
SUBMITTED ON 05/10/2021 - REVISION RECEIVED ON 1st 13/12/2021 / 2nd 17/01/2022 - ACCEPTED ON 27/01/2022

235

EuroIntervention 2
0

2
2

;1
8

:2
3

5
-241   published online ahead of p

rint Feb
ruary 2

0
2

2
 

D
O

I: 10
.4

2
4

4
/E

IJ-D
-2

1-0
0

8
6

7

CL IN ICAL  RESEARCH
C O R O N A R Y  I N T E R V E N T I O N S

© Europa Digital & Publishing 2022. All rights reserved.

*Corresponding author: Unité de Recherche Clinique en Économie de la Santé, Hôpital Hôtel Dieu AP-HP, 1 Parvis Notre-Dame, 
75004 Paris, France. E-mail: alicia.le-bras@aphp.fr

Economic evaluation of fractional flow reserve-guided versus 
angiography-guided multivessel revascularisation in 
 ST-segment elevation myocardial infarction patients in the 
FLOWER-MI randomised trial
Alicia Le Bras1*, MS; Etienne Puymirat2,3,4, MD, PhD; Hasina Rabetrano1, MS; Guillaume Cayla5, MD, PhD; 
Tabassome Simon4,6,7, MD, PhD; Gabriel Steg4,8,9, MD; Gilles Montalescot10, MD, PhD; 
Olivier Varenne3,11, MD, PhD; Laurent Bonello12,13, MD, PhD; Pierre Coste14, MD, PhD; 
Nicolas Delarche15, MD; Jean-Louis Georges16, MD; Stephan Chassaing17, MD; Vincent Letocart18, MD; 
Gilles Chatellier19, MD, PhD; Nicolas Danchin2,3,4, MD; Isabelle Durand-Zaleski1,20, MD, PhD; 
for the FLOWER-MI study investigators
1. Clinical Research Unit Eco Ile de France, Hôpital Hôtel Dieu AP-HP, Paris, France; 2. Department of Cardiology, Hôpital 
Européen Georges Pompidou AP-HP, Paris, France; 3. Université de Paris, Paris, France; 4. French Alliance for 
Cardiovascular Trials (FACT), Paris, France; 5. Centre Hospitalier Universitaire de Nîmes, Nîmes, France; 6. Department of 
Clinical Pharmacology, Hôpital Saint Antoine AP-HP, Paris, France; 7. Université Pierre et Marie Curie (UPMC), Paris, 
France; 8. Université Paris-Diderot, Sorbonne Paris Cité, Paris, France; 9. Hôpital Bichat - Claude Bernard AP-HP, Paris, 
France; 10. ACTION Groupe, Institut de Cardiologie (AP-HP) and INSERM UMRS 1166, Hôpital Pitié-Salpêtrière, Paris, 
France; 11. Department of Cardiology, Hôpital Cochin AP-HP, Paris, France; 12. Mediterranean Association for research and 
studies in cardiology (MARS CARDIO) and Centre for cardiovascular and nutrition research, INSERM 1263, INRA 1260, 
Marseille, France; 13. Cardiology Department, Hôpital Nord, Marseille, France; 14. Intensive Cardiology Care Unit and 
Interventional Cardiology, Hôpital Cardiologique du Haut-Lévêque, Pessac, France; 15. Department of Cardiology, Centre 
Hospitalier de Pau, Pau, France; 16. Cardiology Department, Centre Hospitalier de Versailles, Le Chesnay-Rocquencourt, 
France; 17. Cardiology Department, Clinique Saint Gatien, Tours, France; 18. Department of Cardiology, Thorax Institute, 
Nantes University Hospital, Nantes, France; 19. Clinical Research Unit and CIC 1418 INSERM, Hôpital Européen 
Georges Pompidou AP-HP, Paris, France; 20. Université de Paris Est Creteil (UPEC), Créteil, France

This paper also includes supplementary data published online at: https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-21-00867

Abstract
Background: In patients with ST-segment elevation myocardial infarction (STEMI) who have multivessel 
disease, the FLOWER-MI trial found no significant clinical benefit to fractional flow reserve (FFR)-guided 
percutaneous coronary intervention (PCI) compared to angiography-guided PCI.
Aims: Our aim was to estimate the cost-effectiveness and cost-utility of FFR-guided PCI, the secondary 
endpoint of the FLOWER-MI trial.
Methods: Costs, major adverse cardiovascular events (composite of all-cause death, non-fatal myocardial 
infarction [MI], and unplanned hospitalisation leading to urgent revascularisation), and quality-adjusted life 
years were calculated in both groups. The incremental cost-effectiveness and cost-utility ratios were esti-
mated. Uncertainty was explored by probabilistic bootstrapping. The analysis was conducted from the per-
spective of the health care provider with a time horizon of one year.
Results: At one year, the average cost per patient was 7,560€ (±2,218) in the FFR-guided group and 
7,089€ (±1,991) in the angiography-guided group (p-value<0.01). The point estimates for the incremental 
cost-effectiveness and cost-utility ratios found that the angiography-guided strategy was cost saving and 
improved outcomes, with a probabilistic sensitivity analysis confirming dominance.
Conclusions: The FFR-guided strategy at one year is unlikely to be cost effective compared to the angi-
ography-guided strategy on both clinical and quality of life outcomes.
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Abbreviations
FFR fractional flow reserve
ICER incremental cost-effectiveness ratio
MACE major adverse cardiovascular event
PCI percutaneous coronary intervention
QALY quality-adjusted life year

Introduction
The relevance of fractional flow reserve (FFR)-guided complete 
revascularisation compared to culprit-only treatment of multi-
ple coronary artery stenoses has recently been evaluated1,2. With 
FFR guidance, the haemodynamic relevance of coronary sten-
oses of intermediate severity (50-70%) can be determined dur-
ing coronary angiography, allowing appropriate guidance of 
stent implantation in patients with stable coronary artery disease. 
In patients with ST-segment elevation myocardial infarctions 
(STEMI), the Compare-Acute and COMPLETE trials found 
a reduced rate of events with complete revascularisation guided 
by FFR measurements, compared with a strategy of culprit-only 
percutaneous coronary intervention (PCI)1,2. The potential dis-
crepancy between visual (angiography only) and haemodynamic 
(FFR guidance) findings may reduce the need for stenting if 
angiographic stenoses turn out to be without haemodynamic rel-
evance. Although neither trial included an economic evaluation, 
their results, with a two-fold reduction in major adverse cardio-
vascular events (MACE), suggested that the additional cost of 
MACE in the control groups (culprit lesion-only treatment) could 
offset the initial costs of the FFR-guided complete revasculari-
sation strategy (costs of the guidewire and additional stenting).

In chronic coronary syndromes, the FFR Versus Angiography 
for Multivessel Evaluation (FAME) study demonstrated improved 
health outcomes at one year and the ancillary economic evaluation 
found that FFR was significantly cost saving with an average cost 
reduction of $2,385 (1,681€)3 per patient4. The potential discrep-
ancy between visual (angiography only) and haemodynamic (FFR 
guidance) findings may reduce the need for stenting and the added 
cost of the pressure wire if angiographic stenoses turn out to be 
without haemodynamic relevance.

The FLOW Evaluation to Guide Revascularization in 
Multivessel ST-Elevation Myocardial Infarction (FLOWER-MI) 
trial was designed to assess whether FFR-guided complete revas-
cularisation translated into better clinical outcomes and lower 
costs compared to angiography-guided complete revascularisation 
in STEMI patients with multivessel disease (MVD)5. In the angi-
ography-guided group, PCI was performed for all coronary sten-
oses of ≥50% reduction in vessel diameter by visual estimation 
and considered amenable to PCI. In the FFR-guided group, FFR 
was measured in all lesions judged to have a stenosis of ≥50% 
reduction in vessel diameter by visual estimation and considered 
amenable to PCI. An FFR value ≤0.80 was considered significant 
for ischaemia with a recommendation that non-culprit PCI be per-
formed. Although the use of stents was reduced with the FFR-
guided strategy, the trial found no evidence of a clinical benefit6. 

The prespecified economic evaluation was conducted alongside 
the trial to provide additional data on cost-effectiveness and cost-
utility of the FFR-guided strategy.

Editorial, see page 188

Methods
STUDY DESIGN AND OVERSIGHT
The FLOWER-MI trial protocol and clinical results have been 
published5,6. In short, the investigator initiated a multicentre, ran-
domised trial and compared FFR-guided complete revascularisa-
tion in the acute setting of primary PCI to angiography-guided 
complete revascularisation in STEMI patients.

The study protocol was approved by an ethics committee 
(CPP Ile de France XI, April 14, 2016) and registered in the 
ClinicalTrials.gov registry (NCT02943954).

The study was funded by a 2015 grant from the “Programme 
Hospitalier de Recherche Clinique” (PHRC) issued by the French 
Ministry of Health. It was sponsored by Assistance Publique-
Hôpitaux de Paris, with financial assistance provided by the 
St. Jude Medical Company, which provided the coronary pres-
sure guidewire (Radi Medical Systems). The authors were solely 
responsible for the design and conduct of this study, all study anal-
yses, the drafting and editing of the paper and its final contents. 
The steering committee vouched for the accuracy and complete-
ness of the data and analyses, and for the fidelity of the trial to the 
protocol, available at NEJM.org6.

COST-EFFECTIVENESS AND COST-UTILITY ANALYSES
The primary economic analysis was a within-trial cost-effective-
ness analysis undertaken from a healthcare system perspective 
over a one-year period and followed the CHEERS guidelines7. 
The primary endpoint for the effectiveness was defined as the 
composite of all-cause death, non-fatal myocardial infarction, 
and unplanned hospitalisation leading to urgent revascularisation 
(MACE), at one year between the FFR-guided group and the angi-
ography-guided group, calculated as the total number of events in 
each group divided by the total population. The cost-effectiveness 
analysis was complemented by a cost-utility analysis. The util-
ity was expressed as the difference in quality-adjusted life years 
(QALY) between the two strategies. QALY represents a patient’s 
survival time weighted by the quality of life, represented by a util-
ity function. Utility values were collected at baseline, day 30, 6 
and 12 months using the EQ-5D-5L health-related quality of life 
questionnaire8. The EQ-5D-5L comprises a descriptive system 
which is composed of five health dimensions (mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression) with five 
levels of health state (no problems to extreme problems). The 
participant’s answers are combined to produce a five-digit num-
ber describing the participant’s health status which is converted 
to a utility value from the country-specific value set. The French 
EQ-5D-5L value set was used in this economic study and has util-
ity values between −0.525 (worst possible health) and 1 (best pos-
sible health)9.
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The FLOWER-MI trial: a cost-effectiveness analysis

Hospital resource use data were obtained from discharge sum-
maries prospectively collected at 30 days from the index admission. 
The cost of the index admission was valued with severity-adjusted 
diagnosis-related group cost data obtained from the national hos-
pital cost study10, adjusted for actual length of stay, by type of unit 
and actual use of intensive care reported in the patients’ electronic 
case report forms (eCRF). Unit costs are presented in Table 1. 
Repeat hospital admissions were identified from the study eCRF 
for adverse events. Unit cost used for adverse events are presented 
in Supplementary Table 1.

Total costs were estimated from the date of recruitment until the 
earliest date of death, withdrawal from the study, or at 12 months. 
Non-hospital costs were not included in the cost calculations. All 
costs were valued at 2021 prices.

Both costs and outcomes were undiscounted because of the 
short time horizon.

The incremental cost-effectiveness ratio (ICER) and incre-
mental cost-utility ratio (ICUR), defined as the difference in cost 
between the two strategies divided by the difference in effective-
ness and utility, were calculated in cost per MACE averted and in 
cost per QALY gained.

The statistical analyses were performed on the intention-to-treat 
population. Multivariate imputation by chained equations (MICE) 
was used to process missing data11,12. Imputed datasets were gen-
erated using predictive mean matching from a set of imputation 
models constructed from all potential prognostic factors: sex, age, 
site, time spent in the trial and by intervention group.

Cost and efficacy data were expressed as mean±standard devia-
tion. Between the two groups, differences in MACE and rehospitali-
sations were compared with a Poisson model or by negative binomial 
regression depending on the variance and the mean. The difference 
in QALYs was compared using Student’s t-test or Mann-Whitney 
test depending on the distribution. The difference in costs was com-
pared with a permutation test. Other quantitative data were compared 
using Student’s t-test. Where the assumption of equal variances was 
not met, a Welch correction was applied. The non-parametric Mann-
Whitney test was carried out in the case of non-normal distribution.

The uncertainty of the results was analysed using a non-para-
metric bootstrap, which provided multiple estimates of the ICER 
by randomly resampling the patient population 1,000 times. 
Results were presented as a scatter plot of 1,000 ICERs on the 
cost-effectiveness plane and transformed into a cost-effectiveness 
acceptability curve based on the decision-makers’ willingness to 
pay for an additional QALY.

All the 95% confidence intervals (95% CI) were estimated with 
this bootstrap technique.

Finally, we performed a subgroup analysis to present the clini-
cal and economic outcomes in patients, according to the type of 
procedure for non-culprit lesions (complete revascularisation dur-
ing index procedure or complete revascularisation performed dur-
ing another, staged procedure).

A p-value less than 0.05 was considered significant.
All health economic analyses were done with R version 4.0.1 

(The R Foundation)13.

Results
PATIENTS
Between December 2016 and December 2018, a total of 
1,163 patients with STEMI and MVD were enrolled in the trial. 
Among them, 586 patients were randomly assigned to receive 
FFR-guided complete revascularisation, and 577 to receive angi-
ography-guided complete revascularisation.

Details of adverse events and hospitalisations in a cardiology 
department or service at one year are presented in Table 2.

COST-EFFECTIVENESS AND COST-UTILITY RESULTS
Results are presented in Table 3.

Table 1. Unit costs used for the economic evaluation (in €).

Type of service/product Unit cost (€) Source

PCI (per min) ± Range: 4-10 French national hospital cost study

Stent DES 573 Statutory health insurance tariffs

Pressure wire 400 Statutory health insurance tariffs

Guidewire 47 Manufacturer price

Cardiology ward day ± Range: 540-766 French national hospital cost study

Intensive care unit day Range: 323-807 DRG tariffs for public hospital

± valued with severity-adjusted diagnosis related group cost data. DES: drug-eluting 
stent; PCI: percutaneous coronary intervention

Table 2. Details of adverse events and hospitalisations in a cardiology department or service at one year.

Events
FFR-guided group (N=586) Angiography-guided group (N=577)

p-value
N Mean±SD N Mean±SD

Death from any cause 9 0.02 (±0.12) 10 0.02 (±0.13) 0.79

Non-fatal myocardial infarctions 19 0.03 (±0.18) 11 0.02 (±0.15) 0.17

Unplanned hospitalisation leading to urgent revascularisation 16 0.03 (±0.16) 12 0.02 (±0.15) 0.49

Recurrent ischaemia 37 0.06 (±0.28) 20 0.03 (±0.19) 0.046

Acute heart failure 11 0.02 (±0.16) 12 0.02 (±0.15) 0.82

Stroke 2 0.00 (±0.06) 3 0.01 (±0.07) 0.64

Bleeding 20 0.03 (±0.19) 23 0.04 (±0.20) 0.62
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The average length of stay for initial hospitalisation was 
5.30 days (±3.78) for the FFR-guided group, and 5.19 days 
(±4.63) for the angiography-guided group (p-value=0.02). The 
average total cost per patient at one year was 7,560€ (±2,218) for 
the FFR-guided group and 7,089€ (±1,991) for the angiography-
guided group, i.e., a mean difference of 471€ (95% CI: 232€-
712€; p-value<0.01).

Utility scores obtained during follow-up are described in the 
Supplementary Table 2.

In the FFR-guided group, the mean number of one-year MACE 
per patient was 0.075 (±0.327) and one-year QALY was 0.860 
(±0.192) versus 0.057 (±0.309) and 0.871 (±0.178) in the angiog-
raphy-guided group (p-value=0.34 and 0.49, respectively).

With a higher cost and lower efficiency and utility scores, FFR-
guided complete revascularisation was a dominated strategy, i.e., 
more expensive and less effective. The set of ICERs estimated by 
the non-parametric bootstrap are presented by the cloud of points 
on the cost-effectiveness plane; 85% of these ICERs and 81% of 
the ICURs were located in the top left-hand quadrant (Central 
illustration). In addition, the acceptability curve is presented in 
Figure 1. At a threshold of 100,000€/QALY there was 9% chance 
that the FFR-guided strategy was cost effective (Figure 1).

Cost and clinical outcomes according to the type of proce-
dure (immediate or staged) are presented in the Supplementary 
Table 3. When the procedure was performed at the same time as 
the primary PCI, the average total cost per patient at one year was 
6,497€ (±2,548) for the FFR-guided group, and 6,456€ (±1,825) 
for the angiography-guided group.

Discussion
We performed the prespecified within-trial incremental cost-effec-
tiveness and cost-utility analyses of the FLOWER-MI trial to 
inform clinicians on the expected costs and quality of life results 
of using FFR-guided PCI. The hypothesis was that the additional 
cost of measuring the FFR would be offset by a decreased use of 
stents, and by the savings of decreased subsequent events. The 
FLOWER-MI trial did not show a superiority of the FFR-guided 
PCI compared to angiography-guided PCI for non-infarct related 
coronary arteries in patients with STEMI and MVD. The analyses 
of the joint distribution of costs and outcomes (MACE and quality 
of life) found a high probability that angiography-guided revascu-
larisation dominated FFR-guided revascularisation, thus yielding 
a “negative” point estimate of the ICER, with a probabilistic sen-
sitivity analysis showing an 80% probability of FFR-guided PCI 
being dominated.

Reimbursement and purchasing decisions for devices are often 
subject to uncertainty at the time of their market entry, without 
economic evaluation to guide policy makers14. The trial-based 

Table 3. Resource use, per-patient cost (inflated) in € and clinical 
results by randomisation group at one year.

FFR-guided 
group (N=586)

Angiography-
guided group 

(N=577)
p-value 

Initial admission

Hospital days total 5.30 (±3.78) 5.19 (±4.63) 0.02

Intensive care unit days 3.61 (±1.41) 3.69 (±1.24) <0.01

Floor bed days 1.69 (±3.14) 1.50 (±4.44) 0.02

Procedure duration (min)

Index procedure 36.27 (±21.29) 37.04 (±21.90) 0.46

Staged procedure 35.4 (±19.71) 32.44 (±21.05) <0.01

Stents 2.41 (±1,29) 2.82 (±1.17) <0.01

Target lesion 1.40 (±0.79) 1.33 (±0.69) 0.23

Other 1.01 (±0.99) 1.49 (±0.86) <0.01

Number of repeat hospital 
admissions 0.15 (±0.44) 0.10 (±0.36) 0.059

Costs (€)

Initial admission 7,147 (±1,531) 6,781 (±1,367) <0.01

Intensive care unit days 1,444 (±620) 1,458 (±473) 0.68

Floor bed days 3,542 (±953) 3,297 (±828) <0.01

Index procedure ± 189 (±128) 188 (±123) 0.85

Staged procedure ± 191 (±129) 173 (±132) 0.02

Stents 1,381 (±741) 1,618 (±669) <0.01

Pressure wire 400 (–) 47 (–) –

Repeat hospital admissions 413 (±1,665) 308 (±1,387) 0.24

Within 30 days 52 (±427) 64 (±500) 0.68

Between 30 days and 
6 months 216 (±1,099) 140 (±896) 0.20

Between 6 months and 
12 months 145 (±833) 104 (±674) 0.36

Total 1-year costs 7,560 (±2,218) 7,089 (±1,991) <0.01

MACEs 0.075 (±0.327) 0.057 (±0.309) 0.34

QALYs 0.860 (±0.192) 0.871 (±0.178) 0.49

±Excluding the costs of stents and pressure guide. MACEs, major adverse 
cardiovascular events, including all-cause death, non-fatal myocardial infarction, 
and unplanned hospitalisation leading to urgent revascularisation; 
QALYs: quality-adjusted life years
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Figure 1. Cost-effectiveness acceptability curve showing the 
probability that FFR-guided strategy is cost effective compared to 
angiography-guided strategy at one year. QALYs: quality-adjusted 
life years
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economic study of FLOWER-MI provides evidence of efficacy 
and economic value of two revascularisation strategies in patients 
with MVD admitted for myocardial infarction.

These results differ from those found in FAME4. Firstly, the 
FAME and FLOWER-MI studies were carried out on differ-
ent populations (i.e., in stable patients for FAME and in STEMI 
patients for FLOWER-MI). Secondly, the severity of non-culprit 
lesion stenosis based on visual estimation was different between 
the studies, which could explain the discrepancy in results, particu-
larly regarding the need for stenting. Thirdly, the cost difference 
could be explained by (i) the substantial decrease in the drug-elut-
ing stents (DES) tariff from 1,100€ at the time of FAME (2010) 
to 573€ in 2021, (ii) the pressure wire tariff in FLOWER-MI 
was 400€ vs $650 (458€)3 in FAME, (iii) among 586 patients in 
the FFR-guided PCI group, 388 (66%) of them had ≥1 PCI in 
non-culprit lesions and (iv) compared to the angiography-guided 
group, the mean number of one-year MACE per patient is higher 
in the FFR-guided group, which increased the costs incurred by 
the FFR-guided group during follow-up.

Patients in the FLOWER-MI trial had an initial length of stay 
of five days, one day longer than in the FAME and Compare-
Acute trials, and the average number of stents used per patient was 
higher in both groups of FLOWER-MI than in both other trials14.

The economic results are sensitive to the relative costs of DES 
and FFR pressure wires, as in the FAME trial, since the use of 

FFR resulted in a reduction in stent use. In the USA, DES are 
more expensive than pressure wires15, and up to six times more 
expensive than in European countries14. In Europe, DES and FFR 
pressure wires are roughly the same price. In Japan, the prices are 
different again, with FFR pressure wires being more expensive16,17. 
With a US price three times higher for DES than for pressure wire 
($1,656 or 1,155€ vs $650 or 458€)3, FFR additional costs can 
be offset by a 30% reduction in DES implantation, which is what 
happened in FAME. In FLOWER-MI, the relative costs of DES 
and pressure wires in European countries make cost offsets very 
unlikely.

In practice, the main results of the FLOWER-MI trial have sug-
gested that the FFR-guided strategy for complete revascularisation 
in STEMI patients with MVD offered no clear clinical benefit over 
angiography-guided complete revascularisation. The most interest-
ing situation concerns intermediate lesions (i.e., 50 to 70% of ste-
nosis) in which the probability of functional lesions is rare. FFR 
measurement could be useful for patients especially if the meas-
urement is performed during the index procedure (i.e., after the 
primary PCI). However, we recently showed that in patients with 
STEMI undergoing complete revascularisation guided by FFR 
measurement, those with ≥1 PCI in non-culprit lesions had lower 
event rates at one year, compared with patients with deferred PCI, 
suggesting that deferring lesions judged relevant by visual estima-
tion but with FFR >0.80 may not be optimal in this context18.

EuroIntervention

CENTRAL ILLUSTRATION Scatter plots of incremental cost and effectiveness of FFR-guided strategy compared to 
angiography-guided strategy at one year.
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A) Scatter plot of incremental cost and effectiveness in Euros per MACE avoided. B) Scatter plot of incremental cost and effectiveness in 
Euros per quality-adjusted life-year (QALY) gained. MACE: major adverse cardiovascular events, including all-cause death, non-fatal 
myocardial infarction, and unplanned hospitalisation leading to urgent revascularisation; QALYs: quality-adjusted life years
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Limitations
We have identified the following limitations.

First, during the initial procedure, patients in the FFR-guided PCI 
group received adenosine and intracoronary nitrate. The additional 
cost of drugs was not included in our calculations, as it would fur-
ther increase the cost difference in favour of the angiography-guided 
group. We did not include out-of-hospital costs, but it is unlikely that 
they would constitute an important limitation since medications and 
follow-up visits were the same in both groups and represent less than 
10% of total costs during the year following STEMI19 (the average 
cost for medications per year was reported, by social health insur-
ance in 2019, to be 426€ per patient20. Second, we encouraged all 
investigators to perform complete revascularisation during the index 
procedure for the treatment of non-culprit lesions. In practice, how-
ever, this proved to be unrealistic, and only 4% of the patients (44 
out of 1,163) had an immediate intervention for non-culprit lesions. 
This can be explained by logistical constraints due to randomisation, 
the organisation of each centre (personnel insufficiently trained for 
FFR measurement during nights and week-ends in some catheteri-
sation laboratories), and the reluctance of investigators to perform 
MVD revascularisation during the acute procedure (increased pro-
cedural time, prothrombotic and inflammatory milieu at the acute 
phase of STEMI; increased contrast load with increased risk of con-
trast-induced nephrotoxicity; radiation exposure). In addition, coro-
nary spasm at the acute stage may lead to possible overestimation of 
stenosis severity in non-infarct-related arteries, possibly explaining 
why some patients in the angiography-guided group (3%) did not 
undergo PCI. Overall, this suggests that FFR measurement at the 
same time as PCI of the infarct-related artery might be rather unre-
alistic in routine clinical conditions. Immediate revascularisation of 
non-culprit lesions would reduce costs but not necessarily favour the 
FFR-guided group since it can be angiography-guided as well. Only 
patients with intermediate stenosis could potentially avoid repeat 
admission. Third, trial-based economic evaluations reflect the prac-
tice and unit costs of the investigator’s country, which limits external 
validity. The known negative correlation between use of resources 
and unit costs in health care is confirmed by the comparison of our 
data with the FAME economic evaluation, based upon Medicare 
unit cost. Bed days, cardiac care unit days and DES are three to 
four times more expensive in the USA than in France. However, 
the cost of the study device was not too different, 400€ versus $650 
(458€). Fourth, completed at baseline, day 30, 6 and 12 months, 
the EQ-5D-5L health-related quality of life questionnaire did not 
necessarily capture the quality of life during adverse events, which 
may have led to an overestimation of the cost-utility of the FFR-
guided strategy. Fifth, the FLOWER-MI study was unblinded which 
could have affected patients’ perception of their quality of life. The 
informed consent mentioned that FFR could allow better identifi-
cation of lesions that needed revascularisation. However, patients 
also knew that all significant lesions would be treated, either imme-
diately or in a staged procedure. The EQ-5D-5L quality data are 
consistent with the MACE data, which leads us to believe that the 
absence of blinding had limited impact on quality of life reporting.

Conclusions
Among patients presenting with STEMI and MVD, the cost-effec-
tiveness and cost-utility were in favour of the angiography-guided 
PCI, rather than an FFR-guided strategy.

Impact on daily practice
The main results of the FLOWER-MI trial showed that FFR-
guided PCI was not superior compared to angio-guided PCI 
in STEMI patients with MVD. With an 80% probability that 
FFR-guided PCI is less effective and more expensive, this eco-
nomic evaluation also highlighted the financial limitations of 
FFR-guided revascularisation, which may lead the healthcare 
authorities to reject the use of this innovation for all patients. 
Potentially, this strategy could be reserved for intermediate 
lesions (i.e., non-culprit lesions 50-70%). We recently showed 
that in patients with STEMI undergoing complete revasculari-
sation guided by FFR measurement, those with ≥1 PCI in non-
culprit lesions had lower event rates at one year, compared with 
patients with deferred PCI, suggesting that deferring lesions 
judged relevant by visual estimation but with FFR >0.80 may 
not be optimal in this context18. Other data therefore seem nec-
essary to define the use of FFR in acute myocardial infarction. 
Regarding the trade-offs between the cost of using FFR-guided 
PCI, the issue of the relative costs of DES and FFR guidewires 
is not as significant in Europe or Japan as it is in the USA, or 
countries where DES are priced above guidewires.
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Supplementary data 

Supplementary Table 1. Unit costs used for adverse events (€) from the French national 

hospital cost study. 

Adverse event Unit cost (€)9 

Fatal myocardial infarction 1,920 

Non-fatal myocardial infarction without revascularisation 3,214 

Non-fatal myocardial infarction with urgent 

revascularisation 
5,019 

Urgent revascularisation without myocardial infarction 4,330 

Non-urgent revascularisation without myocardial 

infarction 
3,136 

Non-fatal stroke 3,242 

Fatal stroke 2,389 

Acute heart failure 3,736 

Bleeding 2,110 

Ischaemia 1,910 

Other deaths 1,482 

 

  



 

Supplementary Table 2. Description of the utility scores referring to quality of life 

obtained during follow-up by randomisation group. 

Utility scores  

 FFR-guided 

group 

(N=586) 

Angiography-guided 

group 

(N=577) 

p-value 

At baseline  0.845 (±0.220) 0.830 (±0.238) 0.20 

At 30 days  
0.852 (±0.225) 0.872 (±0.207) 0.22 

At 6 months  
0.864 (±0.228) 0.873 (±0.224) 0.28 

At 12 months  
0.864 (±0.242) 0.872 (±0.242) 0.96 

 

  



Supplementary Table 3. Resource use, per-patient cost (inflated) in € and clinical results 

by randomisation group and type of procedure (immediate or staged) at one year. 

 FFR-guided group Angiography-guided group 

 

Immediate 

procedure 

N=20 

Staged 

procedure 

N=566 

Immediate  

procedure 

N=24 

Staged 

procedure 

N=553 

Initial admission     

Hospital days total 4.25 (±2.00) 5.34 (±3.82) 8.50 (±20.24) 5.05 (±2.17) 

• Intensive care unit 

days 
3.50 (±1.73) 3.61 (±1.40) 3.44 (±1.09) 3.70 (±1.24) 

• Floor bed days 0.75 (±1.14) 1.73 (±3.19) 5.06 (±19.9) 1.35 (±1.87) 

Procedure duration 

(min) 
    

• Index procedure  53.59 (±26.41) 35.72 (±20.85) 59.70 (±23.55) 34.38 (±18.85) 

• Staged procedure - 38.35 (±21.12) - 33.85 (±20.37) 

Stents 2.20 (±1.24) 2.41 (±1.30) 2.71 (±1.00) 2.83 (±1.18) 

• Target lesion 1.40 (±0.68) 1.40 (±0.79) 1.38 (±0.71) 1.33 (±0.69) 

• other 0.80 (±1.01) 1.01 (±0.99) 1.33 (±0.87) 1.50 (±0.86) 

Number of repeat 

hospital admissions 
0.05 (±0.22) 0.15 (±0.44) 0.12 (±0.34) 0.10 (±0.36) 

     

Costs (€)     

Initial admission 6,481 (±2,555) 7,171 (±1,480) 6,070 (±1,536) 6,812 (±1,352) 

• Intensive care unit 

days 1,388 (±654) 1,447 (±619) 1,436 (±567) 1,459 (±469) 

• Floor bed days 3,162 (±2,009) 3,555 (±894) 2,733 (±912) 3,321 (±816) 

• Index procedure ± 271 (±150) 186 (±126) 302 (±142) 183 (±120) 

• Staged procedure ± - 198 (±126) - 181 (±130) 

• Stents 1,260 (±710) 1,385 (±742) 1,552 (±572) 1,621 (±674) 

• Pressure wire 400 (-) 400 (-) 47 (-) 47 (-) 

Repeat hospital 

admissions 
16 (±72) 427 (±1,693) 386 (±1,062)  305 (±1,400) 

• Within 30 days 0 (±0) 54 (±435) 156 (±763) 66 (±510) 

• Between 30 days and 

6 months 
0 (±0) 224 (±1,117) 0 (±0) 140 (±902) 

• Between 6 months 

and 12 months 
16 (±72) 149 (±847) 230 (±788) 99 (±669) 

Total 1-year costs 6,497 (±2,548) 7,598 (±2,198) 6,456 (±1,825) 7,117 (±1,995) 

     

MACEs 0 (±0) 0.080 (±0.33) 0.042 (±0.20) 0.058 (±0.31) 

QALYs 0.885 (±0.16) 0.860 (±0.19) 0.869 (±0.17) 0.871 (±0.18) 

MACEs: major adverse cardiovascular events including all-cause death, non-fatal myocardial 

infarction, and unplanned hospitalisation leading to urgent revascularisation; QALYs: quality-

adjusted life years.  

±: Excluding the costs of stents and pressure guide 


