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Background: Meta-analyses of studies comparing transcatheter aortic valve implants (TAVIs)
and sutureless aortic valve replacement (SU-AVR) show differing effectiveness and safety pro-
files. The approaches also differ in their surgical cost (including operating room and device).
Objective: The objective of this study was to assess the incremental cost-utility of SU-AVR
vs TAVIs for the treatment of intermediate- to high-risk patients in the US, Germany, France,
Italy, UK, and Australia.

Methods: A patient-level simulation compares in-hospital pathways of patients undergoing
SU-AVR or TAVIs; later, patient history is modeled at the cohort level. Hospital outcomes for
TAVIs reproduce data from recent series; in SU-AVR patients, outcomes are obtained by applying
relative efficacy estimates in a recent meta-analysis on 1,462 patients. After discharge, survival
depends on the development of paravalvular leak and the need for dialysis. A comprehensive
third-party payer perspective encompassing both in-hospital and long-term costs was adopted.
Results: Due to lower in-hospital (4.1% vs 7.0%) and overall mortality, patients treated with
SU-AVR are expected to live an average of 1.25 years more compared with those undergoing
TAVIs, with a mean gain of 1.14 quality-adjusted life-years. Both in-hospital and long-term
costs were lower for SU-AVR than for TAVIs with total savings ranging from $4,158 (France)
to $20,930 (US).

Conclusion: SU-AVR results dominant when compared to TAVIs in intermediate- to high-risk
patients. Both in-hospital and long-term costs are lower for SU-AVR than for TAVI patients, with
concomitant significant gains in life expectancy, both raw and adjusted for the quality of life.
Keywords: sutureless valve, aortic valve replacement, TAVI, DES model, cost-utility

Introduction
The possibility to surgically replace a damaged aortic valve represents a significant
advantage for the majority of the patient population affected by severe aortic stenosis,
which today is estimated at between 3% and 4% of patients aged >75 years.!
Surgical aortic valve replacement (SAVR) has excellent outcomes and is associ-
ated with low operative morbidity and mortality in patients with low surgical risk.?
Transcatheter techniques and technologies have expanded the population eligible
for valve replacement to patients deemed inoperable or at an extremely high surgical
risk. In the last few years, transcatheter aortic valve implants (TAVIs) have gained
popularity and have been used to treat patients at lower surgical risk.?
Technologies for SAVR also continue to evolve; for example, sutureless aortic
bioprostheses (sutureless aortic valve replacement [SU-AVR]) have been developed,
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which reduce operative time and risk, while facilitating
minimally invasive surgical approaches.*

TAVIs and SAVR have been compared in several clinical
trials, which have been pooled in meta-analyses,*¢ indicating
substantial equivalence in terms of mortality and a different
profile in the adverse effects. When used to inform economic
analyses, these results led to estimates of significantly higher
costs with TAVIs, coupled with a slight increase (0.2—0.4
quality-adjusted life-years [QALYSs]) in quality-adjusted life
expectancy, yielding incremental cost-effectiveness ratios
(ICERs) around 50,000 $/QALY, which can be considered
acceptable.”®

The allocative efficiency of conventional AVR has also
been compared with SU-AVR in developed countries, and
both a modeling study’ and three single-center real-life expe-
riences'*"? found that sutureless bioprostheses consistently
outperformed traditional valves, as a consequence of faster
recovery, made possible by reduced ischemic insults due
to shorter cross-clamping time and increased recourse to a
minimally invasive approach.

In contrast, a focused literature review revealed that the
comparative economics of TAVIs and SU-AVR have not yet
been assessed in a formal cost-effectiveness study, albeit
having been explored in a single-center propensity-matched
study.’

DES model (10,000 patient-level simulations)

Preoperation and operating room

Preoperative diagnostic exams,
device/procedure, RBC transfusion, PVL
(immediate postoperative outcome)

Postoperative in ICU

In-hospital mortality, ICU stay,
complication (acute RD, stroke, PMI),
RBC transfusion

Discharged alive in ward

In-hospital mortality, ward stay

The aim of the present work was to thoroughly assess the
incremental cost-utility of using SU-AVR instead of TAVIs
for the treatment of an intermediate- and high-risk patient
population in need of aortic valve substitution.

Methods

The cost-utility analysis was conducted by conceptualizing,
developing, and feeding a simulation model integrating
baseline outcomes of the target population, relative effec-
tiveness estimates, and local unit cost data pertinent to the
analyzed settings.

Model structure

A two-step model was built in Microsoft Excel 2013 to assess
the cost-utility of SU-AVR using the Perceval® bioprosthesis
vs TAVIs in intermediate- to high-risk patients.

The in-hospital pathway of each patient undergoing
SU-AVR or TAVIs was simulated using a patient-level
discrete event simulation (DES) structure, while a cohort
Markov model with monthly cycles was chosen to describe
the lifetime evolution for patients discharged alive from the
hospital (Figure 1).

The DES technique seems preferable to the Markov meth-
odology in representing clinical conditions that are neither
chronic nor characterized by recurrent events occurring at

Markov model (cohort simulation)

Hospitalization

Alive Dead

Figure | DES model for the in-hospital phase (top-left box) and lifetime Markov model (bottom-right box) for SU-AVR vs TAVIs comparison.
Abbreviations: DES, discrete event simulation; ICU, intensive care unit; PMI, pacemaker implantation; PVL, paravalvular leak; RBC, red blood cell; RD, renal dysfunction;
SU-AVR, sutureless aortic valve replacement; TAVIs, transcatheter aortic valve implants.
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fixed time intervals, as in hospitalized patients. Each itera-
tion of the simulation represents a unique patient who is sent
simultaneously through both arms of the model (SU-AVR
and TAVIs). The parameters of each iteration are drawn from
distributions representing the interindividual variability in
outcomes of the simulated population. The simulation steps
are qualitatively common for both treatment arms, which
differ in the probability of the events considered and for the
time-to-event distributions.

The cohort simulated in the Markov model uses the
output of the in-hospital phase as starting point. In each
cycle, patients can be alive, can be at a risk of experiencing
rehospitalization, or may die; for patients who developed
chronic kidney insufficiency during the first phase of the
model, lifetime dialysis was simulated.

The hospital perspectives of six different countries (the
US, Germany, UK, France, Italy, and Australia) were adopted
when calculating costs associated with each state and evaluat-
ing the differential economic impact of SU-AVR vs TAVIs;
all costs were updated till 2017 using country-specific infla-
tion indices.!*!> Half-cycle correction and a 3.5% annual
discount rate were applied to both costs and outcomes after
hospital discharge.'®

Clinical inputs

In-hospital

Clinical outcomes and resources consumption have been
modeled directly for TAVIs, while in the SU-AVR arm they
are obtained by applying relative treatment effects.

Event probabilities for TAVIs were estimated by pooling
together the most recently published evidence from obser-
vational studies (Table S1); length of stays (LOSs), both
in ICU and in hospital, were derived from the SOURCE 3
Registry,'” as no observational studies reporting these data
were retrieved; median and interquartile range (IQR) were
converted into mean and SD according to the formulas pro-
posed by Wan et al.' For each patient, events were simulated
using Bernoulli distributions, while LOSs were sampled from
a gamma distribution fitted on the reported mean and SD. No
data were found on the incidence of permanent renal dysfunc-
tion; to take into account the impact of lifetime dialysis in
the model, it was assumed that 10% of acute kidney injuries
develop into chronic renal dysfunction (the impact of such
assumption was investigated in sensitivity analyses).

From our focused literature review, no randomized
clinical trials comparing TAVIs with SU-AVR are available;
however, a series of propensity score matched comparative
analyses have been published. These have been pooled in

at least four meta-analyses, with comparable results on the
common outcomes.'*?> Among these, the recently published
work by Meco et al*! investigated the comparison on a more
complete set of outcomes, besides being one of the most
updated we identified, and was therefore selected as our
source for the relative treatment effects.

This meta-analysis compared efficacy and safety out-
comes in 731 SU-AVR patients (95% implanted with Perceval
and 5% with 3f Enable) and 731 matched TAVI patients.
Tables S2 and S3 summarize the characteristics of the
enrolled population and analyses on postoperative outcomes.
We reperformed the same analysis to obtain relative risk as
effect estimate, more suitable for the simulation model than
the originally reported ORs; only statistically significant
comparisons were considered in the model. The comparison
of hospital LOSs was also included, even if not analyzed in
Meco et al,?! as three of the six selected papers reported this
outcome, which is highly relevant for economic evaluation
purposes. Table S4 shows the data.

The number of red blood cell (RBC) units transfused
during the hospitalization of patients undergoing TAVIs was
estimated from Ussia et al,* assuming a gamma distribution
(data reported: 22.1% of patients requiring two to three units,
6.1% of patients requiring more than three units); it resulted
in 0.8611.22 RBC units transfused. For patients undergoing
SU-AVR, the number of RBC units was estimated starting
with blood loss during surgery and ICU stay reported in
Pradelli et al,’ assuming one unit transfused every 500 mL
of blood loss; it results in 1.2240.22 RBC units transfused.

Long-term

Evidence from Kodali et al** showed that mild-to-severe
paravalvular leak (PVL) is an independent predictor of overall
survival (OS) after TAVIs or SAVR (HR =2.11, P<0.001).
Following the same approach for the health technology
assessment of TAVIs in the UK,* we performed a Weibull
regression on data extracted from the Kaplan—-Meier OS
without PVL from Kodali et al* and then applied the HR
of 2.11 to obtain the OS curve for patients developing PVL
during hospitalization (Figure 2). This approach was applied
for patients treated with both TAVIs and SU-AVR. A further
mortality HR equal to 2.005 was applied for patients develop-
ing permanent renal dysfunction.?

Evidence from Ussia et al?* and Barbanti et al*” was used
to fit a Weibull model for hospitalization-free survival (HFS)
after TAVIs; for SU-AVR patients, an HR elaborated from
Santarpino et al*® was applied: HFS =86.5% with SU-AVR
vs 54.1% with TAVIs after a mean follow-up of 18.9£10.1
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months, resulting in an HR of 0.24 (Figure 3). Reasons for
rehospitalizations differed between compared arms; stroke
was responsible for 17.1% of episodes for SU-AVR vs 9.5%
with TAVIs, pacemaker implantation (PMI) accounted for

60 HR,2.11 (95% CI, 1.43-3.10)

e 50 P<0.001 by log-rank test
b Mild to severe
o 40
o
2
s 30
£
2 20 None to trace
<
®©
8 10 Weibull regression (R?=0.99, P<0.0001)
0 Estimated applying HR
0 6 12 18 24 30 36

Figure 2 Kaplan—Meier overall survival with and without PVL compared with fitted
curves obtained from Weibull regression (dashed lines).

Note: From The New England Journal of Medicine, Susheel K Kodali, Mathew
R Williams, Craig R Smith, et al, Two-year outcomes after transcatheter or
surgical aortic-valve replacement, vol 366, pages 1686—1695. Copyright © (2018)
Massachusetts Medical Society. Reprinted with permission from Massachusetts
Medical Society.*

Abbreviation: PVL, paravalvular leak.
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Barbanti et al?’
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Months after implantation

Figure 3 Hospitalization-free survival after hospital discharge for SU-AVR and TAVI
patients.

Abbreviations: SU-AVR, sutureless aortic valve replacement; TAVI, transcatheter
aortic valve implant.

54.1% of readmissions in SU-AVR patients vs 19.5% after
TAVIs, while heart failure, vascular complications, and PVL
leading to valve explant represented 28.8% of cases in the
SU-AVR group vs 71% with TAVIs; data were taken from
Fischlein et al* for SU-AVR and Barbanti et al?’ for TAVIs.

Utilities

Treatment efficacy was measured using QALY's calculated by
multiplying the duration in a particular health state by the utility
weight for that health state. The quality weight associated with
a patient who is alive after discharge was calculated based on
the estimated utility by New York Heart Association (NYHA)
class® (Table S5) applied to the proportion in each NYHA
class, estimated by pooling the most recent clinical evidence for
Perceval and TAVIs.>** The baseline (after discharge) NYHA
distribution is same for both treatments to avoid introducing
bias, as at hospital admission candidates for TAVIs had a slightly
more favorable NYHA status than those for SU-AVR. Subse-
quently, changes in NYHA class distribution were different
in the two arms, according to the treatment-specific evidence;
after 4 years, no further change in NYHA was assumed as no
data were available in the literature (Figure 4).

In cases of rehospitalization, specific disutility’® was
applied according to the number of hospitalizations, assum-
ing that 80% of patients undergo one hospitalization, 15%
two hospitalizations, and 5% three hospitalizations (this
assumption was investigated in the sensitivity analysis).
Furthermore, in case of lifetime dialysis, a decrement of 0.22
in utility was applied® (Table S5).

Costs

Costs considered in the analysis are direct health care costs,
encompassing both in-hospital and long-term costs (Table 1),
in order to adopt a comprehensive third-party payer cost

NYHA evolution from discharge up to 4 years

100%

80%

60%

40%

20%

0%

SU-AVR TAVI SU-AVR TAVI SU-AVR TAVI
After discharge 6 months 1 year
NYHA  NYHAI

Figure 4 NYHA distribution after discharge and time evolution up to 4 years.

SU-AVR TAVI SU-AVR TAVI SU-AVR TAVI
2 years 3 years 4 years
NYHA Il NYHA IV

Abbreviations: NYHA, New York Heart Association; SU-AVR, sutureless aortic valve replacement; TAVI, transcatheter aortic valve implant.
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Table | List of unit/annual/per episode costs used in the model for each country considered in the analysis

Uss$ Germany € | France € Italy € UK £ Australia AUD
In-hospital costs
Operating room
TAVI 6,641.92 |7 | 452277 |' 336370 |?¥|5401.22 5,586.81° 1,204.80 8
SU-AVR 7,818.74° 5,324.11 ' 17,120.36° 6,358.20° 6,576.68° 6,917.00 38
Diagnostic
TAVI 4,831.32 | ]4339.22 || 4,633.46 4,927.70° 1,706.91 4421 2,731.98 43
SU-AVR 2,199.03¢ 1,975.04 | '*|2,108.97¢ 2,242.89 | “ | 776.92¢ 1,243.49¢
Device
TAVI 32,000.00 |’ 11,000.00° 14,500.00° 22,932.00 *
SU-AVR 12,220.46 | * 6,000.00° 6,000.00° 8,977.00
Reoperation’
TAVI 6,544.97 4,526.83 3,519.83 5,318.93 5,107.67 1,634.47
SU-AVR 7,207.58 5,193.18 7,260.40 6,125.62 5,796.47 7,101.56
ICU (daily cost) 1,30345 [ | I,196.46 | |1,57841 |°2]1,469.90 |* | 1,360.00 1487746 5
Ward (daily cost) 779.98 01 469.88 ' | 443.15 ' | 484.20 %3 1280.00 *1789.80 3
RBC (cost per unit) 295.94 01 105.53 ' 1 108.45 71 153.00 3 1127.70 71 231.26 58
RRT (daily cost) 978.10 01 76.26 | 152.74 *' | 284.81 '] 159.81 57 160.46 5
In-hospital stroke 16,732.36 | *° | 485425 | ¥ | 5,860.67¢ 6,867.10 | © | 3,479.00 5 11,126.72 ©2
In-hospital PMI 597425 || 4507.15 |* |3,242.59 |¥ |3,26573 | |2,886.00 * | 4,692.00 8
Long-term costs
Dialysis (annual cost) 67,497.35 | * | 60,732.30 | * | 53,047.50 | % | 42,815.78 | ¢’ | 23,713.95 | % 111,618.17 &
Rehospitalization (cost per episode)
Stroke (cost per episode) 47,896.34 | ° | 23,385.34 | ¢ | 11,457.14 | | 13,967.46 | * | 19,063.18 |7 41,008.49 e
PMI (cost per episode) 48211.79 |7 |8945.02 |7 | 11,93856 | ™| 12,133,59 | ¢ | 10,256.07 |” 14,208.18 38
Others (cost per episode) 27,249.08 | ¢ | 11,921.67 | % | 9,905.65 | | 11,399.58 | ¢ | 7,168.98 76771 18,046.01 e

Notes: *Estimated by applying the ratio between TAVIs and Perceval operating room costs reported in Santarpino et al'® as it is the only analysis that reported both costs in
the same structure. "Calculated as the mean of full-sternotomy (FS), minimally invasive (MiS), and concomitant (CONC) procedures estimated in Pradelli et al’ weighted for
the frequencies of FS (41%), MiS (26%), and CONC (33%) reported in Shrestha et al.** “Estimated as the mean between Germany and Italy. ‘Estimated by applying the ratio
between TAVIs and Perceval diagnostic costs reported in Santarpino et al'® as it is the only analysis that reported both costs in the same structure. *Market values. ‘Calculated
as the cost of operating room plus the cost of device for the 2.0% of patients who need a second valve implant.#~’ The superscript numbers represent reference citations.
Abbreviations: ICU, intensive care unit; PMI, pacemaker implantation; RBC, red blood cell; RRT, renal replacement therapy; SU-AVR, sutureless aortic valve replacement;

TAVIs, transcatheter aortic valve implants.

perspective. The in-hospital costs related to hospitalization
for an AVR include operating room (both personnel and mate-
rials, excluding cost for the devices),™!**73 preoperative/
intraoperative/postoperative diagnostic exams,'*** device
costs,”#34 reoperation for reexploration or second valve
implantation,*”* hospital stay with or without mechanical
ventilation,**¢ blood transfusion,’”%3!-7% need for renal
replacement therapy,®*17%? and adverse events, such as
stroke?34+60-62 or PM 373848495463 According to the lifetime
horizon of the simulation, patients who developed chronic
renal dysfunction receive dialysis until death.**% In addition,
rehospitalizations due to stroke,®’7! PMI,3%637275 or other
cardiac reasons®+%7¢77 were considered.

As almost all the patients analyzed in the meta-analysis of
Meco et al*! underwent SU-AVR with Perceval (95%), only
this valve was considered in the cost-effectiveness evaluation.

Sensitivity analysis
Different sensitivity analyses were performed to take into
account uncertainties about input parameters (probabilistic

sensitivity analysis [PSA]) and to investigate the impact of
single variation on results (deterministic sensitivity analysis
[DSAD).

In the PSA, the simulation was repeated 1,000 times sam-
pling all the key parameters from appropriate distributions
fitted on mean and SE, where available. The joint distribution
of cost and QALY (ie, the 1,000 resulting simulations) was
shown in the incremental cost-effectiveness plane; further-
more, the 95% confidence ellipse was provided. In the DSA,
parameters were varied one by one within their 95% Cls or
by £20% of baseline values (if CIs were not available). A
tornado diagram was used to represent the effect of variation
of input parameters on the outcomes. Tables S6-S9 list all
the parameters used in the sensitivity analyses.

Results

In-hospital mortality for SU-AVR is lower than for TAVIs
(4.1% vs 7.0%) with an analogous improvement in the life-
time survival (5.51 vs 4.26 life-years); patients discharged
alive after AVR with SU-AVR live 1.25 years more than those

ClinicoEconomics and Outcomes Research 2018:10
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undergoing TAVIs (Table 2). In addition, quality-adjusted
life expectancy is higher with SU-AVR, with a mean gain
of 1.14 QALYs.

Patients undergoing SU-AVR experience more reopera-
tions (11.3% vs 4.7%) and stay three days more in hospital
(10.56 vs 7.33) than those undergoing TAVIs; in contrast,
SU-AVR is associated with lower rates of stroke (1.2% vs
2.3%), major postoperative vascular complications (0.4% vs
7.7%), and PVL (8.9% vs 54.4%). Long-term results also
show a lower rate of rehospitalization (32.5% vs 44.2%).
Table 2 lists all results.

Total costs both for SU-AVR and for TAVIs vary in the
six analyzed countries (Table 3) due to different economic
inputs, but a similar trend can be identified in the incremental
analysis: Hospital costs for SU-AVR are slightly higher than
those for TAVIs, excluding device costs; comparing all costs
in dollars, the incremental cost ranges from $205 in Italy to
$5,276 in Australia (Figure 5). This increase is completely
offset when device costs are considered, resulting in total
hospital savings of about $2,500-$18,000 in favor of SU-
AVR. Despite the higher survival with SU-AVR, long-term
costs are generally lower than those for TAVIs. Considering
total cost (in-hospital and long-term), SU-AVR is dominant
with respect to TAVIs as it is more effective (+1.14 QALY)
and less costly (savings of $4,000-$21,000).

Results from PSA confirm the main analysis, with 95%
confidence ellipse lying completely (almost for France) in the
dominance region of the cost-effectiveness plane (Figure 6).

Effectiveness is mostly influenced by the HR of OS and
by the time horizon (Figure 7); SU-AVR also remains more

effective than TAVIs for the lowest hypothesized effect of
PVL on long-term survival (+0.70 QALY and for a short time
horizon simulation (+0.43 QALY at 5 years). The economic
impact is mainly affected by device and operating room costs
(Figure 8). Even when reducing the economic gap between
device or operating room costs, SU-AVR still saves costs
compared with TAVIs.

Discussion
In this cost-utility analysis, we compared SU-AVR vs TAVIs
in intermediate- and high-risk patients. We used a two-step
modeling process consisting of a patient-level DES to
simulate the in-hospital phase and a cohort Markov model to
estimate the long-term consequences after hospital discharge.
Clinical outcomes (both in hospital and after discharge) were
determined from observational studies of TAVIs, while the
outcomes for SU-AVR arm were derived by applying relative
effects from a published meta-analysis?! or from Kaplan—
Meier analysis.?* A surgical approach with a sutureless valve
was more effective than TAVIs, with a significant reduction
in 30-day mortality (—2.9%, IQR: [-3.7] — [-2.1]) and sig-
nificant gains in survival (+1.25 years, IQR: 1.03—1.44) and
quality of life (+1.14 QALY, IQR: 0.98—1.31). Furthermore,
the total cost, including the cost of devices, rehospitaliza-
tions, and lifetime dialysis, was lower with SU-AVR than
with TAVIs, with savings ranging from $4,000 to almost
$21,000; these variations were due to differences in the cost
structures in the six countries.

In general, our results are consistent with the other esti-
mates in the literature, in terms of both cost-utility and the

Table 2 Effectiveness results: values expressed as mean and interquartile range

TAVis

SU-AVR

Delta (SU-AVR vs TAVis)

In-hospital outcomes

30-day mortality

7.0% (6.1%; 8.1%)

4.1% (3.2%; 4.8%)

—2.9% (~3.7%; —2.1%)

Renal dysfunction

2.6% (2.0%; 3.1%)

2.6% (2.0%; 3.1%)

0%

Reoperation

4.7% (4.5%; 4.7%)

11.3% (8.4%; 14.9%)

6.7% (3.9%; 10.3%)

Stroke 2.3% (1.8%; 2.8%) 1.2% (0.8%; 1.5%) —1.1% (—1 4%; —0.8%)
PMI 18.8% (15.7%; 21.1%) 18.8% (15.7%; 21.1%) 0%

PVL 54.4% (51.5%; 58.8%) 8.9% (7.6%; 10.5%) —45.5% (—49.1%; —42.5%)
POVC (major) 7.7% (5.7%; 10.1%) 0.4% (0.1%; 0.8%) ~7.3% (-9.3%; —5.3%)
RBC units 0.85 (0.82; 0.88) 121 (1.17; 1.25) 036 (0.31; 0.41)

Hospital stay (days)

7.33 (7.09; 7.58)

10.56 (10.00; 11.17)

323 (2.73; 3.77)

Long-term outcomes

LY 426 (3.98; 4.52) 5.51 (5.25; 5.75) 1.25 (1.03; |.44)
QALY 3.44 (3.15; 3.60) 458 (431;4.72) 114 (0.98; 1.31)
Dialysis 5.6% (4.7%; 6.3%) 8.4% (7.3%; 9.2%) 2.8% (2.2%; 3.2%)

Rehospitalization

44.2% (39.5%; 48.3%)

32.5% (26.8%; 38.6%)

—11.7% (~14.1%; —8.2%)

Note: Interquartile ranges are provided in parentheses.
Abbreviations: LY, life-year; PMI, pacemaker implantation; POVC, postoperative vascular complication; PVL, paravalvular leak; QALY, quality-adjusted life-year; RBC, red
blood cell; SU-AVR, sutureless aortic valve replacement; TAVIs, transcatheter aortic valve implants.
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Table 3 Economic results: values expressed as mean and interquartile range

TAVis

SU-AVR

Delta (SU-AVR vs TAVis)

Total costs (US $)

69,389 (67,459; 75,965)

48,459 (45,647; 53,536)

-20,930 (=26,084; -17,671)

Hospital costs

52,727 (51,518; 53,806)

34,375 (33,724; 35,089)

—18,351 (=19,556; —16,951)

Operating room

6,642 (6,545; 6,742)

7,819 (7,690; 7,936)

1,177 (1,015; 1,320)

Device cost

32,000 (30,857; 32,985)

12,220 (11,833; 12,616)

—19,780 (~20,863; —18,539)

Diagnostics

4,831 (4,668; 4,990)

2,199 (2,123; 2,270)

—2,632 (~2,800; —2,449)

Hospital stay®

6,234 (5,949; 6,504)

8,753 (8,285; 9,241)

2,519 (2,140; 2,958)

Complications®

3,020 (2,813; 3,186)

3,384 (3,126; 3,716)

365 (163; 627)

Long-term costs

16,663 (15,102; 22,791)

14,084 (11,297; 18,978)

—2,579 (-8,020; 423)

Dialysis

278 (231; 309)

408 (351; 445)

130 (103; 148)

Rehospitalization

16,385 (14,802; 22,498)

13,676 (10,916; 18,573)

—2,709 (-8,124; 300)

Total costs (Germany €)

31,722 (30,704; 33,580)

24,951 (24,273; 26,668)

-6,772 (-8,203; -5,109)

Hospital costs

25,355 (24,893; 25,807)

20,598 (20,259; 21,128)

—4,757 (=5,307; —4,065)

Operating room

4,523 (4,421; 4,611)

5,324 (5,211; 5,416)

801 (653; 934)

Device cost

11,000 (10,626; 11,364)

6,000 (5,801; 6,231)

—5,000 (—5,445; —4,563)

Diagnostics

4,339 (4,124; 4,589)

1,975 (1,843; 2,107)

—2,364 (—2,634; -2,114)

Hospital stay*

4,159 (4,003; 4,326)

5,677 (5,375; 6,010)

1,518 (1,279; 1,787)

Complications®

1,334 (1,191; 1,472)

1,622 (1,444; 1,854)

288 (165; 455)

Long-term costs

6,367 (5,500; 7,976)

4,353 (3,566; 5,974)

—2,014 (-3,341; -579)

Dialysis

250 (210; 282)

367 (318; 402)

117 (92; 135)

Rehospitalization

6,117 (5270; 7,717)

3,986 (3,218; 5,596)

—2,131 (-3,428; —697)

Total costs (UK £)

30,511 (29,886; 32,308)

22,520 (21,751; 23,930)

-7,991 (-9,664; -6,889)

Hospital costs

26,032 (25,437; 26,515)

18,846 (18,473; 19,290)

—7,186 (-7,794; —6,481)

Operating room

5,587 (5,348; 5,794)

6,577 (6,300; 6,849)

990 (641; 1,375)

Device cost

14,500 (13,979; 14,973)

6,000 (5,779; 6,192)

—8,500 (~9,041; ~7,976)

Diagnostics

1,707 (1,649; 1,767)

777 (751; 804)

—930 (—997; —867)

Hospital stay®

3,113 (3,000; 3,225)

4,018 (3,817; 4,220)

904 (764; 1,064)

Complications® 1,125 (1,033; 1,212) 1,475 (1,303; 1,680) 349 (196; 528)
Long-term costs 4,479 (3,939; 6,285) 3,674 (2,981; 4,892) 805 (~2,295; —4)
Dialysis 98 (82; 109) 143 (124; 155) 46 (36;51)

Rehospitalization

4,381 (3,839; 6,190)

3,531 (2,831; 4,748)

—850 (—2,337; —45)

Total costs (France €)

29,870 (29,092; 31,339)

26,365 (25,553; 27,638)

—3,504 (-4,949; -2,376)

Hospital costs

24,510 (24,064; 24,941)

22,385 (21,872; 22,884)

—2,125 (=2,765; —1,486)

Operating room

3,364 (3,322; 3,405)

7,120 (6,805; 7,410)

3,757 (3,418; 4,050)

Device cost

11,000 (10,588; 11,373)

6,000 (5,781; 6,200)

—5,000 (~5,418; —4,581)

Diagnostics

4,633 (4,484; 4,789)

2,109 (2,042; 2,181)

—2,524 (-2,690; —2,369)

Hospital stay®

4,364 (4,203; 4,507)

5,795 (5,471; 6,095)

1,431 (1,173; 1,676)

Complications® 1,149 (1,043; 1,246) 1,360 (1,229; 1,529) 211 (102; 331)
Long-term costs 5,359 (4,738; 6,714) 3,980 (3,261; 5,068) —1,379 (-2,581; —=530)
Dialysis 219 (184; 243) 320 (278; 350) 102 (80; 115)

Rehospitalization

5,141 (4,513; 6,487)

3,660 (2,958; 4,763)

—1,481 (=2,661; —632)

Total costs (Italy €)

33,250 (32,384; 35,038)

26,679 (25,833; 28,206)

—6,570 (-7,989; -5,314)

Hospital costs

27,275 (26,691; 27,884)

22,447 (21,862; 23,232)

—4,827 (-5,439; —3,973)

Operating room

5,401 (5,187; 5,620)

6,358 (6,080; 6,627)

957 (590; 1,294)

Device cost

11,000 (10,623; 11,351)

6,000 (5,797; 6,205)

—5,000 (-5,413; —4,553)

Diagnostics

4,928 (4,756; 5,073)

2,243 (2,172; 2,323)

—2,685 (—2,847; —2,476)

Hospital stay*

4518 (4,212; 4851)

6,082 (5,615; 6,619)

1,564 (1,298; 1,874)

Complications®

1,427 (1,328; 1,531)

1,764 (1,595; 2,014)

336 (176; 539)

Long-term costs

5,975 (5,305; 7,497)

4,232 (3,493; 5,474)

—1,743 (—2,946; —853)

Dialysis

176 (148; 197)

259 (225; 281)

82 (66; 93)

Rehospitalization

5,799 (5,137; 7,323)

3,973 (3,255; 5,226)

—1,825 (=3,018; —944)

Total costs (Australia AUD)

48,285 (47,135; 51,267)

38,269 (36,821; 40,985)

—10,016 (-12,819; -7,568)

Hospital costs

38,238 (37,446, 39,130)

31,132 (30,514; 31,838)

—7,106 (-8,137; —6,156)

Operating room

1,205 (1,167; 1,249)

6,917 (6,682; 7,135)

5,712 (5,451; 5,922)

Device cost 22,932 (22,205; 23,778) 8,977 (8,658; 9,247) —13,955 (—14,883; —13,168)
Diagnostics 2,732 (2,685; 2,781) 1,243 (1,224; 1,265) —1,488 (—1,540; —1,437)
Hospital stay’ 9,804 (9,467; 10,137) 12,355 (11,841; 12,983) 2,551 (2,194; 3,008)
Complications® 1,566 (1,412; 1,719) 1,640 (1,484; 1,818) 74 (7; 149)

Long-term costs 10,047 (8,767; 12,854) 7,137 (5,828; 9,607) —2,910 (-5,546; —684)
Dialysis 460 (384;510) 674 (587; 729) 214 (170; 239)

Rehospitalization

9,587 (8,294; 12,372)

6,463 (5,176; 8,950)

3,124 (-5,738; —890)

Notes: Interquartile ranges are provided in parentheses. *Including intensive care unit stay. "Reoperation, renal replacement therapy, transfusion of red blood cell units,

stroke, pacemaker implantation.

Abbreviations: TAVIs, transcatheter aortic valve implants; SU-AVR, sutureless aortic valve replacement.
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Figure 5 Comparison between incremental cost items for the six analyzed countries.

Incremental cost (SU-AVR vs TAVI)
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In-hospital (w/o device) $1,428 $288
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Long-term —$2,579 —$2,390
Total —$20,930 —$8,036

UK France Italy Australia
$1,757 $3,412 $205 $5,276
—$9,608 —$2,522 —$5,728 —$5,474
—$1,076 —$1,636 —$2,068 —$2,242
—$10,685 —$4,158 —$7,797 —$7,715

Notes: All values are expressed in 2017 US$ (negative increments favor SU-AVR, while positive increments favor TAVIs). €= €1.1870, £1=$1.3372, AU$1=$0.7704.
Abbreviations: SU-AVR, sutureless aortic valve replacement; TAVIs, transcatheter aortic valve implants; w/o, without.
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Figure 6 Joint distribution of cost and QALY differences for the six countries considered in the analysis (the result of 1,000 samples); continuous line represents the 95%

confidence ellipse.

Abbreviations: QALYs, quality-adjusted life-years; SU-AVA, sutureless aortic valve replacement TAVI, transcatheter aortic valve implant.
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Delta QALY-SU-AVR vs TAVI
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Figure 7 Tornado diagram of QALY gain (SU-AVR vs TAVIs): Blue bars (min) represent QALY gain for the minimum value of each parameter, and orange bars (max)

represent QALY gain for the maximum value of each parameter.

Abbreviations: NYHA, New York Heart Association; OS, overall survival; PVL, paravalvular leak; QALY, quality-adjusted life-year; RR, relative risk; SU-AVR, sutureless

aortic valve replacement; TAVIs, transcatheter aortic valve implants.

components of cost and effectiveness: TAVIs appear to be
more costly than SAVR, with a slight gain in QALYs, yield-
ing an acceptable but uncertain ICERs; SU-AVR is estimated
less costly and more effective than SAVR; it is therefore not
unexpected that SU-AVR economically outperforms TAVIs.

Total hospital cost (device cost included) estimated for
the US is similar to the total cost observed in a sample of
4,083 TAVIs occurring between January and December
2012;" the median cost for hospitalization resulted in a cost
0f $50,200 (IQR: 39,800-64,300) compared with our mean
estimate of $52,727 (IQR: 51,518-53,806). The in-hospital
cost and the cost consequences of TAVIs were evaluated
for high-risk patients in the UK in a cost-effectiveness
analysis vs SAVR;? short-term costs estimated for TAVIs
(procedure, hospital stay, and adverse events) amounted to
£25,079, which is comparable to our estimate (£26,032, IQR:
25,437-26,515); total costs were slightly lower (£27,833 vs
£30,511,1QR:29,886-32,308), since only follow-up appoint-
ments were considered and the National Health Service tariff
for cardiac valve disorder (lower than our estimates) was
used for the cost of rehospitalizations. Despite the longer
time horizon considered in the model (25 years), the total
quality of life estimate was lower than ours (2.853 vs 3.44
QALY) as a high-risk population was simulated; 6 months
after discharge, <80% were in NYHA Class I or II, while in
our simulation almost 90% were in these classes. During the
last Transcatheter Cardiovascular Therapeutics meeting held
in Denver in 2017, the results from the PARTNER 2A and

Sapien-3 intermediate risk trials were presented.” In-hospital
costs ranged between $54,256 and $61,433 vs $52,727 in our
analysis, while follow-up costs were significantly higher than
ours: $26,861 and $46,284 vs $16,663, probably because
almost 70% of patients were rehospitalized in the first year,
while according to the hospitalization-free survival curve
used in our model <10% experienced hospital readmission
for cardiac reasons. In the recently published cost-utility
analysis from the Canadian health care perspective by Tam
et al,® based on the PARTNER 2 trial, total costs for TAVIs
also compare reasonably well with our estimates, both in
magnitude and in composition ($47,000, of which $40,000
is for the index hospitalization).

A previous cost analysis estimated the cost of SU-AVR
according to different surgical approaches (minimally inva-
sive, full sternotomy, and concomitant) in Germany, UK,
France, and Italy.’ The total hospital costs without consider-
ing the cost of the sutureless valve were very similar to our
results: €14,130—-€17,300 for Germany (€14,598 in our
analysis), £14,610—-£17,950 for UK (£12,846 in our analysis),
€15,640—€18,810 for France (€16,385 in our analysis), and
€13,810—€16,740 for Italy (€16,447 in our analysis). The
difference in the UK is most likely due to the low daily ICU
and ward costs used in this analysis.

The only cost analysis comparing SU-AVR with TAVIs
found in literature was the paper of Santarpino et al;'"® in this
propensity score match analysis, 102 patients undergoing SU-
AVR were matched and compared with 102 patients undergoing
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Delta cost-SU-AVR vs TAVI (US)
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Figure 8 Tornado diagram of cost differences (SU-AVR vs TAVIs) for the six countries considered in the analysis: Blue bars (min) represent cost differences for the minimum
value of each parameter and orange bars (max) represent delta cost for the maximum value of each parameter.
Abbreviations: OR, operating room; OS, overall survival; PVL, paravalvular leak; PMI, pacemaker implantation; RR, relative risk; SU-AVR, sutureless aortic valve replacement;

TAVIs, transcatheter aortic valve implants.

TAVIs in Germany, and the hospital costs both including and
excluding the device costs were quite similar to those obtained
in our analysis: €22,451 and €16,148 including and exclud-
ing the device costs, respectively, for SU-AVR (€20,394 and
€14,598 in our analysis) and €32,877 and €14,164 includ-
ing and excluding the device costs, respectively, for TAVIs
(€25,355 and €14,335 in our analysis). The difference in in-
hospital cost including device cost is due to a higher device cost
used in the analysis (almost €19,000 vs €1 1,000 in our model).

Limitations

The main limitation of the present study is the use of com-
mon clinical parameters for all simulated countries, as
hospital policies could be different in the US, Europe, and
Australia (eg, different ICU or hospital LOSs). However,
observational studies used as references recruited patients
from the US, Italy, France, Germany, UK, Canada, Israel,
Finland, Switzerland, and Spain; hence, regional variability
should be taken into account.
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Conclusion

SU-AVR results are dominant compared with TAVIs in inter-
mediate- to high-risk patients in all countries considered in
the present analysis (US, Germany, UK, France, Italy, and
Australia). Both in-hospital and long-term costs are lower
for patients underwent SAVR with sutureless valve than for
those underwent TAVIs with significant gains in survival
and quality of life.
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