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1 Introduction 1 

Mitral valve regurgitation (MR) occurs when the mitral valve loses competency, allowing 2 
retrograde flow of blood from left ventricle into the atrium, which in turn reduced the efficiency 3 
of the heart. There are two different causes of MR: degenerative and functional. 4 
Degenerative or primary MR is caused by the deterioration of the valve itself whereas 5 
functional or secondary MR occurs when the valve is structurally normal, but its function is 6 
compromised by the leaflets which fail to coapt usually following a left ventricular 7 
enlargement. 8 

Transcatheter Mitral Valve edge-to-edge repair is a minimally invasive technique used to 9 
treat patients with moderate-severe and severe mitral valve regurgitation (MR). It allows to 10 
treat patients who are unable to receive standard surgery due to the high risk associated with 11 
surgical repair or surgical replacement. The transcatheter procedure, differently from a 12 
standard surgery, is performed though a small incision in the groin where a tube is passed up 13 
through the leg vessel to the heart valve. The MitraClip device is delivered through the tube 14 
and positioned over the leaky mitral valve. 15 

MitraClip was only recently commissioned by NHS England as the Commission through 16 
Evaluation (CtE)28 study found the benefits of MitraClip to be largely sustained in the medium 17 
term. An economic evaluation comparing transcatheter Mitral Valve edge-to-edge repair with 18 
medical management found transcatheter repair to be cost effective12. However, the study 19 
was considered of poor quality as treatment effects were informed by a prospective, single 20 
arm registry. Two recent randomized controlled trials (RCT) seemed to point to two different 21 
directions: MITRA-FR19 saw no significant benefit whereas COAPT25 found improvements on 22 
mortality and rehospitalisation. It has been argued that the two studies differed for patient 23 
selection, medical management control and for the definition of the parameter of MR 24 
severity2. 25 

 26 
A cost-utility patient-level analysis on transcatheter mitral valve repair using COAPT data 27 
was performed from the perspective of the US healthcare system 4.The study found MitraClip 28 
to be likely cost-effective according to US threshold.  29 

Given the lack of cost-effectiveness analyses, an economic evaluation of transcatheter Mitral 30 
Valve edge-to-edge repair was considered of high priority and a decision model analysis was 31 
undertaken. The number of MitraClip interventions performed in England is still very low 32 
compared to other European countries; therefore, a strong recommendation may have a high 33 
impact on the current practice. Moreover, as the cost of a MitraClip procedure was estimated 34 
to be considerably high (£32,910)28, a recommendation to offer it to inoperable patients may 35 
lead to a substantial resource impact for the NHS. Hence, the need of an economic 36 
evaluation assessing the cost-effectiveness of transcatheter Mitral Valve edge-to-edge repair 37 
with MitraClip in England appears to be strongly justified. 38 
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2 Methods 1 

2.1 Model overview 2 

A cost-utility analysis was undertaken where lifetime quality-adjusted life years (QALYs) and 3 
costs from a current UK NHS and personal social services perspective were considered. The 4 
analysis followed the standard assumptions of the NICE reference case for interventions with 5 
health outcomes in an NHS setting including discounting at 3.5% for costs and health 6 
effects13. An incremental analysis was undertaken.  7 

2.1.1 Comparators 8 

The following comparators were included in the analysis: 9 

1. Transcatheter Mitral Valve edge-to-edge repair with MitraClip device plus guideline-based 10 
medical management 11 

2. Guideline-based medical management only 12 

It is assumed that patients in both arms receive the pharmaceutical medication provided by 13 
NICE guideline for chronic heart failure in adults (https://www.nice.org.uk/guidance/ng106). A 14 
full list of the drugs included is provided in Appendix A:. It is assumed that people in the 15 
control and intervention group do not differ in terms of medications prescribed.  16 

In addition to the cost of drugs, it was agreed to include the recurrent cost of 17 
resynchronisation therapy (pacemaker check, echocardiography assessment and 18 
echocardiography-based optimisation). 19 

2.1.2 Population 20 

The population of the analysis was patients with severe secondary mitral valve regurgitation 21 
judged inoperable for standard mitral valve surgery. 22 

Following the discussion with the GC, it appeared clear that whereas COAPT25 enrolled 23 
mostly patients with severe MR, MITRA-FR19 enrolled a substantial number of patients with 24 
moderate MR. Moreover, many patients in MITRA-FR received the intervention in centres 25 
lacking adequate expertise, whereas, in COAPT, MitraClip was performed only in highly 26 
specialized medical centres. As the focus of the analysis is on patients with severe 27 
secondary mitral regurgitation and MitraClip in England would be performed only in high-28 
volume centres similarly to COAPT, it was agreed to use the effectiveness data coming from 29 
COAPT in the analysis as it better reflects what would be found in practice in the NHS. 30 

2.2  Approach to modelling 31 

A two-part model was developed which included a decision tree to model post-procedural 32 
outcomes (up to 30 days) followed by a Markov model for long-term extrapolation of 33 
outcomes and costs.  34 

The 30 days decision tree model reflects the immediate period following the intervention 35 
when several post-procedural consequences can occur. Estimates from an UK registry were 36 
used to populate the decision tree whereas the treatment effectiveness data came from the 37 
clinical effectiveness review. Further details on the decision tree model can be found in 38 
section 2.2.1. 39 

The decision tree model only captures immediate consequences of the intervention, but the 40 
clinical review shows that differences in e.g. mortality are consistent even after 1 year. In 41 
order to extrapolate costs and outcomes beyond the period of 30 days, a Markov model was 42 
developed for each comparator using baseline data  and relative treatment effects data from 43 

https://www.nice.org.uk/guidance/ng106
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COAPT study. People start in the decision tree and then move to the Markov model at the 1 
end of the 30-days period entering the corresponding Markov state determined by the final 2 
state of the decision tree model. The Markov model was then run for 30 repeated cycles of 1 3 
year each. Time spent in each health states was calculated to determine costs and QALYs 4 
associated with each intervention. The comparison between the results of each intervention 5 
allowed us to identify the most cost-effective strategy. More details on the Markov model 6 
structure are described in section 2.2.2. To account for uncertainty, a probabilistic analysis 7 
was undertaken (see section 2.2.3 for further details). 8 

Summary of key assumption: 9 

• People are assumed to stick with their medication regime for the whole duration of 10 
their life unless they receive a heart transplant 11 

• People who received a heart transplant withdraw from heart failure medication and 12 
take immunosuppressor medication for the duration of their life 13 

• People in both arms can undergo one or more mitral valve re-intervention during their 14 
lifetime 15 

• Re-intervention is always assumed to be a transcatheter Mitral Valve edge-to-edge 16 
repair in both arms  17 

• People who had a stroke or received a heart transplant cannot undergo a re-18 
intervention  19 

2.2.1 Model structure: post-procedural consequences decision tree 20 

The decision tree reflects the initial month following the intervention when people in the 21 
intervention arm receive the transcatheter repair. Hence, the model captures the costs and 22 
loss of utility associated with several intervention consequences or complication. Following 23 
the review of the literature and the discussion with the committee, it was agreed to include 24 
the following post-procedural outcomes in the decision tree model: 25 

• mortality at 30 days 26 

• Stroke 27 

• Major bleeding 28 

• Vascular complication 29 

There was some uncertainty regarding the opportunity to include other outcomes as well. 30 
Acute kidney injury (AKI) needing renal replacement therapy was initially included as a short 31 
and long-term outcome but was eventually removed after a discussion with the clinical 32 
advisor suggested that AKI cannot be a consequence of a transcatheter Mitral Valve edge-33 
to-edge repair intervention. The clinical evidence showed that people in the medical 34 
management arm do not experience most of the states of the MitraClip arm with the 35 
exception of major bleeding which has a positive probability to occur even in the medical 36 
arm. 37 

Data for complication risk were recovered from the UK CtE registry28 as the committee 38 
agreed that, although the population in CtE was different from the population of the model, 39 
complication rates are affected by the intervention and not by the MR aetiology (see further 40 
discussion in section 2.3.2). Longer-term mortality and treatment effects were taken from the 41 
COAPT25 trial as the committee agreed that this trial better represents what would be found 42 
in the NHS. However, since only MITRA-FR19 includes 30 days outcomes, data for major 43 
bleeding and vascular complications come from this study. It should be noted that the 44 
MITRA-FR trial might over-estimate these complications, since the interventions were 45 
performed in centres with little experience of conducting the procedure. Therefore, a 46 
sensitivity analysis was conducted that removes these complications altogether to 47 
demonstrate that the model results are not sensitive to these estimates. 48 
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Figure 1 shows the structure of the decision tree model. There are three final states patients 1 
can end up at the end of the 30 days period: stable, stroke or dead. Major bleeding and 2 
vascular complication are assumed to be only temporary states and, as such, result only in a 3 
temporary loss of utility and cost. Hence, people experiencing major bleeding or vascular 4 
complication end in the stable state and have no long-term consequence. Following the 30 5 
days post-procedural period, people enter the Markov model in the same state they were at 6 
the end of the decision tree model. 7 

Figure 1: Model structure: post-procedural consequences decision tree 8 

 9 

 

2.2.2 Model structure: Long-term outcomes Markov model 

In a Markov model, people exist in a set of mutually exclusive states describing what happen 
to the population over time. At each Markov cycle, assumed to be a 1-year period, patients 
can move to other states according to a set of transition probabilities defined between each 
of the health state. 

The Markov model was developed to model long-term outcomes and extrapolate costs and 
consequence of the population over a lifetime time-horizon. Costs and outcomes were 
collected at each cycle for a period of 30 years after which most of the cohort were dead. 
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Following the discussion with the committee and clinical advisor it was agreed to include 7 
health states: 

• Stable (with or without MitraClip) 

• Stroke 

• Post-stroke 

• Heart transplant first year 

• Stable with heart transplant 

• Re-intervention 

 

Those who are alive and in the stable state at the end of the decision tree model, enter the 
Markov model in the stable state. Those who experienced stroke enter the stroke state of 
the Markov model. Finally, those who have died during the 30 days of the decision tree enter 
the model in the dead state. 

Figure 2 shows the structure of the Markov model. People in the stable state have a positive 
probability of transitioning to heart transplant or to reintervention. The model captures stroke 
as a post-procedural consequence. It does not capture strokes occurring at other times, as 
the rate is assumed to be the same in both arms. Therefore, it is not possible for someone in 
the stable state to transit to stroke in the Markov model. Heart transplant first-year, 
reintervention and stroke are all tunnel states meaning that people remain in those state for 
one cycle only before moving to the next state or to dead. Patients in the heart transplant 
first-year state move to stable with heart transplant whereas patients in the stroke state 
move to post-stroke. It was agreed to model heart transplant in two separated states to 
account for the high mortality people experience during the first year following surgery. 
Stable with heart transplant and post-stroke states were included to model long-term 
mortality, utility and costs associated with these two conditions. It is assumed that after 
someone ends up in one of these two states, they cannot experience another intervention 
and remain in such states until they die. This is an obvious simplification but one that will not 
affect the results substantively.  Those who receive a heart transplant are unlikely to need a 
new mitral valve intervention after their surgery. People who have had a stroke might be at 
risk of having an additional mitral valve intervention but they represent a very small 
population (1%) so we do not expect this assumption to have a strong impact on the model. 
Dead is an absorbing state. 

Reintervention is a tunnel state only occurring between full cycles. At the beginning of every 
cycle, people can move from the stable state to the reintervention state. People ending up in 
the reintervention state enter a decision tree model simulating post-procedural outcomes 
and costs of the re-intervention, which is always assumed to be a new MitraClip intervention. 
Hence, the decision tree model has the same structure described in chapter 2.2.1. After the 
decision tree has calculated costs and outcomes of the re-intervention, people re-enter the 
Markov model in the health states determined by the decision tree model. People in the 
medical management arm who receive a MitraClip intervention move to a new state, “stable 
with MitraClip”, with the same utility and mortality of patients in the MitraClip arm. It is 
assumed that people can undergo more than one reintervention during their lifetime. 

A half-cycle correction was applied to the Markov model, which assumes that events 
occurred halfway through the cycle (at 6 months). 
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Figure 2: Model structure: Long-term outcomes Markov model 

 

 
  

2.2.3 Uncertainty 1 

The model was built probabilistically to take account of the uncertainty around input 2 
parameter point estimates. A probability distribution was defined for each model input 3 
parameter. When the model was run, a value for each input was randomly selected 4 
simultaneously from its respective probability distribution; mean costs and mean QALYs 5 
were calculated using these values. The model was run repeatedly – 10,000 times for the 6 
base case - and results were summarised. 7 

The way in which distributions are defined reflects the nature of the data, so for example 8 
event probabilities were given a beta distribution, which is bounded by 0 and 1, reflecting that 9 
the probability of an event occurring cannot be less than 0 or greater than 1. All the variables 10 
that were probabilistic in the model and their distributional parameters are detailed in Table 1 11 
and in the relevant input summary tables in section 2.3.1. Probability distributions in the 12 
analysis were parameterised using error estimates from data sources. 13 

Table 1: Description of the type and properties of distributions used in the 14 
probabilistic sensitivity analysis  15 

Parameter 
Type of 
distribution Properties of distribution 

Baseline risks Beta Bounded between 0 and 1. As the sample size and the 
number of events were specified alpha and beta 
values were calculated as follows: 

• Alpha = (number of patients hospitalised) 

• Beta = (number of patients) − (number of patients 
hospitalised) 
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Parameter 
Type of 
distribution Properties of distribution 

Hazard ratios 

Reintervention and 
hospitalisation rates 

SMRs 

Lognormal The natural log of the mean and standard error were 
calculated as follows: 

• Mean = ln(mean cost) − SE2/2 

• SE = [ln(upper 95% CI) − ln(lower 95% CI)]/(1.96×2) 

√ln 
𝑆𝐸2 + 𝑚𝑒𝑎𝑛2

𝑚𝑒𝑎𝑛2
 

This formula includes a correction to ensure the mean 
generated in the probabilistic analysis will be the same 
as the reported mean3. 

Utilities Beta Bounded between 0 and 1. Derived from mean and its 
standard error, using the method of moments. 

Alpha and Beta values were calculated as follows: 

Alpha = mean2×[(1−mean)/SE2]−mean 

Beta = alpha×[(1−mean)/mean] 

Utility decrements Gamma Bounded at 0, positively skewed. Derived from mean 
and its standard error. 

Alpha and beta values were calculated as follows: 

• Alpha = (mean/SE)2 

• Beta = SE2/Mean 

Abbreviations: 95% CI = 95% confidence interval; SE = standard error; SMR = standardised mortality ratio. 1 

The following variables were left deterministic (that is, they were not varied in the 2 
probabilistic analysis):  3 

• The cost-effectiveness threshold (which was deemed to be fixed by NICE)  4 

• Health state costs (based on analyses that use unit costs from UK national sources)  5 

• Drug costs (based on drug tariff which is known) 6 

• Mortality probabilities for general population (based on UK national data) 7 

• Utility score in the general population (based on the paper from Ara 20101) 8 

In addition, various deterministic sensitivity analyses were undertaken to test the robustness 9 
of model assumptions. In these, one or more inputs were changed, and the analysis rerun to 10 
evaluate the impact on results and whether conclusions on which intervention should be 11 
recommended would change. Details of the sensitivity analyses undertaken can be found in 12 
methods section 2.5 Sensitivity analyses. 13 

2.3 Model inputs 14 

2.3.1 Summary table of model inputs  15 

Model inputs were based on clinical evidence identified in the systematic review undertaken 16 
for the guideline, supplemented by additional data sources as required. Model inputs were 17 
validated with clinical members of the guideline committee. A summary of the model inputs 18 
used in the base-case (primary) analysis is provided in table 2 below. More details about 19 
sources, calculations and rationale for selection can be found in the sections following this 20 
summary table.  21 

 22 
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Table 2: Overview of parameters and parameter distributions used in the model 1 

Input Data Source Probability distribution 

Comparators • MitraClip plus 
guideline-based 
medical 
management(a) 

• Guideline-based 
medical 
management alone 

 n/a 

Population Adults with severe 
mitral regurgitation 
secondary to heart 
failure 

 n/a 

Perspective UK NHS & PSS NICE reference case13 n/a 

Time horizon Lifetime  n/a 

Discount rate Costs: 3.5% 

Outcomes: 3.5% 

NICE reference case13 n/a 

Cohort settings  

Cohort size 1000   

Male start age 72 COAPT25  

Female start age 72 COAPT25   

Percentage of 
males entering the 
model  

47.7% COAPT25  

Percentage of 
females entering 
the model 

52.3% COAPT25  

MitraClip risks in 30 days decision tree model   

Mortality 30 days 6% CtE28 Dirichlet 

Stroke 1% CtE28 Dirichlet 

Major bleeding 1.5% CtE28 Dirichlet 

Vascular 
complication 

3.5% MITRA-FR19 Beta 

MitraClip risks in post 1-year Markov model   

Reintervention rate CtE: 0.03 

COAPT: 0.017 

CtE28 

COAPT25 

Log-normal 

Heart failure 
hospitalisation rate 

0.755 per patient year COAPT25 Log-normal 

Heart transplant 0.05% COAPT25 Beta 

General population 
mortality 

Age and sex 
dependent 

ONS Life Tables 2016-
201820 

n/a 

Medical 
management 
mortality 

23.12% at 1 year 

43% at 2 years 

55.5% at 3 years 

COAPT 3-years 
outcomes11 

n/a 

Heart transplant 
mortality at first 
year 

19%  UK cardiothoracic 
transplant audit27 

n/a 

Stroke relative 
survival 

1-year: 0.818 (0.805-
0.830) 

2-year: 0.792 (0.778-
0.806) 

 Log-normal 
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Input Data Source Probability distribution 

3-year: 0.768 (0.752-
0.782) 

5-year: 0.721 (0.703-
0.738) 

10-year: 0.624 (0.598-
0.648) 

    

    

Heart transplant 
SMR 

2.84 (2.82-2.87) Suarez-Pierre 202026 Log-normal 

Relative treatment effects 30 days MitraClip vs medical 
management 

 

Mortality 30 days 
HR 

2.43 (0.63 to 9.4) COAPT25 Log-normal 

Major bleeding RR 1.83 (0.7 to 4.83) Mitra-FR19 Log-normal 

Relative treatment effects post 1-year MitraClip vs medical management 

Mortality HR (3 
years) 

0.67 (0.52 to 0.85) COAPT25 Log-normal 

Need for re-
intervention HR (2 
years) 

0.61 (0.27 to 1.36) COAPT25 Log-normal 

Rehospitalisation 
HR (3 years) 

0.49 (0.37 to 0.63) COAPT25 Log-normal 

Heart transplant 
HR (2 years) 

0.35 (0.09 to 1.32) COAPT25 Log-normal 

Health-related quality of life (utilities)   

Health states 

Medical 
management 1 
year 

0.64 SF-36 score from 
COAPT16converted into 
EQ-5d using the formula 
from Lawrence9 

 

Beta 

Medical 
management 2 
years 

0.62 Beta 

MitraClip 1 year 0.73 Beta 

MitraClip 2 years 0.72 Beta 

Dead 0 By definition  

Utility decrements 

Major bleeding 0.0199 Kaier 20167 Gamma 

Vascular 
complication 

0.00695 Kaier 20167 Gamma 

Stroke 0.16 Luengo Fernandez 
201310 

Gamma 

Post-stroke 0.18 Luengo Fernandez 
201310 

Gamma 

Utility decrements duration 

Major bleeding 30 days Assumed n/a 

Vascular 
complication 

30 days Assumed n/a 

Stroke 365 Assumed n/a 

Post-stroke Permanently Assumed n/a 
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Input Data Source Probability distribution 

Costs   

Mitraclip intervention cost 

Lower case  £29,900 CtE28 n/a 

Central case  £32,910 CtE28 n/a 

Upper case £34,500 CtE28 n/a 

Pharmaceutical annual costs  

ACE £25.52 Unit cost and dosing 
from British National 
Formulary6. Cost per mg 
and weighted average 
cost of classes 
calculated using 
Prescription Cost 
Analysis17 

n/a 

ARB £83.26 n/a 

ARNI £1,883.26  

Beta Blockers £37.08 n/a 

MRA £45.79 n/a 

Diuretics £13.66 n/a 

Percentage of patients taking each drug 

ACE/ARB/ARNI 72.30% CtE28 n/a 

Beta Blockers 73.90% CtE28 n/a 

MRA 26.60% CtE28 n/a 

Diuretics 79.30% CtE28 n/a 

Patients taking 
ARB among those 
under 
ACE/ARB/ARNI 

33.33% COAPT25 n/a 

 Patients taking 
ARNI among those 
under 
ACE/ARB/ARNI 

5.34% COAPT25 n/a 

Cardiac resynchronization therapy 

Cost of therapy £250 NHS Reference Costs 
2018-201918 

n/a 

Patients in CRT 36.5% COAPT25 n/a 

Decision tree costs 

Major bleed £1,971.51 NHS Reference Costs 
2018-201918 

n/a 

Vascular 
complication 

£1,825.99 NHS Reference Costs 
2018-201918 

n/a 

Markov model costs 

Hospitalisation £2,275.43 NHS Reference Costs 
2018-201918 

n/a 

Stroke 
£18,948.01 

Xu 2018 SSNAPP 
project29 

n/a 

Post-stroke 
£6,727.25 

Xu 2018 SSNAPP 
project29 

n/a 

Heart transplant 

Procedure cost £55,117.42 NHS Reference Costs 
2018-201918 

n/a 

Antiproliferative 
(annual cost) 

£115.07 Unit cost and dosing 
from British National 
Formulary6. Cost per mg 
and weighted average 
cost of classes 

n/a 

Calcineurin 
inhibitors (annual 
cost) 

£3,494.03 n/a 
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Input Data Source Probability distribution 

Corticosteroids 
(annual cost) 

£334.09 calculated using 
Prescription Cost 
Analysis17 

 

Abbreviations: SMR = Standardized mortality ratio; HR = Hazard ratio; ACE = Angiotensin-converting-enzyme 1 
inhibitors; ARB = Angiotensin II Receptor Blockers; ARNI = Angiotensin receptor-neprilysin inhibitor; 2 
MRA = Aldosterone receptor antagonists 3 

 4 

2.3.2 Baseline probabilities 5 

The model was populated with baseline probabilities of people who received a MitraClip 6 
intervention. These probabilities mostly come from the Commissioning through Evaluation 7 
(CtE)28 registry of 2018 for the decision tree model and from COAPT trial25 in the Markov 8 
model. When running the model for people receiving guideline-based medical management, 9 
relative treatment effects obtained from the clinical review were applied to the baseline 10 
probabilities in order the obtain the probabilities of the control group. The relative treatment 11 
effects are discussed in section 2.3.4. 12 

The availability of data and general issues 13 

Post-procedural outcomes probability and the cost of the intervention were identified from the 14 
Commissioning through Evaluation (CtE) registry28, which is the only registry reporting 15 
outcomes following a MitraClip intervention in the UK. CtE registry enrolled 199 patients with 16 
moderate or severe secondary or primary MR across three centres in England. The 17 
committee acknowledged two main issues associated with this registry. 18 

Firstly, a large proportion (40%) of the enrolled patients have primary rather than secondary 19 
MR. Primary MR is rather different than secondary MR as it is associated with a better 20 
prognosis and survival. For most of the outcomes, e.g. the probabilities of adverse events or 21 
hospital readmission rate, the authors found no significant difference between patients with 22 
secondary and primary MR although they did not provide a subgroup analysis in the study. 23 
The committee noted that post-procedural outcomes depend only on the intervention and, as 24 
such, they should not vary across different types of patients. Hence, CtE was considered the 25 
appropriate source for short-term outcomes probability. On the other hand, reintervention 26 
and hospitalisation rate differ among people with primary or secondary MR. For this reason, 27 
the committee agreed to use instead the figures reported in COAPT in base case scenario, 28 
and test CtE outcomes in the sensitivity analysis.  29 

A second issue noted by the committee is that CtE participants were highly selected and, 30 
therefore, may not reflect the population that would be found in practice in UK. This appears 31 
to be the main reason why some of its outcomes, such as mortality, greatly differ from the 32 
ones found in other registries across Europe. As a result, the committee agreed to rely on 33 
other sources when extrapolating mortality data (see chapter on mortality). 34 

Other relevant outcomes were not reported in CtE registry and had to be extracted from the 35 
trials included in the clinical review. Outcomes on heart transplant were recovered from 36 
COAPT study as this was the only study reporting the probability and hazard ratio of 37 
undergoing a heart transplant in the two years following the intervention. Likewise, the 38 
probability of experiencing a vascular complication at 30 days following a MitraClip 39 
intervention was informed using MITRA-FR trial as CtE reported no cases for this outcome. 40 

Mortality 41 

All-cause mortality was reported by the COAPT trial up to 3 years in the medical 42 
management arm11. A Weibull distribution was fitted to the observed survival curve to 43 
extrapolate mortality rates beyond the last follow-up adding, as a constraint, that almost all 44 
the cohort is dead at 10 years, as recommended by the Committee. The related hazard ratio 45 
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from COAPT was then applied to the curve to obtain the survival curve in the MitraClip arm 1 
(see figure 3). In the sensitivity analysis an exponential distribution was tested instead of the 2 
Weibull for the extrapolation (see chapter 2.5 on the sensitivity analyses). 3 

 4 

Figure 3: mortality in the MM and MitraClip arms (with fitted Weibull) 5 

 6 

Mortality rates for people with heart transplant were sought from published literature. The 7 
mortality at the first year was recovered from the UK cardiothoracic transplant audit reporting 8 
survival in heart transplant patients in the UK. Mortality rates for the subsequent years were 9 
calculated by applying the standardized mortality ratio from the study of Suarez-Pierre26 to 10 
the mortality rates of the general population. This study matched 31,883 heart transplant 11 
recipients to 159,415 non-institutionalized US residents to calculate standard mortality ratios 12 
between recipient and the general population. Table 3 illustrates data and sources use to 13 
calculate the mortality in heart transplant recipients. 14 

Table 3: Mortality after heart transplant 15 

Input Data Source 

Mortality at 1 year 19% UK cardiothoracic transplant audit27 

SMR 2.84 (2.82-2.87) Suarez-Pierre 202026 

 16 

Figure 4 compares the mortality rate between people with MitraClip and people with a heart 17 
transplant. People with heart transplant exhibits a higher mortality during the first year 18 
following the intervention as a result of the higher probability of organ rejection but have a 19 
more favourable prognosis in the following years.  20 

 21 

 22 

 23 

 24 

 25 
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Figure 4: mortality after heart transplant vs MitraClip 1 

 2 

To calculate the probability of dying for people in stroke or post-stroke states a recent French 3 
study based on the Dijon stroke registry was used22. The study reported the relative survival 4 
to the general population of people who had an ischemic stroke up to 10 years after the 5 
event (see table 4). Relative survival between the third and the fifth years and beyond the 6 
last follow-up was extrapolated assuming a linear relation over time. People in the stroke 7 
state are assigned the 1-year relative survival, whereas in the post-stroke state the 8 
probability of dying was calculated using the relative survival (either observed or 9 
extrapolated) related to the years beyond the first one. 10 

Table 4: stroke relative survival 11 

Input Data Source 

1-year RS 0.818 (0.805 to 0.83) 
Romain 202022 

 
2-year RS 0.792 (0.778 to 0.806) 

3-year RS 0.768 (0.752 to 0.782) 

5-year RS 0.721 (0.703 to 0.738) 

10-year RS 0.624 (0.598 to 0.648) 

Gender population mortality was based on data from lifetables for England 2018-2019. 12 
Cycle-specific general population mortality was calculated taking into account the age and 13 
gender split for the population entering the model and how this changed over time: not only 14 
mortality increases by age, but the gender split varies as well as males have a higher 15 
probability of dying than females and therefore die at a higher rate. As population mortality is 16 
not available beyond 100 years, the model applied the mortality rate for age 100 to those 17 
who are 100 years or older. Table 5 shows age and gender split data used in the model. This 18 
was obtained from the CtE registry28 19 

Table 5: Model population  20 

Population Model entry age Percentage 

Male 72 47.7% 

Female 72 52.3% 

 21 
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Calibration of survival during the first three years 1 

Although we had overall survival from both arms of the COAPT trial, for the model we 2 
needed mortality estimates specifically for people in the stable state, which was not reported.  3 

To deal with this issue, for the first three cycles (until the last follow-up), the number of 4 
people in the dead state was not calculated through transition probabilities but directly 5 
assigned using the survival curve reported in the trial. This approach ensured that the 6 
number of people in the dead state perfectly matches the number reported in the trial. The 7 
number of people still alive in the stable state was calculated as the model cohort size minus 8 
the number of people in all the other states. Therefore, the mortality rate in the stable state 9 
was calculated implicitly. This approach was applied to both arms, such that the baseline 10 
survival and hazard ratios in the model were identical to those in the trial. 11 

For the cycles beyond the third one, the number of people in the dead state was calculated 12 
using the standard approach of a Markov model, with transition probabilities based on the 13 
survival distribution curve extrapolated from COAPT. 14 

2.3.3 Relative treatment effects 15 

Relative treatment effects for transcatheter mitral valve repair compared to medical 16 
management were based on the clinical review. 17 

The committee acknowledged that the two studies included in the clinical review were 18 
discordant as one study25 found MitraClip to improve patients outcomes and survivability 19 
whereas the other19 found no significant difference between the intervention and the control 20 
group. The committee agreed that the two studies were considerably different as COAPT25 21 
enrolled mostly patients with severe MR assess by a cardiothoracic surgeon to be unsuitable 22 
for mitral valve surgery whereas in MITRA-FR trial19 the selection was less strict as many 23 
patients with moderate MR ended up being included as well. Table 6 shows that mean 24 
effective regurgitant area (EROA) is lower in MITRA-FR than in COAPT suggesting that a 25 
majority of patients in the COAPT study have a truly severe MR. Atianzar and colleagues 26 
investigated further the difference between the two trials2. Their conclusion was that MitraClip 27 
is particularly effective when performed on patients with very severe MR but less effective or 28 
not effective at all when performed on patients with moderate MR. 29 

Table 6: EROA in MITRA-FR and COAPT 30 

Trail EROA 

COAPT 41 mm2 

MITRA-FR 31 mm2 

 31 

Giving the differences between the two studies, the committee agreed that pooling together 32 
the results of the two trials would not be preferable for the modelling analysis. Hence, it was 33 
agreed to use the findings of the COAPT trial only25 as the patients enrolled in this study 34 
should better reflect the population of interest, which is people with severe MR and 35 
inappropriate for surgery. 36 

The hazard ratios extracted from COAPT were applied to the baseline rates of people who 37 
underwent transcatheter mitral valve edge-to-edge repair to obtain the probabilities of 38 
patients in the medical management arm. The only exception was the relative risk for major 39 
bleeding, which was not an included outcome in COAPT and therefore had to be extracted 40 
from Mitra-FR. Table 7 shows the relative treatment effects included in the model. 41 

 42 

 43 
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Table 7: relative treatment effects 1 

Input Data Source Probability distribution 

Relative treatment effects 30 days MitraClip vs medical management 

Mortality 30 days 
HR 

2.43 (0.63 to 9.4) COAPT25 Log-normal 

Major bleeding RR 1.83 (0.7 to 4.83) Mitra-FR19 Log-normal 

Relative treatment effects post 1-year MitraClip vs medical management 

Mortality HR (3 
years) 

0.67 (0.52 to 0.85) COAPT25 Log-normal 

Need for re-
intervention HR (2 
years) 

0.61 (0.27 to 1.36) COAPT25 Log-normal 

Rehospitalisation 
HR (3 years) 

0.77 (0.64 to 0.93) COAPT25 Log-normal 

Heart transplant 
HR (2 years) 

0.35 (0.09 to 1.32) COAPT25 Log-normal 

 2 

2.3.4 Utilities 3 

Health states 4 

Utilities for people with MitraClip and under medical management were sought from the 5 
papers included in the clinical review. As discussed in chapter 2.3.4, the committee agreed to 6 
use relative treatment effects data from COAPT only as this trial better represents the 7 
population of interest of the model. Likewise, it was decided to collect utility scores from the 8 
same study.  9 

COAPT trial measured utility score at baseline, 6 months, 12 months and 24 months after the 10 
intervention. Utility scores were measured in terms of SF-36 composite scores divided in SF-11 
36 Mental Component Score (MCS) and SF-36 Physical Component Score (PCS). To 12 
convert these scores into EQ-5D scores, which are the preferable measures by NICE, 13 
mapping studies were sought using the database for mapping studies. No study on mapping 14 
SF-36 MCS and PCS into EQ-5D were found although several studies on mapping from SF-15 
12 composite scores were available. As a comparative study suggests that SF-12 composite 16 
score and SF-36 composite score are very similar, with a correlation coefficient of 0.948, it 17 
was decided to apply the algorithm from Lawrence et al.9 referring to how to map SF-12 18 
composite scores into EQ-5D. The algorithm used is the following: 19 

𝐸𝑄 − 5𝐷 = −1.6984 + 0.07927 ∗ 𝑃𝐶𝑆 + 0.02859 ∗ 𝑀𝐶𝑆 − 0.000126 ∗ 𝑃𝐶𝑆 ∗ 𝑀𝐶𝑆 − 0.0014120 

∗ 𝑃𝐶𝑆2 − 0.00014 ∗ 𝑀𝐶𝑆2 + 0.0000107 ∗ 𝑃𝐶𝑆3 21 

It is worth mentioning that the study used is based on a US population sample and therefore 22 
it may not reflect the UK population. To calculate the associated standard deviation a second 23 
algorithm included in the paper was used. The resulting EQ-5D scores and standard 24 
deviation used in the model are illustrated in table 8.  25 

Table 8: utility scores 26 

Time MitraClip Medical management 

12 months 0.73 (0.18) 0.64 (0.20) 

24 months 0.72 (0.19) 0.62 (0.18) 

The committee anticipated that the quality of life benefits of MitraClip would not be persistent 27 
and probably decrease over time. Hence, it was assumed in the base case analysis that the 28 
improvement in EQ-5D of MitraClip would gradually decrease over a period of 5 years and 29 
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that people in MitraClip and medical management arms would share the same utility score 1 
beyond the fifth year. In the sensitivity analysis an alternative scenario where the quality of 2 
life improvement lasted for the duration of the life of the patients was tested (see 2.5.4) 3 

Utility score for people with a heart transplant were sought from available literature. A paper 4 
was identified reporting SF-36 scores of people who received a range of solid organ 5 
transplantation (insert citation). The mapping algorithm described above was used to 6 
calculate the corresponding EQ-5D utility scores (see table 9): 7 

Table 9: utility score after heart transplant 8 

Follow-up Mean 

1 year 0.77 (0.05) 

2 years 0.65 (0.05) 

3 years 0.63 (0.04) 

 9 

The utility scores obtained were compared to the utility score of the general UK population 10 
reported by Ara and Brazier1 and an utility multiplier was calculated by dividing the utility 11 
score observed in the trials with the corresponding utility score in the general population. The 12 
multiplier was then multiplied for the utility scores of the general population at each year of 13 
age to calculate the utility score by age for people in the MitraClip and medical management 14 
arms. This methodology ensured that utility decreases with ageing as expected in the real 15 
world. 16 

Utility decrements 17 

Several short and long-term states result in a loss of utility for people experiencing such 18 
events. Utility decrements associated with these states were sought by looking at studies 19 
reporting patients` utility score after a heart valve intervention. A study from Kaier and 20 
colleagues7 reports the EQ-5D decrements following a range of post-procedural outcomes 21 
after a transcatheter aortic valve replacement (TAVI).  22 

Following a discussion with the clinical advisor, it appeared that outcomes after TAVI are 23 
comparable with the ones after a MitraClip intervention although with some important 24 
differences: TAVI is performed through an artery whereas MitraClip through a vein. As a 25 
result, major bleedings after TAVI are more serious and can be life-threatening whereas they 26 
tend to be less important after a MitraClip intervention. Consequently, the committee agreed 27 
to use in the model the utility decrement caused by non-life-threatening major or minor 28 
bleeding instead of the one associated with very severe disabling bleeding.  29 

Regarding vascular complication, the committee agreed that the loss of utility caused by 30 
vascular complication after TAVI or MitraClip should be similar and therefore, the estimation 31 
provided by Kaier7 was used in the model. As the study reported one-month change of EQ-32 
5D, it was assumed that the events last for a period of 30 days. 33 

The loss of utility caused by a stroke was obtained from a different source as in Kaier only a 34 
small group of individuals experienced stroke (around 6). Hence, loss of utility due to stroke 35 
was calculated using Luengo-Fernandez study10 reporting the quality of life after a stroke 36 
using the ten-year results of the Oxford vascular study. To calculate the average utility score 37 
during the first year, it was assumed that the utility score increased at a constant rate each 38 
month. Hence, the loss of utility score caused by stroke during the first year was calculated 39 
by subtracting the annual average utility score in the stroke group from the corresponding 40 
annual average utility score in the control group. Likewise, to calculate the loss of utility score 41 
caused by post-stroke (>1 year), an average across the 5 years was calculated assuming, 42 
again, that the utility scores vary at a constant rate each year.  43 



 

 

Heart valve disease: DRAFT FOR CONSULTATION 
Cost-utility analysis: Transcatheter Mitral edge-to-edge repair for inoperable patients 

© NICE 2021. All rights reserved. Subject to Notice of rights. 
22 

Table 10 illustrated the utility detriments associated with the health states included in the 1 
model, their assumed duration and sources. 2 

 3 

Table 10: utility detriments 4 

Condition Utility detriments Duration Source 

Major bleeding 0.0199 30 days Kaier 20167 

Vascular 
complication 

0.00695 30 days Kaier 20167 

Stroke 0.16 1 year Luengo-Fernandez 
201310 

Post-stroke 0.179 Permanently Luengo-Fernandez 
201310 

 5 

2.3.5 Resource use and costs 6 

2.3.5.1 Intervention costs 7 

The cost of a MitraClip intervention was recovered from the CtE28. The committee agreed 8 
that, although CtE enrolled people with mixed mitral regurgitation aetiology, this should not 9 
be reflected in their price estimation as the nature of the intervention is expected to be the 10 
same in primary and secondary mitral regurgitation alike. The authors estimated through a 11 
bottom-up approach the total cost of a transcatheter mitral valve repair intervention by 12 
including the pre-operative assessment costs, peri-operative and post-operative 13 
management costs at 2017/2018 prices. Three different estimations were provided 14 
representing a central case estimation, a low cost and a high cost scenario (see table 11). 15 
The central case estimation was used in the base case analysis whereas the high and low 16 
case scenarios were both tested in the sensitivity analysis (see section 2.5). 17 

Table 11: cost of a MitraClip procedure 18 

Scenario Cost Source 

Central case £32,910 CtE28 

Low cost scenario £29,000 CtE28 

High cost scenario £34,500 CtE28 

 19 

2.3.5.2 Drugs and CRT therapy 20 

The drugs included in the medical management were identified from the NICE chronic heart 21 
failure guideline and include ACEi (or ARBs if not tolerated), Beta-Blockers, MRA and 22 
diuretics. It was assumed that people would stick with their medication whether or not they 23 
receive the intervention. A list of the drugs for heart failure, dosages and their average cost 24 
per mg is shown in table 12. Dosages and unit costs of drugs were sought from the British 25 
National Formulary6 whereas the cost per mg was calculated using the Prescription Cost 26 
Analysis database17.  27 

 28 

 29 

 30 

 31 
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Table 12: heart failure drugs 1 

Drug Daily dosage (in mg) Cost per mg Cost per day 

Ace inhibitors 

Ramipril 10 £0.01 £0.06 

Captopril 150 £0.0008 £0.13 

Enalapril 15 £0.0056 £0.08 

Lisinopril 35 £0.0027 £0.09 

Quinapril 40 £0.0137 £0.55 

Fosinopril 40 £0.0081 £0.33 

ARBs 

Candesartan 32 £0.0071 £0.23 

Valsartan 320 £0.0035 £1.12 

Losartan 150 £0.0013 £0.19 

Beta blockers 

Bisoprol 10 £0.0089 £0.09 

Carvedilol 50 £0.0049 £0.25 

Nebivolol 10 £0.0403 £0.40 

Diuretics 

Furosemide 40 £0.0009 £0.03 

Bumetanide 0.5 £0.0866 £0.04 

Torasemide 20 £0.0342 £0.68 

MRA 

Eplerenone 50 £0.0058 £0.29 

Spironolactone 50 £0.0018 £0.09 

ARNI 

Sacubitril with 
valsartan 

194 £0.0266 

 

£5.16 

 

The immunosuppression therapy drugs for people who received a heart transplant were 2 
sought from the British National Formulary6 and include antiproliferative, calcineurin inhibitors 3 
and corticosteroids (prednisolone). It was assumed that the 100% of the patients with a heart 4 
transplant would comply with their medication until the end of their life. Unit costs were 5 
recovered from the British National Formulary6  and the Prescription Cost Analysis17 was 6 
used to calculate the average cost per mg. The drugs included for each class are illustrated 7 
in table 13 together with their dosage, cost per mg and daily cost. 8 

Table 13: immunosuppressive drugs 9 

Drug Daily dosage (in mg) Cost per mg Cost per day 

Antiproliferative 

Azathioprine 134.58 £0.012 £0.16 

Mycophenolate 
mofetil 

3,0000 £0.0004 £1.33 

Calcineurin inhibitors 

Ciclosporin 307.60 £0.0240 £7.37 

Tacrolimus 5.77 £1.8042 £10.41 

Corticosteroids 

Prednisolone 60 £0.0153 £0.92 

 10 
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To obtain the daily cost of the overall drug class, the Prescription Cost Analysis database17 1 
was used to convert in “days of dosage” the quantity of drugs sold in England each year. 2 
Days of dosage was then used as a weight to calculate the weighted average cost of the 3 
classes of drugs. Table 14 illustrates each class of drugs together with their yearly cost and 4 
percentage of people taking them. This latter was recovered from the CtE registry28 and 5 
COAPT trial25. 6 

Table 14: cost of drug classes 7 

Drug class Cost per year 
Percentage of patients 
taking the drug 

Source 

Pharmaceutical management of heart failure 

ACE £25.52 44.22% Unit cost and dosage from 
BNF6. Weighted average 
cost per class calculated 
using PCA17. Percentage of 
patients from CtE and 
COAPT25. 

 

ARB £83.26 24.22% 

Beta blockers £37.08 73.90% 

MRA £45.79 26.60% 

Diuretics £13.66 79.30% 

ARNI £1883.26 3.86% 

Immunosuppressive therapy 

antiproliferative  £115.07 100% Unit cost and dosage from 
BNF6. Weighted average 
cost per class calculated 
using PCA17. 

calcineurin 
inhibitors 

£3,494.03 100% 

Corticosteroids £334.09 100% 

A relevant proportion of patients with heart failure are under cardiac resynchronization 8 
therapy (CRT). To capture the recurrent cost associated with this therapy, it was assumed 9 
that patients under CRT routinely receive each year an echocardiogram and a consultant-led 10 
visit for pacemaker optimisation. More details can be seen in table 15. 11 

Table 15: Cardiac resynchronization therapy 12 

State Cost Source 

Simple echocardiogram £115 NHS Reference Costs 2018-
201918 

Consultant led cardiac 
visit 

£135 NHS Reference Costs 2018-20118 
9 

Percentage of people on 
CRT 

36.50% COAPT25 

2.3.5.3 Health states 13 

Several health states are associated with a cost sustained by the NHS and social care. The 14 
sources of costs data were sought by reviewing existing models and by conducting a non-15 
systematic review online. Costs were divided in short-term decision tree costs and long-term 16 
Markov states costs according to whether they are sustained immediately after the surgery or 17 
continuously over the years following the intervention. 18 

Decision tree outcomes (major bleeding and vascular complications) 19 

Two post-procedural outcomes, namely major bleeding and vascular complication are 20 
associated with a cost sustained by the NHS. These are states that affect patients only 21 
temporarily and consequently do not have long-term consequences implying that the 22 
associated costs occur only once, at the offsetting of the states, and are not repeated over 23 
time. The costs used in the model are reported together with their sources in table 16. 24 

 25 
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Table 16: Decision tree costs 1 

State Cost Source 

Major bleeding £1,971.51 NHS Reference Costs 2018-
201918 

Vascular complication £1,825.99 NHS Reference Costs 2018-
201918 

The cost of major bleeding was sought from the NHS Reference Cost database under the 2 
item gastrointestinal bleed. An average weighted by the number of attendances of NHS 3 
reference costs for all categories of non-elective long stay and short stay gastrointestinal 4 
bleed admission was used in the model (see table 17). The cost of gastrointestinal bleed 5 
without intervention with CC score between 0 and 4 was omitted as this category represent 6 
minor events. 7 

Table 17: cost of major bleeding 8 

Currency Code Currency 
Description 

 Number of FCE's  National Average Unit 
Cost 

Non-elective long stay 

FD03A Gastrointestinal Bleed 
with Multiple 
Interventions, with CC 
Score 5+ 

 1,110  £5,377 

FD03B Gastrointestinal Bleed 
with Multiple 
Interventions, with CC 
Score 0-4 

 885  £3,510 

FD03C Gastrointestinal Bleed 
with Single 
Intervention, with CC 
Score 8+ 

 1,642  £3,866 

FD03D Gastrointestinal Bleed 
with Single 
Intervention, with CC 
Score 5-7 

 2,329  £2,796 

FD03E Gastrointestinal Bleed 
with Single 
Intervention, with CC 
Score 0-4 

 5,481  £2,247 

FD03F Gastrointestinal Bleed 
without Interventions, 
with CC Score 9+ 

 2,891  £2,818 

FD03G Gastrointestinal Bleed 
without Interventions, 
with CC Score 5-8 

 7,278  £2,198 

Non-elective short stay 

FD03A Gastrointestinal Bleed 
with Multiple 
Interventions, with CC 
Score 5+ 

 30  £2,360 

FD03B Gastrointestinal Bleed 
with Multiple 
Interventions, with CC 
Score 0-4 

 16  £2,088 

FD03C Gastrointestinal Bleed 
with Single 

 41  £1,345 



 

 

Heart valve disease: DRAFT FOR CONSULTATION 
Cost-utility analysis: Transcatheter Mitral edge-to-edge repair for inoperable patients 

© NICE 2021. All rights reserved. Subject to Notice of rights. 
26 

Currency Code Currency 
Description 

 Number of FCE's  National Average Unit 
Cost 

Non-elective long stay 

Intervention, with CC 
Score 8+ 

FD03D Gastrointestinal Bleed 
with Single 
Intervention, with CC 
Score 5-7 

 46  £2,360 

FD03E Gastrointestinal Bleed 
with Single 
Intervention, with CC 
Score 0-4 

 108  £1,089 

FD03F Gastrointestinal Bleed 
without Interventions, 
with CC Score 9+ 

 2,213  £591 

FD03G Gastrointestinal Bleed 
without Interventions, 
with CC Score 5-8 

 8,830  £541 

Weighted average £1,971.51 

 

 1 

The cost of vascular complication was sought by looking at International Classification of 2 
Diseases (ICD) codes related to various injuries to blood vessels around the body. The ICD 3 
code was then converted into an HRG code to find the associated cost for the public sector 4 
in the NHS References Costs. The associated HRG description was “peripheral vascular 5 
disorder” and the cost for the model was obtained by calculating the average non-elective 6 
long and short stay cost weighted by the number of attendances. This is shown in table 18. 7 

Table 18: Cost of vascular complication 8 

Currency Code Currency 
Description 

 Number of FCE's  National Average Unit 
Cost 

Non-elective long stay 

YQ50A Peripheral Vascular 
Disorders with CC 
Score 15+ 

 2,529  £5,402 

YQ50B Peripheral Vascular 
Disorders with CC 
Score 11-14 

 3,543  £3,995 

YQ50C Peripheral Vascular 
Disorders with CC 
Score 8-10 

 3,539  £3,289 

YQ50D Peripheral Vascular 
Disorders with CC 
Score 5-7 

 3,869  £2,882 

YQ50E Peripheral Vascular 
Disorders with CC 
Score 2-4 

 2,906  £2,451 

YQ50F Peripheral Vascular 
Disorders with CC 
Score 0-1 

 910  £2,399 

Non-elective short stay 
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Currency Code Currency 
Description 

 Number of FCE's  National Average Unit 
Cost 

Non-elective long stay 

YQ50A Peripheral Vascular 
Disorders with CC 
Score 15+ 

 673  £852 

YQ50B Peripheral Vascular 
Disorders with CC 
Score 11-14 

 1,519  £710 

YQ50C Peripheral Vascular 
Disorders with CC 
Score 8-10 

 2,685  £597 

YQ50D Peripheral Vascular 
Disorders with CC 
Score 5-7 

 4,438  £541 

YQ50E Peripheral Vascular 
Disorders with CC 
Score 2-4 

 6,924  £452 

YQ50F Peripheral Vascular 
Disorders with CC 
Score 0-1 

 5,050  £350 

Weighted average £1,826 

 1 

Long-term outcomes (Stroke and post-stroke) 2 

Stroke is associated with a substantial cost borne by the NHS and social care and it is known 3 
to affect in the long-term the quality of life, the survival and the demand for NHS resources of 4 
the patients. To capture both the acute and chronic phase of the disease, stroke was 5 
modelled in two different states: stroke and post-stroke. The first state represents the acute 6 
phase of the event and it is associated with the highest use of NHS resource. The second 7 
state captures the long-term demand of NHS and social care service occurring up to several 8 
years after the event. As a result, it was assumed that patients will not transit out from the 9 
post-stroke state and that they will keep demand NHS service until the die. 10 

To cost stroke and post-stroke the same approach used in the Acute Coronary Syndrome 11 
model was adopted. The cost was based on the work of Xu 201829 which estimated the total 12 
burden of stroke in UK to the NHS and social services. This was done using a patient 13 
simulation based on UK Sentinel Stroke National Audit Programme (SSNAP) data. The cost 14 
of stroke was reported in the study for 1 and 5 years (see table 19).  15 

Table 19: burden of stroke 16 

Health state Cost Source 

Stroke 1 year £23,052 Xu 2018 – SSNAP project inflated 
to 2017/1829 

Stroke 5 year £47,023 Xu 2018 – SSNAP project inflated 
to 2017/1829 

Cost associated with NHS and social service were reported separately. The latter includes 17 
both publicly financed social service and privately funded social service. As the NICE 18 
reference case provides that the cost-effectiveness analysis is conducted from a public 19 
sector point of view only, non-publicly funded cost cannot be included in this analysis. A 20 
recent paper Patel 201921 used the assumption that approximately 50% of the social cost is 21 
born by the NHS and, therefore, the same assumption was used in the model. 22 
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Costs associated with stroke and post-stroke are assumed to be borne during the year 1 
following the events and therefore were modelled as Markov state costs. When applying the 2 
half-cycle correction, it was used the assumption that the cost of an acute stroke is sustained 3 
during the first 6 months following the event, whereas the cost of post-stroke is spread over 4 
the year. 5 

The costs used in the model related to stroke or post-stroke are summarized in table 20. 6 

 7 

Table 20: cost of stroke and post-stroke 8 

Health state Cost Source 

Stroke £18,948 Xu 201829 1-year costs with 50% 
of social care costs removed and 
inflated to 2018/2019 

Post-stroke £6,727 

 
Xu 201829 5-year costs adjusted 
to remove 1 year cost and 
annualised; 50% of social care 
costs removed and inflated to 
2018/2019 

Hospitalisation 9 

The cost of a cardiac hospitalisation episode was sought from the NHS Reference Costs 10 
2018/2019 under the item “Heart failure or shock”. An average weighted for the level of 11 
activity was calculated and used in the model (see table 21). 12 

Table 21: Cost of vascular complication 13 

Currency Code Currency 
Description 

 Number of FCE's  National Average Unit 
Cost 

Non-elective long stay 

EB03A Heart Failure or Shock, with 
CC Score 14+ 23406 £3,909.61 

EB03B Heart Failure or Shock, with 
CC Score 11-13 28511 £3,139.47 

EB03C Heart Failure or Shock, with 
CC Score 8-10 24564 £2,532.67 

EB03D Heart Failure or Shock, with 
CC Score 4-7 18805 £2,169.60 

EB03E Heart Failure or Shock, with 
CC Score 0-3 2841 £2,169.93 

Non-elective short stay 

EB03A Heart Failure or Shock, with 
CC Score 14+ 8201 £605.12 

EB03B Heart Failure or Shock, with 
CC Score 11-13 15330 £537.31 

EB03C Heart Failure or Shock, with 
CC Score 8-10 19200 £493.72 

EB03D Heart Failure or Shock, with 
CC Score 4-7 20862 £464.38 

EB03E Heart Failure or Shock, with 
CC Score 0-3 4857 £404.73 

Weighted average £1,948.21 

 14 

The number of cardiac related hospital admissions occurring each year in the MitraClip and 15 
medical management arms was calculated using the associated annualized rate and hazard 16 
ratio reported in the COAPT study, which was multiplied by the number of people alive at 17 
each cycle. The rate of hospitalisation in the two arms are shown in table 22. 18 
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Table 22: Cardiac hospitalisation annual rate 1 

Health state 
Cardiac hospitalisation annual 
rate 

Source 

MitraClip 0.76 COAPT25 

Medical management 1.54 

 
COAPT25 

 2 

 3 

2.4 Computations 4 

The model was constructed in Microsoft Excel 2010 and was evaluated by a 1,000 cohort 5 
simulation. Time dependency was built in by cross referencing the cohorts age as a 6 
respective risk factor for mortality.  7 

People started in the decision tree in the MitraClip or medical management arm. People then 8 
moved to the other health states (major bleeding, vascular complication, stroke and dead) 9 
based on probabilities of events occurring which was calculated from baseline risks and 10 
treatment effects. Those alive at the end of the decision tree at 30 days, entered the model 11 
and started in cycle 0. The health state they entered was determined by which health state 12 
they were in at the end of the 30 days decision tree. Those who did not experience any 13 
events or experienced only temporary events such as bleeding or vascular complication 14 
entered the “stable” health state in the Markov model. Those who had a stroke entered the 15 
“stroke” health state in the Markov model. Mortality transition probabilities in the Markov 16 
model depend on the health states people are in and were recovered using a Weibull 17 
function fitted with the observed data from COAPT trial. 18 

Hazard ratio was applied to the mortality rate of medical management arm to obtain the 19 
mortality rate in the MitraClip arm. Rates were then converted to probabilities using the 20 
following formula: 21 

 

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝑃) = 1 − 𝑒−𝑟𝑡 

Where 

r=selected rate 

t=cycle length (1 year) 

To calculate QALYs for each cycle life years were weighted by a utility value which was 22 
treatment dependent. A half‐cycle correction was applied, assuming that people transitioned 23 
between states on average halfway through a cycle. QALYs were then discounted at 3.5% to 24 
reflect time preference. QALYs during the first cycle were not discounted. The total 25 
discounted QALYs were the sum of the discounted QALYs per cycle. 26 

Costs per cycle were calculated on the same basis as QALYs and were discounted at 3.5% 27 
to reflect time preference. Each of the health states had specific costs applied.  28 

Discounting formula: 29 

( )nr+
=

1

Total
 totalDiscounted  

Where:  

r=discount rate per annum 

n=time (years) 

In the deterministic and probabilistic analyses, the total cost and QALYs accrued by each 30 
cohort was divided by the number of patients in the population to calculate a cost per patient 31 
and cost per QALY. 32 
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2.5 Sensitivity analyses 1 

In addition to the probabilistic sensitivity analysis, a range of one-way sensitivity analyses 2 
were undertaken. These are the following: 3 

1. Vary the cost of a MitraClip procedure 4 
2. Remove heart transplant 5 
3. Use CtE data instead of COAPT for reintervention and hospitalisation 6 
4. Assume that utility benefits are persistent 7 
5. Use an exponential distribution instead of a Weibull to extrapolate mortality 8 
6. Assume that survival benefits last for the duration of the trial only 9 
7. Exclude vascular complications 10 

In this chapter, the one-way sensitivity analyses are presented. 11 

2.5.1 Cost of a MitraClip procedure  12 

As discussed in chapter 2.3.6.1, CtE reports three different estimations of the cost of a 13 
MitraClip procedure. These are reported in table 23. 14 

Table 23: cost of a MitraClip procedure 15 

Scenario Cost Source 

Central case £32,910 CtE28 

Low cost scenario £29,000 CtE28 

High cost scenario £34,500 CtE28 

A one-way sensitivity analysis was undertaken to explore the impact of using the three 16 
different estimations in the model. 17 

2.5.2 Remove heart transplant 18 

The committee noted that heart transplant may have a significant impact in the analysis as it 19 
is associated with considerable and long-term costs and improved health outcomes. For this 20 
reason, it was decided to investigate the role of heart transplant in the model by testing a 21 
scenario where heart transplants are completely removed from the model. 22 

2.5.3 Use CtE data instead of COAPT 23 

As discussed in chapter 2.3.3, CtE registry enrolled very selected patients with mixed MR 24 
aetiology and as such, it was not considered suitable for extracting baseline probabilities 25 
which are believed to be affected by the aetiology of mitral regurgitation. Hence, although for 26 
all probabilities related to the intervention CtE was considered appropriate by the committee 27 
as those are not affected by MR aetiology, for other baseline risks, such as reintervention 28 
and hospitalisation, the committee agreed to use the figures reported by COAPT trial.  29 

Nevertheless, a sensitivity analysis using the figures reported from CtE for hospitalisation 30 
and reintervention was undertaken to investigate the impact of using a different source for 31 
these two outcomes. 32 

2.5.4 Utility benefits are persistent 33 

In the base case analysis, utility scores were assumed to gradually decrease over a period of 34 
5 years, as anticipated by the committee. In the sensitivity analysis we tested an alternative 35 
scenario where the benefits in terms of quality of life of MitraClip were persistent and lasted 36 
for the duration of the life of the patients. 37 
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2.5.5 Exponential distribution for mortality 1 

Two different distributions were used to extrapolate the mortality rate beyond the last follow-2 
up of the COAPT trial: an exponential and a Weibull distribution. The first was obtained 3 
through R studio by fitting a curve to the observed data points from COAPT. The committee 4 
noted that the exponential curve was likely under-estimating the number of deaths as people 5 
with severe heart failure rarely survive after 10 years from the diagnosis. For this reason, a 6 
second curve, a Weibull, was fitted based on the observed points and on the assumption that 7 
most of the cohort were dead at 10 years. This last curve was used in the base case-8 
scenario. Figure 5 compares the exponential and Weibull curves. 9 

 10 

Figure 5: Exponential and Weibull curves 11 

 12 

In the sensitivity analysis the exponential curve was used as an alternative approach to 13 
extrapolate mortality beyond the last follow-up. 14 

 15 

2.5.6 Survival benefits last for the duration of the trial only 16 

The committee acknowledged that it is currently unknown whether MitraClip survival benefits 17 
would last for the lifetime of the patients. Follow-up studies based on COAPT showed that 18 
survival benefits are consistent at least 3 years after the intervention suggesting that they 19 
may be persistent over time. Nevertheless, a sensitivity analysis was conducted where the 20 
benefits lasted for the duration of the trial only. Results of this are presented in section 3.2. 21 

2.5.7 Exclude vascular complications 22 

As discussed in chapter 2.2.1, vascular complication rates were taken from Mitra-FR trial as 23 
CtE did not report this outcome. Mitra-FR failed to find significant improvement with MitraClip 24 
as it was conducted in centres lacking sufficient expertise. Therefore, it is possible that 25 
vascular complications are over-estimated by Mitra-FR as, in the UK, MitraClip would be 26 
conducted only on high-volume centres with high expertise. Therefore, a sensitivity analysis 27 
was conducted where these complications were removed altogether to assess whether these 28 
highly affect the model. Results can be seen in section 3.2 29 
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2.6 Model validation 1 

The model was developed in consultation with the committee; model structure, inputs and 2 
results were presented to and discussed with the committee for clinical validation and 3 
interpretation. 4 

The model was systematically checked by the health economist undertaking the analysis; 5 
this included inputting null and extreme values and checking that results were plausible given 6 
inputs.  7 

2.7 Estimation of cost effectiveness 8 

The widely used cost-effectiveness metric is the incremental cost-effectiveness ratio (ICER). 9 
This is calculated by dividing the difference in costs associated with 2 alternatives by the 10 
difference in QALYs. The decision rule then applied is that if the ICER falls below a given 11 
cost per QALY threshold the result is considered to be cost effective. If both costs are lower 12 
and QALYs are higher the option is said to dominate and an ICER is not calculated. 13 

)()(

)()(

AQALYsBQALYs

ACostsBCosts
ICER

−

−
=  

Where: Costs(A) = total costs for option A; QALYs(A) = total QALYs for option A 

Cost effective if:  

• ICER < Threshold 

It is also possible, for a particular cost-effectiveness threshold, to re-express cost-14 
effectiveness results in term of net monetary benefit (NMB). This is calculated by multiplying 15 
the total QALYs for a comparator by the threshold cost per QALY value (for example, 16 
£20,000) and then subtracting the total costs (formula below). The decision rule then applied 17 
is that the comparator with the highest NMB is the cost-effective option at the specified 18 
threshold. That is the option that provides the highest number of QALYs at an acceptable 19 
cost. 20 

( ) )()()( XCostsXQALYsXBenefitMonetaryNet −=   

Where: λ = threshold (£20,000 per QALY gained) 

Cost effective if: 

• Highest net benefit 

Both methods of determining cost effectiveness will identify exactly the same optimal 21 
strategy. For ease of computation NMB is used in this analysis to identify the optimal 22 
strategy. 23 

2.8 Interpreting results 24 

NICE sets out the principles that committees should consider when judging whether an 25 
intervention offers good value for money13-15. In general, an intervention was considered to 26 
be cost effective if either of the following criteria applied (given that the estimate was 27 
considered plausible): 28 

• The intervention dominated other relevant strategies (that is, it was both less costly in 29 
terms of resource use and more clinically effective compared with all the other relevant 30 
alternative strategies), or 31 

• The intervention costs less than £20,000 per quality-adjusted life-year (QALY) gained 32 
compared with the next best strategy. 33 

  34 
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3 Results 1 

3.1 Base case 2 

Table 24 illustrates the number of events occurring in the two arms for a cohort of 1,000 3 
people. 4 

Table 24: events for 1,000 people (deterministic) 5 

Events MitraClip 
strategy 

Medical 
management (MM) 
Strategy 

Difference 
(MitraClip minus 
MM) 

Vascular 
complications 

35 0 35 

Major bleeding 15 8 7 

Stroke 11 1 10 

Hospitalisation 3,891 5,705 -1,815 

Reintervention 90 99 -9 

Heart transplant 27 47 -21 

The MitraClip strategy results in more people experiencing complications such as vascular 6 
complication, bleeding and stroke. On the other hand, MitraClip is associated with less 7 
hospitalisation, less reinterventions and less heart transplants. 8 

MitraClip was overall more expensive but resulted in more QALYs gained. Table 26 offers a 9 
breakdown of the costs per patients of the two strategies. 10 

Table 25: cost breakdown (per patient, probabilistic) 11 

Cost category MitraClip 
strategy 

Medical 
management 
(MM) Strategy 

Difference 
(MitraClip minus 
MM) 

MitraClip £32,910 £0 £32,910 

Heart failure drugs £1,061 £628 £433 

Vascular complications £47 £0 £47 

Bleeding £29 £21 £9 

Stroke £418 £32 £386 

Hospitalisation £6,529 £10,135 -£3,606 

Reintervention £2,580 £3,277 -£697 

Heart transplant £1,250 £3,328 -£2,078 

Immunosuppressive 
drugs 

£480 £1,379 -£899 

 Total cost £45,304 £18,799 £26,505 

The difference in costs is mostly driven by the cost of the procedure, which amounts to 12 
£32,910 in the base case scenario. However, MitraClip generates savings downstream by 13 
reducing the number of people undergoing a mitral valve reintervention, needing a heart 14 
transplant or having a hospitalisation episode for cardiac reasons. Overall, MitraClip strategy 15 
is more expensive than medical management with a differential cost equal to £26,505. 16 
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The results of the analysis of the base case scenario are presented in the following table. 1 

Table 26: Base case cost-effectiveness results (probabilistic) 2 

Year 

MitraClip Medical 
management 

MitraClip minus 
Medical 
management 

Mean costs £45,304 £18,799 £26,505 

Mean QALYs 2.92 2.05 0.87 

Incremental cost per 
QALY gained  

- - £30,283 

Incremental net monetary 
benefit at £20,000 per 
QALY 

- - -£10,866 

Incremental net monetary 
benefit – at £30,000 per 
QALY  

- - -£2,043 

Probability cost-effective 
at £20,000 per QALY  

5% 95% - 

Probability cost-effective 
at 30,000 per QALY  

47% 53% - 

 3 

3.2 Sensitivity analyses 4 

The sensitivity analyses showed that the results are sensitive to the cost of a MitraClip 5 
intervention, on the assumptions on utility and benefits, and on the distribution used to 6 
extrapolate mortality after the third year. The deterministic results of the sensitivity analysis 7 
are presented in table 27. 8 

Table 27: One-way sensitivity analyses (deterministic) 9 

Scenario Incremental costs 

Incremental QALYs Incremental 
cost per QALY 
gained 

Deterministic base case £28,513 0.88 £32,315 

Probabilistic base case £26,505 0.87 £30,283 

Lower case MitraClip cost £25,537  0.88 £28,942 

Upper case MitraClip cost £30,085 0.88 £34,096 

No transplant £30,196  0.92 £32,818 

CtE data for reintervention £28,374 0.83 £34,033 

Utility benefits are 
persistent 

£28,513 1.04 £27,428 

Exponential distribution for 
mortality 

£28,457 0.95 £30,079 

Benefits last for the 
duration of the trial only 

£27,169 0.56 £48,262 

Exclude vascular 
complication 

£28,466 0.88 £32,261 

The scatterplot in figure 6 shows the results of the probabilistic analysis. All the points lie in 10 
the north-east quadrant and most of them are above the NICE threshold line of £20,000 per 11 
QALY gained suggesting that MitraClip is unlikely to be cost effective at a threshold of 12 
£20,000. 13 
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 1 

Figure 6: Probabilistic analysis scatterplot 2 

 3 

3.3 Threshold analysis 4 

A threshold analysis on the price of a MitraClip device was conducted to determine the 5 
threshold value of the price at which MitraClip becomes cost-effective at a threshold of 6 
£30,000 and £20,000. This was achieved through excel by varying the price of the device 7 
from £1,000 to £20,000 and looking at the corresponding incremental cost effectiveness 8 
ratio. The results are shown in figure 7. 9 

 10 

 11 

 12 

 13 

 14 
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 1 

Figure 7: Price threshold analysis 2 

 3 

The results of the analysis demonstrate that MitraClip intervention becomes cost effective at 4 
a threshold of £30,000 when the price drops below £17,800 (equal to a price discount of 5 
10%) and at a threshold of £20,000 when the price drops below £9,900 (equal to a discount 6 
of 55%). This analysis assumed that the initial price of a MitraClip device is £19,800 as 7 
reported in the NHS Supply Chain Catalogue. 8 

 9 
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4 Discussion 1 

4.1 Summary of results 2 

One original cost-utility analysis found that percutaneous edge-to-edge repair with MitraClip 3 
device in an inoperable population is not cost effective compared to medical management at 4 
a £30,000 per QALY threshold or £20,000 per QALY threshold (ICER: £30,283 per QALY 5 
gained). 6 

4.2 Limitations and interpretation 7 

This analysis demonstrated that mitral edge-to-edge repair with a MitraClip device has a cost 8 
per QALY gained slightly above the threshold of £30,000 in patients with severe secondary 9 
MR with a probability of 47% of being cost effective at a threshold of £30,000 per QALY and 10 
of 5% at a threshold of £20,000 per QALY. 11 

This model is subject to some limitations. Firstly, mortality data were not available after the 12 
third years of the intervention and had to be extrapolated using a distribution function. The 13 
sensitivity analysis showed that the results are highly sensitive to the distribution assumed, 14 
with the exponential curve estimating a relatively high life expectancy and the Weibull curve 15 
giving a more conservative estimation. For the base case analysis, the committee decided to 16 
use the more conservative estimate of QALYs gained given by the Weibull curve. 17 

This analysis is an intention-to-treat analysis and, therefore, some people in the medical 18 
management arm received MitraClip. This is in contrast with a similar economic analysis, 19 
which did not allow cross over between the arms24. It is possible, therefore, that this analysis 20 
under-estimates the real QALYs gained associated with MitraClip but also under-estimates 21 
the incremental costs. 22 

The committee acknowledged that the COAPT trial was performed under ideal conditions as 23 
patients were constantly monitored throughout the trial, guidance based medical 24 
management was ensured and MitraClip interventions were performed in high-volume 25 
centres by experienced surgeons. By contrast Mitra-FR seemed to show that when the 26 
intervention is done in centres that lack adequate expertise, the intervention may end up 27 
being less successful. It is anticipated that in the NHS, this would only be implemented in 28 
specialised centres. 29 

4.3 Generalisability to other populations or settings 30 

This analysis is based on inoperable patients who have severe secondary MR as reflected 31 
by the participants of COAPT trial. People with less than severe MR, such as the participants 32 
enrolled in the Mitra-FR trial, would benefit less and it is likely that the intervention would not 33 
be cost effective for these patients. 34 

Other analyses based on a mixed population with primary and secondary MR found MitraClip 35 
to be cost effective12, 23 suggesting that in people where mitral regurgitation is the primary 36 
health issue, a MitraClip intervention may be highly effective in reducing the symptoms and 37 
increasing quality of life. It is expected therefore that the same analysis conducted on a 38 
mixed aetiology population or on patients with primary MR only would give even more 39 
favourable results. 40 

Given the very high cost of the intervention, it is unlikely that percutaneous edge-to-edge 41 
repair would be cost effective compared with standard mitral valve surgery in patients who 42 
are eligible for surgery. 43 
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In the COAPT trial, the rate of heart transplant surgery was lower in the MitraClip arm than in 1 
the medical management arm. It is possible that for some people on the heart transplant list, 2 
MitraClip is a cost-effective alternative to heart transplant. However, the relative costs and 3 
benefits in this subpopulation are uncertain. 4 

4.4 Comparisons with published studies 5 

A UK cost-utility12 analysis based on a population with mixed primary and secondary mitral 6 
regurgitation found MitraClip to be cost effective at £22,153 per QALY gained. The analysis 7 
was not based on a randomized trial but on a non-randomised registry with a control group 8 
obtained retrospectively. Furthermore, the population studied had mixed primary and 9 
secondary MR. A second Japanese study 23 based on a mixed primary and secondary MR 10 
population found an even lower incremental cost per QALY gained: £13,549. Likewise, this 11 
analysis was not based on a RCT but on a propensity score matching study. Overall, 12 
compared to this analysis, these two studies seem to suggest that MitraClip is even more 13 
cost effective in a population with mixed aetiology which is biologically reasonable as people 14 
with primary MR are expected to benefit more from a MitraClip intervention. 15 

Two different economic evaluations based on the COAPT trial were identified in the 16 
literature4, 24. The first took a US perspective4. Although the differences between the US 17 
health care system and the UK NHS in terms of costs do not allow to make a meaningful 18 
comparison, the health outcomes can be still compared. Over a lifetime horizon, the US 19 
analysis estimated an increase in life expectancy of 1.13 years and in QALYs of 0.82. This is 20 
in line with the results of the guideline analysis which found MitraClip to increase life 21 
expectancy by 1.44 years and QALYs by 0.87. A second analysis based on COAPT was 22 
conducted from the UK NHS perspective24. This analysis reported an ICER of £30,057 per 23 
QALY gained which is very close to the incremental cost per QALY gained of £30,283 found 24 
in this model. The incremental costs and incremental QALYs were similar but slightly higher 25 
than our estimates. They found that MitraClip costs £32,267 more per person whereas our 26 
analysis found a difference of £26,505. 27 

4.5 Conclusions 28 

This economic evaluation demonstrated that mitral edge-to-edge repair with MitraClip device 29 
is slightly above £30,000 per QALY gained for treating severe mitral regurgitation in 30 
inoperable patients with secondary mitral regurgitation.  31 
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Appendices 1 

Appendix A: Drugs included in the model 2 

Table 29: List of drugs included in the model 3 

Drug category Drug name 

Ace inhibitors ramipril 

Ace inhibitors captopril 

Ace inhibitors enalapril 

Ace inhibitors lisinopril 

Ace inhibitors quinapril 

ARB Candesartan 

ARB Valsartan 

ARB Losartan 

Beta Blockers Bisoprolol 

Beta Blockers Carvedilol 

Beta Blockers Nebivolol 

Diuretics Furosemide 

Diuretics Bumetanide 

Diuretics Torasemide 

MRA Eplerenone 

MRA Spironolactone 

ARNI Sacubitril with valsartan 

Antiproliferative  
Azathioprine 

Antiproliferative  Mycophenolate mofetil 

calcineurin inhibitors Ciclosporin 

calcineurin inhibitors Ciclosporin 

Corticosteroids Prednisolone 

 4 

 5 
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