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Abstract

Aims: The German healthcare system was among the first to introduce transcatheter mitral valve repair

KEYWORDS

(TMVR) into routine care. The objective of this study was to analyse adoption and utilisation patterns and

¢ mitral regurgitation

¢ mitral valve
disease

¢ mitral valve repair

¢ mitral valvuloplasty

to estimate the impact of TMVR availability on mitral valve (MV) procedure volumes in the first eight
years after commercialisation.

Methods and results: Procedure volumes were collected from German Federal Statistics Office data-
bases for TMVR and mitral valve surgery (MVS) from 2008-2015. Procedure volumes were stratified by
age group (<65, 65-74, 75-84, >85 years). Overall procedure volumes grew from 14,525 to 24,898 (+71%).
MVS procedures grew from 14,477 to 20,402 (+41%) (p=0.008). The proportion of TMVR procedures
grew from 0.3% (48 procedures) to 18.1% (4,496 procedures) (p=0.008). In 2015, TMVR use reached 5%,
15%, 31%, and 68% of overall MV procedures in the studied age groups (<65, 65-74, 75-84, >85 years).
MVS volumes grew in all age groups, with the highest increase in the age group <65 (+2,945).

Conclusions: The availability of TMVR has contributed to a pronounced increase in MV procedure vol-
umes in Germany. Simultaneously, MVS procedure volumes continued to grow substantially. The highest
increase of TMVR was observed in elderly populations, suggesting referral of patients with MV disease
previously left untreated.
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Abbreviations
COAPT Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy

DRG diagnosis-related group

EAC early adopting centre

EVEREST Endovascular Valve Edge-to-Edge Repair Study

GSTCVS German Society for Thoracic and Cardiovascular
Surgery

ICD-10-GM International Statistical Classification of Diseases
and Related Health Problems, revision 10,
German modification

ICPM International Classification of Procedures in
Medicine

Lv left ventricle/ventricular

MATTERHORN Multicenter, Randomized, Controlled Study
to Assess Mitral vAlve reconsTrucTion for
advancEd Insufficiency of Functional or iscHemic

ORigiN

MC MitraClip

MR mitral regurgitation

Mvs mitral valve surgery

NUB Neue Untersuchung- und Behandlungsmethoden
(new examination and treatment methods)

oPS Operationen- und Prozedurenschliissel (operation
and procedure code)

TMVR transcatheter mitral valve repair

TRAMI transcatheter mitral valve interventions registry

Introduction
According to guideline-directed treatment schemes, severe symp-
tomatic mitral regurgitation (MR) or asymptomatic chronic severe
primary MR with left ventricular (LV) dysfunction or enlargement
indicates mitral valve surgery (MVS) utilising repair or replace-
ment. Also, concomitant MVS in patients with severe chronic pri-
mary MR or chronic moderate-severe secondary MR who undergo
cardiac surgery for different indications is justified'. However, only
50% of patients suffering from relevant MR receive surgical treat-
ment due to impaired LV ejection fraction, advanced age and/or rele-
vant comorbid conditions with associated high surgical risk?>. The
clinical availability of transcatheter mitral valve repair (TMVR) has
introduced new therapeutic options for high-risk patients formerly
ineligible for causal treatment. Among the commercially avail-
able TMVR systems, most experience has been gathered with the
MitraClip® (MC) device (Abbott Vascular, Santa Clara, CA, USA)**.
The MC system was initially evaluated in the EVEREST 1
(Endovascular Valve Edge-to-Edge Repair Study) and EVEREST
IT trials, resulting in FDA approval for high-risk patients with
degenerative MR ineligible for MVS*’. Furthermore, the effi-
cacy of the MC device is currently being evaluated against
best medical therapy in the COAPT (Cardiovascular Outcomes
Assessment of the MitraClip Percutaneous Therapy) randomised
controlled trial® and against MVS in the MATTERHORN
(Multicenter, Randomized, Controlled Study to Assess Mitral

vAlve reconsTrucTion for advancEd Insufficiency of Functional
or iscHemic ORigiN) trial®. In Europe, TMVR using the MC sys-
tem is predominantly used as an adjunctive heart failure therapy
in inoperable patients with functional MR but is also approved
for primary MR. In the USA, MC is only approved for primary
MR in patients with severe symptoms who are at prohibitive risk
for surgery!'.

A previous study reported on the first years of experience with
TMVR and concurrent development of surgical volumes at an
early adopting centre (EAC) in Germany during the period 2008-
2012". The main finding of that study was that, concurrent to
adoption of TMVR, MVS procedure volumes continued to exhibit
meaningful growth.

The primary objective of the present study was to update these
prior findings by extending the study time period to 2015, and
to provide a more detailed evaluation of adoption patterns and
growth trends in various age groups at the German national
level. This extended analysis is of particular relevance as TMVR
indications will probably continue to expand'?, and Heart Teams
evaluate their decision processes based on experience gained in
earlier years. Furthermore, analysis of the more recent national
data provides insight into TMVR adoption patterns observed
with more widespread adoption of the therapy and additional
initiation of TMVR programmes across the country. These data
are of relevance beyond the German context, as similar patterns
may emerge across other healthcare systems in Europe and North

America.

Methods

DATA COLLECTION

MVS and TMVR procedure volumes were assessed for the period

2008 to 2015 at the German national level. Respective procedural

volume data were collected for relevant mitral valve procedure codes

and were collected from national records as previously described'':
relevant procedure codes (referred to as Operationen- und

Prozedurencodes [OPS]; OPS codes represent the German national

modification of the “International Classification of Procedures in

Medicine” [ICPM]) were prospectively identified using the follow-

ing approach (Supplementary Table 1 for OPS codes utilised):

— search annual OPS catalogues from 2008 until 2015 for codes
containing the word “mitral”

— exclude all OPS codes containing the word “congenital”

— exclude OPS codes not relevant in the context of the current
study (among them change of bioprosthetic or mechanical
valves, treatment of mitral stenosis, thrombectomy)

Therapy- and age-stratified procedure volumes were collected
from the German Federal Statistical Office for the years 2008-
2015. Selected age groups were defined as follows: <65, 65-74,
75-84, and >85 years.

To evaluate changes in reimbursement, diagnosis-related group
(DRG) reimbursement amounts for the respective codes and years
were collected from published records, using respective DRG base
rates of the applicable federal state (Supplementary Appendix 1).



MORTALITY RATES

Nationwide data regarding mortality are not documented at the
German Federal Statistical Office. Therefore, in-hospital and
30-day mortality for the nationwide patient collective was implicitly
acquired from already published data from the transcatheter mitral
valve interventions (TRAMI) registry for MC therapy for the years
2010-2013 and the German Society for Thoracic and Cardiovascular
Surgery (GSTCVS) for MVS for the years 2008-2015.

STATISTICAL ANALYSIS

Volumes were analysed annually for TMVR and MVS and strat-
ified by age group. Growth rates were calculated on an annual
basis, and for the specified analysis timeframe. All data are pre-
sented as absolute numbers and percentages for categorical
variables. For statistical analyses of trends and differences in pro-
cedure volume growth rates — overall and by age group — a non-
parametric test for trend across ordered groups (Cuzick’s test,
an extension of the Wilcoxon rank-sum test, with correction for
ties) was utilised. Testing was performed for the TMVR group,
the MVS group, and for the difference between these two groups.
For all analyses, statistical significance was determined based on
a p-level of 0.05. All statistical analyses were performed using
Stata 14 (StataCorp, College Station, TX, USA), and Excel 2013
(Microsoft Corporation, Redmond, WA, USA) software packages.

Results

NATIONAL PROCEDURE VOLUMES

In the study period, overall procedure volumes grew from 14,525
to 24,898 (+71%). MVS procedure volumes grew from 14,477 to
20,402 (+41%). TMVR procedures grew from 48 procedures in
2008 to 4,496 procedures in 2015. P for trend values were 0.008
for TMVR and for MVS, and 0.345 for the difference between
the group growth rates, indicating statistically significant volume
growth over time for both the TMVR and the MVS groups, but
not for the difference between these two growth rates (Figure 1).

RELATIVE PROPORTION OF TMVR PROCEDURES
The proportion of TMVR procedures as part of the overall MV
procedures grew from 0.3% (48 procedures) in 2008 to 18.1%
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Figure 1. Total number of TMVR and surgical interventions at
German national level, years 2008-2015.

(4,496 procedures) in 2015. TMVR proportions continued to
exhibit year-on-year increase across the study horizon. Statistical
testing found a p for trend value of 0.008 for Germany (Figure 2).

PROCEDURE VOLUMES AND PROPORTIONS OF TMVR
STRATIFIED BY AGE COHORT

In 2015, TMVR use reached 5%, 15%, 31%, and 68% of over-
all MV procedures in the studied age groups (<65, 65-74, 75-84,
>85 years) (Figure 3). Compared to base year 2008, MVS vol-
umes grew in all age groups over the eight-year study period, with
the highest increase in the age group <65 (+2,945; +51.5%) and
smallest increase in the age group >85 years (+85 procedures;
+40.9%) (Supplementary Figure 1).

Absolute procedural volumes exhibited a statistically significant
growth trend over time for TMVR across all age groups in Germany
(p for trend=<65: 0.010; 65-74: 0.008; 75-84: 0.008; >85: 0.008). For
MVS procedure volumes, positive p for trend values were observed
in all age groups except for the age group >85 years (p= <65: 0.008;
65-74: 0.012; 75-84: 0.008; >85: 0.231) (Supplementary Figure 2).

For growth in the relative proportion of TMVR of overall pro-
cedure volumes, a positive p for trend was observed for all age
groups in Germany (p for trend= <65: 0.010; 65-74: 0.008; 75-84:
0.008; >85: 0.008).

EVOLUTION OF REIMBURSEMENT
The per-case reimbursement for TMVR increased from 28,400 euros
in 2008 to 35,500 euros in 2015 (+25%), attributable to gradual
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Figure 2. Percent of overall mitral valve procedures performed as TMVR at German national level, years 2008-2015.
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Figure 3. Percent of total mitral valve procedures performed as TMVR, by age group in Germany, years 2008-2015.

adjustments in the DRG reimbursement amounts for TMVR.
Supplementary Figure 3 shows an example of reimbursement

increase at a single centre.

IN-HOSPITAL AND 30-DAY MORTALITY

Isolated MVS in Germany presented an in-hospital mortality as
documented annually by the GSTCVS: 4.9% in 2008, 4.0% in
2009, 4.0% in 2010, 4.5% in 2011, 4.1% in 2012, 4.1% in 2013,
4.1% in 2014 and 4.2% in 2015, Available data from the
TRAMI registry from 2010 to 2013 presented an in-hospital and
30-day mortality for TMVR of 2.4% and 4.5%, respectively?'.

Discussion

The findings of this study provide new insight into diffusion and
adoption patterns observed for TMVR in the German healthcare
system, which was the first to adopt TMVR in 2008. The results
suggest that TMVR has seen significant adoption over the last
few years with the proportion of TMVR procedures approach-
ing one fifth of overall mitral valve procedure volumes. The
increasing proportion of TMVR in relation to all MV procedures
is probably due to additional referral of patients with MV dis-
ease previously left untreated because of severely impaired LV
ejection fraction, advanced age and/or relevant comorbid condi-
tions with associated high surgical risk. Since the introduction
of TMVR into clinical routine, these patients with functional or
degenerative MR can now be provided with an adequate therapy.
Additionally, awareness of novel TMVR therapies has increased
over recent years, resulting in allocation of a high-risk patient
population from cardiologists.

In parallel to TMVR, MVS procedure volumes have contin-
ued to grow substantially, further corroborating findings from an
earlier study on TMVR adoption experience suggesting a “halo
effect” of TMVR on MVS. This growth can be partially attrib-
uted to established mitral valve centres providing experienced
Heart Teams who evaluate allocated patients in an unbiased fash-
ion. Thereby, patients who were initially assigned for TMVR are

regularly transferred to MVS and vice versa. This effect is con-
firmed by the herein described robust growth rates of MVS at
the EAC. On the other hand, this growth may also be driven by
effects such as the increase of prevalence in an ageing population,
improved diagnostic tools and a more liberal indication and refer-
ral policy?.

Previously unreported adoption patterns by age group sug-
gest that TMVR has experienced the most pronounced growth in
elderly patients, which underlines the genuine patient population
for which TMVR was approved in Europe, i.c., elderly patients
with functional MR and an increased risk for MVS. This particular
subgroup of patients was also largely dominant in a recently pub-
lished TMVR registry?. Furthermore, TMVR is rarely utilised in
younger patients and only when prohibitive surgical risk is present
or for other rare indications such as for bridge to transplantation®.

Evaluating procedure volume evolution at our centre in detail,
it was observed that TMVR volumes, after years of high growth
rates, have exhibited slower growth rates in more recent years,
more closely resembling the increase observed in MVS volumes.
This effect is possibly explained by increasing availability of sites
offering TMVR across the country, which reduces the poten-
tial number of referrals to the EAC. A second hypothesis is that
patients who are candidates for TMVR are effectively identified
by the Heart Team approach, and the relative proportion of TMVR
remains stable at an experienced MV centre. Supplementary
Figure 4-Supplementary Figure 6 show comparisons of nation-
wide and single-centre growth rates of TMVR and MVS.

At the national level, a significant increase in TMVR procedures
in all age groups was documented by the analysis. Significance
testing for trends showed statistically significant growth trends for
both TMVR and MVS. In our centre, we saw a non-significant
TMVR growth trend for the age group >85 years over time which
is largely due to an early steep uptake of TMVR procedures, and
a more level volume development thereafter. Also, the diffusion
of TMVR to surrounding centres may have contributed to this

non-significance.



MVS procedure volumes continued to grow in all studied age
groups after the introduction of TMVR until 2012. From then
on, the age group of patients >85 years experienced a reduction
in MVS volumes in Germany since TMVR experienced further
growth in this population. At the same time, MVS procedure vol-
umes saw the highest growth rates in patients <65 years of age,
emphasising again the halo and crossover effect of a TMVR pro-
gramme for MVS and overall mitral valve procedures.

Reimbursement analysis at our centre suggests continued increase
in reimbursement revenues. While this increase is heavily driven
by the adoption of TMVR, it is noteworthy that MVS procedure
reimbursement concurrently more than doubled in the study period.

Limitations

The current analysis is subject to several limitations. First, it relies
on volumes determined from procedure counts, as opposed to case
counts. Changes in procedure coding and coding practices might
have occurred over the study period and might also vary some-
what between individual hospitals. However, reliance on proce-
dure codes provided a level of granularity in characterising the
TMVR and MVS groups that would not have been possible by
analysing DRG case volumes published by the national statis-
tics office. Further, trends observed in procedure volumes can be
expected also to reflect corresponding relative changes in over-
all case counts. Second, while our analysis considers volume
development in different age groups, it does not consider other
cohort characteristics and risk factors that would be of interest to
study, and that might correlate with some of the observed volume
changes. Third, volume developments in individual centres might
be driven by a wide variety of factors. Finally, nationwide mor-
tality rates were achieved implicitly and do not cover the whole
timeframe investigated here. Therefore, there is a methodological
inconsistency regarding comparison of TMVR and MVS mortal-
ity rates. Also, this work does not provide information about the
clinical benefit of TMVR, the ideal patient population or optimal
intervention timing for catheter-based mitral valve therapy.

Conclusions

In summary, our analysis suggests that the availability of TMVR
has contributed to pronounced growth in overall MV procedure
volumes in Germany. At the same time, MVS procedure volumes
continued to grow substantially. The highest growth of TMVR was
observed in elderly populations, suggesting referral of patients
with MV disease previously left untreated. Halo and crossover
effects contributed to a parallel increase in MVS procedures. This
growth can be partially assigned to established mitral valve cen-
tres providing experienced Heart Teams who evaluate allocated
patients in an unbiased fashion. Thereby, patients who were ini-
tially assigned for TMVR are regularly transferred to MVS and
vice versa. A shift of intermediate-risk patients to a TMVR regi-
men, as observed in other transcatheter therapies for valvular heart
disease?*, seems unlikely; therefore, TMVR is an additional and
not a competitive therapy for MVS.

Impact of TMVR on overall MV procedures in Germany

Impact on daily practice

The introduction of TMVR into daily clinical routine led to
a referral of patients with MV disease previously left untreated.
Evaluation of these allocated patients in an unbiased fashion is
of crucial importance to provide the best care for every patient.
Experienced Heart Teams should be a mandatory prerequisite

for this assessment.
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adopting centre stratified by age group.

The supplementary data are published online at:
http://www.pcronline.com/

eurointervention/142nd_issue/177

m
=
=
=
=
=4
(1]
=
<
(1]
=
=
o
=
N
o
—
oo
—
&
(W
©
©
parg
'
(W]
©
©
~




Supplementary data

Supplementary Appendix 1. Computation of DRG reimbursement amounts

German DRG reimbursement covers inpatient expenditure for the respective episode of care. For
estimation of reimbursement at the single site, we obtained the DRG code assigned for each included
case from the site’s accounting department. These DRG codes are assigned based on each subject’s
combination of ICD-10 diagnosis codes and OPS procedure code(s), in consideration of the respective

DRG grouping algorithm for each given year.

We then used these DRG codes to identify unadjusted case-weights in respective published DRG
catalogues for the years 2008 to 2015. Applicable state-specific annual base rates were identified from
the National Association of Statutory Health Insurance Funds (GKV Spitzenverband). In addition to the
DRG reimbursement, applicable add-on device payments (“Neue Untersuchung- und
Behandlungsmethoden [New examination and therapy approaches]” [NUB]), which were paid until 2012
prior to formal inclusion of TMVR into the DRG system, were considered. These were assumed to be

21,000 euros, based on an approximation of actual NUB payments.



Supplementary Table 1. List of included OPS procedure codes that were included in the analysis to determine volumes in each specific year. Note
that, over time, some changes in procedure coding nomenclature occurred, with some codes being split into two separate codes.

| Relevant procedure | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 |

Operationen an Klappen und Operation of valves and septa

Septen des He.r.zens u,nd of th,e heart and vessels . 5-350.2 5-350.2 5-350.2 5-350.2 5-350.2 5-350.2 5-350.2 5-350.2
herznaher Gefalle, Mitralklappe, | proximal to the heart, mitral

geschlossen valve, closed

Operationen an Klappen und Operation of valves and septa

Septen des He.r.zens u,nd of th,e heart and vessels . 5-350.3 5-350.3 5-350.3 5-350.3 5-350.3 5-350.3 5-350.3 5-350.3
herznaher Gefalle, Mitralklappe, | proximal to the heart, mitral

offen valve, open

Ersatz von Herzklappen durch Replacement of heart valves by

Prothese, Mitralklappe, offen prosthesis, mitral valve, open 5-351.11 | 5-351.11 5-351.11 5-351.11 | 5-351.11 5-351.11 5-351.11 5-351.11
chirurgisch, Allotransplantat surgery, allograft

Ersatz von Herzklappen durch Replacement of heart valves by

Préthe?e' Mitralklappe, offen prosthesis, mitral valve, open 5-351.12 5-351.12 5-351.12 5-351.12 5-351.12 5-351.12 5-351.12 5-351.12
chirurgisch, Xenotransplantat surgery, xenograft

(Bioprothese) (bioprosthesis)

Ersatz von Herzklappen durch Replacement of heart valves by

Préthe?e' Mitralklappe, offen prosthesis, mitral valve, open 5-351.13 5-351.13 5-351.13 5-351.13 5-351.13 5-351.13 5-351.13 5-351.13
chirurgisch, Xenotransplantat surgery, stentless xenograft

stentless

Ersatz von Herzklappen durch Replacement of heart valves by

Prothese, Mitralklappe, offen prosthesis, mitral valve, open 5-351.14 | 5-351.14 | 5-351.14 | 5-351.14 | 5-351.14 | 5-351.14 | 5-351.14 | 5-351.14
chirurgisch, Kunstprothese surgery, artificial prosthesis

Ersatz von Herzklappen durch Replacement of heart valves by

Prothese, Mitralklappe, offen prosthesis, mitral valve, open 5-351.1x | 5-351.1x | 5-351.1x | 5-351.1x | 5-351.1x | 5-351.1x | 5-351.1x | 5-351.1x
chirurgisch, sonstige surgery, other

Ersatz von Herzklappen durch Replacement of heart valves by

Prothese, Mitralklappe, prosthesis, mitral valve, 5-351.21 5-351.21 5-351.21 5-351.21 5-351.21 5-351.21 5-351.21 5-351.21
thoraskopisch, Allotransplantat thorascopic, allograft




Ersatz von Herzklappen durch
Prothese, Mitralklappe,

Replacement of heart valves by
prosthesis, mitral valve,

. . 5-351.22 5-351.22 5-351.22 5-351.22 5-351.22 5-351.22 5-351.22 5-351.22
thoraskopisch, Xenotransplantat | thorascopic, xenograft
(Bioprothese) (bioprosthesis)
Ersatz von Herzklappen durch Replacement of heart valves by
Prothese, Mltralklappe, prOStheSIS,' mitral valve, 5-351.23 5-351.23 5-351.23 5-351.23 5-351.23 5-351.23 5-351.23 5-351.23
thoraskopisch, Xenotransplantat | thorascopic, stentless xenograft
stentless
Ersatz von Herzklappen durch Replacement of heart valves by
Prothese, Mitralklappe, prosthesis, mitral valve, 5-351.24 | 5-351.24 | 5-351.24 | 5-351.24 | 5-351.24 | 5-351.24 | 5-351.24 | 5-351.24
thoraskopisch, Kunstprothese thorascopic, artificial prosthesis
Ersatz von Herzklappen durch Replacement of heart valves by
Prothese, Mitralklappe, prosthesis, mitral valve, 5-351.2x 5-351.2x 5-351.2x 5-351.2x 5-351.2x 5-351.2x 5-351.2x 5-351.2x
thoraskopisch, sonstige thorascopic, other
VaIVUIOpIaétIk' Mitralklappe, Valvuloplasty, mitral valve, 5-353.1 5-353.1 5-353.1 5-353.1 5-353.1 5-353.1 5-353.1 5-353.1
Anuloplastik annuloplasty
Valvuloplastik, I\/I'ltralklappe, VaIVUIOpIaSFV' mitral valve, 5-353.2 5-353.2 5-353.2 5-353.2 5-353.2 5-353.2 5-353.2 5-353.2
Segelrekonstruktion leaflet repair
Andere Operationen an Other operations of heart
Herzklappen, Mitralklappe, valves, mitral valve, repair 5-354.12 5-354.12 5-354.12 5-354.12 5-354.12 5-354.12 5-354.12 5-354.12
Rekonstruktion
Andere Operationen an Other operations of heart
Herzklappen, Mitralklappe, valves, mitral valve, prosthesis 5-354.13 5-354.13 5-354.13 5-354.13 5-354.13 5-354.13 5-354.13 5-354.13
Prothesenfixation fixation
Andere Oprationen an Other operations of heart
Herzklappen, Mitralklappe, valves, mitral valve, other 5-354.1x 5-354.1x 5-354.1x 5-354.1x 5-354.1x 5-354.1x 5-354.1x 5-354.1x
sonstige
Minimalinvasive Operationen an | Minimally invasive operations
Herzklappen, Endovaskulare of heart valves, endovascular 5-35a.2 5-35a.2 5-35a.2 5-35a.2 5-35a.2 5-35a.2 5-35a.2 5-35a.2
Mitralklappenanuloplastik mitral valve annuloplasty
Minimalinvasive Operationen an | Minimally invasive operations
Herzklapp'en, E'ndovaskulare of'heart valves, endovascular n/a I I Split Split Split Split Split
Implantation eines mitral valve replacement
Mitralklappenersatzes
Minimalinvasive Operationen an | Minimally invasive operations
Herzklappen, Implantation eines | of heart valves, implantation of n/a n/a n/a A A A A A

Mitralklappenersatzes,
endovaskular

mitral valve replacement,
endovascular




Minimalinvasive Operationen an
Herzklappen, Implantation eines
Mitralklappenersatzes,

Minimally invasive operations
of heart valves, implantation of
mitral valve replacement,

transapikal, ab 2015: ohne transapical, since 2015: without n/a n/a n/a >3%a.31 | 535331 | >3%a31 | 535231 | 5-3%a.31
perkutan apikales Zugangs- und percutaneous apical access and
Verschlusssystem closure system
Minimalinvasive Operationen an | Minimally invasive operations
Herzklappen, Implantation eines | of heart valves, implantation of
Mitralklappenersatzes, mitral valve replacement,
transapikZ? ab 2015: mit transapical, since 2015: with n/a n/a n/a n/a n/a n/a >-3>a.32
perkutan apikales Zugangs- und percutaneous apical access and
Verschlusssystem closure system
Minimalinvasive Operationen an | Minimally invasive operations
Herzk'lap?en, Endovaskulare of he?rt valve's, endovascula'r n/a n/a - Split Split Split Split Split
ventrikulare ventricular mitral valve repair
Mitralklappenrekonstruktion
Minimalinvasive Operationen an | Minimally invasive operations
He?rzklappen, endovaskula're of'heart valves, e'ndovascular' n/a n/a n/a 535240 | 5-350.40 [ [ [
Mitralklappenrekonstruktion, mitral valve repair, transarterial
transarteriell
Minimalinvasive Operationen an | Minimally invasive operations

. 5-35a.x 5-35a.x 5-35a.x 5-35a.x 5-35a.x 5-35a.x 5-35a.x 5-35a.x
Herzklappen, sonstige of heart valves, other
Minimalinvasive Operationen an | Minimally invasive opera't'lons 5350y 5350y 5350y 5350y 5350y 5350y 5350y 5350y
Herzklappen, N.n.bez. of heart valves, not specified
Minimalinvasive Operationen an | Minimally invasive operations
He?rzklappen, endovaskula're of'heart valves, e'ndovascular n/a n/a n/a — — — — —
Mitralklappenrekonstruktion, mitral valve repair, transvenous
transvends

Percutaneous-transluminal

Perkutan-transluminale interventions of vessels related
GefaRintervention an Herz- und to heart and coronary vessels, 8-837.al 8-837.al 8-837.al 8-837.al 8-837.al 8-837.al 8-837.al 8-837.al

Koronargefalen,
Ballonvalvuloplastie, Mitralklappe

balloon valvuloplasty, mitral
valve




Supplementary Figure 1. TMVR procedures (left) and MVS procedures (right) by age group at our centre
for the period 2008-2015, EAC (top) and German national level (bottom).
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Supplementary Figure 2. Representation of MVS and TMVR procedure volumes at German national
level, by age group. A) <65 years old; B) 65-74 years old; C) 75-84 years old; D) >85 years old.
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Supplementary Figure 3. Estimated annual reimbursement amount of all TMVR cases, MVS, and
resulting overall mitral valve reimbursement, University Heart Center Hamburg, 2008-2015.*

Estimated Reimbursementat EAC
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*Per-case reimbursement for TMVR increased from 28,400 euros in 2008 to 35,500 euros in 2015
(+25%).



Supplementary Figure 4. Comparison of nationwide and single-centre growth rates of TMVR and MVS
from 2008 to 2015.

A. TMVR and MVS growth rates from 2008 to 2015 in Germany
B. TMVR and MVS growth rates from 2008 to 2015 at an early adopting centre
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Supplementary Figure 5. Percentages of TMVR procedures as part of overall mitral valve procedures in

Germany and at an early adopting centre.
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Supplementary Figure 6. Percentages of TMVR procedures as part of overall mitral valve procedures in
Germany and at an early adopting centre stratified by age group.

A. Age stratified TMVR percentages at an early adopting centre from 2008 to 2015

B. Age stratified TMVR percentages in Germany from 2008 to 2015
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