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Abstract. Liver resection (LR) is the primary treatment 
method for patients with hepatocellular carcinoma (HCC). 
Improving surgical safety and reducing surgical morbidity 
and mortality is important for patients receiving LR. Various 
devices have been developed to facilitate vascular transection 
to reduce intraoperative blood loss, which is considered to be 
a predictor of poor surgical outcomes in patients undergoing 
LR. Vascular staplers have been widely applied for the divi‑
sion of major vascular and biliary structures in the process 
of LR; however, when and how to use these tools remains 
controversial. This review aims to report the rationality and 
necessity of using vascular staplers in vessel transection during 
liver surgery. Due to the risk of intraoperative and postopera‑
tive hemorrhage and biliary fistula, the process of transection 
of the portal pedicle and hepatic vein is a crucial step during 
LR. Stapling represents a vascular dissection technique that is 
widely used in laparoscopic LR and has then been popularized 
in open LR. Advocates argue that stapler transection methods 
provide several advantages, including diminished blood loss, 
fewer transfusion requirements and shorter operative times. 
However, other studies have failed to demonstrate those 
benefits when using these tools compared with the simple 
clamp‑crushing technique. Using the stapler vascular transec‑
tion method resulted in smaller surgical margins and similar 
surgical outcomes compared with those of the clamp‑crushing 
vascular transection method. However, the intraoperative use 
of vascular staplers may significantly increase the financial 
burden of liver resection for patients with HCC, while not 
improving short‑ and long‑term outcomes. Therefore, it has 

been suggested that vascular staplers should not be routinely 
used in LR. The current review discussed the above points 
and recommended that the stapling transection of the portal 
pedicle and hepatic vein should be applied during laparoscopic 
LR in a rational manner. However, the suturing ligation method 
should be routinely used in open LR.
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1. Introduction

Liver resection (LR) is considered to be the first choice for 
the treatment of hepatocellular carcinoma (HCC). In the past 
decades, liver surgical techniques have progressed consider‑
ably with the increased knowledge of liver anatomy. The 
development of professional hepatobiliary centers with expe‑
rienced and skilled surgeons, along with the progression of 
perioperative care, has allowed surgeons to safely perform LR 
in normal and cirrhotic livers. However, the rate of periopera‑
tive complications remains high, with morbidity and mortality 
rates of 14‑33 and 3‑5%, respectively (1‑3). Several studies have 
revealed that intraoperative blood loss and transfusion, which 
are significant for the postoperative course of patients receiving 
LR, are important predictors of adverse outcomes (4,5).

It may be speculated that the technical advancements in 
methods aiming to reduce blood loss may further improve 
the surgical outcomes of patients. Among these methods, a 
vascular stapler is commonly used for vascular division due 
to its safety, simple use, shortening of the surgical duration 
and similar or improved outcomes compared with traditional 
suture techniques (2,5‑7). In recent years, vascular staplers 
have been widely applied to the pulmonary artery, pulmonary 
veins and bronchus transection during thoracic surgery (8). 
In liver surgery, vascular staplers have also been used for the 
transection of hepatic veins or Glisson's pedicles. The useful‑
ness of this device has been previously reported (9). Vascular 
staplers are able to control hepatic veins and Glisson's pedicles 
prior to parenchymal transection, thus reducing major liver 
resection‑associated hemorrhage, decreasing blood loss and 
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minimizing the requirement for blood transfusions. In addi‑
tion, this decreases the need for portal triad clamping during 
liver ischemic reperfusion injury (2,10). Previous systemic 
reviews proposed that stapler devices should be used in open 
or laparoscopic LR and reported that up to nine vascular 
staplers are used for parenchymal transection in laparoscopic 
liver surgery  (7,11). Using vascular staplers may improve 
the speed and safety of ligation in both inflow and outflow 
vessels, thereby facilitating LR  (12,13). However, the use 
of vascular staplers adds to the financial burden of patients 
undergoing LR. Accordingly, decreasing medical costs while 
reducing perioperative morbidity and mortality should be 
pursued by liver surgeons. Whether hepatic pedicle branches 
and hepatic veins should be transected with a vascular stapler 
or via suturing ligation during major liver resection remains 
controversial. Furthermore, there is no standard method for 
the closure of portal pedicles or hepatic veins during open and 
laparoscopic LR. 

The present review aimed to outline and assess the current 
application of vascular staplers for hepatic vessel transection 
in open and laparoscopic LR from a financial perspective 
and to provide reasonable advice for vascular application in 
clinical settings.

2. Open LR

As the liver is a vasculature‑rich organ, the safe and effective 
dissection of liver vessels and parenchyma without causing 
biliary injury and ensuring minimal blood loss are the main 
aims when performing LR. Several factors may affect the 
extent of blood loss and perioperative outcomes of patients, 
including the extent of LR, whether tumors are located near 
portal pedicles, the inferior vena cava or hepatic veins, tumor 
size and the technique applied to transect the main hepatic 
vessels (14,15). Among these factors, hepatic vessel transection 
is the only one that may be controlled. Suturing ligations or 
stapling the hepatic pedicles and veins during hepatic paren‑
chyma transection remains controversial. Pringle's maneuver 
is primarily used to occlude vascular inflow to the liver when 
performing suturing ligation during transection. This is a 
relatively low‑cost procedure. However, liver surgeons are 
prone to using vascular staplers to limit transection durations 
and shorten the portal pedicle closure time, or they may even 
perform no occlusion (7,16). Transection of the hepatic veins 
or Glisson's pedicles using vascular staplers has been widely 
used in multiple surgical liver centers (2,9,10,17). As early 
as 1989, vascular staplers were used in open LR to control 
hepatic veins within the hepatic parenchyma (18). When the 
precise isolation of hepatic veins is difficult to determine 
due to their depth within the tissue, vascular staples may be 
placed for transection. Furthermore, vascular staplers have 
also been used to dissect hepatic pedicle branches. They 
are able to control blood inflow to the partial liver prior to 
hepatic parenchymal transection and efficiently reduce major 
hepatic resection‑associated hemorrhage, thereby reducing the 
requirement to perform Pringle's maneuver (19,20). 

The portal vein, the hepatic artery, the bile duct and 
connective tissues surrounding them form Glisson's system, 
which extends up to the liver parenchyma. Couinaud intro‑
duced three main methods for the inflow system at the first 

hepatic hilus: The intrafascial, the extrafascial, and the 
extrafascial combined with the trans‑fissural method (13). 
The conventional dissection for separating the elements in 
the hepatoduodenal ligament is regarded as the intrafascial 
approach. The intrafascial approach, which was introduced 
for right hepatectomy in the early 1950s, separately ligates 
the hemi‑Glisson's pedicle (21). For a certain time, the intra‑
fascial approach was considered to be a standard procedure 
during anatomical hemi‑hepatectomy. However, Bismuth and 
Couinaud determined that the intrafascial approach carried 
a high risk of vessel and bile‑duct injury in the remaining 
liver, resulting from the incorrect identification of anatomical 
variations, which was a major concern during LR (13,22). If 
the main portal fissure or left supra‑hepatic fissure is opened 
after liver parenchyma dissection, the surgeon may confirm 
the presence of Glisson's pedicles, which arise from the hilar 
plate or the umbilical plate. This procedure is called the 
extrafascial and trans‑fissural approach and was introduced in 
the 1960s (23,24). When the hilar plate is pulled down after 
detaching the liver parenchyma, the right and left Glisson's 
pedicles may be easily identified (12,25). Using this approach, 
vascular staplers may easily transect Glisson's pedicles 
without dissecting the portal vein, hepatic artery and bile duct. 
The key element of the extrafascial approach is to confirm the 
existence of Laennec's liver capsule. The fiber configuration 
of Glisson's capsule and the liver capsule differ. Therefore, 
Glisson's pedicles may be separated from Laennec's capsule, 
allowing for the main, sectional and segmental hepatic pedi‑
cles to be approached at the first hepatic hilus without liver 
dissection (26). The extrafascial Glisson's approach is a simple 
and popular procedure for anatomical LR. However, this 
method may result in occasional injury to the small branches 
of the hepatic pedicles and it does not succeed if the tumor 
invades or is close to the hepatic pedicle (21). 

The application of vascular staplers may simplify the tran‑
section of Glisson's pedicle, decrease blood loss and reduce the 
duration of surgery. Previous studies have revealed that opera‑
tive times were >20 min longer when using the hilar dissection 
method compared with the Glisson's pedicle approach using 
vascular staplers. Without the application of vascular staplers, 
the hilar dissection method must dissect all the elements of the 
pedicle and close the element stumps using a running suture or 
double ligature to avoid slippage of the ligated string (17,27). In 
addition, the Glisson's approach may be more suitable to transect 
the pedicle in patients with scars, which are difficult to dissect, 
making en bloc dissection much safer and easier (28). Anatomic 
variations should be considered during LR. Any variations in 
the arteries and bile ducts of the liver frequently occur under the 
hilar plate. Therefore, transection under the hilar plate is diffi‑
cult and dangerous (12). The confluence of the left and right bile 
ducts may be accidentally ligated while performing stapling of 
the main right or left pedicle. Lowering the hilar plate in combi‑
nation with counter traction is therefore necessary to prevent 
this complication. Furthermore, in 60% of cases, the left and 
middle hepatic veins join to form a common stem into the vena 
cava (22). Thus, the middle hepatic vein should be protected 
when stapling the left vein. In addition, if not all of the branches 
of the caudate lobe are protected during left hepatectomy, bile 
ducts from the caudate lobe, which frequently drain into the left 
bile duct, may be injured by the vascular stapler (29).
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Assessment of techniques that use stapling devices during 
LR suggested that they are useful in the safe transection of 
inflow and outflow hepatic vessels (30). When tumors occupy 
hepatic pedicle branches or hepatic veins, vascular staplers are 
recommended to divide both the hepatic pedicle and hepatic 
veins to control the hepatic inflow and outflow prior to hepatic 
parenchyma transection. This technique also ensures radical 
resection of tumors with minimal blood loss. Taking this 
into account, surgeons have not been required to routinely 
apply Pringle's maneuver or other forms of vascular control 
during LR. However, there are certain disadvantages to the 
application of vascular staplers. First, serious blood loss may 
occur when the stapler has sealed only half the diameter of 
the vessels. Furthermore, traction injury or tear of the inferior 
vena cava may occur while placing the stapler during the tran‑
section of hepatic veins. A previous study has reported that the 
silicone tube‑guided vascular stapler technique is a simple and 
feasible approach that avoids vascular injury during the divi‑
sion of major vascular structures when performing LR (10). 
Accidental ligation of the reserved vessel structures may also 
occur when using vascular staplers. To avoid the accidental 
ligation of the biliary confluence when stapling the right or left 
pedicle, firm countertraction should be applied to the tape (19). 
Furthermore, during stapler‑assisted hepatectomy, failure to 
release or misfire the staplers is another adverse event that 
may lead to serious and life‑threatening hemorrhage. If such 
an incident occurs, a vascular clamp should be used to control 
bleeding. Such cases have been reported sporadically during 
LR, indicating their low occurrence rate (30). However, care 
should be taken to ensure that no vascular clips are placed near 
the site of staples. 

The development of surgical instruments has raised ques‑
tions regarding whether the high cost of vascular stapling 
devices is justified if better surgical outcomes are demonstrated 
in patients undergoing LR using the simple clamp‑suturing 
technique. From an economic standpoint, application of the 
clamp‑suturing technique is associated with low cost and 
easy disposal of material. The cost‑effective advantage of 
this technique therefore appears obvious. Furthermore, in 
situations of limited health care resources, surgeons are under 
pressure to provide the best possible treatment with minimal 
expenditure. When comparing average intra‑operative costs 
in developed countries (which include surgery, anesthesia, 
blood products and the average number of vascular staplers), 
it was determined that there was a cost‑benefit when using 
stapler hepatectomy instead of conventional methods (31). A 
vascular stapler costs only 101.64 USD and each reload comes 
to 51.33 USD in Western countries (2). However, in China, the 
price of a vascular stapler and reload is >8 times higher than 
that in Western countries. Introducing such expensive stapling 
devices therefore appears unjustified in China. 

The stapler‑ligation technique may therefore not be recom‑
mended if visualization of the main hepatic vein is obscured due 
to the larger size or special location of a liver tumor, as suture 
repair at the caval side of hepatic veins cannot be performed 
easily if the vascular staplers fail to fire. As mentioned above, 
hilar dissection should be performed if the tumor is situated 
close to the portal bifurcation, as this technique may increase 
the oncological safety margin (29). To conclude, suture ligation 
of the hepatic pedicles or veins is a straightforward technical 

approach for open LR (32). The use of vascular staplers rarely 
adds to the ease or speed of transection, but certainly adds to 
the overall medical cost in China.

3. Laparoscopic LR

Laparoscopic LR is a common procedure that has been 
frequently used worldwide (33‑36). As a less invasive method 
compared to open LR, several studies have indicated that 
laparoscopic LR demonstrates marked superiority with regard 
to intraoperative blood loss, postoperative recovery and 
hospital stay in certain selected patients, such as those with 
tumors located at the edge of the liver (37‑40). Laparoscopic 
LR has been gradually accepted for use in local tumor resec‑
tion, wedge resection, left lateral segmentectomies and major 
hepatic resections (40‑43). Increasingly complex surgeries, 
such as extended right or left hepatectomy, mesohepatectomy 
and two‑stage LR, have been gradually performed by experi‑
enced surgeons in hepatic surgery centers (11,44,45). Rubber 
tape is routinely placed around the hepato‑duodenal ligament 
to allow for Pringle's maneuver to be performed if necessary. 
The elements of the portal triad may require to be individually 
dissected for selective ligation and suture during major LR. 
In certain complex cases, laparoscopic LR requires elaborate 
vessel and biliary tract reconstruction, which is usually difficult 
to perform in laparoscopic settings (46). Under such circum‑
stances, vascular stapling devices may safely and rapidly divide 
vascular and biliary structures without suturing and ligating, 
which makes this complex procedure comparatively easier 
and safer. Vascular staplers have been routinely used during 
laparoscopic LR and have been proven to be a convenient and 
effective method of vascular control (44,47). In the laparo‑
scopic stapling technique, the hepatic parenchyma is thinned 
out by harmonic devices, after which the vascular staplers are 
used to transect the remaining hepatic parenchyma, larger 
hepatic vessels and Glisson's pedicles. Scuderi and Troisi (44) 
compared 35 laparoscopic LRs using vascular staplers with 
57  laparoscopic LRs without vascular staplers. Although 
the tumor size was significantly larger in the stapler group 
compared with the traditional group, the results demonstrated 
that the mean surgical times and degree of blood loss were 
similar between the two groups. Pringle's maneuver was also 
used less frequently and the blocking time of the portal triad 
was shorter in the stapler group. Finally, the conversion and 
morbidity rates were relatively lower, suggesting that the use of 
vascular staplers for dividing intrahepatic vessels and biliary 
structures was safe and feasible in laparoscopic LR (44).

In recent years, an increasing number of studies have 
advocated the use of vascular staplers in hepatic parenchymal 
transection, which have been recommended as safer alterna‑
tives to parenchymal dissection in laparoscopic LR (11,44). 
However, an additional study demonstrated that hepatic paren‑
chymal transection using vascular staplers may result in more 
complications, including hemorrhage and bile leakage (48). 
Although certain liver surgeons have advocated transection of 
the hepatic parenchyma with laparoscopic vascular staplers, 
laparoscopic bipolar or monopolar electrocoagulation in addi‑
tion to either harmonic scalpel or bi‑clamp is routinely used 
for patients receiving LR. Furthermore, for tumor enucleation, 
wedge resection or segmentectomy of the liver in laparoscopic 
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LR, stapling parenchymal transection may result in unneces‑
sary transection of the surrounding liver parenchyma through 
the proposed division line.

The laparoscopic stapling device is particularly useful 
for left hepatectomies and left lateral lobectomies, as the left 
pedicle is the thickest and therefore requires careful transec‑
tion of the portal triad (42,46,47). Furthermore, the left branch 
of the portal vein is extended before it trifurcates and the 
structures of the portal triad‑supplying segments two and 
three may be easily located in the umbilical fossa. The lapa‑
roscopic stapling device is inapplicable for transection of the 
right portal triad, as the structures frequently bifurcate early 
into anterior and posterior branches  (11,22). Furthermore, 
due to the angle of these structures, it is often necessary to 
place the distal ends of the stapler into the underlying hepatic 
parenchyma. This causes unnecessary blood loss and increases 
the risk of injuring deeper structures (45). For an extended 
right hepatectomy, the branches of segment four deriving from 
the left hepatic triad must be located, meaning that this cannot 
be performed directly by the vascular stapler and should be 
dissected separately (11,48). This is also the same when this 
structure needs to be taken for mesohepatectomy (44). 

The extrafascial approach is more widely used in laparo‑
scopic LR. Laennec's capsule may facilitate this approach in 
laparoscopic hepatectomy due to its magnified view. When 
performing laparoscopic major hepatectomy, the whole portal 
triad is usually required to be located and transected using 
laparoscopic stapler devices (24). The en bloc transection of 
hepatic pedicles using vascular staplers may be faster than the 
isolated ligature of each element of the pedicle, particularly 
in laparoscopic settings; the stumps of Glisson's pedicle may 
be continuously sutured via 4‑0 prolene if required  (49). 
Furthermore, the procedure may avoid bleeding from an injury 
of collateral vessels in Glisson's pedicle. However, a consider‑
able complication that occurs when using the vascular stapler 
is the accidental stapling of the biliary confluence, which may 
cause postoperative biliary stenosis or bile leakage, presenting 
as obstructive jaundice or bile fistula (19). To avoid accidental 
injury of the bile duct, a firm counter traction by taping or 
stapling at the second branch is applied, which avoids further 
severe complications. Another method to prevent postoperative 
biliary stenosis or bile leakage is the location and isolation of 
the biliary duct for major right and extended hepatectomy (50). 
Occasionally, it may be difficult to locate hepatic bile ducts. 
As a result, when a suspicious bile duct is due for isolation, 
it is transected with a laparoscopic shear until bile flows out 
for verification, after which the bile duct is over‑sewed with 
absorbable sutures. As mentioned above, due to the length of 
the left hepatic pedicle, there is no requirement to routinely 
isolate the biliary tracts when using vascular staplers. It is 
hypothesized that postoperative bile leaks in major right 
hepatectomy may be reduced by identifying the biliary system 
individually  (27). In circumstances where the tumor lies 
close to the right or left hepatic pedicle during hepatectomy, 
vascular staplers should not be used, as tumor margin viola‑
tion may occur near the portal pedicle (16). In laparoscopic 
subsegmentectomy, a substitute method is the identification 
and division of intrahepatic Glisson's pedicles. Careful dissec‑
tion and proper surgical control of all vascular structures are 
crucial for performing safe and successful laparoscopic LR.

A disadvantage of applying vascular staplers in lapa‑
roscopic LR is the increased additional cost of disposable 
devices (51). This is particularly important as laparoscopic 
surgery is more expensive than open surgery. It has been 
reported that up to three vascular staplers are required when 
used for vascular pedicle control  (2). Other studies have 
indicated that the additional costs of vascular staplers may 
be offset by shorter operating times and lengths of hospital 
stay in patients receiving laparoscopic LR (48). As vascular 
staplers are particularly expensive in China, liver surgeons 
should assess the benefit of convenient hepatic vessel transec‑
tion against the additional costs that arise from using multiple 
reloads for hepatic pedicle or hepatic vein transection. Besides 
the economic aspects of using multiple vascular staplers, the 
disadvantages of applying these tools in laparoscopic LR are 
more likely to occur when compared with open LR. Therefore, 
the necessity of vascular stapler application in laparoscopic 
LR should be reasonably evaluated. From a surgical perspec‑
tive, the only contraindication to a laparoscopic LR is the 
surgeon's inability to perform the procedure. Unskilled and 
inexperienced liver surgeons may resort to the use of surgical 
instruments in laparoscopic LR and thus add the additional 
costs (40,43,52).

Liver cirrhosis occurs in >80% of patients with HCC that 
undergo LR in China (3,53). For patients with HCC exhibiting 
large tumors and severe liver cirrhosis, preserving adequate 
liver function during LR is important for patient survival, 
as postoperative complications frequently cause liver failure 
in circumstances where it is inconvenient to safely perform 
laparoscopic anatomic LR using vascular staplers  (54,55). 
Therefore, laparoscopic stapling during LR is limited to select 
cases (56).

4. Conclusions

Vascular staplers have been widely applied to major vascular 
and biliary structures in open and laparoscopic LR. In China, 
vascular stapling devices are more expensive than in Western 
or developed countries. Due to limited health care resources, 
liver surgeons are under great pressure to provide the best 
possible treatment with minimal expenditure. The present 
study recommends that stapling transection of the portal 
pedicle and hepatic veins should be reasonably applied in 
laparoscopic LR, whereas the suturing ligation method should 
be routinely used in open LR. Almost all published studies on 
this topic are retrospective, providing an objective analysis of 
the current application of vascular staplers in open and lapa‑
roscopic LR. However, more randomized controlled studies 
based on cost‑effective analysis are required to clarify the 
benefits and indications of the future application of stapling 
devices for the transection of hepatic vessels. 
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