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Abstract
AIM: To evaluate the factors associated with liver func-
tion alterations after laparoscopy-assisted gastrectomy 
(LAG) for gastric cancer.

METHODS: We collected the data of gastrectomy 
patients with gastric cancer and divided them into 2 
groups: open gastrectomy (OG) and LAG. We also col-
lected the data of patients with colon cancer to evaluate 
the effect of liver manipulations during surgery on liver 
function alterations. Serum aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), total bilirubin, 
and alkaline phosphatase were measured on the pre-
operative day and postoperative day 1 (POD1), POD3, 
POD5, and POD7.

RESULTS: No changes in liver function were observed 
after the operation in patients with colon cancer (n  = 
121). However, in gastric cancer patients (n  = 215), 
AST and ALT levels increased until POD5 compared 
to those in colon cancer patients and these findings 
were observed both in the LAG and OG without a sig-

nificant difference except at POD1. The mean hepatic 
enzyme levels at POD1 in the LAG group were signifi-
cantly higher than those in the OG group (P  = 0.047 
for AST and P  = 0.039 for ALT). The factors associated 
with elevated ALT on POD1 in patients with gastric 
cancer were body mass index (P  < 0.001), operation 
time (P  < 0.001), intraoperative hepatic injury (P  = 
0.048), and ligation of an aberrant left hepatic artery 
(P  = 0.052) but not type of operation (OG vs  LAG, P  = 
0.094). 

CONCLUSION: We conclude that the liver function 
alteration after LAG may have been caused by direct 
liver manipulation or aberrant hepatic artery ligation 
rather than the CO2 pneumoperitoneum. 
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INTRODUCTION
While laparoscopic surgery has some limitations, such as 
a longer operating time and a more difficult surgical pro-
cedure than open surgery, it also has several advantages, 
such as less postoperative pain, an earlier recovery, and 
esthetic merits. A major difference between laparoscopic 
and open surgery is that CO2 is used to create a pneumo-
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peritoneum during laparoscopic surgery, which may result 
in respiratory and hemodynamic changes[1]. According to 
many studies, a laparoscopic cholecystectomy, a standard 
surgical procedure for gallbladder disease, results in an 
alteration of  postoperative liver function more frequently 
than open cholecystectomy, and the cause of  such a liver 
function alteration is believed to be the pneumoperito-
neum created by the CO2

[1-5]. Based on previous studies, 
laparoscopy-assisted gastrectomy (LAG) is expected to 
result in liver function alterations resulting from the CO2 

pneumoperitoneum; this occurs because the CO2 expo-
sure time is much longer in LAG because of  the difficulty 
of  the surgical technique and a longer operating time 
compared to laparoscopic cholecystectomy. 

We investigated whether liver function alterations 
take place in patients who undergo LAG for gastric 
cancer and whether other factors affect liver function 
besides a CO2 pneumoperitoneum. We also investigated 
the effect of  the liver function alterations on the clinical 
results. To do this, the postoperative liver functions of  
patients who underwent open gastrectomy (OG) and of  
patients who underwent LAG were compared. In addi-
tion, the postoperative liver functions of  patients who 
underwent open colectomy (OC) and of  patients who 
underwent laparoscopy-assisted colectomy (LAC) for 
colon cancer were compared. 

MATERIALS AND METHODS
Patients
We collected data from 237 consecutive patients who 
received a radical gastrectomy for gastric cancer at Soon-
chunhyang University Bucheon Hospital between January 
2006 and December 2007. Of  these 237 patients, 22 were 
excluded: 6 had hepatic cirrhosis, 5 had undergone hepatic 
resection simultaneously with gastrectomy for benign he-
patic diseases or hepatic metastasis, 10 had received endo-
scopic treatment for biliary tract stones before the surgery 
or intraoperatively had undergone biliary system surgery, 
and one patient had intraoperatively received a biliary 
system iatrogenic injury. These patients were excluded 
because the surgical techniques may have affected their 
liver function during surgery. However, patients whose 
liver function was normal, including those who had hepa-
titis or fatty liver before the operation, and patients who 
underwent a cholecystectomy simultaneously, were not 
excluded. 

Patients who underwent a colectomy without direct 
liver manipulation during the operation were the control 
group for the gastrectomy patients because we thought 
that traction or manipulation of  the liver during the op-
eration might affect postoperative liver function. Of  the 
133 patients who underwent a radical colectomy for colon 
cancer during the same period, those included in the study 
were selected according to the same exclusion criteria. 

The patients were divided into 4 groups based on di-
agnosis and surgical technique: LAG group, OG group, 
LAC group, and OC group. 

Methods
The patients’ clinicopathologic characteristics, hepatic 
disease history, surgical method, surgical outcome, and 
liver function before and after surgery were retrospectively 
examined using their medical records. Serum aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
total bilirubin (Bil), and alkaline phosphatase (ALP) were 
measured preoperatively and examined at postoperative day 
1 (POD1), POD3, POD5, and POD7. The normal refer-
ence levels were AST 5-40 IU/L, ALT 0-40 IU/L, Bil 0.2- 
1.2 mg/dL, and ALP 35-115 IU/L. Patients who had he-
patic enzyme levels higher than the normal reference level 
were defined as the “elevated” group, and patients with a 
normal reference level were defined as the ’normal’ group. 

Surgical methods
The operations were performed in the supine position for 
OG patients, in the reverse-Trendelenburg position for 
LAG patients, and in the Trendelenburg position for OC 
and LAC patients. For LAG and LAC, CO2 was insufflat-
ed via a trocar to insert the laparoscope, and the pneumo-
peritoneal pressure was maintained at 12 mmHg or less. 
In patients undergoing LAG and OG, the range of  the 
gastric resection or lymph node dissection depended on 
the tumor location or preoperative TNM stage; for gas-
tric cancer invading the submucosal layer or deeper, a D2 
lymph node dissection was performed according to the 
Japanese Gastric Cancer Guidelines. In the LAG and OG 
groups, to provide an operative field in the upper pancre-
atic border, the left lobe of  the liver was lifted when the 
lesser curvature of  the stomach was dissected. For the 
LAC and OC groups, the extent of  colon resection was 
also determined based on tumor location and lesion stage 
before the surgery, and no difference was observed be-
tween the 2 groups. 

Statistical analysis
All values are expressed as the mean ± SD. The χ2-test, 
the independent t-test, and the paired t-test were con-
ducted using SPSS software (version 15.0 for Windows; 
SPSS Inc., Chicago, IL, USA). P values < 0.05 were con-
sidered statistically significant. 

RESULTS
Patient clinicopathologic characteristics 
Two hundred and fifteen patients with gastric cancer par-
ticipated in our study (124 patients in the OG group, 91 
patients in the LAG group). The mean age of  the patients 
was 58.6 years, with 164 males and 51 females. Of  the pa-
tients with gastric cancer, 31 (14.4%) had underlying liver 
diseases: fatty liver in 15 and viral hepatitis in 16. A com-
bined operation was performed in 46 cases (21.4%), most 
frequently a splenectomy, followed by a cholecystectomy, 
adrenalectomy, or distal pancreatectomy. Stage Ⅰ was the 
most common TNM stage in both the OG and LAG 
groups (137 patients, 63.7%), but significantly more 
stage Ⅰ patients were in the LAG group (92.3%) than in 
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the OG group (P < 0.001). A combined operation was 
performed more frequently in the OG group than in the 
LAG group (P = 0.004), and the operating time was sig-
nificantly longer in the LAG group (203 min) than in the 
OG group (165 min, P < 0.001). No significant differenc-
es between the 2 groups were observed for age, presence 
or absence of  underlying liver disease, type of  anesthetic 
agent used, or postoperative complications. 

Among the patients with colon cancer, 121 were in-
cluded in the study. Their mean age was 60.9 years, and 
they consisted of  65 males and 56 females. No differences 
in gender, age, presence or absence of  an underlying liver 
disease, combined operation rate, anesthetic agent, or post-
operative complications were observed between the LAC 
(43 patients) and the OC groups (78 patients), whereas sig-
nificant differences were found between the 2 groups for 
operating time and hospital stay after the operation, operat-
ing time being significantly longer in the LAC group and 
length of  stay significantly longer in the OC group (Table 1).

Morbidity and mortality after the operation
Postoperative complications occurred in 24 (11.2%) pa-
tients who underwent a gastrectomy: wound infection in 
7, anastomotic leakage in 5, postoperative bleeding in 5, 
intra-abdominal fluid collection in 5, and other complica-
tions in 2. Six cases of  complications (5%) occurred in 
patients who underwent a colectomy: postoperative ileus 
in 3, anastomotic leak in one, and wound infection in one.

Two patients who underwent a gastrectomy (one each 
in the OG and LAG groups) and one patient who under-

went a colectomy (LAC group) died after the operation. 
Thus, the postoperative mortality rate was 0.9% and 0.8% 
in patients who underwent a gastrectomy and colectomy, 
respectively. The causes of  death were postoperative 
pneumonia (2 patients in the gastrectomy group) and sep-
sis (one patient in the colectomy group); no patient died 
of  postoperative hepatic failure. 

Postoperative changes in liver function
The postoperative AST and ALT levels were significantly 
higher than the preoperative levels in both the OG and 
LAG groups until POD5 (Table 2).

The mean hepatic enzyme levels at POD1 in the 
LAG group were significantly higher than those in the 
OG group (P = 0.047 for AST and P = 0.039 for ALT). 
No changes in preoperative or postoperative Bil and 
ALP levels were observed in either group. 

No significant changes in the pre- and postoperative 
AST, ALT, Bil, and ALP levels were observed among pa-
tients who underwent a colectomy, and the changes were 
not significantly different between the LAC and OC 
groups (Table 2). 

Approximately 65% of  the patients in the LAG group 
and 59.7% in the OG group showed increased levels of  
AST at POD1, and 25.3% in the LAG group and 27.4% 
in the OG group showed increased levels of  AST at 
POD3 (P > 0.05). Similar to the results with AST, 69.2% 
of  the patients in the LAG group and 58.1% in the OG 
group showed increased levels of  ALT at POD1, and 
39.6% in the LAG group and 33.9% in the OG group 
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Table 1  Patient characteristics  n  (%)

Variables Stomach cancer (n  = 215) Colon cancer (n  = 121)

LAG (n  = 91) OG (n  = 124) P  LAC (n  = 43) OC (n  = 78) P  

Gender (M:F) 70:21 94:30 NS 22:21 43:35 NS
Age (yr, mean ± SD)   57.1 ± 13.2   59.7 ± 11.9 NS   58.9 ± 10.3   62.0 ± 13.5 NS
BMI (kg/m2, mean ± SD) 23.8 ± 3.2 23.5 ± 3.4 NS 24.2 ± 3.6 24.7 ± 2.9 NS
Underlying liver disease NS NS

No 81 (89.0) 103 (83.1) 30 (69.8) 66 (84.6)
Yes 10 (11.0)   21 (16.9) 13 (30.2) 12 (15.4)

Fatty liver  6   9 11 8
Hepatitis 4 12   2 4

TNM stage < 0.001    0.004
Ⅰ 84 (92.3)   53 (42.7) 18 (41.9) 15 (19.2)
Ⅱ 4 (4.4)   22 (17.7)   8 (18.6) 35 (44.9)
Ⅲ 3 (3.3)   30 (24.3) 17 (39.5) 28 (35.9)
Ⅳ 0   19 (15.3)   0 0

Operation time (min, mean ± SD) 230.1 ± 77.6 165.2 ± 52.1 < 0.001 252.5 ± 77.2 184.1 ± 62.4 < 0.001
Combined operation     0.004 NS

No 80 (87.9)   89 (71.8) 42 (97.7) 74 (94.9)
Yes 11 (12.1)   35 (28.2) 1 (2.3) 4 (5.1)

Anesthetic agent NS NS
Sevoflurane 21 (23.1)   45 (36.3) 15 (34.9) 18 (23.1)
Desflurane 70 (76.9)   79 (63.7) 28 (65.1) 60 (76.9)

Postoperative morbidity 8 (8.8)   16 (12.9) NS 1 (2.3) 5 (6.4) NS
Postoperative mortality 1   1   1 0
Hospital stay (d, mean ± SD)   10.7 ± 16.0   14.9 ± 12.6 NS 12.7 ± 3.8   17.9 ± 12.3    0.007

LAG: Laparoscopy-assisted gastrectomy; OG: Open gastrectomy; LAC: Laparoscopy-assisted colectomy; OC: Open colectomy; BMI: Body mass index; NS: 
Not significant.
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showed increased levels at POD3 (P > 0.05, Figure 1). 
Among the patients who underwent a gastrectomy, 13 

showed more than a 5-fold increase in ALT levels from 
the normal level at POD1 (8 patients in the LAG group 
and 5 patients in the OG group). Of  these 13 patients, 
3 showed more than a 10-fold increase (2 patients in the 
LAG group and one patient in the OG group). 

Factors that affected postoperative liver function after 
gastrectomy
Unlike LAG, no change in liver function was observed 
after LAC when using a CO2 pneumoperitoneum. There-

fore, the characteristics of  the patients who showed liver 
function alterations after LAG were examined to identify 
other factors that could cause changes in postoperative 
liver function. For this purpose, we investigated the ALT 
level at POD1, at which the change in postoperative liver 
function for those who underwent a gastrectomy was 
most prominent. The patients who underwent a gastrec-
tomy were classified into 2 groups: a normal group that 
had a normal ALT range and an elevated group having 
higher ALT levels than the reference. We also examined 
their clinical features and surgical findings. 

The changes in the ALT levels at POD1 for patients 
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Table 2  Preoperative and postoperative liver enzymes (mean ± SD)

Variables Stomach cancer (n  = 215) Colon cancer (n  = 121)

LAG (n  = 91) OG (n  = 124) P 1 LAC (n  = 43) OC (n  = 78) P 2 

AST (IU/L)
Preoperative 22.1 ± 7.6 21.8 ± 7.3 NS 20.8 ± 8.7 19.9 ± 6.3 NS
POD1    73.8 ± 67.2a    57.6 ± 45.9a 0.047   23.2 ± 11.8   22.2 ± 11.5 NS
POD3    41.1 ± 43.5a    38.4 ± 24.3a NS 22.9 ± 9.5 22.4 ± 8.4 NS
POD5    28.9 ± 24.1a    29.5 ± 18.1a NS   25.3 ± 10.8   22.3 ± 10.8 NS
POD7   24.0 ± 11.6   22.2 ± 11.3 NS   28.9 ± 26.2   24.7 ± 13.4 NS

ALT (IU/L)
Preoperative   23.9 ± 13.5   23.8 ± 15.8 NS 24.1 ± 3.7 17.0 ± 2.6 0.045
POD1      89.1 ± 103.7a    63.3 ± 65.9a 0.039 18.4 ± 8.1   17.4 ± 15.0 NS
POD3    62.2 ± 97.3a    51.5 ± 57.6a NS 16.6 ± 6.5 15.9 ± 9.6 NS
POD5    43.2 ± 49.1a    39.4 ± 40.6a NS   20.6 ± 13.9 16.4 ± 8.5 NS
POD7   33.7 ± 25.4   26.9 ± 17.9 0.033   32.1 ± 43.8   21.0 ± 25.4 NS

Total bilirubin (mg/dL)
Preoperative   0.6 ± 0.2   0.5 ± 0.3 NS   0.5 ± 0.2   0.5 ± 0.3 NS
POD1   0.8 ± 0.3   0.7 ± 0.3 NS   0.7 ± 0.4   0.6 ± 0.3 NS
POD3   0.8 ± 0.4   0.7 ± 0.5 NS   0.4 ± 0.2   0.4 ± 0.2 NS
POD5   0.7 ± 0.3   0.6 ± 0.3 NS   0.5 ± 0.2   0.4 ± 0.2 NS
POD7   0.7 ± 0.3   0.5 ± 0.2 NS   0.5 ± 0.2   0.4 ± 0.2 NS

ALP (IU/L)
Preoperative   65.6 ± 17.6   65.8 ± 22.1 NS   69.1 ± 20.3   64.4 ± 22.2 NS
POD1   46.7 ± 11.9   47.8 ± 14.6 NS   49.9 ± 15.5   44.6 ± 13.3 NS
POD3   44.2 ± 10.5   45.8 ± 14.5 NS   44.1 ± 11.7   41.9 ± 10.2 NS
POD5   50.6 ± 23.5   48.6 ± 15.6 NS   47.5 ± 18.7   43.2 ± 11.3 NS
POD7   57.9 ± 38.3   54.7 ± 22.6 NS   51.1 ± 24.1   47.2 ± 13.1 NS

1P values represent the statistical difference between the laparoscopy-assisted gastrectomy (LAG) and open gastrectomy (OG) groups; 2P values represent the 
statistical difference between the laparoscopy-assisted colectomy (LAC) and open colectomy (OC) groups; aP < 0.05 vs preoperative liver enzymes using the 
paired t-test. POD: Postoperative day; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; NS: Not significant.
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Figure 1  Frequency of patients who had elevated liver enzyme levels after a gastrectomy for gastric cancer. A: Aspartate aminotransferase; B: Alanine amino-
transferase. LAG: Laparoscopy-assisted gastrectomy; OG: Open gastrectomy; POD: Postoperative day.
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who underwent a gastrectomy were not significantly af-
fected by gender, age, underlying liver disease, presence 
or absence of  postoperative complications, type of  an-
esthetic agent, or intraoperative transfusion. The body 
mass index (BMI) was significantly higher in the elevated 
group than in the normal group, and the operating time 
in the elevated group was significantly longer than in the 
normal group. Furthermore, 7.4% of  the patients who ex-
perienced intraoperative hepatic injury showed increased 
ALT levels, which was a significantly higher proportion 
than in the patients who did not experience intraoperative 
hepatic injury (P = 0.048). Of  the patients with normal 
ALT levels, 1.3% of  patients had ligation of  an aberrant 
left hepatic artery during the operation, whereas in the 
elevated group, 5.9% of  patients had ligation of  this ar-
tery, although this result had no statistical significance (P 
= 0.052). Thirty-five percent of  the patients in the normal 
group underwent LAG, whereas 46.7% of  the patients in 
the elevated group underwent LAG, but no significant dif-
ference was found (P = 0.094) (Table 3). 

DISCUSSION
Pneumoperitoneum, which is created by CO2 insufflation 
during a laparoscopic operation, results in postoperative 
transient liver function abnormalities. Halevy et al[6] first 

reported that aminotransferase levels increased signifi-
cantly after laparoscopic cholecystectomy. They suggested 
that the increase in aminotransferase was due to increased 
intra-abdominal pressure, pressure against the liver with 
the lifting of  the gall bladder, damage to the liver paren-
chyma by electrocautery, deformity of  the extrahepatic 
biliary duct, the possibility of  introducing a small stone 
into the biliary duct, or damage to the left hepatic artery 
during surgery. Other studies have reported that a laparo-
scopic cholecystectomy was more likely to result in liver 
function abnormalities than an open cholecystectomy and 
suggested that the cause of  the abnormalities was reduced 
blood flow into the hepatic portal vein as a result of  the 
increased intra-abdominal pressure caused by the pneu-
moperitoneum; the degree of  pneumoperitoneal pressure 
is related to the degree of  liver function abnormality[2,7].

Animal studies have also shown that a pneumoperito-
neum directly damages rat liver tissue, that the degree of  
damage is related to pneumoperitoneal pressure, and that 
the persistence of  the pressure at 15 mmHg or more for 
60 min or longer may result in irreversible hepatic dam-
age[8]. Contrary to these reports, a study on 1034 patients 
who underwent laparoscopic cholecystectomy reported 
that only 3.9% of  the patients had a mild elevation in he-
patic enzyme levels after the operation, and that the num-
ber of  liver function abnormality cases after laparoscopic 
cholecystectomy was much lower than in other studies[9].

Very few studies have reported liver function abnor-
malities after LAG for gastric cancer. Etoh et al[10] and 
Kim et al[11] reported that liver function abnormalities oc-
curred in patients who underwent LAG but not in those 
who had OG. They asserted that liver function abnor-
malities may occur after LAG due to the CO2 pneumo-
peritoneum, although objective evidence for their asser-
tion was unavailable. 

Because LAG is more difficult to perform than OG, 
the operating time can be longer, and consequently, the 
exposure time of  the intra-abdominal organs to the pneu-
moperitoneum may also be longer than in OG. Given this, 
a pneumoperitoneum was expected to cause liver func-
tion abnormalities. Thus, this study sought to determine 
whether postoperative liver function abnormalities would 
occur in patients who underwent LAG. 

The change in the absolute hepatic enzyme levels was 
more marked in the LAG group than in the OG group. 
Moreover, consistent with the results of  previous stud-
ies, this change was most prominent on POD1, but the 
level returned to normal on POD5. When the patients 
were divided into an elevated enzyme group and a normal 
group, the frequency of  change in the absolute hepatic 
enzyme levels in the elevated group did not differ between 
the LAG and OG groups (Figure 1). Furthermore, when 
the patients who underwent a colectomy, in which the 
hepatic parenchyma and the vessels around the liver were 
not excessively manipulated, were divided into LAC and 
OC groups, no liver function abnormalities were found 
in either group. Thus, we presumed that the major cause 
of  liver function abnormalities after LAG may not be the 
pneumoperitoneum. Similar to this result, Nguyen et al[12] 
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Table 3  Comparison of alanine transaminase levels on the first 
postoperative day in patients who underwent a gastrectomy  n (%)

Variables Normal 
group

(n  = 80)

Elevated 
group

(n  = 135)

P  value

Gender (M:F) 59:21 105:30    0.502
Age (yr, mean ± SD)   58.6 ± 13.4   58.6 ± 12.0    0.981
BMI (kg/m2, mean ± SD) 22.3 ± 3.3 24.4 ± 3.0 < 0.001
Underlying liver disease     0.153

No 70 (87.5) 114 (84.4)
Yes 10 (12.5)   21 (15.6)

Fatty liver  2 (2.5) 13 (9.7)
Hepatitis   8 (10.0)   8 (5.9)

Operation time (min, mean ± SD) 168.9 ± 61.4 206.7 ± 73.6 < 0.001
Types of operation     0.094

Open 52 (65.0)   72 (53.3)
Laparoscopy-assisted 28 (35.0)   63 (46.7)

Combined operation    0.093
No 58 (72.5) 111 (82.2)
Yes 22 (27.5)   24 (17.8)

Anesthetic agent    0.979
Sevoflurane 24 (30.0)   40 (29.6)
Desflurane 56 (70.0)   95 (70.4)

Intraoperative transfusion    0.894
No 71 (88.8) 119 (88.1)
Yes   9 (11.3)   16 (11.9)

Aberrant left hepatic artery    0.052
Absence or preservation 79 (98.8) 127 (94.1)
Artery ligation 1 (1.3)   8 (5.9)

Intraoperative hepatic injury    0.048
No 79 (98.8) 125 (92.6)
Yes 1 (1.3) 10 (7.4)

Mean ALT at POD1 (± SD) 28.2 ± 8.1 101.4 ± 97.1 < 0.001

BMI: Body mass index; POD: Postoperative day; ALT: Alanine amino-
transferase.
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also reported no difference in the increase in hepatic en-
zyme levels between patients who underwent laparoscopic 
and open gastric bypass. They performed laparoscopic 
and open Roux-en-Y gastric bypass on obese patients and 
found that the hepatic enzyme level increase was highest 
in the first 24 h after the operation, and that liver func-
tion returned to normal 72 h after the operation. They 
also reported no significant difference in the hepatic 
enzyme level increase between those who underwent a 
laparoscopic vs an open operation, and they asserted that a 
prolonged pneumoperitoneum in patients who underwent 
the laparoscopic operation would not have greatly affected 
the change in the postoperative hepatic enzyme levels. 
The statistical significance of  the effect of  prolonged op-
erating time on the increase in hepatic enzyme level after 
gastrectomy in the present study can be attributed to the 
long exposure time to the pneumoperitoneum. However, 
it can also be attributed to the long ischemic time of  the 
liver due to extended liver traction. 

Thus, we divided our patients into a group with nor-
mal liver function and a group with elevated liver func-
tion, based on the ALT level at POD1, at which the liver 
function abnormality was most prominent, to determine 
whether liver function after LAG is influenced by factors 
other than a pneumoperitoneum. The change in liver 
function was based on the ALT level because ALT exists 
mostly in the liver, unlike AST, and is the gold-standard 
clinical chemistry marker for liver injury[13,14]. The clas-
sification of  the elevated group was based on the normal 
ALT reference range of  0-40 IU/L, which is used at the 
authors’ hospital. As a result, the surgical technique (OG 
and LAG) did not affect the increase in the ALT levels 
after the operation, but the BMI in the elevated group 
was significantly higher than in the normal group. Also, 
the operating time was significantly longer in the elevat-
ed group than in the normal group. When the hepatic 
parenchyma was damaged or when the aberrant left he-
patic artery was ligated, the ALT level increased.

Many studies on liver function abnormalities after a 
laparoscopic operation have reported that the cause of  
postoperative liver function abnormality was hepatic isch-
emia caused by reduced portal flow due to the pneumo-
peritoneum[8]. However, we did not find any liver function 
abnormalities after LAC, whereas liver function abnor-
malities after an open gastrectomy were found when the 
hepatic parenchyma was directly damaged or when the ab-
errant hepatic artery was ligated. Given these conditions, 
the causes of  liver function abnormalities after LAG can 
be attributed to excessive liver traction, direct damage to 
the hepatic parenchyma, ligation of  an aberrant hepatic 
artery during the operation, or reduced portal flow due to 
the pneumoperitoneum. 

Patients who underwent a gastrectomy showed signifi-
cantly increased hepatic enzyme levels on POD1, regard-
less of  the surgical technique, which returned to normal 
on POD5. This transient liver function abnormality was 
not clinically meaningful because it did not cause hepatic 
failure or clinical symptoms. However, as patients with 
hepatic cirrhosis or decreased liver function were not 
included in this study, further research is required to de-

termine whether LAG is safe for patients with decreased 
liver function. The assumption was made that LAG could 
be performed safely in patients with decreased liver func-
tion by taking the greatest possible care with ligation of  
the aberrant hepatic artery and not damaging the hepatic 
parenchyma, or if  the major cause of  the liver function 
abnormality after LAG was damage to the hepatic paren-
chyma due to excessive liver traction. 

COMMENTS
Background
A major difference between laparoscopic and open surgery is that carbon dioxide 
(CO2) is used to create a pneumoperitoneum during laparoscopic surgery, which 
may result in respiratory and hemodynamic changes. According to many studies, 
a laparoscopic cholecystectomy, a standard surgical procedure for gallbladder 
disease, results in an alteration of postoperative liver function more frequently 
than open cholecystectomy, and the cause of such liver function alteration is be-
lieved to be the pneumoperitoneum created by CO2. Based on previous studies, 
laparoscopy-assisted gastrectomy (LAG) is expected to result in liver function al-
terations due to the CO2 pneumoperitoneum.The paper investigated whether liver 
function alterations take place in patients who undergo LAG for gastric cancer 
and whether other factors affect liver function besides a CO2 pneumoperitoneum.
Innovations and breakthroughs
In the study, patients who underwent a colectomy without direct liver manipulation 
during the operation were the control group for the gastrectomy patients because 
the authors thought that traction or manipulation of the liver during the operation 
might affect postoperative liver function. The change in the absolute hepatic enzyme 
levels was more remarkable in the LAG group than in the open gastrectomy (OG) 
group. Moreover, consistent with the results of previous studies, this change was 
most prominent on postoperative day 1 (POD1), but the level returned to normal on 
POD5. When the patients were divided into an elevated group and a normal group, 
the frequency of change in the absolute hepatic enzyme levels in the elevated group 
did not differ between the LAG and OG groups. Furthermore, when the patients who 
underwent a colectomy, in which the hepatic parenchyma and the vessels around 
the liver were not excessively manipulated, were divided into laparoscopy-assisted 
colectomy (LAC) and open colectomy groups, no liver function abnormalities were 
found in either group. Thus, authors presumed that the major cause of liver function 
abnormalities after LAG may not be the pneumoperitoneum.
Applications 
Many studies on liver function abnormalities after a laparoscopic operation have 
reported that the cause of postoperative liver function abnormality was hepatic 
ischemia caused by reduced portal flow due to the pneumoperitoneum. However, 
authors did not find any liver function abnormalities after LAC, whereas liver func-
tion abnormalities after an open gastrectomy were found when the hepatic pa-
renchyma was directly damaged or when the aberrant hepatic artery was ligated. 
Given these conditions, the causes of liver function abnormalities after LAG can 
be attributed to excessive liver traction, direct damage to the hepatic parenchyma, 
ligation of an aberrant hepatic artery during the operation, or reduced portal flow 
due to the pneumoperitoneum. The assumption was made that LAG could be 
performed safely on patients with decreased liver function by taking the greatest 
possible care with the aberrant hepatic artery ligation and not damaging the he-
patic parenchyma, or doing so if the major cause of the liver function abnormality 
after LAG was damage to the hepatic parenchyma due to excessive liver traction. 
Peer review
This is a well designed and researched paper. The positive findings show more 
marked changes in liver function after a laparoscopy-assisted gastrectomy for 
gastric cancer than after an open gastrectomy, lasting for up to 5 d, these dif-
ferences are related to body mass index (BMI) and longer operation time. The 
authors could have suggested that these could be explained by the heavier re-
traction of the liver which would be required in patients with a greater BMI and the 
greater duration of the retraction in the laparoscopy group. 
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