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ABSTRACT
Introduction: Immunothrombosis has recently been used to describe the responses/mecha-
nisms in thrombosis. Systemic inflammatory markers are prognostic markers for a variety of
thrombotic conditions; however, their potential value in predicting portal vein thrombosis (PVT)
is unknown. This study aimed to establish an easy-to-use nomogram based on systemic inflam-
matory markers to predict portal vein thrombosis (PVT) in patients with liver cirrhosis.
Patients and methods: This retrospective study included 478 patients with cirrhosis between
January 2013 and January 2021. Reputed systemic inflammatory markers (systemic immune-
inflammation index [SII], neutrophil-to-lymphocyte ratio [NLR], monocyte-to-lymphocyte ratio
[MLR], and platelet-to-lymphocyte ratio (PLR)) were measured, and the clinical data were
recorded. The independent risk factors for PVT were determined using univariate analyses and
multivariate logistic regression analyses, and a nomogram to predict the occurrence of PVT was
established. The concordance index, receiver operating characteristic curves, and calibration
plots were used to evaluate the performance of the model.
Results: A total of 239 patients with PVT and 239 patients without PVT were selected. In the
univariate analysis, high SII, NLR, PLR, and MLR were significantly associated with PVT. NLR and
PLR were independent risk factors for PVT (P< 0.05) by multivariate analysis. The nomogram
had good predictive efficiency for PVT in patients with cirrhosis, with an area under the receiver
operating characteristic (AUROC) curves of 0.891 (95% CI 0.862–0.919) and the calibration curves
fit as well, indicating that the nomogram had good clinical application value.
Conclusions: PVT in patients with cirrhosis is associated with increased levels of systemic inflam-
matory markers. We successfully developed a practical nomogram based on NLR and PLR to
accurately predict PVT, which is a practical method helping clinicians rapidly and conveniently
diagnose and guide the treatment of PVT in patients with cirrhosis.

KEY MESSAGES

� The present study is the first report on a nomogram based on systemic inflammatory markers
in patients with portal vein thrombosis (PVT).

� The nomogram had good predictive efficiency and a good clinical application value for pre-
dicting PVT in patients with cirrhosis.

Abbreviations: PVT: Portal vein thrombosis; SII: Systemic immune-inflammation index; NLR:
Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; MLR: Monocyte to lymphocyte
ratio; MELD: Model for End-Stage Liver Disease; INR: International normalised ratio; OR: Odds
ratio; CI: Confidence interval; AUROC: Area under the receiver operating characteristic.
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Introduction

Portal vein thrombosis (PVT) is defined as thrombosis
within the portal vein trunk and intrahepatic portal
branches, with or without the involvement of the
mesenteric and splenic veins [1]. PVT is a frequent
and serious complication in patients with liver cirrho-
sis (LC). The prevalence of PVT in patients with LC

ranges from 0.6% to 26% [2], and the 2-year survival

of patients with PVT is reduced by 55% owing to

hepatic dysfunction [3]. Remarkably, most patients

are asymptomatic at the time of PVT diagnosis [4].

Therefore, there is an urgent requirement for more

rapid and easy-to-use diagnostic techniques for the

detection of PVT.
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In recent years, words like “thromboinflammation,”
“immunothrombosis,” and “immunohemostasis” have
been used to describe the responses/mechanisms that
are involved in both thrombosis and inflammation [5].
The systemic immune-inflammation index (SII), neutro-
phil-to-lymphocyte ratio (NLR), monocyte-to-lympho-
cyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR)
are reported predictors of venous thrombosis, such as
deep vein thrombosis [6,7], cerebral venous throm-
bosis [8], and thrombosis associated with cancers
[9,10]. However, the impact of systemic inflammatory
markers on the progression of PVT remains unclear.
Our study aimed to establish a practical nomogram
based on systemic inflammatory markers to predict
PVT, which can help clinicians rapidly and quickly
diagnose and guide the treatment of patients with
liver cirrhosis.

Materials and methods

Patient selection

This retrospective study was conducted on patients
with LC admitted to the Affiliated Hospital of Qingdao
University from January 2013 to January 2021. The
diagnosis of LC was based on clinical, laboratory, and
radiological analyses, and/or liver biopsies. PVT was
diagnosed according to the consensus for the man-
agement of PVT in LC (2020, Shanghai) [1]. The inclu-
sion criteria were as follows: (I) age �18 years, (II)
Doppler ultrasound was the first-choice imaging
modality; however, enhanced computed tomography
or magnetic resonance imaging could also be used for
confirmation at the time of admission to our hospital,
and (III) patients with PVT on imaging examination
but with insufficient evidence for the diagnosis of cir-
rhosis, hepatic vein pressure gradient measurement,
and liver biopsy. Patients with primary or secondary
hepatic malignant tumours, other malignant tumours,
haematologic diseases, Budd-Chiari syndrome, non-cir-
rhotic PVT, inflammatory diseases, and other severe
diseases were excluded. All data were collected in our
hospital, and all serum indicators were obtained at the
time of the first diagnosis of PVT. A study flow chart is
illustrated in Figure 1.

Data collection

Data included the demographic status, aetiology of
the liver disease, clinical laboratory tests, and imaging
characteristics. Clinical laboratory tests included D-
dimer, activated partial thromboplastin time (APTT),
prothrombin time (PT), antithrombin III, international

normalised ratio (INR), thrombin time (TT), albumin
(Alb), serum creatinine, haemoglobin, platelet count,
white blood cell count, neutrophil count, lymphocyte
count, monocyte count, a model for end-stage liver
disease (MELD) score, and Child-Pugh score. Imaging
characteristics included splenic vein diameter, splenic
vein velocity, portal vein diameter, and portal vein vel-
ocity. Data were collected at the time of diagnosis of
LC with PVT from the hospital medical records. The
systemic inflammatory markers were calculated as fol-
lows: The SII was calculated as the platelet
count�neutrophil count/lymphocyte count (109/L).
The NLR was calculated as the neutrophil count/
lymphocyte count. The MLR was calculated by dividing
the monocyte count by the lymphocyte count. The
PLR was calculated by dividing the platelet count by
the lymphocyte count. The Institutional Review Board
of the Affiliated Hospital of Qingdao University
(QYFYW2LL26362) approved the use of medical record
data for this study.

Statistical analysis

Categorical variables are expressed as frequency and
percentage, and the significance was determined

Figure 1. Flow chart of this study.
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using v2 or Fisher’s exact test. Quantitative variables
are expressed as mean± standard deviation, and the
significance was determined using the Student’s t-test.
Non-normally distributed variables are expressed as a
median and interquartile range, and the significance
was determined using the Mann-Whitney U test. The
quantitative variables were converted to categorical
variables based on the cut-off values. Multivariate
logistic regression analyses were performed to identify
the independent risk of PVT. The discrimination of the
nomogram was measured by calculating the area
under the receiver operating characteristic (AUROC)
and the concordance index. The model calibration was
determined using the Hosmer-Lemeshow technique
and calibration curve. Internal validation was per-
formed using bootstrap resampling. We fit the model
repeatedly in 1000 bootstrap samples and evaluated
its performance on the original samples. Differences
were considered significant at P<0 .05. Analyses were
performed with the SPSS 24.0 statistical package and
R version 3.6.1. The risk of bias and reporting quality
for this study were assessed against Transparent
Reporting of a Multivariable Prediction Model for
Individual Prognosis or Diagnosis and the Prediction
model Risk of Bias Assessment Tool.

Results

Characteristics of patients

After screening by the inclusion and exclusion criteria,
239 patients of LC with PVT and 239 patients of LC
without PVT were included in the two cohorts. The
baseline characteristics of the patients are shown in
Table 1. There were no significant differences in the
age, sex, or history of smoking and alcohol consump-
tion between the patients with or without PVT. The
study participants had a mean age of 55.4 ± 9.85 years
in the PVT cohort and 54.4 ± 9.13 years in the non-PVT
cohort. Cirrhosis caused by hepatitis or alcohol abuse
was not significantly different between the two
cohorts. However, there were more patients (40/239;
17%) in the non-PVT cohort than in the PVT cohort (9/
239; 4%) wherein LC was caused by autoimmune dis-
ease. Diabetes mellitus (P¼ 0.02) was more common in
patients with PVT. Child-Pugh levels were significantly
different between the patients with and without PVT;
however, the MELD scores were not significantly dif-
ferent between the two cohorts. Endoscopic ligation
therapy, endoscopic sclerotherapy, and splenectomy
were more commonly performed in patients with
PVT (allP< 0.001).

Cut-off value of the systemic
inflammatory markers

The best cut-off values for SII, NLR, MLR, and PLR were
268.9 (area under the curve, 0.612; P< 0.001), 3.14
(area under the curve, 0.596; P< 0.001), 0.37 (area
under the curve, 0.662; P< 0.001), and 103.4 (area
under the curve, 0.628; P< 0.001), respectively
(Figure 2).

Univariate and multivariate analyses

As shown in Table 2, the systemic inflammatory
markers (SII, NLR, MLR, and PLR) were higher in the
PVT group than in the non-PVT group (all P< 0.001)
and thus were predictive factors for PVT. In addition,
APTT (v2¼ 5.741, P¼0.019), TT (v2¼ 9.622, P¼ 0.002),
D-dimer (v2¼ 163.664, P< 0.001), splenic vein diameter
(v2¼ 27.547,P< 0.001), and splenic vein velocity
(v2¼ 14.75, P< 0.001) were significantly different
between PVT group and non-PVT group. The

Table 1. Baseline demographics and clinical characteristics of
the patients.

PVT cohort
(n¼ 239)

Non-PVT cohort
(n¼ 239) P-value

Sex [n (%)] 1.000
Male 153 (64) 153 (64)
Female 86 (36) 86 (36)

Mean age (year) 55.4 ± 9.85 54.4 ± 9.13 0.216
Smoking [n (%)] 0.772
Yes 79 (33) 82 (34)
No 160 (67) 157 (66)

Alcohol [n (%)] 0.254
Yes 93 (39) 81 (34)
No 146 (61) 158 (66)

BMI (Kg/m2) 23.89 ± 3.28 24.37 ± 3.42 0.115
Pathology [n (%)] <0.001
Hepatitis 137 (57) 138 (57) 0.926
Alcoholic 47 (20) 39 (16) 0.341
Autoimmune 9 (4) 40 (17) <0.001
Other 46 (19) 22 (9)

MELD score 10.0 ± 6.67 9.12 ± 5.35 0.104
Child-Pugh level 0.035
A 84 (35) 95 (40)
B 115 (48) 94 (39)
C 40 (17) 50 (21)

Diabetes mellitus [n (%)] 0.020
Yes 44 (18) 26 (11)
No 195 (82) 213 (89)

Endoscopic ligation [n (%)] <0.001
Yes 46 (19) 8 (4)
No 193 (81) 231 (96)

Endoscopic sclerotherapy [n (%)] <0.001
Yes 28 (12) 6 (3)
No 211 (88) 233 (97)

Splenectomy <0.001
Yes 71 (30) 14 (6)
No 168 (70) 225 (94)

Splenic embolism 1.000
Yes 2 (1) 3 (1)
No 237 (99) 236 (99)

PVT: portal vein thrombosis; MELD score: Model for End-Stage Liver
Disease score; BMI: Body Mass Index.
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significant factors in the univariate analysis in Table 1,
2 were included in the multivariate logistic regression
analysis (Table 3). NLR � 3.14, PLR � 103.35, endo-
scopic ligation, D-dimer, splenectomy, splenic vein
diameter, and absence of autoimmune liver disease
were independently associated with PVT.

Nomogram to predict the probability of PVT

A nomogram was established based on the NLR �
3.14, PLR � 103.35, endoscopic ligation, D-dimer,
splenectomy, splenic vein diameter, and absence of
autoimmune liver disease, which were used to predict
the probability of PVT by adding the score corre-
sponding to each factor and projecting the total score
to the bottom scale (Figure 3). The AUROC curve of
the model was 0.891 (95% CI: 0.862–0.919) (Figure 4).
The Hosmer-Lemeshow test revealed that the v2 was
2.491 (P¼ 0.928). The concordance index was 0.891.
The calibration plots for bootstrap resampling valid-
ation showed good consistency (Figure 5).

Discussion

In recent years, words like “thromboinflammation,”
“immunothrombosis,” and “immunohemostasis” have
been used to describe responses/mechanisms that are
involved in both thrombosis and inflammation [5].
Some studies have proposed a hypothesis based on

the systemic activation of the coagulation system in
response to the dysregulation of the inflammatory
markers [11]. This study found that the NLR and PLR
were independently associated with PVT. If NLR is
�3.14 or PLR �103, the risk of PVT will be 2.89 times
or 2.23 times in patients without PVT, respectively.
Compared to other prognostic nomograms of PVT
[12,13], the model of this study cites inflammation
indexes as predictors, while NLR and PLR can be easily
obtained from routine blood indicators. This nomo-
gram based on systemic inflammatory markers is prac-
tical, quantitative, and intuitive, and thus is convenient
for use by clinicians.

It has been reported that patients with cirrhosis
have a hypercoagulable state resulting from the
increased levels of factor VIII and decreased levels of
protein C, which may result in the development of
PVT [14]. In this study, the patients with PVT had a sig-
nificantly higher serum level of D-dimer than patients
without PVT, which further provided evidence of
hypercoagulation, as reported by others [15,16]. The
role of diabetes in venous thrombosis remains contro-
versial. Patients with diabetes mellitus have a hyper-
coagulable state that may increase their risk for
thromboembolism, such as microvascular occlusive
disease. However, some studies showed no association
between diabetes mellitus and the incidence of ven-
ous thrombosis [17,18]. This was not an independent
risk factor for PVT in this study.

The reported incidence of PVT in patients with cir-
rhosis following splenectomy was 24–29% [19]; how-
ever, the mechanism of the PVT is still under
investigation, which may be related to a hypercoagu-
lable state, platelet activation, modification in endo-
thelial cells, or hemodynamic changes [20,21]. Studies
have reported that splenectomy may predispose
patients with or without cirrhosis to PVT [22]. Splenic
vein diameter has been reported as a risk factor for
post-splenectomy PVT in several reports [23–25]. The
high hemodynamic status of the spleen affects the
peripheral platelet count. In general, the larger thedia-
meter and flow of the splenic vein, the lower the
white blood cell count [26]. We also found that an
increased splenic vein diameter was a risk factor for
PVT in LC. A decrease in the blood flow in the portal
vein could be associated with the development of PVT
following splenectomy, although no significant differ-
ence in the reduction of the portal flow was found
between patients with and without PVT in the cur-
rent study.

One meta-analysis demonstrated that endoscopic
variceal ligation for primary prophylaxis of

Figure 2. Receiver operating characteristic curve of a systemic
immune-inflammation index (SII), neutrophil-to-lymphocyte
ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-
to-lymphocyte ratio (PLR). The cut-off values for SII, NLR, MLR,
and PLR were 268.9 (area under the curve, 0.612; p< .001),
3.14 (area under the curve, 0.596; p< .001), 0.37 (area under
the curve, 0.662; p< .001), and 103.4 (area under the curve,
0.628; p< .001), respectively.

ANNALS OF MEDICINE 305



oesophageal varices in adults with cirrhosis reduced
the incidence of variceal haemorrhage and mortality
compared with no therapy [27]. Exposure to surgery

or invasive procedures potentially increases the risk of
developing bacterial infections in patients with LC,
which may affect the markers of inflammation. Lin

Table 2. Results of univariate analysis.
Variables PVT cohort (n¼ 239) Without PVT cohort (n¼ 239) v2/t P-value

SII 21.384 <0.001
<268.91 140 (59) 187 (78)
�268.91 99 (41) 52 (22)

NLR 61.531 <0.001
<3.14 146 (61) 97 (41)
�3.14 93 (39) 42 (59)

MLR 26.887 <0.001
<0.37 110 (46) 166 (69)
�0.37 129 (54) 73 (31)

PLR 30.112 <0.001
<103.35 121 (51) 179 (75)
�103.35 118 (49) 60 (245)

Hb (g/L) 0.145 0.703
<158.5 235 236
�158.5 4 3

APTT (s) 5.471 0.019
<56.7 229 237
�56.7 10 2

TT (s) 9.622 0.002
<24.15 206 226
�24.15 33 13

D-dimer (lg/ml) 163.664 <0.001
<0.335 27 (11) 164 (69)
�0.335 212 (89) 75 (31)

PT (s) 0.75 0.453
<10.35 7 (3) 23 (10)
�10.35 232 (97) 216 (90)

INR 1.441 0.15
<0.945 11 (5) 28 (12)
�0.945 228 (95) 211 (88)

Fib (g/L) 0.306 0.58
<1.845 132 (55) 138 (58)
�1.845 107 (45) 101 (42)

Antithrombin III activity (%) 1.734 0.083
<40.3 31 (13) 59 (25)
�40.3 208 (87) 108 (75)

Splenic vein diameter (cm) 27.547 <0.001
<1.05 144 (60) 196 (82)
�1.05 95 (40) 43 (18)

Splenic vein velocity (cm/s) 14.75 <0.001
<18.75 168 (70) 203 (85)
�18.75 71 (30) 36 (15)

Widths of PV (cm) 0.502 0.616
<1.385 137 (57) 166 (69)
�1.385 102 (43) 73 (31)

Portal vein velocity (cm/s) 3.34 0.068
<23.4 225 (57) 233 (57)
�23.4 14 (57) 6 (57)

PVT: portal vein thrombosis; SII: Systemic immune-inflammation index; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lympho-
cyte ratio; MLR: Monocyte to lymphocyte ratio; Hb: haemoglobin; TBIL: total bilirubin; ALB: albumin; PT: prothrombin time; APTT:
activated partial thromboplastin time; TT: thrombin time; Fib: fibrinogen; INR: international normalised ratio.

Table 3. Results of the multivariate logistic regression analysis.
Variables B SE Wald P OR 95% CI

NLR 1.061 0.297 12.72 <0.001 2.889 1.613–5.175
PLR 0.8 0.277 8.323 0.004 2.225 1.292–3.831
Endoscopic ligation 1.216 0.475 6.567 0.01 3.374 1.331–8.554
D-dimer (lg/ml) 2.627 0.284 85.74 <0.001 13.827 7.93–24.11
Splenic vein diameter (cm) 0.663 0.278 5.675 0.017 1.941 1.125–3.349
Splenectomy 1.847 0.406 20.741 <0.001 6.342 2.864–14.044
Autoimmune liver disease �1.665 0.532 9.797 0.002 0.189 0.067–0.537

NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-tolymphoocyte ratio; SE: standard error; OR: odds ratio; CI: confi-
dence interval.
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et al. demonstrated that there is a significant risk of
asymptomatic bacteraemia and bacterial peritonitis
following elective variceal ligation [28]. However,
Maimone et al. suggested that endoscopic ligation is
not a risk factor for bacterial infection in patients with
LC [29]. Endoscopic ligation was found to be an inde-
pendent risk factor for PVT. Endoscopic sclerotherapy
has also been reported as a risk factor for PVT [15];
however, it was not a statistically significant factor in
this study. Particular attention should be paid to PVT
following endoscopic treatment.

Inflammation is one of the most typical features of
chronic autoimmune liver disease [30]. Patients with-
out LC with autoimmune diseases, such as antiphos-
pholipid disease, have an increased risk for PVT [31];
however, there is no correlation between autoimmune
liver disease and PVT in patients with LC. The results
of this study suggest that patients with cirrhosis, but
no evidence of autoimmune liver disease, still have an
increased tendency for the development of PVT. Our
study had several strengths and limitations: This was a
monocentric and retrospective study design.

Figure 3. Nomogram to predict the probability of portal vein thrombosis (PVT). To use this nomogram, the specific value for each
patient should be located on each variable axis, and a line plotted upward to determine the points for each variable value. The
sum of the points can be found on the “Total Points axis,” and a perpendicular line drawn downwards determines the risk
of PVT.

Figure 4. Receiver operating characteristic (ROC) curve of the
model. The area under the ROC curve was 0.891 (95% confi-
dence intervals 0.862–0.919).

Figure 5. Calibration plots of the nomogram.
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Therefore, large-scale multicenter studies are required
for more representative samples with higher statis-
tical power.

Conclusion

PVT in patients with LC is associated with increased
levels of systemic inflammatory markers. We success-
fully developed a practical nomogram based on NLR
and PLR to accurately predict PVT, which may help
clinicians rapidly and easily diagnose and further
guide the treatment of PVT in patients with LC.
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