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Abstract

AIM

To analyse the postoperative survival of patients with
portal hypertension and determine the factors that
influence survival and construct nomograms.

METHODS

We retrospectively followed 1045 patients who under-
went splenectomy plus pericardial devascularisation
(SPD) between January 2002 and December 2017. Two
SPD types are used in our department: splenectomy
plus simplified pericardial devascularisation (SSPD) and
splenectomy plus traditional pericardial devascularisation
(STPD). The Kaplan-Meier method and Cox regression
analysis were used to evaluate the prognostic effects of
multiple parameters on overall survival (0OS), disease-
specific survival (DSS) and bleeding-free survival (BFS).
Significant prognostic factors were combined to build nomo-
grams to predict the survival rate of individual patients.

RESULTS
Five hundred and fifty-seven (53.30%) patients were
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successfully followed with 192 in the SSPD group and
365 in the STPD group; 93 (16.70%) patients died, of
whom 42 (7.54%) died due to bleeding. Postoperative
bleeding was observed in 84 (15.10%) patients. The
5- and 10-year OS, DSS and BFS rates in the group
of patients who underwent SSPD were not signifi-
cantly different from those in patients who underwent
STPD. Independent prognostic factors for OS were
age, operative time, alanine transaminase level and
albumin-bilirubin score. Independent prognostic factors
for BFS were male sex, age, intraoperative blood loss
and time to first flatus. Independent prognostic factors
for DSS were the Comprehensive Complication Index
and age. These characteristics were used to establish
nomograms, which showed good accuracy in predicting
1-, 3- and 5-year OS and BFS.

CONCLUSION

SSPD achieves or surpasses the long-term survival effect
of traditional pericardial devascularisation and is worthy
of clinical promotion and application. Nomograms are
effective at predicting prognosis.

Key words: Nomogram; Portal hypertension; Pericardial
devascularisation; Survival analysis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The mortality and re-bleeding rate are still
extremely high among patients with portal hypertension
after splenectomy plus pericardial devascularisation. This
study aimed to analyse the postoperative survival, identify
risk factors, construct nomograms, and explore the
clinical effect of splenectomy plus simplified pericardial
devascularisation (SSPD). Five hundred and fifty-seven
(53.30%) patients were successfully followed, and the
results suggested that the 5- and 10-year overall survival,
disease-specific survival and bleeding-free survival
rates were not significantly different between patients
who underwent SSPD and patients who underwent
splenectomy plus traditional pericardial devascularisation.
Age, operative time, alanine transaminase level and
albumin-bilirubin score were independent prognos-
tic factors influencing overall survival. Male sex, age,
intraoperative blood loss and time to first flatus were
independent prognostic factors influencing bleeding-free
survival. Comprehensive Complication Index and age
were independent prognostic factors influencing disease-
specific survival.

Zhang YF, Ji H, Lu HW, Lu L, Wang L, Wang JL, Li YM.
Postoperative survival analysis and prognostic nomogram model
for patients with portal hypertension. World J Gastroenterol
2018; 24(39): 4499-4509 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i39/4499.htm DOI: http://dx.doi.
org/10.3748/wjg.v24.139.4499
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INTRODUCTION

Portal hypertension (PH) is mainly caused by cirrhosis,
of which most cases are posthepatitic cirrhosis in China
and alcoholic cirrhosis in Western countries. Its clinical
manifestations are splenomegaly and hypersplenism,
and eventually oesophageal and gastric varices. The
most important complication of PH is acute variceal
bleeding, with a high mortality rate of more than
50%. And there is also a high risk of re-bleeding in
surviving casest?, Due to a difference in aetiology, the
therapy of PH is different. Shunts are the main method
in the West. However, in oriental countries, such as
China, where patients who develop PH after hepatitis
cirrhosis have poor liver function, treatment mainly
involves devascularisation. Splenectomy plus pericardial
devascularisation (SPD) is the main operative method
used to prevent and treat PH™*. This operation does
not reduce portal vein blood flow to the liver, does not
damage liver function, can dislodge hypersplenism,
and can effectively reduce the incidence of hepatic
encephalopathy. However, splenectomy plus traditional
pericardial devascularisation (STPD) is difficult and
complicated, which will still cause greater tissue damage
and increase the operative time, thereby increasing the
damage of the liver and kidneys. By simplifying STPD,
we put forward splenectomy plus simplified pericardial
devascularisation (SSPD). The short-term curative effect
of SSPD has been verified, but its effects on long-term
survival are not clear™®.

Patients with PH still face high risks of re-bleeding
and death after SPD. Therefore, the best postoperative
treatment must be identified to improve the prognosis
of these patients, and a determination of the parameters
impacting survival by examining factors related to the
disease course in patients with PH is useful. Moreover,
the identification of prognostic factors in patients with PH
is important for estimating outcomes and determining
the appropriate treatments. Nomograms have been used
to integrate a variety of prognostic factors, quantify the
impact of different factors on survival and visualise the
results to predict the survival rate of individual patients.
Nomograms have been widely used to assess patient
prognosis””?,

In the present study, 1045 patients with PH who
underwent SPD were followed retrospectively to explore
the long-term survival effect of SSPD and the prognostic
factors for patients with PH, as well as construct a
survival nomogram to predict the overall survival rate of
patients with PH.

MATERIALS AND METHODS

Study subjects

Patients with PH presenting with oesophagogastric
varices and hypersplenism who were treated in our
department from January 2002 to February 2017 were
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screened for this single-centre retrospective cohort study.
Two SPD types are used in our department: SSPD and
STPD. The surgical details are described in a previous
publication™®. The inclusion criteria were: (1) patients
with PH who were diagnosed with oesophagogastric
varices and hypersplenism based on clinical symptoms
combined with laboratory, digestive endoscopy or image
examinations; (2) patients with PH classified as grade
A or B according to the Child-Pugh grading criteria or
Child-Pugh grade C at admission and assigned a reduced
classification to preoperative Child-Pugh grade A or B
after liver preservation therapy to attain appropriate
surgical indications; and (3) patients who were able
to tolerate general anaesthesia and had no surgical
contraindications. The exclusion criteria were: (1) patients
with hepatocellular carcinoma, acute heart failure, shock,
or other vital organ diseases; (2) patients in an acute
haemorrhagic state with unstable vital signs; and (3)
patients with poor heart, lung, liver or kidney function.
This research was approved by the Ethical Committee of
the Second Affiliated Hospital of Xi‘an Jiaotong University.
All procedures were conducted in accordance with the
Declaration of Helsinki from the World Medical Association
and with the ethical standards of the committees
responsible for human experimentation (institutional
and national). The requirement for written informed
patient consent was waived due to the retrospective and
anonymous nature of this study; all data were used only
for statistical analysis.

Data collection

Survival and postoperative bleeding conditions of the
patients were monitored and recorded. The following
primary data were collected: age, gender, aetiology,
Charlson score, blood type, history of variceal ligation,
history of abdominal surgery, smoking, drinking, history
of variceal bleeding, body mass index (BMI), Child-Pugh
score at admission, model for end-stage liver disease
(MELD) score at admission, albumin-bilirubin (ALBI)
score at admission, and Comprehensive Complication
Index (CCI) score. The following laboratory data were
collected at admission and during the perioperative
period: White blood cell (WBC) count, haemoglobin (Hb)
level, platelet count, prothrombin time (PT), international
normalised ratio (INR), total bilirubin (TBIL) level, direct
bilirubin (DBIL) level, alanine transaminase (ALT) level,
aspartate transaminase (AST) level, albumin (ALB) level,
globulin (GLB) level, serum creatinine (Scr) level, cystatin
C (Cys C) level, duration of the preoperative hospital stay,
duration of the postoperative hospital stay, total hospital
stay, operative time, intraoperative blood loss, time to
first flatus, and type of surgery. Information about the
therapies used to correct a specific complication was also
collected to calculate the CCI.

Calculation of CCl and ALBI, CP and MELD scores
The ALBI, CP, and MELD scores were calculated using the
relevant formulas™® %, The ALBI score was calculated as
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follows: ALBI score = 0.66 x logy, [total bilirubin (umol/L)]
- 0.085 x [albumin (g/L)]"®. The CP score included five
parameters: presence or absence of encephalopathy
and ascites, serum total bilirubin level, albumin level and
prothrombin time!**. The MELD score was calculated
using the following formula: 11.2 x In (international
normalised ratio) + 9.57 x In (creatinine, mg/dL) +
3.78 x In (bilirubin, mg/dL) + 6.43 x (aetiology: O if
cholestatic or alcoholic, 1 otherwise)™. Complications
that occurred within 30 d after the operation were
considered surgical complications and the severity of all
complications was graded using the Centers for Disease
Control (CDC) criteria™. The CCI was calculated as the
severity-weighted sum of all postoperative complications
(available at http://www.assessurgery.com). The
CCI ranges from 0 (no complications) to 100 points
(death)™*®,

Follow-up and survival endpoints

All included patients underwent routine follow-up
examinations. Follow-up methods were mainly telephone
calls or inpatient or outpatient re-examinations, and the
last follow-up occurred on January 31, 2018. One of our
primary endpoints of interest was overall survival (OS),
which was defined as the time from surgery to death
from any cause. In the analysis of OS, patients who were
alive at the last follow-up date were counted as censored
observations. The other primary endpoint of interest was
disease-specific survival (DSS), which was defined as
the time from surgery to death attributed to PH. In the
DSS analysis, patients who died of other causes or were
alive at the last follow-up date were counted as censored
observations. Another primary endpoint was bleeding-
free survival (BFS), which was defined as the time from
surgery to the first appearance of initial oesophagogastric
variceal bleeding. In the BFS analysis, patients who
died of other causes or were alive at the last follow-up
date were counted as censored observations. Univariate
and multivariate Cox regression models were used to
determine survival-related factors. Factors that were
observed to have significant associations with survival in
multivariate analyses (P < 0.05) were used to build the
nomograms for OS and BFS.

Statistical analysis

Statistical analyses were performed using IBM SPSS
statistics 22 software (SPSS Inc., Chicago, IL, United
States) and R version 3.2.2 software (Institute for
Statistics and Mathematics, Vienna, Austria; http://www.
r-project.org/). Continuous variables are presented as
means * SD, and categorical variables are presented
as frequencies and percentages. Survival curves were
generated using the Kaplan-Meier method, and the
significance of difference in survival among selected
variables was verified using the log-rank test. A
univariate Cox regression analysis with an Enter method
was used to estimate the relative risk (RR). A multivariate
Cox regression analysis with a Forward Condition method
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Figure 1 Kaplan-Meier survival curves for overall survival, disease-specific survival and bleeding-free survival. A: Kaplan-Meier survival curves for OS, DSS
and BFS; B: Kaplan-Meier survival curves for OS stratified by the type of operation; C: Kaplan-Meier survival curves for DSS stratified by the type of operation. D:
Kaplan-Meier survival curves for BFS stratified by the type of operation. OS: Overall survival; DSS: Disease-specific survival; BFS: Bleeding-free survival.

was used to estimate the RR and identify independent
prognostic factors. The “rms” R library (cran.r-project.
org/web/packages/ rms) was used to construct nomo-
gram models. All P-values were two-sided, and P < 0.05
was considered statistically significant.

RESULTS

Follow-up

Five hundred and fifty-seven (53.30%) patients were
successfully followed, with 192 (34.47%) in the SSPD
group and 283 (50.81%) males. These included 48
patients who had been followed in 2011 and were alive
at that time™®. However, we were unable to reach
these 48 patients now because of a change of contact
or address, so we used this data as a censored data.
The mean age of the patients was 48.79 £+ 11.53 years.
Ninety-three (16.70%) patients died, of whom 42
(7.54%), 21 (3.77%), 18 (3.23%) and 12 (2.15%) died
of bleeding, liver failure, liver cancer, and cardiovascular
and circulatory diseases, respectively. Postoperative
bleeding was observed in 84 (15.10%) patients, and
the bleeding mortality rate was 50.00%.

Kaplan-Meier survival curves for OS, DSS and BFS
Figure 1 shows the Kaplan-Meier survival curves for the
0S, DSS and BFS of patients with PH. The 5-year OS
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rate was 81.3% and the 10-year OS rate was 59.7%.
The 5-year DSS rate was 87.3% and 10-year DSS
rate was 71.0%. The 5-year BFS rate was 81.6% and
10-year BFS rate was 66.3%. Figure 1B shows the
Kaplan-Meier survival curves for OS stratified by the
type of operation. For the STPD group, the 5-year OS
rate was 80.7% and 10-year OS rate was 58.4%. For
the SSPD group, the 5-year OS rate was 82.5% and
10-year OS rate was 63.2%. The 5-year and 10-year
OS rates in the SSPD group were higher than those in
the STPD group, but the P-value of the log-rank analysis
was 0.24 (P > 0.05), indicating that the difference was
not statistically significant. Figure 1C shows the Kaplan-
Meier survival curves for DSS stratified by the type of
operation. For the STPD group, the 5-year DSS rate was
86.6% and 10-year DSS rate was 71.0%. For the SSPD
group, the 5-year DSS rate was 88.7% and 10-year
DSS rate was 73.6%. The 5-year and 10-year DSS
rates in the SSPD group were higher than those in the
STPD group, but the P-value of the log-rank analysis
was 0.21 (P > 0.05), indicating that the difference
was not statistically significant. Figure 1D shows the
Kaplan-Meier survival curves for BFS stratified by the
type of operation. For the STPD group, the 5-year BFS
rate was 81.1% and 10-year BFS rate was 67.4%. The
5-year and 10-year BFS rates in the SSPD group were
82.6% and 66.9%, respectively. The P-value of the log-
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Table 1 Patient demographics, laboratory information and perioperative characteristics (7 = 319) n (%)

Parameter STPD (» = 200) SSPD (n = 119) P value
Age (yr) 49.79 +11.14 48.92 +10.09 0.49
Gender (male) 93 (46.50) 54 (45.38) 0.85
Aetiology: Hepatitis B/hepatitis C/others 131 (65.50)/23 (11.50)/46 (23.00) 88 (73.95)/17 (14.29)/14 (11.76) 0.04
Charlson score: 0/1/2/3/23 105 (52.50)/54 (27.00)/21 (10.50)/ 20 (10.00) 62 (52.10)/42 (35.29)/12 (10.08)/3 (2.52) 0.06
Blood type: A/B/O/AB 57 (28.50)/62 (31.00)/59 (29.50)/22 (11.00) 36 (30.25)/33 (27.73)/36 (30.25)/14 (11.76) 0.94
History of variceal ligation 27 (13.50) 9 (7.56) 0.11
History of abdominal surgery 35(17.50) 21(17.65) 0.97
Smoking 57 (28.50) 28 (23.53) 0.33
Drinking 38 (19.00) 25 (21.01) 0.66
History of variceal bleeding 105 (52.50) 43 (36.13) 0.01
BMI 21.97 +£3.04 21.62 +2.54 0.29
Child-Pugh score 6.56 +1.27 6.92+1.29 0.02
MELD score 5.92 +0.40 5.97 £ 047 0.32
ALBI score -2.26 +0.50 -2.10+0.54 0.01
CClI score 18.64 £11.78 17.53 £9.53 0.38
WBC count (10°/L) 2.79+1.78 2.40+1.38 0.04
Hb (g/L) 93.35 £24.77 94.74 +25.82 0.63
Platelet count (10°/L) 49.32 +28.63 43.28 +21.20 0.05
PT (s) 13.85+1.96 14.29 +1.82 0.04
INR 1.19+0.18 1.32+1.10 0.10
TBIL (mmol/L) 2724 £16.22 29.37 £16.81 0.26
DBIL (mmol/L) 11.87 £7.67 12.33 £ 6.87 0.59
ALT (IU/L) 35.79 + 55.76 38.20 + 31.58 0.67
AST (IU/L) 43.72 £52.72 44.55 + 33.76 0.88
ALB (g/L) 37.24 +5.50 35.61 +5.66 0.01
GLB (g/L) 28.36 +5.90 29.03 +5.91 0.32
Scr (mmol/L) 62.44 +18.02 58.71 +13.68 0.05
Cys C (mg/L) 1124032 1.11+0.25 0.71
Duration of preoperative hospital stay (d) 14.56 +£9.43 16.08 +9.29 0.16
Duration of postoperative hospital stay (d) 15.75 £ 6.46 14.97 £5.30 0.27
Total hospital stay (d) 30.61 £12.20 31.77 £11.75 0.40
Operative time, min 139.76 +50.73 124.55 + 42.49 0.00
Intraoperative blood loss (mL) 869.51 £ 692.77 591.34 +477.54 0.00
Time to first flatus (d) 4.69+1.70 3.67 +1.18 0.00

BMI: Body mass index; MELD: Model for end-stage liver disease; ALBI: Albumin-bilirubin; CCI: Comprehensive Complication Index; WBC: White blood
cell; Hb: Haemoglobin; PT: Prothrombin time; INR: International normalised ratio; TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine transaminase;
AST: Aspartate transaminase; ALB: Albumin; GLB: Globulin; Scr: Serum creatinine; Cys C: Cystatin C; SSPD: Splenectomy plus simplified pericardial

devascularisation.

rank analysis was 0.39 (P > 0.05), indicating that the
difference was not statistically significant.

Independent prognostic factors for 0S, DSS and BFS

In the follow-up analysis, we selected 319 patients
with complete data to perform Cox regression analyses
and to explore the prognostic factors for OS. Table 1
shows the demographics, laboratory information and
perioperative characteristics of patients with PH.

As shown in Table 2, CCI; age; operative time;
intraoperative blood loss; WBC, Hb, ALT, AST, and ALB
levels; and Child-Pugh and ALBI scores at admission
were remarkably correlated with OS in univariate Cox
regression analyses (P < 0.05). CCI, age, intraoperative
blood loss, platelet count, Scr level, Cys C level and
MELD score were remarkably correlated with DSS in
univariate Cox regression analyses (P < 0.05). Gender,
age, history of variceal ligation, history of variceal
bleeding, operative time, intraoperative blood loss, time
to first flatus, Hb level, platelet count and GLB level
at admission were remarkably correlated with BFS in
univariate Cox regression analyses (P < 0.05).
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A multivariate Cox regression analysis was used to
further explore the influences of all variables that were
significant in the univariate analysis. The multivariate
analyses of OS showed that age, operative time, ALT
levels and ALBI score were independent positive risk
factors (P < 0.05); CCI and age were independent
prognostic factors influencing DSS (P < 0.05), and male
sex, age, intraoperative blood loss and time to first
flatus were independent positive risk factors (P < 0.05)
(Table 3).

Nomograms for predicting OS and BFS

We recruited all independent prognostic factors
identified in Cox regression analysis of OS and BFS to
construct the nomograms. The prognostic nomograms
for 1-, 3- and 5-year OS rates are shown in Figure 2A,
and nomograms for 1-, 3- and 5-year BFS rates are
shown in Figure 2B. Each variable is projected upward
to the value of the small ruler (Points) to get the score
of each parameter. The higher the score, the worse the
prognosis of survival. The sum of all small rulers is the
total score (Total Points). The 1-, 3- and 5-year OS and
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Table 3 Multivariate Cox regression analysis of overall survival and bleeding free survival

Parameter B SE P value RR 95%ClI
oS
Age 0.06 0.02 0.00 1.06 1.03-1.09
Operative time 0.01 0.00 0.01 1.01 1.00-1.02
ALT 0.01 0.00 0.00 1.01 1.00-1.01
ALBI score 1.03 0.37 0.01 2.79 1.36-5.72
BFS
Male 117 0.40 0.00 322 1.48-7.01
Age 0.05 0.02 0.01 1.05 1.01-1.09
Intraoperative blood loss 0.00 0.00 0.05 1.00 1.00-1.01
Time to first flatus 0.23 0.10 0.02 1.26 1.04-1.53
DSS
CCIL 0.06 0.01 0.00 1.06 1.05-1.08
Age 0.04 0.01 0.00 1.04 1.02-1.06

ALT: Alanine transaminase; ALBI: Albumin-bilirubin; B: Regression coefficient; SE: Standard error; RR: Relative risk; CI: Confidence interval.

younger patients, patients with less intraoperative
blood loss and patients with less time to the first flatus.
Guided by nomograms, we can better predict the
prognosis based on the different characteristics of each
patient.

DISCUSSION

We simplified STPD and introduced SSPD in 2002, which
includes cutting and ligating of the posterior gastric
vessels, suturing left gastric vessels and suturing from
the lesser curvature to the lower esophageal vessels.
Holding the paraoesophageal vein and cutting off the
perforating vein only can effectively block the reflux
of esophageal vessels, lower the portal vein pressure
and ensure thorough haemostasis. On the other hand,
SSPD can reduce gastric mucosal congestion, so as to
reduce the incidence of PHG and prevent postoperative
re-bleeding. Changing to suture and refraining from
incision of seromuscular layer minimises wound injuries
and reduces intraoperative blood loss. In addition,
the operative time is significantly shortened, which
can reduce liver injury to some extent. Higher 5- and
10-year OS and DSS rates were reported for the SSPD
group than the STPD group, but the difference was not
statistically significant. Moreover, the 5- and 10-year BFS
rates for the SSPD group were not statistically significant
compared with the STPD group. Based on these results,
SSPD achieved or surpassed the long-term survival effect
of STPD. However, the procedure of SSPD is simple and
prone to master; with less tissue injury and inflammatory
reactions. Therefore, SSPD is a good method of treating
PH patients, and it can and should be promoted and
applied to hospitals at different levels.

Five hundred and fifty-seven (53.30%) patients were
successfully followed; 93 (16.70%) patients died, of
whom 42 (7.54%) died due to bleeding. Postoperative
bleeding was observed in 84 (15.10%) patients, and
the bleeding mortality rate was 50.00%. Acute variceal
bleeding is the most life-threatening complication of
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PH, and despite the recent progress in management,
this complication still occurs in approximately 20% of
patients at 6 wk*?, Therefore, the risk factors for OS,
DSS and BFS must be determined to accurately predict
the OS and BFS of patients with PH and to conduct
individualised prevention and treatment as early as
possible. The multivariate analyses of OS showed that
age, operative time, ALT levels and ALBI score were
independent positive risk factors. Not surprisingly, age
and operative time were independent positive risk
factors for OS, as older age and longer operative time
are always accompanied by underlying disease and
more severe conditions, respectively. ALT is a sensitive
marker of acute hepatocyte damage™!!, which may
dramatically influence the OS. The ALBI score was
recently established as an evidence-based model to
assess the liver function of patients with hepatocellular
carcinoma™® and has already been validated and
proven to be more objective and precise than CP and
MELD scores in predicting postoperative efficacy and
survival®*?, In clinical practice, we should pay more
attention to older patients and patients with longer
operative time and higher ALT levels and ALBI scores
at admission to improve the preventative treatments
for these patients during the perioperative period.
According to the multivariate analyses of DSS, CCI and
age were independent positive risk factors. The CCI
is a novel method that mathematically integrates all
complications graded by the conventional CDC criteria
into one number, regardless of the number and severity
of the complications, to capture the overall burden of
an operation. Additionally, CCI is a continuous variable
ranging from 0 (no complications) to 100 (death)
points that easily quantifies complications and can be
included in multifactor analyses. Thus, the CCI is the
most attractive method for evaluating postoperative
complications™!. The CCI has been applied in abdominal
surgery and in the context of randomised controlled
trials for patients undergoing oesophagectomy and has
achieved better results®*>%, The multivariate analyses of
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Figure 2 Nomograms for predicting 1-, 3-, and 5-year overall survival (A) and bleeding-free survival (B). ALT: Alanine transaminase; ALBI: Albumin-bilirubin

score.

BFS showed that male sex, age, intraoperative blood loss
and time to first flatus were independent positive risk
factors. Intraoperative blood loss and time to first flatus
were common factors in the perioperative evaluation
index. However, male sex was an independent positive
risk factor that has not been reported in previous studies.
This discrepancy may be more related to the smoking
and drinking history of male patients. In clinical practice,
we should pay more attention to older male patients and
patients with larger amounts of intraoperative bleeding
and longer postoperative exhaust time. We should
strengthen the measures to protect these patients
during the perioperative period, pay attention to the
postoperative re-examination, and perform ligation in a
timely manner to prevent bleeding. In addition, a precise
survival and re-bleeding prognostic tool is urgently
needed to guide therapy selection for high-risk patients.
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Integrating independent prognostic parameters,
a nomogram can provide individualised evaluation of
the clinical event incidence, such as survival rate”™.
Compared with traditional methods, homograms make
predictions more quickly, conveniently and accurately.
Its predictive value is better than other evaluation
systems and is very important in clinical decision-making
processes™**, However, the application of nomogram
in PH patients has rarely been reported. In the present
report, the prognostic nomograms included all significant
independent factors in the Cox regression analyses
of OS and BFS. According to the nomograms, the OS
rates were better for younger patients, patients with
shorter operative time, patients with lower ALT levels
and patients with lower ALBI scores. In addition, the
BFS rates were better for females, younger patients,
patients with less intraoperative blood loss and patients
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with less time to first flatus. Guided by nomograms, we
can better predict the prognosis based on the different
characteristics of each patient. To the best of our
knowledge, our study is the first to construct nomograms
to predict OS and BFS rates in patients with PH.

There are several limitations in the present study.
First, potential bias may exist for the retrospective
nature of our study'**. However, a randomised clinical
trial may be not realizable for the reason of ethics.
Second, for the research included only Chinese patients,
our results may not be directly applicable to other
races. In some cases, it may need to be verified. Third,
this study was just conducted in a single hospital. Our
results may not be fully applicable to other hospitals
for the difference in treatment modalities and medical
conditions. In addition, the nomograms constructed in
our study lacked external validation due to the limited
number of cases, which may reduce the credibility of the
nomograms. Despite the aforementioned limitations,
the present study has identified the prognostic factors
for patients with PH after SPD and is the first to
construct a nomogram to forecast the postoperative
survival and re-bleeding rates of PH patients.

In summary, SSPD achieves or surpasses the long-
term survival effect of STPD and is worthy of clinical pro-
motion and application, particularly in primary hospitals.
In clinical practice, we should pay more attention
to males, older patients, and patients with longer
operative time, patients with higher CCI scores, ALT
levels and ALBI scores at admission, and patients with
larger amounts of intraoperative bleeding and longer
postoperative exhaust time. Nomograms are effective
in predicting prognosis according to individual patient
characteristics. Further large-scale prospective studies
are needed to confirm our findings.

ARTICLE HIGHLIGHTS

Research background

Patients with portal hypertension (PH) still have higher re-bleeding rates and
mortality after splenectomy plus pericardial devascularisation. We simplified
splenectomy plus traditional pericardial devascularisation (STPD) and put
forward splenectomy plus simplified pericardial devascularisation (SSPD),
whose initial curative effects have been verified, but its long-term survival
effects are not clear. Therefore, we need to identify the best postoperative
treatment to improve the prognosis of these patients, and a determination of the
underlying influencing factors is useful for estimating outcomes and determining
the appropriate treatments.

Research motivation

SSPD achieves or surpasses the long-term survival outcome of STPD and
is worthy of clinical promotion and application. In clinical practice, males
and older patients, patients with longer operative time, patients with higher
Comprehensive Complication Index (CCl), alanine transaminase (ALT) and
albumin-bilirubin (ALBI) scores at admission, patients with larger amounts of
intraoperative bleeding and patients with longer postoperative exhaust time
should receive more attention.

Research objectives
The main aim of the retrospective research was to assess the postoperative
survival rates of PH patients and identify the clinical efficacy of SSPD. Factors
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influencing survival and nomograms were also identified.

Research methods

Five hundred fifty-seven (53.30%) patients were successfully followed. We
performed a Kaplan-Meier analysis to construct survival curves. We also
applied log-rank test to verify the significance of difference in survival rates.
The risk factors were estimated using a univariate Cox regression analysis.
A multivariate Cox regression analysis was used to estimate the relative risk
and to identify independent prognostic factors. The “rms” R library was used to
construct nomograms.

Research results

Five hundred and fifty-seven (53.30%) patients were successfully followed;
93 (16.70%) patients died, of whom 42 (7.54%) patients died due to bleeding.
Postoperative bleeding was observed in 84 (15.10%) patients. There was
no significant difference between SSPD and STPD in 5- and 10-year overall
survival (OS), disease-specific survival (DSS) and bleeding-free survival (BFS)
rates. Age, operative time, ALT level and the ALBI score were independent
prognostic factors for OS. Male sex, age, intraoperative blood loss and time to
the first flatus were independent prognostic factors for BFS. CCl and age were
independent prognostic factors for DSS. Nomograms were established and
were better at predicting 1-, 3-, and 5-year OS and BFS rates.

Research conclusions

SSPD achieves or surpasses the long-term survival outcomes of STPD, which
is worthy of clinical promotion and application. In clinical practice, males, older
patients, patients with longer operative time, patients with higher CCI scores,
ALT levels and ALBI scores at admission, and patients with larger amounts of
intraoperative bleeding and longer postoperative exhaust time should receive
more attention. Nomograms are better in predicting prognosis according to
individual patient characteristics.

Research perspectives
In the future, the long-term survival of patients with PH undergoing SSPD
should be assessed in large-scale prospective studies.
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