
APPENDICES 

Costs for medical treatment 
Prescription medication use was taken from the available data on the Belgian CRT population, 
right before implantation.[7] The amount and type of drugs are assumed to remain the same 
after implantation on a per patient base. Prescription medication costs are based on the 
cheapest formulation as indicated by the Belgian Centre for Pharmacotherapeutic Information, 
www.bcfi.be (accessed November 2010) (table A1). The percentage of users is included as a 
beta distribution with parameters reflecting the values of the Belgian CRT sample. This provides 
an average monthly medication cost of €30.88 per patient (95%CI 29.85 - 31.82). 

Table A1: Costs for medical treatment 

Drug Units/ 
pkg 

Price/ 
pkg 

Non-
refund. 

DDD Price/ 
DDD 

Use* Beta 
distribution** 

       alpha beta 
ACE-inhibitors 

captopril 50 mg (oral) 60 €9.04 €1.70 50mg €0.15 65.1% 507 272 
Angiotensin II antagonists 

losartan 50 mg (oral) 98 €30.09 €8.14 50mg €0.31 20.7% 161 618 
Beta-blocking agents 

carvedilol 6.25 mg (oral) 56 €7.56 €1.19 37.5mg €0.81 68.5% 534 245 
Spironolacton 25 mg (oral) 50 €7.90 €1.30 75mg €0.47 34.0% 265 514 
Loop diuretics      61.0% 475 304 

furosemide 40 mg (oral) 100 €8.86 €1.64 40mg €0.09 30.5%   
bumetanide 1 mg (oral) 30 €8.12 €1.38 1mg €0.27 30.5%   

Digoxine 0.25 mg (oral) 120 €7.09 €1.03 0.25mg €0.06 10.4% 81 698 
Amiodaron 200 mg (oral) 60 €9.24 €1.77 200mg €0.15 23.2% 181 598 
*Source: Belgian CRT patients; **: Beta distribution applied for the percentage of users. 
Antithrombotic agents were not included in this cost since they are not considered being part of optimal 
pharmacologic treatment of HF. For loop diuretics we assumed furosemide and bumetanide were taken in 50/50% of 
cases. 
DDD: defined daily dose; non-refund.: non-refundable part; pkg: package 
 

Utilities 
Utility values are based on the studies of Cleland et al.,[8] Calvert et al.[11] and Feldman et al.[9] 
which are briefly outlined here. 

In the CARE-HF publication, Quality of Life (QoL) was assessed at 90 days using the generic 
EQ-5D instrument. Patients in the CRT group had a better QoL compared to patients in the OPT 
group. The EQ-5D scores were 0.63 (SD 0.29) in the OPT group and 0.70 (SD 0.28) in the CRT 
group. The difference of 0.08 (95%CI 0.04 to 0.12) was statistically significant (p<0.001).[8] 
Unfortunately, no measurement of QoL at baseline was reported. As a result, it remains 
uncertain whether this difference is causally related to the resynchronization therapy. 

Calvert et al.[11] presumed a potential 0.1 increase to the EQ-5D index score due to CRT. This 
assertion was based on the observed 13 point decrease (indicating an improvement) in the 



Minnesota Living with Heart Failure (MLWHF) score of the MUSTIC trial[17] and the observed 
relationship between the EQ-5D index and MLWHF scores. On the other hand, Feldman et al.[9] 
employed data from the COMPANION trial. The participants of this trial completed the MLWHF 
questionnaire at baseline before implantation and after three and six months. Although this 
survey was not specifically designed to measure utility, a previously published algorithm[18] was 
used to convert MLWHF scores to utility preference weights. This resulted in utility weights at 
the baseline, third month, and sixth month of respectively, 0.62, 0.68, and 0.70 for the OPT 
group; 0.62, 0.78, and 0.79 for the CRT-P group; and 0.60, 0.77, and 0.77 for the CRT-D 
group.[9] Thus, also this study arrives at an indirectly measured QoL improvement of about 0.1. 

All this lead to the following assertions for our model: 1) The baseline out-of-hospital utility was 
set to 0.68 (Table 1), i.e. the level after three months of OPT treatment in the COMPANION 
study, according to Feldman et al. Any lower baseline level would have implied that not all our 
modelled patients were already receiving optimal treatment at implantation. 2) We assumed that 
the utility improvement in the CRT-P/D groups amounts to 0.1, resulting in a utility weight of 
0.78. In order to allow us to model a significant utility differences, these values were inserted 
into the model as symmetric beta distributions with an assumed minimum and maximum value 
of 0.05 below and above the mean value.  

Finally, a utility weight for hospitalization due to heart failure was derived from the study of 
McAlister et al.[19] In that study, four health states were considered: NYHA functional class II, III, 
and IV, as well as heart failure severe enough to require hospitalization. People were presented 
a number of hypothetical scenarios, each illustrating what patients would typically feel and 
experience whilst living in one of these health states. The standard gamble technique for 
eliciting preferences was used. Based on the answers of 90 respondents, mean utilities for 
NYHA class II, III and IV were, respectively, 0.74, 0.84, and 0.94. Hospitalization corresponded 
to a mean utility of 0.57. These reported weight differences between NYHA class III or IV and 
heart failure hospitalization lead us to put the QoL weight for hospitalization an amount of 0.17 
to 0.27 below that of baseline, resulting in an average utility weight of 0.46 for hospitalization. In 
absence of any better generic QoL estimates despite our literature search, we resented having 
to resort to this very crude estimate. Eventually, this lower utility was attributed only to the 
hospital stay of the initial and replacement implantations, which averaged respectively, 7.34 
days and 4.47 days in the Belgian CRT sample (Table 1). For other hospitalizations, we assume 
that the impact of hospitalization on QoL was already implied in the QoL values of 0.68 for OPT 
and 0.78 for CRT-P and -D.  

 



 

Results (base case) 
According to the model, the undiscounted life expectancy is 4.6 years for the OPT group. CRT-
P increases life expectancy with 1.31 years (95%CI -0.04 – 3.21). CRT-D adds another 0.8 
years (95%CI -1.40 – 2.95) on top of CRT-P. If quality of life changes are taken into account, 
this becomes 1.47 QALYs (95%CI 0.39 – 3.00) and 0.63 QALYs (95%CI -1.18 – 2.38), 
respectively. This results in a discounted incremental effect adjusted for quality of life of 1.31 
QALYs (95%CI 0.36 – 2.64) and 0.55 QALYs (95%CI -1.02 – 2.07), respectively (Table A2).  

The average incremental cost is less than €15,000 for CRT-P versus OPT. In combination with 
the discounted gain in life expectancy, this results in an average ICER of about €12,800/LYG. If 
QoL-adjustments are taken into account, this becomes €11,200/QALY gained (Table A2). The 
ICER of CRT-D versus OPT (in red in table A2) is higher than that of CRT-P versus OPT, thus 
calculating the ICER on the efficiency frontier, CRT-P becomes its economic justified 
comparator. The total incremental cost of CRT-D versus CRT-P is on average more than 
€30,000. The ICER becomes on average €44,100/LYG or €56,600/QALY gained. More details 
and confidence intervals are available in Table A2. 

Table A2: IC, IE, and ICERs for CRT-P/D, depending on the modelled mortality scenario 

 Base case scenario 
IC* €14,745 
  -€1,935 €36,008 
IE (LYG) 1.15 
  -0.04 2.80 

1.31 

CRT-P vs 
OPT 

IE (QALY 
gained)  0.36 2.64 
IC €45,624 
  €29,821 €68,108 
IE (LYG) 1.85 
  0.81 3.17 

1.86 

CRT-D vs 
OPT 

IE (QALY 
gained)  0.99 2.95 
IC €30,879 
  €7,183 €60,263 
IE (LYG) 0.70 
  -1.21 2.54 

0.55 

CRT-D vs 
CRT-P 

IE (QALY 
gained)  -1.02 2.07 
CRT-P vs OPT €12,834*** 
    
CRT-D vs OPT** €26,638 
  €16,531 €46,931 
CRT-D vs CRT-P €44,080 

ICER  
(€/LYG) 

    
CRT-P vs OPT €11,219 
    
CRT-D vs OPT €25,639 
  €16,920 €41,385 
CRT-D vs CRT-P €56,615 

ICER  
(€/QALY 
gained) 

    
*: mean and 95%CI are mentioned;  
** Results comparing CRT-D versus OPT were calculated and are shown to situate CRT-D versus OPT on the cost-



effectiveness plane. Results are shown in red since this comparison is not situated on the efficiency frontier. 
*** The probabilistic average and 95%CI are mentioned where appropriate. This approach is not reliable in case the 
simulated ICERs are spread over several quadrants of the cost-effectiveness plane. As an alternative (in italics), in 
these cases, the presented ICERs are calculated by dividing the mean incremental cost by the mean incremental 
effect. 
CRT-P/D: cardiac resynchronization therapy (CRT) both with pacemaker (CRT-P) and additionally including a 
defibrillator (CRT-D); IC: incremental cost; ICER: incremental cost-effectiveness ratio; IE: incremental effect; LYG: 
life-year gained; OPT: optimal pharmacologic treatment; QALY: quality-adjusted life year. 
 

Scenario analyses 
In the base case scenario, mortality was inferred from the COMPANION trial data, for it being 
the only trial looking separately at both CRT-P and CRT-D versus OPT. In a different scenario, 
based on the meta-analysis of Lam et al.,[16] the odds ratio for all cause mortality was 0.67 
(95%CI 0.5 to 0.9) for CRT-P versus OPT (based on the CARE-HF, COMPANION, MUSTIC, 
and MIRACLE trials) and 0.64 (95%CI 0.46 to 0.9) for CRT-D versus OPT (based on 
COMPANION). Both ratios were modelled using a log-normal distribution and this treatment 
effect was applied to the age-dependent survival of the OPT group. Results of this scenario are 
presented in table A3. 

Out of all the modelled scenarios, this scenario has a relatively large influence on results. The 
survival gain of CRT-P versus OPT improves and becomes significant when results of the meta-
analysis are used. The ICER of CRT-P versus OPT remains about the same, i.e. €11,200/QALY 
gained. For the comparison of CRT-D versus CRT-P, the result is much less favourable 
(€187,500/ QALY gained). However, for this comparison, this scenario is less reliable since the 
results of the meta-analysis are based on four studies for CRT-P (CARE-HF, COMPANION, 
MUSTIC, MIRACLE), whereas there is only the COMPANION study for CRT-D. As a result, this 
indirect comparison may be based on different populations which might lead to an important 
bias on the reliability of such an indirect comparison between CRT-P and CRT-D. Nevertheless, 
the analysis shows that at current price differences between CRT-P and CRT-D, small 
incremental benefits of CRT-D versus CRT-P result in unfavourable cost-effectiveness ratios for 
CRT-D.  

Table A3: IC, IE, and ICERs for CRT-P/D, depending on the modelled mortality scenario 

 Base case scenario Alternative mortality 
scenario 

IC* €14,745 €18,691 
  -€1,935 €36,008 €3,066 €43,148 
IE (LYG) 1.15 1.61 
  -0.04 2.80 0.40 2.90 

1.31 1.67 

CRT-P vs 
OPT 

IE (QALY 
gained)  0.36 2.64 0.68 2.69 
IC €45,624 €45,237 
  €29,821 €68,108 €27,209 €70,048 
IE (LYG) 1.85 1.79 
  0.81 3.17 0.40 3.28 

1.86 1.81 

CRT-D vs 
OPT 

IE (QALY 
gained)  0.99 2.95 0.68 2.96 
IC €30,879 €26,547 
  €7,183 €60,263 -€600 €57,607 
IE (LYG) 0.70 0.18 

CRT-D vs 
CRT-P 

  -1.21 2.54 -1.64 2.03 



0.55 0.14  IE (QALY 
gained)  -1.02 2.07 -1.37 1.66 
CRT-P vs OPT €12,834*** €11,623 
      
CRT-D vs OPT** €26,638 €25,249 
  €16,531 €46,931   
CRT-D vs CRT-P €44,080 €144,628 

ICER  
(€/LYG) 

      
CRT-P vs OPT €11,219 €11,180 
      
CRT-D vs OPT €25,639 €26,905 
  €16,920 €41,385 €16,875 €48,954 
CRT-D vs CRT-P €56,615 €187,479 

ICER  
(€/QALY 
gained) 

      
*: mean and 95%CI are mentioned;  
** Results comparing CRT-D versus OPT were calculated and are shown to situate CRT-D versus OPT on the cost-
effectiveness plane. Results are shown in red since this comparison is not situated on the efficiency frontier. 
*** The probabilistic average and 95%CI are mentioned where appropriate. This approach is not reliable in case the 
simulated ICERs are spread over several quadrants of the cost-effectiveness plane. As an alternative (in italics), in 
these cases, the presented ICERs are calculated by dividing the mean incremental cost by the mean incremental 
effect. 
CRT-P/D: cardiac resynchronization therapy (CRT) both with pacemaker (CRT-P) and additionally including a 
defibrillator (CRT-D); IC: incremental cost; ICER: incremental cost-effectiveness ratio; IE: incremental effect; LYG: 
life-year gained; OPT: optimal pharmacologic treatment; QALY: quality-adjusted life year. 
 

For hospitalizations, two alternative scenarios were modelled. In a first scenario, the overall 
hospitalization rate was 0.089 after 24 months, as in the study of Feldman et al.[9] This 
corresponds to the monthly admission rate during months 19 to 24, averaged across the three 
study groups according to the COMPANION trial data. The other hospitalization scenario was 
based on Bond et al.[13]/Fox et al.[10] Here, a monthly probability of hospitalization due to heart 
failure was set to 0.0381 for the OPT group. The relative risk of heart failure hospitalization was 
0.65 (95%CI: 0.45 to 0.94) for both CRT-P and -D groups, modelled as a log-normal distribution. 
Both scenarios assumed hospitalization rates to remain constant over the full time horizon. 

A scenario with an equal service life of 5 years for CRT-P and CRT-D alike was also included. 
In a final set of scenarios, discounting was changed in a number of ways, considering either 
equal discounting for both costs and effects (at respectively 0%, 3% and 5%) or only 
discounting of costs (at respectively 3% and 5%). 

For the results of these and other scenario analyses, we refer to the full HTA report.[7] The most 
important conclusion of these scenario analyses is that the calculated ICER for CRT-P versus 
OPT seems to be robust, while the ICER of CRT-D versus CRT-P is very dependent on the 
incremental clinical benefit of CRT-D in comparison to CRT-P. A Bayesian network meta-
analysis[16] of randomized controlled trials indicated that evidence is insufficient to show the 
superiority of CRT-D over CRT-P. Further research could focus on the added value of CRT-D 
versus CRT-P in patients with moderate to severe heart failure, especially because of the 
threefold higher price for the CRT-D device. 

 


