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Abstract
Purpose  To develop and validate a scoring system using a combination of imaging and clinical parameters to predict 30-day 
mortality in ruptured HCC (rHCC) patients after transarterial embolization (TAE).
Methods  98 consecutive patients with rHCC who underwent abdominal CT and subsequent TAE between January 2007 
and December 2016 were retrospectively reviewed. The CT scans were reviewed by two radiologists blinded to the patient 
outcome. Clinical parameters including serum bilirubin, albumin, INR, creatinine, and hemoglobin were recorded. Independ-
ent risk factors for 30-day mortality after TAE were identified using multivariate binary logistic regression, for development 
of a scoring system. The scoring system was then validated in 20 patients between January 2017 and May 2018.
Results  In the development cohort, bilobar tumor distribution (OR = 29.6), clinical parameters of bilirubin > 2.5 mg/dL 
(OR = 5.9), and albumin < 30 g/L (OR = 4.1) were independent predictors for 30-day mortality. A 6-point score was derived 
and yielded area-under-the-receiver-operating-characteristic-curve (AUC) of 0.904. A score ≥ 4 resulted in sensitivity of 
80.5% and specificity of 91.2% for 30-day mortality. In the validation cohort, AUC for 30-day mortality was 0.939. A 
score ≥ 4 resulted in sensitivity of 81.2% and specificity of 88.9%. In both development and validation cohorts, the proposed 
scoring system was better than biochemical components of Child–Pugh score and serum bilirubin to predict 30-day mortality.
Conclusion  Imaging and clinical parameters can be combined into a scoring system to accurately predict 30-day mortality 
after TAE in rHCC patients. The score may help identify and counsel high-risk patients.
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Introduction

Hepatocellular carcinoma is a hypervascular tumor that can 
demonstrate rapid progression and direct invasion of sur-
rounding parenchyma and capsule, leading to spontaneous 
rupture. Spontaneous rupture of HCC has a reported inci-
dence ranging from less than 3% in Western studies and 
up to 26% in Asian studies [1–3]. Patients with ruptured 
HCC (rHCC) usually present with hemodynamic instability 
secondary to massive hemoperitoneum, and rHCC is more 
often seen in patients with advanced tumor status where 

there may be associated coagulopathy and liver failure. The 
30-day mortality of spontaneous rupture was reported to be 
17–71% in prior studies, with liver failure and re-bleeding 
or re-rupture being the most common causes of death [1, 
3–8]. Transarterial embolization (TAE) has been shown to 
be effective for hemostasis in unstable patients with rHCC 
[1, 4, 9, 10]. However, clinical outcomes of rHCC after TAE 
remain unpredictable and a significant portion of patients 
succumb early despite successful embolization. A practical 
clinical tool to predict early mortality after TAE in rHCC is 
not available in literature.

In this retrospective study, we evaluated the radiologi-
cal and clinical factors associated with early mortality 
in patients with spontaneous rupture of HCC follow-
ing hemostasis by emergency transarterial embolization 
(TAE). The aim of this study was to develop and validate 
a simple clinical scoring system to predict early 30-day 
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mortality in this group of patients, in order to guide radi-
ologists on decision making and patient counseling.

Methods and materials

Study population

This retrospective cohort study was approved by local 
institutional review board and the requirement to obtained 
informed consent was waived. All consecutive patients 
of at least 18 years old with rHCC who underwent TAE 
between January 2007 and December 2016 were identi-
fied from the hospital Radiological Information Sys-
tem and included into the development cohort. Patients 
with a pre-procedural CT were included. Patients were 
excluded if pre-procedural CT was not available, diagno-
sis was uncertain on CT or they were lost to follow-up 
within 30 days. All cases of HCCs were determined by 
combination of clinical features including known cirrho-
sis or chronic hepatitis, or previous HCC; biochemistry 
including raised serum alpha fetoprotein (AFP); charac-
teristic imaging features including arterial hyperenhance-
ment with contrast washout, capsule or interval growth; 
and histopathology for cases which underwent resection. 
Diagnosis of rHCC was based on combination of clinical 
presentation (including acute abdominal pain, hypoten-
sion and/or blood-stained ascites upon paracentesis), and 
CT findings showing peritumoral hematoma, peritumoral 
contrast extravasation, disruption of HCC contour, and/
or enucleation sign [11, 12]. Patients with rHCC who 
underwent TAE and had a pre-procedural CT in the period 
between January 2017 and May 2018 were included into 
the validation cohort.

Imaging acquisition

Abdominal and pelvis CT images were acquired using 
commercially available 64-section CT scanner (GE 
Healthcare, UK). Images were typically acquired with 
64 × 0.625 mm section collimation, a tube rotation time 
of 800 ms, a tube potential of 100 or 120 kV, automated 
tube current modulation with tube current between 10 and 
300 mA at a noise index of 10 for a slice thickness of 
5 mm, and a pitch of 1. For contrast CT studies, iodinated 
contrast (300 mg I/ml) (GE Healthcare, UK) was admin-
istered intravenously at a dose of 2 mL/kg and injection 
rate at 3 mL/sec. A multiphasic protocol consisting of 
unenhanced phase, arterial phase (30 s after injection), 
portovenous phase (75 s after injection), and delayed phase 
(4 min after injection) was used.

Technique of TAE

All TAEs were performed via a right femoral arterial 
approach under local anesthesia. The location of ruptured 
tumor was determined by pre-procedural CT based on the 
presence of sentinel clot, active contrast extravasation, 
and/or disruption of HCC contour. Hepatic angiography 
was performed to determine vascular anatomy. Selective 
or subsegmental TAE was performed if tumor is solitary 
and/or a bleeding source was well delineated by CT and/or 
angiography. In case of multifocal tumors where the exact 
ruptured tumor could not be localized on angiography, 
segmental or lobar embolization was performed based on 
interpretation of CT findings. The choice of embolic agent 
was decided according to the preference of the operat-
ing interventional radiologist. Gelfoam slurry, polyvinyl 
alcohol particles (PVA) 355–500 µm (Contour, Boston 
Scientific, MA), or a combination of both was used as 
embolization agent. If contrast extravasation was noted 
on angiography, embolization was performed until cessa-
tion of contrast extravasation. If no contrast extravasation 
was noted, embolization was performed until stasis in the 
target vessel. Technical success was defined as stasis of 
the feeding artery after embolization.

Data collection

Medical records were reviewed in electronic patient record 
system with a checklist to evaluate the patients’ demo-
graphics, laboratory findings, and outcome. Demographic 
data included age at presentation, sex, and hepatitis status. 
Laboratory findings included hemoglobin, serum bilirubin, 
albumin, creatinine levels, and international normalized 
ratio (INR) on admission prior to TAE, and serum AFP 
level within 3 months prior to TAE. Sum of biochemical 
components of Child–Pugh Score (bilirubin, albumin and 
INR) was calculated [13]. Radiological reports of the TAE 
were reviewed to determine the choice of embolic agents.

Image evaluation

All computer tomography (CT) images of abdomen and 
pelvis performed prior to the TAE were reviewed indepen-
dently on picture archiving and communication system by 
two radiologists (KHL and DT), with discrepancy resolved 
by consensus. Both radiologists were blinded to patients’ 
outcomes but were aware of the diagnosis of rHCC. Bilo-
bar distribution, multifocality, number of tumors, maximal 
dimension of the ruptured tumor, and maximal dimension 
of the largest tumor were recorded.
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Statistical analysis to develop the scoring system 
and it validation

All categorical variables were presented as frequency and per-
centage. All continuous variables were presented as median 
and interquartile range (IQR). The baseline characteristics of 
the development and validation cohorts were compared using 
Pearson χ2 test for categorical variables and Mann–Whitney 
U test for continuous variables.

For both development and validation cohorts, we defined 
30-day mortality as the primary end point. Prognostic bio-
chemical and imaging variables were selected on the basis 
of clinical experience and evidence of literature. Biochemi-
cal variables included hemoglobin, serum bilirubin, albumin, 
INR, and creatinine while imaging variables included multifo-
cality, bilobar distribution, maximal dimension of the ruptured 
tumor, and maximal dimension of the largest tumor.

Univariate logistic regression analysis was then performed 
on all candidate variables in order to determine the statistically 
significant prognostic factors for the 30-day mortality. All sta-
tistically significant prognostic factors for 30-day mortality as 
obtained from the univariate logistic regression were entered 
into a multiple logistic regression model with backward elimi-
nation to identify potential independent predictors for early 
mortality.

Finally, to develop a practical scoring system, the independ-
ent predictors for the 30-day mortality identified by multivari-
ate logistic regression were each assigned points according to 
the beta regression coefficient values (rounded to the nearest 
integer) in the logistic regression model [14]. The final risk 
score was the sum of the points of the variables. Area under 
the receiver operating characteristic curve (AUC) was calcu-
lated to assess the predictive ability of the scoring system. 
AUC from individual biochemical parameters was also com-
pared to that of the proposed scoring system. We also assessed 
the calibration of the proposed scoring system for prediction 
of early mortality using the Hosmer–Lemeshow test. Optimal 
cut-off values to predict the 30-day mortality were determined 
by Youden index.

To evaluate the prognostic performance of the scoring sys-
tem to patients in the validation cohort (rHCC patients dur-
ing the period between January 2017 and March 2018), AUC 
with 95% confident interval (CI) and the Hosmer–Lemeshow 
test results were used. A two-sided p value of less than 0.05 
was considered statistically significant. All statistical analyses 
were performed using SPSS version 24.0 (IBM Corp., Chi-
cago, USA).

Results

Baseline characteristics of development 
and validation cohort

Between January 2007 and December 2016, a total of 
111 patients underwent TAE for rHCC. Of these patients, 
13 patients were excluded because pre-procedural CT 
was unavailable (n = 7), diagnosis of rHCC was uncer-
tain (n = 4) or patients were lost to follow-up (n = 2). 98 
patients were therefore included into the development 
cohort. Between January 2017 and May 2018, 20 patients 
were included into the validation cohort. Demographics 
and clinical characteristics of the population were sum-
marized in Table 1. In the development cohort, median 
age was 65 years (IQR 56–75 years). 90.8% (n = 89) of 
patients had background diagnosis of chronic hepatitis 
or cirrhosis, while 60.2% (n = 59) of patients were posi-
tive for hepatitis B. Serum AFP within 3 months of TAE 
was available for 84.7% (n = 83) of patients, with median 
208 ng/mL (interquartile range 6–4875 ng/mL). Technical 
success rate of TAE was 100% for both cohorts. The over-
all 30-day mortality was 41.8% for the development cohort 
and 55% for the validation cohort. Most common causes of 
30-day mortality in the two cohorts included multiorgan 
failure (n = 22), liver failure (n = 16), and shock (n = 6). 
The validation cohort did not differ from the development 
cohort for clinical, demographic, imaging characteristics 
or distribution of embolic agents (p > 0.05).

Prognostic factors and the scoring system

In univariate logistic regression analysis, bilobar distri-
bution (p < 0.001), multifocality (p = 0.001), large rup-
tured tumor size (p = 0.038), and large maximum tumor 
size (p < 0.001) were significant imaging predictors for 
30-day mortality, whereas young age (p = 0.021), low 
serum albumin (p = 0.036), and higher serum bilirubin 
level (p < 0.001) were significant clinical predictors for 
30-day morality. Albumin < 30 g/L and bilirubin > 2.5 mg/
dL were significant risk factors of 30-day mortality on 
univariate logistic regression (p = 0.012 and p < 0.001, 
respectively). In multivariate logistic regression, bilobar 
distribution, high serum bilirubin level, and low serum 
albumin level remained independently associated with 
early mortality (Table 2). The Hosmer–Lemeshow test 
showed no significant difference between the observed and 
predicted risks of early morality (p = 0.075).

Three independent predictors including bilobar dis-
tribution, bilirubin, and albumin identified in multivari-
ate logistic regression were included in the final scoring 
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system (Table 3). The beta regression coefficient of each 
predictor was converted into points rounded to the near-
est integer. The total risk score ranged from 0 to 6 points. 
Median risk score was 3 (IQR 1–4). Optimal cut-off score 
to predict 30-day mortality was 4 with a Youden index of 
0.717. Patients with a score ≥ 4 were considered high risk 
for 30-day mortality. The cut-off value of ≥ 4 yielded sen-
sitivity of 80.5% (33 out of 41), specificity of 91.2% (52 
out of 57), positive predictive value of 86.8% (33 out of 
38), and negative predictive value of 86.7% (52 out of 60). 
The final scoring system model had an AUC of 0.904 (95% 
CI 0.839, 0.969). The proposed scoring system had a better 
AUC than sum of biochemical components of Child–Pugh 
score (0.744; 95% CI 0.645, 0.842) and serum bilirubin 
alone (0.805; 95% CI 0.717, 0.892) in predicting 30-day 
mortality (Fig. 1a). According to the proposed scoring 
system, rHCC patients with risk scores of ≥ 4, 3 , and ≤ 2 
could be stratified into high-, intermediate-,and low-risk 

groups, with predicted probability of 30-day mortality of 
86.8, 31.8, and 2.6%, respectively (Table 4) (Figs. 2, 3).     

In the validation cohort, the risk score ≥ 4 was predictive 
of 30-day mortality, with sensitivity of 81.2% and specific-
ity of 88.9%, positive predictive value of 90%, and negative 
predictive value of 80%. The AUC of the scoring system was 
0.939 (95% CI 0.828, 1.00), higher than that of biochemi-
cal components of Child–Pugh score (0.621; 95%: 0.372, 
0.870) and serum bilirubin alone (0.677; 95% CI 0.435, 
0.919) (Fig. 1b). The Hosmer–Lemeshow test showed no 
significant difference between the observed and predicted 
risks of outcome (p = 0.875). Similar to the development 
cohort, rHCC patients with risk scores of ≥ 4, 3 , and ≤ 2 
could be stratified into high-, intermediate-, and low-risk 
groups, with predicted probability of 30-day mortality of 
90.0, 66.7, and 0%, respectively (Table 4).

Table 1   Baseline patient characteristics for the development and validation cohorts

Development cohort (98 patients) Validation cohort (20 patients)
Patient characteristics Number of patients (%)/Median (IQR) Number of patients (%)/Median (IQR) p value

Age in years 65 (56–75) 60 (54–67) 0.196
Gender
 Male 75 (76.5) 12 (60) 0.126
 Female 23 (23.5) 8 (40)

Race
 Chinese 98 (100) 20 (100) 1

Hepatitis status
 Non-hepatitis B virus 39 (39.8) 10 (50) 0.399
 Hepatitis B virus 59 (60.2) 10 (50)

Imaging parameters Number of patients (%)/Median (IQR) Number of patients (%)/Median (IQR) p value

Bilobar distribution 56 (57.1) 13 (65) 0.516
Multifocality 65 (66.3) 12 (60) 0.588
Ruptured tumor size 8.5 (5.4–13.1) 8.4 (6.3–11.8) 0.911
Maximum tumor size 10.1 (7.2–13.7) 10.5 (7.1–12.9) 0.849

Biochemical parameters Median (IQR) Median (IQR) p value

Hemoglobin (g/dL) 8.9 (7.2–11.0) 7.9 (7.8–9.5) 0.137
Alpha fetoprotein (ng/mL) 208 (6–4875) 163 (36–721) 0.605
Albumin (g/L) 29 (24–34) 28.5 (25–33) 0.874
Bilirubin (mg/dL) 1.3 (0.7- 2.8) 1.3 (1.0–2.4) 0.54
International normalized ratio 1.3 (1.1–1.4) 1.4 (1.3–1.5) 0.06
Creatinine (mg/dL) 1.1 (0.9–1.7) 1.0 (0.8–1.2) 0.292

Embolic agents Number of patients (%) Number of patients (%) p value

Gelfoam slurry 50 (51.0) 12 (60) 0.508
Polyvinyl alcohol particles (PVA) 46 (46.9) 7 (35)
Gelfoam slurry and PVA 2 (2.1) 1 (5)
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Comparison of 30‑day mortality between Gelfoam 
slurry and PVA

In the development cohort, 50 patients were treated with 
Gelfoam slurry, 46 with PVA particle, and remaining 2 with 
combination of both. There was no significant difference 
in 30-day mortality between the patients treated with Gel-
foam slurry and those treated with PVA (40% vs. 43.5%, 
p = 0.916).

Discussion

For patients with rHCC, TAE has become the initial treat-
ment of choice to achieve hemostasis and stabilize the 
patient, with emergency hepatic resection reserved for only 
a small group of highly selected patients. Hemostatic suc-
cess rates range between 53 and 100% [2], though TAE car-
ries a risk of worsening liver function and liver failure, and 
recurrent bleeding [3, 6, 15, 16]. Our study demonstrated 

that the proposed scoring system consisting of bilobar tumor 
distribution, high serum bilirubin, and low serum albumin 
was associated with risk of early mortality in rHCC patients 
after TAE. In our development and validation cohorts, a risk 
score of greater than or equal to 4, out of a total possible 6, 
was sensitive and specific in predicting 30-day mortality. To 
the best of our knowledge, this is the first study providing a 
clinical scoring system for prediction of early mortality of 
rHCC patients after TAE.

Several prognostic factors were reported to be associated 
with early mortality in rHCC patients by previous stud-
ies. Among these factors, the relationship between hyper-
bilirubinemia and early mortality was most consistently 
reported. Ngan et al. reported that emergency TAE was 
rarely helpful in prolonging survival in patients with biliru-
bin level > 2.92 mg/dL [17] while Okazaki et al. suggested 
that embolization for rHCC was contraindicated in patient 
with total bilirubin level > 3.0 mg/dL [18]. A more recent 
study by Kung et al. demonstrated that cumulative mortality 
rate was 71% for patients with a serum total bilirubin level 
of ≥ 2.7 mg/dL [19]. Our study confirmed that hyperbili-
rubinemia was a poor prognostic indicator for survival in 
rHCC patients and showed that the critical level of bilirubin 
may be lower than previously reported if other risk factors 
coexist. The cumulative mortality rate was 79% at serum 
bilirubin level > 2.5 mg/dL in our cohort.

Hypoalbuminemia has been shown to be a strong predic-
tor for early and late mortality in hospitalized patients during 
acute medical admission and after discharge, respectively 
[20, 21], likely reflective of the patient’s nutritional and gen-
eralized disease status. In a study by Li et al. which included 
62 patients with rHCC treated with TAE [6], a low albumin 
level was the only independent risk factor for early mortality. 
Our results also suggested that moderate hypoalbuminemia 
(serum albumin level < 30 g/L) was associated with a higher 
mortality rate at 30 days (54.7%). The prognosis after TAE 
in patients with mild hypoalbuminemia (serum albumin 
level, 30–34 g/L) may not be substantially jeopardized.

Bilobar tumor distribution was an independent predictor 
for early mortality in rHCC patients after TAE, consistent 
with the results from a previous study by Shin et al. [8]. In 
our cohort, a substantial portion (52.6%, 10 out of 19) of 
patients with bilobar distribution of tumor but normal serum 
bilirubin level died within 30 days after TAE. Among this 

Table 2   Results of univariate logistic regression analysis for imaging 
and clinical variables to predict the 30-day mortality

Variable Odd ratio (95% CI) p-value

Age 0.96 (0.93–0.99) 0.021
Gender
 Male 2.48 (0.88–6.98) 0.086

Etiologic cause
 Hepatitis B virus 1.06 (0.47–2.40) 0.895

Imaging parameters
 Bilobar distribution 27.44 (7.47–100.84) < 0.001
 Multifocality 5.25 (1.91–14.42) 0.001
 Ruptured tumor size (cm) 1.09 (1.01–1.19) 0.038
 Maximum tumor size (cm) 1.22 (1.10–1.36) < 0.001

Biochemical parameters
 Hemoglobin (g/dL) 0.91 (0.78–1.07) 0.26
 Albumin (< 30 g/L) 3.96 (1.35–11.61) 0.012
 Bilirubin (> 2.5 mg/dL) 9.60 (3.29–27.98) <0.001
 International normalized ratio 3.68 (0.76–17.80) 0.105
 Creatinine (mg/dL) 1.00 (0.99–1.00) 0.526

Embolic agents
 Gelfoam slurry 0.87 (0.38–1.95) 0.73

Table 3   Results of multivariate 
logistic regression analysis of 
statistically significant variables 
to predict the 30-day mortality

The score points were obtained from the rounded integer values of the beta coefficients obtained by the 
regression

Variable Beta coefficient Odd ratio (95% CI) p-value Score point

Bilobar distribution 3.39 29.63 (6.35–121.69) < 0.001 3
Bilirubin (> 2.5 mg/dL) 1.78 5.90 (1.56–22.3) 0.009 2
Albumin (< 30 g/L) 1.4 4.06 (1.23–13.39) 0.021 1
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subgroup of patients, the 30-day mortality rate was 87.5% 
if there was coexisting moderate hypoalbuminemia (serum 
albumin level < 30 g/L). We speculate that rHCC patients 
with bilobar tumor and low serum albumin have impaired 
liver reserve, leaving them more susceptible to ischemic 
injury to TAE and post-procedural hepatic decompensation, 
which are closely linked to early mortality.

Several previous studies have demonstrated that a high 
Child–Pugh score was associated with poor survival in 
rHCC patients after TAE [7, 8, 15]. Since hemoperitoneum 
is present in virtually all patients with rHCC and altered 
mental status secondary to hypovolemic shock is com-
mon, accurate determination of Child–Pugh score in rHCC 
patients can be challenging. The current proposed scoring 
system is potentially more accurate than using the sum of 
biochemical components of Child–Pugh score (bilirubin, 
albumin and INR) in predicting early mortality, and can be 
used even when ruptured tumor is the first presentation of 
HCC.

Leung et al. reported in a retrospective cohort of 112 
patients with rHCC that conservative and selective inter-
vention approach resulted in similar in-hospital mortality 
but a lower intervention rate, when compared to aggressive 
approach [22]. In their subgroup analysis, the in-hospital 
mortality rate and survival were better with conservative 
approach after exclusion of those who were considered ‘ter-
minal.’ The authors did not define how patients were classi-
fied as ‘terminal.’ Our scoring system, by stratifying patients 
according to risk of early mortality, can be a useful clinical 
tool to identify high-risk rHCC patients in which TAE is 
likely futile and conservative management may be justified, 
and to aid interventional radiologists in pre-treatment patient 
counseling.

Absorbable gelatin sponge, PVA, and stainless steel coils 
are commonly used agents in TAE for rHCC [2, 19]. The 
present study showed that patients treated with Gelfoam 
and those treated with PVA had no significant difference in 
30-day mortality rate. The choice of embolic agent was not 
an independent poor prognostic factor in our multivariate 
analysis. A recent study by Zhou et al. showed that TAE 
using lipiodol and Gelfoam combined was associated with 
significantly increased survival compared to TAE using PVA 
[23], which suggested that addition of the liquid embolic 
agent lipiodol could penetrate into the terminal hepatic arte-
rioles and portal venules of the tumor, in addition to the 
proximal embolic effect of Gelfoam.

Our study has limitations. Firstly, the quality of data 
was limited by its retrospective nature. Given the emergent 
nature of rHCC, diagnostic work up of the patients was at 
times incomplete, particularly for patients who present for 
the first time with rHCC, for whom grading of cirrhosis can 
be difficult as discussed above. The diagnosis of HCC in 
our study population was also based on combined clinical, 
biochemical, and imaging features, without the use of imag-
ing-based scoring systems such as LI-RADS. Secondly, the 
small sample size of our validation cohort means that while 
it was able to show early evidence that our scoring system 
can be used to predict mortality outside of the development 
cohort, further validation is still required with a larger study 
population. Thirdly, this single-center cohort study included 

Fig. 1     Graphs showing prediction of 30-day mortality in rHCC 
patients after TAE in a development cohort and b validation cohort. 
Area under the receiver operating characteristic curves (AUC​) and 
95% CIs for 30-day mortality prediction using the proposed scoring 
system (solid curve), sum of biochemical components of Child–Pugh 
score (dashed curve), and using serum bilirubin alone (dotted curve)
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Asian patients with a high proportion of hepatitis B-related 
HCC; while this is consistent with several other Asian stud-
ies [3, 15, 19, 22], further external validation studies are 
therefore needed to test the general application of our scor-
ing system to other populations.

In conclusion, our study demonstrated that bilobar dis-
tribution of tumor, high serum bilirubin (> 2.5 mg/dL), 
and low serum albumin (< 30 g/L) were independent pre-
dictors for early mortality of rHCC patients after TAE. An 
imaging and clinical scoring system was developed from 
98 patients to predict 30-day mortality, with scores of 3, 2, 
and 1 assigned to each of bilobar distribution, high serum 
bilirubin, and low serum albumin, respectively, based on 

the beta coefficients of multivariate logistic regression; 
the individual scores are then summed to a total risk score 
from 0 to 6. The scoring system was then validated in a 
subsequent 20 consecutive patients. The 30-day mortality 
rate was high up to 90% in rHCC patients with a total risk 
score ≥ 4 despite treatment by TAE. By stratifying patients 
into high-, intermediate-, and low-risk groups, the pro-
posed scoring system is a potentially useful clinical tool 
to aid radiologists and clinicians on decision making and 
patient counseling in rHCC patients.

Table 4   Summary of the 30-day 
mortality rates of different risk 
groups stratified according to 
proposed risk score in both 
development and validation 
cohorts

Risk group Score Development cohort Validation cohort

Number of 
patients

30-day mortality (%) Number of 
patients

30-day 
mortality 
(%)

Low ≤ 2 38 1 (2.6) 7 0 (0)
Intermediate 3 22 7 (31.8) 3 2 (66.7)
High ≥ 4 38 33 (86.8) 10 9 (90)

Fig. 2   A 77-year-old patient with rHCC. Pre-contrast axial CT 
images (a, b) showed perihepatic hyperdense fluid in keeping with 
acute hematoma (*). Arterial phase post-contrast axial CT image 
(c) and right hepatic arteriogram (d) showed hypervascular HCC in 
the right lobe (white arrows). Patient had serum bilirubin and albu-
min within normal limits, thus with overall score of 0. TAE was per-

formed with PVA. Post-embolization right hepatic arteriogram (e) 
showed no further tumor blush. Patient survived and subsequently 
underwent right hepatectomy with histology confirmed HCC. Follow-
up contrast CT at 1 year (f) showed hypertrophied left lobe, with no 
evidence of HCC recurrence
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