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Associated computed tomographic features and quantitative measurement
of ruptured hepatocellular carcinoma
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Abstract

Ruptured hepatocellular carcinoma (HCC) is a life-threatening complication of liver
cancer. The Computed Tomographic (CT) features of ruptured HCC confirmed the diagnosis of
a peripherally located tumor with a contour bulge. The associated CT features and quantitative
measurement are poorly understood. The assessment of the associated features of ruptured
HCC may improve an accurate diagnosis, prognostic understanding, and treatment procedures.
The associated CT features and quantitative measurement of ruptured HCC were retrospectively
evaluated to improve accurate diagnosis and prognostic evaluation. The case group of 53
patients with ruptured HCC and the control group of 94 randomly selected HCC patients without
ruptured tumors was clinically reviewed. The maximal tumor dimension, area, volume, protrusion
length and height were greater in the rupture group, with the protrusion ratio and CT attenuation
significantly lower. Tumor protrusion, extrahepatic invasion, metastasis, abnormal vascularity,
ascites, necrosis and tumor thrombus were also significantly higher in the rupture group. Among
the parameters, the protrusion height showed the highest association. Multivariable analysis
determined that maximal tumor dimension and tumor protrusion were independently associated
with ruptured HCC. Tumor protrusion showed the best correlation. Maximal tumor dimension
at a cut-off value of 6.3 cm gave optimal sensitivity (88.7%) and specificity (73.4%). Maximal
tumor dimension and tumor protrusion were independently associated with ruptured HCC. The
maximal tumor dimension exceeded 6.3 cm and tumor protrusion height of more than 3 cm

were suggestive of imminent HCC rupture.
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Introduction

Hepatocellular carcinoma (HCC) is an
aggressive tumor and the most common type
of chronic liver disease and cirrhosis.' HCC is
the sixth most commonly diagnosed global
cancer, with highest incidences (>10 per
100,000/year) observed in China, Southeast
Asia including Thailand and sub-Saharan Africa.
HCC is the second most common cause of
cancer death in the world.” In Thailand, HCC
is the most common cancer in men and the
third most common in women.”

Ruptured HCC is a life-threatening
complication that occurs in 3-15% of patients
with HCC, with high mortality (25-75% in the
acute phase) and liver failure (12-42% in the
acute phase).””

Diagnosis of ruptured HCC is performed
by laboratory investigation (abdominal
paracentesis) or imaging (such as a computed
tomographic (CT) scan (most sensitive
imaging)). A CT scan suggests rupture of HCC
by a peripherally located tumor with a contour
bulge, discontinuity of the liver capsule,
hemoperitoneum, subcapsular hematoma,
active extravasation of contrast and enucleation
sign.®” However, the mechanism of HCC
rupture and quantitative characteristics of the

tumor are poorly understood.

Objectives

Assessing the associated features of
ruptured HCC could improve diagnosis,
prognostic evaluation, and treatment
procedures. This retrospective study examined

associated CT features and quantitative

measurement of ruptured HCC during a 3-year
period at a single center in Thailand. Results
may lead to better evaluation of ruptured HCC
diagnosis and prognostic evaluation in

asymptomatic patients.

Materials and methods

This retrospective case-control study
was performed during a 3-year period at a
single center in Thailand. The research
methodology was approved by the Ethics
Committee of the Faculty of Medicine, Siriraj
Hospital, Bangkok, Thailand.

Patient selection

All patients with a history of HCC were
retrospectively reviewed using data from the
Institutional Radiology Department reporting
system and Picture Archiving and
Communication System (PACS) between
January 2017 and May 2020.

HCC was diagnosed by typical
radiologic imaging examinations showing the
characteristic features.*’ Ruptured HCC was
diagnosed by identifying HCC with
hemoperitoneum, surrounding perihepatic
hematoma, active extravasation of contrast
materials, tumor protrusion from the hepatic
surface, focal discontinuity of the hepatic
surface or an enucleating sign.”"°

Patients with uncertain diagnosis and
those with missing clinical data or incomplete
phase of CT study (noncontrast, late arterial
and portovenous phases) were excluded.

Selected patients were divided into

two groups as with and without ruptured HCC.
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The case group comprised 53 patients with
clinical/radiographic evidence of ruptured
HCC, while the control group consisted of 94
HCC patients without previous treatment of
interesting lesions (such as TACE, RFA or
chemotherapy) or clinical/radiographic
evidence of ruptured HCC with at least a
4-month follow-up. Patients were randomly
selected from eligible lists.

Clinical information, demographics
and radiologic findings of all 147 patients were

successfully reviewed.

Preprocedure CT

Diagnostic CT scans were conducted
in the hospital (120 kVp; 300 mA; section
thickness, 1.25 mm; pitch, 1.735:1) on a
64-slice CT scanner (GE Light speed VCT), (GE
Discovery) and a 256-MDCT (GE revolution CT).
Patients received IV contrast medium 2 mU/ke.
of body weight with injection rate of 3 ml/second.

Data collection

Demographic data (age and sex),
previous treatment and duration of treatment
were recorded.

Radiologic findings were reviewed by
an in-training diagnostic radiology resident for
features, characteristics and quantitative
measurements as (a) site of tumor (right, left
or both lobes), (b) (largest or ruptured) tumor
dimension in three planes (anteroposterior
(AP), width (W), height (H)), (c) presence of
protrusion of the tumor, length and height of
protruded margins of the tumor, maximal

protrusion plane, (d) presence of extrahepatic
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invasion (associated thickening of the contiguous
diaphragm or abdominal wall), (e) presence of
ascites, (f) cirrhosis, (g) extrahepatic metastasis,
(h) intratumoral abnormal vascularity (such as
pseudoaneurysm), (i) intratumoral necrosis
area, (j) tumor thrombus in the hepatic vein
(HV) or other vessels and (k) tumor CT
attenuation in the arterial and portovenous
phases. Equivocal or uncertain findings were
reviewed and discussed to obtain a consensus
among senior abdominal radiology staff.

Tumor area and volume were
calculated by the formulas: 9/4xAPxW and
4/3xIXAPXWxH.""** Tumor CT attenuation in
arterial to portovenous phase ratio and
protrusion length to height ratio were also
calculated.

Tumor protrusion was determined
from a CT image slide of maximal tumor
dimension on each plane (axial, coronal and
sagittal). Length and height of protruded tumor
margins were measured along the protruded
segment (Figure 1A). When the tumor protruded
along more than one surface, the length and
height of protrusion were obtained by adding
the value of each protrusion (Figure 1B). Maximal
value among the three planes was selected
to represent length and height of tumor
protrusion.

An example of the tumor measurements

was demonstrated in Figure 2.

Statistical analysis
Data were prepared and analyzed
using PASW Statistics 18.0 (SPSS Inc., Chicago

IL USA). Continuous data were reported as

127



128

mean and standard deviation or median as
minimal and maximal where appropriate and
compared using the Student t test or the
Mann-Whitney U test. Discontinuous data were
reported as percentage and compared using
the Chi-squared test. Multivariate analyses
were performed using binary logistic regression.
Differences were considered significant at a
p-value of 0.05. Receiver operating characteristic

L1

&

2l

(ROQ) analysis was used to determine the area
under the curve (AUC) to assess the diagnostic
accuracy of maximal tumor dimension, tumor
area, tumor volume, tumor protrusion length,
height and ratio in the prediction of ruptured
HCC. Diagnostic accuracy of optimal cutoff
values for ROC analysis was ensured by

maximizing sensitivity and specificity.

coronal
O @
sagittal
A
Figure 1:

A - Dimension and protrusion measurement method based on slide of maximal tumor dimension
in each plane. Maximal values from L1, L2, L3 and h1, h2, h3 were selected as representative.
B - Protrusion measurement method. If the tumor protruded along more than one surface, the
length and height of protrusion were obtained by adding the value of each protrusion (adapted
from Kanematsu et al.)."
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Figure 2: An 81-year-old woman with a history of abnormal AFP level and first diagnosed HCC
without clinical or radiographic evidence of ruptured tumor

A, B - CT images showing a heterogeneously enhanced mass with internal necrotic portion at
left lobe, measuring 7.5x5.1x5.4 cm.

Figure 3: C, D - Protrusion quantitative measurement was performed on axial and sagittal planes
at image slide of maximal tumor diameter (no demonstrated tumor protrusion on the sagittal
plane). On the axial plane (image C), the tumor protruded along more than one surface. Length
(L) and height (H) of protrusion were obtained by adding the value of each protrusion
(L=6.37+5.10 = 11.47 cm, H = 1.05+0.59 = 1.64 cm). On the coronal plane (image D), the length
and height of protrusion were 9.91 cm and 1.31 cm, respectively. Maximal protrusion
measurements among all planes as 11.47 cm and 1.64 cm for length and height of protrusion,
respectively were selected as representative.

Figure 4: E, F - CT attenuation measurement in both arterial and portovenous phases
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Results

The rupture group and non-rupture
group consisted of 40 men, 13 women and
71 men, 23 women, respectively. Mean ages
of the rupture group and non-rupture group
were 60.51 £12.904 and 63.22 +10.610 years.
Previous treatment was found in the rupture
group at 22.6% and in the non-rupture group
at 5.3%. Frequency of tumor location in both

rupture and non-rupture groups was right lobe,

Table 1 Demographic Data of All Patients

then left lobe and both lobes. Maximal tumor
protrusion plane in the rupture group was coronal
(43.5%) followed by sagittal (43.5%), with axial
(13.0%). In the non-rupture group, mMmaximal
tumor protrusion plane was coronal (53.3%)
followed by sagittal (30.0%) and axial (16.7%).
Most patients in the non-rupture group (91.5%)
were treated with various modalities including
RFA, TACE and surgical resection with median
treatment duration 43.5 days.

Total Ruptured vs non-ruptured HCC
p-value
(n=147) Rupture (n=53) Non-rupture (n=94)
Sex 0.993
Male 111 (75.5%) 40 (75.5%) 71 (75.5%)
Female 36 (24.5%) 13 (24.5%) 23 (24.5%)
Age (year) 62.24 + 11.520 60.51 + 12.904 63.22 + 10.610 0.171
Previous treatment 17 (11.6%) 12 (22.6%) 5 (5.3%) 0.002
Location 0.001
Right lobe 105 (71.4%) 31 (58.5%) 74 (78.7%)
Left lobe 33 (22.4%) 14 (26.4%) 19 (20.2%)
Both lobe 9 (6.1%) 8 (15.1%) 1 (1.1%)
Maximal protrusion plane 0.496
Axial 11 (14.5%) 6 (13.0%) 5(16.7%)
Coronal 36 (47.4%) 20 (43.5%) 16 (53.3%)
Sagittal 29 (38.2%) 20 (43.5%) 9 (30.0%)

Duration to treatment (day) -

= 43.50 (2,668)

Values presented as frequency (%), mean + SD and median (minimum, maximum). p-value corresponds to
Independent’s t test (Continuous data) and Chi square test (Categorical data)

CT measurements in both rupture and
non-rupture groups are compared in Table 2.
Maximal tumor dimension, tumor area, tumor
volume, protrusion length and height ratio
were significantly greater (p<0.05) in the
rupture group. Protrusion length, height and
length: height ratio and protrusion height were

the most associated at p<0.001. CT attenuation

in both arterial and portovenous phases of
the rupture group were significantly lower than
for the non-rupture group.

Protrusion frequency of the tumor,
extrahepatic invasion, metastasis, abnormal
vascularity, ascites, necrosis and tumor
thrombus in the hepatic vein and other vessels

were also significantly higher in the rupture
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group than in the non-rupture group. Cirrhosis
was not significantly correlated with occurrence
of rupture (Table 2).

Multivariable analysis, using binary
logistic regression, indicated association of the
CT features with rupture. The two independent
variables as maximal tumor dimension and
tumor protrusion correlated best with
ruptured HCC (p<0.001).

The ROC analysis for maximal tumor
dimension, tumor area, tumor volume, protrusion
length, height and ratio yielded AUCs of 0.870
(95% Cl: 0.815-0.926; p<0.001), 0.863 (95% Cl:
0.806-0.919; p<0.001), 0.867 (95% CI: 0.811-0.923;
p<0.001), 0.722 (95% Cl: 0.602-0.843; p<0.001),
0.751(95% Cl: 0.631-0.871; p<0.001) and 0.691
(95% Cl: 0.566-0.817; p 0.005), respectively
(Table 3).

Cutoff values for each quantitative

measurement were selected from the ROC

Table 2 Associated CT features of Ruptured HCC

analysis that yielded maximal sensitivity and
specificity. Different diagnostic accuracies of
each measurement with selected cutoff
values are shown in Table 3. Tumor volume
at cutoff value 800 cm’ gave optimal sensitivity
and specificity to predict ruptured HCC. Among
the significant two independent variables,
maximal tumor dimension at cutoff value 6.3
cm gave optimal sensitivity and specificity to
predict ruptured HCC (AUC 0.870, 95% Cl
0.815-0.926, sensitivity 88.7%, specificity
73.4%). Protrusion height at cutoff value 3 cm
also showed good sensitivity and specificity
with AUC 0.751, 95% Cl 0.631-0.871, sensitivity
78.3%, specificity 63.3% but inferior to
maximal tumor dimension.

However, the distribution of values
between rupture and non-rupture groups still

showed overlaps (Figure 3).

Univariate analysis*

Multivariate analysis**

Rupture Non-rupture p-value OR (95% ClI) p-value
Maximal dimension (cm)  11.78 (3.69, 33.56) 3.37(1.00, 20.12)  <0.001 1.227 (1.048-1.435) 0.011
Area (cm?) 70.69 (8, 286) 5.92 (1, 170) <0.001
Volume (cm?) 3,859.04 (126, 51,119)  95.29 (3, 18225) <0.001 1.804 (0.373-8.732) 0.463
Protrusion 46 (86.8%) 29 (30.9%) <0.001  7.630 (2.235-26.049)  0.001
Length (cm) 17.22 (5.39, 79.00) 9.46 (1.43, 32.26) 0.001
Height (cm) 5.12 (1.23, 24.20) 2.12(0.36, 12.00)  <0.001
Length: height ratio 3.49 (2.13, 8.25) 4.54 (2.39, 12.22)  0.005
CT attenuation
Arterial (HU) 86.23+£29.46 99.38+30.61 0.013 0.992 (0.97-1.013) 0.474
Portovenous (HU) 82.07+£21.12 93.97+22.02 0.002 0.981 (0.953-1.011) 0.208
Arterial: portovenous 1.08+0.47 1.03+0.30 0.395

ratio
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Table 2 (Con.)

Univariate analysis* Multivariate analysis**

Rupture Non-rupture  p-value OR (95% ClI) p-value
Cirrhosis 39 (73.6%) 62 (66%) 0.338
Extrahepatic 4 (7.5%) 1(1.1%) 0.037
extension
Metastasis 14 (26.4%) 1(1.1%) <0.001
Abnormal vascularity 28 (52.8%) 12 (12.8%) <0.001  1.565(0.495-4.949)  0.446
Ascites 50 (94.3%) 10 (10.6%) <0.001
Necrosis 53 (100%) 56 (59.6%) <0.001
Thrombus in hepatic 18 (34%) 9 (9.6%) <0.001  0.397 (0.093-1.702)  0.214
vein
Thrombus in other 30 (56.6%) 13 (13.8%) <0.001 1.582 (0.462-5.420) 0.466
vessels

*Values presented as frequency (%), mean + SD and median (minimum, maximum). P-value corresponds to
Independent’s t test (Continuous data) and Chi square test (Categorical data)

**\Jalues presented as Odds ratio (OR) and 95% Confident Interval (Cl.). P-value corresponds to Logistic regression
analysis

Table 3 ROC curve analysis, cutoff level and diagnostic accuracy of associated CT features of
ruptured HCC

Parameter AUC (95% CI) Sensitivity Specificity

Max dimension (cm) 0.870 (0.815-0.926)

cutoff value = 6.3 88.7% 73.4%
Area (cm?) 0.863 (0.806-0.919)

cutoff value = 24 86.8% 74.5%
Volume (cm?) 0.867 (0.811-0.923)

cutoff value = 800 86.8% 75.5%
Protrusion length 0.722 (0.602-0.843)

cutoff value = 10 84.8% 53.3%
Protrusion height 0.751 (0.631-0.871)

cutoff value = 3 78.3% 63.3%
Protrusion LH ratio 0.691 (0.566-0.817)

cutoff value = 3.8 32.6% 36.7%
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Figure 5: Distribution of CT measurements for groups with and without rupture of hepatocellular

carcinoma.

A: Maximal tumor diameter on CT scans

B: Maximal protrusion height of tumor on CT scans

Discussion

Rapid tumor growth was hypothesized
as an indication of immanent HCC rupture.*"
In a previous study, tumor size was found
to be a significant risk factor of ruptured HCC,"
and tumor size greater than 5-7 cm predicted
imminent HCC rupture.’™™ Our results also
showed significantly higher tumor dimension
in the ruptured HCC group and maximal tumor
dimension, with a cutoff value of 6.3 cm, giving
optimal sensitivity and specificity for ruptured
HCC prediction.

Univariable analysis showed that
tumor area and tumor volume were also
significantly higher in the rupture group.
However, no significant differences between
these factors were determined by multivariable
analysis because tumor area and volume were

dependent factors of tumor dimension.

J Med Health Sci Vol.29 No.3 December 2022

The protruding contour of the tumor
is a well-known method for diagnosis of HCC
rupture.”” Some studies observed that the
protruding contour value was significantly
associated with HCC rupture."""™" Similar to
our results, significantly higher protrusion
measurement parameters were seen in the
rupture group. Protrusion height showed the
greatest association with HCC rupture among
all protrusion parameters. For slightly
protruded tumor contours, high protrusion
length occurred due to the large area of the
slightly protruded tumor. Therefore, protrusion
length had less association with ruptured HCC
and was not a good indicator for tumor
contour bulging.

Few studies have investigated
protrusion quantitative measurement. Our

study showed that protrusion height at cutoff
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value of 3 cm gave good sensitivity and
specificity for ruptured HCC prediction but was
inferior to maximal tumor dimension.

All tumors in the rupture group
presented a necrotic area with significant
association. This finding was consistent with
spontaneous rupture hypotheses of rapid
tumor growth and necrosis.**" Lower CT
attenuation was found in both arterial and
portovenous phases in the rupture group,
possibly resulting from a hypodense necrotic
area in large or rapid growth tumors, while the
non-significant difference in multivariable
analysis of CT attenuation was due to tumor
dimension dependency.

Extrahepatic extension, metastasis
and ascites were also significantly associated
with the rupture group. These results were
inconsistent with Kanematsu et al."', possibly
due to the early stage of HCC detection in
current clinical practice, resulting in lower
frequency of ascites, extrahepatic extension
and metastasis in our control group.

Tumor thrombus venous vessels and
abnormal vascularity (intratumoral
pseudoaneurysm) were significantly associated
with the rupture group. These findings were
explained by increased intratumor pressure,
with occlusion of hepatic veins by tumor
thrombi or invasion causing spontaneous
ruptured HCC**" and tumoral necangiogenesis
as a marker of aggressive tumor growth.'
However, these factors showed no significant
association in multivariable analysis due to

tumor size dependency."®

There were some research limitations.
This retrospective study was conducted at a
single center in Thailand. Numbers of the case
group that underwent a recent CT study
before the rupture event were limited for
direct evaluation of the CT predictor of a
subsequent rupture event. Significant
differences, with good sensitivity and specificity,
were shown in maximal tumor diameter and
protrusion height but distribution of values
between the rupture and non-rupture groups

gave significant overlaps.

Conclusions

Maximal tumor dimension and tumor
protrusion were independently associated
with HCC rupture. Maximal tumor dimension
at a cutoff value of 6.3 cm gave optimal
sensitivity and specificity with AUC 0.870, 95% Cl
0.815-0.926, sensitivity 88.7%, specificity
73.4%. Among all protrusion parameters,
protrusion height gave optimal association
with ruptured HCC. Maximal tumor dimension
at more than 6.3 cm and tumor protrusion
height of more than 3 cm were suggestive CT
findings of ruptured HCC. When high associated
ruptured HCC CT findings are observed in
asymptomatic patients, early preventative

therapeutic intervention may be considered.
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