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Background: Many diseases are accompanied by portal vein thrombosis (PVT), and its nature is closely 
related to its prognosis and treatment. It is important to evaluate magnetic resonance imaging (MRI) 
parameters, including susceptibility-weighted imaging (SWI) and qualitative diffusion-weighted imaging 
(DWI), in the differentiation between benign and malignant PVT.
Methods: In this retrospective study, we collected clinical imaging data from 140 patients with PVTs 
characterized as benign or malignant based on enhanced MRI between January 2011 and April 2016 and 
retrospectively analyzed PVTs using SWI and DWI. There were 37 benign and 103 malignant PVTs. Image 
review was performed by 2 radiologists blinded to clinical information. The signal intensity (SI) of PVTs 
was recorded on SWI. The apparent diffusion coefficient (ADC) and the ratio of signal intensity (SIR) 
on SWI (SIRSWI) and ADC (SIRADC) between the PVTs and the spinal cord were calculated. Finally, we 
generated receiver operating characteristic (ROC) curves to evaluate the efficacy of SIRSWI and SIRADC for 
distinguishing benign and malignant PVTs.
Results: On SWI and DWI, 100.0% (36/36) and 80.5% (29/36) of benign PVTs were hypointense, 
respectively. For malignant PVTs on SWI and DWI, 99.0% (103/104) and 89.4% (93/104) were 
hyperintense, respectively. The SIRSWI values of benign and malignant PVTs were 0.58±0.13 and 0.88±0.06, 
respectively, representing a significant difference (P<0.001). The SIRADC values of benign and malignant 
PVTs were 0.72±0.32 and 0.62±0.17, respectively, representing a significant difference (P=0.034). The 
area under the ROC curve (AUROC) for SIRSWI [0.990; 95% confidence interval (CI): 0.971–1.000] was 
significantly higher than that for SIRADC (0.619; 95% CI: 0.500–0.737; P<0.001). The SIRSWI had a sensitivity 
of 100.0% and a specificity of 97.3% with a cutoff value of 0.749, while the SIRADC had a sensitivity of 45.9% 
and specificity of 83.3% with a cutoff value of 0.791.  
Conclusions: The diagnostic performance of SWI is superior to that of DWI in the differentiation of 
benign and malignant PVTs.
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Introduction 

Portal vein thrombosis (PVT) refers to complete or partial 
obstruction of the portal vein or its branches due to a 
variety of causes, including cirrhosis, malignancy, and non-
hepatogenic diseases, such as splenectomy, gastrectomy, 
and pancreatitis (1-3). Notably, PVT can be either benign 
or malignant. A previous study has shown that malignant 
PVT is associated with hepatocellular carcinoma (HCC), 
which is unsuitable for surgical resection and liver 
transplantation (4). On the other hand, benign PVT often 
manifests with chronic liver disease, which can be treated 
with anticoagulant therapy (5). Consequently, accurate 
identification of the nature of PVT is imperative to 
determining the optimal treatment approach.

Although puncture biopsy remains the gold standard for 
differentiating benign from malignant PVTs, it is an invasive 
examination and has been associated with complications 
such as hemorrhage, sampling errors, and implantation 
metastasis. PVT can be differentiated using a variety of 
noninvasive techniques, including ultrasonography (6), 
computed tomography (CT) (7), and magnetic resonance 
imaging (MRI) (8,9). However, the number of studies 
evaluating MRI for this purpose remains limited (10). Based 
on our experience in daily practice, it is not always easy 
to distinguish benign from malignant PVTs. Therefore, a 
technique with high diagnostic accuracy is urgently needed 
to distinguish between benign and malignant PVTs.

Susceptibility-weighted imaging (SWI), an MRI 
technique based on T2* sequences, has been used to 
diagnose neurological disorders owing to its unique ability 
to detect intracranial iron deposition and hemorrhagic foci 
(11,12). Researchers have recently applied SWI technology 
to abdominal examinations because it is more sensitive in 
detecting siderotic nodules than are T2 and T2*-weighted 
imaging, particularly in patients with chronic liver disease 
or cirrhosis, and is more sensitive in detecting focal field 
inhomogeneity through the addition of phase information 
to the T2*-weighted imaging (13). 

However, SWI sequences have rarely been used to 
diagnose PVT (14), and no study has yet compared 
d i f fus ion-weighted  imaging  (DWI)  and  SWI in 
differentiating benign and malignant PVTs. Therefore, this 

study aimed to compare the diagnostic efficacy of SWI and 
DWI in distinguishing benign from malignant PVTs. We 
present the following article in accordance with the STARD 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-350/rc).

Methods

Study population and selection criteria

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Ethics Committee of Army Medical 
University (Third Military Medical University; No. 
KY2020280), and informed consent from patients was 
waived. From January 2011 to April 2016, we consecutively 
collected clinical data from 140 patients with PVTs, 
including their age, gender, surgical history (such as 
esophagogastric sclerotherapy, splenectomy, hepatectomy, 
and radiofrequency ablation), the coexistence of HCC and 
PVT, levels of alpha-fetoprotein (AFP), and presence of 
splenomegaly and ascites. 

The inclusion criteria were as follows: (I) PVT present 
in the main branch and/or segmental branch; (II) complete 
clinical information; (III) availability of SWI, DWI, 
and enhanced MRI sequences; and (IV) an MRI quality 
adequate for analysis. 

The exclusion criteria were as follows: (I) a PVT size 
too small for manual measurement; (II) incomplete clinical 
information; (III) lack of SWI and/or DWI sequences; and 
(IV) poor image quality.

Standard of reference for differentiating benign and 
malignant PVTs

The standards of reference for differentiating benign and 
malignant PVTs were those found in Shah et al. (15) and 
Catalano et al. (16). As it has been previously reported that 
vessel expansion of the portal vein can also be present in 
benign PVT (17), we did not propose to use the criterion 
of vessel expansion. Malignant PVT was considered if the 
following criteria were met and benign PVT if the criteria 
were not met: clear evidence of enhancement on dynamic 
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contrast-enhanced MRI during the arterial phase as defined 
by enhancement on the contrast-enhanced images when 
compared with baseline images (≥15%). 

MRI examination

All scans were performed on 3.0 T MRI system (Magnetom 
Trio, Siemens Medical Systems, Erlangen, Germany). The 
scans were obtained using sequences, including a single 
breath-hold T2-weighted imaging fast spin-echo sequence. 
The SWI sequence was acquired with the following 
parameters: flip angle =20°, repetition time/time to echo 
(TR/TE) =150/10 ms, a breath-hold =16–21 s repeated 
3 times, field of view =380 mm × 285 mm, matrix =384 × 
187 mm, slice number =30, and slice thickness =5.5 mm. 
DWI imaging adopted breathing-triggered single-shot 
echo planar imaging technology, with b values of 0, 400, 
and 800 s/mm2. The b values of 0 and 800 s/mm2 were 
used to calculate the apparent diffusion coefficient (ADC) 
map monoexponentially. Gd-EOB-DTPA (Gadolinium-
ethoxybenzyl-diethylenetriamine-pentaacetic acid) at a 
dose of 0.1 mL/kg was injected through the cubital vein at 
a speed of 1.0 mL/s. When the contrast agent reached the 
lower thoracic aorta, the patient performed a breath-hold 
for arterial phase scanning. Portal venous phase, transitional 
phase, and hepatobiliary phase scans were taken after a 
delay of 70 s, 2–5 min, and 15 min.

Imaging evaluation

All PVTs were assessed by 2 radiologists (XML and CLH 
with 8 and 6 years of abdominal imaging experience, 
respectively). Both radiologists were blinded to all patients’ 
clinical information, and the intensity of thrombus was 
determined as hypointense or hyperintense relative to the 
liver on DWI (b=800 s/mm2). For quantitative analysis of 
SWI, all PVTs were measured using signal processing in 
Nuclear Magnetic Resonance software (SPIN version 1751, 
Spintech Software, Kharkiv, Ukraine, https://spintechmri.
com/research-software/) at the Siemens workstation (Syngo.
via) to measure the ADC on the ADC map. Each observer 
drew oval regions of interest (ROIs) in the thrombus and 
spinal cord as large as possible (≥10 mm2) with the same 
slice and regions (Figures 1,2). The signal intensity (SI) 
values of the thrombus and spinal cord on SWI and ADC 
obtained from the 2 observers were measured 3 times 
independently, and their mean values were recorded. Lastly, 
the ratios of signal intensity (SIR) on SWI (SIRSWI) and 

ADC (SIRADC) were calculated using the following formula: 
SIthrombus/SIspinal cord. Care was taken to avoid obvious artifacts, 
such as cerebrospinal fluid pulsation artifacts, respiratory 
motion artifacts, and magnetic susceptibility artifacts. 

Statistical analysis

Statistical analyses were performed using SPSS 22.0 
software (IBM Corp., Armonk, NY, USA). Variables with 
normal distributions are expressed as (x ± s), and pairwise 
comparisons were performed using the Student’s t test. 
Nonnormally distributed continuous variables were 
analyzed using the Mann-Whitney test, while categorical 
variables were analyzed using the χ2-test. The statistical 
significance level was defined at P<0.05. Receiver operating 
characteristic (ROC) curves were used to evaluate the 
diagnostic efficacy, and the point corresponding to the 
maximum Youden index (sensitivity + specificity − 1) was 
selected as the cutoff value. Comparison of the diagnostic 
efficiency of ROC curves was performed using the Delong 
test. Interobserver agreement for the intensity of thrombus 
was determined by calculating κ statistics as follows: 
κ=0–0.20, slight agreement; κ=0.21–0.40, fair agreement; 
κ=0.41–0.60, moderate agreement; κ=0.61–0.80, substantial 
agreement; and κ=0.81–1.00, almost perfect agreement.

Results

There were 37 benign and 103 malignant PVTs (124 
males and 16 females), and benign and malignant PVTs 
co-occurred in 9 patients (Figure 3). The mean age of 
the cohort was 49.5±11.2 years. There were statistically 
significant differences with regard to previous treatment 
history, AFP level, and the presence of combined HCC 
between benign and malignant PVTs (P<0.05; Table 1).

For the evaluation of PVT signal, the result of 
interobserver agreement analysis indicated substantial 
agreement, intraclass correlation coefficients (ICCs) of 
signals evaluated by two radiologists on SWI and DWI 
were 0.75 and 0.65. On SWI and DWI, 100.0% (36/36) 
and 80.6% (29/36) of benign PVTs were hypointense, 
respectively. For malignant PVTs on SWI and DWI, 
99.0% (103/104) and 89.4% (93/104) were hyperintense, 
respectively.

The mean SIRSWI of benign and malignant PVTs 
were 0.58±0.13 and 0.88±0.06 (Figure 4), while the mean 
SIRADC of benign and malignant PVTs were 0.72±0.32 and 
0.62±0.17 (Figure 5), respectively. There were significant 
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differences between benign and malignant PVTs on SWI 
[t=18.651; 95% confidence interval (CI): 0.273–0.337; 
P<0.001] and DWI (t=–2.138; 95% CI: −0.179–0.007; 
P=0.034). The area under the ROC curve (AUROC) for 
SIRSWI (0.990; 95% CI: 0.971–1.000) was significantly 
higher than that for SIRADC (0.619; 95% CI: 0.500–0.737; 
P<0.001; Figure 6). The SIRSWI had a sensitivity of 100.0% 
and a specificity of 97.3%, with a cutoff value of 0.749, 
while the SIRADC had a sensitivity of 45.9% and specificity 
of 83.3%, with a cutoff value of 0.791. 

Discussion

Benign PVT is initially asymptomatic in the early phase; 
however, it potentially induces portal hypertension, which 
increases postoperative morbidity and mortality (18). 
Malignant PVT is associated with tumor staging, surgical 

approach, and prognosis (19). This study shows that benign 
PVT is more likely to occur in patients with endoscopic 
injection sclerotherapy (EIS), splenectomy, hepatectomy, 
and radiofrequency ablation (P<0.05). These can lead to the 
development of benign PVT via portal venous endothelial 
injury, with increased portal vein pressure then causing 
slow or turbulent blood flow to pool in the portal venous 
system (20-22). Malignant PVTs are more likely to occur 
in patients with HCC and are caused directly by tumor 
invasion. Due to the different treatments and prognosis of 
benign and malignant PVTs, preoperative differentiation is 
of great importance.

Use of multimodal MRI, especially the ADC parameter, 
can help to distinguish between benign and malignant 
PVTs. Aumann et al. (23) reported that the ADC value 
can effectively differentiate benign and malignant PVTs, 
with sensitivity and specificity values of 80.0% and 72.7%, 
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Figure 1 (A-C) Benign PVT in a 40-year-old woman. PVT (yellow arrow) appears hyperintense on T2WI (A). PVT is also shown on the 
portal venous phase (yellow arrow) on enhanced MRI (B) and without enhancement during the arterial phase (not shown). The sample 
image of the ROI placement over the PVT and spinal cord (red circles) on SWI (C). (D-F) Malignant PVT in a 45-year-old man with HCC. 
PVT (yellow arrow) appears mildly hyperintense on T2WI (D). PVT is also shown on the portal venous phase (yellow arrow) on enhanced 
MRI (E) and with enhancement during the arterial phase (not shown). The sample image of the ROI placement over the PVT and spinal 
cord (red circles) on SWI (F). PVT, portal vein thrombosis; T2WI, T2-weighted imaging; MRI, magnetic resonance imaging; ROI, region of 
interest; SWI, susceptibility-weighted imaging.
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Figure 2 (A-C) Benign PVT in a 59-year-old man. PVT (yellow arrow) appears hypointense on T2WI (A). PVT is also shown on the portal 
venous phase (yellow arrow) on enhanced MRI (B). The sample image of the ROI placement over the PVT and spinal cord (red circles) on 
the ADC map (C). (D-F) Malignant PVT in a 40-year-old man with cirrhosis and HCC. PVT (yellow arrow) appears mildly hyperintense 
on T2WI (D). PVT is also shown on the portal venous phase (yellow arrow) on enhanced MRI (E). The sample image of the ROI placement 
over the PVT and spinal cord (red circles) on the ADC map (F). PVT, portal vein thrombosis; T2WI, T2-weighted imaging; MRI, magnetic 
resonance imaging; ROI, region of interest; ADC, apparent diffusion coefficient; HCC, hepatocellular carcinoma.

Patients with PVT from January 2011 to April 2016 (n=564)

Excluded:

• PVT was too small to be measured (n=104)

• Incomplete clinical data (n=97)

• MRI without SWI and/or DWI sequences (n=126)

• Poor image quality (n=97)

Final study patients (n=140)

Benign PVT (n=37) Malignant PVT (n=103)

Figure 3 The flowchart of participants thoughout the study. PVT, portal vein thrombosis; MRI, magnetic resonance imaging; SWI, 
susceptibility weighted imaging; DWI, diffusion weighted imaging.
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Table 1 Summary of demographic data of the study population

Variable Benign, n (%) Malignant, n (%) P value

Gender 0.642

Male 32 (86.5) 92 (89.3)

Female 5 (13.5) 11 (10.7)

Combined liver cirrhosis 0.141

No 7 (18.9) 10 (9.7)

Yes 30 (81.1) 93 (90.3)

Combined viral infection 0.790

No 5 (13.5) 18 (17.5)

HBV 32 (86.5) 83 (80.6)

HCV 0 (0.0) 2 (1.9)

AFP level <0.001

Negative 22 (59.5) 16 (15.5)

Positive 15 (40.5) 87 (84.5)

Combined HCC <0.001

Absence 18 (48.6) 0 (0.0)

Presence 19 (51.4) 103 (100.0)

Treatment history <0.001

No 9 (24.3) 72 (69.9)

Yes 28 (75.7) 31 (30.1)

Sclerotherapy 12 1

Splenectomy 9 1

Hepatectomy 6 21

Radiofrequency 
ablation

12 9

Splenomegaly 0.045

No 15 (40.5) 24 (23.3)

Yes 22 (59.5) 79 (76.7)

Ascites 0.391

No 16 (43.2) 53 (51.5)

Yes 21 (56.8) 50 (48.5)

AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C 
virus; HCC, hepatocellular carcinoma.
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Figure 5 The SIRADC of benign and malignant PVTs. The mean 
SIRADC was statistically different between benign and malignant 
PVTs (P=0.034). SIR, signal intensity ratio; ADC, apparent 
diffusion coefficient; PVT, portal vein thrombosis.

Figure 4 The SIRSWI of benign and malignant PVTs. The mean 
SIRSWI was statistically different between benign and malignant 
PVTs (P<0.001). SIR, signal intensity ratio; SWI, susceptibility-
weighted imaging; PVT, portal vein thrombosis.
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respectively. However, Ahn et al. (24) reported an ADC 
value with a sensitivity of 22.2%, owing to wide range and 
considerable overlap of ADC, which is consistent with our 
result with a lower sensitivity (45.9%) for differentiating 
benign and malignant PVTs. The reason for this may 
be that the ADC value is influenced by the staging of 
thrombus, and benign PVT might have a low ADC similar 
to malignant PVT. 

SWI involves nonionizing radiation and contrast-free 
technology, making it suitable for repeated examinations. To 
date, only a single study has examined the application value 
of SWI in distinguishing benign and malignant PVTs (14).  
However, this study had a small sample size (n=42), made 
no comparison with other MRI parameters, and calculated 
the phase values over the entire HCC, which might have 
introduced measurement error because of the significant 
heterogeneity of HCC. To our knowledge, a comparison of 
SWI and DWI for differentiating benign from malignant 
PVTs has not been performed previously. By comparing 
SIRSWI and SIRADC, our research shows that the SWI 

sequence can effectively distinguish benign and malignant 
PVTs (AUROC: 0.990), with a cutoff value of 0.749, which 
is significantly superior to the ADC parameter (AUROC: 
0.619; P<0.001). These results suggest that SWI is a 
promising tool that can be used to differentiate benign 
from malignant PVTs. This may be attributed to the higher 
sensitivity of SWI to PVT components.

SWI is an MRI sequence sensitive to compounds that 
distort the local magnetic field (e.g., calcium and iron) (25).  
The paramagnetic substances (e.g., deoxyhemoglobin 
and hemosiderin) increase the difference of magnetic 
susceptibility and shorten the T2* effect, and show low 
intensity on SWI (26). Benign PVT is characterized by 
high concentrations of paramagnetic substances, including 
deoxyhemoglobin and hemosiderin, so it appears as 
low intensity on SWI (14). However, malignant PVT 
is commonly caused by HCC invasion, which is mainly 
composed of tumor cells; however, malignant PVT is usually 
caused by the invasion of HCC, which is mainly composed 
of tumor cells. Like HCC, malignant PVT also undergoes 
deionization, and shows high signal on SWI (27,28).

This study had some limitations. First, as our study was 
single-center and retrospective in design, we lack external 
validation data. Second, we did not compare the efficacy of 
SWI and CT in differentiating benign and malignant PVTs, 
and so we will collect CT data in the future to verify the value 
of the 2 techniques in differentiating benign and malignant 
PVTs. Third, the ROI was manually contoured, and the SI 
obtained does not accurately reflect the entire PVT. Finally, 
the SI of the PVTs and HCC lesions in the same patients was 
not compared on SWI and ADC sequences.

Conclusions

In conclusion, SWI is noninvasive technique that uses 
nonionizing radiation, and its diagnostic performance is 
comparable or superior to that of DWI in the differentiation 
of benign and malignant PVTs.
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