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Introduction

The severe complications of portal hypertension 
(PH) caused by liver cirrhosis mainly include esopha-
geal and gastric varices bleeding (EGVB) and hyper-
splenism [1]. Although nonsurgical treatment has 
improved, EGVB is still an unfavorable prognostic 
factor for patients with portal hypertension, with 

a 6-week mortality rate of approximately 20% [2]. 
Endoscopic therapy has been performed to control 
most cases of EGVB. However, the long-term out-
comes of this approach are still unfavorable because 
new collateral vessels appear quickly, and severe 
thrombocytopenia due to hypersplenism significant-
ly increases the risk of rebleeding by 60% [3].
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A b s t r a c t

Introduction: The safety and feasibility of laparoscopic splenectomy plus selective esophagogastric devascular-
ization (LSSD) via the spleen bed for cirrhotic portal hypertension have not been well studied. 
Aim: To assess the safety and feasibility of LSSD via the spleen bed for patients with cirrhotic portal hyperten-
sion.
Material and methods: From June 2012 to December 2017, 423 patients suffering from portal hypertension 
and hypersplenism with liver cirrhosis underwent surgery in our department. One hundred and sixty-seven of 
these patients received totally LSSD, and the others received open splenectomy and esophagogastric devas-
cularization (OSD). The characteristics, intraoperative and postoperative details and complications of the two 
groups were compared. 
Results: The operations were successfully performed in all patients. Intraoperative blood loss volume and blood 
transfusion were similar between the two groups (all p-values > 0.05). Postoperative length of hospital stay and 
time to oral intake were significantly shorter, but operation time was longer in the LSSD group compared with 
the OSD group (all p < 0.05). However, postoperative portal vein diameter was significantly smaller in the LSSD 
group (p < 0.001). The postoperative grade of varices was significantly lower in the LSSD group (p = 0.030). 
No significant differences were detected between the two groups regarding postoperative liver function, but  
the incidences of pancreatic leakage, pleural effusion, and wound infections were higher in the OSD group (all 
p < 0.05).
Conclusions: LSSD via the spleen bed is safe and feasible for liver cirrhosis and portal hypertension.

Key words: liver cirrhosis, portal hypertension, laparoscopic splenectomy, selective esophagogastric devascu-
larization.
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Surgical intervention is currently the most re-
liable treatment option for cirrhosis. As an effec-
tive surgical procedure for EGVB and hypersplenism 
caused by PH, open splenectomy and esophago-
gastric devascularization (OSD) has been widely 
accepted by surgeons for a long time. However, the 
application of OSD has been limited due to the asso-
ciated slow recovery, severe trauma, high incidence 
of postoperative complications and high morbid-
ity. In 1998, Hashizume reported the feasibility of 
laparoscopic surgery for patients with sclerothera-
py-resistant esophagogastric varices [4]. With the 
accumulation of experience and improvements 
to operating devices, a  growing amount of evi-
dence demonstrates that laparoscopy is superior 
to open surgery for managing PH [5, 6].

To improve the curative effect and efficiency 
of the surgical procedure, laparoscopic surgeons 
have explored multiple technical modifications to 
splenectomy and devascularization [7–10]. How-
ever, limited studies have been published on the 
procedure for laparoscopic surgery. 

Aim

The aim of the present study was to assess 
the safety and feasibility of the improved proce-
dure for laparoscopic splenectomy plus selective 
esophagogastric devascularization (LSSD) via the 
spleen bed for patients with cirrhotic portal hy-
pertension.

Material and methods

Patients

From June 2012 to December 2017, 423 con-
secutive patients who underwent LSSD and OSD 
for portal hypertension of cirrhotic origin were 
enrolled, and patients who had conversion to lap-
arotomy were not included. All operations were 
completed by our surgical team. The surgical in-
dications were based on the following criteria:  
(1) Child-Pugh class A and B; (2) portal hyperten-
sion resulting from liver cirrhosis, with a history of 
EGVB; (3) moderate to severe varices evaluated 
by preoperative esophagogastroscopy; (4) severe 
thrombocytopenia (≤ 50 × 109/l) and/or leukope-
nia (≤ 3 × 109/l) resulting from hypersplenism; and 
(5) no organic lesions in the heart, lung, kidney 
or other important organs. Supportive treatments 

were implemented to improve coagulation, ane-
mia, liver function, portal pressure, and nutrition 
for all patients before the operation. Because this 
study is a  retrospective study, written consent 
was not obtained from all participants, and the 
patients’ data were analyzed anonymously. This 
study was approved by the Ethics Committee of 
Henan Provincial People’s Hospital. 

Surgical techniques

For LSSD, the laparoscopic procedure was per-
formed with the patient in the right semi-decubi-
tus position after general anesthesia. The port sites 
are shown in Photo 1. Port A: a 10-mm trocar was 
placed under or close to the umbilicus for the 30° 
laparoscope, and a CO2 pneumoperitoneum was es-
tablished through port A; the intra-abdominal pres-
sure was controlled at 12 to 14 mm Hg (1 mm Hg = 
0.133 kPa). Two 5-mm trocars were inserted under 
the xiphisternum and the left mid-abdomen, named 
ports B and C, respectively. Port D: a 12-mm trocar 
was inserted at the midpoint between the xiphister-
num and navel. Port E: another 10-mm trocar was 
inserted at the midpoint between port C and the na-
vel. The positions of the trocars were often corrected 
according to the length of the spleen.

Photo 1. Positions of trocar ports in laparoscop-
ic splenectomy and esophagogastric devascu-
larization. A, E – 10-mm trocar, B, C – 5-mm tro-
car, D – 12-mm trocar
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The splenocolic ligament was routinely fully 
disconnected with the aid of a  Harmonic Scalpel 
(Ethicon Endo-Surgery). The splenic artery was dis-
sected via the dissociation of the gastropancreatic 
fold. If the splenic artery was at the superior mar-
gin of the pancreas, the artery was isolated from the 
vascular sheath and ligated easily with the aid of the 
Harmonic Scalpel and Hem-o-lok. If the splenic artery 
was behind the pancreas and hard to find, the spleen 
was directly dissected without isolating or liga- 
ting the splenic artery. The spleen was pushed to 
the medial side with a retractor, and the lower pole 
blood vessels were dissected by the Harmonic Scal-
pel and Ligasure Vessel Sealing System. Then, the 
lower side of the spleen was lifted by the surgeon 
with grasping forceps, and the connective tissue, in-
cluding the splenorenal ligaments, was divided with 
the Harmonic Scalpel. In this process, the surgeon’s 
grasping forceps could be braced against the top of 
the abdominal wall to stabilize the operative field. 
The upper side attachments, including the spleno-
phrenic ligament, were dissected in a similar man-

ner. The splenic hilum was fully exposed by divid-
ing the gastrosplenic ligament and the short gastric 
vessel. Normally, the short gastric vessels were well 
ligated with Hem-o-lok clamps. However, when the 
gastrosplenic ligament and the short gastric vessel 
were markedly dilated, an autosuture device (Linear 
Flex, Ethicon Endo-Surgery) may be a better choice 
for advancing the dissection. Then, the spleen was 
freed from all attachments and ligaments, except for 
the splenic hilum (Photo 2). Finally, the splenectomy 
was completed using an endoscopic linear stapler 
(Echelon Flex 60 Endopath) to transect the spleen 
at the splenic hilum. The spleen was cut into pieces, 
maneuvered into a retrieval sack and then removed 
through the enlarged E port (approximately 3 cm). 
The partial E port was sutured, and the pneumo-
peritoneum was re-established. The spleen bed was 
carefully checked for bleeding, and any bleeding was 
completely stopped.

Selective devascularization began with the dis-
section of the left subphrenic vein and the poste-
rior gastric vein. Then, the gastrohepatic ligament 
was disconnected, and the tunnel behind the lower 
esophagus was built. Subsequently, the branches of 
the distal gastric coronary vein, including the gas-
tric and esophageal branches and superior esoph-
ageal branches, were devascularized with the aid 
of the Harmonic Scalpel and Hem-o-lock clamps. 
The stem of the gastric coronary vein was reserved 
close to the lesser curvature of the stomach. Finally, 
devascularization was accomplished (Photo 3); the 
perforating branches of the paraesophageal vein 
were completely free from 8 to 10 cm of the distal 
esophagus. OSD was performed as described pre-
viously [11].

Clinical analysis

A  detailed clinical evaluation and biochemical 
investigation were performed for all enrolled pa-
tients. Platelet counts were routinely assessed. The 
grade of the esophageal varices was evaluated by 
esophagogastroscopy before and 3 months after 
the operation. Liver function was evaluated based 
on the Child-Pugh score. Portal vein thrombosis 
(PVT) was defined as thrombosis occurring in the 
portal venous system and diagnosed by computed 
tomography (CT) or ultrasonography. The length of 
the spleen, portal vein diameter and ascites were 
documented by CT or ultrasonography. Peritone-

Photo 2. Echelon Flex 60 was also used to resect 
the spleen at the splenic hilum

Photo 3. Laparoscopic esophagogastric devas-
cularization with the Harmonic Scalpel and 
Hem-o-lock clamps
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al fluid amylase was assayed daily for the first  
3 postoperative days to monitor for postoperative 
pancreatic leakage. Operative mortality was de-
fined as death within 30 days after the operation. 
The intraoperative and postoperative details and 
outcomes of the follow-up were retrospectively an-
alyzed.

Statistical analysis

Continuous variables were expressed as the 
mean ± standard deviation and compared using 
Student’s t-test. Quantitative variables were com-
pared using Fisher’s exact test. P < 0.05 was con-
sidered statistically significant. Statistical analyses 
were conducted using SPSS 19.0 software (SPSS 
Inc., Chicago, US). 

Results

Comparison of clinical characteristics  
of LSSD and OSD groups

A comparison of the clinical characteristics be-
tween the two groups is presented in Table I. No 
significant differences were found between the 
two groups (all p-values > 0.05).

Operative details

Both the laparoscopic procedure and open 
procedure were successfully performed in the 
two groups, and from the 171 patients initially 
selected in the LSSD group, 4 cases were exclud-
ed due to conversion. Regarding postoperative 
liver function, no significant differences were 
found in alanine transaminase (ALT), aspartate 
transaminase (AST) or total bilirubin (T-BIL) be-
tween patients in the two groups. In addition, the 
intraoperative blood loss and blood transfusion 
were similar between the two groups. The post-
operative length of hospital stay and time to oral 
intake were much shorter in the LSSD group than 
in the OSD group, but the operation time was lon-
ger in the LSSD group than in the OSD group (all 
p < 0.001). The postoperative portal vein diameter 
was much smaller in the LSSD group than in the 
OSD group (p < 0.001). Also, the grades of esoph-
ageal varices were improved in the two groups af-
ter the operation, and the severity of varices was 
lower in the LSSD group than in the OSD group  
(p = 0.030) (Table II).

Postoperative complications

As shown in Table III, no significant differenc-
es were detected in the rate of postoperative 
complications between the two groups, including 
postoperative upper gastrointestinal (GI) rebleed-
ing and pulmonary infection, but the incidence of 
portal vein thrombosis, pancreatic leakage, pleural 
effusion, and wound infection was higher in the 
OSD group than in the LSSD group (all p < 0.05). 
Two patients experienced upper GI rebleeding in 
the LSSD group: one with esophagogastric varices 
and the other with portal hypertension gastropathy. 
Three patients experienced upper GI rebleeding in 
the OSD group: 2 with esophagogastric varices and 
1 with gastric ulcers. Patients who had these compli-
cations were all cured or experienced improvements 
after conservative medical treatment.

Table I. Characteristics of the patients in the 
two groups

Variable LSSD group  
(n = 167)

OSD group  
(n = 256)

P-value

Age [years] 47.4 ±9.8 48.6 ±12.2 0.287

Sex: 0.482

Male 102 165

Female 65 91

HBV infection: 0.312

Yes 136 218

No 31 38

ALT [U/l] 50.31 ±40.28 47.29 ±36.99 0.429

AST [U/l] 40.96 ±27.06 37.35 ±19.94 0.116

T-BIL [µmol/l] 24.44 ±20.81 22.17 ±16.76 0.492

INR 1.34 ±0.34 1.32 ±0.31 0.533

Child-Pugh classification: 0.383

A 108 176

B 59 80

Grade of varices: 0.104

Moderate 37 75

Severe 130 181

Portal vein 
diameter [mm]

14.0 ±0.7 14.1 ±0.6 0.118

Splenic length 
[cm]

24.4 ±3.6 23.9 ±3.5 0.156
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Discussion

As a  crucial part of LSSD, laparoscopic splenec-
tomy (LS) largely determines the completion rate of 
laparoscopic surgery, and a slight mistake may cause 
massive hemorrhage and confers a high risk of con-
version to open surgery [12]. With the exploration of 
minimally invasive treatment for PH and significant 
advances in laparoscopic techniques, we established 
a new approach for LS. This improved procedure not 
only modularizes the splenectomy procedure to op-
timize the surgical process but also provides enough 

operating space for the subsequent selective devas-
cularization procedure.

Here, we share the following experience for per-
forming LS: (1) First, the initial separation of the 
splenic artery is suggested since this separation can 
avoid massive hemorrhage during surgery and shrink 
the enlarged spleen through blood recirculation. If it 
is difficult to find the splenic artery, separation is not 
required, since the separation may cause pancreatic 
injury or even lead to pancreatic leakage. (2) Sec-
ond, for vessels (both arteries and veins) less than 
3 mm in diameter, ultrasound scalpels can be safely 

Table II. Intraoperative and postoperative data of the two groups

Variable LSSD group (n = 167) OSD group (n = 256) P-value

ALT [U/l] 57.22 ±47.28 58.69 ±73.76 0.863

AST [U/l] 71.84 ±65.87 69.64 ±75.58 0.841

T-BIL [µmol/l] 27.36 ±22.30 22.86 ±12.82 0.195

INR 1.35 ±0.33 1.34 ±0.25 0.724

Operation time [min] 272.3 ±96.2 176.5 ±67.6 < 0.001

Intraoperative blood loss [ml] 510.6 ±424.30 570.5 ±510.3 0.209

Transfusion (RBC): 0.417

Yes 41 72

No 126 184

Postoperative length of hospital stay [days] 11.5 ±4.6 14.8 ±5.7 < 0.001

Time to oral intake [days] 3.2 ±0.8 3.6 ±0.8 < 0.001

Portal vein diameter [cm] 14.0 ±0.6 14.2 ±0.5 < 0.001

Grade of varices: 0.030

Mild to moderate 145 201

Severe 22 55

Table III. Lists of postoperative complications in the LSSD and OSD groups

Complication LSSD group (n = 167) OSD group (n = 256) P-value

Portal vein thrombosis (n) 28 77 0.002

Upper GI rebleeding (n) 2 3 0.981

Pancreatic leakage (n) 1 16 0.004

Pleural effusion (n) 16 64 < 0.001

Pulmonary infection (n) 2 10 0.101

Wound infection (n) 0 7 0.031

GI – gastrointestinal.
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and feasibly used to facilitate dissection, which en-
sures a  clear operative field and a  more thorough 
disconnection. (3) Third, the surgical approach of 
“tunnel-building” combined with an endoscopic lin-
ear stapler effectively avoids the blood vessels of the 
splenic hilum, which lowers the risk of bleeding.

Bleeding is the most critical complication during 
LSSD [13, 14]. In the present study, we demonstrated 
that the volume of intraoperative blood loss and the 
number of cases requiring blood transfusion were 
the same between the LSSD and the OSD groups, 
which indicates that LSSD can effectively control 
bleeding to the same degree as OSD. This result can 
be attributed to the meticulous dissection and the 
application of advanced laparoscopic instruments, 
such as the Harmonic Scalpel, Ligasure and Hem-o-
lock clamp.

Although the operation time was longer for the 
LSSD group than for the OSD group, the liver func-
tion was not significantly different between the two 
groups, and we speculate that LSSD has potential 
advantages in protecting portal vein perfusion. We 
believe that as experience in laparoscopic surgery 
accumulates, the operation time will be gradually 
shortened.

PVT is a poten-tially fatal postoperative compli-
cation of both LSSD and OSD. The incidence of PVT 
was much higher after LSSD than after OSD [11], but 
the mechanism is poorly understood. However, our 
results show that the rate of PVT was significant-
ly lower in the LSSD group than in the OSD group, 
which we speculate may be due to two potential 
reasons: first, the selective devascularization proce-
dure can retain a  spontaneous shunt for the body, 
which is helpful for reducing the portal vein pres-
sure; second, the portal vein diameter of the LSSD 
group was significantly smaller than that of the OSD 
group, indicating that the portal vein pressure was 
relieved to some extent. A reduced portal vein pres-
sure significantly improves postoperative hemody-
namics and relieves the damage of the venous inti-
ma, which leads to a reduction in platelet adhesion 
and aggregation. 

Iatrogenic pancreatic injury is another common 
surgical complication after splenectomy and results 
in poor or even fatal outcomes in some patients [15]. 
The incidence of pancreatic injury is nearly 16% in 
patients who undergo open splenectomy but is 
much lower in patients who undergo LS (only 1–2%) 
[16]. The rate of pancreatic leakage in the LSSD 

group was effectively decreased compared with that 
in the OSD group because the modified approach of-
fers better visualization and operation space around 
the splenic hilum and facilitates the transection of 
the splenic hilum away from the pancreatic tail. In 
addition, the use of an endoscopic linear stapler is 
another important reason for the reduced incidence 
of pancreatic injury and leakage.

Our study also demonstrated that the use of LSSD 
provides the following advantages over OSD: earlier 
bowel activity and oral intake, shorter hospital stay, 
lower postoperative severity of varicose veins, less 
trauma, less postoperative pain, and lower rate of 
pleural effusion; these advantages are in accordance 
with other reports [6]. Our original intention was to 
compare the efficacy of totally laparoscopic surgery 
and open surgery, and considering the fact that only 
4 patients had conversion (which was mainly due to 
extensive perisplenic adhesions rather than bleed-
ing), so patients who had conversion were excluded 
to avoid potential factors affecting the results of our 
study. However, our results may be limited by the 
fact that all patients were from a single center, and 
bias may be generated due to the short follow-up 
duration. Multicenter studies and extended fol-
low-up periods are needed to further validate the 
feasibility of this surgical procedure. In conclusion, 
LSSD via the spleen bed is a safe and feasible proce-
dure for experienced laparoscopic surgeons to man-
age patients with portal hypertension.

Conclusions

The LSSD via the spleen bed is safe and feasible 
for liver cirrhosis and portal hypertension.
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