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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors in China and one of the most 
common neoplasms worldwide. Surgical hepatic resection 
at an early stage remains a common treatment method for 
liver cancer and is considered the first choice and most 
effective method. Many studies have shown, that for the 
treatment of small HCC, surgical resection is superior to 
other nonsurgical ablation treatments (1). However, it is 
very complex and has many possible complications and 

risks. Intraoperative bleeding control is crucial. Hepatic 
portal occlusion is an effective method of reducing the 
bleeding risk (2), and there are a variety of available 
occlusion methods. However, the liver undergoes ischemia-
reperfusion injury after occlusion, which results in delayed 
recovery of hepatic function as well as the risk of liver 
failure and even death. This occurs in both liver resection 
surgery and transplantation. During liver resection surgery, 
blood flow occlusion is generally used to control bleeding. 
However, a long duration of ischemia after blood flow 
occlusion is bound to lead to an increased hepatic burden, 
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resulting in slowed postoperative recovery of liver function 
and even liver failure. Consequently, the identification of 
an effective method of controlling bleeding of the liver 
parenchyma to avoid ischemic damage to the residual liver 
has always been the goal of both domestic and foreign 
researchers. How to scientifically and reasonably select the 
optimal hepatic blood flow occlusion method to minimize 
intraoperative bleeding and, thus, decrease liver injury 
has become one of the key technical problems in hepatic 
surgery (3). Occluding the blood flow entering the liver 
is the most commonly used technique to control liver  
bleeding (2). Among the available methods, the Pringle 
method is the simplest and most common method of blood 
flow occlusion since it can completely block blood flow 
through the hepatic artery and portal vein without the need 
for fine dissection of the hepatic portal and can be used with 
almost any hepatic resection type (4-6). However, since 
this method blocks all of the liver’s blood supply, it can 
cause ischemia-reperfusion injury of the liver, which greatly 
impacts the liver function of patients with concomitant 
cirrhosis (7). 

After ischemia-reperfusion injury, the liver is subjected 
to a series of pathophysiological changes with extremely 
complicated mechanisms that would definitely increase 
the incidence of postoperative complications (8). The 
pathophysiological processes behind it are complex and 
well-described in the literature. They include interactions 
between hepatic Kupffer cells ,  hepatic sinusoidal 
endothelium, and the cellular and soluble messenger 
components of blood inflow, which results in a systemic 
inflammatory response and local injury (9). At the cellular 
level, one of the main contributing factors to hepatic injury 
is oxidative stress mediated by oxygen-free radicals (10). 
Therefore, it is important to choose an appropriate method 
of blood flow occlusion. Hepatic portal occlusion with 
hemihepatic arterial blood supply retention (the modified 
Pringle method, hereafter referred as the modified method) 
is a new portal occlusion method that has been tested in 
our department in recent years. Here we compared it to the 
traditional Pringle method to explore its clinical value in 
liver resection in patients with HCC.

Methods

Clinical data

This retrospective observational study included 94 patients 
who underwent liver resection with blood flow occlusion 

from January 2006 to November 2013. Patients were treated 
by the Pringle method (Pringle group) or the modified 
Pringle method (modified group). The 81 male patients and 
13 female patients had a median age of 54.5 years. Of the  
94 patients, 73 patients were hepatitis B virus surface antigen 
(HBsAg)-positive and five were anti-hepatitis C virus 
antibody (anti-HCV)-positive; 90 patients were classified 
as Child A, while four were classified as Child B. There 
were 71 patients with concomitant cirrhosis, including  
38 mild, 29 moderate, and four severe cases. Liver cirrhosis 
grade was classified into mild, moderate, and severe mainly 
based on the size of the largest hardening nodule on 
the liver surface observed during surgery (<0.4, 0.4–0.8, 
and >0.8 cm with significantly shrunken and deformed 
liver, respectively). There was no significant difference in 
preoperative liver functional classification between the two 
groups of patients as evidenced by no significant difference 
in serum aspartate transaminase (AST), total bilirubin, or 
albumin (ALB) levels. However, the liver cirrhosis degree of 
the modified group was significantly greater than that of the 
Pringle group (P<0.01), and the mean alanine transaminase 
(ALT) level of the modified group was significantly 
higher than that of the Pringle group (P<0.05) (Table 1). 
The diagnosis of HCC was confirmed in all 94 cases by 
postoperative pathology.

Surgical method

In the modified group, the hepatoduodenal ligament was 
dissected, the left or right hepatic artery was isolated, 
and the remaining hepatoduodenal ligament tissue was 
wrapped with a catheter. Both ends of the catheter were 
then passed through a section of a silicone tube, which was 
then pushed to the hilum using a hemostat. The catheter 
was then tightened to block the corresponding hepatic 
blood inflow. The duration of each block was limited to  
30 min with an interval of at least 5 min before the next 
block. The blocking was performed as many as three 
times, with the longest total time of 48 min (blocking 
three times) and the shortest time of 4 min (blocking once) 
(Figure 1).

In the Pringle group, the hepatoduodenal ligament was 
clamped with a catheter and hemostat once or repeatedly 
to block the hepatic blood supply, with the blocking time 
limited to less than 15 min each time and an interval of 
at least 5 min before the next block. The blocking was 
performed as many as four times in individual patients, with 
the longest total blocking time of 52.8 min (blocking four 
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times) and the shortest time of 5.3 min (blocking once) 
(Figure 1).

Observation parameters

The major observation parameters were: duration and mean 
time of occlusion; amount of blood loss and transfusion 
during surgery; operation time; operation method; 
postoperative hospital stay; and ALT, AST, total bilirubin, 
and ALB measured at 1, 3, 5, and 7 days after surgery. 
Postoperative complications included pleural effusion, 
ascites, biliary fistula, massive hemorrhage, and the incidence 
of postoperative death and reoperation.

Statistical analysis

Data are expressed as mean ± SD for continuous variables 
and percentages for categorical variables. Student’s t-test 
was used to compare normally distributed variables between 
the two groups, while the chi square test was used to 
compare categorical variables. Differences with values of 
P<0.05 were considered statistically significant. SPSS 17.0 
(SPSS Inc., Chicago, IL, USA) software was used for the 
statistical data analysis.

Results

Comparison of surgical methods and intraoperative data

As shown in Tables 2,3, during surgery, the two patient 
groups showed no significant difference in the volume 
of intraoperative blood loss and transfusion (including 
infusion of plasma or red blood cells), tumor size, operation 
time, operation mode, duration of occlusion, number of 
occlusions, and incidence of occlusion >20 min (Tables 2,3).

Postoperative changes of hepatic function

Comparison of liver function in the two groups of patients 
1 day after surgery revealed that ALT, AST, total bilirubin, 
and ALB levels did not differ significantly. However, by 
this time, the total bilirubin level of the modified group was 
already within the normal range, while, with the exception 

Table 1 Clinical data and preoperative hepatic function of the two 
groups

Clinical data
Modified 
group [%]

Pringle 
group [%]

χ2/t value P value

Gender 0.847 0.427

Male 47 [84] 29 [76]

Female 9 [16]  9 [14]

Age 0.597 0.495

≥60 years 15 [27] 13 [34]

<60 years 41 [73] 25 [66]

Type of hepatitis 2.023 0.364

None 7 [12] 9 [24]

B 46 [82] 27 [71]

C 3 [6] 2 [5]

Tumor position 1.768 0.413

Left liver 6 [11] 7 [18]

Right liver 42 [75] 28 [78]

Bilateral 8 [14] 3 [4]

Tumor size 2.829 0.139

≥5 cm 29 [52] 13 [34]

<5 cm 27 [48] 25 [66]

Hepatic cirrhosis 17.389 0.001

None 11 [20] 12 [31]

Mild 16 [28] 22 [58]

Moderate 25 [45] 4 [11]

Severe 4 [7] 0

Child grading 0.159 1

A 54 [96] 36 [95]

B 2 [4] 2 [5]

ALT (U/L) 41.9±26.5 30.8±15.5 2.381 0.019

AST (U/L) 38.4±20.8 31.8±18.4 1.638 0.105

Albumin (g/L) 40.8±5.5 41.0±4.1 0.191 0.849

Total bilirubin (μmol/L) 14.7±8.2 13.7±7.2 0.639 0.524

Data are expressed as mean ± SD for continuous variables and 
N (percentage) for categorical variables.
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Figure 1 Photos and contrast of the modified Pringle method and the Pringle occlusion method. (A) The modified Pringle method: For a 
tumor located in the right half of the liver, the blood supply to the left hepatic artery was isolated. The remaining hepatoduodenal ligament 
tissue was then clamped. The arrow indicates the isolated left hepatic artery. (B) The Pringle occlusion method: The hepatoduodenal 
ligament tissue was clamped.

Table 2 Comparison of the operation methods

Operation method Modified group Pringle group χ2 value P value

Left hemihepatectomy 0 1 1.490 0.404

Right hemihepatectomy 3 3 0.244 0.683

S2 + S3 segment resection 1 4 3.434 0.154

S5 + S6 segment resection 2 0 1.387 0.513

S6 + S7 segment resection 8 1 3.551 0.079

S5 + S8 segment resection 4 1 0.915 0.645

S4 segment resection 4 2 0.134 1.000

S5 segment resection 2 4 1.833 0.217

S6 segment resection 8 5 0.024 1.000

S7 segment resection 7 4 0.085 1.000

S8 segment resection 7 9 2.005 0.173

Local irregular liver resection 10 4 0.960 0.389

Data are expressed as mean ± SD for continuous variables and N (percentage) for categorical variables.
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of albumin, all other parameters deviated a great deal from 
the normal value.

Comparison of liver function in the two groups of 
patients 3 days after surgery revealed that the ALB level 
still showed no significant difference, while the ALT, AST, 
and total bilirubin levels were significantly different. By 
this time point, these three parameters had decreased 
significantly in the modified group, while the total bilirubin 
of the Pringle group had still not recovered to within the 
normal range.

At 5 days after surgery, the recovery of liver function 
in the two groups still showed a significant difference. 
The ALT, AST, and total bilirubin of the modified group 
were all significantly improved compared to those of the 
Pringle group. In addition to total bilirubin, the AST of the 
modified group also returned to within the normal range. 
At 5 days after surgery, the two groups of patients still 
demonstrated significant differences in ALT, AST, and total 
bilirubin levels.

Seven days after surgery, significant differences in ALT, 
AST, total bilirubin, and ALB levels were observed between 
the modified and Pringle groups. The mean ALT value of 
the modified group had basically returned to normal. 

More direct comparisons of the liver function of the two 
groups of patients are shown in Figure 2.

Postoperative complication, mortality, and reoperation 
rates in the two patient groups 

Complication rates varied between the two patient groups. 
In the Pringle group, there were 15 cases of ascites, 15 of 
pleural effusion, and three of biliary fistula, while in the 
modified group, there were 11 cases of ascites, 14 of pleural 
effusion, and two of biliary fistula. No significant differences 
were observed between the two groups. No major 
complications, such as massive hemorrhage or reoperation, 
were observed, and there were no reported deaths (Table 4). 
There was no significant difference in the average length of 
postoperative hospital stay between the two groups.

Discussion

China is a country with a high incidence of liver cancer, 
particularly in patients with concomitant cirrhosis (11), 
which makes their liver particularly sensitive to ischemia. 
Since the entire liver is in a state of ischemia and hypoxia 
during Pringle method occlusion, a prolonged occlusion 
time would lead to severely damage liver function; thus, 
the duration of blocking of the hepatic blood supply should 
be controlled within a certain period of time, especially 
for those patients with concomitant cirrhosis. Due to this 

Table 3 Comparison of the intraoperative clinical data of the two groups

Observation parameters Modified group (n=56) Pringle group (n=38) χ2/t value P value

Volume of intraoperative blood loss (mL) 382.9±201.1 357.8±180.1 2.372 0.340

Volume of intraoperative plasma transfusion (mL) 256.9±178.3 175±122.4 1.958 0.053

Volume of intraoperative red blood cell 
transfusion (mL)

189.3±113.7 126.8±99.4 1.248 0.215

Cases of blood transfusion (%) 11 (19.6) 8 (21.1) 0.028 1.000

Tumor size (cm) 5.3±3.1 4.2±1.9 0.896 0.073

Operation time (min) 176.9±61.5 189.9±58.2 1.079 0.283

Occlusion time (min) 18.20±9.4 18.24±9.9 0.20 0.984

No. of occlusions 2.457 0.483

1 47 30

2 8 6

3 1 1

4 0 1

Occlusion duration of >20 min 15 13 0.391 0.532

Data are expressed as mean ± SD for continuous variables and N (percentage) for categorical variables.
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time limitation, multiple occlusions might be performed to 
enable complicated resection surgery. During the releasing 
period, the visceral blood flow can reflux via the portal 
vein to avoid excessive intestinal congestion and swelling. 
However, the disadvantage of the releasing interval is that 
the dissected liver tissue can lose much blood, extending 
the operation time. Especially in patients with severely 
damaged liver function, repeated long occlusions of liver 
blood supply will result in further damage to the residual 
liver (12), which will adversely affect the postoperative 
recovery of liver function and even lead to liver failure. In 
our hospital, the duration of each single occlusion using 
the Pringle method was limited to 15 min. The modified 

Figure 2 Perioperative changes of serum alanine transaminase levels (A), aspartate transaminase levels (B), total bilirubin levels (C), and 
albumin concentrations (D). ALT, alanine transaminase; AST, aspartate transaminase.
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Table 4 Comparison of the complication, mortality, and 
reoperation rates of the two groups of patients

Total cases
Modified group 

(n=56) (%)
Pringle group 

(n=38) (%)
χ2 value P value

Ascites 11 (19.64) 15 (39.47) 4.449 0.059

Pleural effusion 14 (25.00) 15 (39.47) 2.223 0.174

Biliary fistula 2 (3.57) 3 (7.89) 0.840 0.391

Massive 
hemorrhage

0 (0.00) 0 (0.00) – –

Death 0 (0.00) 0 (0.00) – –

Reoperation 0 (0.00) 0 (0.00) – –

A
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 (U
/L

)



© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(5):598-606 tcr.amegroups.com

604 Jia et al. Hepatic blood inflow occlusion and hemihepatic artery retention in liver resection

method preserved the hepatic artery on the healthy side, 
thus ensuring the continued supply of nutrition through 
the arterial blood supply of the healthy side of the liver 
and avoiding ischemia-reperfusion injury. The results of 
our previous study regarding liver ischemia-reperfusion 
damage in rats showed that the modified method was 
superior to the Pringle method in terms of changes in 
liver function and micropathological structure of the liver 
tissue as well as apoptosis (13). The margin of the liver can 
be clearly defined during the operation and the time of 
hepatic blood flow occlusion can be relatively prolonged 
to allow sufficient time for the surgeon to treat the liver 
section. The hepatic artery normally supplies 25–30% of 
the blood supply to the liver, while the portal vein supplies 
the other 70–75%. However, since the blood pressure of 
the hepatic artery is higher than that of the portal vein, its 
oxygen content is also higher, and a large proportion of 
the oxygen supply to the liver is supplied by the hepatic 
artery, while less oxygen is supplied through the portal vein. 
When inducing the occlusion using the modified method, 
since the portal vein is blocked and the hepatic artery at the 
healthy side is preserved, there is a natural increase in the 
blood supply through the hepatic artery that provides more 
blood and an increased oxygen supply to the liver, thus 
reducing the ischemia-reperfusion injury to the healthy part 
of the liver, especially for patients with cirrhosis by allowing 
a relatively abundant oxygen supply. The disadvantage of 
the modified method is that it requires dissection of the 
hepatoduodenal ligament and isolation of the contralateral 
hepatic artery that, considering the complex structure of the 
hepatic hilum, could easily lead to bleeding and prolonged 
operation time, blocking of the portal vein, and portal vein 
congestion. However, relatively speaking, since only the 
hepatic artery need be dissected and the hepatic artery is 
the least bifurcated, the operation is much easier compared 
to hemihepatic blood flow occlusion and avoids the risk of 
injury to the portal vein and bile duct during the separation 
process. The longest single occlusion time in the modified 
group was 28 min.

It is worth noting that the portal structure is complicated, 
and with concomitant cirrhosis and portal hypertension 
as well as many blood vessel branches, extra patience is 
necessary when separating the hepatic artery to prevent 
intraoperative bleeding. There was no significant difference 
between the two groups in terms of mean intraoperative 
bleeding volume or blood transfusion requirement as well as 
plasma versus red blood cell transfusion. However, it should 
be noted that these two values were slightly higher in the 

modified group than in the Pringle group, which could be 
due to the relatively more severe liver cirrhosis of patients 
of the modified group compared with the Pringle group. 
There was no obvious difference between the two groups in 
overall operation time, suggesting that the need to dissect 
the hepatic artery of one side did not affect the overall 
operation time.

To observe the postoperative liver function recovery, 
ALT, AST, albumin, and bilirubin were monitored. Between 
the selected two groups of patients, those in the modified 
group demonstrated significantly higher preoperative 
ALT as well as more severe cirrhosis extent. At day 1 after 
surgery, the two groups did not show large differences; 
however, by 3 days after surgery, the modified group 
demonstrated quicker hepatic functional recovery, which 
was first demonstrated by the normalization of bilirubin 
levels. On days 5 and 7, liver function recovery of the 
modified group was significantly faster than that of the 
Pringle group, with significantly lowered ALT and AST. In 
addition, the AST level returned to normal by 5 days after 
surgery and the ALT level was restored to normal 7 days 
after surgery. Such results indicate that the retention of the 
hepatic artery on one side ensured the oxygen supply to 
the residual liver tissue (14). The albumin levels of the two 
groups showed no significant difference, with both being 
lower than the normal value but within the controllable 
range. These results suggest that, compared to the Pringle 
method, the modified method enables quicker postoperative 
recovery of liver injury, showing significantly better efficacy, 
especially in patients with concomitant cirrhosis.

The incidence of postoperative complications including 
ascites, pleural effusion, and biliary fistula was not 
significantly different between two groups. There were no 
reports of severe complications, such as major hemorrhage, 
reoperation, or liver function failure. Along with the recent 
improvement of liver resection techniques, more proficient 
application of hepatic portal occlusion, and peri-operative 
treatment, the incidence of postoperative complications and 
mortality also decreased gradually (15-17). Intraoperative 
blood loss and blood transfusion can also increase the 
incidence of postoperative complications and mortality (18), 
especially in patients with cirrhosis (19). 

Patients in the modified group exhibited a higher degree 
of preoperative liver cirrhosis, which may increase the 
incidence of postoperative complications. Further studies 
of larger samples are needed to make definite conclusions 
whether this is a consequence of the modified method. 
With the gradual recovery of liver injury and physical 
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condition, ascites and pleural effusion were self-absorbed 
and relieved, while the biliary fistula naturally healed. 
There was no significant difference between the two groups 
in the length of postoperative hospital stay, indicating 
that reasonable choice of blood flow occlusion methods 
in patients with liver cirrhosis is of positive significance 
for postoperative rehabilitation. We also showed that liver 
ischemia-reperfusion injury could increase the risk of 
postoperative tumor recurrence (7). Further, whether the 
modified method reduces the recurrence of liver cancer 
requires further evaluation in clinical practice.

Conclusions

Surgical resection of HCC using the hemihepatic artery 
retention occlusion method can achieve the same hemostatic 
effect as the Pringle method but reduces ischemia-
reperfusion injury to the liver, favoring postoperative liver 
function recovery in patients with HCC and cirrhosis, 
providing an ideal blood supply–controlling approach 
worthy of future use.

Several issues remain to be resolved. First, the classification 
of liver cirrhosis in this study used morphological and not 
histological criteria. Second, future well-designed randomized 
controlled trials are needed to confirm our findings.
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