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Abstract

Aim To evaluate the cost-effectiveness of the MitraClip device (MitraClip) in addition to optimal medical therapy (OMT)
in patients with heart failure and secondary mitral regurgitation in Germany.

Methods and results A model-based economic evaluation was performed to estimate the incremental cost per quality-adjusted
life-years (QALY ) for patients with a moderate-to-severe or severe secondary mitral regurgitation receiving MitraClip plus
OMT compared with OMT alone from the statutory health insurance (SHI) perspective. Transition probabilities, data on
survival rates, and hospitalization rates were obtained from the COAPT trial, a randomized-controlled multicenter trial. Data
on health utility and costs were taken from published evidence. To assess parameter uncertainty, several deterministic and
probabilistic sensitivity analyses were performed. The incremental costs per QALY gained were € 59,728 (costs/incremen-
tal life years gained: € 42,360). The results were most sensitive to the transition probabilities and the hospitalization rates.
The probabilistic sensitivity analysis showed that the MitraClip strategy was cost-effective with a probability of 80% at a
willingness-to-pay threshold of € 67,000/QALY.

Conclusions Depending on the willingness-to-pay threshold, for patients with heart failure and a moderate-to-severe or severe
secondary mitral regurgitation the MitraClip can be cost-effective from the perspective of the German SHI.
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Introduction

Heart failure is a rapidly growing public health issue with
more than 37 million persons affected worldwide [1] and
is still one of the leading causes of premature death [2].
Due to its multifactorial etiology, the progression of HF
increasingly affects patients’ quality of life by causing
symptoms such as dyspnea, fatigue, and fluid retention
[3]. For example in Germany, the prevalence of HF was
3.4%, corresponding to approximately 2.5 million affected
individuals in 2017 [4].

In addition to the burden of disease, HF is estimated
to incur around 1-2% of the annual healthcare budget in
the Western societies [5]. Because HF is one of the lead-
ing causes of hospitalization in adults, the majority of HF
treatment costs are incurred in the inpatient setting [1, 5].
Reducing admission rates due to HF is assumed to be the
most promising approach to decrease the economic burden
of HF [6].

Many patients with HF develop secondary mitral regur-
gitation which is associated with a poor prognosis (i.e.,
reduced life expectancy) [5, 7]. In addition to medical
treatment, different minimal-invasive procedures for treat-
ing secondary mitral regurgitation such as the MitraClip
were developed in the late 1990s. Compared to medical
therapy alone, the MitraClip resulted in a lower rate of
hospitalization due to HF and lower all-cause mortality
within 24 months of follow-up [7].

In addition to the safety, clinical effectiveness and effi-
cacy, evaluating the cost-effectiveness of new devices is

Treatment

an important factor in a resource-constrained healthcare
system. Based on clinical data from the COAPT trial 8],
a patient-level simulation showed incremental costs for the
transcatheter mitral valve repair of $55,600 per quality-
adjusted life-year (QALY) gained for the US-system when
compared with optimal medical therapy (OMT) which is
considered high economic value for cardiac therapies in
the United States (US) [9].

As Germany is the second largest implanter of MitraClip
devices worldwide, our analysis aims to evaluate the cost-
effectiveness of the MitraClip in combination with OMT in
patients with HF and secondary mitral regurgitation com-
pared with OMT alone [10].

Methods

We conducted a model-based cost-effectiveness analysis
which combined a decision tree and a Markov model to
compare the clinical and economic consequences of the
MitraClip combined with OMT versus OMT alone from the
perspective of the SHI (see Fig. 1). The cost-effectiveness
was expressed by the incremental cost-effectiveness ratio
(ICER) which was calculated by dividing the differences in
costs and QALYs and those in costs and life years gained
(LYG) between MitraClip/OMT and OMT alone. To reflect
the long-term consequences of HF, a lifetime horizon with a
cycle length of 1 month was applied in the model.
Clinically, the cost-effectiveness analysis was
mainly based on the COAPT trial, a multicenter
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Fig. 1 Combined model comparing the MitraClip with optimal medi-
cal therapy. The model starts with a decisiontree splitting the patients
into the MitraClip Group or the OMT group. The patients then enter
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randomized-controlled trial including 614 patients with
ischemic or non-ischemic cardiomyopathy at 78 sites in the
US and Canada. In that study, MitraClip/OMT showed a
statistically significant reduction in ‘hospitalizations for HF
at 12 months’ [Hazard Ratio (HR)=0.53; P<0.001] and, a
significant reduction in mortality in favor of the MitraClip
group compared with OMT (HR=0.62; P<0.001) [8].

To obtain further clinical and economic input data, litera-
ture searches using the Medline database were performed in
January 2019 and updated throughout the model develop-
ment (details are reported in the Appendix).

Patients and model description

In the model, we evaluated a hypothetical cohort that was
in line with patients’ characteristics of the COAPT trial.
Patients had an ischemic or non-ischemic cardiomyopathy,
a confirmed moderate-to-severe or severe secondary mitral
regurgitation and, were categorized as symptomatic accord-
ing to the New York Heart Association (NYHA) functional
classes II, 111, or IV. Patients entered into the model at mean
age of 72 (SD 11.2) years and 64% of them were male [8].
The cohort started with a decision tree that divided
patients by whether they received MitraClip/OMT or OMT
alone (Fig. 1). Irrespective of treatment option received,
patients then entered a Markov model consisting of five
health states: the four NYHA functional classes and death.
Based on data from the COAPT trial, patients moved
between the NYHA classes. In all NYHA classes, patients
could be admitted to the hospital due to HF [8] (with result-
ing costs and disutilities accordingly but without increas-
ing the transition probability to higher NYHA states). The
initial distribution of NYHA classes was calculated as an
average and applied to both treatment options in the begin-
ning of the first month. The effects of the device related
complications for the MitraClip group at 12 months (3.4%)
from the COAPT trial were included in the analysis, calcu-
lated as an average and distributed across all patients from
the MitraClip group [8]. At the end of each month patients
either remained in the same health state, experienced a HF-
progress to a higher NYHA class or a HF-regress to lower
NYHA class, or they died. The model was constructed and
analyzed with Tree Age Pro 2020 (Tree Age Software LLC).

Model inputs
Transition probabilities

To reflect both the short- and long-term effect of the Mitra-
Clip in the model, two different transition probabilities were
applied for each NYHA class: one probability for the transi-
tion from baseline to 30 days and a second probability for
the transition from 30 days to all subsequent cycles. For both

groups in the COAPT trial, it could be observed that the
patients NYHA status on average improved from baseline
to 30 days whereas after 30 days the NYHA status gradually
declined for all subsequent cycles. As the transition prob-
abilities were not reported in the trial and were not made
available (even on request), these had to be approximated
from the 24-month follow-up lifetables by stepwise iteration.
As a result of this approximation the majority of patients
moved to the closest NYHA-group (e.g., NYHA I to NYHA
II, NYHA IV to NYHA III) but skipping a class upwards or
downwards (e.g., NYHA I to NYHA III or vice versa) was
also possible. The monthly transition probabilities for all
NYHA classes are shown in Table 1.

Each cycle, the patients from both groups could be admit-
ted to the hospital for HF based on hospitalization probabili-
ties pulled from the COAPT trial. It was assumed that each
patient could be hospitalized only once per cycle due to the
data available from the COAPT trial [8].

Resource utilization and cost data

Data on resource utilization and cost were derived from Ger-
man sources wherever possible (Table 2). Device costs, costs
of hospitalization due to HF, and complication treatment
costs were based on the German diagnosis-related groups
(DRGs) 2020 [11] (OPS 5-35a.41 and 5-35a.60, i.e., the
reimbursement for the procedure based on the average length
of stay for the MitraClip). The costs of treatment for device
related complications were calculated from the number of
complications reported in the COAPT trial combined with
the corresponding German DRG. Data on complications
were obtained from the COAPT trial and included sin-
gle leaflet device attachment (0.7%), device embolization
(0.3%), left ventricular assistant device (LVAD) implanta-
tion (1.2%), cardiac transplantation (0.8%), and non-elective
cardiovascular surgery (0.3%). Information about average
costs for routine management of HF patients specific to
each NYHA class (e.g., medical therapy, GP visits) was
obtained from the German Competence Network Heart Fail-
ure (CNHF) Using a telemetric platform, the CNHF collects
routine data from a large cohort of well HF patients based
on standardized case report forms and centrally run data
bases with automated revision and consistency checks [12,
13]. In line with the payer perspective of the analysis (i.e.,
German SHI), only direct medical costs were included and
expressed in 2020 euros.

Utility data
Utilities reflect patients’ preferences for a specific health
state and are used to estimate the patients’ quality of life.

Patients in both treatment options accrued utility values
regardless of the treatment received. Since no specific
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Table 1 Transition probabilities between NYHA states for both the
MitraClip and Optimal Medical Therapy groups

NYHATI NYHAII NYHAIII NYHAIV HF death

MitraClip

Baseline—30 days

NYHA 0.950 0.050 0.000 0.000 0.000
1

NYHA 0.100 0.900 0.000 0.000 0.000
I

NYHA 0.200 0.350 0.370 0.070 0.010
i

NYHA 0.140 0.250 0.270 0.320 0.020
v

30 days—all subsequent cycles

NYHA 0.960 0.040 0.000 0.000 0.000
1

NYHA 0.005 0.945 0.050 0.000 0.000
II

NYHA 0.000 0.025 0.895 0.070 0.010
11

NYHA 0.000 0.000 0.000 0.800 0.200
v

Optimal medical therapy

Baseline—30 days

NYHA 0.950 0.030 0.020 0.000 0.000
I

NYHA 0.100 0.870 0.030 0.000 0.000
I

NYHA 0.050 0.170 0.700 0.060 0.020
I

NYHA 0.000 0.120 0.170 0.680 0.030
v

30 days—all subsequent cycles

NYHA 0.950 0.050 0.000 0.000 0.000
1

NYHA 0.010 0.940 0.040 0.010 0.000
I

NYHA 0.000 0.020 0.920 0.050 0.010
11T

NYHA 0.000 0.000 0.000 0.750 0.250
v

NYHA New York Heart Association

German utility data on NYHA classes were available, util-
ity values were taken from the CARE-HF trial [18], a multi-
center, international, randomized trial enrolling 813 patients
from 82 European centers with HF. The trial compared phar-
macologic therapy alone with a combination of pharmaco-
logic therapy and cardiac resynchronization. Utilities were
calculated using EuroQoL EQ-5D utility scores at different
time measurement points in combination with Time Trade-
Off (TTO) based patient preferences from the UK.

Because the use of the MitraClip is expected to affect a
patient’s quality of life, a slight utility decrement of — 0.043

@ Springer

was assumed for patients in the device group for the first cycle
(similar to that of a percutaneous coronary intervention [16]).
In addition, patients in both arms were assigned a reduced
quality of life as a result of complications related to the device
implantation (— 0.004762) and hospitalization (— 0.064).

Data on costs and utilities were discounted using a discount
rate of 3% yearly in line with the German Institute for Quality
and Efficiency in Health Care (IQWiG) [19]. All model inputs
are listed in Table 2.

Sensitivity analyses

To assess the impact of varying the input parameters on the
model results, one-way deterministic sensitivity analyses
(DSA) were performed for all model parameters. To test the
influence of simultaneous variation of input parameters on the
model results, a probabilistic sensitivity analysis (PSA) was
performed using a priori-defined variable distributions (e.g.,
beta distributions for probabilities, rates, and utility values,
gamma distributions for costs). Because costs due to hospitali-
zation and the MitraClip costs did not vary, none were tested
in the PSA. We presented the results of the DSA on a tornado
diagram and the results of the PSA in a cost-effectiveness
acceptability curve [20].

In addition to the base-case analysis over a life-time hori-
zon, a supplementary analysis was limited to the 24-month
follow-up of the study. As recommended by the IQWiG [19],
the health-care costs for additional life years gained were
excluded from the base-case analysis but included in a sensi-
tivity analysis. Further, a cost-effectiveness threshold analysis
was performed for the device costs of the MitraClip.

Model validation

To check how well our model represents chronic HF and
whether it is appropriate to evaluate our main question we
used several validation approaches [21]. To ensure sufficient
consistency for the course of the model population with that of
the COAPT trial, validation was made by verifying that at all
times of the follow-up (0, 30 days, 6 months, ...) the number of
patients in the NYHA states was similar. We consulted experts
on the adequacy of input data and the structure of the model
(face validity). Technical accuracy was checked regarding
data entry and potential programming errors (computerized
model validation). For cross model validation, we assessed the
extent to which our models came to different conclusions than
published results of the COAPT-trial-based cost-effectiveness
analysis [9] as well as a cost-effectiveness analysis based on
the earlier EVEREST II HRS and REALISM trials [22].
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Table 2 Patient characteristics,

R Variable Base-case value Range References
NYHA class distribution, costs,
utilities, and hospitalization Patient characteristics
rates Age (years) (SD) 722 (11.2) 61-83.4 (8]
Male (%) 64 60-66 [8]
Initial NYHA class distribution (proportion in %)
NYHAI 15 (8]
NYHAII 39.05 [8]
NYHA III 52.50 [8]
NYHA IV 8.30 [8]
Cost data (€)
MitraClip device cost 32,434 [11]
Monthly cost routine management HF (SD)
NYHAI 48 34-67 [12]
NYHA II 84 60-118 [12]
NYHA III 83 59-117 [12]
NYHA IV 90 64-126 [12]
Average cost of complications per patient (SD) 2530 1518-3542 [8, 11]
Hospitalization cost 3272 [11]
Monthly additional healthcare costs 65-85 807 [14]
Monthly additional healthcare costs 85+ 1912 [14]
Utility data (in %)
NYHA states
NYHAI 0.815 0.781-0.850 [15]
NYHA II 0.720 0.693-0.749 [15]
NYHA III 0.590 0.551-0.629 [15]
NYHA IV 0.508 0.412-0.605 [15]
One-month disutility for MitraClip procedure 0.043 0.034-0.051 [16]
One-month disutility for HF hospitalization 0.064 0.038-0.090 [17]
Average utility decrement due to complications 0.005 0.003-0.007 [17]
Hospitalization rates
MitraClip
NYHAI 0.0262 0.0231-0.0298 [8]
NYHA I 0.0262 0.0231-0.0298 [8]
NYHA III 0.0330 0.0295-0.0370 [8]
NYHA IV 0.0085 0.0068-0.0106 [8]
Optimal medical therapy
NYHAI 0.0338 0.0302-0.0378 [8]
NYHA I 0.0338 0.0302-0.0378 [8]
NYHA III 0.0668 0.0617-0.0723 [8]
NYHA IV 0.0169 0.0144-0.0198 [8]

NYHA New York Heart Association; HF Heart failure; SD standard deviation

Results
Base-case analysis

Over the life-time horizon, the total cost per patient of
the MitraClip was € 43,152, whereas the cost of the OMT
group amounted to € 9264. The MitraClip resulted in 0.57
additional QALY's compared with OMT (2.5 QALYs for

MitraClip vs. 1.93 QALY for OMT). In terms of life years
gained, the MitraClip group gained 3.68 life years vs. 2.88
life years for the OMT group.

In comparison with OMT alone, the MitraClip resulted
in an ICER of € 59,728/QALY (costs per incremental
life years gained € 42,360). The results are displayed in
Table 3.

@ Springer
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Table 3 Results of the base-case cost-effectiveness analysis

Therapy option Cost (€) Incre- LYG Incre- ICER (€/LYG) Costs (E/LYG) QALY gained Incremen- ICER (€/QALY)
mental mental tal QALY
cost (€) LYG gained
Optimal medical 9264 2.88 3195 1.93
therapy
MitraClip 43,152 33,888 3.68 0.80 42,360 11,663 2.50 0.57 59,728

LYG Life years gained; ICER Incremental cost-effectiveness ratio; QALY Quality adjusted life year

o o O o o

10000
20000
30000
40000

0

0

0

S 1 /__
~ 0,9 /

§ 0,8 /

£ 07

2 06

(8]

S 05 -

% 04

3 03 /

S 02 /

S 01

E 0 TITT T T I T T T T T T T T T I T Tt I rTrrrrIrr T T rrrIrrIrrrorrni
o

©

o)

o

o

90000
100000

S
S
S & © S
@
€

Willingness-to-pay in

—— Device

Fig.2 Cost-Effectiveness Acceptability Curve for the MitraClip. The
figure shows the percentage of iterationswhere the MitraClip therapy
is cost-effective at a specific willingness-to-pay threshold from the
probabilisticsensitivity analysis (Monte Carlo simulation with 10 000
iterations)

Sensitivity analyses

The results of the one-way DSA were most sensitive to the
probability of hospitalization and the transition probabili-
ties between the NYHA classes, especially for the transi-
tion between NYHA class II and III (Supplementary Fig.
S4 in the Appendix). In contrast, varying the parameters
for costs and utilities did not affect the cost-effectiveness
(Fig. 4 in the Appendix).

In the PSA, at a willingness-to-pay threshold of € 60,000/
QALY the MitraClip had a 58% probability of being cost-
effective compared with OMT only, which increased to 88%
at a threshold of € 70,000/QALY (Fig. 2).

An additional threshold analysis revealed that price
reductions of the MitraClip would have a positive impact on
the cost-effectiveness. A reduction of the MitraClip device

@ Springer
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Fig.3 Threshold analysis for the Cost of the MitraClip: The figure
shows the effect of varying the cost of theMitraClip on the incre-
mental cost-effectiveness ratio (ICER). For example, at a cost of € 30
000 for the diagnosisrelatedgroups of the MitraClip, the ICER for the
MitraClip strategy would be € 55 439.

cost from € 32,434 to € 25,000 would reduce the ICER of
the MitraClip to € 46,626/QALY, whereas a reduction from
32,434 to € 20,000 would reduce the ICER of the MitraClip
to € 37,814/QALY (Fig. 3).

In the analysis reflecting a shorter time horizon (e.g.,
24 months), the MitraClip strategy resulted in an additional
cost of € 33,945 for 0.20 additional incremental life years/
QALYs gained, leading to an ICER of € 199,400/QALY.
Inclusion of the cost of the additional life years gained
increased the cost-effectiveness ratio of MitraClip compared
with OMT to € 73,468/QALY.

Model validation
The validation of the model showed that the model could

precisely predict all-cause mortality in both groups for the
2-year follow-up period in comparison with the trial data



Cost-effectiveness of the MitraClip device in German heart failure patients with secondary... 355

from the COAPT trial. On a population-basis at all times
of the follow-up (0, 30 days, 6 months, ...) the model was
consistent with the NYHA class distribution observed in the
COAPT trial. In addition, the model outcomes were judged
as realistic by a clinical expert.

The cross-validation with results from previous cost-
effectiveness studies showed that the results from our
model were consistent with one analysis from the Ameri-
can COAPT trial [9] (ICER of $55,600/QALY). Compared
with other analyses from different countries, the results of
our analysis were less cost-effective, ranging from € 15,800
to € 35,200/QALY [9, 10, 23]. While the incremental costs
were similar in all analyses, the number of utilities gained
by the MitraClip was higher (between 1.1 and 1.4 compared
to 0.6 in our analysis) [9, 10, 23].

Discussion

This modeling study is a first step in evaluating the Mitra-
Clip in patients with heart failure and secondary mitral
regurgitation in the German context.

The results of our cost-effectiveness study raise the ques-
tion what additional costs would be appropriate for a gain of
QALY/life years in Germany. Commonly used decision rules
for new medical devices include thresholds based on income
per capita [24]. Based on the threshold suggested by the
World Health Organization (WHO) of a maximum of three
times the national annual gross domestic product (GDP) per
capita (€ 40,048 per Capita in Germany in 2020) [25] the
MitraClip would represent cost-effective value in the Ger-
man context with a value of around one and a half times
the German GDP per capita. In addition to the threshold
approach, new interventions can be benchmarked in com-
parison with an intervention that has already been adopted
in the target country. In this approach, again a threshold
is applied but—unlike the thresholds based on per capita
GDP—the threshold is established by a retrospective analy-
sis of existing practice [26]. However, for heart failure and
secondary mitral regurgitation such a threshold is not availa-
ble for Germany. Moreover, as neither concept is established
in Germany, the final judgement remains the responsibility
of the decision-maker (i.e., the SHI).

Compared with cost-effectiveness analyses from Canada
[27], Japan [22], and the United Kingdom (UK) [8], the
results of our analysis were less cost-effective (i.e., about
twice as much). While the total incremental costs were
similar in all analyses, the difference was mainly due to the
number of utilities gained by the MitraClip. The analyses
from Canada and Japan were based on clinical data from
the EVEREST II HRS trial which showed a larger clinical
benefit for the MitraClip group. However, the EVEREST II
HRS trial was based on observational data on patients who

were older (77 years vs. 72 years in the COAP trial in the
intervention groups), had a larger proportion of NYHA IIl/
IV patients (90 vs. 57%), and were at higher risk of mortal-
ity within 30 days (18 vs. 8%) [28]. The analysis from the
UK was based on the COAPT trial (just like our analysis).
However, for calculating the treatment effect, an extrapola-
tion beyond the 2-year trial period was undertaken under
the assumption that the NYHA-mix would remain con-
stant beyond this period [23]. This assumption might have
increased the gain of QALY due to the MitraClip.

With respect to the application of efficacy data in a
cost-effectiveness model, even the results of randomized-
controlled trials differed. Whereas the COAPT trial dem-
onstrated a reduction in hospitalization rates and all-cause
mortality, the MITRA-FR, a phase 3, multicenter, rand-
omized, open-label, controlled trial conducted in France
showed different results. In detail, no significant differences
with regard to all-cause mortality for the MitraClip vs. OMT
alone were observed. In addition, the rate of unplanned hos-
pitalizations (48.7% (74 of 152 patients) for the MitraClip
group and 47.4% (72 of 152 patients) for the OMT group)
were similar between the groups [29]. These differences
could be attributed to various causes such as patient selec-
tion and a more optimized medical therapy in the COAPT
trial [30]. Therefore, a cost-effectiveness analysis based on
the MITRA-FR is expected to result in a more unfavorable
cost-effectiveness ratio.

Because of these contradicting results, the question of
identifying those patients who may benefit most from the
MitraClip has been raised. Some authors identified differ-
ences in the inclusion criteria of the two trials and argued
that the effectiveness of the MitraClip may depend on a
more targeted patient selection [30]. In comparison with the
MITRA-FR trial, the COAPT trial recruited patients with
a higher severity of mitral regurgitation and a smaller left
ventricular size. Applying the same classification criteria
for mitral regurgitation severity to both studies, only 16% of
MITRA-FR patients but 41% of COAPT patients had severe
mitral regurgitation, defined by EROA (Effective regurgitant
orifice area) >40 mm? [30].

Considering the results of both trials, patients with exten-
sive left ventricular (LV) dilatation may have a smaller ben-
efit from the MitraClip procedure because the HF is pre-
dominantly caused by the underlying cardiomyopathy rather
than the valvular disease. In contrast, patients with less LV
dilatation (LVESD <70 mm) and with a moderate-to-severe
degree of mitral regurgitation (>30 mm? and a regurgitant
volume (RV)>45 mL)—which corresponds to the tar-
get population reflected in our analysis—benefit from the
reduction of mitral regurgitation and thus from the Mitra-
Clip procedure [30]. Concerning the applicability of the
COAPT-trial data to the German setting, a real-world cohort
in Germany showed that half of the patients undergoing the

@ Springer



356

B. Estler et al.

MitraClip procedure had baseline characteristics similar
to those of the COAPT trial. Furthermore, these patients
showed a substantially more favorable outcome than those
without COAPT-like characteristics [31]. Therefore, for the
cost-effectiveness of the MitraClip procedure this suggests
that selecting patients with a high degree of mitral regurgi-
tation and relatively preserved LV function is essential to
achieve clinical outcomes at acceptable costs.

A threshold sensitivity analysis of the cost for the
MitraClip device from the perspective of the German
statutory insurance revealed that a price reduction of the
MitraClip could improve its cost-effectiveness. In the
future, commercial competition between manufacturers
may result in a reduction of device costs and (in the long-
term) a reduction in the DRG and OPS of the MitraClip.
This could alter the results in favor of the MitraClip com-
pared to OMT only.

Our modeling study has several limitations: first, because
to date there are no utility values for German HF patients
reported in the literature, our study was based on utility val-
ues from the CARE-HF trial. Because utility values reflect
the cultural values and beliefs of the country where the data
were collected [23, 32] these are of limited representative-
ness for German patients with HF. However, TTO base value
sets for Germany and the UK are very similar according to
the literature [32].

Second, as most of our clinical data, especially the tran-
sition and hospitalization probabilities, were based on the
results of the COAPT trial the same limitations reported
in the trial apply to our model [8]. In particular, the prob-
abilities for the patient’s transitions between NYHA states
were not reported in the trial and, data were not made avail-
able. For this reason, the approximation of the transition
probabilities in our model may have resulted in slight devia-
tions from the real transition probabilities between NYHA
states. However, validation was made by verifying that on
a population-basis at all times of the follow-up (0, 30 days,
6 months, ...) the model population was consistent with the
NYHA class distribution observed in the COAPT trial.

Third, the transition probabilities, particularly those
between the NYHA states 2 and 3, were among the most
sensitive parameters altering the model outcomes (in line
with other economic evaluations for the MitraClip). Because
utility decreases with higher NYHA states (I-1I: — 0.095,
[I-III: — 0.13, and III-IV: — 0.082) a higher probability of
moving from NYHA state I to II, II to III, and III to IV
would reduce the cost-effectiveness ratio of the MitraClip as
it would reduce the patient’s life expectancy [22, 27].

Fourth, for the transition between the NYHA states, it
was assumed that patients moved between NYHA states
according to the transition probabilities derived from the
COAPT trial irrespective of their hospitalization status.
This simplification was necessary as no separate data for
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the transition between NYHA states depending on the hos-
pitalization status was reported in the COAPT trial. One
might argue that a hospitalized patient is more likely to jump
groups (i.e., NYHA I or Il to NYHA IV). However, includ-
ing this clinical scenario in our model would not alter the
results on a cohort level as the distribution of patients in
NYHA states at specific time points was in line with what
was reported in the COAPT trial.

Fifth, since data on efficacy are based on the COAPT
trial, the results of our study are only applicable to patients
similar to those in the COAPT trial [8]. However, rates of
mortality and hospitalization obtained from the German
TRAMI registry were similar to the rates reported in the
COAP trial (e.g., 24-month mortality rate of 29.1% in the
COAPT trial vs. 31.9% in the TRAMI registry). Thus, the
external validity of the trial data was considered to be
acceptable [8, 33].

Finally, a further limitation of our study is that the
transition probabilities of the model were based on the
24-month-follow-up of the COAPT trial but applied to a
life-time horizon. However, our sensitivity analysis with
a 24-month model horizon showed similar results for the
MitraClip compared to the life-time horizon (i.e., the
MitraClip was slightly less cost-effective).

As HF incidence in Germany is rising with an increas-
ing need of health-care resources, more and precise long-
term data especially for the transitions between NYHA
states for the MitraClip procedure would be useful to
re-evaluate the MitraClip for cardiac treatment in Ger-
many [30]. Furthermore, specific utilities for the German
patients with HF would be useful to precisely assess the
impact of health technologies in the German context.

Conclusions

In the German context, the MitraClip can be a cost-effec-
tive intervention for the treatment of secondary mitral
regurgitation in patients with HF. However, compared
with previous cost-effectiveness studies based on earlier
and non-randomized trial data, our analysis suggests that
the MitraClip is less cost-effective than previously evalu-
ated. Recent clinical data indicates that patient recruitment
may be key to identify the right patients for the proce-
dure, i.e., patients with preserved LV function and a high
degree of mitral regurgitation benefit most from the pro-
cedure. In the future, as the indication for the MitraClip
device evolves and data on both the likelihood of changes
between NYHA states and long-term effects becomes
available, additional economic evaluation should be per-
formed on a more robust data basis.



Cost-effectiveness of the MitraClip device in German heart failure patients with secondary... 357

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10198-022-01476-4.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Conflicts of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Ethical approval No approval by an ethics committee was required as
our study did not involve human material or data.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ziaeian, B., Fonarow, G.C.: Epidemiology and aetiology of heart
failure. Nat Rev Cardiol 13, 368-378 (2016). https://doi.org/10.
1038/nrcardio.2016.25

2. WHO: WHO reveals leading causes of death and disability world-
wide: 2000-2019. WHO, Geneva (2020)

3. Bredy, C., Ministeri, M., Kempny, A., Alonso-Gonzalez, R.,
Swan, L., Uebing, A., Diller, G.-P., Gatzoulis, M.A., Dimopoulos,
K.: New York Heart Association (NYHA) classification in adults
with congenital heart disease: relation to objective measures of
exercise and outcome. Eur Heart J Qual Care Clin Outcomes 4,
51-58 (2018). https://doi.org/10.1093/ehjqcco/qex03 1

4. Holstiege, J., Akmatov, M.K., Steffen, A., Bitzing, J.: Privalenz
der Herzinsuffizienz—bundesweite Trends, regionale Variationen
und hiufige Komorbidititen. Zentralinstitut fiir die kassenérztli-
che Versorgung in Deutschland, Germany (2018)

5. Lesyuk, W., Kriza, C., Kolominsky-Rabas, P.: Cost-of-illness
studies in heart failure: a systematic review 2004-2016. BMC
Cardiovasc Disord 18, 74 (2018). https://doi.org/10.1186/
$12872-018-0815-3

6. Shafie, A.A., Tan, Y.P., Ng, C.H.: Systematic review of economic
burden of heart failure. Heart Fail Rev 23, 131-145 (2018).
https://doi.org/10.1007/s10741-017-9661-0

7. Asgar, A.W., Mack, M.J., Stone, G.W.: Secondary mitral regurgi-
tation in heart failure: pathophysiology, prognosis, and therapeutic
considerations. J Am Coll Cardiol 65, 1231-1248 (2015). https://
doi.org/10.1016/j.jacc.2015.02.009

8. Stone, G.W., Lindenfeld, J., Abraham, W.T., Kar, S., Lim, D.S.,
Mishell, J.M., Whisenant, B., Grayburn, P.A., Rinaldi, M., Kapa-
dia, S.R., Rajagopal, V., Sarembock, 1.J., Brieke, A., Marx, S.O.,
Cohen, D.J., Weissman, N.J., Mack, M.J.: Transcatheter mitral-
valve repair in patients with heart failure. N Engl J Med 379,
2307-2318 (2018). https://doi.org/10.1056/NEIMoal806640

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Baron, S.J., Wang, K., Arnold, S.V., Magnuson, E.A., Whisenant,
B., Brieke, A., Rinaldi, M., Asgar, A.W., Lindenfeld, J., Abraham,
W.T., Mack, M.J., Stone, G.W., Cohen, D.J.: Cost-effectiveness of
transcatheter mitral valve repair versus medical therapy in patients
with heart failure and secondary mitral regurgitation: results from
the COAPT trial. Circulation 140, 1881-1891 (2019). https://doi.
org/10.1161/CIRCULATIONAHA.119.043275

Laboratories, A.: Abbotts TriClip™ erhilt als erstes System seiner
Art die CE-Kennzeichnung fiir die minimalinvasive Trikuspidal-
klappenreparatur. Abbott, Wiesbaden (2020)

InEK DRG Catalogue: 2020 Fallpauschalenkatalog. INEK GmbH,
Siegburg (2020)

Biermann, J., Neumann, T., Angermann, C.E., Diingen, H.-D.,
Erbel, R., Herzog, W., Maisch, B., Miiller-Tasch, T., Ozcelik, C.,
Pankuweit, S., Pieske, B., Pittrow, D., Regitz-Zagrosek, V., Schef-
fold, T., Stork, S., Wachter, R., Gelbrich, G., Wasem, J., Neumann,
A.: Resource use and costs in systolic heart failure according to
disease severity: a pooled analysis from the German Competence
Network Heart Failure. J Public Health 20, 23-30 (2012). https://
doi.org/10.1007/s10389-011-0452-0

Mehrhof, F., Loffler, M., Gelbrich, G., Ozcelik, C., Posch, M.,
Hense, H.-W., Keil, U., Scheffold, T., Schunkert, H., Angermann,
C., Ertl, G., Jahns, R., Pieske, B., Wachter, R., Edelmann, F.,
Wollert, K.C., Maisch, B., Pankuweit, S., Erbel, R., Neumann,
T., Herzog, W., Katus, H., Miiller-Tasch, T., Zugck, C., Diingen,
H.-D., Regitz-Zagrosek, V., Lehmkuhl, E., Stork, S., Siebert, U.,
Wasem, J., Neumann, A., Gohler, A., Anker, S.D., Kohler, F.,
Mockel, M., Osterziel, K.-J., Dietz, R., Rauchhaus, M.: A network
against failing hearts—introducing the German “Competence Net-
work Heart Failure.” Int J Cardiol 145, 135-138 (2010). https://
doi.org/10.1016/j.ijcard.2009.06.061

German Federal Statistical Office: GBE Report 2015 Illness costs:
Statistisches Bundesamt (Destatis). German Federal Statistical
Office, Wiesbaden (2020)

Yao, G., Freemantle, N., Calvert, M.J., Bryan, S., Daubert, J.-C.,
Cleland, J.G.F.: The long-term cost-effectiveness of cardiac resyn-
chronization therapy with or without an implantable cardioverter-
defibrillator. Eur Heart J 28, 42-51 (2007). https://doi.org/10.
1093/eurheartj/ehl382

Chaplin, S., Scuffham, P.A., Alon, M., van den Boom, G.: Second-
ary prevention after PCI: the cost-effectiveness of statin therapy
in the Netherlands. Neth Heart J 12, 331-336 (2004)

Tadmouri, A., Blomkvist, J., Landais, C., Seymour, J., Azmoun,
A.: Cost-effectiveness of left ventricular assist devices for patients
with end-stage heart failure: analysis of the French hospital dis-
charge database. ESC Heart Fail 5, 75-86 (2018). https://doi.org/
10.1002/ehf2.12194

Cleland, J.G.F., Daubert, J.-C., Erdmann, E., Freemantle, N., Gras,
D., Kappenberger, L., Tavazzi, L.: The effect of cardiac resynchro-
nization on morbidity and mortality in heart failure. N Engl J Med
352, 1539-1549 (2005). https://doi.org/10.1056/NEJM0a050496
IQWiG: General methods: general methods for the assessment of
the relation of benefits to costs, version 6.0. IQWiG, Koln (2019)
Briggs, A.H., Weinstein, M.C., Fenwick, E.A.L., Karnon, J., Scul-
pher, ML.J., Paltiel, A.D.: Model parameter estimation and uncer-
tainty analysis: a report of the ISPOR-SMDM modeling good
research practices task force working group-6. Med Decis Making
32,722-732 (2012). https://doi.org/10.1177/0272989X 12458348
Vemer, P., Corro Ramos, 1., van Voorn, G.A.K., Al, M.J., Feenstra,
T.L.: AAViSHE: a validation-assessment tool of health-economic
models for decision makers and model users. Pharmacoeconomics
34, 349-361 (2016). https://doi.org/10.1007/s40273-015-0327-2
Sakamaki, H., Nakao, K., Matsumoto, T., Inoue, S.: Cost-effec-
tiveness analysis of percutaneous mitral valve repair with the
MitraClip delivery system for patients with mitral regurgitation

@ Springer


https://doi.org/10.1007/s10198-022-01476-4
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nrcardio.2016.25
https://doi.org/10.1038/nrcardio.2016.25
https://doi.org/10.1093/ehjqcco/qcx031
https://doi.org/10.1186/s12872-018-0815-3
https://doi.org/10.1186/s12872-018-0815-3
https://doi.org/10.1007/s10741-017-9661-0
https://doi.org/10.1016/j.jacc.2015.02.009
https://doi.org/10.1016/j.jacc.2015.02.009
https://doi.org/10.1056/NEJMoa1806640
https://doi.org/10.1161/CIRCULATIONAHA.119.043275
https://doi.org/10.1161/CIRCULATIONAHA.119.043275
https://doi.org/10.1007/s10389-011-0452-0
https://doi.org/10.1007/s10389-011-0452-0
https://doi.org/10.1016/j.ijcard.2009.06.061
https://doi.org/10.1016/j.ijcard.2009.06.061
https://doi.org/10.1093/eurheartj/ehl382
https://doi.org/10.1093/eurheartj/ehl382
https://doi.org/10.1002/ehf2.12194
https://doi.org/10.1002/ehf2.12194
https://doi.org/10.1056/NEJMoa050496
https://doi.org/10.1177/0272989X12458348
https://doi.org/10.1007/s40273-015-0327-2

358

B. Estler et al.

23.

24.

25.

26.

27.

28.

29.

in Japan. J Med Econ 22, 1312-1320 (2019). https://doi.org/10.
1080/13696998.2019.1668132

Calvert, M.J., Freemantle, N., Yao, G., Cleland, J.G.F., Billing-
ham, L., Daubert, J.-C., Bryan, S.: Cost-effectiveness of cardiac
resynchronization therapy: results from the CARE-HF trial. Eur
Heart J 26, 2681-2688 (2005). https://doi.org/10.1093/eurheartj/
ehi662

McDougall, J.A., Furnback, W.E., Wang, B.C.M., Mahlich, J.:
Understanding the global measurement of willingness to pay in
health. ] Mark Access Health Policy 8, 1717030 (2020). https://
doi.org/10.1080/20016689.2020.1717030

WHO: Making choices in health: WHO guide to cost-effectiveness
analysis. WHO, Geneva (2003)

Marseille, E., Larson, B., Kazi, D.S., Kahn, J.G., Rosen, S.:
Thresholds for the cost-effectiveness of interventions: alternative
approaches. Bull World Health Organ 93, 118-124 (2015). https:/
doi.org/10.2471/BLT.14.138206

Cameron, H.L., Bernard, L.M., Garmo, V.S., Hernandez, J.B.,
Asgar, A.W.: A Canadian cost-effectiveness analysis of transcath-
eter mitral valve repair with the MitraClip system in high surgical
risk patients with significant mitral regurgitation. J Med Econ 17,
599-615 (2014). https://doi.org/10.3111/13696998.2014.923892
Whitlow, P.L., Feldman, T., Pedersen, W.R., Lim, D.S., Kipper-
man, R., Smalling, R., Bajwa, T., Herrmann, H.C., Lasala, J.,
Maddux, J.T., Tuzcu, M., Kapadia, S., Trento, A., Siegel, R.J.,
Foster, E., Glower, D., Mauri, L., Kar, S.: Acute and 12-month
results with catheter-based mitral valve leaflet repair: the EVER-
EST II (Endovascular Valve Edge-to-Edge Repair) High Risk
Study. J Am Coll Cardiol 59, 130-139 (2012). https://doi.org/10.
1016/j.jacc.2011.08.067

Obadia, J.-F., Messika-Zeitoun, D., Leurent, G., Iung, B., Bonnet,
G., Piriou, N., Lefevre, T., Piot, C., Rouleau, F., Carrié, D., Nej-
jari, M., Ohlmann, P., Leclercq, F., Saint Etienne, C., Teiger, E.,

Authors and Affiliations

Bent Estler’

< Bent Estler

bent.estler@med.uni-heidelberg.de

Institute for Health Economics and Clinical Epidemiology,
University of Cologne, Albertus-Magnus-Platz,
50923 Cologne, Germany

@ Springer

30.

31.

32.

33.

Leroux, L., Karam, N., Michel, N., Gilard, M., Donal, E., Trochu,
J.-N., Cormier, B., Armoiry, X., Boutitie, F., Maucort-Boulch, D.,
Barnel, C., Samson, G., Guerin, P., Vahanian, A., Mewton, N.:
Percutaneous repair or medical treatment for secondary mitral
regurgitation. N Engl J Med 379, 2297-2306 (2018). https://doi.
org/10.1056/NEJMoal805374

Pibarot, P., Delgado, V., Bax, J.J.: MITRA-FR vs. COAPT: lessons
from two trials with diametrically opposed results. Eur Heart J
Cardiovasc Imaging 20, 620-624 (2019). https://doi.org/10.1093/
ehjci/jez073

Iliadis, C., Metze, C., Korber, M.I., Baldus, S., Pfister, R.: Impact
of COAPT trial exclusion criteria in real-world patients undergo-
ing transcatheter mitral valve repair. Int J Cardiol 316, 189-194
(2020). https://doi.org/10.1016/j.ijcard.2020.05.061

Mahlich, J., Dilokthornsakul, P., Sruamsiri, R., Chaiyakunapruk,
N.: Cultural beliefs, utility values, and health technology assess-
ment. Cost Eff Resour Alloc 16, 19 (2018). https://doi.org/10.
1186/512962-018-0103-1

Kalbacher, D., Schifer, U., Bardeleben, R.S.V., Eggebrecht, H.,
Sievert, H., Nickenig, G., Butter, C., May, A.E., Bekeredjian, R.,
Quarrak, T., Kuck, K.-H., Plicht, B., Zahn, R., Baldus, S., Ince,
H., Schillinger, W., Boekstegers, P., Senges, J., Lubos, E.: Long-
term outcome, survival and predictors of mortality after Mitra-
Clip therapy: results from the German Transcatheter Mitral Valve
Interventions (TRAMI) registry. Int J Cardiol 277, 35-41 (2019).
https://doi.org/10.1016/j.ijcard.2018.08.023

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

-Volker Rudolph? - Yana Seleznova? - Arim Shukri® - Stephanie Stock’ - Dirk Miiller?

Heart & Diabetes Centre NRW, General and Interventional
Cardiology/Angiology, University Hospital of the Ruhr
University Bochum, Bad Oeynhausen, Chelsea, Germany

Institute for Health Economics and Clinical Epidemiology,
University of Cologne, Gleueler Str. 176-178,
50935 Cologne, Germany


https://doi.org/10.1080/13696998.2019.1668132
https://doi.org/10.1080/13696998.2019.1668132
https://doi.org/10.1093/eurheartj/ehi662
https://doi.org/10.1093/eurheartj/ehi662
https://doi.org/10.1080/20016689.2020.1717030
https://doi.org/10.1080/20016689.2020.1717030
https://doi.org/10.2471/BLT.14.138206
https://doi.org/10.2471/BLT.14.138206
https://doi.org/10.3111/13696998.2014.923892
https://doi.org/10.1016/j.jacc.2011.08.067
https://doi.org/10.1016/j.jacc.2011.08.067
https://doi.org/10.1056/NEJMoa1805374
https://doi.org/10.1056/NEJMoa1805374
https://doi.org/10.1093/ehjci/jez073
https://doi.org/10.1093/ehjci/jez073
https://doi.org/10.1016/j.ijcard.2020.05.061
https://doi.org/10.1186/s12962-018-0103-1
https://doi.org/10.1186/s12962-018-0103-1
https://doi.org/10.1016/j.ijcard.2018.08.023
http://orcid.org/0000-0002-2043-4557

	Cost-effectiveness of the MitraClip device in German heart failure patients with secondary mitral regurgitation
	Abstract
	Aim 
	Methods and results 
	Conclusions 
	Graphical abstract

	Introduction
	Methods
	Patients and model description
	Model inputs
	Transition probabilities
	Resource utilization and cost data
	Utility data

	Sensitivity analyses
	Model validation

	Results
	Base-case analysis
	Sensitivity analyses
	Model validation
	Discussion

	Conclusions
	Anchor 22
	References




