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Abstract
AIM: To evaluate the most cost-effectiveness strategy 
for preventing variceal growth and bleeding in patients 
with cirrhosis and small esophageal varices.

METHODS: A stochastic analysis based on decision 
trees was performed to compare the cost-effectiveness 
of beta-blockers therapy starting from a diagnosis of 
small varices (Strategy 1) with that of endoscopic sur-
veillance followed by beta-blockers treatment when 
large varices are demonstrated (Strategy 2), for pre-
venting variceal growth, bleeding and death in patients 
with cirrhosis and small esophageal varices. The basic 
nodes of the tree were gastrointestinal endoscopy, inpa-
tient admission and treatment for bleeding, as required. 
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All estimates were performed using a Monte Carlo mi-
crosimulation technique, consisting in simulating obser-
vations from known probability distributions depicted in 
the model. Eight-hundred-thousand simulations were 
performed to obtain the final estimates. All estimates 
were then subjected to Monte Carlo Probabilistic sensi-
tivity analysis, to assess the impact of the variability of 
such estimates on the outcome distributions.

RESULTS: The event rate (considered as progression 
of varices or bleeding or death) in Strategy 1 [24.09% 
(95%CI: 14.89%-33.29%)] was significantly lower than 
in Strategy 2 [60.00% (95%CI: 48.91%-71.08%)]. The 
mean cost (up to the first event) associated with Strat-
egy 1 [823 £ (95%CI: 106 £-2036 £)] was not signifi-
cantly different from that of Strategy 2 [799 £ (95%CI: 
0 £-3498 £)]. The cost-effectiveness ratio with respect 
to this endpoint was equal to 50.26 £ (95%CI: -504.37 
£-604.89 £) per event avoided over the four-year 
follow-up. When bleeding episodes/deaths in subjects 
whose varices had grown were included, the mean 
cost associated with Strategy 1 was 1028 £ (95%CI: 
122 £-2581 £), while 1699 £ (95%CI: 171 £-4674 £) in 
Strategy 2. 

CONCLUSION: Beta-blocker therapy turn out to be 
more effective and less expensive than endoscopic sur-
veillance for primary prophylaxis of bleeding in patients 
with cirrhosis and small varices.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In patients with cirrhosis and small esophageal 
varices no study so far has evaluated the economical 
consequences of replacing traditional endoscopic sur-
veillance with primary prophylaxis with beta-blockers 



sive scores predicting the presence of  large varices[15,16]. 

In spite of  the evidence gathered on the efficacy of  
treatment with beta-blokers, no study so far has evaluated 
the economical consequences of  replacing traditional en-
doscopic surveillance with primary prophylaxis with beta-
blockers in patients with compensated cirrhosis and small 
esophageal varices.

In this study, a decision analysis based on stochastic 
regression trees and Markov models has been conducted 
to compare the cost-effectiveness of  primary prophylaxis 
with beta-blockers (starting from the diagnosis of  small 
esophageal varices) and that of  endoscopic surveillance. 
In this latter strategy, beta-blockers are administered 
when large varices develop. 

MATERIALS AND METHODS
Descriptive statistics of the patients
Patients characteristics are given as frequencies, mean ± 
SD, or medians and interquartile ranges, where appropri-
ate, and were compared using χ 2, t test, or Mann Whitney 
Test, respectively. Significance level was set at P < 0.05.

Decision model
A decision model based on stochastic regression trees 
was developed in order to evaluate the overall costs of  
early beta-blocker treatment vs endoscopic surveillance. 
The basic nodes of  the tree were gastrointestinal endos-
copy, inpatient admission and treatment for bleeding, as 
required.

All the relevant variables, such as the likelihood of  
bleeding and subsequent inpatient admission or mortality, 
along with their consequences in terms of  costs, were in-
tegrated in the decision model. This allowed for the defi-
nition of  expected benefits (i.e., model outcomes in terms 
of  bleeding or progression episodes prevented), and ad-
ditional costs incurred in or saved by early prescription 
of  beta-blockers. The same model was reiterated using a 
Markov Process over a four-year follow-up period.

Within the decision model, the first branch of  the tree 
represented the choice of  whether to administer beta-
blockers at an early stage (Strategy 1) (Figure 1A) or keep 
the patient under surveillance and no treatment until a 
follow-up endoscopy (planned on a 12-mo basis) was per-
formed and treatment required (Strategy 2) (Figure 1B).

The analysis was performed by entering all relevant 
point estimates (i.e., the likelihood of  bleeding, inpatient 
admission, death, costs etc.) at each node, and by model-
ing them as expected values of  binomial probabilities. 
Costs were modelled using a Gamma distribution. Thus 
the expected outcome distribution based on the two 
strategies was obtained. All estimates were performed us-
ing a Monte Carlo microsimulation technique, consisting 
in simulating observations from known probability distri-
butions depicted in the model. Eight-hundred-thousand 
simulations were performed to obtain the final estimates.

All estimates were then subjected to Monte Carlo 
Probabilistic sensitivity analysis, to assess the impact 
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from this stage. In this study, a decision analysis based 
on stochastic regression trees and Markov models 
compared cost-effectiveness of primary prophylaxis 
with beta-blockers (starting from the diagnosis of small 
varices) and endoscopic surveillance (and beta-blockers 
administration when large varices develop). Beta-block-
er therapy from the beginning turned out to be more 
effective and less expensive. This result demonstrate 
that an early beta-blocker therapy besides being clini-
cally effective, is also also cost-effective.

Di Pascoli L, Buja A, Bolognesi M, Montagnese S, Gatta A, Gre-
gori D, Merkel C. Cost-effectiveness analysis of beta-blockers 
vs endoscopic surveillance in patients with cirrhosis and small 
varices. World J Gastroenterol 2014; 20(30): 10464-10469  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i30/10464.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10464

INTRODUCTION
The natural history of  portal hypertension in patients 
with liver cirrhosis is characterized by varices formation, 
progression of  varices from small to large and, eventu-
ally, variceal rupture with upper gastrointestinal bleeding, 
which is associated with an increased risk of  death[1-3]. 

Although there is general agreement that variceal hemor-
rhage is very unusual while varices remain small[4-6], it is 
reasonable to make an effort to avoid or delay the pro-
gression of  small varices into large varices and, in turn, 
to prevent the occurrence of  the first episode of  variceal 
bleeding.

Pharmaco-economical studies suggest that treatment 
with beta-blockers is a reasonable strategy to prevent the 
first variceal bleed in cirrhosis, irrespective of  disease 
severity[5,6], or in patients with advanced disease[7], even in 
the absence of  endoscopic screening. However, this ap-
proach remains controversial and it has been questioned 
in a recent editorial[8] and in a survey amongst clinical 
experts during a consensus conference[9]. Thus, current 
guidelines still suggest endoscopic screening, to predict 
who will benefit from prophylactic treatment[10,11]. In pa-
tients with large esophageal varices, several clinical trials 
have shown that prophylaxis with beta-blockers is effec-
tive in reducing the risk of  a first variceal bleed[12,13]. In 
patients with small varices, different studies have shown 
different results, but according a meta-analysis published 
in 2004, the use of  beta-blockers seems to be useful in 
the prevention of  first bleeding vs placebo[14]. So, most 
international guidelines “recommend” nonselective beta-
blockers for the prevention of  a first variceal bleed if  the 
risk of  hemorrhage is high (varices with red wale marks 
or Child C class), while they only “suggest” their use if  
the risk is not high[10,11]. Actually, there are no alternative 
procedures for the prevention of  first varieceal bleed-
ing in subjects with small varices and intolerance to beta-
blockers. In recent years, the problem of  defining patients 
suitable for treatment was also addressed using non-inva-



of  the variability of  such estimates on the outcome 
distributions. The latter provided an indication of  the 
robustness of  the results obtained and was performed 
on 100000 samples from all distributions assumed in the 
tree. Comparative performances associated to Strategy 
1 as compared to Strategy 2 were measured by the cost-
effectiveness ratio. Discounting was not considered rel-
evant because of  the limited duration of  the follow-up 
period. Cost-effectiveness analysis was performed as rec-
ommended by the Panel on Cost-Effectiveness in Health 
and Medicine[17,18].

All estimates are presented with 95% credibility inter-
vals. The analyses were performed using TreeAge and the 
R-System[19]. 

Regression tree construction
The trial Placebo-controlled clinical trial of  Nadolol in 
the prophylaxis of  growth of  small esophageal varices 
in cirrhosis[3] (Table 1) and the hospital administrative 
database was utilised to derive the set of  events and their 
probability. If  unavailable, data were integrated based on 
other published studies. Table 2 shows the probabilistic 
scenarios adopted for purposes of  model building and 
subsequent estimation.

Endpoints evaluated
The event rate was computed with reference to the 
following, different sets of  combined endpoints: (1) 
Number of  bleeding episodes or deaths before the pro-
gression of  varices; (2) Number of  bleeding episodes or 
deaths before the progression of  varices, plus number of  
progressions to large varices; and (3) Number of  bleed-
ing episodes or deaths before the progression of  varices, 
plus number of  progressions to large varices, plus num-
ber of  bleeding episodes or deaths after the progression 
of  varices.

Cost assessment
Each intervention was associated to the UK NHS average 
costs. The cost of  an upper gastrointestinal endoscopy is 
164 £; the cost of  a gastrointestinal bleeding episode is 

3498 £. The monthly expenditure for nonselective beta-
blockers tablets is 20.62 £ (2474 £/year). It was assumed 
that patients who stopped beta-blockers because of  side 
effects had been on treatment for four months (8248 £).

RESULTS
Combined endpoints set
The event rate considering bleeding and/or death prior 
to the progression of  varices in the beta-blockers group 
was 15.66% (95%CI: 7.84%-23.48%), thus not signifi-
cantly different from that in the surveillance group, which 
was 21.33 % (95%CI: 12.06%-30.60%). Therefore, the 
cost-effectiveness ratio (CER) for this endpoint was 0.42 
£ (95%CI: -3574.09 £-3573.25 £) per event avoided; 
The event rate for this second, combined endpoint was 
significantly lower in the beta-blockers group [24.09% 
(95%CI: 14.89%-33.29%)], compared to the surveil-
lance group [60.00% (95%CI: 48.91%-71.08%)]. The 
mean cost (up to the first event) associated with early 
beta-blockers treatment was 823 £ (95%CI: 106 £-2036 
£), which was not significantly different from that of  
surveillance [799 £ (95%CI: 0 £-3498 £)]. Therefore, 
the cost-effectiveness ratio (CER) for this endpoint was 
50.26 £ (95%CI: -504.37 £-604.89 £) per event avoided 
over the four-year follow-up; and the event rate for this 
third, combined endpoint was significantly lower in the 
beta-blockers group [29.55% (95%CI: 18.88%-38.27%)], 
compared to the surveillance group [62.40 % (95%CI: 
50.93%-71.87%)].

If  a bleeding episode and death occurring in subjects 
with variceal growth were included in the analysis of  costs, 
then the mean cost associated with early treatment was 
1028 £ (95%CI: 122 £-2581 £), and that associated with 
traditional surveillance 1699 £ (95%CI: 171 £-4674 £).

Sensitivity
Sensitivity analysis was consistent with the results above. 
For all cost analyses, the mean values never differed from 
the above estimates of  more than 17% of  the highest 
cost. Confidence intervals were also consistently provid-
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Figure 1  Decision tree for strategy 1 (A) and decision tree for strategy 2 (B).
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ta-blockers were more effective, and their cost was about 
one pound per month per event avoided, which seems 
very reasonable.

Since the most important clinical endpoint underlying 
the selection of  the best strategy for these patients is the 
prevention of  overall bleeding episodes/deaths, prior to 
and after variceal growth, all such events were included 
in the third analysis. Within this setting, the number of  
events associated to the early treatment strategy was 
obviously smaller compared to that of  the surveillance 
strategy. In addition, the relative costs of  early treatment 
were lower as this strategy was associated with a lower 
incidence of  bleeds after progression, due to the fewer 
progressions. Thus, overall, the early institution of  treat-
ment with beta-blockers turns out to be not only more 
effective, but also less expensive. This suggests that treat-
ment with beta-blockers impinges on both the natural 
history of  a patient with cirrhosis and small varices and 
also on health costs.

Nonselective betablockers are recommended in pa-
tients with small varices only if  there are red wale marks 
or the patients are classed as Child C, while they are 
only “suggested” if  no such risk factors are present[10,11]. 

Considering the good safety profile of  beta-blockers and 
the costs and unpleasantness of  endoscopic surveillance, 
these findings support the use of  beta-blockers as the 
preferred therapy for the prophylaxis of  the first variceal 
bleeding in all patients with cirrhosis and small esopha-
geal varices. Since endoscopic variceal ligation has never 
been suggested for primary prophylaxis of  variceal bleed-
ing in patients with small varices, it would appear that 
early prophylaxis with beta-blocker is, at present, the only 
feasible strategy within this clinical scenario.

Cost-effectiveness analysis may provide different re-
sults depending on different payment models and differ-
ent costs for the procedures. In the present analysis, UK, 
crude average costs were utilised, as they are based on 
allowable reimbursement costs and direct, published cost 
estimates. However, in the sensitivity analyses the CER 
of  beta-blockers therapy remained cost-effective within 
the tested range. These data suggest that beta-blockers 
may be cost-effective also in different payment models, 
for instance the Italian one.

ing the same indications as above.

DISCUSSION
Cost-effectiveness evaluations of  different strategies for 
the primary prophylaxis of  variceal bleeding have already 
been performed in patients with large varices[20], and 
in patients with cirrhosis, irrespective of  the presence 
of  varices[5-7]. No study to date has evaluated the cost-
effectiveness of  prophylaxis of  small esophageal varices, 
comparing early beta-blocker treatment institution with 
endoscopic surveillance plus beta-blocker treatment 
when varices increase in size.

Cost-effectiveness analysis may result in different es-
timates, depending on the set of  events considered. For 
this reason, in this study combined endpoints related to 
different, potential actions of  beta-blockers were anal-
ysed. Firstly, the number of  bleeding episodes and/or 
deaths prior to the diagnosis of  variceal progression were 
considered. Within this setting, and in agreement with 
previous findings[3], early beta-blockers were found not to 
be effective in preventing bleeding episodes/deaths be-
fore the diagnosis of  variceal enlargement. This is prob-
ably related to: (1) the fact that variceal hemorrhage is 
rare when varices are small[4]; and (2) beta-blockers do not 
affect overall survival because bleeding is not the main 
cause of  death in a patient with cirrhosis. Despite this 
lack of  effectiveness, the present analysis demonstrates 
that the institution of  early treatment with beta-blockers 
is not more expensive than endoscopic surveillance.

If  we consider that variceal hemorrhage occurs at a 
yearly rate of  5%-15%, and its main predictor is variceal 
size, with the highest risk of  first hemorrhage (15% per 
year) in patients with large varices[21,22], it is reasonable to 
assume that preventing variceal enlargement is equivalent 
to preventing its consequences, i.e. bleeding and bleeding-
related death. Thus, in our second analysis, the progres-
sion of  varices was added to the “events” bleeding and 
death prior to variceal growth. Based on this analysis, be-
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Table 1  Main clinical data of patients in strategy group 1 
compared to patients in strategy group 2

Strategy 1 
patients

Strategy 2 
patients

P  value

(n  = 83) (n  = 78)

Age (yr) 56 ± 9 57 ± 9 t = 1,26 0.21
Sex (M/F) 45/38 38/40 χ 2 = 0.49 0.48
Aetiology (alcohol-
related/viral/other)

47/34/2 45/28/5 χ 2 = 0.02 0.89

Hepatitis B surface 
antigen positive

4 3 corrχ 2 = 0.01 0.93

Time since diagnosis 
of cirrhosis (yr)

3.1 ± 2.7 2.9 ± 2.8 t = 0.282 0.78

Time since diagnosis 
of varices (mo)

2.9 ± 2.4 2.8 ± 2.5 t = 0.022 0.98

Child-Pugh score 6 (IQR 5-8) 7 (IQR 6-8) z = - 0.87 0.38
Ascites 18 23 χ 2 = 1.29 0.26
Follow-up time (mo) 36 ± 18 35 ± 15 t = 0.325 0.75

M: Male; F: Female.

Table 2  Model variables: Baseline values

Variables Baseline assumption

12 mo 24 mo 36 mo 48 mo 

Strategy 1 group
   Intolerance to nadolol   4.8%   2.9%   0.0%   2.5%
   Death   0.0%   4.5% 12.3%   7.7%
   Lost to follow-up 10.1%   7.5% 12.3% 23.1%
   Esophageal hemorrhage   0.0%   0.0%   0.0%   0.0%
   Variceal growth   2.8%   3.4%   7.0%   0.0%
Strategy 2 group:
   Death   1.3%   0.0% 15.6% 14.3%
   Lost to follow-up   6.4%   6.7% 11.1% 21.2%
   Esophageal hemorrhage   1.3%   1.7%   0.0%   0.0%
   Variceal growth 15.5% 18.2% 15.2% 16.7%
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In conclusion, early institution of  treatment with 
beta-blockers, being more effective and less expensive, 
appears to be ‘dominant’ over endoscopic surveillance 
for the primary prophylaxis of  bleeding in patients with 
cirrhosis and small esophageal varices who tolerate this 
treatment.
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