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Aim: Cardiogenic shock (CS), if not diagnosed and treated rapidly, can lead to irreversible 
multiorgan damage and death. An economic analysis was conducted to determine the budget 
impact of the introduction of Impella 5.0®, a mechanical circulatory support (MCS) device 
that directly unloads the left ventricle, into clinical practice in patients with left ventricular 
CS in France.
Methods: A budget impact model was developed to compare the cost of Impella 5.0 with 
veno-arterial extracorporeal membrane oxygenation (VA-ECMO) from the perspective of the 
French national healthcare insurer. Costs associated with Impella 5.0, plus complication- 
related costs for VA-ECMO or Impella 5.0 from 2019 were included and clinical input data 
relating to complication rates and time spent on device were sourced from published 
literature. Extensive scenario and one-way deterministic sensitivity analyses were performed 
to explore the influence of uncertainty around key input parameters.
Results: Over a time horizon of 5 years, the introduction of Impella 5.0 was associated with 
cumulative savings of EUR 4.3 million. The results were driven by the lower risk of device- 
related complications associated with Impella 5.0. Savings were apparent from Year 1 
onwards, with savings in excess of EUR 375,000 projected in Year 1 alone. On a per- 
patient level, in Year 1, estimated savings with the introduction of Impella 5.0 totaled EUR 
616 per patient. Sensitivity analyses showed that the findings of the analysis were robust.
Conclusion: The Impella 5.0 device was associated with cumulative cost savings in excess of 
EUR 4 million over a 5-year period compared with current practice. Projected savings were driven 
by a lower rate of device-related complications with Impella 5.0 compared with VA-ECMO.
Keywords: cardiogenic shock, left-ventricular assist devices, Impella 5.0®, budget impact, 
France

Introduction
Cardiogenic shock (CS) is characterized by hypotension (systolic blood pressure 
[SBP] ≤90 mmHg) despite adequate filling pressures, accompanied by clinical and 
biochemical signs of systemic hypoperfusion.1 Early recognition and treatment of 
CS is critical to prevent irreversible organ damage and death.2 The most common 
underlying etiology of CS is acute myocardial infarction (MI) with left ventricular 
dysfunction, which accounts for up to 80% of cases,1,3 and in France in 2015 an 
estimated 3% of acute MIs were complicated by CS.4

There is a high unmet need for effective interventions for patients with CS; it 
remains the most common cause of in-hospital mortality in patients hospitalized for 
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MI,1 with reported rates of in-hospital mortality in CS 
patients ranging from 40–50% at 1 month but up to 70% 
for patients with refractory CS.5 Pharmacologic intervention 
with inotropes or vasopressors is generally advocated as 
a first-line treatment option;6 however, 15–20% of patients 
with CS are refractory to pharmacologic treatment.7

Mechanical circulatory support (MCS) devices repre-
sent a critical and increasingly widely used component in 
the management of patients with refractory CS. Temporary 
MCS devices serve as a bridge to recovery, the placement 
of a durable MCS or heart transplantation. One such MCS 
device is Impella 5.0®, which initially received the CE 
mark for marketing in Europe in 2003 and which can be 
used to support left ventricular function and maintain 
systemic perfusion in patients with CS related to left 
ventricular failure for up to 10 days.8 The Impella 5.0 
device is a microaxial pump mounted on a catheter. Once 
in position, the device pumps blood from the dysfunctional 
left ventricle into the ascending aorta at a flow rate of up to 
5 L/min at peak level.9 The Impella 5.0 device directly 
unloads the left ventricle, which reduces workload and 
myocardial oxygen demand, it also increases mean arterial 
pressure and cardiac output, which in turn increases both 
coronary and systemic perfusion.10–12

Large-scale, prospective randomized controlled trials 
(RCTs) of interventions in CS are relatively scarce, in 
part due to the challenges associated with conducting 
RCTs in critically ill patients.13 Available clinical data in 
CS are therefore largely from retrospective observational 
analyses. For example, a recently published retrospective 
analysis by Karami et al examined CS outcomes with 
Impella 5.0 compared with veno-arterial extracorporeal 
membrane oxygenation (VA-ECMO) in a total of 128 
patients (n=90 for Impella 5.0 and n=38 for VA-ECMO) 
.14 The incidence of device-related complications, some of 
which can be associated with high direct costs (e.g. access 
site infection, limb ischemia requiring surgery or removal 
of the device), were significantly lower with Impella 5.0 
than VA-ECMO (17% versus 40%; p<0.01).14

As with many advances in technology, despite the ease 
of use and clinical benefit in terms of lower incidence of 
device-related complications, the acquisition costs of new 
interventions, particularly if higher than costs associated 
with the standard of care, frequently represent a barrier to 
widespread uptake, particularly for payers and policy 
makers faced with budgetary constraints. In France in 
particular, in 2013, spending on healthcare constituted 
11.6% of gross domestic product (GDP), one of the 

highest proportions in Europe.15 As such, there has been 
increasing emphasis on the economic considerations asso-
ciated with new interventions including cost-effectiveness 
and budget impact analyses. The healthcare system in 
France is one of universal health coverage through statu-
tory health insurance (SHI) funded through employee and 
employer contributions and taxation. This is often supple-
mented with voluntary supplementary insurance that may 
cover co-payment and areas where SHI coverage is poor.15 

However, over three quarters of health care expenditure is 
publicly funded through SHI.15 Given the increasing 
importance of economic considerations, a budget impact 
analysis was conducted to determine the budget impact 
associated with the introduction of the Impella 5.0 device 
to the CS care pathways for two indications as follows: 1) 
treatment of adults aged <65 years with left-ventricular 
refractory post-cardiotomy CS without refractory respira-
tory failure requiring extracorporeal ventilatory support 
and without severe multiorgan failure and 2) patients 
aged <65 years with refractory CS without refractory 
respiratory failure requiring extracorporeal ventilatory 
support and without severe multiorgan failure, awaiting 
heart transplantation or long-term circulatory support.16

Methods
A budget impact model (BIM) was developed in Microsoft 
Excel (Redmond WA, USA). The model consisted of two 
distinct components of the care pathway for patients with 
CS. The first component considered the care pathway for 
a patient with left ventricular CS (with or without cardiac 
surgery) prior to the decision to utilize either Impella 5.0 
or VA-ECMO (see Figure 1). The initial component of the 
care pathway was developed in collaboration with six 
leading clinical experts working within the French health-
care system (including one cardiologist-intensivist, four 
cardiac surgeons and one pharmacist). The initial compo-
nent of the care pathway, including all transition probabil-
ities, was identical for all patients and therefore costs 
incurred during this phase were not captured in the budget 
impact calculation.

The second component of the care pathway considered 
the costs and outcomes after initiation of VA-ECMO or 
Impella 5.0. This component of the care pathway captured 
the likelihood of myocardial recovery, and for patients 
without myocardial recovery, palliative care, heart trans-
plantation or placement of a long-term left-ventricular 
assist device (LVAD). The likelihood of mortality at each 
juncture was also captured (Figures 2 and 3). Event 
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probabilities for both the Impella 5.0 and VA-ECMO arms 
were based on clinical expert opinion, clinical databases, 
and published literature14,17 (Table 1). Specifically, clinical 
input was sought from a total of six clinical experts who 
participated in the data collection and were based at 
French hospitals, such that the modeled care pathway 
was an accurate representation of the current situation in 
clinical practice in France. Two scenarios were considered 
in the BIM. Scenario 1 represented current clinical prac-
tice, wherein Impella 5.0 is not funded and all patients 
received VA-ECMO. Scenario 2 represented a potential 
future practice, wherein Impella 5.0 was available for 
eligible CS patients. The projected market share for 
Impella 5.0 relative to VA-ECMO throughout the 5-year 
time horizon of the analysis is shown in Table 2.

In terms of patient population, it was assumed that, on 
a national level, each year a total of 610 patients with 

refractory left-ventricular CS would be eligible for either 
Impella 5.0 or VA-ECMO. Details on how this patient popu-
lation was estimated are provided in the Supplementary 
Material.

Costs accounted in the base case analysis were derived 
from published sources18–20 and included those associated 
with stay in the intensive care unit (per day), cost of 
Impella 5.0, cost of circulatory support withdrawal strat-
egy and non-diagnosis-related group (DRG) costs for 
device-related complications; this included the costs of 
daily supplements (daily supplementary cost for intensive 
care unit [ICU] stay, supplementary cost for a dialysis 
session), add-on list costs (LVADs) as well as the costs 
of complications over the 5-year time horizon (lower limb 
amputation, management of stroke), all of which represent 
costs incurred by the insurer (Table 3). As the payer 
perspective of the analysis was that of mandatory health 

Figure 1 Treatment pathway prior to Impella 5.0®. 
Abbreviations: BNP, brain natriuretic peptide; LVAD, left ventricular assist device; PiCCO, pulse contour cardiac output.
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insurance intra-DRG costs were not captured within the 
budget impact calculation. Hospital costs were 2019 
values and add-on list prices were 2020 values, cost data 
relating to amputations were sourced from published lit-
erature and inflated to 2019 values and finally, costs asso-
ciated with the management of stroke over the 5-year 
period were sourced from 2017 data and not adjusted.

A series of scenario and deterministic sensitivity ana-
lyses were performed to assess the robustness of findings 
to changes in key input parameters. Specifically, a scenario 
analysis was performed in which costs associated with 
device-related complications were not accounted and sce-
nario analyses were also performed around Impella 5.0 
market share and the costs associated with VA-ECMO- 
related consumables in the VA-ECMO arm. Deterministic 
sensitivity analyses were also performed around target 
population size, length of stay with both Impella 5.0 and 
VA-ECMO, treatment costs, costs of complications and the 

incidence of complications (including lower limb amputa-
tion and vascular site access infections). Here, analyses 
were performed in which inputs in the base case analyses 
were increased or decreased by 20% (±10% for the 
Impella 5.0 tariff sensitivity analysis).

The analysis was performed over a time horizon of 
5 years from the perspective of the French healthcare 
payer (mandatory health insurance) and no discounting 
was applied to costs, in line with national recommenda-
tions and guidelines issued by the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR) for 
budget impact analyses.21,22

Results
In the base case analysis, which included direct costs 
attributable to device-related complications, over a period 
of 5 years, total costs for patients with left ventricular 
refractory CS without Impella 5.0 were projected to be 

Figure 2 Treatment pathway after decision to use Impella 5.0®. 
Abbreviations: BNP, brain natriuretic peptide; LVAD, left ventricular assist device.
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EUR 90.8 million (Table 4). With the introduction of 
Impella 5.0, total costs were estimated at EUR 
86.5 million over a 5-year period. Consequently, the intro-
duction of Impella 5.0 into clinical practice was estimated 
to result in savings of EUR 4.3 million from the payer 
perspective over 5 years. Indeed, savings were evident 
from Year 1 onwards. At an estimated market share of 
20% relative to VA-ECMO in Year 1, total annual savings 
were estimated at EUR 375,600, which increased steadily 
to EUR 1.3 million per year in Year 5, when the utilization 
of Impella 5.0 relative to VA-ECMO was estimated at 
70%. On a per patient level, the introduction of Impella 
5.0 was projected to lead to a cost-saving of EUR 616 per 
patient in Year 1 and up to EUR 2155 per patient in Year 5 
relative to current clinical practice utilizing VA-ECMO 
alone (Table 4).

Scenario analyses showed that savings were largely 
driven by the lower incidence of device-related 

complication costs with Impella 5.0 compared with VA- 
ECMO (Table 5). The management of complication 
costs represented a substantial component of the total 
overall cost of care for patients with left-ventricular 
refractory CS. In Scenario 1 (without Impella 5.0) total 
cumulative 5-year costs were EUR 28.6 million when 
complications were excluded but EUR 90.8 million 
when complication costs were accounted. In current 
clinical practice, without Impella 5.0, the cost of VA- 
ECMO-related complications was estimated at EUR 
62.3 million (i.e. 69% of total costs). In Scenario 2, 
with Impella 5.0, total 5-year costs were projected to 
be EUR 46.8 million not including complications com-
pared with EUR 86.5 million when complications were 
included. These results indicate that the use and funding 
of Impella 5.0 would result in a EUR 22.5 million 
reduction in direct costs related to complications over 
a period of 5 years. Thereby suggesting that with these 

Figure 3 Treatment pathway after decision to use VA-ECMO. 
Abbreviations: BNP, brain natriuretic peptide; VA-ECMO, veno-arterial extracorporeal membrane oxygenation; LVAD, left ventricular assist device.
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market share predictions, the incremental cost associated 
with the Impella 5.0 device is entirely offset by savings 
resulting from the lower incidence of device-related 
complications with Impella 5.0. Moreover, faster and/ 
or higher adoption rates of Impella 5.0 would be 
expected to further increase the cost savings to the 
French health system.

Scenario analyses were also performed around market 
share and VA-ECMO-related consumable costs (Table 5). 
In the base case, as a conservative assumption no costs 
related to VA-ECMO-related consumables were 
accounted; however, in an analysis in which a cost of 
EUR 3000 was assumed for VA-ECMO-related consum-
ables, total savings over the 5-year time horizon increased 
to EUR 8.5 million, representing a 97% increase in sav-
ings compared with the base case analysis.

One-way deterministic sensitivity analyses were per-
formed around length of stay, target population size, treat-
ment costs, complication costs and incidence of 
complications (Table 6). These showed that the results of 
the analysis were most sensitive to changes in assumptions 
around the length of stay for patients receiving VA- 
ECMO, the cost of the Impella 5.0 device and the 

Table 1 Clinical Input Data Utilized in the Budget Impact 
Analysis

Outcome Impella 
5.0®

VA- 
ECMO

Source

Median (IQR) LoS in 

ICU, days

6 (3–14) 16 

(9–30)

Karami et al14

Median (IQR) time 

device used, days

3 (2–6) 6 (3–8) Karami et al14

Vascular access site 
infection, %

1.1 15.8 Karami et al14

Amputations, % 0 4.7 Abiomed data on 
file, Cheng et al17

Acute renal injury, % 15 55.6 Abiomed data on 
file, Cheng et al17

Requiring blood 
products, %

62.8 97.4 Karami et al14

Requiring long-term 
left VAD, %

1.1 13.2 Karami et al14

Use of additional 
IABP, %

4.4 55.3 Karami et al14

Stroke, % 4.4 10.5 Karami et al14

Abbreviations: ICU, intensive care unit; IABP, intra-aortic balloon pump; IQR, 
interquartile range; LoS, length of stay; VAD, ventricular assist device; VA-ECMO, 
veno-arterial extracorporeal membrane oxygenation.

Table 2 Projected Market Share Estimates in Years 1–5 
(2019–2024)

Year 1 Year 2 Year 3 Year 4 Year 5

Number of patients 610 610 610 610 610

Market share, scenario 1: without Impella 5.0®, %

Impella 5.0 0 0 0 0 0

VA-ECMO 100 100 100 100 100

Market share, scenario 2: with Impella 5.0, %

Impella 5.0 20 30 50 60 70

VA-ECMO 80 70 50 40 30

Abbreviation: VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

Table 3 Unit Cost Data

Item Cost, 
EUR

Source

Impella 5.0® 14,850 Abiomed, data 

on file

VA-ECMO N/A Intra-DRG*

Supplement for ICU stay 
(resuscitation unit), per day

805.36 ATIH18

Supplement for ICU stay, per day 403.15 ATIH18

Supplement for dialysis session 44.84 ATIH18

Complication costs

Hospitalization in ICU, per day 403.15 ATIH18

Device-related vascular access site 
infection

N/A Intra-DRG*

Amputation of lower limbs within 5 
years

11,010 Halimi et al19

Acute renal injury N/A Intra-DRG*

Supplement for dialysis session 44.84 ATIH18

Need for labile blood products N/A Intra-DRG*

Need for long-term left VAD 83,187,00 Ameli.fr20

Use of additional IABP N/A Intra-DRG*

Stroke within 5 years 23,520 Ameli.fr20

Note: *As the payer perspective was that of mandatory health insurance intra- 
DRG costs were not accounted in the budget impact calculation. 
Abbreviations: ATIH, Agency for Hospital Information; DRG, diagnosis-related 
group; IABP, intra-aortic balloon pump; N/A, not applicable; NHI, National Health 
Insurance; VAD, ventricular assist device; VA-ECMO, veno-arterial extracorporeal 
membrane oxygenation.
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proportion of Impella 5.0-treated patients receiving a long- 
term LVAD. Specifically, if the length of stay for VA- 
ECMO was decreased by 20% total savings over the 
5-year period decreased to EUR 2.5 million, but if the 
length of stay for VA-ECMO was increased by 20% total 
savings increased notably to EUR 6.4 million. Results 
were also sensitive to the cost of Impella 5.0; here 
a decrease of 10% relative to the base case increased 
total savings to EUR 6.4 million over the 5-year time 
horizon.

Discussion
Overall, the findings of the budget impact analysis suggest 
that, from the perspective of the French national health 
insurer, the use of Impella 5.0 for the treatment of patients 
with left-ventricular refractory CS requiring temporary 
MCS is likely to result in total savings of EUR 
4.3 million over a period of 5 years compared with current 

clinical practice. The projected savings associated with the 
introduction of Impella 5.0 were driven primarily by the 
lower incidence of device-related complications and 
shorter length of stay with Impella 5.0 relative to VA- 
ECMO. Indeed, deterministic sensitivity analyses showed 
that the overall findings were highly sensitive to assump-
tions relating to the length of stay with VA-ECMO. 
Additionally, a recent analysis in temporal trends of CS 
in the Paris area showed that the proportion of ICU 
patients with CS increased almost two-fold over the period 
1997–2012.23 Consequently, the higher number of patients 
treated for CS makes both the clinical and economic out-
comes associated with different management options 
increasingly important to both physicians and payers in 
France.

It is important to note that as the payer perspective of 
the analysis was that of mandatory national health insur-
ance, intra-DRG costs were not included in the budget 

Table 5 Summary Findings of Scenario Analyses

Scenario Budget Impact, EUR % Change 
from Base 
Case

Year 1 Year 2 Year 3 Year 4 Year 5 Cumulative

Base case −375,639 −563,458 −939,097 −1,126,917 −1,314,736 −4,319,848

Complications not included 1,582,378 2,373,567 3,955,944 4,747,133 5,538,322 18,197,344 +521

Impella 5.0® market share +10%* −563,458 −939,097 −1,126,917 −1,314,736 −1,502,556 −5,446,765 −26

VA-ECMO consumable cost EUR 3000 −741,639 −1,112,458 −1,854,097 −2,224,917 −2,595,736 −8,528,848 −97

VA-ECMO consumable cost EUR 3000 

and Impella 5.0 market share +10%*

−1,112,458 −1,854,097 −2,224,917 −2,595,736 −2,966,556 −10,753,765 −149

VA-ECMO consumable cost EUR 6000 −1,107,639 −1,661,458 −2,769,097 −3,322,917 −3,876,736 −12,737,848 −195

VA-ECMO consumable cost EUR 6000 

and Impella 5.0 market share +10%*

−1,661,458 −2,769,097 −3,322,917 −3,876,736 −4,430,556 −16,060,765 −272

Note: *Impella 5.0 market share, Year 1=30%, Year 2=50%, Year 3=60%, Year 4=70%, Year 5=80%. 
Abbreviation: VA-ECMO, veno-arterial extracorporeal membrane oxygen.

Table 4 Budget Impact Associated with the Introduction of Impella 5.0® in France

Cost, EUR

Year 1 Year 2 Year 3 Year 4 Year 5 Cumulative

Complications included

Scenario 1: without Impella 5.0 18,167,418 18,167,418 18,167,418 18,167,418 18,167,418 90,837,090

Scenario 2: with Impella 5.0 17,791,779 17,603,960 17,228,321 17,040,501 16,852,682 86,517,242

Budget impact, overall −375,639 −563,458 −939,097 −1,126,917 −1,314,736 −4,319,848

Budget impact per patient −616 −924 −1540 −1847 −2155 −1,416
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impact calculation. Intra-DRG costs included costs asso-
ciated with consumables related to VA-ECMO as well as 
treatment costs for device-related vascular access site 
infection (although costs of VA-ECMO-related consum-
ables were captured in sensitivity analyses). In particular, 
Karami et al reported that the proportion of patients requir-
ing labile blood products as well as the proportion of 
patients requiring an additional IABP was significantly 
higher for VA-ECMO than Impella 5.014 but the costs 
associated with this resource use were not captured in 
this analysis. This perspective may represent 
a conservative picture of the overall costs associated with 
the management of patients with CS, particularly those in 
whom VA-ECMO is used, given the extensive medical 
resource use required for VA-ECMO. In one US-based 
analysis in CS, patients managed with ECMO had mean 
total hospital charges of USD 580,066 per patient, 

compared with USD 156,437 per patient without 
ECMO.24 The magnitude of the management costs for 
patients with CS when all direct costs are captured there-
fore underscores the cost-saving potential associated with 
the introduction of Impella 5.0 into clinical practice in this 
patient population.

In the present analysis, the projected incidence of 
device-related complications was largely based on the 
findings of a retrospective two-center study in the 
Netherlands in a total of 128 patients with CS following 
acute MI. Here, Karami et al reported that the overall 
incidence of device-related complications (defined as 
limb ischemia, access site infection or access site bleed-
ing) was 17% with Impella 5.0 compared with 40% with 
VA-ECMO (p<0.01).14 In particular, the incidence of 
access site-related infection was 1.1% for Impella 5.0 
compared with 15.8% for VA-ECMO.14 Additionally, in 

Table 6 Summary Findings of Deterministic Sensitivity Analyses

Parameters Lower 
Bound

Upper 
Bound

Budget Impact Lower 
Bound, EUR

Budget Impact Upper 
Bound, EUR

Market share, % −20% +20% −3,455,878 −5,183,817

Length of stay, VA-ECMO, days −20% +20% −2,509,866 −6,129,830

Length of stay, Impella 5.0®, days −20% +20% −4,998,591 −3,641,104

Target population size, n −20% +20% −3,455,878 −5,183,817

Impella 5.0 tariff −10% +10% −6,403,303 −2,236,393

Cost lower limb amputation −20% +20% −4,174,646 −4,465,050

Cost, stroke −20% +20% −3,917,265 −4,722,430

Patients on long-term LVAD, VA-ECMO, % −20% +20% −4,576,613 −4,063,083

Patients on long-term LVAD, Impella 5.0, % −20% +20% −1,238,668 −7,401,028

Vascular site access infection, VA-ECMO, % −20% +20% −4,319,848 −4,319,848

Vascular site access infection, Impella 5.0, % −20% +20% −4,319,848 −4,319,848

Number of amputations, VA-ECMO −20% +20% −4,174,646 −4,465,050

Number of amputations, Impella 5.0 −20% +20% −4,319,848 −4,319,848

Patients with acute kidney injury, VA-ECMO, % −20% +20% −4,319,848 −4,319,848

Patients with acute kidney injury, Impella 5.0, % −20% +20% −4,319,848 −4,319,848

Dialysis sessions, VA-ECMO, n −20% +20% −4,319,848 −4,319,848

Dialysis sessions, Impella 5.0, n −20% +20% −4,319,848 −4,319,848

Use of labile blood products, VA-ECMO, n −20% +20% −4,319,848 −4,319,848

Use of labile blood products, Impella 5.0, n −20% +20% −4,319,848 −4,319,848

Abbreviations: LVAD, left ventricular assist device; VA-ECMO, veno-arterial extracorporeal membrane oxygen.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                               

ClinicoEconomics and Outcomes Research 2021:13 60

Le Guyader et al                                                                                                                                                     Dovepress

 
C

lin
ic

oE
co

no
m

ic
s 

an
d 

O
ut

co
m

es
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
13

4.
15

7.
14

8.
10

6 
on

 2
9-

Ja
n-

20
21

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com
http://www.dovepress.com


their analysis, Karami et al also report a significantly 
shorter median duration of time spent on device support 
(3 days versus 6 days; p<0.01) as well as significantly 
shorter median length of stay in the ICU with Impella 
5.0 than with VA-ECMO (6 days versus 16 days; 
p<0.01), although part of this may be related to the 
lower incidence of device-related complications.14 

A limitation of the use of clinical input data from the 
analysis by Karami et al is the fact that the study design 
was that of a retrospective observational analysis rather 
than an RCT. However, there is general paucity of RCT 
data in CS, which may be partly due to the logistical 
complexities of conducting RCTs in critically ill patients. 
It should also be noted that observational data may also be 
more representative of the situation in routine clinical 
practice than RCTs. Further, the findings from other obser-
vational studies concur with the findings of Karami et al. 
For example, in one retrospective analysis of patients with 
CS following STEMI or post-cardiotomy shock, Impella 
5.0 was associated with a significantly lower use of blood 
products as well as a significantly lower incidence of 
arterial thromboembolism compared with VA-ECMO.25

The scope of the analysis presented here is limited 
solely to the budget impact associated with the introduc-
tion of Impella 5.0 to clinical practice in France and does 
not capture other aspects of value to clinicians such as ease 
of use. Although conversely, this analysis also does not 
capture any increased time or resource use that may be 
associated with a learning curve for physicians using 
devices for the first time. Additionally, the analysis did 
not capture value associated with factors such as improved 
mobility levels and rehabilitation, particularly as mobility 
may be an important prognostic indicator for patients with 
CS.26,27 Previous investigators have highlighted the ease 
of use of Impella 5.028 as well as conversely the logistical 
challenges, complexity and high levels of medical resource 
use associated with the use of VA-ECMO.14,24 

Additionally, when interpreting the findings of the analysis 
presented here it is important to note that although the use 
of Impella 5.0 may be associated with cost savings there 
are instances where the use of VA-ECMO may represent 
a more appropriate intervention. For example, VA-ECMO 
is the preferred treatment modality for patients with refrac-
tory cardiac arrest, multiorgan failure or respiratory 
failure.7 Allied to this, there are key differences in the 
underlying mechanical aspects of Impella 5.0 and VA- 
ECMO that may also influence clinical decision making. 
For example, for some patients with CS, a key advantage 

associated with the use of Impella 5.0 is the direct unload-
ing of the left ventricle. In contrast, VA-ECMO provides 
circulatory support and blood oxygenation without unload-
ing the left ventricle. This can lead to elevated left ven-
tricular pressure, which can in turn result in myocardial 
wall stress, delayed ventricular recovery and potentially 
even pulmonary venous hypertension and pulmonary 
edema.29 A key downstream effect of the direct unloading 
of the left ventricle is decreased myocardial oxygen con-
sumption, which in turn creates a setting more conducive 
to myocardial recovery. In the setting of acute MI 
decreased myocardial oxygen consumption has been 
linked to reduced infarct size,30 with infarct size in turn 
being a key determinant of outcomes including mortality, 
reinfarction and heart failure.31 Indeed, ventricular unload-
ing has recently emerged as a key strategy for preventing 
ischemia-reperfusion injury, facilitating myocardial recov-
ery and reducing infarct size in the setting of MI.

As with any economic analysis, the analysis presented 
here is associated with a number of limitations. In parti-
cular, as noted, the clinical input data used in the model 
were sourced from a combination of expert opinion and 
observational studies rather than RCTs. However, as noted 
RCT data comparing Impella 5.0 and VA-ECMO are cur-
rently lacking. The analysis was also performed from the 
perspective of the national health insurer and therefore 
does not capture all the cost components associated with 
the management of patients with CS, the omission of costs 
such as those associated with the use of additional IABPs 
or labile products, which was higher with ECMO than 
with Impella 5.0, may therefore present a conservative 
picture in terms of the overall patient management costs. 
Further, a simplifying assumption used in the model was 
that all simulated patients were identical. However, in 
reality, the patient population is likely to be heterogeneous. 
For example, some patients may have a greater degree of 
impairment with regard to renal and hepatic function, the 
cost implications of which were not considered in the 
model. Additionally, the comparison is limited to Impella 
5.0 and does not consider the use of other temporary MCS 
devices, nor the utilization of VA-ECMO and Impella 5.0 
in the same patient, which has been documented in clinical 
practice.29,32 Potential differences between settings such as 
placement in a catheter laboratory versus operating room 
(e.g. in terms of medical resource use) were also not 
considered in the analysis; however, this would not have 
influenced the results of the analysis when considered 
from the payer (health insurance) perspective. The 
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generalizability of the findings is also limited; these find-
ings are specific to the French setting and the care pathway 
used in the model. Differences in resource use, direct 
medical costs and local treatment pathways should be 
taken into account when applying the findings of the 
current analysis to different settings.

In conclusion, the findings of this budget impact ana-
lysis suggest that in France, the introduction of Impella 5.0 
for use in patients with left ventricular refractory CS is 
likely to be associated with cost savings when compared 
with current clinical practice.
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