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	 Background:	 Portal hypertension associated with liver cirrhosis can be treated by splenectomy. During splenectomy, the gas-
trosplenic and the splenorenal ligaments that form the hilar splenic pedicle can be surgically divided by sever-
al approaches, with the aim to reduce portal vein thrombosis (PVT) and postoperative pancreatic fistula (PPF). 
This 12-year retrospective study from a single center aimed to evaluate postoperative outcomes following use 
of a modified method of surgical division of the splenic pedicle (MSDSP) in 719 patients who underwent sple-
nectomy for portal hypertension (PH).

	 Material/Methods:	 From January 2010 to December 2021, 719 consecutive cirrhotic patients with PH and splenomegaly under-
went splenectomy in our department. According to different methods of surgical division of the splenic pedi-
cle, patients were divided into a Control Group (n=349) and a Study Group (n=370). The characteristics of the 
patients, perioperative indicators, postoperative complications (PVT, PPF and abdominal hemorrhage) and fol-
low-up data were compared between the 2 groups. Propensity score matching was conducted to adjust for dif-
ferences in preoperative characteristics at a 1: 1 ratio, resulting in 260 patients in each group.

	 Results:	 After PSM was conducted, intraoperative blood loss, PVT, PPF, and hospital stay were decreased significantly 
in the matched Study Group (all P<0.01). Both groups showed similar results concerning recurrent esophago-
gastric variceal bleeding and overall survival during the follow-up period.

	 Conclusions:	 Our MSDSP help to reduce postoperative complications and shorten hospital stay.

	 Keywords:	 Fibrosis • Follow-Up Studies • Hypertension, Portal • Pancreatic Fistula • Splenectomy • 
Venous Thrombosis

	 Abbreviations:	 TOI – technical optimization and innovation; PVT – portal vein thrombosis; PPF – postoperative pancre-
atic fistula; MSDSP – modified method of surgical division of the splenic pedicle; CSDSP – convention-
al method of surgical division of the splenic pedicle; PSM – propensity score matching; PVD – portal 
vein diameter; PH – portal hypertension; EGVB – esophagogastric variceal bleeding; REGVB – recurrent 
esophagogastric variceal bleeding; OS – overall survival; WBC – white blood cell; RBC – red blood cell; 
HGB – hemoglobin; PLT – platelet; ALT – alanine aminotransferase; AST – aspartate aminotransferase; 
ALB – albumin; TBIL – total bilirubin; PT – prothrombin time; ITP – idiopathic thrombocytopenic purpu-
ra; TPO – thrombopoietin
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Background

As the final result of various clinical chronic liver injuries, liv-
er cirrhosis can lead to some critical complications, including 
portal hypertension (PH), esophagogastric variceal bleeding 
(EGVB), splenomegaly, and hypersplenism [1,2]. For cirrhotic 
patients, splenomegaly and hypersplenism can result in a se-
ries of abnormal blood indicators, such as leukopenia, eryth-
ropenia, and thrombocytopenia [3,4].

Splenectomy is the optimal choice for patients with cirrhosis 
and hypersplenism [5], and splenectomy combined with par-
aesophagogastric devascularization is an effective treatment 
for cirrhotic patients with EGVB and PH [6,7], but postoperative 
complications such as postoperative pancreatic fistula (PPF), 
portal vein thrombosis (PVT), and abdominal hemorrhage re-
main crucial challenges for smooth postoperative recovery [8]. 
PVT, PPF, and abdominal hemorrhage are all severe complica-
tions after splenectomy [9]. These complications can easily oc-
cur in splenectomy due to insufficient preoperative prepara-
tion and careless surgical procedure [10,11]. The gastrosplenic 
and the splenorenal ligaments that form the hilar splenic ped-
icle can be surgically divided by several approaches, includ-
ing primary and secondary splenic pedicle dissection [12], em-
ploying the LigaSure vessel sealing system, Harmonic Scalpel, 
EndoGIA [13], clip ligation [14], and conventional ligation [15], 
with the aim to reduce postoperative complications and pro-
mote smooth recovery. However, there are few studies on pre-
dictive factors of PVT, PPF, and abdominal hemorrhage after 
splenectomy regarding surgical techniques [16-18]. To avoid 
postoperative complications, the technical optimization of cru-
cial steps for splenectomy may be a better way. Careful sepa-
ration and dissection of the splenic pedicle vessels is a crucial 
step during splenectomy, which is closely related to the occur-
rence of postoperative complications [19,20]. A safe and effec-
tive splenic pedicle division strategy should effectively avoid 
injury to the pancreatic tail and splenic vascular intima, and 
reduce the occurrence of PVT and PPF [21].

Few studies have focused on the technical optimization of 
splenic pedicle division to reduce the surgical risk of splenec-
tomy and avoid serious postoperative complications [22]. To 
solve these issues during the perioperative period, our team 
developed a series of technical optimizations and an innova-
tive approach for splenectomy and proposed a modified meth-
od of surgical division of the splenic pedicle (MSDSP).

In the process of long-term clinical practice, we have gradual-
ly optimized and standardized a series of technical optimiza-
tion and innovations (TOI) for splenectomy to ensure safety of 
the operation and smooth postoperative recovery. As the cru-
cial step of splenectomy, MSDSP dissects the secondary splenic 
pedicle vessels, and even the tertiary splenic pedicle vessels, if 

possible, which are close to the proximal end of the spleen and 
away from the pancreatic tail, so the new method can effectively 
prevent injury to the pancreatic tail and reduce the occurrence 
of PPF when compared with the conventional method of sur-
gical division of the splenic pedicle (CSDSP). Since the MSDSP 
strategy is performed away from the primary splenic pedicle ves-
sel, it can reduce the traction of the splenic vein and the dam-
age to vascular endothelium, so as to reduce the risk of PVT.

Therefore, this 12-year retrospective study from a single cen-
ter aimed to evaluate postoperative outcomes following use 
of a MSDSP in 719 patients who underwent splenectomy for 
portal hypertension.

Material and Methods

The study purpose and content were fully explained to the 
participants. Informed consent was obtained from all includ-
ed subjects or their relatives. The investigation was carried out 
following The Code of Ethics of the World Medical Association 
(Declaration of Helsinki, as revised in Fortaleza, Brazil, October 
2013). The study protocol was approved by the Institutional 
Review Board (IRB) of Anhui Provincial Traditional Chinese 
Hospital (ID: 2020AH-13).

Patient Selection and Study Design

From January 2010 to December 2021, 719 consecutive pa-
tients with cirrhosis and PH underwent splenectomy at the First 
Hospital Affiliated to Anhui University of Traditional Chinese 
Medicine (Figure 1).

All included patients met the following inclusion criteria: (1) 
diagnosis of cirrhosis and PH with any etiology; (2) second-
ary splenomegaly and hypersplenism related to cirrhosis. 
Hypersplenism was defined as a leukocyte count <3500/µl 
and a platelet count <7.5×104/µl [23]; and (3) patients who 
underwent splenectomy.

The exclusion criteria were: (1) liver cirrhosis without hyper-
splenism and splenomegaly; (2) patients with severe coagu-
lation dysfunction; (3) liver or any other malignancy; (4) re-
fused to participate in the study; and (5) early postoperative 
transfer. All surgical procedures were conducted as non-emer-
gent operations.

The clinical characteristics of included patients, including age, 
sex, etiology of cirrhosis, Child-Pugh classification, spleen 
size, and diameter of the portal vein system, were careful-
ly evaluated. The preoperative blood test results, includ-
ing white blood cell (WBC), red blood cell (RBC), hemoglobin 
(HGB), platelet (PLT), alanine aminotransferase (ALT), aspartate 
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aminotransferase (AST), albumin (ALB), total bilirubin (TBIL), 
prothrombin time (PT), PT-INR, and D-dimer, were also collect-
ed in detail. Data on intraoperative outcomes (intraoperative 
blood loss and duration of surgery) and postoperative compli-
cations (PVT, PPF, and abdominal hemorrhage) were collected 
and analyzed in detail. The follow-up data, including recurrent 
esophagogastric variceal bleeding (REGVB) and overall surviv-
al (OS), were also reviewed retrospectively. The clinical charac-
teristics of included patients, preoperative blood examinations, 
intraoperative outcomes, postoperative complications, and fol-
low-up data were collected and analyzed carefully from a stan-
dardized database. Color Doppler ultrasound (ACUSON S2000, 
Siemens, Shanghai, China) detection was performed for preop-
erative evaluation and postoperative monitoring by an experi-
enced examiner with a broadband convex array probe (3 to 5 
MHz). The color Doppler ultrasound detection was performed 
to measure the diameter of the portal and splenic vein, the 
spleen size, and the occurrence of PVT. All of the operations 
were performed by 6 surgeons in a surgical team.

According to different methods of surgical division of the splen-
ic pedicle, patients who underwent splenectomy with CSDSP 
were assigned to the Control Group (n=349), and those who 
underwent splenectomy with MSDSP were assigned to the 
Study Group (n=370).

CSDSP: After the ligaments around the spleen were separat-
ed and dissected, the splenic pedicle was completely explored. 
The primary splenic pedicle was dissected, ligated, and su-
tured after dissociation.

MSDSP: After the bifurcation of the splenic pedicle was de-
termined clinically, the serosa tissue in front of the secondary 
splenic pedicle space was separated and dissected, then the 
secondary splenic pedicle or even the tertiary splenic pedicle 
space could be clearly displayed. The dissection should be per-
formed as close as possible to the splenic parenchyma to keep 
away from the pancreatic tail and stomach. Every secondary 
splenic pedicle vessel or even tertiary splenic pedicle vessel was 
dissected and ligated in direct vision. During the operation, vas-
cular forceps were placed in the upper splenic pedicle and low-
er splenic pedicle through the secondary splenic pedicle space 
or the tertiary splenic pedicle space, if possible, and then the 
splenic tissue was removed, ligated, and sutured (Figure 2).

All included patients underwent splenectomy. Surgery was per-
formed in the supine position, and a paramedian incision was 
made on the left upper abdomen. The separation and ligation 
of the splenic artery was the first main procedure. Then, the 
splenic pedicle was treated with CSDSP or MSDSP. A drainage 
tube was routinely placed in the splenic fossa.

Intermediate-period (n=241)

Cirrhotic patients with splenomegaly and hypersplenism (n=740)

Patients enrolled in the study (n=719)

Three stages

PSM PSM

Early-period (n=288)

Excluded patients (n=21)
• ITP without hypersplenism and splenomegaly (n=6)
• HS without hypersplenism and splenomegaly (n=2)
• Severe coagulation dysfunction (n=4)
• Liver malignancy (n=4)
• Early postpertaive transfer (n=4)

Control group (n=349) Study group (n=370)

Matched control group (n=287) Matched study group (n=287)

Analyzed for complications Analyzed for complications

Late-period (n=190)

Splenic pedicle divison method

Figure 1. �Classification and flow diagram of the study population. ITP – idiopathic thrombocytopenic purpura; HS – hereditary 
spherocytosis; PSM – propensity score matching.
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Three Periods of Surgical Optimization and Innovation

According to the development periods of surgical technolo-
gy and innovation, the included patients were divided into 3 
groups: the early-period group (n=288, from January 2010 to 
December 2013), the intermediate-period group (n=241, from 
January 2014 to December 2017), and the late-period group 
(n=190, from January 2018 to December 2011) (Figure 3).

Through the accumulation of long-term clinical experience, 
our team has gradually carried out a series of TOI in splenec-
tomy to reduce postoperative complications and promote the 
smooth rehabilitation of patients to a greater extent. The peri-
operative management was gradually optimized and standard-
ized over time, as follows: (1) The optimized and standardized 
management in the perioperative period contains effective pre-
operative preparation, careful intraoperative procedure, and 
accurate postoperative monitoring. (2) Effective preoperative 
preparation: Etiological treatment is key for the treatment of 
cirrhosis whenever feasible [24,25]. D-penicillamine is the first 
treatment in patients with cirrhosis due to Wilson’s disease, 
and antiviral therapy is also the key treatment for hepatitis 
cirrhosis. Anti-inflammation drugs, including glycyrrhizic acid 

preparation, polyene phosphatidyl choline, silymarin, ademetio-
nine, and reduced glutathione, are basic liver-protecting treat-
ments. Liver-protecting treatment and regulation of blood co-
agulation and nutrition were routinely performed in patients 
ranked as Child C, and human albumin and Vit-K1 were com-
mon therapeutic schedules. Fresh plasma and prothrombin 
complex were used for patients with severe coagulation dys-
function. Thrombopoietin (TPO) receptor agonists were usu-
ally given to patients when preoperative platelets were <30 
g/L [26]. Preoperative splenic artery embolism was an effec-
tive preoperative preparation method for patients with huge 
splenomegaly or severe coagulation dysfunction. (3) Careful 
intraoperative procedure: Splenic artery ligation is necessary 
for splenectomy. The intraoperative management of the splenic 
pedicle was performed by MSDSP. The application of an autol-
ogous blood transfusion technique was performed when nec-
essary [27]. (4) Accurate postoperative monitoring: Monitoring 
of clinical symptoms and vital signs was performed in all post-
operative patients. Generally, drainage volume and amylase 
were monitored daily by drainage tubes in all patients after 
the operation to prevent postoperative abdominal hemorrhage 
and PPF. On admission and every 7 days thereafter, all includ-
ed splenectomy patients underwent routine ultrasound for 

A

C

B

D

Figure 2. �Comparison of the 2 splenic pedicle division methods. (A) Conventional splenic pedicle division method; (B) Emergency 
treatment of splenic pedicle hemorrhage by conventional splenic pedicle division method; (C) Modified splenic pedicle 
division method; (D) Tertiary splenic pedicle vessels division.
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monitoring PVT. Liver function and coagulation indexes were 
monitored every 3 days after the operation. These methods of 
technical optimization and innovation for splenectomy were 
all used during the perioperative period.

In the early period, based on long-term clinical practice, we 
proposed use of MSDSP to reduce postoperative complications. 
Although we proposed and applied the MSDSP in clinical prac-
tice, we preferred to use the CSDSP in most cases to ensure 
the safety of the operation in light of the lack of surgical sep-
aration technique of splenic pedicle vessels in the early period. 
With the improvement of the surgical separation technique of 
splenic pedicle vessels, we applied the MSDSP for splenecto-
my in most included patients unless the splenic pedicle space 
was small or the splenic pedicle was bleeding in the interme-
diate period. Due to the maturity of the surgical separation 
technique of splenic pedicle vessels, we used the MSDSP for 
splenectomy in almost all included patients in the late peri-
od, with a lower incidence of complications.

Postoperative Complications

The data on postoperative complications after splenectomy 
were routinely collected and assessed during hospitalization, 
including PVT, postoperative abdominal hemorrhage, abdom-
inal infection, PPF, liver failure, severe ascites, and encepha-
lopathy. PPF was defined as follows: (1) postoperative drain-
age time was more than 3 days; (2) amylase in drainage fluid 
was higher than 3 times the upper limit of normal value; (3) 
biochemical leakage was not recorded [28]. Clinical details re-
garding the operation, including the operation time, intraop-
erative blood loss volume, and postoperative hospital stay, 
were also recorded.

Follow-Up

Routine follow-up examinations, which were performed by 
telephone or at the outpatient department, were conducted 

in all included patients who underwent splenectomy. The 
deadline for the follow-up examination was December 25, 
2021. Overall survival (OS) and the cumulative hazard of re-
current esophagogastric variceal bleeding (REGVB) were the 
2 main primary endpoints. The definition of OS was the time 
from surgery to death for any reason. REGVB was defined as 
the time from surgery to the first EGVB. Patients who were 
still alive at the last follow-up date were considered for cen-
sored observations.

Statistical Analysis

All statistical analyses were performed using SPSS Version 
24.0 software (Chicago, IL, USA). Comparisons among the 3 
period groups were performed using one-way ANOVA (anal-
ysis of variance) or the Kruskal-Wallis test, as appropriate. 
Continuous variables with a normal distribution were reported 
as mean±standard deviation (c

_
±SD); those with a non-normal 

distribution were reported as median (Q1, Q3). Comparison 
between the 2 groups was carried out using the t test for 
measurement data and the c2 test with or without Fisher’s 
exact test for categorical variables. Survival and cumulative 
hazard curves were plotted by Kaplan-Meier curves, and dif-
ferences between the 2 groups were tested by the log-rank 
test. Statistical significance was accepted at the 5% level by 
a 2-tailed test.

PSM was conducted to adjust for the confounding between the 
2 groups. Propensity scores were estimated by logistic regres-
sion model using the following data as covariates: age, sex, 
etiology of cirrhosis, Child-Pugh classification, spleen size, di-
ameter of the portal vein system, variceal hemorrhage histo-
ry, operation, the splenic pedicle division method, operation 
period, and preoperative blood examinations [29]. Propensity 
score matching was carried out according to the 1: 1 near-
est-neighbor caliper matching method, and the caliper val-
ue was set to 0.2.

A series of technical optimization and innovation
has gradually carried out
The innovation of the MSDSP for splenoctomy Accurate postoperative monitoring:

Routine ultrasound for PVT
Drainage volume and amylase for hemorrhage and PPF

Optimization and standarization of preoperative preparation
The ragulation of liver and coagulation function Preoperative splenic artery embolism

The MSDSP in
most patients

The MSDSP in
almost all patients

TPO receptor agonists for
preoperative preparation

The innovation of autologous
blood transfusion technique

Early-period

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Intermediate-period Late-period

Figure 3. �The development of technical optimization and innovation for splenectomy. MSDSP – modified method of surgical division 
of the splenic pedicle; CSDSP – conventional method of surgical division of the splenic pedicle; PVT – portal vein thrombosis; 
PPF – postoperative pancreatic fistula; TPO – thrombopoietin.
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Results

Comparison Among Different Operation Periods

Of the 740 patients who met the inclusion criteria, 21 were 
excluded: 6 patients with ITP and 2 patients with hereditary 
spherocytosis underwent splenectomy without hypersplenism 
and splenomegaly, 4 developed severe coagulation dysfunc-
tion, 3 had liver malignancy, and 4 had early postoperative 
transfers. Finally, 719 patients who met the inclusion criteria 
were enrolled in the study.

Among 719 patients, 405 were men and 314 were women. 
There were 288 patients in the early-period group, 241 pa-
tients in the intermediate-period group, and 190 patients in 
the late-period group, respectively.

No significant differences were found regarding sex, etiology of 
cirrhosis, Child-Pugh classification, RBC, HGB, ALB, PT, PT- INR, 
variceal hemorrhage history, PPF, and operation time among 
the 3 groups (all P>0.05). There were significant differences 
among the 3 groups regarding the following indicators: age, 
WBC, PLT, TBIL, ALT, AST, D-dimer, portal vein and splenic diam-
eter, length and thickness of spleen, the incidence of PVT, and 
postoperative abdominal hemorrhage (all P<0.05). The late-pe-
riod group had less intraoperative blood loss (248.5±169.9 mL 
versus 281.1±206.8 mL, P=0.01), PVT (69/190 versus 102/241, 
P<0.01), postoperative abdominal hemorrhage (2/190 ver-
sus 10/241, P=0.02), and hospital stay (13.0±1.4 days versus 
14.6±4.4 days, P<0.01) compared with the intermediate-pe-
riod group. After conservative treatment, patients with PPF, 
PVT, and postoperative abdominal hemorrhage all recovered 
smoothly. There were no deaths in the perioperative period.

Comparison Between the 2 Groups by PSM Analysis

Comparing with the clinical data of included patients with or 
without MSDSP, the indicators of age, sex, etiology of cirrhosis, 
Child-Pugh classification, and length of the spleen revealed no 
significant differences between the 2 groups (all P>0.05). No 
significant differences were found regarding WBC, RBC, HGB, 
PLT, TBIL, ALT, AST, ALB, PT, PT-INR, and D-dimer between the 2 
groups (all P>0.05) (Table 1). In terms of preoperative indicators, 
the thickness of the spleen (69.0±16.8 mm versus 72.3±16.4 
mm, P=0.01), the portal vein diameter (PVD) (1.5±0.2 cm ver-
sus 1.4±0.2 cm, P<0.01), the splenic vein diameter (1.3±0.5cm 
versus 1.2±0.3 cm, P<0.01) and operation period (185/101/63 
versus 103/140/127, P<0.01) showed significant differences 
between the 2 groups. Compared with the Control Group, hos-
pital stay (13.8±3.1 days versus 13.0±2.2 days), PVT (148/349 
versus 81/370), as well as PPF (40/349 versus 13/340) were 
significantly lower in the Study Group (all P<0.01). However, 
the operation time (196.2±34.6 min versus 172.4±35.4 min) 

in the Study Group was significantly longer when compared 
with the Control Group (P<0.01).

PSM was conducted at a 1: 1 ratio, resulting in 260 patients 
in each group. After PSM, the thickness of spleen, PVD, splen-
ic vein diameter, and operation period in the matched Study 
Group were comparable to those in the matched Control Group 
(all P>0.05). In terms of intra- and post-operative outcomes, 
although postoperative abdominal hemorrhage was similar 
between the 2 groups (8/260 versus 5/260, P=0.40), intraop-
erative blood loss (200.8±103.7 mL versus 316.0±212.2 mL), 
hospital stay (12.8±1.9 days versus 14.0±3.4 days), PVT (55/260 
versus 124/260), and PPF (10/260 versus 34/260) were sig-
nificantly lower in the matched Study Group when compared 
with the matched Control Group (all P<0.01). However, the op-
eration time (199.4±34.7 min versus 173.1±36.3 min, P<0.01) 
was significantly longer in the matched Study Group (Table 2).

Follow-Up

The follow-up rate was 89.4% (312/349) in the Control Group 
and 86.8% (321/370) in the Study Group. The median follow-
up time was 77.5 (46/112) months in the Control Group and 
67 (36/104) months in the Study Group (Figure 4). The 1-, 3-, 
5-, and 12-year REGVB rates were 1.6%, 2.2%, 2.9% and 3.8% 
in the Control Group, versus 1.2%, 2.2%, 3.1%, and 3.7% in the 
Study Group, respectively. There were no significant differences 
in the follow-up data between the 2 groups with log-rank test 
(P=0.66). The 1-, 3-, 5-, and 12-year OS rates were 99.7%, 99%, 
98.7%, and 98.7% in the Control Group, versus 100%, 99.7%, 
99.4%, and 99.1% in the Study Group, and the results showed 
no significant differences with log-rank test (P=0.63) (Table 3).

Four patients died of liver failure during follow-up in the Control 
Group. Two patients died of liver failure and 1 patient devel-
oped refractory ascites and died of a spontaneous ascitic fluid 
infection in the Study Group. After endoscopy treatment and 
conservative drug treatment, the 24 patients with REGVB all 
recovered smoothly.

Discussion

In the past 12 years, we have carried out a series of TOI in sple-
nectomy and proposed the use of MSDSP to reduce postop-
erative complications and promote the smooth rehabilitation 
of patients to a greater extent. In our present study, patients 
who underwent splenectomy with MSDSP showed a signifi-
cant reduction in intraoperative blood loss, PVT, PPF, and hos-
pital stay compared to those without MSDSP(P<0.05). After 
PSM was conducted, spleen thickness, PVD, operation period, 
and splenic vein diameter of the matched Study Group were 
comparable to those of the matched Control Group. In terms 
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Variables

Unmatched

P

Matched

PControl group 
(n=349)

Study group 
(n=370)

Control group 
(n=260)

Study group 
(n=260)

Age (years) 	 32.7±15.0 	 33.5±14.7 0.47 	 32.8±15.0 	 33.2±14.8 0.77

Sex, n (%) 0.72 0.93

	 Male 	 199	 (57.0) 	 206	 (55.7) 	 148	 (56.9) 	 147	 (56.5)

	 Female 	 150	 (43.0) 	 164	 (44.3) 	 112	 (43.1) 	 113	 (43.5)

Etiology o 
 cirrhosis, n (%)

0.89 0.93

	 HLD cirrhosis 	 267	 (76.5) 	 295	 (79.7) 	 205	 (78.9) 	 204	 (78.5)

	 HBV cirrhosis 	 62	 (17.8) 	 64	 (17.3) 	 41	 (15.8) 	 46	 (17.7)

	 HCV cirrhosis 	 9	 (2.6) 	 3	 (0.8) 	 8	 (3.1) 	 3	 (1.2)

	 Schistosomiasis 
cirrhosis

	 1	 (0.3) 	 2	 (0.5) 	 1	 (0.4) 	 2	 (0.8)

	 Alcoholic cirrhosis 	 1	 (0.3) 	 2	 (0.5) 	 1	 (0.4) 	 2	 (0.8)

	 Autoimmunity 
cirrhosis

	 7	 (2.0) 	 3	 (0.8) 	 2	 (0.8) 	 2	 (0.8)

	 Unknown 	 2	 (0.6) 	 1	 (0.3) 	 2	 (0.8) 	 1	 (0.4)

Child-Pugh 
classification, n (%)

0.19 0.65

	 A 	 262	 (75.1) 	 259	 (70.0) 	 194	 (74.6) 	 187	 (71.9)

	 B 	 82	 (23.5) 	 107	 (28.9) 	 61	 (23.5) 	 70	 (26.9)

	 C 	 5	 (1.4) 	 4	 (1.1) 	 5	 (1.9) 	 3	 (1.2)

The size of spleen 
(mm)

	� Longitudinal 
diameter of spleen

	 180.3±33.0 	 176.5±30.6 0.11 	 175.8±31.5 	 178.0±31.6 0.41

	� Thickness of 
spleen

	 69.0±16.8 	 72.3±16.4 0.01 	 70.9±16.8 	 70.9±16.1 0.99

The diameter of 
portal vein system 
(cm)

	 Portal vein 	 1.5±0.2 	 1.4±0.2 P<0.01 	 1.4±0.2 	 1.4±0.2 0.38

	 Splenic vein6 	 1.3±0.5 	 1.2±0.3 P<0.01 	 1.3±0.2 	 1.3±0.3 0.43

Preoperative blood 
examination

	 WBC (109/L) 	 2.8±1.7 	 3.0±2.0 0.11 	 2.8±1.6 	 2.8±1.4 0.78

	 RBC (1012/L) 	 3.9±0.7 	 4.8±16.8 0.32 	 3.9±0.7 	 3.9±0.6 0.98

	 HGB (g/L) 	 108.8±18.1 	 110.0±18.9 0.38 	 109.2±18.5 	 110.4±19.4 0.51

	 PLT (109/L) 	 51.7±31.4 	 49.7±36.0 0.42 	 50.7±30.3 	 49.4±36.7 0.64

	 TBIL (μmol/L) 	 23.2±16.1 	 23.4±15.6 0.89 	 23.7±16.5 	 23.6±15.6 0.95

	 ALT (U/L) 	 31.2±16.8 	 33.0±32.5 0.37 	 31.3±18.0 	 31.3±16.2 0.99

Table 1. Comparison of the backgrounds of included patients between the 2 groups by PSM analysis.
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Table 1 continued. Comparison of the backgrounds of included patients between the 2 groups by PSM analysis.

Variables

Unmatched

P

Matched

PControl group 
(n=349)

Study group 
(n=370)

Control group 
(n=260)

Study group 
(n=260)

	 AST (U/L) 	 33.6±17.3 	 33.6±22.5 0.99 	 32.5±15.5 	 32.3±13.1 0.90

	 ALB (g/L) 	 37.9±6.3 	 37.7±5.0 0.62 	 38.4±6.5 	 37.8±4.8 0.28

	 PT (s) 	 15.0±2.4 	 15.5±7.8 0.31 	 15.1±2.6 	 15.0±2.2 0.61

	 PT-INR 	 1.5±2.8 	 1.5±1.5 0.73 	 1.6±3.2 	 1.5±1.8 0.67

	 D-dimer (mg/L) 	 0.5±1.2 	 0.6±0.8 0.23 	 0.5±1.3 	 0.6±0.8 0.74

Variceal hemorrhage 
history, n (%)

0.06 1

	 Yes 	 57	 (16.3) 	 81	 (21.9) 	 47	 (18.1) 	 47	 (18.1)

	 No 	 292	 (83.7) 	 289	 (78.1) 	 213	 (81.9) 	 213	 (81.9)

Operation, n (%)

	 Splenectomy only 	 307	 (88.0) 	 324	 (87.6) 0.87 	 227	 (87.3) 	 229	 (88.1) 0.79

	� Concomitant 
pericardial 
devascularization

	 42	 (12.0) 	 46	 (12.4) 	 33	 (12.7) 	 31	 (11.9)

Operation period, 
n (%)

P<0.01 0.96

	 Early-period 	 185	 (53.0) 	 103	 (27.8) 	 104	 (40.0) 	 98	 (37.7)

	� Intermediate-
period

	 101	 (28.9) 	 140	 (37.8) 	 93	 (35.8) 	 106	 (40.8)

	 Late-period 	 63	 (18.1) 	 127	 (34.3) 	 63	 (24.2) 	 56	 (21.5)

PSM – propensity score matching; HLD – hepatolenticular degeneration; HBV – hepatitis B virus; HCV – hepatitis C virus; WBC – white 
blood cell; RBC – red blood cell; HGB – hemoglobin; PLT – platelet; ALT – alanine aminotransferase; AST – aspartate aminotransferase; 
ALB – albumin; TBIL – total bilirubin; PT – prothrombin time.

Variables

Unmatched

P

Matched

PControl group 
(n=349)

Study group 
(n=370)

Control group 
(n=260)

Study group 
(n=260)

Intraoperative outcomes

	� Intraoperative blood 
loss (mL)

	 309.5±198.8 	 204.6±104.5 P<0.01 	 316.0±212.2 	 200.8±103.7 P<0.01

	 Operation time (min) 	 172.4±35.4 	 196.2±34.6 P<0.01 	 173.1±36.3 	 199.4±34.7 P<0.01

Postoperative 
complications, n (%)

	 PVT 	 148	 (42.4) 	 81	 (21.9) P<0.01 	 124	 (47.7) 	 55	 (21.2) P<0.01

	 PPF 	 40	 (11.5) 	 13	 (3.5) P<0.01 	 34	 (13.1) 	 10	 (3.9) P<0.01

	� Postoperative 
abdominal hemorrhage

	 10	 (2.9) 	 5	 (1.4) 0.16 	 8	 (3.1) 	 5	 (1.9) 0.40

Hospital stay (day) 	 13.8±3.1 	 13.0±2.2 P<0.01 	 14.0±3.4 	 12.8±1.9 P<0.01

Table 2. Comparison of the outcomes of included patients between the 2 groups by PSM analysis.

PSM – propensity score matching; PVT – portal vein thrombosis; PPF – postoperative pancreatic fistula.
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of intra- and post-operative outcomes, intraoperative blood 
loss, PVT, PPF, and hospital stay were significantly lower in 
the matched Study Group (P<0.05), which revealed the supe-
riority of our MSDSP for splenectomy.

At present, there are few published studies on technical in-
novation of the splenic pedicle division method to reduce the 

surgical risk of splenectomy and avoid postoperative compli-
cations. Previous studies regarding secondary splenic pedi-
cle division mostly focused on the normal size spleen, such 
as ITP [30], or surgical instruments [12-14], such as Endo GIA 
and LigaSure. Although previous studies also concluded that 
the secondary splenic pedicle dissection could decrease the 
incidence of pancreatic fistula, these studies mainly focused 
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Figure 4. �The follow-up data comparing the 2 groups. (A) Cumulative hazard of recurrent EGVB; (B) Overall survival. 
EGVB – esophagogastric variceal bleeding.

Variables Control group (n=312) Study group (n=321) P value

Follow-up duration (months), median (Q1, Q3) 	 77.5	 (46, 112) 	 67	 (36, 104) 0.01

Treatment method, n (%)

	 Drug and infusion treatment 	 7	 (2.2) 	 8	 (2.5) 0.84

	 Endoscopy treatment 	 5	 (1.6) 	 4	 (1.2) 0.71

Death, n (%) 	 4	 (1.3) 	 3	 (0.9) 0.40

REGVB rate, n (%) 0.66

	 1-year 	 5	 (1.6) 	 4	 (1.3)

	 3-year 	 7	 (2.2) 	 7	 (2.2)

	 5-year 	 9	 (2.9) 	 10	 (3.1)

	 >5-year 	 12	 (3.9) 	 12	 (3.7)

OS rate, n (%) 0.63

	 1-year 	 311	 (99.7) 	 321	 (100)

	 3-year 	 309	 (99.0) 	 320	 (99.7)

	 5-year 	 308	 (98.7) 	 319	 (99.4)

	 >5-year 	 308	 (98.7) 	 318	 (99.1)  

Table 3. Follow-up data of the 2 groups.

REGVB – recurrent esophagogastric variceal bleeding; OS – overall survival.
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on complications after the splenic pedicle division with differ-
ent surgical instruments. The previous literature paid little at-
tention to the impact of surgical separation and division tech-
nology on postoperative complications and the follow-up data, 
and our study focused on the effect of splenic pedicle division 
technology on postoperative complications and the follow-up 
data. Therefore, we performed this comprehensive study to 
evaluate the safety and effectiveness of our MSDSP in splenec-
tomy, especially for patients with splenomegaly, and PSM was 
conducted to adjust for differences in spleen size, PVD, splen-
ic vein diameter, and operation period between the 2 groups.

Spleen size is a major factor in selecting the splenic pedicle 
division method [31-34]. In the light of our experience, select-
ing a splenic pedicle division strategy mainly depends on the 
size of the spleen and the pedicle space in the early period. In 
our study, spleen thickness in the Study Group revealed sig-
nificant differences, which indicated that spleen size may be 
one of the factors to consider when performing the splenic 
pedicle division method. However, with the progress of sur-
gical technique and the accumulation of surgical experience, 
spleen size is no longer a limiting factor for surgical proce-
dures [35,36]. The size of the secondary splenic pedicle space 
and the degree of adhesion around the spleen were also influ-
encing factors. Preoperative splenic artery embolization could 
be a useful method of autologous blood transfusion and di-
minish the splenic volume preoperatively. The preoperative 
splenic artery embolization was reported to be an effective 
preoperative preparation method for resection of huge sple-
nomegaly with shorter duration of surgery and decreased in-
traoperative blood loss [37,38].

MSDSP helped to reduce the incidence of PPF. In terms of our 
MSDSP, the separation and dissection of the splenic pedicle, 
which was performed as close as possible to the splenic pa-
renchyma, was more elaborate, complicated, and difficult than 
the CSDSP. The splenic pedicle consists of the splenic artery, 
vein, lymph, and nerve tissues, and the gap between the upper 
and lower splenic lobes vessel is the secondary splenic ped-
icle space. After the space is detected during the operation, 
the operation is carried out to avoid the pancreatic tail, thus 
reducing pancreatic tail injury and the incidence of postoper-
ative complications [39]. To avoid the risk of pancreatic inju-
ry in splenectomy, the following points of the MSDSP need to 
be seriously considered: (1) ensuring excellent and direct vi-
sualization of the tail of the pancreas; (2) accurate dissection 
and ligation of the splenic pedicle; and (3) separation plane 
as close as possible to the splenic parenchyma. The MSDSP 
fit the above points exactly, thus revealing a lower incidence 
of PPF. In this study, the incidence of PPF was 3.5% (10/287) 
in the matched Study Group versus 11.9% (34/287) in the 
matched Control Group. The difference was statistically signif-
icant (P<0.05), showing the advantage of avoiding PPF.

Because of PH and coagulation disorder in cirrhotic patients, 
postoperative hemorrhage is more prone to occur and is hard 
to stop [40]. To ensure the safety of splenectomy, an optimal 
splenic vessel division method was the crucial step, thus we 
used the MSDSP to deal with the splenic pedicle, especially 
for the ligaments and small vessels around the spleen. Using 
the MSDSP strategy, every secondary or even tertiary branch 
of splenic pedicle vessels was dissected and ligated in di-
rect vision; therefore, intraoperative abdominal hemorrhage 
was adequately managed. In this study, the mean blood loss 
was (200.8±103.7) ml in the matched Study Group versus 
(316.0±212.2) ml in the matched Control Group. The differ-
ence was statistically significant (P<0.05), revealing the supe-
riority of decreasing intraoperative abdominal hemorrhage.

PVT is a critical complication in cirrhotic patients after splenec-
tomy, which can give rise to liver dysfunction and liver failure 
[41]. Although many causes can lead to PVT, including large 
splenic vein diameter, wider diameters of the portal vein, and 
hemorheological abnormalities, different methods of splenic 
pedicle division are also one of the causes of PVT [42-44]. The 
splenic pedicle vessels in the Study Group, which were dis-
sected as close as possible to the splenic parenchyma, mini-
mized the vascular intimal injury of the main splenic vein to 
the greatest extent, thus reducing the occurrence of PVT. In 
our study, the incidence of PVT was 21.2% (55/260) in the 
matched Study Group versus 47.7% (124/260) in the matched 
Control Group, and the difference was statistically significant 
(P<0.01). Heparin anticoagulation therapy was routinely per-
formed in the included patients with PVT, and all included 
patients with PVT recovered smoothly after treatment. Early 
ultrasonic monitoring and early application of heparin antico-
agulation can effectively prevent the occurrence of PVT after 
splenectomy, and this perioperative management was recom-
mended in patients with risk factors [45,46].

Postoperative complications have a vital influence on the 
smooth recovery of patients. Therefore, knowing how to ensure 
the safety of the operation and avoid complications is crucial 
for a surgical team. In our experience, good cooperation and 
surgical experience of a surgical team are particularly impor-
tant for a smooth and successful operation [47].

In the past 12 years, through accumulated long-term clinical 
experience, our team has carried out a series of TOI in sple-
nectomy to reduce postoperative complications and promote 
the smooth rehabilitation of patients to a greater extent. With 
the continuous progress of our surgical team in use of surgical 
technology, the rate of utilization of the MSDSP method (66.8%, 
127/190) was higher in the late period. Intraoperative blood loss, 
postoperative hemorrhage, and hospital stay in the late peri-
od showed significant differences when compared to those in 
the intermediate period (P<0.05). Furthermore, the decreased 
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hospital stay in the late period suggests that our TOI in splenec-
tomy contributed to a smooth recovery with a shorter hospital 
stay. Although the incidence of PVT in the early period showed 
superiority, this may be because accurate postoperative mon-
itoring has only been carried out since February 2013, which 
may have not exactly reflected the actual situation. These re-
sults suggest our surgical team has greatly improved in surgi-
cal technology and innovation. In conclusion, the advantages of 
our method include: (1) With the optimization and standardiza-
tion of splenectomy in cirrhotic patients with splenomegaly and 
hypersplenism, perioperative management has become more 
smooth and safe which is important to the surgical team[48]; 
(2) Effective preoperative preparation, including the preparation 
of liver function, coagulation function, and platelets, helped to 
reduce the intraoperative risk and postoperative complications; 
(3) Careful intraoperative procedures avoided accidental injury 
during the operation; and (4) Accurate postoperative monitor-
ing was crucial for the detection of postoperative complications, 
and early detection and early treatment of problems is useful.

Postoperative EGVB and mortality are 2 main important indica-
tors in the follow-up data [49]. In our study, the 2 methods of 
splenic pedicle division revealed similar results regarding the in-
cidence of postoperative EGVB. Endoscopic treatment and drug 
conservative treatment are 2 main treatments for postoperative 
EGVB [50-52]. In the present study, the included patients who 
underwent splenectomy had a satisfactory OS rate, and the 2 
methods of splenic pedicle division had similar results, which 
suggested the splenic pedicle division method does not affect OS.

There are some limitations to this study. This retrospective 
study was a single-institution investigation, and a few dis-
charged patients were lost to follow-up. Clinical data, which 
were retrospectively collected, contained a few confounding 
variables that may have affected the results. To further eval-
uate the efficacy of the MSDSP, a prospective, randomized, 
multicenter trial is needed.

Conclusions

In conclusion, our MSDSP helps to reduce postoperative com-
plications including PVT and PPF, decrease intraoperative blood 
loss and operation time, promote smooth recovery, and short-
en hospital stay.
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