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ABSTRACT

Introduction: The primary aim is to estimate
the cost-effectiveness of transjugular intrahep-
atic portosystemic stent shunt (TIPSS) in two
indications from a Spanish perspective. Firstly,
as pre-emptive treatment for patients with acute
variceal bleeding (indication 1) compared with
endoscopic band ligation plus drug therapy.
Secondly, to treat refractory ascites (indica-
tion 2) compared with large volume
paracentesis.

Methods: A two-state (alive and dead) Markov
model was developed to capture the costs and
health impact for the two indications over a
2-year time horizon with monthly cycles. In the
alive state, patients could experience adverse
event(s), associated with costs and disutility,
such as recurrent variceal bleeding, ascites, and
hepatic encephalopathy. Discount rates of 3%
for utilities and costs and a cost-effectiveness
threshold of €25,000 per QALY were applied.
Results: In the base case analysis, TIPSS was
estimated to be cost-effective as a pre-emptive
treatment for indication 1 (incremental cost
and QALYs of - €230 and 0.211, respectively).
TIPSS also remained cost-effective (€16,819/
QALY) in a conservative scenario analysis, con-
ducted with an alternate source for clinical
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R. Bañares
Universidad Complutense de Madrid, Madrid, Spain
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parameters. The key drivers of the outcomes
were survival for the comparator arm, mean
band ligation outpatient procedures, and TIPSS
treatment costs. TIPSS was estimated to domi-
nate the comparator for indication 2 (incre-
mental cost and QALYs of - €25,687 and 0.531,
respectively). The key drivers of the outcomes
were monthly paracentesis sessions and cost per
inpatient stay for those undergoing
paracentesis.
Conclusions: TIPSS is likely to be a cost-effec-
tive and a cost-saving treatment in patients
with cirrhosis in indications 1 and 2, compared
with standard treatments. The analyses estimate
clinical benefits along with reduced healthcare
costs from avoided downstream resource
consumption.

Keywords: Variceal bleeding; Ascites; Cirrhosis;
TIPSS; Endoscopic band ligation; Large volume
paracentesis; Spain; Cost–utility; QALY

Key Summary Points

Cirrhosis of the liver can be associated
with complications, such as acute variceal
bleeding and refractory ascites, which can
be life-threatening and/or result in
substantial healthcare costs.

The economic impact of the use of TIPSS
within these two indications has been
estimated previously for a UK setting;
however, the cost and health impact
within a Spanish setting are not well
established.

The aims of this study were to estimate the
health and cost impact of using TIPSS as a
treatment for refractory ascites and as a
pre-emptive treatment in people with
acute variceal bleeding.

TIPSS is cost-effective for people with
acute variceal bleeding and refractory
ascites (incremental cost and QALYs of
€230 and 0.21 QALYs in acute variceal
bleeding; incremental costs and QALYs of
€25,687 and 0.53 QALYs in refractory
ascites).

The use of TIPSS is associated with health
gains and cost savings for both indications
considered. This is attributable to resource
savings from events such as avoided
hospital attendance and reduced adverse
events.

INTRODUCTION

Liver disease is a multistage, often chronic,
condition that can give rise to various compli-
cations. Caused predominantly by alcohol
consumption, obesity, and viral hepatitis, the
largest burden is observed in Europe [1]. Pro-
longed damage to the liver often results in the
development of cirrhosis, the hallmarks of
which include variceal bleeding, ascites, and
hepatic encephalopathy (HE) with substantial
mortality implications associated with these
complications [2]. In the decompensated cir-
rhotic state, where individuals can suffer from
one or more of these hallmarks, median survival
is estimated to be 2 years [2].

Acute variceal bleeding (AVB), a life-threat-
ening complication of cirrhosis that leads to
significant mortality risk, develops as a result of
uncontrolled increased portal hypertension
from progressive damage of hepatic tissue. Pri-
mary management of AVB aims to restore
haemodynamic stability and curb the bleeding
from varices [3]. As such, transfusion may be
performed for volume replacement and admin-
istration of vasoactive agents such as terli-
pressin and somatostatin to reduce portal
pressure. Once individuals are stabilised an
endoscopic band ligation (EBL) is performed to
confirm and manage the bleeding [3]. However,
even with timely treatment, there is an esti-
mated 15–21% risk of treatment failing or
rebleeding occurring with mortality as high as
80% [2, 3]. Evidence gathered suggests that, in
addition to using expanded polytetrafluo-
roethylene (ePTFE)-covered stents in transjugu-
lar intrahepatic portosystemic stent shunt
(TIPSS) for symptom-based treatment, pre-
emptive use of TIPSS may lead to improved
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clinical outcomes [3]. TIPSS is a procedure
whereby a passage is created to connect the
portal and hepatic veins [4]. One of the primary
aims of the procedure is to reduce the portal
vein pressure, due to formation of scar tissue
within the liver [4], where complications can
often occur as a consequence of increased
pressure.

Ascites is another commonly occurring
complication of decompensated liver cirrhosis
and one that is refractory in 5–10% of people
(i.e. it is unresponsive to dietary sodium
restriction and administration of diuretics) [5].
Liver transplant remains the only curative
treatment for refractory ascites (RA); however,
interim treatment options include repeat large
volume paracentesis (LVP) in combination with
albumin, or the use of TIPSS [5]. Whilst the
former has low procedural risk it is associated
with significant burden, both in terms of
patient health and the overall economic cost
[6]. Clinical data for TIPSS suggest that it has an
improved safety and efficacy profile when
compared with LVP [5].

Key clinical trials that explored the effec-
tiveness of TIPSS for RA and as pre-emptive
treatment in AVB have been reported in detail
in a previous paper by Garcı́a-Pagán and col-
leagues [7]. Evidence from randomised control
trials (RCTs) support the use of TIPSS for AVB
based on improved clinical outcomes such as
reduction in cases with uncontrolled bleeding,
overall reduction in mortality, as well as a
favourable safety profile due to the non-surgical
nature of the intervention [8, 9]. Similarly, two
RCTs examining individuals with RA have
shown that the use of ePTFE-covered stents in
TIPSS led to significantly reduced incidences of
rebleeding [10]. There was also a demonstrated
reduction in mortality compared to standard
care [10].

In addition to the extensive negative health
impacts, cirrhosis of the liver and the conse-
quent complications are estimated to pose a
substantial economic burden to healthcare sys-
tems and population health [1]. A previous
analysis reported that €142 million was spent
on patients with cirrhosis in Catalonia in 2013
alone [11]. This was equivalent to an average
spend of €4234 per patient with the cost

estimated to vary depending on the morbidity
risk categorisation of patients with cirrhosis
[11]. Overall expenditure per patient ranged
from €874 for low morbidity risk category to
€15,876 for very high morbidity risk, where the
largest component of the costs in the high-risk
category was from hospitalisation [11]. Fur-
thermore, the overall costs for ascites and
oesophageal varices were both estimated to be
above €9000 annually per patient [11]. A more
recent cost-effectiveness study estimated the
total per patient cost of treating RA to be
€15,360 over 2 years [12]. In a related study, the
authors also estimated standard treatment for
AVB to cost €7600 per patient over 2 years [13].

Owing to the clinical benefits described pre-
viously, TIPSS is already in use within the
Spanish healthcare system. However, whilst the
use of TIPSS was found to be cost saving and
cost-effective in the UK setting in patients with
AVB as a pre-emptive treatment and in patients
with RA, to the best of the authors’ knowledge,
a formal cost-effectiveness analysis has not been
completed from a Spanish perspective [14]. The
only relevant study identified is from Pérez-
Mitru and colleagues who published an abstract
which reported cost savings from the use of
TIPSS for RA, compared with LVP, within the
Spanish setting [12]. Therefore, the aim of this
work was to assess the cost-effectiveness of
TIPSS with a covered stent, as opposed to the
traditional metal stent, for use in two popula-
tions: those with AVB and RA, compared with
standard care, from a Spanish perspective. The
previously developed UK cost-effectiveness
models for these two indications were adapted
for this purpose [14].

METHODS

Cost–utility analyses were conducted, based on
the existing UK models [14], exploring the use
of TIPSS in two indications:

• Indication 1—patients with cirrhosis and
haemodynamically stable AVB, following
first-line treatment with EBL and drug ther-
apy. The comparator was continued EBL and
drug therapy.

3008 Adv Ther (2023) 40:3006–3020



• Indication 2—patients with cirrhosis and RA
and the comparator was LVP plus albumin.

The overall modelling approach that was
adopted for the UK analyses, including model
structure, population, key assumptions, and
parameter values, was validated with three
Spanish clinical experts via questionnaires and
interviews. It was agreed that, in general, the
modelling approach adopted for the UK was
applicable to the Spanish setting. Therefore, no
major changes were required to the model
structure or population. However, updates were
required to reflect differences in parameter val-
ues for the model to be applicable to a Spanish
population and setting, either for the base case
analysis or as scenario analyses. These updates
included treatment efficacy data used (e.g. sur-
vival rates), resource use (e.g. healthcare staff
involved and frequency of treatment sessions),
and unit costs.

Health benefits were captured using the
quality-adjusted life-year (QALY), which is a
generic measurement of patient quality of life.
The incremental cost-effectiveness ratio (ICER)
was also estimated and compared to a willing-
ness to pay threshold of €25,000 to determine
whether TIPSS was cost-effective (i.e. an ICER of
less than €25,000 per QALY indicates cost-
effectiveness).

The willingness to pay value was based on a
study by Vallejo-Torres and colleagues who
reported €25,000 per QALY as the threshold
used most commonly for economic evaluations
within a Spanish setting [15]. A healthcare per-
spective was adopted for the model and a 2-year
time horizon applied. A 3% discount rate was
applied to both costs and QALYs [16].

Model Structure

A two-state Markov model was developed
comprising alive and dead health states. Whilst
in the alive state individuals could experience
multiple adverse events (AEs), either as a con-
sequence of the intervention or from the
underlying disease. These included rebleeding,
recurrent ascites, HE, and shunt dysfunction.
The last of these was limited to the TIPSS
intervention group. A full description of the

model structure, including the relevant popu-
lations for each AE applicable, can be found in
Mattock et al. [14]. For the TIPSS cohort, prior to
entering the model, individuals were assigned
to either the TIPSS or standard care downstream
treatment pathway depending on if TIPSS
resulted in technical success or failure,
respectively.

Model Population

For indication 1 (AVB), clinical experts agreed
that in those who were haemodynamically
stable, following an initial management with
EBL and beta blockers, pre-emptive TIPSS would
be administered within 72 h of the index bleed.
Additionally, TIPSS should be targeted at
patients who are at high risk of variceal bleeding
(i.e. Child C 10—13 points and Child B with
active bleeding at the time of endoscopy). The
standard of care with EBL in combination with
beta-blockers was considered appropriate with
multiple EBL sessions followed by monitoring
appointments to check for reappearance of
varices, although differences in frequency of
resource use were noted by clinical experts.

For indication 2 (RA), clinical expert opinion
agreed TIPSS would be administered following
initial treatment with LVP that had failed to
manage ascites. For the comparator arm indi-
viduals would continue to receive multiple
LVPs. Whilst expert opinion stated that time
between each LVP session can vary between
individuals (e.g. once per week or two sessions
every 3 weeks), it was agreed that a duration of
2 weeks was applicable for the Spanish setting.

Model Inputs

The inputs, and therefore the analysis, is
informed by previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

Clinical Parameters
The models were predominately informed by
two RCTs that were judged to be the most
robust source of relevant data on the
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effectiveness of TIPSS in the two indications of
interest. A study by Garcı́a-Pagán (2010)
explored the clinical impact of earlier use of
TIPSS in patients with cirrhosis and AVB when
compared with patients who received EBL
therapy alone [8]. The study reported 12-month
survival for patients treated with TIPSS and EBL,
estimated to be 86% and 61%, respectively,
with no additional mortality reported from 12
to 24 months [8]. AE risks were also sourced
from this study.

Bureau (2017) explored the impact of TIPSS
compared with LVP in patients with cirrhosis
and recurrent ascites. One-year survival curves
were reported in which these data were extrap-
olated using a lognormal distribution to esti-
mate survival probabilities at 24 months (see
Mattock et al. [14] supplementary material for
full details).

Based on these curves, 12-month survival
was estimated to be 93% and 55% for TIPSS and
LVP, respectively. The extrapolated 24-month
survival was estimated to be 89% and 24% for
TIPSS and LVP, respectively.

See Table 1 for the full list of clinical
parameters, respective values, and sources for
both indications.

The model structure and inputs were vali-
dated with three clinical experts currently
practising in Spain. A recently published meta-
analysis by Nicoară-Farcău [17] was referenced
by one expert during this validation process. In
this study, data from three RCTs and four
observational studies were pooled to obtain
estimates for survival and AEs such as rebleed-
ing, HE, and recurrent ascites. The study esti-
mated reduced survival with TIPSS (79%) and
marginally increased survival with EBL (62%)
compared with the Garcı́a-Pagán (2010) study.
The study also estimated a higher risk of HE and
recurrent variceal bleeding with TIPSS than that
reported by Garcı́a-Pagán [8].

Healthcare Resource Use and Costs
As described by Mattock et al., the resource use
for each indication was informed by UK clinical
guidelines and interviews with three UK clinical
experts. For the current analysis, these resource
use data were presented to three Spanish clinical

Table 1 Summary of the clinical parameters applied in the economic models

Indication 1: AVB Indication 2: RA

TIPSS EBL Source TIPSS LVP Source

Survival at 12 months 0.860 0.610 Garcı́a-Pagán et al. [8] 0.928 0.553 Bureau et al. [22]

Survival at 24 months 0.860a 0.610a 0.890 0.241

TIPSS technical success 0.980 NA Perelló et al. [26] 0.980 NA Perelló et al. [26]

Shunt dysfunction 0.070 NA Lv et al. [27] 0.030 NA Bureau et al. [22]

Recurrent VB at 12 months 0.030 0.500 Garcı́a-Pagán et al. [8] 0.044c 0.182 Shen et al. [28]

Recurrent VB at 24 months 0.030b 0.500b 0.044 0.182 Assumed same as 12 months

Ascites at 24 months 0.130 0.330 0.510 1.000 Bai et al. [29]

HE at 12 months 0.280 0.400 0.345 0.333 Bureau et al. [22]

% HE severe 0.250 0.250 Lv et al. [27] 0.400 0.636

SBP at 12 months NA NA NA NA 0.060

a24-month survival assumed to be same as 12 months based on survival curves in Garcı́a-Pagán et al. [8]
b24-month recurrence assumed to be same as 12 months based on data extrapolated in Garcı́a-Pagán et al. [8]
cBased on rate reported for variceal bleeding which was assumed to be applicable for RA, as used in Shen et al. [28]
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experts who validated the values from a Spanish
healthcare perspective. It was agreed that
resource use patterns are similar across the two
settings and, therefore, it was appropriate to
apply the resource use data in the Spanish
models. However, there were certain deviations
across the two settings with the key amend-
ments listed below:

• 5% of initial implantations were assumed to
be elective cases for indication 1 (AVB),
compared with 0% in the UK models.

• Before TIPSS implantation, 80% were
assumed to have an abdominal comput-
erised tomography (CT) scan, 50% under-
went an echocardiogram (ECHO), and 0%

were assumed to have an electrocardiogram
(ECG).

• Nadolol was assumed to not be used in Spain
as part of pharmaceutical treatment with
EBL.

• Endoscopy was used to confirm bleeding
rather than angiography in the Spanish
setting.

• Additional pharmacotherapies such as
somatostatin and octreotide were included,
alongside terlipressin acetate.

Table 2 summarises the resource use and
costs applied for primary treatments in both
indications. In addition to the initial cost of
providing TIPSS, patients undergoing TIPSS
procedure for indication 1, in usual practice, are

Table 2 Summary of the primary treatment costs applied in the economic models

Units Total costs* Source

TIPSS procedure

Indication 1 (AVB)

Elective 0.05 €5851.99 KOLs; [18, 30, 31]

Non-elective 0.95 €7615.99

Total €7527.79

Indication 2 (RA)

Elective 1.00 €5851.99 KOLs; [18, 30, 31]

Non-elective 0.00 €7615.99

Total €5851.99

Standard care: indication 1 (AVB)

Outpatient EBL (months 1–2) 4.00 €4689.30 KOLs; [32, 33]

Outpatient EBL (months 3–24) 3.00

Pharmaceuticals (per month) Various** €7.79 KOLs; [33]

Total costs (24-month survival)*** €4750.80

Standard care: indication 2 (RA)

LVP per procedure 2.17 €2430.49 KOLs; [18, 30, 33]

Total cost (24-month survival)*** €58,331.68

KOL key opinion leaders
*See supplementary material for breakdown of AE costs
**Carvedilol (25% of population applied to) and propranolol (75% of population applied to)
***Undiscounted total 24-month cost estimates
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monitored to evaluate TIPSS patency using
Doppler ultrasound evaluation according to
expert opinion. The cost of a Doppler ultra-
sound was estimated to be €67 [18]. No
appointment costs were applied in the model as

the ultrasound was assumed to be conducted as
part of hepatocellular screening.

The costs of AE management are presented
in Table 3.

Utilities
Baseline utility was sourced for patients with
cirrhosis. For indication 1, patients in the alive
state were assigned a baseline utility of 0.62.
This was calculated by taking the weighted
average of the utility for patients with chronic
liver disease and a Child–Pugh score of 2 (0.67)
and Child–Pugh score of 3 (0.56) [19]. The
weighting was based on the ratio of patients
within the Garcı́a-Pagán trial [7] (32:30 for
Child–Pugh 2 to Child–Pugh 3).

For indication 2, patients in the alive state
were assigned a baseline health utility of 0.65
[20], representing patients with cirrhosis with-
out ascites. This was derived as the arithmetic
mean across eight domains reported in Fig. 2 of
the Moscucci et al. study [20].

Disutilities were applied on the basis of the
treatment patients underwent and from the
occurrence of any AEs. All disutilities were
applied for the full cycle except for disutility
relating to TIPSS and shunt dysfunction
requiring re-intervention. In these cases, disu-
tility was only applicable to the intraoperative
and postoperative period (i.e. equal to the
length of stay per procedure). See Table 3 for the
AE-specific disutility scores applied in the
model.

Model Analyses

As described previously, one Spanish expert
suggested the Nicoară-Farcău analysis [17] may
be a source of clinical inputs for indication 1.
However, as a result of limitations in the anal-
ysis, this was considered to be less appropriate
than the Garcı́a-Pagán study [8]. One major
limitation of the meta-analysis, within the
context of this decision problem, relates to the
inclusion of observational studies, in addition
to the RCTs. Therefore, given the propensity for
an increased risk of bias associated with obser-
vational studies (e.g. due to lack of blinding and
randomisation across study arms) it was judged

Table 3 Disutilities and costs for the adverse events
included in the economic models

Total
cost*

Utility Source
(utility)

TIPSS procedure

(initial implant)

Reported

in

Table 1

0.15 Wechowski

et al. [34]

Variceal bleeding

TIPSS (indications

1 and 2)

€4278.51 0.15 Wechowski

et al. [34]

Standard care

(indication 1)

€8556.06 0.15

Standard care

(indication 2)

€4278.51 0.15

Shunt dysfunction

(indication 1)

€3192.29 0.15

Shunt dysfunction

(indication 2)

€3888.26 0.15

Hepatic

encephalopathy

(mild)

€1253.54 0.07 Kwan [35]

Hepatic

encephalopathy

(severe)

€1253.54 0.13

Ascites

TIPSS and standard

care (indication 1)

€668.48 0.13 Mosucci

et al. [20]

TIPSS

(indication 2)

€1120.04 0.13

Spontaneous bacteria

peritonitis*

€2752.50 0.12 Badia et al.

[36]

*See supplementary material for breakdown of AE costs
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that the evidence from this meta-analysis may
be less robust than RCT evidence alone. Addi-
tionally, within the analysis, outcomes were
combined from studies comparing the use of
covered and bare stents with EBL. There is
strong evidence to support that bare stents are
associated with lower effectiveness than cov-
ered stents [21]. Therefore, the inclusion of
studies focusing on bare stents is likely to bias
the outcomes for TIPSS. Nevertheless, given the
benefits of pooling data (e.g. increased statisti-
cal power and improved estimates), the impact
of utilising the more conservative estimates
from the Nicoară-Farcău [17] study was
explored through a scenario analysis for
indication 1.

In addition to the scenario analysis, uncer-
tainty in the model parameters was charac-
terised through deterministic and probabilistic
sensitivity analyses (DSA and PSA). All relevant
parameters were included in the DSA with the
upper and lower values informed by confidence
intervals, as reported in the sources. Where this

was not possible, 15% of the mean was used to
estimate the upper and lower values. The results
of the analysis were plotted as a tornado
diagram.

PSA was also conducted whereby 10,000
model iterations were run to estimate the aver-
age costs and QALYs associated with the inter-
vention and comparator for both indications.
The alpha and beta values were estimated using
15% of the mean if standard error was not
reported within the studies. The results were
plotted on cost-effectiveness planes.

RESULTS

The results of the base case analysis for both
indications, and the scenario analysis for indi-
cation 1, are presented in Table 4. The cost-ef-
fectiveness plane for the PSA results is presented
in the supplementary material.

Table 4 Overview of the final results of the base case analysis for each indication

Total discounted costs Cost–utility analysis

TIPSS VB Ascites HE SBP Costs QALYs Life years ICER

Indication 1 (AVB): base case

TIPSS €7866 €179 €165 €708 NA €8918 1.034 1.728 –

EBL €1122* €6815** €358 €853 NA €9148 0.823 1.360 Dominant

Indication 1 (AVB): scenario—clinical parameters from meta-analysis

TIPSS €7855 €379 €139 €859 NA €9232 0.971 1.627 –

EBL €597* €5464** €397 €513 NA €6971 0.836 1.376 €16,819

Indication 2 (RA)

TIPSS €6144 €361 €2547 €936 €4 €9991 1.141 1.797 –

LVP €0 €991 €33,910 €580 €198 €35,679 0.611 1.163 Dominant

EBL endoscopic band ligation, HE hepatic encephalopathy, ICER incremental cost-effectiveness ratio, LVP large volume
paracentesis, QALY quality-adjusted life-year, SBP spontaneous bacterial peritonitis, TIPSS transjugular intrahepatic por-
tosystemic stent shunt, VB variceal bleeding
*Associated with TIPSS rescue in a proportion of patients who experienced further bleeding episode(s)
**Includes treatment for initial AVB and recurrent AVB minus use of TIPSS in a proportion of individuals who experience
further bleeding events. Note: calculated totals and ICERs from the values reported in the table may not match reported
totals and ICERs in the table as a result of rounding
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Indication 1 (AVB)

For indication 1, the use of pre-emptive TIPSS
was estimated to be cost saving when compared
with EBL and pharmaceutical therapy over a
2-year time horizon, with cost savings of €230
per patient. It was also associated with addi-
tional health benefits of 0.21 QALYs per patient.

Whilst higher costs were incurred from pri-
mary treatment provision (estimated to be
€7866 for TIPSS), this was compensated for by
large cost savings from reduced AEs and avoided
downstream EBL sessions. Therefore, TIPSS was
found to be the dominant treatment strategy
being both more effective and leading to overall
cost savings.

A scenario was conducted using the alterna-
tive clinical data from Nicoară-Farcău [17], the
results of which are also presented in Table 4.
The key differences in inputs compared with the
base case relate to reduced overall survival and
increased AE risk with TIPSS. Given these sce-
nario inputs, the use of TIPSS was associated
with increased costs to the healthcare system
(excess cost of €2261 per patient). Additionally,
the incremental QALYs were lower compared to
the base case analysis but TIPSS was still asso-
ciated with clinical benefits (incremental gain
of 0.13 QALYs per patient). TIPSS was no longer
cost saving in this scenario primarily because of
reduced cost savings from preventing recurrent
variceal bleeding. Furthermore, additional costs
were incurred from managing other conse-
quences such as HE (€346) per patient instead of
savings as previously estimated. Overall, TIPSS
remained cost-effective at a threshold of
€25,000 per QALY gained with an ICER of
€16,819.

The key drivers of the base case results, as
determined by the DSA, were survival at
12 months (for the EBL arm), mean EBL outpa-
tient procedures, and TIPSS treatment-related
costs such as length of stay for implantation
and stent cost (Fig. 1a). The comparator arm
was associated with ongoing costs through
treatment sessions and AE management.
Therefore, increased survival at 12 months was
associated with increased medical costs thereby
increasing cost savings with TIPSS. Similarly,
the mean number of EBL procedures per month

would be applicable for the full duration of the
time horizon. Therefore, increased monthly
sessions resulted in increased costs for EBL
treatment.

On the basis of the PSA, TIPSS was estimated
to be cost saving 47% of the time given the base
case inputs, with an average incremental cost of
€66 estimated from 10,000 iterations. It has,
however, a substantially higher probability of
being cost-effective (93%) at a threshold of
€25,000 per QALY gained (see supplementary
material for the cost-effectiveness plane).

Indication 2 (RA)

The use of TIPSS for treating RA when compared
with LVP resulted in substantial cost savings of
€25,687 per patient over a 2-year time horizon.
It was also associated with health benefits with
an incremental gain in QALYs of 0.53 per
patient, thereby dominating LVP. The largest
cost savings were observed from avoiding mul-
tiple LVP sessions, as required for the com-
parator arm, with estimated savings of €33,910
per patient over 2 years (equivalent to prevent-
ing 29 hospital-based LVP sessions).

The key drivers of the model outcomes were
monthly frequencies in LVP procedures and the
cost per inpatient stay for the LVP arm (Fig. 1b).
Both of these parameters determined the total
cost of LVP treatment incurred for the com-
parator arm. Given the lower and higher values
for the parameters considered, TIPSS was esti-
mated to be cost saving across all the scenarios
considered. Similarly, the base case results were
considered to be robust on the basis of the PSA
outputs. The use of TIPSS in those with RA was
estimated to be both cost saving and cost-ef-
fective 100% of the time (see supplementary
material for cost-effectiveness plane).

Comparison to UK Findings

For the UK analysis, the use of TIPSS was esti-
mated to result in cost savings of £600 and 0.20
QALY gains as a pre-emptive treatment for AVB.
For the RA population, TIPSS was estimated to
result in savings of £17,983 and health benefits
of 0.53 QALYs per patient over 2 years.
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Therefore, the QALY gains were almost equiva-
lent in the Spanish and UK analyses for both
populations, which is to be expected given the
consistency in efficacy and utility data that were
applied in both settings. In terms of costs, TIPSS
led to a smaller savings in the AVB indication in
Spain but substantially larger savings in RA.
Overall, the cost-effectiveness estimates were
largely consistent across the two settings despite
differences in the structure of each healthcare
system.

DISCUSSION

Whilst previous studies have shown the eco-
nomic benefits of TIPSS for RA and AVB indi-
cations, this study establishes the cost impact,
potential health benefits, and cost-effectiveness
of TIPSS within a Spanish healthcare setting.
Results from the analysis conducted show that
TIPSS is estimated to be a dominant treatment
option in patients with RA (cost savings and
incremental QALYs of €25,687 and 0.531 per
person, respectively) and as pre-emptive treat-
ment in those with AVB (cost savings and
incremental QALYs of €230 and 0.211 per per-
son, respectively). Therefore, it is estimated to
be cost saving to the system for both indica-
tions. Though associated with increased costs
from primary treatment in the first instance this
is offset by decreased costs from avoided AE
occurrences and other treatment-related
healthcare resource use. The results also appear
to be robust on the basis of sensitivity analyses
conducted for the two indications.

An additional scenario analysis for the AVB
population highlights similar outcomes
although the extent of cost savings is reduced
because of an increased risk of AEs and a con-
servative estimation of survival benefit with
TIPSS when compared with EBL. These values

were not used in the base case because the
outcomes of the meta-analysis are likely to be
biased as a result of inclusion of observational
studies and RCTs incorporating bare stents.
However, even with the use of conservative
values, the model outputs support health ben-
efits from using TIPSS within this patient pop-
ulation owing to QALY gains that result in an
ICER of 16,819 €/QALY below the willingness to
pay threshold of €25,000 per QALY.

Whilst there is no reimbursement system in
place in Spain for medical devices, the findings
of a cost-effectiveness analysis may still be of
interest for payers and hospital managers. This
analysis shows the clinical benefits both in
terms of quality of life and life years lived for
patients experiencing potentially life-threaten-
ing complications from liver disease such as
AVB and RA. In addition to the clinical benefits,
the uptake of TIPSS has the potential to reduce
burden on healthcare practitioners (HCPs). The
associated cost savings from this can offset the
initial increased cost of providing treatment
when managing treatment for these patients
within a Spanish setting.

As with the UK models, there were data gaps,
which increase the uncertainty in the results
estimated for both indications. Namely, the
dependence on individual RCTs rather than
pooled data to inform key clinical parameters.
Primary studies used to inform the AVB and RA
models were Garcı́a-Pagán et al. [8] and Bureau
et al. [22], respectively. A limitation of the
Garcı́a-Pagán et al. [8] study in particular is the
small sample size of the study. The uncertainty
in central estimates is reflected in the wide
confidence intervals associated with clinical
parameters such as risk of ascites and
rebleeding.

This was, however, still considered to be
more appropriate than the meta-analysis for
reasons previously discussed and various sensi-
tivity analyses were conducted to explore the
impact of these values on the results. A larger
RCT would be required to provide more con-
clusive evidence on the true cost impact of
TIPSS in patients with AVB.

Similarly for the ascites population, with 62
patients included in the cohort, Bureau et al.’s
study [22] is also associated with a small sample

bFig. 1 Tornado plots for AVB and RA analyses. a Tornado
plot presenting results of the deterministic sensitivity
analysis for indication 1 (AVB). b Tornado plot presenting
results of the deterministic sensitivity analysis for indica-
tion 2 (RA)
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size that is likely to impact the results of this
analysis. For example, reduced risk of HE is
reported for the TIPSS arm in the study; how-
ever, the values are non-significant with 10 (out
of 29) and 11 (out of 33) patients experiencing
HE for TIPSS and LVP, respectively. This was
also the case for SBP AE risk. However, these
were not key drivers of the results for the RA
indication and therefore any variability is unli-
kely to have a substantial impact on the results.

A strength of this analysis is that it is based
on a UK model that has previously undergone a
peer-review process and expert validation. Fur-
thermore, the applicability of the model struc-
ture, inputs used, and adaptations made were
guided by clinical expert opinion familiar with
the management of these indications within
the Spanish population. Where there was con-
tention in any data points used these were
explored through scenario analyses to capture
any additional uncertainties. From such analy-
ses the benefits of TIPSS are still evident whilst
explicitly quantifying the extent of uncertainty
associated with cost savings.

Given the inputs used, the model outcomes
are largely in line with results for the UK setting
even with adjustments made to reflect Spanish
clinical practice based on expert feedback.
Additionally, the findings of this analysis are
broadly consistent with previous cost-effective-
ness analysis conducted by Pérez-Mitru and
colleagues within a Spanish setting for both
indications [12, 13]. For AVB, the early use of
TIPSS was associated with a total incremental
cost of €57 over 2 years (€7657 for TIPSS and
€7600 for EBL) according to Pérez-Mitru et al.
[13]. The study also reported that fewer recur-
rent bleeding episodes and related EBL proce-
dures were the main points of cost savings [13].
Whilst the current base case deterministic result
in our analysis estimated higher cost savings for
TIPSS (incremental savings of €230), the uncer-
tainty in the extent of cost savings was captured
through the PSA with an estimated average
incremental cost of €66 over 10,000 iterations.
Therefore, the PSA results are in line with the
findings from Pérez-Mitru et al. [13]. Whilst
TIPSS had a 47% likelihood of being cost saving
on the basis of the current PSA, the extent of
additional costs incurred per patient over the

2 years may be considered small in light of the
resource use saved (from avoided downstream
EBL sessions) and clinical benefits. However, a
full comparison of results was not possible
because the results from Pérez-Mitru et al. were
reported in an abstract only.

For RA, Pérez-Mitru and colleagues [12]
reported costs with TIPSS over a 2-year time
horizon of €14,728 and €15,360 for TIPSS and
LVP, respectively. The estimated cost of TIPSS
was lower in the current analysis at €9991 per
patient over 2 years whilst the LVP cost per
patient was substantially higher (€35,679).
However, the authors note that the results may
be an underestimation because of the meta-
analysis used to inform key clinical parameters
in the model, which was based on TIPSS with
uncovered stents [12]. Evidence from RCTs
suggests that clinical outcomes with uncovered
stents are poorer when compared with covered
stents [23–25]. In particular, the findings of a
meta-analysis of RCTs suggest that covered
stents provided improved shunt patency and
survival with decreased risk of TIPSS-associated
AEs, such as HE onset compared with uncovered
stents [23, 25]. This is likely to have overesti-
mated the costs associated with TIPSS
treatment.

CONCLUSION

This analysis estimates the clinical and cost
benefits associated with TIPSS use for those with
RA or AVB, secondary to cirrhosis. For both
indications, TIPSS is estimated to be both cost
saving and cost-effective when compared with
current standard of care in a Spanish setting. In
the RA indication, TIPSS is associated with
freeing up resource use from avoided hospital-
based LVP sessions. In terms of AVB, whilst
there are increased upfront costs for provision
of treatment with TIPSS over EBL, it is expected
to result in cost savings in the long term from a
variety of pathways. These include savings from
reduced AEs, such as additional variceal bleeds
and HE, and avoided subsequent follow-up
treatment-related appointments, resulting in a
net reduction in healthcare resource use. Addi-
tionally, the freeing up of resources such as HCP
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time may improve system efficiencies and
thereby support provision of care for more
patients within the Spanish healthcare system.

Whilst there is uncertainty in the true costs
associated with the treatment and comparators,
particularly for the AVB indication, there are
still benefits to be reaped through improved
clinical outcomes within these patient popula-
tions as highlighted by the improved survival
and reduced AEs. However, future analyses may
benefit from gathering additional clinical evi-
dence on the short- and long-term impact of
TIPSS compared with EBL and LVP treatment for
AVB and RA indications, respectively. This may
include conducting a larger RCT, potentially
combined with real-world evidence gathering,
to increase the robustness of the evidence base
utilised within the cost-effectiveness analysis.
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