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A B S T R A C T

Purpose: To evaluate MR imaging parameters including quantitative multiphasic post-contrast enhancement
with subtraction and qualitative diffusion weighted imaging (DWI) in differentiating benign versus malignant
portal venous thrombosis (PVT) in patients with hepatocellular carcinoma (HCC).
Method: Radiology reports over a 6-year period ending February 2016 were searched for key words indicating
presence of both HCC and PVT on abdominal MRI. 39 patients were identified with PVT characterized as benign
or malignant based on pathologic data or serial imaging growth criteria. Image review was performed by two
subspecialized radiologists blinded to the diagnosis and medical chart. Signal intensity for regions of interest
were recorded within the portal vein thrombus as well as the portal vein on pre-contrast and dynamic post-
contrast phases without and with subtraction. Qualitative parameters for DWI and presence of PV expansion
were also evaluated.
Results: Percent enhancement generated high area under the curve (AUC) for both readers on all non-subtraction
phases: arterial (0.95/0.98), portal venous (0.97/0.97) and delayed phase (0.96/0.99) and subtraction phases:
arterial (0.91/0.96), portal venous (0.94/0.99) and delayed phases (0.96/0.97). Statistically significant differ-
ences were observed between benign and malignant PVT for both readers for PV expansion (p=<0.001/
0.006). No qualitative DWI parameter reached statistical significance for both readers.
Conclusions: Post-contrast and subtraction MRI can reliably distinguish malignant from benign PVT in patients
with HCC using subtracted or non-subtracted images and at arterial, portal venous, or delayed phase timing.

1. Introduction

Malignant portal vein thrombosis (PVT) is a well-known frequent
complication of hepatocellular carcinoma (HCC) with reported in-
cidences of 36–44% [1–3]. Benign PVT also frequently occurs in this
population, with estimated prevalence in cirrhotic patients of 0.6–26%
[4–6]. Furthermore benign PVT can coexist with malignant PVT [7–9].
Malignant PVT is an absolute contraindication to liver transplant, and
its presence drastically alters treatment options and worsens prognosis

[9,10]. On the other hand, benign PVT does not have the same high
levels of morbidity and can potentially be treated with anticoagulation.
The disparate pathophysiology of benign and malignant PVT can aid in
the differentiation. Benign PVT is usually secondary to sluggish flow in
patients with cirrhosis and HCC which leads to the development of
thrombosis. Whereas in malignant PVT there is invasion of a branch of
portal vein with tumor and the associated tumor neovascularity that
potentially demonstrates contrast enhancement on MRI.

While PVT detection and characterization is critical to staging HCC,
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obtaining the gold standard of histopathologic diagnosis is rarely per-
formed in clinical practice due largely to the risks of sampling the portal
vein and the potential for false diagnosis in settings with coexistent
benign and malignant thrombus [2,11]. An accurate noninvasive ima-
ging based diagnosis is therefore highly desirable. Multiphasic MRI is
frequently performed for diagnosis and follow-up of patients with HCC,
and it therefore can potentially be used to detect and characterize PVT.
Recent studies have shown usefulness of MRI in distinguishing benign
versus malignant thrombosis [2,12,13]. However, the number of stu-
dies evaluating MRI for this determination remains limited [14], and
prior studies have shown conflicting results on the value of some
findings such as signal on diffusion-weighted imaging (DWI) and vessel
expansion [2,12,13]. Further, while there is evidence that malignant
PVT demonstrates increased enhancement [15], the threshold for de-
termining enhancement and the effect of post-contrast phase timing on
PVT enhancement for differentiating bland from malignant thrombus
has not been rigorously examined. Prior studies have used qualitative
factors [2] or arbitrary cutoffs without prior supporting evidence [12].
Further, subtraction images have not been assessed, and the method of
determining enhancement has not been standardized in prior research
reports or in clinical practice. The primary aim of this study is to de-
termine the utility of multiphasic contrast enhanced MRI, including
postcontrast subtraction images at various intensities and timepoints, in
differentiating benign versus malignant portal vein thrombosis.

2. Material and methods

2.1. Study population

Institutional review board permission was obtained for the retro-
spective assessment of imaging and clinical data with a waiver of in-
formed consent. All MRI reports at a single institution over a 6-year
period ending February 2016 were searched for the current procedure
terminology codes "primary malignant neoplasm of liver" and "portal
venous thrombosis", yielding 1441 and 396 reports, respectively. 58
subjects were identified as having both CPT codes. Additional chart and
imaging review of these patients was conducted to determine the final
study population. Patients were included in the study only if they had a
hepatocellular carcinoma diagnosis, cirrhosis and no diagnosis of other
malignancy such as cholangiocarcinoma. All patients were required to
have identifiable portal venous thrombosis on an abdominal MRI and
adequate follow-up imaging or histopathological proof to confirm
thrombus as benign or malignant. 19 subjects were excluded due to
inadequate follow-up imaging or lack of any histologic reports to
characterize the portal venous thrombus as benign or malignant.
Ultimately 39 patients comprised the study population.

2.2. Reference standard

Thrombus was classified as benign or malignant according to prior
published criteria [2]. Chart review was conducted to search for his-
tologic diagnosis on biopsy or resection, yielding 2 patients with bland
thrombus and 1 with malignant thrombus. The remaining diagnoses
were confirmed using strict imaging follow-up criteria. Stability for at
least 12 months was classified as benign thrombus. Malignant thrombus
was classified in cases where there was substantial increase in thrombus
size within 3 months despite anticoagulation therapy.

2.3. MRI technique

All patients underwent contrast enhanced MR imaging using a 1.5-T
(Symphony or Avanto, Siemens Healthcare, Erlangen, Germany) or 3-T
MRI (Trio, Siemens Healthcare, Erlangen, Germany) with a phased
array body coil. The following imaging sequences were included in all
protocols: breath-hold T1-weighted dual-echo (in-phase and opposed-
phase) sequence, free-breathing fat-saturated T2-weighted turbo spin-

echo or BLADE sequence, T2-weighted HASTE coronal sequence, dif-
fusion-weighted imaging (DWI), and transverse T1-weighted fat-sup-
pressed 3D volumetric interpolated breath-hold sequences obtained
before and after intravenous contrast injection. A dose of 0.1ml/kg of
IV gadobutrol (Gadavist, Bayer Healthcare Pharmaceuticals, Whippany,
NJ) or gadoxetic acid (Eovist/Primovist; Bayer Healthcare,
Pharmaceuticals, Whippany, NJ) was administered at a rate of 2mL/s,
using a power injector (Spectris Solaris, Medrad). There were 32 studies
with gadobutrol and 7 studies with gadoxetic acid. Bolus tracking was
performed to obtain axial post-contrast T1 images at late arterial phase,
portal venous phase, and delayed (3min) phase with coronal images
obtained at 4min after administration of contrast. Using scanner soft-
ware (Siemens Healthcare, Erlangen, Germany), subtraction images
were generated by subtracting the axial T1 post contrast images from
pre-contrast axial T1 images. For DWI, b-values of 50 and 600 s/mm2
were used to calculate the ADC map monoexponentially. DWI images
were not available in 2 patients.

2.4. Image evaluations

Two subspecialized abdominal radiologists with 8 and 11 years of
experience interpreting abdominal MRI, blinded to subject clinical data
and diagnosis, reviewed the MR images independently. The reviewers
recorded the following quantitative parameters maximum diameter of
PVT and presence of vessel expansion due to thrombus using previously
defined criteria [12]. In addition, the signal intensities of the PVTs were
recorded on T1 axial non-contrast, arterial, portal venous, and delayed
phase images in non-subtracted and subtracted series by placing regions
of interest (ROIs) (Figs. 1 and 2). Readers were instructed to carefully
generate ROIs as large as possible while reviewing the slice above and
below to ensure the target thrombus remains within the chosen ROI.
The percent enhancement on each nonsubtracted imaging series was
calculated using the formula: (contrast enhanced ROI thrombus – pre-
contrast ROI thrombus)/(precontrast ROI thrombus) * 100. For the
subtraction series, the percent enhancement was calculated using the
formula (subtracted ROI thrombus / precontrast ROI thrombus) * 100.
Subjective assessment was made on b 600 DWI and ADC maps, and the
intensity of thrombus was determined as isointense, hypointense, or
hyperintense relative to the liver for both sequences.

2.5. Statistical analysis

Results are expressed as number (percentage) or, when appropriate,
as mean ± standard deviation. Comparisons between the two treat-
ment groups were performed using the independent t-test and Fisher’s
Exact test as appropriate.

Receiver operating characteristic (ROC) curve and area-under-the-
curve (AUC) analysis was used to assess the usefulness of conventional
MRI findings and subtraction imaging measurements in detecting bland
versus malignant PVT and were graphed and calculated using the
“pROC” package in R (V 1.12.1). 95% confidence intervals (CI) for the
AUCs were calculated using the “bootstrap” method with 2000 re-
plications. Optimal cut-points were determined from
“OptimalCutpoints” package in R (V 1.4) using the method of max-
imizing the product of the sensitivity and specificity.

The inter-rater reliability, or more specifically intra-class correlation
(ICC) and their 95% CI were calculated using the “irr” package in R (V
0.84) based on a single-rating, absolute-agreement, 2-way random ef-
fects model. Inter-observer agreement on DWI and ADC of thrombus
relative to tumor and liver were calculated using weighted Cohen's
Kappa and 95% confidence intervals. Two-tailed p values less than 0.05
were considered statistically significant. Descriptive statistics, inter-
observer agreement, and univariate analyses were performed either
using SPSS software, version 19 (SPSS, Chicago, IL), or SAS 9.4 (SAS
Institute Inc., Cary, NC).
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3. Results

3.1. Study population

Mean age of the cohort was 58.0 ± 7.0 years. There were 27 males
and 12 females. There was no statistically significant difference in age
(p= 0.369) or sex (p= 0.457) distribution between the patients with
malignant PVT (mean age, 57.6 years; range, 40–76 years; 19 men and
six women) and those with benign PVT (mean age, 59.0 years; range,
49.8–65.1 years; eight men and four women).

3.2. Evaluation of discriminating factors for benign and malignant
thrombus

All quantitative measures of enhancement evaluated showed sta-
tistically significant differences between the bland and malignant
thrombus groups (Table 1, Fig. 3). Sensitivity and specificity for de-
tecting malignant thrombus for each reader is calculated at various
threshold levels of percent enhancement for the subtracted and non-
subtracted images (Table 2a and 2b). Statistically significant differences
between the bland and malignant thrombus groups were observed for
PV expansion for both readers (p=<0.001/0.006) (Table 1). No
subjective DWI parameters reached statistical significance for either
reader (Table 1).

3.3. ROC analysis

Percent enhancement generated high AUC for both readers on all
non-subtraction phases as detailed in Table 3. ROC curves are similar
regardless of phase of contrast or use of subtraction (Fig. 4).

3.4. Inter-rater reliability (Table 4)

Excellent inter-rater reliability was found for subtraction percent

enhancement on all three phases (ICC range of 0.72-0.78). Moderate
inter-rater reliability was found for non-subtraction percent enhance-
ment on all three phases (ICC range 0.37-0.46).

Kappa statistics showed slight to poor correlation for DWI of
thrombus relative to liver (kappa=0.31) and ADC of thrombus relative
to liver (kappa= .09). There was fair correlation for portal vein ex-
pansion (kappa=0.46).

4. Discussion

This study confirms prior reports indicating the utility of post-
contrast MRI sequences in differentiation of malignant PVT from be-
nign, and further indicates that measuring this enhancement leads to
high diagnostic accuracy at arterial, portal venous, and delayed phases
as well as with subtracted post-contrast images. The use of increased
vascular flow to differentiate these entities has been widely reported
previously. Tublin et al [16] observed tumor neovascularity on CT to be
100% specific in their 58 patient retrospective study. They defined
neovascularity as having characteristic morphologic appearance,
though they did not quantitatively assess the degree of enhancement.
This categorization limited the utility of contrast enhancement as over
half the malignant thrombi did not have this characteristic. Similarly,
the presence of confirmed hypervascular thrombus on ultrasound has
been shown to be highly specific for HCC malignant thrombus, however
using ultrasound up to 25% of the cases of malignant thrombus may be
missed [17] Initial reports evaluating enhancement of tumor on MRI
similarly appeared to show diminished sensitivity of enhancement
alone in diagnosing malignant PVT. Sandrasegaran et al evaluated ar-
terial enhancement on MRI and found an AUC of 0.73 for differ-
entiating malignant from bland thrombus. However, they did not spe-
cify cutoff values and the threshold for enhancement leading to this
determination is unclear [2]. This may account for our higher reported
AUC. It is important to note that the threshold of enhancement for
tumor thrombus in our study appears to be much lower than tumor in

Fig. 1. Benign portal vein thrombosis in a patient with liver cirrhosis and HCC (not shown). Portal vein thrombus (white arrow) appears hyperintense on precontrast
T1 images (a). The thrombus continues to appear mildly hyperintense on the post contrast arterial phase, AP (b), but does not show significant enhancement on the
subtracted AP (c). Thrombus also shown on portal venous phase, PVP (e), subtracted PVP (f), delayed phase DP (h) and subtracted DP (i). The benign thrombus
appears hyperintense on DWI (d) and heterogeneous on ADC maps (g) with restricted areas.
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the liver parenchyma, and in our experience this is a point of frequent
confusion in clinical practice. Although to our knowledge there is not
clear published evidence of a threshold amount of enhancement that is
indicative of tumor thrombus, at least one paper [13] applied a 15%
threshold of enhancement at MRI as definitive evidence of malignant
thrombus, a number extracted from prior work on renal cyst enhance-
ment on MRI [18]. More recently, Kim et al demonstrated that en-
hancement of at least 15% detected 80–87% of thrombi, though the
timing of post-contrast imaging was unclear in that study. Additionally,
they had a false negative rate of 2–8% using that threshold [12]. Our
results are in line with this prior work, while potentially providing more
detail. Using the prior published 15% threshold at arterial, portal ve-
nous, and delayed timepoints, we find sensitivities of 0.88/0.92 (Re-
viewer1/2), 0.88/0.96 and 0.92/1.00 for non-subtraction images and
0.91/0.95, 0.91/1.0 and 0.91/1.0 for subtraction images; specificities
are 0.85/0.77, 0.85/0.92 and 0.77/0.92 for non-subtraction images and
0.77/0.77, 0.85/0.77 and 0.77/0.85 for subtraction images respec-
tively. In order to reach 100% specificity, the percent enhancement
thresholds for non-subtracted arterial, portal venous, and delayed
phases are 35%, 25% and 40% for reviewer 1 and 25%, 30% and 40%
for reviewer 2.

Prior studies have investigated the role of DWI in differentiating
benign vs malignant PVT. Catalano et al provided evidence that DWI
signal and ADC values of malignant PVT were similar to that of HCC.
They reported that ADC values of benign PVT were higher, with sta-
tistically significant differences between the two groups. This finding

was confirmed by Kim et al, though not confirmed in the study by
Sandrasegaran et al. In our study we found no statistically significant
differences between subjective assessment of benign and malignant PVT
when evaluating DWI and ADC maps. It should be noted that our
technique was different to prior approaches, relying on a qualitative
evaluation and using slightly different b-values. We opted for a quali-
tative approach in this evaluation, as it may be more directly applicable
to current clinical practice. Our results are in accordance with
Sandrasegaran et al who found that signal intensity of PVT on DWI and
ADC maps and PVT/Liver ADC ratios were not statistically significant
between benign and malignant PVT. They found that conventional MRI
yielded an AUC of 0.92 and 0.91 for diagnosis of PVT on ROC curve
analysis, whereas ADC measurements yielded much lower AUCs of 0.69
and 0.64.

Our study found statistically significant differences between the
benign and malignant groups regarding expansion of the vein. Our
findings are in accordance with prior studies [2,16]. Sandrasegaran
et al reported that maximum caliber of portal vein was not always
significantly higher in patients with malignant thrombosis and optimal
sensitivity of portal vein caliber in diagnosis of malignant PVT was
62%, similar to results obtained by Tublin et al on contrast enhanced
CT.

Prior studies have incorporated a multi-factorial approach to de-
monstrate increased reported accuracies than enhancement alone.
However, the multi-factorial approaches applied have been different
across previous studies and interpretation is not straightforward. For

Fig. 2. Malignant portal vein thrombosis confirmed by growth criteria in a patient with liver cirrhosis and HCC in the right lobe. Portal vein tumor thrombus (white
arrow) appears hypointense on precontrast T1 images (a). It demonstrates mild enhancement and remains hypointense on the post contrast arterial phase, AP (b), and
mild enhancement is seen on the subtracted AP (c). Similar degree of enhancement is seen on the portal venous phase, PVP (e) and delayed phase DP (h) as well as the
subtracted PVP (f), and subtracted DP (i). The tumor thrombus appears hyperintense on DWI (d) and isointense to the liver on ADC maps (g).
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instance, Tublin et al demonstrated that CT neovascularity character-
istics and expansion of the MPV to>23mm, were both diagnostic for
malignant HCC and utilizing any one factor could improve overall
sensitivity while maintaining specificity. It has been suggested that
branch portal vein thrombus expansion can similarly allow differ-
entiation of these entities. However, benign processes can also lead to

expansion of these vessels, and at least one study suggests that estab-
lished parameters are not specific for HCC, and vessel expansion must
be used with caution [2,14]. To improve accuracy, Sandrasegaran et al
suggest establishing the diagnosis in the presence of 2 of 3 factors
(arterial enhancement, size of HCC>5 cm, and thrombus within 2 cm
of the HCC). While this improved statistical accuracy in their cohort, it

Table 1
Features evaluated to distinguish bland from malignant thrombus. (R1 indicates reader 1, R2 indicates reader 2). Note that two studies did not have diffusion-
weighted images available for evaluation.*.

Variable Category Tumor Thrombus (N=25) Bland Thrombus (N=13) P-value

Maximum Diameter of PVT (mm) Mean (SD) R1 15.25 (5.96) 16.05 (6.37) 0.748
Mean (SD) R2 17.28 (6.52) 13.92 (4.46) 0.241

Venous Expansion by thrombus? (N with percentage)
Yes 21 (84%)/ 18 (72%) 2 (15%)/ 3 (23%) < 0.001/ 0.006
R1/R2
No 4 (16%)/ 7 (28%) 11 (84%)/ 10 (76%)
R1/R2

DWI of thrombus relative to liver (N with percentage) N=23* N=13
Hyperintense R1/R2 22 (96%)/ 16 (70%) 10 (77)/ 5 (38.46) 0.236/ 0.144
Isointense R1/R2 0/ 6 (26%) 2 (15%)/ 6 (46%)
Hypointense R1/R2 1 (4%)/ 1 (4%) 1 (8%)/ 2 (15%)

ADC of thrombus relative to liver (N with percentage) N=23* N=13
Hyperintense R1/R2 0/0 2 (15%)/ 0 0.059/0.083
Isointense R1/R2 2 (9%)/ 10 (43%) 3 (23%)/ 10 (77%)
Hypointense R1/R2 21 (91%)/ 13 (57%) 8 (61%)/ 3 (23%)

Percentage of arterial enhancement Arterial phase Mean (SD) R1 72.89 (83.45) −2.12 (16.37) < 0.001
Mean (SD) R2 67.77 (47.11) 3.19 (10.13) < 0.001

Percentage of portal enhancement Portal phase Mean (SD) R1 83.06 (73.87) −2.71 (16.66) < 0.001
Mean (SD) R2 73.14 (56.03) −1.48 (13.22) < 0.001

Percentage of delayed enhancement Delayed phase Mean (SD) R1 75.04 (70.34) −1.97 (18.30) < 0.001
Mean (SD) R2 76.88 (47.44) −3.16 (17.39) < 0.001

Percentage of arterial enhancement Subtraction arterial phase Mean (SD) R1 226.0 (553.2) 1.05 (16.84) < 0.001
Mean (SD) R2 129.4 (168.9) 6.12 (9.60) 0.003

Percentage of portal enhancement Subtraction portal phase Mean (SD) R1 235.7 (538.2) 6.65 (7.84) < 0.001
Mean (SD) R2 142.2 (144.7) 4.02 (14.07) < 0.001

Percentage of delayed enhancement Subtraction delayed phase Mean (SD) R1 207.1 (475.2) 4.79 (7.75) < 0.001
Mean (SD) R1 142.4 (134.0) 7.38 (22.83) 0.001

Fig. 3. Scatter plot showing data distribution
between benign (black, left) and malignant
(grey, right) groups on arterial phase, venous
phase and delayed imaging for reviewer 1
(open dot) and 2 (solid dot). Outliers on the
high end of the scale (n= 3 for each type for
those with tumor thrombus) were removed to
improve image scale and visibility.
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is less helpful in many patients who have had prior locoregional
therapy. Further, there is no theoretical reason why patients with large
tumors cannot have nearby benign thrombus. We did not exclude prior
treatment in our cohort, and therefore many patients did not have large
tumors and would therefore have been misdiagnosed using their cri-
teria. In the largest cohort to date, Kim et al report an accuracy of up to
92–95% for differentiating benign from malignant PVT using a sub-
jective approach incorporating enhancement, proximity to tumor,
vessel expansion, diffusion restriction, and T2 signal intensity [19].
This indicates that this differentiation can be accurately achieved by
experts, though the many factors they use without a clear guiding fra-
mework may make it much more difficult for all practicing radiologists
to achieve this level of accuracy.

One such framework is the latest version of LI-RADS v2018, which
states that malignant thrombus (LR-TIV) should be diagnosed in the
presence of “unequivocal enhancement)” on CT or MRI, and additional
findings such as diffusion restriction or contiguity of thrombus with the
tumor are suggestive though do not establish the diagnosis [20]. Our
results would support this conclusion, while perhaps providing more
quantitative guidance on the optimal threshold for “unequivocal” en-
hancement as well as suggesting that timing of the postcontrast images
is not critical in establishing enhancement. Benign thrombosis can have
intrinsic high T1 signal on MRI and can be very heterogeneous on
conventional sequences, potentially making the diagnosis of contrast
enhancement difficult. Hence subtraction images are of potential value
in identifying “unequivocal” enhancement of the thrombus in malig-
nant PVT and increasing the confidence of the reader. We found that
inter-rater reliability was excellent for subtraction images and ROC

AUC was similar to non-subtracted evaluation, indicating they may be
useful to guide radiologist interpretations. Arterial, venous and delayed
phase images performed similarly for this differentiation without sta-
tistically significant differences. This is important in cases where mul-
tiphasic MRI has not been performed or some phases are difficult to
interpret due to respiratory or motion artifacts, a frequent phenomenon
in clinical practice.

Our study has several limitations. First, the study was a retro-
spective analysis. The sample size was low, but similar to prior studies
on this topic. The imaging was performed on several different scanners,
but from a single vendor. It remains to be seen if quantitative evalua-
tion would yield similar results for other vendors. Also, we did not have
direct histologic proof of malignant PVT due to the invasive nature of
portal vein biopsy. However we confirmed the diagnosis using the best

Table 2a
Sensitivities and specificities for detection of malignant thrombus at various threshold percent enhancement for non-subtraction data for both readers. All results
displayed as reader 1/reader 2. Optimal cut-point was determined based on maximizing the product of the sensitivity and specificity.

Non-subtraction

Arterial Portal venous Delayed

Enhancement (%) Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity

0 62 / 38 100 / 100 69 / 62 100 / 96 53 / 69 100 / 100
5 85 / 69 100 / 100 69 / 69 100 / 96 69 / 85 100 / 100
10 85 / 77 88 / 92 69 / 92 96 / 96 76 / 85 96 / 100
15 85 / 77 88 / 92 85 / 92 88 / 96 77 / 92 92 / 100
20 85 / 92 84 / 88 85 / 92 88 /96 92 / 92 88 / 100
25 92 / 100 72 / 84 100 / 92 88 / 96 92 / 92 88 /96
30 92 / 100 64 / 80 100 / 100 88 / 96 92 / 92 80 / 96
35 100 / 100 60 / 72 100 / 100 84 / 96 92 / 92 76 / 92
40 100 / 100 56 / 72 100 / 100 84 / 92 100 / 100 68 / 76
45 100 / 100 56 /68 100 / 100 84 / 84 100 / 100 56 / 72
“Optimal Cut-point” 5.30 / 24.0 31.0 / 38.7 16.5 / 22.1

Table 2b
Sensitivities and specificities for detection of malignant thrombus at various threshold percent enhancement for subtraction data for both readers. All results
displayed as reader 1/reader 2. Optimal cut-point was determined based on maximizing the product of the sensitivity and specificity.

Subtraction

Arterial Portal venous Delayed

Enhancement (%) Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity

0 46 / 15 91 / 95 38 / 54 96 / 100 42 / 38 100 / 100
5 69 / 46 91 / 95 62 / 69 91 / 100 67 / 69 96 / 100
10 77 / 77 91 / 95 69 / 69 91 / 100 83 / 85 91 / 100
15 77 / 77 91 / 95 85 / 77 91 / 100 92 / 85 91 / 100
20 92 / 92 83 / 95 92 / 92 91 / 100 100 / 92 91 / 100
25 92 / 100 74 / 95 92 / 92 91 / 95 100 / 92 87 / 100
30 100 / 100 70 / 81 100 / 92 91 / 90 100 / 92 87 / 100
35 100 / 100 61 / 76 100 / 100 78 / 90 100 / 92 83 / 95
40 100 / 100 61 /71 100 / 100 78 / 86 100 / 92 74 / 95
45 100 / 100 57 / 71 100 / 100 78 / 86 100 / 92 65 / 95
“Optimal Cut-point” 19.5 / 27.8 31.6 / 22.6 20.7 / 33.3

Table 3
AUC and 95% CI of percent enhancement for differentiating benign and ma-
lignant thrombus.

Measure Reviewer 1 (AUC 95% CI) Reviewer 2 (AUC 95% CI)

Non-Subtraction
Arterial 0.95 (0.86 – 1) 0.98 (0.93 - 1)
Portal venous 0.97 (0.91 - 1) 0.97 (0.91 - 1)
Delayed 0.96 (0.90 - 1) 0.99 (0.95 - 1)

Subtraction
Arterial 0.91 (0.81 - 1) 0.96 (0.86 - 1)
Portal venous 0.94 (0.84 - 1) 0.99 (0.97 - 1)
Delayed 0.96 (0.88 - 1) 0.97 (0.91 - 1)
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available previously established criteria of meticulous imaging follow
up, and we avoided using other imaging modalities to establish the
diagnosis.

5. Conclusion

We confirm that enhancement is a key factor in differentiating be-
nign and malignant PVT. Definitive enhancement on any of the stan-
dard phases of post-contrast imaging by subtraction or non-subtracted
images is indicative of malignant PVT.
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