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Romain Joret . Stéphane Roze . Guillaume Lebreton

Received: September 3, 2021 / Accepted: January 5, 2022 / Published online: January 23, 2022
� The Author(s) 2022

ABSTRACT

Introduction: Early detection and treatment of
cardiogenic shock (CS) is crucial to avoid
irreparable multiorgan damage and mortality.
Impella CP� is a novel temporary mechanical
circulatory support (MCS) device associated with
greater hemodynamic support and significantly
fewer device-related complications compared
with other MCS devices, e.g., intra-aortic balloon
pumps (IABP) and venoarterial extracorporeal
membrane oxygenation (VA-ECMO). The

present study evaluated the budget impact of
introducing Impella CP versus IABP and VA-
ECMO in patients with CS following an acute
myocardial infarction (MI) in France.
Methods: A budget impact model was developed
to compare the cost of introducing Impella CP
with continuing IABP and VA-ECMO treatment
from a Mandatory Health Insurance (MHI) per-
spective in France over a 5-year time horizon,
with 700 patients with refractory CS assumed to
be eligible for treatment per year. Costs associ-
ated with Impella CP and device-related com-
plications for all interventions were captured and
clinical input data were based on published
sources. Scenario analyses were performed
around key parameters.
Results: Introducing Impella CP was associated
with cumulative cost savings of EUR 2.7 million
over 5 years, versus continuing current clinical
practice with IABP and VA-ECMO. Cost savings
were achieved in every year of the analysis and dri-
ven by the lower incidence of device-related com-
plications with Impella CP, with estimated 5-year
cost savings of EUR 22.4 million due to avoidance
of complications. Total cost savings of more than
EUR 250,000 were projected in the first year of the
analysis, which increased as the market share of
Impella CP was increased. Scenario analyses indi-
cated that the findings of the analysis were robust.
Conclusion: Treatment with Impella CP in
adult patients aged less than 75 years in a state
of refractory CS following an MI was projected
to lead to substantial cost savings from an MHI
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perspective in France, compared with continu-
ing current clinical practice.

Keywords: Budget impact; Cardiogenic shock;
France; Impella CP�; Left-ventricular assist
devices

Key Summary Points

Why carry out this study?

Early detection and treatment of
cardiogenic shock (CS), a state of
inadequate blood flow to vital tissues
caused by cardiac dysfunction, is crucial
in preventing irreparable organ damage
and patient mortality, particularly as up to
20% of patients are non-responsive to
pharmacologic therapies.

Impella CP� is a novel temporary
mechanical circulatory support (MCS)
device associated with greater
hemodynamic support and significantly
fewer device-related complications
compared with other MCS devices such as
intra-aortic balloon pumps (IABP) and
venoarterial extracorporeal membrane
oxygenation (VA-ECMO).

The aim of the present study was to
evaluate the budget impact of introducing
Impella CP versus continuing standard of
care with ECMO and IABP in France.

What was learned from the study?

Projections indicated that the introduction
of Impella CP for the treatment of adult
patients aged less than 75 years in a state of
refractory CS following an MI would lead to
substantial cost savings from the
perspective of the national health insurer
in France over 5 years, compared with
continuing current clinical practice with
IABP and VA-ECMO.

Cost savings were achieved in every year of
the analysis through a reduced incidence
of device-related complications and fewer
days spent in hospital for patients with
CS.

INTRODUCTION

Cardiogenic shock (CS) is a state of inadequate
blood flow to vital tissues due to cardiac dys-
function, with hypotension (systolic blood
pressure [SBP] B 90 mmHg) in spite of adequate
filling pressures representing a defining charac-
teristic [1–3]. CS is a medical emergency and
early detection and treatment is crucial in pre-
venting irreparable organ damage and patient
mortality. Acute myocardial infarction (MI)
with left ventricular dysfunction represents the
most common underlying cause of CS,
accounting for up to 50% of cases [3–5].

In France, approximately 3% of acute MIs
resulted in CS in 2015, while between 2005 and
2015, in-hospital mortality remained consis-
tently high for both primary CS (42% and 38%,
respectively) and secondary CS (57% and 59%,
respectively), indicating that there is still a
paucity of effective treatments [6]. Indeed, CS
represents the most common factor relating to
in-hospital mortality for patients with MI, par-
ticularly for patients with refractory CS where
mortality rates of up to 70% at 1 month have
been observed [4, 7]. First-line pharmacologic
treatments for CS typically include vasopressors
and inotropes, but up to 20% of patients remain
resistant to these therapies and often require
more invasive interventions [8, 9].

Devices that provide mechanical circulatory
support (MCS) represent vital interventions for
managing patients with refractory CS. Tempo-
rary MCS devices are crucial for stabilizing
patients with CS over the short term following
an acute MI, providing time to either allow the
patient to recover or for more permanent mea-
sures, such as placement of long-term MCS
devices or heart transplantation, to be imple-
mented. The most widely used temporary MCS
approaches over the past few decades include
the intra-aortic balloon pump (IABP) and
venoarterial extracorporeal membrane oxy-
genation (VA-ECMO), but the ongoing, high
levels of mortality in patients with CS indicate a
need for more effective interventions [10]. For
example, intervention with IABP has been
shown to not significantly reduce 30-day mor-
tality in patients with CS following acute MI
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[11, 12]. Indeed, IABP has been withdrawn from
the European treatment guidelines following
the results of the IABP-SHOCK II trial [1, 11].

Impella CP� is a temporary MCS device that
received the CE mark for marketing in Europe in
2012, and was developed to provide left ven-
tricular support and sustain systemic perfusion
for up to 5 days in patients with CS occurring
immediately (less than 48 h) following acute MI
or other adverse cardiovascular events or surg-
eries [13]. Impella CP is a microaxial left ven-
tricular assist device (LVAD) that is positioned
in the heart via a percutaneous approach,
pumping blood from the dysfunctional left
ventricle to the aorta [13]. In lieu of normal
cardiac function, this perfuses vital tissues and
stabilizes hemodynamics, while also unloading
the left ventricle and reducing myocardial
workload and oxygen demand, providing an
opportunity for recovery of the native heart
[13–15]. Impella CP has been associated with
greater hemodynamic support compared with
IABP in several studies, and significantly fewer
device-related complications (17% versus 40%,
p\0.01) compared with VA-ECMO in a recent
retrospective analysis [16–20]. Moreover, a key
advantage of Impella CP is that it can be used in
secondary treatment centers that do not con-
tain a cardiac surgery department, as it is
designed as an interventional cardiology
procedure.

When considering interventions for reim-
bursement, payers must consider both clinical
and economic aspects of novel therapies. Ease
of use and improved clinical outcomes relating
to device-related complications must therefore
be balanced with costs of introducing the
device. Indeed, costs of new devices often rep-
resent a barrier to uptake in many countries,
particularly as healthcare systems come under
increasing budgetary pressures worldwide. This
is especially pertinent in France, where health-
care expenditure represented one of the highest
proportions of gross domestic product in Eur-
ope (approximately 12%) in 2013 [21]. Univer-
sal coverage is provided in France via statutory
health insurance (SHI), which covers 75% of
healthcare expenditure and is funded by taxa-
tion as well as employee and employer contri-
butions [21]. Nonetheless, supplementary

insurance is often considered by patients look-
ing to reduce copayments or cover areas of
treatment that SHI may not reimburse [21]. The
present study therefore aimed to evaluate the
budget impact of introducing Impella CP, ver-
sus continuing standard of care with ECMO and
IABP in France, for the treatment of adult
patients aged less than 75 years in a state of CS
following an MI, refractory to pharmacologic
therapy and not exhibiting refractory respira-
tory failure requiring extracorporeal assistance
and/or severe multiple organ failure.

METHODS

Modeling Approach

A budget impact model was developed in
Microsoft Excel (Redmond, WA), to evaluate
Impella CP versus IABP and VA-ECMO treat-
ment from a Mandatory Health Insurance
(MHI) perspective in France. All modeled sce-
narios included both IABP and VA-ECMO as
comparator treatments, as per clinical practice
in France (data on file). The model comprised
two clinical pathways, termed the care pathway
before Impella CP and the care pathway after
Impella CP.

The first pathway was developed in collabo-
ration with six leading clinical experts (one
cardiologist-intensivist, four cardiac surgeons,
one pharmacist) and one health economist
working within the French healthcare system,
and modeled patients from CS to the treatment
decision for one of the available interventions
(Impella CP, IABP, or VA-ECMO; Fig. 1). As this
module was upstream of the studied interven-
tions, all transition states and probabilities, as
well as cost outcomes, were identical regardless
of the treatment arm. The main objective of this
module was to accurately model clinical prac-
tice, to estimate the average cost per patient
prior to the treatment decision.

The second care pathway estimated the costs
and outcomes associated with Impella CP, IABP,
or VA-ECMO treatment (Fig. 2). This compo-
nent captured the probability of myocardial
recovery, as well as the likelihoods of heart
transplantation, insertion of a long-term LVAD,
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or palliative care in patients not experiencing
myocardial recovery. Mortality was captured
throughout the pathway. Event probabilities for
all treatment arms were based on clinical expert
opinion, the published literature, and data from
the Bordeaux University Hospital (Table 1)
[11, 12, 20, 22–24]. The modeled care pathway
was designed in line with guidance from the six
previously described clinical experts working
within the French healthcare system to accu-
rately represent current clinical practice in
France. Patients entered this module in two
treatment center type states: secondary and
tertiary. Secondary treatment centers were
modeled to contain an interventional cardiol-
ogy department but no cardiac surgery depart-
ment, comprising one cardiac catheterization
room, one trained interventional cardiologist,
one intensive care and cardiac resuscitation
unit, one general intensive care unit and/or
coronary care unit, trained nurses, and a 24/7
assistance service provided by Abiomed.

Tertiary treatment centers were modeled to
contain both interventional cardiology and
cardiac surgery departments (encompassing all
treatment modalities such as heart transplan-
tation and long-term MCS placement). The
differentiation between the two treatment cen-
ter types aimed to capture the advantage of
Impella CP as an interventional cardiology
procedure. Patients were subsequently treated
with one of the interventions, according to two
scenarios that reflected current practice (with-
out Impella CP) and potential future practice
(with Impella CP). The estimated annual costs
for these two scenarios were calculated by
multiplying the number of eligible incident
patients by the total annual cost associated with
each treatment pathway. Outcomes were eval-
uated over a 5-year time horizon, and no dis-
counting was applied, in line with national
recommendations and budget impact analysis
guidelines published by the International

Fig. 1 Treatment pathway prior to Impella CP, IABP, and VA-ECMO.MCS mechanical circulatory support, PiCCO pulse
contour cardiac output, VVC ventricular vascular coupling
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Society for Pharmacoeconomics and Outcomes
Research (ISPOR) [25, 26].

In the scenario evaluating potential future
practice, the projected market share for Impella
CP was assumed to increase over the 5-year time
horizon in both the secondary and tertiary
centers (Table 2). In secondary centers, market
share was projected to gradually increase from
20% in year 1 to 70% in year 5, while in tertiary
centers, market share was projected to increase
from 20% in year 1 to 40% in year 3, after which

it remained at 40% for years 4 and 5 (Table 2).
Market share projections were based on internal
Abiomed data.

The target population for Impella CP in
France was based on data from the medicine,
surgery, and obstetrics department of the Med-
ical Information System Program (PMSI-MCO),
with the definition for CS based on a published
study [27, 28]. A total of 6432 patients diag-
nosed with CS following an MI were identified,
of which 6421 were aged 18 years or more. In

Fig. 2 Treatment pathway after decision to use Impella CP, IABP, or VA-ECMO. BNP brain natriuretic peptide, LVAD
left ventricular assist device, IABP intra-aortic balloon pump
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line with a 2018 position statement published
by the Emergency and Acute Cardiac Care
working group of the French Society of Cardi-
ology (SFC), patients were excluded in a step-
wise manner on the basis of the following
criteria: aged more than 75 years, aged less than
18 years, at least one absolute contraindication
to use of Impella CP (severe aortic insufficiency,
an aortic mechanical valve, or left ventricle
thrombus), no previous angioplasty, and at least
one relative contraindication to use of Impella
CP (stroke, cardiac arrest, or neurological con-
ditions such as paralysis or dementia) [9]. This
yielded a target population of less than 706
patients. A total of 700 patients with refractory
CS were therefore assumed to be eligible for one
of the treatment options during each year of the

analysis, yielding a cumulative total of 3500
patients.

Cost Data

Costs were accounted from an MHI perspective
in France and expressed in euros (EUR). The
analysis captured the costs of each intervention,
cardiac surgery, circulatory support withdrawal
strategy, and heart transplantation, as well as
non-diagnosis-related group (DRG) costs for
device-related complications, including ampu-
tation of lower limbs, dialysis, and stroke. Costs
of daily supplements, such as stays in intensive
care units (with and without resuscitation), and
long-term LVAD implantation were also cap-
tured (Table 3). Costs were derived from data

Table 1 Clinical input data

Outcome Impella
CP

IABP VA-
ECMO

Source

Median (IQR) LoS

in ICU, days

6 (3–14) 7 (4–13) 16

(9–30)

[11, 12, 20]

Median (IQR) time

device used, days

3 (2–6) 1.6 (no

IQR

applied)

6 (3–8) [11, 20, 24]

Vascular access site

infection, %

1.1 31.9 15.8 [12, 20]

Amputations, % 0.0 0.0 4.7 Abiomed data on file, Cheng et al. [23]

Acute renal injury,

%

15.0 0.0 55.6 Abiomed data on file, Cheng et al. [23]

Median time dialysis

required, days

0 2 0 Calculated from 7 out of 24 patients requiring dialysis, median

7 days per patient (rounded up from 1.7 days) [24]

Requiring blood

products, %

62.8 33.0 97.4 [11, 20]

Requiring long-term

left VAD, %

1.1 4.0 13.2 [11, 20]

Use of additional

IABP, %

4.4 0.0 55.3 [20]

Stroke, % 4.4 3.1 10.5 [12, 20]

ICU intensive care unit, IABP intra-aortic balloon pump, IQR interquartile range, LoS length of stay, VAD ventricular assist
device, VA-ECMO venoarterial extracorporeal membrane oxygenation
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from the National Health Insurance (NHI) and
the Agency for Hospital Information (ATIH) in
France, as well as published sources [29–31].
Hospital costs were expressed in 2019 values
and add-on list prices in 2020 values, while cost
data relating to amputations were sourced from
published literature and inflated to 2019 values
[29, 31]. Costs associated with the management
of stroke over the 5-year period were sourced
from 2017 data [30]. Due to the perspective of
the analysis, intra-DRG costs were not captured
within the budget impact calculation.

Subgroup and Scenario Analyses

A number of deterministic subgroup and sce-
nario analyses were performed to assess the
robustness of the base case findings regarding

changes in input parameters. These included
performing separate analyses in the subgroups
of patients treated in secondary and tertiary
centers; excluding the costs of device-related
complications; applying higher costs for VA-
ECMO treatment (increased from EUR 0 to
EUR 3000 and EUR 6000 in separate analyses,
based on data from the Public Assistance
department of the Hospital of Paris); and
increasing the market share of Impella CP [32].
Multiway deterministic scenario analyses were
also performed with combinations of these set-
tings, including combinations of subgroups
with exclusion of complication costs, increased
market share of Impella CP with higher costs of
ECMO treatment, and increased market share of
Impella CP with higher costs of ECMO treat-
ment and exclusion of complication costs.

Table 2 Projected market share estimates in the base case analysis

Parameter Year 1 Year 2 Year 3 Year 4 Year 5

Number of patients 700 700 700 700 700

Market share, scenario 1: Without Impella CP in secondary center, %

Impella CP 0 0 0 0 0

IABP 95 95 95 95 95

VA-ECMO 5 5 5 5 5

Market share, scenario 1: Without Impella CP in tertiary center, %

Impella CP 0 0 0 0 0

IABP 20 20 20 20 20

VA-ECMO 80 80 80 80 80

Market share, scenario 2: With Impella CP in secondary center, %

Impella CP 20 30 50 60 70

IABP 75 65 45 35 25

VA-ECMO 5 5 5 5 5

Market share, scenario 2: With Impella CP in tertiary center, %

Impella CP 20 30 40 40 40

IABP 10 10 10 10 10

VA-ECMO 70 60 50 50 50

IABP intra-aortic balloon pump, VA-ECMO venoarterial extracorporeal membrane oxygenation
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Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Base Case Analysis

Projections indicated that, over a 5-year time
horizon, introducing Impella CP for the treat-
ment of patients with refractory CS would yield

cost savings of EUR 2.7 million versus continu-
ing current clinical practice with IABP and VA-
ECMO alone. The total costs of introducing
Impella CP were estimated to be approximately
EUR 92.6 million, while continuing current
clinical practice (without Impella CP) was esti-
mated to cost a total of EUR 95.4 million
(Table 4). Cost savings were achieved during
every year of the analysis, with annual cost
savings of EUR 258,413 in the first year (with a
20% market share for Impella CP in both sec-
ondary and tertiary centers) gradually increas-
ing to EUR 850,668 in the fifth year (with a 70%
market share in secondary centers and 40%
market share in tertiary centers for Impella CP).

Table 3 Cost data applied in the base case analysis

Item Cost, EUR Source

Unit costs

Impella CP 14,850.00 Abiomed, data on file

IABP – Intra-DRGa

VA-ECMO – Intra-DRGa

Supplement for ICU stay (resuscitation unit), per day 805.36 ATIH [29]

Supplement for ICU stay, per day 403.15 ATIH [29]

Supplement for dialysis session 44.84 ATIH [29]

Complication costs

Hospitalization in ICU, per day 403.15 ATIH [29]

Device-related vascular access site infection – Intra-DRGa

Amputation of lower limbs within 5 years 11,010.00 Halimi et al. [31]

Acute renal injury – Intra-DRGa

Supplement for dialysis session 44.84 ATIH [29]

Need for labile blood products – Intra-DRGa

Need for long-term LVAD 83,187.00 Ameli.fr [30]

Use of additional IABP – Intra-DRGa

Stroke within 5 years 23,520.00 Ameli.fr [30]

ATIH Agency for Hospital Information, DRG Diagnosis Related Group, EUR euros, IABP intra-aortic balloon pump, NHI
National Health Insurance, LVAD left ventricular assist device, VA-ECMO venoarterial extracorporeal membrane
oxygenation
aAs the payer perspective was that of mandatory health insurance, intra-DRG costs were not accounted in the budget impact
calculation
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Table 4 Budget impact associated with the introduction of Impella CP in France

Parameter Cost, EUR

Year 1 Year 2 Year 3 Year 4 Year 5 Cumulative

Base case analysis

Total costs in

scenario 1,

without Impella

CP

19,076,488 19,076,488 19,076,488 19,076,488 19,076,488 95,382,440

Total costs in

scenario 2, with

Impella CP

18,818,074 18,727,908 18,500,435 18,363,128 18,225,820 92,635,366

Overall budget

impact

- 258,413 - 348,579 - 576,053 - 713,360 - 850,668 - 2,747,074

Subgroup analyses, overall budget impact

Patients treated

in secondary

centers

- 274,615 - 411,922 - 686,537 - 823,844 - 961,152 - 3,158,070

Patients treated

in tertiary

centers

16,201 63,343 110,484 110,484 110,484 410,997

Patients treated

in secondary

centers,

excluding

complication

costs

1,269,240 1,903,859 3,173,099 3,807,719 4,442,338 14,596,255

Patients treated

in tertiary

centers,

excluding

complication

costs

550,300 878,305 1,206,309 1,206,309 1,206,309 5,047,531

Scenario analyses, overall budget impact

Increased market

share of Impella

CP applied

- 395,720 - 623,194 - 713,360 - 850,667 - 987,975 - 3,570,918

Cost of VA-

ECMO

increased to

EUR 3000

- 528,169 - 764,201 - 1,230,906 - 1,461,580 - 1,692,253 - 5,677,109
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Table 4 continued

Parameter Cost, EUR

Year 1 Year 2 Year 3 Year 4 Year 5 Cumulative

Cost of VA-

ECMO

increased to

EUR 6000

- 797,924 - 1,179,822 - 1,885,760 - 2,209,799 - 2,533,839 - 8,607,145

Increased market

share of Impella

CP applied and

cost of VA-

ECMO

increased to

EUR 3000

- 758,842 - 1,225,547 - 1,461,579 - 1,692,253 - 1,922,926 - 7,061,149

Increased market

share of Impella

CP applied and

cost of VA-

ECMO

increased to

EUR 6000

- 1,121,964 - 1,827,901 - 2,209,799 - 2,533,839 - 2,857,878 - 10,551,381

Complication

costs excluded

1,819,540 2,782,164 4,379,408 5,014,028 5,648,647 19,643,786

Increased market

share of Impella

CP applied and

complication

costs excluded

2,454,159 4,051,403 5,014,028 5,648,647 6,283,267 23,451,505

Cost of VA-

ECMO

increased to

EUR 3000 and

complication

costs excluded

1,549,784 2,366,542 3,724,554 4,265,808 4,807,062 16,713,750

Cost of VA-

ECMO

increased to

EUR 6000 and

complication

costs excluded

1,280,029 1,950,921 3,069,701 3,517,589 3,965,476 13,783,715
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Cost savings were a result of a reduced inci-
dence of device-related complications with
Impella CP, saving an estimated total of
EUR 22.4 million over 5 years and entirely off-
setting the cost of the device.

Subgroup and Scenario Analyses

Subgroup analyses demonstrated that the cost
savings observed in the base case analysis were
primarily a result of avoided complications in
secondary treatment centers (Table 4). In the
subgroup of patients treated only in secondary
centers and without taking complications into
account, introducing Impella CP was projected
to cost EUR 14.6 million more than standard
care with IABP and VA-ECMO over 5 years.
Conversely, including the costs of complica-
tions in this subgroup led to 5-year cost savings
of EUR 3.2 million with the introduction of
Impella CP. When considering only patients

treated in tertiary centers and excluding costs of
device-related complications, introducing
Impella CP was associated with cost increases of
EUR 5.0 million versus treatment with IABP and
VA-ECMO, but this was partially offset when
including the costs of treating device-related
complications to yield more modest cost
increases of EUR 410,997 over 5 years.

Scenario analyses relating to the cost of VA-
ECMO and market share indicated that the
conclusions from the base case analysis were
robust to changes in these parameters. Exclud-
ing the costs of complications while increasing
the cost of VA-ECMO consumables to EUR 3000
and EUR 6000 (based on data from the Public
Assistance department of the Hospital of Paris),
with market share values set to those used in the
base case, led to increased costs of
EUR 16.7 million and EUR 13.8 million, respec-
tively, when introducing Impella CP [32].
Including the costs of treating complications in

Table 4 continued

Parameter Cost, EUR

Year 1 Year 2 Year 3 Year 4 Year 5 Cumulative

Increased market

share of Impella

CP applied, cost

of VA-ECMO

increased to

EUR 3000, and

complication

costs excluded

2,091,037 3,449,049 4,265,808 4,807,061 5,348,315 19,961,273

Increased market

share of Impella

CP applied, cost

of VA-ECMO

increased to

EUR 6000, and

complication

costs excluded

1,727,916 2,846,696 3,517,589 3,965,476 4,413,364 16,471,042

EUR euros, VA-ECMO venoarterial extracorporeal membrane oxygenation
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these scenarios led to cost savings of
EUR 5.7 million and EUR 8.6 million, respec-
tively. Increasing the market share of Impella
CP by 10% throughout the analysis led to
increased costs of EUR 23.5 million when no
complication costs were included, but cost sav-
ings of EUR 3.6 million when these costs were
considered. Combination of these altered mar-
ket share values with the increased unit costs of
ECMO led to reduced incremental costs in the
analyses excluding complication costs and
increased cost savings in the analyses including
complication costs.

DISCUSSION

Findings from the present budget impact anal-
ysis suggest that introduction of Impella CP for
the treatment of adult patients aged less than
75 years in a state of refractory CS following an
MI would likely lead to substantial cost savings
from the perspective of the MHI in France,
compared with continuing current clinical
practice with IABP and VA-ECMO. Cost savings
of up to EUR 10.6 million could be achieved
over 5 years, a result of the reduced incidence of
device-related complications with Impella CP,
and increasing the market share of Impella CP
was projected to further increase cost savings.
Reduced device-related complications versus
VA-ECMO were partially mediated through the
percutaneous approach with Impella CP, a
simpler and safer method compared with the
extracorporeal approach of VA-ECMO. The
proportion of patients in intensive care units in
Paris experiencing CS was estimated to have
increased by almost twofold between 1997 and
2012, demonstrating the importance of effec-
tive therapies for both clinicians and payers
[33]. Combining an increasing market share of
Impella CP with increasing numbers of patients
with CS is also likely to lead to increasing cost
savings versus continuing current clinical prac-
tice, particularly with regards to increased clin-
ical expertise and improved post-implantation
management as the devices become more
widely used. Increased use of Impella CP would
also allow more patients to be adequately trea-
ted in secondary centers, thereby improving

access to early MCS delivery—a 2018 single-
arm, multicenter study demonstrated the
importance of an adequate care management
protocol, with emphasis on early delivery of
MCS and invasive hemodynamic monitoring
associated with rapid door-to-support times and
improved survival in patients presenting with
acute MI complicated by CS, with results con-
sistent when the protocol was applied on a
national level [34–36].

The scope of the present analysis, which took
a budget impact approach, meant that pertinent
ease-of-use benefits with Impella CP were likely
not captured [37, 38]. Ease of use with Impella
CP is particularly evident when compared with
the logistical challenges, complexity, and high
levels of medical resource use associated with
VA-ECMO [20, 39]. The distinction between
secondary and tertiary treatment centers in the
modeling analysis was important to capture the
advantage of Impella CP as an interventional
cardiology procedure. While physicians’ learn-
ing curves using the novel intervention, as well
as the improved support provided for VA-ECMO
owing to its wider use, were not taken into
account, the design of Impella CP allows
implantation at a secondary treatment center
without a cardiac surgery department, which
offers the twofold benefit of reduced burden on
and need for patients to be treated at tertiary
centers, and providing a temporary treatment
option for patients in secondary centers
requiring transfer to tertiary centers. Indeed,
results from the present analysis showed that
the majority of cost savings with Impella CP
were achieved in secondary centers (Table 4).
Moreover, associated quality-of-life benefits
patients are likely to experience, such as those
associated with a reduced number of treatment-
related complications, were not captured, and a
potential future cost–utility analysis could fur-
ther explore the health economic impact of
these benefits. Such an analysis would require
robust clinical evidence demonstrating the
magnitude of these benefits with Impella CP,
and subsequent to the present analysis, a ret-
rospective, propensity-score-matched study in
900 patients has associated use of Impella with
improved clinical outcomes, fewer complica-
tions, shorter length of hospital stay, and lower
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hospital cost compared to ECMO [40]. Upcom-
ing prospective, multicenter randomized con-
trolled trials, such as the ULYSS study (assessing
early implantation of Impella CP versus con-
ventional treatment in acute coronary syn-
drome complicated by CS [PHRC-19-0094]) and
the DanGer Shock study (assessing survival with
left ventricular MCS with Impella CP versus
conventional guideline-driven treatment in
patients with acute MI complicated by CS
[NCT01633502]), should also help to elucidate
potential benefits [41, 42]. Future cost–utility
analyses balancing clinical outcomes from these
trials against the costs of treatment should
provide valuable information for both health-
care payers and physicians.

The results of the present analysis should
also be put into context in terms of the patient
population. The use of an adult population aged
less than 75 years was based on expert consen-
sus in France, taking into account the balance
between the associated cost–benefit of the
studied interventions and individual patient
factors. Moreover, while cost savings were
observed in the population of patients in a state
of refractory CS following MI, use of VA-ECMO
is more appropriate in patients with multiple
organ or respiratory failure [9]. It should also be
noted that recent retrospective studies indicated
that 11–32% of patients with either refractory
left ventricle dominant CS or refractory left
ventricle failure required treatment escalation
with VA-ECMO, thereby requiring transferal to
a tertiary treatment center and increased
surveillance [43–45]. Nonetheless, the underly-
ing mechanisms of the interventions should be
considered during decision-making: a key
advantage of both Impella CP and IABP is the
unloading of the left ventricle and correspond-
ing reduced myocardial workload. In contrast,
VA-ECMO provides circulatory support and
blood oxygenation without left ventricle
unloading, which can lead to increased
myocardial stress, delayed ventricular recovery,
and pulmonary edema in up to 15% of cases
[46–49]. Moreover, unloading of the left ven-
tricle may be associated with a decrease in
myocardial oxygen consumption, lowering the
risk of a potentially fatal reinfarction and cre-
ating a more conducive setting for myocardial

recovery [50, 51]. Indeed, treatment with VA-
ECMO has been linked to a poorer prognosis in
patients treated for CS due to left ventricle
failure [52]. However, recent evidence has also
associated percutaneous cannulation for
peripheral VA-ECMO with fewer local infec-
tions, similar rates of ischemia and sensory-
motor complications, and improved 30-day
survival compared to the surgical approach,
indicating that the delivery method of each
MCS therapy could also influence outcomes
[53].

The clinical data sources applied in the pre-
sent analysis should also be subject to rigorous
evaluation given their importance to the
results. The majority of the transition proba-
bilities between modeled states were based on
primary data from Bordeaux University Hospi-
tal, allowing the model to closely follow French
clinical practice—this represents a key strength
of the present study. Incidence of device-related
complications (limb ischemia, access site
bleeding, or infection) for Impella CP and VA-
ECMO was based on the findings of a retro-
spective two-center study conducted in 128
patients with CS following acute MI, while the
incidence of complications associated with
IABP was based on a randomized, prospective
trial enrolling 600 patients and a systematic
review of randomized controlled trials includ-
ing patients with acute MI complicated by CS
[11, 12, 20]. The clinical data informing IABP-
related complications, particularly the system-
atic review of several randomized controlled
trials, represents a further strength of the pre-
sent analysis. However, the clinical input data
sourced from the analysis by Karami et al. could
be seen as a limitation, with the study design
being retrospective and observational in nature,
rather than a randomized controlled trial or
systematic review of the available evidence.
That acknowledged, there is a paucity of ran-
domized controlled trial data for Impella CP,
due to its recent development and the logistical
challenges of conducting these trials in criti-
cally ill patients [54]. Moreover, observational
data are arguably more representative of real-
world clinical practice than data from a study
conducted in a controlled setting, and findings
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of other observational studies were in line with
those reported by Karami et al. [55, 56].

The exclusion of intra-DRG costs in the pre-
sent analysis, particularly for IABP and VA-
ECMO, should be noted. While this was based
on the chosen perspective, Karami et al. repor-
ted that the proportions of patient receiving
items covered by intra-DRG costs, such as labile
blood products, were significantly higher for
VA-ECMO than for Impella CP. Moreover,
extensive medical resource use is required for
VA-ECMO [39]. The exclusion of intra-DRG
costs was therefore highly conservative from the
perspective of Impella CP, and highlights that
cost savings beyond those projected by the
present analysis would likely be achieved
should Impella CP be introduced into clinical
practice.

CONCLUSIONS

The present budget impact analysis projected
that the introduction of Impella CP for the
treatment of adult patients aged less than
75 years in a state of refractory CS following an
MI would lead to substantial cost savings from
the perspective of the national health insurer in
France, compared with continuing current
clinical practice.
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