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Background/Aims: Non-selective β-blockers (NSBBs) are used for primary pre-
vention of esophageal variceal hemorrhage (VH) in patients with portal hyperten-
sion, but a significant number of patients develop VH while on NSBB therapy. In 
this study, we sought to determine whether liver volume can predict the risk of 
primary prophylaxis failure in cirrhotic patients on NSBB therapy. 
Methods: A retrospective cohort of 309 patients on prophylactic propranolol was 
analyzed. Liver volume was measured in portal venous phase images of multide-
tector computed tomography. Predictors of VH were assessed using a Cox propor-
tional hazards model with competing-risks analysis. A nomogram was developed 
for estimation of the risk of primary prophylaxis failure.
Results: During a median follow-up of 36 months, 37 patients on propranolol de-
veloped VH. Liver volume index, the ratio of measured-to-expected liver volume, 
was an independent predictor of VH (adjusted hazard ratio [HR], 2.70; 95% confi-
dence interval [CI], 1.37 to 5.33; p = 0.004) as were the presence of large varices and 
the absence of ascites. A nomogram-based volume score of > 0.6 was predictive 
of prophylaxis failure (HR, 7.54; 95% CI, 2.88 to 19.73; p < 0.001). Time-dependent 
receiver operating characteristic curve analysis revealed that a nomogram-based 
risk score had significantly better discriminatory power than the North Italian 
Endoscopy Club index in predicting prophylaxis failure at 6 and 8 years.
Conclusions: Liver volume index is an independent predictor of first VH and a 
nomogram-based volume score stratifies the VH risk in cirrhotic patients on pro-
pranolol prophylaxis.

Keywords: Esophageal and gastric varices; Cone-beam computed tomography; 
Decision support techniques; Adrenergic beta-antagonists 

Liver volume index predicts the risk of esophageal 
variceal hemorrhage in cirrhotic patients on  
propranolol prophylaxis
Beom Hee Kim1, Jung Wha Chung1, Chung Seop Lee1, Eun Sun Jang1, Sook-Hyang Jeong1,2,  
Nayoung Kim1,2, and Jin-Wook Kim1,2

INTRODUCTION

Esophageal variceal hemorrhage (VH) is a grave compli-
cation of liver cirrhosis with portal hypertension. The 
annual incidence of first VH is 5% to 15% per year, lead-
ing to significant mortality [1]. Non-selective β-blocker 

(NSBB) therapy and endoscopic variceal ligation (EVL) 
are the primary tools for prophylaxis of esophageal VH 
[1,2], and meta-analysis shows that NSBB use reduces 
the risk of VH [3]. Accordingly, current guidelines rec-
ommend NSBBs for cirrhotic patients with increased 
risk of VH [1,2,4]. However, the risk of bleeding is not 
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completely eliminated by NSBBs and a significant 
number of patients develop VH during NSBB therapy 
[5-18]. Therefore, it is necessary to identify patients who 
have increased risk of primary prophylaxis failure.

The hemodynamic response to NSBBs, i.e., a hepatic 
venous pressure gradient (HVPG) < 12 mmHg or at 
least 10% to 20 % reduction from baseline pressure, is 
the most reliable predictor of the efficacy of prophylax-
is [5,8,13,19]. However, HVPG cannot be readily mea-
sured in routine clinical practice due to its invasive na-
ture. The North Italian Endoscopy Club (NIEC) index 
and its variations, composed of scores for Child-Pugh 
class, size of varices and red wale markings, are validat-
ed as significant predictors of first esophageal VH [20-
23]. However, it is less well defined whether these indi-
ces are still valid in predicting primary prophylaxis 
failure. Non-invasive measurement of liver/spleen stiff-
ness can predict the presence of clinically significant 
portal hypertension [1], and several studies have demon-
strated promising predictive power for VH [24-26]. 
However, the heterogeneity of studies with respect to 
etiology, treatment of underlying disease, prophylactic 
therapy, type of measurement and cut-off values calls 
for further validation.

Liver volume measurement has been used to predict 
operative outcomes in decompensated liver diseases 
[27-29]. Previous studies reported a correlation between 
liver volume and functional reserve in cirrhotic patients 
[30-36]. We also demonstrated that liver volume may be 
utilized as a predictive marker of hepatocellular carci-
noma [37]. From these results, it may be speculated that 
liver volume may reflect the stage of cirrhosis and pos-
sibly portal pressure. However, liver volume has not 
been studied as a surrogate marker for elevated portal 
pressure or predictor of VH in cirrhotic patients.

The aim of this study was to determine whether liver 
volume predicts the risk of esophageal VH in patients 
with liver cirrhosis who are on propranolol as for pri-
mary prophylaxis. Since conventional survival analysis 
using the Kaplan-Meier method may be inappropriate 
for an alternative outcome (e.g., deaths) [38,39], we ad-
opted a competing-risk analysis model for the assess-
ment of prophylaxis failure.

METHODS

Study design and population
This single center retrospective cohort study enrolled 
consecutive patients aged over 18 years with liver cir-
rhosis who visited our tertiary referral center in South 
Korea between April 2003 and October 2015 and re-
ceived propranolol for the primary prophylaxis of 
esophageal VH. The electronic medical records were 
retrieved from a structured chronic liver disease data-
base (BESTCare) [40]. Liver cirrhosis was defined by ul-
trasonographic findings of coarse liver echotexture 
with nodularity plus evidence of portal hypertension 
(splenomegaly, thrombocytopenia or varices). The fol-
lowing were excluded from the study cohort: (1) dura-
tion of propranolol prophylaxis < 6 months, (2) previ-
ous history of bleeding and/or EVL before propranolol 
therapy, and (3) lack of contrast-enhanced liver comput-
ed tomography (CT) data within 6 months before or af-
ter first propranolol dosage. The necessity for CT was 
determined at the discretion of the attending physician 
under diverse clinical settings including poor sonic 
window, abnormal α-fetoprotein levels or detection of 
suspicious nodule(s) with ultrasound that warranted 
further characterization. 

 The Institutional Review Board of Seoul National 
University Bundang Hospital approved this study (IRB 
No: 1608-359-101). All clinical investigations were con-
ducted according to the principles expressed in the 
Declaration of Helsinki. Informed consent was waived 
by the IRB, due to the retrospective observational na-
ture and anonymous analysis of data.

Measurement of outcomes
Screening esophagogastroduodenoscopy was recom-
mended for all cirrhotic patients and esophageal varices 
were graded as small, medium or large [4]. Propranolol 
prophylaxis was recommended according to the Baveno 
IV consensus [41]: (1) presence of medium-large esopha-
geal varices or (2) small varices with red color signs or 
Child-Pugh class C. Propranolol was administered oral-
ly at starting dose of 10 to 40 mg per day and adjusted 
to achieve 25% reduction in resting heart rate a decrease 
to 55 beats per minute, a maximum dose of 160 mg, or 
the maximum tolerable dose [41]. Propranolol was not 
recommended if patients had contraindications such as 
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bronchial asthma, chronic obstructive pulmonary dis-
ease, uncontrolled heart failure, sinus bradycardia < 60/
minute or heart block greater than first degree. 

The primary end point of analysis was the first 
esophageal VH, defined by hematemesis or melena 
with endoscopic evidence of recent or active esophageal 
VH. Deaths were regarded as a competing risk and 
treated accordingly, since treatment of deaths as simple 
censored cases may bias the estimated outcomes. 
Bleeding other than esophageal VH, i.e., gastric VH or 
portal hypertensive gastropathy, were treated as cen-
sored cases. Patients who received prophylactic EVL 
while on propranolol were also analyzed as censored 
cases.

Measurement of liver volume
Liver volume was measured on the cross-sectional im-
ages of the portal venous phase of liver CT by using 
Image J version 1.50i (Research Services Branch, Nation-
al Institute of Mental Health, Bethesda, MD, USA; 
http://imagej.nih.gov/ij) as previously reported with mi-
nor modifications [42]. Briefly, image slices were down-
loaded and boundaries of the liver area were using the 
Versatile Wand Tool plug in (https://imagej.nih.gov/ij/
plugins/versatile-wand-tool/index.html). The inferior 
vena cava and gallbladder were excluded from selection, 
whereas intra hepatic portal veins were included in the 
measured areas. The measured area was summed and 
multiplied by slice thickness to yield the liver volume. 

Since body build may affect liver volume [37,43], nor-
mal variance was adjusted by calculating the “liver vol-
ume index” as an indicator of hepatic shrinkage: 

Volume index =  [ CT-measured liver volume ]
		         Formula liver volume

The formula for liver volume was deduced from the 
body surface area (BSA): formula liver volume (mL) = 
893.485 × BSA – 439.169 (mL) [43]. 

The BSA was estimated with Du Bois’ formula: BSA = 
0.007184 × (weight in kg) 0.425  × (height in cm)0.725 [44].

Statistical analysis
All statistical analyses were performed using STATA 
version 14 (StataCorp, College Station, TX, USA) or R 

package version 3.3.2. Continuous and categorical vari-
ables were analyzed using Student’s t test or the 
Mann-Whitney rank sum test and chi-square test, re-
spectively. In order to adjust for mortality not associated 
with esophageal VH during follow-up, competing-risks 
regression analysis was performed using R package 
mstate and rms. The cumulative incidence of prophy-
laxis failure and covariate analysis was estimated using 
the Fine and Gray’s proportional subhazards model [45]. 
The proportionality of cause-specific hazards was con-
firmed with the log-log curves (STATA stphplot) for cat-
egorical variables and Schoenfeld residuals for continu-
ous variables. Comparison of cumulative incidence with 
competing-risks was made by stcrreg function of STA-
TA. The rms package of R was used to generate a nomo-
gram from the Cox model with multiple outcomes. 
Comparison of bleeding prediction models was per-
formed using time-dependent receiver operating char-
acteristic (ROC) analysis with competing risks with the 
“timeROC” package of R.

RESULTS

Baseline patient characteristics and incidence of 
esophageal VH during primary prophylaxis with  
propranolol
Among 899 patients with liver cirrhosis who received 
prophylactic propranolol therapy, 590 were excluded 

Figure 1. Flow of patient selection. VBL, variceal band liga-
tion; CT, computed tomography.

899 Liver cirrhosis patients with esophageal varices  who 
received propranolol between April 2003–October 2015

284 Duration of prophylaxis
< 6 months

270 Previous variceal
bleeding and/or VBL
before propranolol

345 No previous 
bleeding or VBL

36 CT images unavailable 309 Final cohort

615 Duration of prophylaxis
≥ 6 months
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and 309 were finally recruited (Fig. 1). Baseline charac-
teristics of the study population are shown in Table 1. 
The median duration of propranolol prophylaxis was 
36 months (interquartile range, 41), and the median 
dosage of propranolol was 40 mg/day (range, 10 to 240). 
Eight patients received prophylactic EVL and censored 
(2.6%). During the study period 37 patients developed 
esophageal VH (Fig. 2) and 10 patients bled outside of 
esophagus. The cumulative incidences of prophylaxis 
failure in the presence of competing risk, i.e., death 

were 6.2%, 12.0%, 19.2%, 21.9%, and 24.5% at 2, 4, 6, 8, 
and 10 years, respectively. Patients with prophylaxis 
failure showed higher frequency of large (F3) varices 
and red color sign and lower frequency of ascites. Liver 
and spleen volumes were not significantly different be-
tween the two groups. However, liver volume index, an 
estimated-to-actual liver volume index corrected for 
patients’ body build, was significantly higher in the 
prophylaxis failure group, indicating that corrected liv-
er volume was significantly smaller in patients without 

Table 1. Baseline characteristics

Variable Total (n = 309)
Esophageal varix 
bleeding (n = 37)

Non-esophageal varix 
bleeding (n = 272)

p valuea

Duration of follow-up, mon 36 (41) 30 (38) 36 (35) 0.188

Age, yr 58 (14) 58 (11) 58 (15) 0.483

Male sex 226 (73) 30 (81) 196 (72) 0.245

Etiology of cirrhosis 0.081

HBV 183 (59) 17 (46) 166 (61)

HCV 25 (8) 6 (16) 19 (7)

Non-B, non-C 101 (33) 14 (38) 87 (32)

Alcohol historyb 123 (40) 12 (32) 111 (41) 0.329

Child-Pugh class 0.368

A 151(49) 21 (57) 130 (48)

B 134 (43) 15 (40) 119 (44)

C 24 (8) 1 (3) 23 (8)

Large varix (F3 vs. F1, 2) 39 (13) 13 (35) 26 (10) < 0.001

Red colour sign (+) 113 (37) 19 (51) 94 (35) 0.047

Propranolol dose, mg/day 40 (60) 40 (40) 40 (60) 0.390

Ascitesc 200 (65) 17 (46) 183 (67) 0.011

Hepatic encephalopathy 36 (12) 7 (19) 29 (11) 0.142

Albumin, g/dL 3.6 (0.9) 3.6 (0.7) 3.6 (0.9) 0.868

Total bilirubin, mg/dL 1.5 (1.0) 1.2 (0.8) 1.5 (1.1) 0.100

Prothrombin time, INR 1.25 (0.27) 1.25 (0.25) 1.25 (0.26) 0.300

Platelet, × 103/mm3 82 (50) 89 (52) 81 (49) 0.512

Measured liver volume, mL 1,062 (520) 1,108 (480) 1,028 (528) 0.202

Measured spleen volume, mL 416 (375) 415 (238) 417 (572) 0.591

Volume indexd 0.747 (0.535) 0.811 (0.372) 0.737 (0.297) 0.044

Continuous and categorical values are presented as median (interquartile range) and number (%), respectively.
HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio.
aComparison between bleeders and non-bleeders.
bContinued drinking (> 30 g for male and > 20 g for female) during follow-up.
cSignificant ascites that needed diuretics.
dVolume index = CT-measured liver volume / formula liver volume.
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prophylaxis failure (Table 1). 

Liver volume correlate with severity of cirrhosis
The liver volume was significantly smaller in decom-
pensated cirrhosis (1,064 ± 401 mL vs. 1,198 ± 408 mL in 
Child B/C vs. Child A cirrhosis, respectively; p = 0.004). 
The volume index was also lower in Child B/C cirrhosis 
(0.727 ± 0.290 vs. 0.802 ± 0.223, p = 0.011). The liver vol-
ume index showed better correlation with Model for 
End-Stage Liver Disease (MELD) score than simple liver 
volume (Pearson’s correlation coefficient, –0.241 vs. 
–0.191, p < 0.001).

Liver volume index as an independent predictor of 
propranolol prophylaxis failure
Competing-risks regression analysis showed that vari-
ceal size, red color signs, absence of ascites and high 
liver volume index > 1.0 were significant predictors of 
esophageal VH during prophylactic propranolol thera-
py, whereas Child-Pugh or MELD scores were not pre-
dictive of prophylaxis failure (Table 2). Subgroup analy-
sis showed that the subdistribution hazard ratio was 
higher in patients with high volume index in non-alco-
holic cirrhosis (5.05; 95% confidence interval [CI], 2.14 to 
11.90; p < 0.001), but the volume index was not signifi-
cant predictor in alcoholic cirrhosis (1.19; 95% CI, 0.33 
to 4.28; p = 0.788). Covariate analysis by Fine and Gray 
model showed that large varices, absence of ascites and 
high liver volume index remained independent predic-

tors of propranolol prophylaxis failure. Neither simple 
liver volume nor spleen volume predicted bleeding 
risk.

Development of a predictive model for propranolol 
prophylaxis failure
A nomogram was developed from the independent Cox 
models for predicting propranolol prophylaxis failure 
(Fig. 3). The nomogram scores for large varices, absence 
of ascites and high liver volume index were 1, 0.64, and 
0.62, respectively. Discrimination analysis showed that 
patients with a nomogram score > 0.6 showed signifi-
cantly higher incidence of prophylaxis failure com-
pared to patients with low scores (subdistribution haz-
ard ratio, 7.54; 95% CI, 2.88 to 19.73; p < 0.001) (Fig. 4). 

We then compared the performance of the nomo-
gram-based prediction model with that of the previous-
ly validated NIEC index and revised NIEC index [20,23]. 
Time-dependent ROC analysis revealed that the nomo-
gram-based risk score had significantly better discrimi-
natory power compared to that of the NIEC index or 
revised NIEC index in predicting propranolol prophy-
laxis failure at 6 and 8 years (Fig. 5).

DISCUSSION

Current guidelines recommend primary prophylaxis 
with NSBB for patients with risk factors [1,2,4], but 2.5% 
to 20% of patients still develop esophageal VH despite 
NSBB prophylaxis (Table 3). Our cohort showed 6.2% 
and 12.0% prophylaxis failure rates at 2 and 4 years, re-
spectively, similar to previous reports. If patients at 
high-risk for prophylaxis failure can be identified in 
advance, more active intervention such as enhanced 
surveillance, HVPG-directed NSBB titration or prophy-
lactic EVL may be justified.

Various combinations of clinical and hemodynamic 
parameters have been reported as predictors of prophy-
laxis failure (Table 3), but none has been universally ac-
cepted. In this study, we found that large variceal size 
(F3 varix), absence of ascites and liver volume index > 1 
were independent predictors of prophylaxis failure in 
cirrhotic patients on propranolol therapy for esopha-
geal VH prevention. Variceal size but not liver volume 
has been previously reported as a predictor of prophy-

Figure 2. Cumulative incidence of esophageal variceal hem-
orrhage during primary prophylaxis with propranolol. The 
cumulative incidence was corrected for deaths as a compet-
ing event according to Fine-Gray Model.
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laxis failure (Table 3). In this study, high liver volume 
index and absence of ascites were associated with in-
creased risk of prophylaxis failure. 

Our data indicate that propranolol prophylaxis fail-
ure is less frequent in patients with more advanced cir-
rhosis, i.e., small liver volume and/or presence of asci-
tes. Although seemingly counter-intuitive, our data is 
in line with the recent study from United States veter-
ans hospitals in which presence of hepatic encephalop-
athy, another indicator of decompensation, was associ-
ated with lower risk for prophylaxis failure [18]. The 
exact mechanism(s) of this finding is not clear. We sup-
pose that although the risk of initial bleeding may be 
higher in patients with smaller liver volume and/or as-
cites, these patients may experience greater prophylac-

Figure 3. Nomogram for prediction of primary prophylaxis 
failure. Points of volume index, ascites, and variceal size are 
read on perpendicular spot on the upper scale and summed 
to obtain the risk score. The 2- and 4-year probability of pri-
mary prophylaxis failure is predicted according to the risk 
score.

Points

Ascites

Volume index > 1

Large varix

Total points

2-Year bleeding probability

4-Year bleeding probability
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Table 2. Competing-risks regression analysis for predicting primary prophylaxis failure

Variable
Univariate Multivariate

SHR (95% CI) p value SHR (95% CI) p value

Age, yr 1.02 (0.99–1.05) 0.225

Male sex 2.02 (0.92–4.44) 0.080

Etiology of cirrhosis

HBV 0.51 (0.25–1.03) 0.061

HCV 1.19 (0.75–1.88) 0.468

Alcohol historya 1.18 (0.56–2.48) 0.668

Child-Pugh class (B/C vs. A) 0.83 (0.44–1.59) 0.582

MELD score 0.94 (0.88–1.01) 0.085

Propranolol dosage 0.99 (0.98–1.00) 0.175

Varix size (large vs. medium/small) 4.91 (2.55–9.43) < 0.001 4.46 (2.20–9.05) < 0.001

Red colour sign 2.15 (1.13–4.08) 0.019 1.49 (0.76–2.92) 0.245

Ascitesb 0.40 (0.21–0.78) 0.007 0.34 (0.18–0.65) 0.001

Hepatic encephalopathy 1.84 (0.85–3.99) 0.121

Development of HCC 0.79 (0.41–1.51) 0.476

Albumin, g/dL 0.88 (0.56–1.37) 0.569

Total bilirubin, mg/dL 0.74 (0.52–1.05) 0.093

Prothrombin time, INR 0.62 (0.17–2.28) 0.473

Platelet, × 103/mm3 1.00 (0.99–1.01) 0.274

Liver volume, mL 1.00 (1.00–1.00) 0.124

Spleen volume, mL 1.00 (1.00–1.00) 0.820

Volume index > 1c 2.81 (1.39–5.68) 0.032 2.70 (1.37–5.33) 0.004

Deaths were analysed as a competing risk by Fine and Gray model [45].
SHR, subdistribution hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, Model for 
End-Stage Liver Disease; HCC, hepatocellular carcinoma; INR, international normalized ratio.
aContinued drinking during follow-up.
bSignificant ascites that needed diuretics.
cVolume index = CT-measured liver volume / formula liver volume.
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tic effect of NSBB, i.e., more profound drop in portal 
pressure, leading to lower risk for bleeding while on 
NSBB. Since propranolol undergoes first pass metabo-
lism in the liver [46], increasing intra- and extrahepatic 
portosystemic shunt in leads to increased bioavailabili-
ty of propranolol, which may in turn potentiate reduc-
tion of portal pressure. If small liver volume index can 
predict portosystemic shunt more accurately compared 
to Child-Pugh score or MELD score, then volume index 
may be a better predictor of NSBB response, as indicat-
ed in our multivariate analysis. However, this explana-

tion is only speculative because we did not measure the 
actual portal pressure in our patients. Further studies 
will be needed to confirm the potentially differential 
response to NSBB between compensated and decom-
pensated cirrhosis. 

There have been concerns regarding the use of NSBB 
in decompensated cirrhosis with ascites [47,48], advo-
cating the concept of “window hypothesis for 
β-blockers”: NSBB may be harmful in the end-stage 
cirrhosis with refractory ascites [49]. However, contra-
dicting results exist and recent meta-analyses indicate 
that NSBB does not increase mortality in decompensat-
ed cirrhosis [50,51]. It is also possible that the favorable 
hemodynamic effect of NSBB in patients with small 
volume index may not be necessarily translated to sur-
vival improvement. The effect of NSBB on the overall 
survival of patients with small liver volume and/or asci-
tes may warrant further prospective studies. In the 
meantime, since prophylactic EVL may not be free of 
risks, we believe that these patients may choose NSBB 
for primary prophylaxis, with special attention to cardi-
ac compensatory reserve [49]. 

Time-dependent ROC analysis with competing-risks 
showed that our model based on liver volume index 
had better predictive power compared to that of the 
conventional and revised NIEC index. The revised 
NIEC index indicates that the weight of the Child-Pugh 
score is limited [23]. Serum albumin, bilirubin, and pro-
thrombin time may show fluctuation during the course 
of cirrhosis, so that the liver volume index may be an 

Figure 4. Performance of the nomogram for predicting 
primary prophylaxis failure. Kaplan-Meier analysis showed 
significantly increased risk for esophageal variceal hemor-
rhage in patients with risk score > 100 (p < 0.001).

Figure 5. Time-dependent receiver operating characteristic (ROC) plot for predicting propranolol prophylaxis failure. Com-
pared to North Italian Endoscopy Club (NIEC) (A) or revised NIEC score (B), the area under curve (AUC) of nomogram score (C) 
was significantly larger at 6 and 8 years.

Primary prophylaxis failure

Nomogram score ≤ 0.6
Nomogram score > 0.6

0.8

0.8

0.8

0.8

0

Months of follow-up

p < 0.001

No. at risk

24 48 72 96 120

95147 55 35 17 3
100162 49 21 8 0

Cu
m

ul
at

iv
e 

in
ci

de
nc

e

1.0

0.8

0.6

0.4

0.2

0

1-Specificity

NIEC Revised NIEC Nomogram

Se
ns

iti
vi

ty

ROC at time t = 4, AUC = 65.5
ROC at time t = 6, AUC = 58.2
ROC at time t = 8, AUC = 59.7

0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0

1-Specificity

0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0

1-Specificity

0.2 0.4 0.6 0.8 1.0

ROC at time t = 4, AUC = 69.7
ROC at time t = 6, AUC = 64.7
ROC at time t = 8, AUC = 63.6

ROC at time t = 4, AUC = 72.1
ROC at time t = 6, AUC = 80.8
ROC at time t = 8, AUC = 81.9

A B C

www.kjim.org


1240 www.kjim.org https://doi.org/10.3904/kjim.2018.120

The Korean Journal of Internal Medicine Vol. 34, No. 6, November 2019

alternative marker for severity of cirrhosis. Compared 
to previous reports of volumetric, our measurement 
method utilized the semi-automatic selection plug-in 
of Image J freeware which allows reproducible mea-
surements with ease [42]. Typical measurement of one 
patient took 5 to 10 minutes in experienced hands by 
using the edge-detecting tool. Our method can be im-
plemented in any picture archiving and communica-
tion systems without additional analysis tools. We also 
reported that our semi-automatic method show good 
reproducibility with minimal inter-observer variation 
[37].

There are several limitations in this study. First, 
HVPG was not measured in our cohort, so that the cor-
relation between portal pressure and liver volume is 
speculative at this stage. Further studies are needed to 
elucidate the relationship between liver volume and 
portal pressure in cirrhotic patients. Second, since this 
was a retrospective single-center cohort study, prospec-
tive validation studies are needed to determine the pre-
dictive power of the volume index in a larger popula-
tion. Third, we did not access liver and spleen stiffness 
which may stratify the risks of prophylaxis failure. Ex-

amination of the relationship between liver volume and 
liver stiffness measurement may be warranted with re-
spect to the hemodynamic response to NSBB in further 
studies. Fourth, the median dosage of propranolol was 
at the lower recommended end (40 to 80 mg/day) [1]. 
Competing risks analysis showed that propranolol dos-
age was not a significant predictor (Table 2), but pa-
tients with relatively preserved liver volume may have 
benefited from higher dose of propranolol. 

In conclusion, liver volume index is an independent 
predictor of first VH and a nomogram-based volume 
score stratifies the bleeding risks in patients on pro-
pranolol prophylaxis.

 Table 3. Reported variceal haemorrhage rates during primary prophylaxis with propranolol

Study
Median 

follow-up, mon
Proportion of 

bleeding
Bleeding rate Predictors of bleeding

Groszmann et al. (1990) [5] 16 4% (2/51) 12.9% at 2 yr HVPG > 12 mmHg

De et al. (1999) [6] 18 7% (1/15)

Lui et al. (2002) [7] 21 15% (9/66) 19.4% at 2 yr Female, NIEC score > 30

Bureau et al. (2002) [8] 26 10% (2/20) HVPG > 12 mmHg

Schepke et al. (2004) [9] 34 28% (22/77) 17.6% at 2 yr Bilirubin, creatinine

Jutabha et al. (2005) [10] 15 19% (6/31) 29% at 1 yr

Psilopoulos et al. (2005) [11] 28 30% (9/30) 25% at 2 yr Varix size

Thuluvath et al. (2005) [12] 27 7% (1/15)

Turnes et al. (2006) [13] 68 20% (16/71) HVPG reduction < 20%, low platelet

Lay et al. (2006) [14] 35 16% (8/50) 16.9% at 2 yr

Dell'Era et al. (2008) [15] 32 14% (8/57) 12.6% at 2 yr

Sharma et al. (2009) [16] 24 13% (7/56) 4%–24% at 2 yr HVPG reduction < 20%

Je et al. (2014) [17] 82 10% (32/330) 2.5% at 3 yr Varix size, red color sign

Shukla et al. (2016) [18] 12 12% (678/5,775) 11.7% at 1 yr Age, ascites, medical comorbidity, 
higher MELD scores. lower daily dose, 
hemodynamic response

HVPG, hepatic venous pressure gradient; NIEC, North Italian Endoscopy Club; MELD, Model for End-Stage Liver Disease.

KEY MESSAGE 

1.	 Computed tomography-measured liver volume 
is an independent predictor of f irst variceal 
bleeding in cirrhotic patients on propranolol 
prophylaxis, along with variceal size and absence 
of ascites. 

2.	 A nomogram based on liver volume can reliably 
estimate the probability of first variceal bleeding 
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