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Abstract
AIM: To evaluate the predictive value of D-dimer as a 
predictive indicator of portal vein thrombosis (PVT) after 
portal hypertension surgery in hepatitis B virus-related 
cirrhosis. 

METHODS: A prospective study was carried out in 
52 patients who had undergone surgery for portal 
hypertension in hepatitis B virus-related cirrhosis. 
Changes in perioperative dynamic D-dimer were 
observed. The sensitivity, specificity, positive predictive 
values and negative predictive values of D-dimer were 
calculated, and ROC curves were analyzed. 

RESULTS: The D-dimer levels in the group developing 
postoperative PVT was significantly higher than those in 
the group not developing PVT (P  = 0.001), and the ROC 
semi-quantitative and qualitative analysis of D-dimer 
showed a moderate predictive value in PVT (semi-
quantitative value Az = 0.794, P  = 0.000; qualitative 
analysis: Az = 0.739, P  = 0.001). 

CONCLUSION: Dynamic monitoring of D-dimer levels in 
patients with portal hypertension after surgery can help 
early diagnosis of PVT, as in cases where the D-dimer 
levels steadily increase and exceed 16 µg/mL, the 
possibility of PVT is very high.
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INTRODUCTION
Portal vein thrombosis (PVT) is a significant postoperative 
complication in patients with portal hypertension, and 
procedures such as devascularization, portal systemic 
shunt and liver transplantation can cause PVT[1-3]. As 
the degree of  obstruction and location vary greatly, the 
clinical manifestations of  PVT are also highly variable[4-6]. 
Depending on the severity of  the condition, it may even 
result in death of  patients. 

The incidence of  PVT after portal hypertension 
surgery ranges from 22.2%-37.5%[1,7], depending on the 
surgical techniques used and patients selected. In China, 
the most common cause for portal hypertension is liver 
cirrhosis due to hepatitis B. There is an increasing trend in 
PVT after portal hypertension surgery for hepatitis B liver 
cirrhosis. 

Currently, diagnosis of  portal vein thrombosis is mainly 
based on imaging studies[8-10], especially colour Doppler 
ultrasound, because of  its ability to provide not only 
information on blood vessel location, blood flow rate and 
direction, but also haemodynamic information, which aids 
diagnosis accuracy[11,12]. It is able to provide information on 
the thrombosed veins via echo analysis, detect the presence 
of  post-stenotic dilatation, as well as flow defects and 
turbulence due to venous thrombosis[13,14]. Although portal 
vein thrombosis can be accurately diagnosed using this 
method, it produces side effects simultaneously. Therefore, 
the focus of  clinicians is to prevent portal vein thrombosis 
after portal hypertension surgery as early as possible, the 
early predictive indicator of  postoperative PVT is still 
lacking.

Currently, clinicians use the incrteased platelet count 
as the main deciding factor for initiating prophylactic 
treatment, but the prognostic value of  platelet count in 
PVT is debatable[15,16]. Some studies showed that even at 
the time of  portal vein thrombosis formation, the level 
of  platelet count has not yet reached 500 × 109/L, and 
patients showing increased levels of  platelet count do not 
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have portal vein thrombosis[17]. Hence, the question of  
the indicator for initiation of  preventive and therapeatic 
measures is still debatable.

Clotting factors are important in the assessment of  
liver function and have certain clinical significance, but 
have yet to show a good clinical value as a diagnostic 
indicator for thrombotic diseases. At present, D-dimer, 
the molecular marker in the fibrinolysis cycle, has 
shown a good negative and positive predictive value in 
thrombotic diseases such as deep vein thrombosis in the 
lower limbs and pulmonary embolism, and has therefore 
been used in studies on its clinical application[18,19]. 
However, since patients with portal hypertension due 
to liver cirrhosis have innate clotting and fibrinolytic 
disorders[20,21], more studies are required to show whether 
D-dimer has a better predictive value PVT after portal 
hypertension surgery due to the combined effects 
of  portal vein thrombosis on platelets, clotting and 
fibrinolysis[22]. 

MATERIALS AND METHODS
Patient selection criteria
Patients who were admitted to the Third Affiliated 
Hospital of  the Sun Yat-Sen University from September 
2004 to March 2006,  and diagnosed with por tal 
hypertension due to liver cirrhosis (hepatitis B) were 
included in this study. The patients with splenomegalia 
and hypersplenia underwent splenectomy, and the 
patients with esophageal variceal bleeding underwent 
splenectomy with gastroesophageal devascularization, or 
with endoscopic variceal ligation (EVL). Patients who 
underwent portal hypertension shunting surgery, liver 
transplant patients, and patients having concurrent liver 
cirrhosis and hepatocellular carcinoma, and patients 
diagnosed with PVT before surgery, were excluded from 
this study.

General demographics
A total of  52 patients (46 males and 6 females) fulfilled the 
selection criteria. Their age ranged from 20-60 years, with 
a median age of  46 years (Table 1). Surgical procedures 
performed on patients included splenectomy and 
gastroesophageal devascularization (Hassab's operation) as 
previously described[23]. In brief, an extended left subcostal 
incision or a L incision of  the left upper abdomen was 
used for extreme splenomegaly. After routine splenectomy, 
the gastric branch and 5-8 small branches of  the gastric 
coronary veins were disconnected. The esophageal branch 
was disconnected and suture-ligated. The gastric posterior 
vein was ligated by suturing, and the left subphrenic 
vein was ligated as well. In cases of  splenectomy with 
EVL, after splenectomy, an endoscope (GIF 240 or 260, 
Olympus Optical, Tokyo) was introduced during operation. 
Ligation was carried out 6-12 times by placing a single 
rubber band (Bard Interventional Products, Tewksbury, 
Mass.) over a varix.

Diagnosis of PVT
When colour Doppler ultrasonography imaging showed 

changes consistent with thrombus formation in the main 
portal vein, right portal vein, right anterior branch, right 
posterior branch, left portal vein, left horizontal branch, 
left sagittal portion, splenic vein, proximal and distal 
mesenteric vein, PVT was confirmed to be a complication 
after surgery. 

Measurement of D-dimer levels
Dynamic D-dimer changes in 52 patients were monitored 
perioperatively, and the portal vein patency and the 
incidence of  PVT were detected routinely by color 
Doppler ultrasonography from 7 to 14 d postoperatively. 
The 52 patients were divided into thrombosis group and 
non-thrombosis group, depending on the occurrence of  
PVT after surgery. Peripheral venous blood was collected 
perioperatively. Three mL blood was centrifuged at 
1000 r/min for 15 min before plasma was prepared 
for D-dimer detection. D-dimer was detected by latex-
agglutination assay (semi-quantitative method), and the 
reagent was provided by Shanghai Sun Company, and 
the procedure was performed following the instructions 
provided with the reagent pack.

Statistical analysis
After normality tests, D-dimer indicators showing a 
skewed distribution were subjected to signed rank test 
between the thrombosis and non-thrombosis groups, using 
the difference in the median and interquartile range to 
illustrate the central and disperse tendency. Chi-square test 
was used to analyze the dispersion. Sensitivity, specificity, 
positive and negative predictive value were calculated. 
ROC curve was plotted. Statistical analysis was performed 
using the SPSS software version 13.0 for Windows.

RESULTS
Characteristics of the 52 patients studied
Of  the 52 patients, 17 developed PVT after surgery, and 
the incidence of  PVT 7-14 d after portal hypertension 
surgery was 33.69%. There was no significant statistical 
difference in age, gender, liver function and surgical 
procedure between the thrombosis and non-thrombosis 
groups (Table 1).

Table 1  Characteristics of 52 patients studied 

Thrombus Non-thrombus P  value
Age ( mean ± SD ) 41.45 ± 10.83 44.3 ± 8.65 0.388
Gender Male          15        31

Female            2          4 0.649
Child's grade 
of Liver function

Grade A            6        12
Grade B          10        21 0.997
Grade C            1          2

Surgical 
procedure

Splenectomy            7        13
Splenectomy 
+ EVL1

           9        19 0.923

Splenectomy 
+ ligation2

           1          3

1Refers to endoscopic variceal ligation; 2Refers to gastroesophageal 
devascularization.



Perioperative D-dimer level 
The D-dimer level was significantly higher in the 
thrombosis group than in the non-thrombus group on day 
5 after surgery (P = 0.001) (Table 2).

Analysis of predictive value for D-dimer in PVT after sur-
gery
By using the change in D-dimer level post-surgery (used as 
the standard) and the D-dimer (used as semi-quantitative 
standard) as the diagnostic standard for PVT in liver 
cirrhosis patients after portal hypertension surgery, we 
achieved 37.5% accuracy in predicting PVT incidence, which 
is consistent with the reported data[1]. The sensitivity (Sen), 
specificity (Spe), positive predictive value (PPV) and negative 
predictive value (NPV) are listed in Table 3. It can be seen 
from Table 3 that the positive predictive value was 66.7% 
for the D-dimer one day after surgery, and the negative 
predictive value for the continuous increasing was 77.5%, 
which was significantly higher than the semi-quantitative 
value of  61.65% for PPV and 70.83% for NPV. Under the 
extreme circumstances, the semi-quantitative value for PPV 
and NPV was 100%, respectively.

Based on the different changes in D-dimer levels and 
the false positive rates and sensitivity rates under different 
D-dimer levels, a ROC curve was plotted. The semi-
quantitative and qualitative standards for ROC curve 
are shown in Figure 1. Using the ROC analysis, the area 
under the semi-qualitative ROC curve was Az = 0.794, P 
= 0.000, and the 95% confidence level was 0.794 ± 0.114. 
The area under the qualitative ROC curve was Az = 0.739, 
P = 0.001, and the 95% confidence level was 0.795 ± 
0.146. Both standards had a median diagnostic value, 
and there was no statistical significant difference in the 
areas under the ROC curve (Z = 0.586, P = 0.719).

DISCUSSION
D-dimer is an antigenic determinant of  fibrin, which, at 
the D-region, combines with factor XIIIa, and persists 
as an X-oligopolymer, as well as with other fibrin 
degradation products. However, it does not exist with 
profibrin breakdown products, and is a specific indicator 
of  synthesis and breakdown of  fibrin in the system. An 
increasing D-dimer level indicates active clotting and 
fibrinolysis in the system[24,25].

At present, D-dimer has a good negative and positive 
predictive value, which is used in the outpatient and 
emergency setting, to aid selective diagnosis of  suspected 
thrombotic diseases[19,26-28]. Risch et al[29] reported that at 
D-dimer levels of  1 µg/mL and 10 µ/mL (VIDAS DD), 
the sensitivity is 83.3% and 23.8%, respectively, and the 
specificity is 65.8% and 98.7%, respectively. In our study, 
the D-dimer level was higher than the reported level in 
liver cirrhosis patients after portal hypertension surgery, 
measured at similar sensitivity conditions, but had a lower 
specificity than the reported one. This may be attributed 
to the hyperactive state of  the coagulation pathway due 
to the high coagulability state in liver cirrhosis patients, 
activated fibrinolysis, blood products used perioperatively, 
and trauma due to surgery[20-22,30].

Dynamic D-dimer value monitoring during the early 
stages after portal hypertension surgery may be more useful in 
achieving a meaningful diagnosis of  PVT due to thrombosis 
formation. By analyzing the D-dimer after surgery and its 
predictive value for PVT, our study proved that the positive 
predictive value was 100% at ≥ 16 µg/mL (Table 3). From 
the ROC curve (Figure 1), we could see that the qualitative 
standard was situated towards the left upper side of  the semi-
quantitative standard ROC curve, showing a higher sensitivity, 
but a lower rate of  false positive response. Under the two 
extreme ends, the semi-quantitative standard curve was on 
the left-hand-side of  the qualitative ROC curve, suggesting 
that the former may have a better diagnostic value. Therefore, 
combining semi-quantitative and qualitative measurement 
may be the best option for diagnosing PVT in liver cirrhosis 
patients after portal hypertension surgery.

In conclusion, D-dimer is an early predictive indicator 
of  PVT after portal hypertension surgery in hepatitis B 
virus-related cirrhosis. Dynamic D-dimer monitoring 
should be performed perioperationly, and if  elevation of  
the D-dimer levels persists or exceeds 16 µg/mL, PVT 
may occur, and anti-coagulation prevention and treatment 
should be considered.

Table 2  D-dimer level in the thrombosis and non-thrombosis 
groups (µg/mL)

Before surgery Day 1 
after surgery

Day 5 after 
surgery

Non-thrombus group 1 (0.5, 2) 4 (2, 8)1 4 (2, 4)1,2

Thrombus group 1 (0.5, 2) 4 (2, 8)1 8 (4, 8)1,3

Z value 1.863 0.318 3.264
P value 0.062 0.751 0.001

1Refers to the higher level that is statistically significant after surgery than 
that before surgery; 2Refers to the lower level that is statistically significant 
before surgery than that one day after surgery; 3Refers to the higher level that 
is statistically significant before surgery than that one day after surgery.

Table 3  Diagnostic value for different D-dimer diagnostic 
standards (%)

Sensitivity Specificity PPV NPV
Qualitative 
standard

No decrease
Increase

88.2
47.06

57.14
88.57

42.85
66.67

88.25
77.50

Semi-quantitative 
standard

> 0.5
> 1

1
1

0
0.05714

37.50
38.88

0
100

> 2 0.8235 0.4858 49 82.00
> 4 0.4118 0.8571 61.65 70.83
> 8 0.2353 1 100.00 33.89
> 16 0.2353 1 100.00 33.89
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Figure 1  Semi-quantitative and qualititive ROC curves.



 COMMENTS
Background
Portal vein thrombosis (PVT) is a significant complication after portal hypertension 
surgery due to liver cirrhosis. The focus of clinicians is to prevent it as early as 
possible, but we still lack the early predictive indicator of postoperative PVT.  

Research frontiers
PVT is a significant postoperative complication in patients with portal hypertension, 
especially after splenectomy. Since the mechanism of postoperative PVT remains 
unknown, it is difficult to prevent postoperative PVT. Most studies indicate that 
local operation may be the factor for postoperative PVT. Some studies indicate 
that D-dimer may be helpful in the diagnosis of deep vein thrombosis of lower 
extremity.

Innovations and breakthroughs
At present, most researchers and doctors diagnose PVT via imageology, 
especially color Doppler ultrasonography, and some reports indicate that platelets 
may be the predictive factor for PVT. D-dimer is a good predictive factor for deep 
vein thrombosis of lower extremity. The results of our study indicate that D-dimer 
may be a predictive factor for PVT after portal hypertension surgery in hepatitis B 
virus-related cirrhosis.

Applications
Since D-dimer is a predictive factor for PVT, PVT and its fatal complications 
can be prevented. By combining imageology, we can institute a scheme for the 
management of PVT, which helps to understand the mechanism of PVT.

Terminology
D-dimer: known as fragment D-dimer, fibrin degradation fragment; PVT: portal vein 
thrombosis.  ROC curve: a graphic means for assessing the ability of a screening 
test to discriminate between healthy and diseased persons.

Peer review
This is a well-conducted study. It describes another way for the predictive 
diagnosis of PVT, but the relationship between the mechanisms of PVT and D-dimer 
remains unknown. D-dimer is only of a predictive diagnostic value.
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