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Background: The aim of this study was to establish and validate an easy-to-use nomogram to predict portal vein thrombo-
sis (PVT) in patients with cirrhosis after splenectomy and to test its predictive ability.

Material/Methods: This retrospective study included 315 patients with cirrhosis who underwent splenectomy at 2 high-volume
medical centers. The least absolute shrinkage and selection operator (LASSO) regression method was used to
select the predictors in the training cohort, and multivariable logistic regression analysis was performed to es-
tablish the predictive nomogram model. We determined the prediction value of the nomogram by the area
under the receiver operating characteristic curve (AUROC), the calibration curve, and decision curve analysis.
Finally, the applicability of the nomogram was internally and independently validated.

Results: The predictors of PVT included portal vein diameter, splenic vein diameter, body mass index, and platelet count.
Based on the clinical and radiomic models, the nomogram had good predictive efficiency for predicting PVT in
patients with cirrhosis after splenectomy, with an AUROC of 0.887 (0.856 in internal validation and 0.796 in in-
dependent validation). The decision curve analysis revealed that the nomogram had good clinical application
value.

Conclusions: We successfully developed an easy-to-use nomogram to predict the probability of PVT in patients with cirrho-
sis after splenectomy. The nomogram can help clinicians make timely, individualized clinical decisions for PVT
in patients with cirrhosis after splenectomy.
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Background

Liver cirrhosis is a pathological state of chronic liver damage
caused by various factors, such as non-alcoholic steatohepa-
titis, viral hepatitis, autoimmune hepatitis, and cholestatic liv-
er disease [1]. Portal vein thrombosis (PVT) is the formation
of thrombosis in the portal vein or its branches, which can
lead to portal hypertension and a series of pathophysiological
changes [2]. The incidence of PVT in the general population is
low at about 1% [3], while that in patients with liver cirrho-
sis is considerably higher [4], ranging from 1% to 25% [5-8].
PVT is mainly caused by the decrease in blood flow velocity
of the portal vein [9].

Splenectomy is a main surgical treatment of hypersplenism and
gastrointestinal bleeding caused by cirrhosis [10]. However,
the incidence of PVT after splenectomy ranges from 9.8% to
47.9% [11]. Most patients with PVT lack specific clinical man-
ifestations and sometimes show only mild abdominal pain,
which they often ignore [12]. At present, the diagnosis of PVT
mainly relies on imaging examination, especially Doppler ul-
trasound, which is often the first choice of examination be-
cause of its fast, noninvasive, and repeatable features [13].
However, imaging can detect only existing PVT and cannot
be used to screen for PVT in high-risk patients. PVT can cause
liver function damage, mesenteric vein embolism, intestinal
perforation, and even death. Therefore, early identification of
PVT in the high-risk population and timely treatment are par-
ticularly important.

At present, the research on PVT after splenectomy is focused
on high-risk factors [14,15]. The proposed risk factors include
the diameter of the splenic vein (DSV), diameter of the portal
vein (DPV), splenic vein flow velocity, splenic volume, plasma
D-dimer level, postoperative platelet count, and mean plate-
let volume [16,17]. However, there is no consensus on PVT risk
factors, and no standardized clinical guidelines exist. Similarly,
there is no related research on a PVT prediction model or no-
mogram in patients with cirrhosis after splenectomy. We be-
lieve a concise and efficient visualization model is urgently
needed. Therefore, the main goal of this study was to estab-
lish and verify a nomogram prediction model of PVT risk in
patients with cirrhosis after splenectomy, so that clinicians
can screen and identify high-risk patients as early as possible.

Material and Methods

Patients

The primary cohort of our study included 219 patients who had
cirrhosis after undergoing splenectomy at the First Affiliated
Hospital of Nanchang University from January 2014 to August
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Independent-validation set

Patients with cirrhosis underwent
splenectomy in Beilun branch of the
First Affiliated Hospital of ZU (n=133)

Patients with cirrhosis underwent
splenectomy in the First Affiliated
Hospital of NU (n=288)

Data incomplete (n=39) |H

PVT occurred before splenectomy
(n=10)

—>| Data incomplete (n=21)

| || PVToccurred ?:ES splenectomy

Patients with cirrhosis who have Patients with cirrhosis who have
taken anticoagulant drugs within | || taken anticoagulant drugs within
one month before splenectomy one month before splenectomy
(n=11) (n=8)

Patients with cirrhosis combined
with hematological diseases,
malignant tumors, autoimmune
system diseases, etc; (n=5)

Patients with cirrhosis combined
with hematological diseases,
malignant tumors, autoimmune
system diseases, etc; (n=9)

| Eligible patients (n=219) | | Eligible patients (n=96)

Figure 1. Flow chart of our study. NU — Nanchang University;
ZU - Zhejiang University.

2019. The independent validation cohort consisted of 96 pa-
tients with cirrhosis after undergoing splenectomy at the Beilun
Branch Hospital of the First Affiliated Hospital of Zhejiang
University from January 2015 to August 2019. The patient
screening was performed using the same criteria as the pri-
mary cohort.

The indications of splenectomy in patients with cirrhosis met 1
of the following conditions: white blood cell <3.0x10°/L and/or
platelet count <30x1010%/L; grade Il splenomegaly with upper
gastrointestinal bleeding or obvious hypersplenism; or grade
Il or above splenomegaly.

The inclusion criteria were as follows: (1) liver cirrhosis con-
firmed by liver imaging and/or histology; (2) splenectomy
combined with devascularization for portal hypertension; and
(3) PVT as confirmed by ultrasound, computed tomography,
magnetic resonance imaging, or other imaging examinations.

The exclusion criteria were as follows: (1) incomplete data; (2)
PVT occurred before splenectomy; (3) patients who had been
taking antiplatelet or anticoagulant drugs for a long time; and
(4) the presence of diseases including hematological diseas-
es, malignant tumors, autoimmune system diseases. A flow
diagram detailing the screening process is shown in Figure 1.
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Statistical Analysis

SPSS version 25.0 (IBM, Armonk, NY, USA) and R software
(V.3.6.3, R Foundation for Statistical Computing, Vienna, Austria)
were used for statistical analysis. The continuous data with a
normal distribution were expressed by mean and standard de-
viation, and the comparison between the 2 groups was con-
ducted by t test or one-way ANOVA; the measurement data
not conforming to a normal distribution were represented by
M (P25, P75). Frequency and constituent ratios were used to
describe count data. The difference between the 2 groups
was considered statistically significant with a P value <0.05.

Development and Validation of the Nomogram Model

The primary cohort of patients with cirrhosis after splenectomy
were randomly divided into 2 groups in a proportion of 2: 1,
with the first group as the training group and the second as
the internal validation group. Based on the data set, the LASSO
[18,19] method was used to select the optimal predictive fea-
tures of risk factors of PVT in patients with liver cirrhosis af-
ter splenectomy. Then, multivariate logistic regression analysis
was performed on the variables chosen in the LASSO method.
According to the multivariate logistic regression results, the
nomogram was constructed to visually score the individual
risk probabilities of PVT in patients with cirrhosis who under-
went splenectomy [20,21]. The receiver operating character-
istic (ROC) curve was used to test the discriminant efficiency
of the model. To determine the clinical usefulness of the mod-
el, decision curve analysis was used to quantify the net ben-
efit under different threshold probabilities in the cohort [22].

Results

Patient Characteristics

In total, 315 patients with cirrhosis after splenectomy were
enrolled in our final study cohort. The rate of PVT was 32.4%
in the primary group and 16.7% in the independent validation
group. All data, including the demographic, clinical, and labo-
ratory characteristics of patients with cirrhosis enrolled in the
2 clinical centers, are provided in Table 1.

Predictive Variables and Nomogram Construction

In all, 20 features were incorporated into the LASSO regres-
sion model, and the 4 best predictors for PVT in liver cirrhosis
were selected: DPV, DSV, body mass index (BMI), and plate-
let count (Figure 2).

Patients with cirrhosis after splenectomy in the primary group
were randomly divided into a training data set (145 cases,
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about 67%) and internal validation data set (74 cases, about
33%). The 4 predictive variables (DPV, DSV, BMI, and platelet
count) were combined to establish a prediction model of PVT
after hepatectomy by multivariable logistic regression with
backward step-wise selection based on the training data set.
The selected clinical characteristics in the training data set are
shown in Table 2. The nomogram for prediction of PVT in pa-
tients with cirrhosis after splenectomy is shown in Figure 3.

Apparent Accuracy of the Nomogram

The discriminative ability and predictive performance of the
nomogram were represented by the ROC curve (Figure 4). The
nomogram held good predictive efficiency in predicting the PVT
in patients with cirrhosis after splenectomy with an area un-
der the receiver operating characteristic curve of 0.887 (0.856
in internal validation and 0.796 in independent validation).

The calibration curves of the nomogram showed good agree-
ment between prediction and observation (Figure 5). We ob-
tained a good calibration curve in the nomogram, and the
Hosmer-Lemeshow test was not significant in either data set
(P>0.05), which indicated a high reliability of the nomogram’s
prediction ability.

Clinical Use of the Nomogram

The decision curve analysis for the nomogram is presented in
Figure 6. Results on the net benefit of the prediction model
showed a superior risk threshold probability compared with
the baseline, ranging from 5.9% to 73.6%. For instance, if the
personal threshold probability of a patient with liver cirrhosis
after splenectomy was 10%, the net benefit was 0.148, which
was superior to the treatment “all” (all patients receive pre-
ventive anticoagulation intervention) with 0.124 and treat-
ment “none” (no patients receive preventive anticoagula-
tion intervention). If the risk threshold probabilities were 5%
(<5.9%) and 75% (>73.6%), the net benefits were 0.172 and
-0.013, respectively.

Discussion

Splenectomy is one of the surgical methods used to address
complications of liver cirrhosis, such as hypersplenism and
esophageal and gastric variceal bleeding. Splenectomy com-
bined with devascularization is currently the main surgical pro-
cedure for the clinical treatment of portal hypertension and for
the prevention of bleeding from esophageal and gastric var-
ices [10]. However, the risk of complications after splenecto-
my should also be considered. PVT, a complication with a high
incidence after splenectomy, is difficult to predict and can af-
fect patient prognosis [23]. In this study, the overall incidence
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Table 1. Characteristics of patients in the primary and validation cohorts.

Primary set (n=219) Independent validation set (n=96)

Age (mean#SD, years) 47.104£9.79 46.9449.89 0.476 43.10+10.09 44.84+9.87 0.570

PLT (x10°/L) 215.1+161.7 160.1+138.2 <0.001 209.1+£160.6 170.6+142.8 <0.001

P value is derived from the univariate association analyses between the training group and validation group. SD — standard deviation;
PVT — portal vein thrombosis; HBV — hepatitis B virus; HCV — hepatitis C virus; DPV — diameter of portal vein; DSV — diameter of splenic
vein; BMI — body mass index; ALT — alanine aminotransaminase; AST — aspartate aminotransaminase; TBIL — total serum bilirubin;
DBIL — direct serum bilirubin; TP — total serum protein; ALB — serum albumin; PT — prothrombin time; PTA — prothrombin activity;

APTT — activated partial thromboplastin time; INR — international normalized ratio; PLT — platelet count.
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Figure 2. LASSO feature selection model. (A) LASSO coefficients of 20 candidate variables. (B) Identification of the optimal penalization
coefficient (A) in the LASSO model was achieved by 10-fold cross-validation and the minimum criterion.

Table 2. Multivariable logistic regression analysis of the selected clinical characteristics in the training group.

Variable B 0Odds ratio (95% CI) P value

DPV (mm) 0.342 1.260 (1.091~1.813) <0.001
"""" DSV(mm) 038  1417(1099-199%) <0001
"""" BMIL
""""" ass  Reference
""""" >185,<4 0007 1005(1.0021009 0029
""""" >4 ool 1008(L008-1019) 0021
"""" Pr o008  1011(L005-1013) 0013

B — the regression coefficient; Cl — confidence interval; DPV — diameter of portal vein; DSV — diameter of splenic vein; BMI — body mass
index; PLT — platelet count.

Figure 3. The nomogram for prediction of portal
Points 0 10 2 30 4 50 6 70 8 90 100 vein thrombosis in patients with
Al cirrhosis after splenectomy.
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Figure 4. The receiver operating characteristic (ROC) curves for (A) training, (B) internal validation, and (C) independent validation set

cohorts.
A B C
1.0 T T [
0.8 0.8-
0.8 1
2 061 5 067 = 06
S S S
S S S
T 044 E 0.4 T 04
< < <
0.2 , i
Apparent 02 Apparent 02 Apparent
— Bias-corrected — Bias-corrected — Bias-corrected
004 = Ideal = Ideal = Ideal
< : : ; : ; 0.0 ; . ; . 001 . . ; ;
00 02 04 06 08 10 0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Nomogram predicted probability of PVT Nomogram predicted probability of PVT Nomogram predicted probability of PVT

Figure 5. Calibration curve plot in each set. (A) the training set; (B) the internal validation set; (C) the independent validation set.

of PVT was 27.6%, which was close to that found in the ref-
— Nomogram erence literature [11,24]. Our study demonstrated that DSV,
_ ﬁgne DPV, BMI, and platelet count may be related to the formation

of PVT after splenectomy, which is consistent with previous re-
search results [23,25,26]. However, sex, age, Child-Pugh clas-
sification, and operation type were not statistically associated
with PVT after splenectomy in the present study.

0.20

0.15

0.10

Net benefit

The platelet count reflects the coagulation mechanism. Our re-
sults showed that postoperative platelet changes were relat-
ed to the occurrence of PVT, through LASSO regression analy-
‘ sis (odds ratio was 1.011). Postoperative platelet changes may
\ be one of the conditions necessary for PVT formation. The he-
. . . . matopoietic function of patients with liver cirrhosis usually
00 02 04 06 08 10 does not decrease significantly. However, the destruction of

Threshold probability platelets is increased and the destruction of the spleen after
splenectomy is decreased because of the influence of hyper-
Figure 6. Decision curve analysis for the nomogram. splenism. In the present study, the number of platelets in most
patients increased sharply in the short term, which increased
platelet aggregation. The blood was in a hypercoagulable state,
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which increased the risk of thrombosis, accordingly. A surge in
the number of platelets is related to the formation of PVT [6].
Therefore, we need to be vigilant with patients with a sharp
increase in platelet count after surgery, assess the risk of PVT
according to the predictive model, and take timely preven-
tive measures. However, we also found that some patients
had a sharp increase in platelet count after surgery, without
the presence of PVT. Some studies have suggested that rele-
vant indexes of platelet function, such as C protein and P se-
lectin, when expressed in patients with PVT after splenecto-
my, are related to the occurrence of PVT [27]. C protein and P
selectin have been used as indicators of the degree of plate-
let activation [28]. Although, in the present study, the expres-
sion was already high in patients with cirrhosis, the platelet
aggregation ability was also affected to a certain extent if the
number of platelets did not increase significantly after sur-
gery. Therefore, a change in postoperative platelet value may
be one of the conditions for the formation of PVT, and clinical
studies are needed for further verification.

DPV and DSV reflect the changes in hemodynamics. The pres-
ent study found that both were positively correlated with PVT
formation, and their odds ratio values were 1.260 and 1.417,
respectively. This suggested that the larger their values, the
greater the risk of PVT formation after splenectomy. When DPV
and DSV increase, the following are observed: (1) the reduc-
tion of blood flow and flow velocity in the veins after splenec-
tomy is more obvious; (2) it is easier for the blood to form a
vortex; (3) the contact time of platelets and fibrinogen in the
blood with the inner wall of the blood vessel increases; and
(4) the clotting factor and concentration increases to a certain
extent, eventually leading to thrombosis [29]. Studies have
shown that in cirrhotic patients with portal hypertension, the
wider the portal and splenic veins are, the more likely it is to
cause the venous vessel wall to be damaged by the extended
high pressure in the lumen [30]. At the same time, the blood
flow rate is slow, promoting coagulation, and when substance
removal is slow, it promotes the formation of PVT [31]. This
is consistent with the results of the present study. Therefore,
it is necessary to be alert to patients having significantly in-
creased portal vein and splenic vein diameters during the peri-
operative period to assess their postoperative PVT risk and
take preventive measures in a timely manner.

A large cohort study in the Middle East showed that obesity is
associated with venous thrombosis [32]. In addition, obesity is
associated with cancer, diabetes, cardiovascular disease, hy-
percholesterolemia, and other chronic diseases [33,34]. In the
general population, it is also associated with venous throm-
boembolism [35]. A large public health cohort study of 57 054
participants in Denmark found that all obesity measurements
were predictors of venous thromboembolism [36]. However, a
follow-up study of 6708 subjects in Norway showed that waist
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circumference is the best anthropometric indicator for obesi-
ty and can predict the risk of venous thromboembolism [37].
Several studies have shown that obesity is an independent risk
factor associated with PVT in patients with cirrhosis after liver
transplantation [38,39]. Similarly, a study in France showed that
central obesity may be the primary risk factor of noncirrhot-
ic PVT [40]. The potential mechanism of PVT in obesity is the
presence of inflamed dysfunctional adipose tissue, which can
promote hemostasis, inflammation, and the mechanical partic-
ipation of central obesity. A recent study showed that viscer-
al fat is a hazard factor for PVT in patients with cirrhosis after
liver transplantation [41]. The results of our study showed that
the BMI was a hazard factor for PVT in patients with cirrhosis
after resection. This may be related to the abnormal coagula-
tion factors in obese patients, which resulted in blood viscos-
ity. Similarly, patients with obesity are likely to be less active,
which can easily cause blood stasis and increase the risk of
thrombosis. Therefore, health education aimed at guiding pa-
tients in proper activities before splenectomy to prevent the
occurrence of thrombosis should be enforced.

Our research has some limitations. First, this study used a ret-
rospective analysis method. Therefore, the reliability and ef-
fectiveness of the data are limited, and we cannot completely
eliminate the possibility of selection bias. Further, other con-
founding factors related to PVT in patients with liver cirrho-
sis undergoing splenectomy, such as diet, alcohol consump-
tion, and exercise, were not included as variables in this study.
Finally, all patients in this study were Chinese, and the sample
size of this study was very small, which can be improved upon
by larger studies including different populations.

Conclusions

In this study, we developed and validated an easy-to-use no-
mogram for predicting PVT in patients with cirrhosis after un-
dergoing splenectomy. With the easy-to-use nomogram, cli-
nicians could perform pretreatment of PVT management and
facilitate timely, individualized clinical decision-making for dif-
ferent PVT risks in patients with cirrhosis after splenectomy.
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