-year survival after resection of hepatocellullar
carcinoma less than 5 centimeters in Child’s A cirrhotic
patients in our experience was 70%, which was similar to that
after transplantation.

Hence, the current study and previous studies have
strengthened our belief that hepatic resection should remain
the first line treatment for a Child’s A cirrhotic patient with a
small hepatocellular carcinoma. In our center, we reserve
liver transplantation as a salvage treatment for patients who
have recurrent tumor or deterioration of liver function after
hepatic resection.

For your last question regarding ablative approaches, I
agree with you that ablative accuracy achieved by laparo-
scopic or open approach may be superior to percutaneous
approach. In our center, we perform radiofrequency ablation
for tumors greater than 3 centimeters by laparoscopic or open
approach, and our radiologists perform radiofrequency abla-
tion for tumors less than 3 centimeters by percutaneous
approach. In our experience of over 200 ablations, we did
observe better complete ablation rates after ablation by sur-
gical approach, even though the tumor size was bigger. And
we employed similar preoperative management in terms of
assessment of liver function and imaging in patients who
require surgical ablation.

For questions asked by Dr. Henderson: for the indo-
cyanine green clearance test, I actually did not include it in
the multivariate analysis because it was performed only in a
subgroup of patients with chronic liver diseases, and it was
performed probably in only half of the patients. If I entered it
into the multivariate analysis of the whole group, that might
distort the picture because all the other variables were per-
formed in all patients. Hence, this is the reason why it did not
come out in the analysis, because it was not entered into the
analysis at all. We still think that indocyanine green clearance
test has significant value in the choice of cirrhotic patients
with hepatocellular carcinoma for liver resection, because we
all know that the Child’s A category of patients with cirrhosis
has a wide range of liver function and a wide range of
morbidity and mortality after resection.

Regarding the hepatolithiasis, this is a specific disease
of our locality. It is true that it is associated with recurrent
cholangitis and a higher rate of infective complications after
hepatectomy compared with hepatectomy for the other indi-
cations. However, we did not observe an increased mortality
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rate after hepatic resection for hepatolithiasis, and by includ-
ing these patients in this series I don’t think it will affect the
overall mortality rate in this series.

Finally, regarding the questions by Dr. Pitt: the inci-
dence of biliary malignancies in our locality is very low. We
did offer a similar approach of aggressive hepatic resection
for patients with hilar cholangiocarcinoma and also for pa-
tients with carcinoma of the gallbladder, but in our experi-

ence, of all these 1220 patients, we have only 43 extrahepatic
biliary malignancies. So I think this is related to the low
incidence of these malignancies in our population rather than
our approach in management of these malignancies. And I
agree that our series reflects probably more the role of hepatic
resection in the management of intrahepatic malignancies
rather than extrahepatic malignancies because of the low
proportion of the latter cases.
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