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Background: The treatment of portal thrombosis is very difficult, which can seriously affect the prognosis 
of the patients, and thus, preventing postoperative portal thrombosis in patients with hepatitis B liver 
cancer is crucial. Identifying the risk factors in these patients is key to preventing postoperative portal vein 
thrombosis. However, relevant research is currently lacking. The present study was to study the risk factors 
for postoperative portal vein thrombosis in patients with hepatitis B liver cancer and its impact on mortality.
Methods: We retrospectively included 663 patients with hepatitis B liver cancer admitted to the Second 
Affiliated Hospital of Anhui Medical University and Shenzhen University General Hospital from January 
2017 to December 2021. The patients were divided into a portal thrombosis group (n=54) and a control 
group (n=609) according to whether they had portal thrombosis after surgery. The clinical characteristics 
including alcoholism, D-dimer, surgery method and tumor diameter of the two groups were compared, and 
the treatment and mortality of the patients in the portal thrombosis group were analyzed. 
Results: The incidence of portal vein thrombosis in patients with hepatitis B liver cancer was 8.14% 
(54/663). The area under the Receiver operator characteristics curve for the diagnostic value of D-dimer for 
postoperative portal vein thrombosis in patients with hepatitis B liver cancer was 0.716 (95% CI: 0.650–0.781, 
P=0.000). Alcoholism, D-dimer >8.74 mg/L, open surgery, and a maximum tumor diameter >5 cm were 
identified as risk factors for portal vein thrombosis after surgery in patients with hepatitis B hepatitis cancer 
[odds ratio: 2.991 (95% CI: 1.234–7.249), P=0.015; odds ratio: 3.269 (95% CI: 1.683–6.349), P=0.000; odds 
ratio: 6.726 (95% CI: 3.419–13.232), P=0.000; odds ratio: 2.443 (95% CI: 1.344–4.442), P=0.003]. Patients 
with Grade I or II grade Yerdel (96.30%) were cured after treatment, while two patients with III grade (3.70%) 
died after surgery. 
Conclusions: The incidence of portal vein thrombosis after surgery in patients with hepatitis B liver 
cancer is high. Intervention against risk factors may be beneficial to improve the prognosis of patients with 
hepatitis B liver cancer. 
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Introduction

The incidence of hepatitis B in China is high. Long-term 
hepatitis B viral infection and inflammation can promote 
liver fibrosis and cirrhosis, and eventually leads to liver 
cancer (1-3). Surgery is the main treatment method for 
patients with liver cancer, but the incidence of postoperative 
complications such as postoperative portal vein thrombosis 
is higher in these patients and is reportedly as high as 
3.4% (4). Portal vein thrombosis can lead to cirrhosis or 
liver necrosis and can also lead to intestinal necrosis if 
concomitant with mesenteric vein thrombosis (5). Patients 
with mild portal thrombosis can be treated conservatively, 
while those with Yerdel grade III or IV often require 
surgery, which involves a high risk of death (4). It is clear 
that the treatment of portal thrombosis is very difficult, 
which can seriously affect the prognosis of the patients, and 
thus, preventing postoperative portal thrombosis in patients 
with hepatitis B liver cancer is crucial. Identifying the risk 
factors in these patients is key to preventing postoperative 
portal vein thrombosis. 

A foreign study showed that advanced age and left 
hemihepatectomy are risk factors for portal thrombosis 
in patients with liver cancer (4). In Western countries, 
excessive alcohol consumption is the main cause of liver 
cancer, while long-term hepatitis B infection is the primary 
cause in China (6). Therefore, the risk factors for portal 
thrombosis in patients with liver cancer may be different 
in China from other countries. So further investigation 
is necessary. The present study aimed to explore the risk 
factors of postoperative portal thrombosis in hepatitis 
B liver cancer patients and its impact on the prognoses 
of these patients and to provide a basis for subsequent 
clinical interventions. We present the following article in 
accordance with the STARD reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-22-
1837/rc).

Methods

General information 

We retrospectively included 663 patients with hepatitis 
B liver cancer admitted to the Second Affiliated Hospital 
of Anhui Medical University and Shenzhen University 
General Hospital from January 2017 to December 2021. 
The patients were divided into a portal thrombosis group 
(n=54) and a control group (n=609) according to whether 
they developed portal thrombosis after surgery. 

The inclusion criteria were as follows: (I) patients 
with hepatitis B liver cancer (diagnosis basis: pathology); 
(II) those in whom the liver cancer could be surgically 
removed; (III) patients aged 18–75 years old; (IV) those 
who underwent liver cancer resection; and (V) patients 
with complete medical records. The exclusion criteria were 
as follows: (I) patients with contraindications to surgery; 
(II) those with extra-hepatic metastases; (III) patients with 
organ dysfunctions, such as liver or kidney dysfunction; 
(IV) those with myocardial infarction, stroke, and other 
severe cardiovascular diseases; (V) patients with other 
concomitant malignant tumors; (VI) patients with previous 
coagulation dysfunction diseases. The study was conducted 
in accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee of 
the Second Affiliated Hospital of Anhui Medical University 
(No. 20220175) and Shenzhen University General Hospital 
(No. 20220089). Informed consent was waived in this 
retrospective study. 

Treatment methods 

After admission, the patients underwent liver cancer 
resection within a l imited period and were given 
symptomatic supportive treatment (including anti-infection, 
nutritional support, and maintenance of water-electrolyte 
balance) after surgery. Patients were routinely followed up 
at 3 months postoperatively with ultrasound or computed 
tomography (CT), and angiography or magnetic resonance 
imaging (MRI) was used to confirm the diagnosis in patients 
with suspected portal thrombosis.

Observation data 

The observational data included age, sex, smoking, 
alcoholism, Child-Pugh liver function grading, D-dimer, 
surgical method (open surgery or minimally invasive), 
surgical range (semi-hepatic resection or lobectomy), 
maximum tumor diameter, diabetes mellitus, hypertension, 
postoperative abdominal infection, postoperative bleeding, 
and whether the spleen was removed. The Yerdel grading of 
portal thrombosis and prognosis (mortality and reoperation 
rate) were also studied.

Yerdel grading criteria for portal thrombosis

Grade I: portal vein obstruction is less than 50% of the 
portal vein lumen and does not extend to the superior 
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mesenteric vein.
Grade II: portal vein obstruction is 50% to 100%, with 

or without extension to the superior mesenteric vein. 
Grade III: the portal vein and proximal superior 

mesenteric vein are completely blocked, while the distal 
superior mesenteric vein is still unobstructed. 

Grade IV: complete obstruction of the portal vein as well 
as the proximal and distal superior mesenteric veins. See 
Figure 1.

Statistical analysis 

SPSS26.0 (IBM, Chicago, USA) was used for data analysis. 
The counting data for both groups were expressed by n (%) 
and the differences between the two groups were analyzed 
using the chi-square test. The measurement data of both 
groups were expressed by mean ± standard deviation and 
the differences between the two groups were analyzed by 
the independent sample t-test. 

Binary multivariate logistics regression analysis was 
used to explore risk factors for postoperative portal vein 
thrombosis in patients with hepatitis B liver cancer (Forward 
LR). The diagnostic value of D-dimer for postoperative 
portal vein thrombosis in patients with hepatitis B liver 
cancer was analyzed by the Receiver operator characteristics 
(ROC) curve. P<0.05 (two-sided) was considered to indicate 
a statistically significant difference.

Results

Analysis of the clinical and pathological features of patients 
in both groups 

Compared with the control group, the proportion of 
D-dimer >8.74 mg/L in the portal thrombosis group was 
significantly increased (75.93% vs. 48.77%, P=0.000), the 
proportion of open surgery increased markedly (64.81% 
vs. 27.75%, P=0.000), and the proportion of the maximum 
tumor diameter >5 cm was notably increased (59.26% vs. 
37.77%, P=0.002; Table 1). 

Diagnostic value of D-dimer for postoperative portal 
thrombosis in patients with hepatitis B liver cancer

Compared with the control group, the level of D-dimer in 
patients with portal thrombosis was significantly increased 
(10.74±2.44 vs. 8.56±2.58 mg/L, P=0.000). The area under 
the ROC curve for the diagnostic value of D-dimer for 
postoperative portal vein thrombosis in patients with 
hepatitis B liver cancer was 0.716 (95% CI: 0.650–0.781, 
P=0.000; Figures 2,3).

Risk factors for postoperative portal vein thrombosis in 
patients with hepatitis B liver cancer 

The multifactor logistics regression analysis showed that 
alcoholism, D-dimer >8.74 mg/L, open surgery, and a 
maximum tumor diameter >5 cm were risk factors for 
postoperative portal vein thrombosis in patients with 
hepatitis B liver cancer (P<0.05, Table 2).

Yerdel grading of portal vein thrombosis and prognosis of 
the patients 

We found that 77.78% of patients had Grade I portal vein 
thrombosis, 18.52% of the patients had grade II portal vein 
thrombosis, 3.70% of patients had grade III portal vein 
thrombosis, and 0.00% of patients had grade IV portal vein 
thrombosis. Patients with Yerdel Grade I or II (96.30%) 
were cured after treatment, and two patients with Grade III 
(3.70%) died after surgery (Table 3).

Discussion

Postoperative portal vein thrombosis is a common 

Figure 1 Portal vein thrombosis after surgery in patients with liver 
cancer.
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Table 1 Clinical and pathological features of patients in both groups

Group Portal thrombosis group (n=54) Control group (n=609) χ2 value P value

Age (years) 2.752 0.097

>65 30 (55.56%) 267 (43.84%)

≤65 24 (44.44%) 342 (56.16%)

Gender 0.011 0.917

Male 27 (50.00%) 309 (50.74%)

Female 27 (50.00%) 300 (49.26%)

History of smoking 1.283 0.257

Yes 11 (20.37%) 89 (14.61%)

No 43 (79.63%) 520 (85.39%)

Alcohol 0.778 0.378

Yes 9 (16.67%) 76 (12.48%)

No 45 (83.33%) 533 (87.52%)

Diabetes 0.924 0.337

Yes 9 (16.67%) 74 (12.15%)

No 45 (83.33%) 535 (87.85%)

Hypertension 0.064 0.801

Yes 5 (9.26%) 63 (10.34%)

No 49 (90.74%) 546 (89.66%)

Child-Pugh liver function 
grading score >5

0.069 0.792

Yes 22 (40.74%) 237 (38.92%)

No 32 (59.26%) 372 (61.08%)

D-dimer >8.74 mg/L 14.639 0.000

Yes 41 (75.93%) 297 (48.77%)

No 13 (24.07%) 312 (51.23%)

Surgical methods 31.989 0.000

Open surgery 35 (64.81%) 169 (27.75%)

Minimally invasive 
surgery

19 (35.19%) 440 (72.25%)

Scope of surgery 2.314 0.128

Hemihepatectomy 22 (40.74%) 187 (30.71%)

Lobectomy 32 (59.26%) 422 (69.29%)

Maximum tumor diameter 
>5 cm

9.586 0.002

Yes 32 (59.26%) 230 (37.77%)

No 22 (40.74%) 379 (62.23%)

Table 1 (continued)
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complication after hepatic resection, and most patients with 
portal vein thrombosis may have no obvious symptoms. 
However, if not treated in time, the mortality rate can be 
extremely high, especially when the portal vein thrombosis 
develops to Grade III or IV. Grade III or IV portal vein 
thrombosis can lead to refractory ascites, liver failure, 
and intestinal necrosis. Patients with grade III or IV 
portal vein thrombosis are treated with anticoagulation 
and operation, but the mortality rate is high even with 
aggressive surgical treatment (7,8). Therefore, preventing 
portal vein thrombosis is crucial, and the key to prevention 
lies in identifying the risk factors. Our study found that the 
incidence of portal vein thrombosis after surgery in patients 
with hepatitis B liver cancer was 8.14%, and alcoholism, 
D-dimer >8.74 mg/L, open surgery, and a maximum tumor 
diameter >5 cm were risk factors for postoperative portal 
thrombosis in patients with hepatitis B liver cancer (P<0.05). 
Also, patients with Yerdel grades I and II were cured after 
treatment, while two patients with Yerdel grade III died.

At present, the incidence of portal vein thrombosis 
after hepatic resection is mainly based on relevant foreign 
studies; the incidence rate is between 3% and 10% (4,8,9), 
although it has been reported to be as high as 20% (10). 
The fluctuating incidence of portal vein thrombosis after 
hepatic resection may be due to the absence of significant 
clinical symptoms in some mild patients and the omission 
of consultation. In terms of risk factors, right-sided hepatic 
resection, caudal lobectomy, splenectomy, and postoperative 
bile leakage are independent risk factors for portal vein 
thrombosis after hepatic resection (8). Advanced age and 

Table 1 (continued)

Group Portal thrombosis group (n=54) Control group (n=609) χ2 value P value

Postoperative intra-
abdominal infection

2.465 0.116

Yes 3 (5.56%) 13 (2.13%)

No 51 (94.44%) 596 (97.87%)

Postoperative bleeding 1.528 0.216

Yes 1 (1.85%) 3 (0.49%)

No 53 (98.15%) 606 (99.51%)

Combined splenectomy 1.506 0.220

Yes 2 (3.70%) 9 (1.48%)

No 52 (96.30%) 600 (98.52%)

Portal vein thrombosis group Control group
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Figure 2 Comparison of D-dimer levels between the two groups.
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Figure 3 Diagnostic value of D-dimer for postoperative portal 
vein thrombosis in patients with hepatitis B liver cancer.
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left hemisphere resection have also been shown to be risk 
factors for portal vein thrombosis in patients with liver 
cancer (4). Unlike previous studies, the present study 
showed an increased trend in portal thrombosis in elderly 
patients, but the difference was not statistically significant. 
In addition, our study also showed that splenectomy was 
not a risk factor for portal vein thrombosis after liver 
cancer surgery, mainly due to the small proportion of 
patients combined with splenectomy, which did not result 
in a statistically significant difference. Moreover, our 
study showed that alcoholism, D-dimer >8.74 mg/L, open 
surgery, and a maximum tumor diameter >5 cm were risk 
factors for postoperative portal vein thrombosis in patients 
with hepatitis B liver cancer (P<0.05). 

Long-term alcoholism can lead to cirrhosis of the liver 
and vascular hardening, which can easily lead to thrombosis. 
There is fibrin in the blood, which is activated and 
hydrolyzed to produce a specific degradation product called 
"fibrin degradation product". D-dimer is the simplest fibrin 
degradation product. Increased D-dimer levels indicate that 
there is a high coagulation state and secondary hyperlysis 
of fibrinolysis in the body; so, thrombosis is easily induced 
when the D-dimer level is high (11-14). Some studies have 
also found that D-dimer has certain diagnostic values for 
portal vein thrombosis (15-17), which is consistent with 

our findings. Open surgery is traumatic and the risk of 
intraoperative injury to the portal vein is increased; thus, 
the risk of portal vein thrombosis after open surgery is  
increased (4). Finally, our study showed that a maximum 
tumor diameter >5 cm is also a risk factor for postoperative 
portal vein thrombosis. For large tumors, it is often 
necessary to remove multiple lobes or perform a semi-liver 
resection. In these cases, the surgical trauma is significant, 
the scope of resection is large, and some patients still 
require portal vein treatment. Ultimately, this will lead to 
an increased risk of postoperative portal vein thrombosis.

Our study showed that 77.78% of patients with Grade 
I portal vein thrombosis, 18.52% of patients with grade II 
portal vein thrombosis, 3.70% of patients with grade III 
portal vein thrombosis, and 0.00% of patients with grade 
IV portal vein thrombosis. Patients with Yerdel Grade I or 
II (96.30%) were cured after treatment, while two patients 
with Grade III (3.70%) died after surgery. Patients with 
grades I and II tended to have inconspicuous symptoms and 
most recovered with aggressive anticoagulation treatment 
(18-20). However, it is important to note that if patients 
with Yerdel grade I or II are not treated in time, it may 
develop into grade III or IV. For patients with grades III 
and IV, it is more dangerous, and untimely management can 
lead to liver failure, refractory ascites, intestinal necrosis, 

Table 2 Risk factors for portal vein thrombosis after surgery in patients with hepatitis B liver cancer

Category B S.E. Wald P value Odds ratio (95% CI)

Alcohol 1.095 0.452 5.882 0.015 2.991 (1.234–7.249)

D-dime >8.74 mg/L 1.185 0.339 12.232 0.000 3.269 (1.683–6.349)

Surgical method (open surgery) 1.906 0.345 30.477 0.000 6.726 (3.419–13.232)

The maximum tumor diameter >5 cm 0.893 0.305 8.573 0.003 2.443 (1.344–4.442)

Constant −5.505 1.308 17.705 0.000 0.004

B, intercept; S.E., Standard error. 

Table 3 Yerdel grading of portal vein thrombosis and prognosis of the patients 

Yerdel grade n (%) Prognosis

I 42 (77.78) All healed after anticoagulation

II 10 (18.52) Nine patients recovered after anticoagulation and one recovered after surgery

III 2 (3.70) Both cases died after surgery

IV 0 (0.00) –
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etc., which can in turn lead to death (21,22).

Limitations 

This study had some limitations that should be noted. 
Firstly, this is a retrospective clinical study. In addition, 
we failed to explore the specific mechanisms of portal vein 
thrombosis after surgery in patients with hepatitis B liver 
cancer.
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