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BACKGROUND: Previous studies found that percutaneous coronary 
intervention (PCI) does not improve outcome compared with medical 
therapy (MT) in patients with stable coronary artery disease, but PCI 
was guided by angiography alone. FAME 2 trial (Fractional Flow Reserve 
Versus Angiography for Multivessel Evaluation) compared PCI guided 
by fractional flow reserve with best MT in patients with stable coronary 
artery disease to assess clinical outcomes and cost-effectiveness.

METHODS: A total of 888 patients with stable single-vessel or multivessel 
coronary artery disease with reduced fractional flow reserve were 
randomly assigned to PCI plus MT (n=447) or MT alone (n=441). Major 
adverse cardiac events included death, myocardial infarction, and urgent 
revascularization. Costs were calculated on the basis of resource use and 
Medicare reimbursement rates. Changes in quality-adjusted life-years 
were assessed with utilities determined by the European Quality of Life–5 
Dimensions health survey at baseline and over follow-up.

RESULTS: Major adverse cardiac events at 3 years were significantly lower 
in the PCI group compared with the MT group (10.1% versus 22.0%; 
P<0.001), primarily as a result of a lower rate of urgent revascularization 
(4.3% versus 17.2%; P<0.001). Death and myocardial infarction were 
numerically lower in the PCI group (8.3% versus 10.4%; P=0.28). Angina 
was significantly less severe in the PCI group at all follow-up points to 
3 years. Mean initial costs were higher in the PCI group ($9944 versus 
$4440; P<0.001) but by 3 years were similar between the 2 groups 
($16 792 versus $16 737; P=0.94). The incremental cost-effectiveness ratio 
for PCI compared with MT was $17 300 per quality-adjusted life-year at 
2 years and $1600 per quality-adjusted life-year at 3 years. The above 
findings were robust in sensitivity analyses.

CONCLUSIONS: PCI of lesions with reduced fractional flow reserve 
improves long-term outcome and is economically attractive compared 
with MT alone in patients with stable coronary artery disease.
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The optimal treatment strategy for patients with 
stable angina and coronary artery disease (CAD) 
remains controversial, especially whether medical 

therapy (MT) alone or percutaneous coronary interven-
tion (PCI) plus MT is most appropriate. Previous studies 
such as the COURAGE trial (Clinical Outcomes Utilizing 
Revascularization and Aggressive Drug Evaluation) sug-
gested little difference in clinical outcome and quality 
of life between these 2 strategies and significantly high-
er costs with the addition of PCI.1,2 These studies were 
limited, however, by including a significant proportion 
of patients with CAD causing little or no myocardial 
ischemia and by the use of older PCI techniques.3

Measuring fractional flow reserve (FFR) with a pres-
sure wire at the time of coronary angiography identifies 
coronary lesions that are responsible for significant isch-
emia and identifies patients most likely to benefit from 
PCI.4 The FAME 2 trial (Fractional Flow Reserve Versus 
Angiography for Multivessel Evaluation) randomized 
patients with stable angina and at least 1 coronary le-
sion with an abnormal FFR to either MT alone or PCI 
with current-generation drug-eluting stents.5 The long-
term clinical outcomes, effects on quality of life, and 
cost-effectiveness of these 2 strategies are unknown.

METHODS
Study Design and Oversight
The design of the FAME 2 trial has been reported previously.6 
Briefly, the FAME 2 trial was a prospective, international, 

randomized controlled trial conducted at 28 sites in Europe 
and North America that enrolled patients with stable angina 
and angiographically documented CAD (1-, 2-, or 3-vessel 
disease) suitable for PCI with current-generation drug-elut-
ing stents. Before randomization, FFR was measured across 
all lesions that appeared to be angiographically significant. 
Patients who had ≥1 stenosis in a major coronary artery with 
an FFR ≤0.80 were randomly assigned to FFR-guided PCI 
plus the best available MT or to the best available MT alone. 
Patients with an FFR >0.80 across all lesions were not ran-
domized, and 50% of these patients were followed up in a 
registry. The inclusion and exclusion criteria are detailed in the 
Appendix in the online-only Data Supplement. All patients 
provided written informed consent, and local Institutional 
Review boards approved the study protocol.

Treatment
Patients randomly allocated to PCI received a loading dose 
of clopidogrel (600 mg) and aspirin immediately before the 
procedure if they were not already taking these medications. 
All stenoses with an FFR ≤0.80 were treated with second-
generation drug-eluting stents. All patients who underwent 
PCI received clopidogrel at a dose of 75 mg daily for at least 
12 months, in addition to the best available MT. All patients 
were given a medication tracking form for recording weekly 
medication use and doses. Patients who smoked were coun-
seled about smoking cessation. Patients with diabetes mel-
litus were referred to a diabetes specialist to receive the best 
available treatment.

Study End Points and Follow-Up
The primary end point was the rate of major adverse cardiac 
events defined as a composite of death resulting from any 
cause, nonfatal myocardial infarction, or unplanned hospital-
ization leading to urgent revascularization. In this report, we 
focus on 3-year clinical outcomes, quality of life, and cost-
effectiveness. For each outcome event, a detailed narrative 
was produced. All events were adjudicated by independent 
clinical events committee members who were unaware of the 
assigned treatment. Revascularization was considered to be 
urgent when a patient was admitted to the hospital with per-
sistent or increasing symptoms (with or without changes in 
the ST segment or T wave or elevated biomarker levels) and 
the revascularization procedure was performed during the 
same hospitalization. All urgent revascularizations were adju-
dicated to determine the type of trigger (myocardial infarc-
tion, electrocardiographic evidence of ischemic changes, or 
clinical features only) and the severity (according to the crite-
ria of the Canadian Cardiovascular Society) of angina that led 
to the procedure. Follow-up visits were scheduled at 1 and 6 
months and at 1, 2, and 3 years.

Quality of Life and Resource Use
Healthcare resource use associated with the index hospital-
ization and with follow-up outpatient visits, diagnostic tests, 
medications, adverse events, and hospitalizations was recorded 
prospectively. Use of guiding catheters, coronary guidewires, 
balloon catheters, and stents; medications; cardiac catheter-
ization laboratory time; and hospital days for each patient 

Clinical Perspective

What Is New?
• The new findings in this article are that percutaneous 

coronary intervention in patients with stable coronary 
disease and abnormal fractional flow reserve results 
in lower rates of death, myocardial infarction, and 
urgent revascularization at the 3-year follow-up com-
pared with an initial strategy of best medical therapy.

• Patients who receive percutaneous coronary inter-
vention up-front continue to have significantly 
improved quality of life at the 3-year follow-up.

• An initial strategy of percutaneous coronary inter-
vention in patients with stable coronary disease 
and abnormal fractional flow reserve is attractive 
from an economic standpoint.

What Are the Clinical Implications?
• Percutaneous coronary intervention in patients 

with stable coronary disease and abnormal frac-
tional flow reserve is advantageous compared 
with medical therapy alone because it results in 
improved clinical outcomes and quality of life at no 
increased cost by the 3-year follow-up.
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were quantified, and cost weights in US dollars were applied 
to calculate the cost of the index procedure for each patient. 
Costs were assigned to postdischarge events on the basis of 
Medicare’s reimbursement rate per diagnosis-related group for 
hospitalizations and the Medicare fee schedule for outpatient 
tests and all physician fees. Pharmacy costs for cardiac medica-
tions were estimated from internet pharmacy prices. We did 
not discount costs because of the limited follow-up period. All 
costs were assessed from the perspective of the US healthcare 
system and are reported in 2012 US dollars. The cost weights 
for adverse events and resources are included in Tables I and II 
in the online-only Data Supplement.

Quality-adjusted life-years (QALYs) were derived from 
health-related quality of life and survival during the 3-year 
time horizon of the trial. Quality-of-life indexes (utilities) were 
evaluated at baseline, 1 month, and 1, 2, and 3 years with 
the European Quality of Life–5 Dimensions (EQ-5D) instru-
ment with US weights scaled from 0 (death) to 1 (perfect 
health). Because the protocol did not mandate it, only a 
minority of patients completed the 3-year EQ-5D. To account 
for the missing values at the 3-year time point, we used mul-
tiple imputation using measured utility values and reported 
angina, as well as baseline patient characteristics, lesion 
location, and clinical events. In another analysis, we used a 
last value carried forward technique to estimate utility at 3 
years on the basis of the values at 2 years. The overall QALYs 
for each patient were estimated as the area under the curve 
determined by the utility values at baseline, 1 month, and 1, 
2, and 3 years. The individual delta QALY was calculated by 
multiplying years and the change in the health utility from 
baseline as an increment of utilities gained by the treatment 
for each patient.

Statistical Analysis
All patients were analyzed according to the group to which 
they were originally assigned (intention-to-treat analysis). We 
compared categorical data using the χ2 test or Fisher exact test 
and continuous data with t tests or the Mann-Whitney U test 
as appropriate. Comparisons between baseline and 1-month 
and 1-, 2-, or 3-year utilities were made by the paired t test, 
whereas comparisons of differences between groups were 
made by the 2-sample t test. We constructed Kaplan-Meier 
curves for the primary end point and revascularization and 
treatment groups. Cox proportional-hazard models were fit-
ted to estimate hazard ratios with 95% confidence intervals 
for the between-group comparisons, and the log-rank test 
was used to calculate P values. The cost-effectiveness of PCI 
was expressed as the incremental cost-effectiveness ratio 
(ICER), defined as the difference in the cumulative costs of 
PCI and MT divided by the difference in cumulative QALYs 
of PCI and MT. We computed confidence intervals for differ-
ences in costs and QALYs and in the ICER using the bootstrap 
technique with the percentile method with 10 000 repli-
cations. Sensitivity analyses were performed for a range of 
±$400 on the cost of coronary stents, by setting to zero the 
cost of the coronary pressure wire and adenosine in the initial 
procedure in the MT group, and by setting to zero the total 
cost of the initial catheterization procedure in the MT group. 
Full details of the imputation model are provided in Methods 
in the online-only Data Supplement. The data, analytical 

methods, and study materials will not be made available to 
other researchers for purposes of reproducing the results or 
replicating the procedure.

RESULTS
Patients
Enrollment in the trial was stopped prematurely on the 
advice of the Data Safety Monitoring Board because a 
highly significant difference had developed in the pri-
mary end point. Among 1220 patients enrolled, 888 
patients had at least 1 stenosis with an FFR ≤0.80 and 
were randomly assigned to FFR-guided PCI plus MT 
(447 patients) or to MT alone (441 patients). The 332 
patients with an FFR >0.80 in all stenoses visible on an-
giography were not randomized to a treatment, and 
50% were randomly selected for follow-up in a regis-
try while receiving MT. The numbers of patients with 
follow-up in the PCI group and the MT group were as 
follows: 442 (99%) and 434 (98%) at 1 month, 437 
(98%) and 429 (97%) at 1 year, 427 (96%) and 424 
(96%) at 2 years, and 422 (94%) and 413 (94%) at 3 
years, respectively. The numbers of patients with EQ-5D 
data in the PCI group and the MT group were as fol-
lows: 439 (98%) and 432 (98%) at baseline, 422 (94%) 
and 422 (96%) at 1 month, 406 (91%) and 403 (91%) 
at 1 year, 378 (85%) and 383 (87%) at 2 years, and 20 
(5%) and 19 (4%) at 3 years. The clinical characteristics 
of the patients at baseline were well balanced between 
the 2 treatment groups.6

Clinical Outcome
After 3 years of follow-up, major adverse cardiac events 
occurred in 10.1% of the 447 patients (1235 person-
years of follow-up) randomized to PCI and in 22.0% 
of the 441 patients (1090 person-years of follow-up) 
randomized to MT (P<0.001; Figure  1). There was a 
nonsignificant reduction in death or myocardial infarc-
tion in patients randomized to PCI (8.3% versus 10.4%; 
P=0.28), as well as a highly significant difference in the 
rate of urgent revascularization (4.3% versus 17.2%; 
P<0.001; Table  1). The rates of late revascularization, 
both urgent and nonurgent, were lower in the PCI 
group than the MT group, with a widening difference 
over time (Figure I in the online-only Data Supplement). 
After 3 years, 195 patients (44.2%) in the MT group had 
undergone a late PCI, whereas 45 patients (10.3%) in 
the PCI group had undergone repeat revascularization. 
The percentage of patients with Canadian Cardiovas-
cular Society class II, III, or IV angina was significantly 
lower in the PCI group than in the MT group at all time 
points during 3 years of follow-up (Figure 2). At 3 years, 
the difference in angina was driven by fewer patients 
with class II and III angina. Patients assigned to the PCI 
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group received fewer antianginal medications, including 
calcium channel blockers, β-blockers, and long-acting 
nitrates, than those assigned to the MT group at all time 
points (Table III in the online-only Data Supplement).

Costs and Health Outcomes
The initial procedure and hospitalization costs were sig-
nificantly greater in the PCI group compared with the 
MT group ($9944±6507 versus $4440±4462; P<0.001), 

primarily because of the cost of the PCI procedure. Over 
the subsequent years, follow-up costs were higher in the 
MT group such that the mean cumulative costs at 3 years 
were not significantly different between the PCI group and 
the MT group ($16 792±10 139 versus $16 737±13 108; 
P=0.94; Figure 3). The median costs were $13 248 (in-
terquartile range, $10 519 to $19 593) for the PCI group 
and $12 132 (interquartile range, $6202 to $22 724) for 
the MT group. The higher follow-up costs in the MT arm 
were driven by the higher rate of revascularization and 
coronary angiography. The higher cost of antiplatelet 
therapy in the PCI arm was balanced by the higher cost 
of antianginal agents in the MT arm (Table 2).

In the PCI group, the health utility significantly in-
creased at 1 month and then slightly decreased but re-
mained significantly higher during follow-up compared 
with baseline. In the MT group, the utility did not sig-
nificantly improve from baseline at any time point during 
follow-up (Figure 4). The change in QALYs from baseline 
to 2 years was significantly greater in the PCI arm com-
pared with the MT arm (0.070 [SE, 0.015] versus 0.006 
[SE, 0.015]; P<0.002). QALYs at 3 years were numerically 
higher in the PCI group compared with the MT group 
(2.528 [SE, 0.019] versus 2.493 [SE, 0.020]; P=0.22). Be-
cause of differences at baseline in QALYs, the individual 
delta QALYs were significantly greater in the PCI group 
compared with the MT group at the 3-year follow-up 
(0.0752 [SE, 0.022] versus −0.0390 [SE, 0.023]; P<0.001).

Cost-Effectiveness Analysis
At the 2-year follow-up, QALYs were numerically 
higher in the PCI group than in the MT group (1.716 

PCI + MT

MT alone

Registry

No. at Risk

MT alone 441 362 350 339

PCI+MT 447 417 405 392

Registry 166 156 148 141

MT alone vs. PCI+MT:
Hazard ratio, 2.36 (95% CI, 1.66—3.36); P<0.001 by log-rank test
MT alone vs. Registry:
Hazard ratio, 1.89 (95% CI, 1.18—3.03); P=0.007 by log-rank test
PCI+MT vs. Registry:
Hazard ratio, 0.79 (95% CI, 0.47—1.33); P=0.38 by log-rank test

1 2 30

0

10

20

30

40

60

50

)
%(

ecnedicnI
E

C
A

M
evitalu

mu
C

Years

Figure 1. Cumulative incidence 
of major adverse cardiac events 
(MACEs).  
Kaplan-Meier curves are shown for 
the cumulative incidence of the 
MACEs of death, myocardial infarc-
tion, or urgent revascularization in 
the group randomly assigned to per-
cutaneous coronary intervention (PCI) 
plus medical therapy (MT), the group 
randomly assigned to the MT alone, 
and the group who did not undergo 
randomization and were enrolled in 
a registry. CI indicates confidence 
interval.

Table 1. Clinical Outcomes at the 3-Year Follow-Up

 

PCI+MT 
(n=447), n 

(%)

MT alone 
(n=441), n 

(%) P Value

Registry 
(n=166), n 

(%)

MACEs 45 (10.1) 97 (22.0) <0.001 21 (12.7)

        Death 12 (2.7) 16 (3.6) 0.43 5 (3.0)

        MI 28 (6.3) 34 (7.7) 0.41 11 (6.6)

        Urgent 
revascularization

19 (4.3) 76 (17.2) <0.001 11 (6.6)

        Death or MI 37 (8.3) 46 (10.4) 0.28 15 (9.0)

Other end points

        Cardiac death 5 (1.1) 5 (1.1) 0.98 3 (1.8)

        Any F/U 
revascularization

46 (10.3) 195 (44.2) <0.001 24 (14.5)

         Nonurgent 28 (6.3) 133 (30.2) <0.001 15 (9.0)

        Stroke 10 (2.2) 6 (1.4) 0.33 2 (1.2)

        Stent thrombosis 7 (1.6) 2 (0.5) 0.10 1 (0.6)

F/U indicates follow-up after the initial procedure; MACE, major adverse 
cardiac event; MI, myocardial infarction; MT, medical therapy; and PCI, 
percutaneous coronary intervention.

P values were calculated with the log-rank test for the PCI+MT group 
compared with the MT group.
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[SE, 0.015] versus 1.691 [SE, 0.015]; P=0.23), and 
the mean cumulative costs in patients with 2-year 
QALY data were numerically higher in the PCI 
group than in the MT group ($14 853±8741 versus 
$14 421±11 561, respectively; P=0.56), resulting in 
an ICER for PCI at 2 years of $17 300/QALY. At the 
3-year follow-up, the ICER for PCI compared with MT 
was $1600/QALY and was below a willingness-to-
pay threshold of $50 000/QALY in 85% of the 10 000 

bootstrap replications (Figures II and III in the online-
only Data Supplement).

The ICER for PCI changed numerically in several sen-
sitivity analyses but remained less than $50 000/QALY. 
When we assumed that the cost of a drug-eluting stent 
was $400 higher than our base case estimate of $1656 
per stent, the ICER increased to $21 100/QALY, where-
as if we assumed that the stent cost was $400 lower 
than the base case, the overall cost was lower in the 

70.2

10.2 7.5 5.9 5.9 5.2

67.7

28.5

18.4 15.2 12 9.7

0

10

20

30

40

50

60

70

80
SCC

hti
wtneitaP

—
IV

 (%
)

No. total 447          440 441          431 440         434     437         429 425         424 420     413

Baseline 1 Month 6 Months 1 Year 2 Years 3 Years

P=0.42

P<0.001

P<0.001 P<0.001 P=0.002 P=0.015

Figure 2. Differences in angina.  
Presented are numbers of patients with Canadian Cardiovascular Society (CCS) class II to IV angina in the randomized trial at 
different time points. MT indicates medical therapy; and PCI, percutaneous coronary intervention.

Figure 3. Differences in costs.  
Mean cumulative medical costs (lines) at index hospitalization and at 1, 2, and 3 years and mean annual follow-up costs (bars) 
for the percutaneous coronary intervention (PCI) plus medical therapy (MT) and MT alone groups after hospital discharge up 
to 1 year, between 1 and 2 years, and between 2 and 3 years. Error bars and values in parentheses indicate 95% confidence 
intervals.
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PCI group by $590 ($16 142 versus $16 732), and PCI 
became the dominant strategy. When we set the cost 
of the pressure wire and adenosine to zero in the MT 

arm, the ICER became $22 400/QALY. When we set the 
entire cost of the index catheterization procedure and 
FFR measurement in the MT arm to $0, the ICER be-
came $46 200/QALY.

To explore the validity of imputing 3-year utility val-
ues to calculate ICERs, we evaluated the correlation 
between change in angina classification from 1 to 2 
years and change in EQ-5D from 1 to 2 years. In the 
86 patients who had an improvement in angina class, 
the EQ-5D improved (0.032±0.17, mean±SD); in the 
529 patients with no change in angina class, the EQ-5D 
changed very little (−0.005±0.15); and in the 112 pa-
tients who had a decline in angina class, the EQ-5D de-
creased (−0.020±0.17; P<0.001 for trend). From these 
findings, because the relative reduction in the percent-
age of patients with class II to IV angina in the PCI arm 
compared with the MT alone arm was similar at 3 years 
(for which we have complete data) compared with the 
relative reduction at 2 years, we would expect the utility 
values at 3 years to be similar to the values at 2 years.

When QALYs were quantified with a last value car-
ried forward technique for the utilities rather than mul-
tiple imputation, the QALYs at 3 years were numeri-
cally higher in the PCI group compared with the MT 
group (2.552 [SE, 0.024] versus 2.519 [SE, 0.024]; 
P=0.34). The mean cumulative costs of the correspond-
ing population were numerically lower in the PCI group 
($16 376±9466 versus $16 664±12 995; P=0.73), and 
hence, FFR-guided PCI was the dominant strategy.

Table 2. Costs During Index Admission and 3-Year 
Follow-Up

 
PCI+MT
(n=447)

MT Alone
(n=441) P Value

Initial costs per patient, $

        Procedure (including staged 
procedure) and hospital 
stay cost

9836±5758 4383±4326 <0.001

        Other costs 108±1318 57±611 0.46

        Total costs 9944±6507 4440±4462 <0.001

Follow-up costs per patient, $

        Revascularization 1967±5227 7178±9877 <0.001

        Coronary angiography 534±1235 1024±1781 <0.001

        Noninvasive diagnostic tests 269±371 276±440 0.82

        Outpatient visits 357±361 361±534 0.91

        Adverse events (other than 
revascularization)

1449±3905 1159±2807 0.21

        Medication 2272±653 2300±638 0.43

         Antiplatelet medication 332±265 265±275 <0.001

         Antianginal medication* 510±336 600±357 <0.001

3-y total costs per patient, $ 16 792±10 139 16 737±13 108 0.94

MT indicates medical therapy; and PCI, percutaneous coronary intervention.
*The antianginal medications include calcium channel blocker, β-blockers, 

and long-acting nitrates.
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Figure 4. Changes in European Quality of Life–5 Dimensions (EQ-5D).  
Values are means calculated from multiple imputation data. Error bars represent SEM. Between-group difference was sig-
nificant at baseline and at 1 month. MT indicates medical therapy; and PCI, percutaneous coronary intervention.*P<0.05 vs 
baseline.
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DISCUSSION
The main finding of this study is that compared with 
best MT alone, performing PCI in patients with stable 
CAD and at least 1 coronary lesion with an abnormal 
FFR leads to improved clinical outcome, less angina, 
and improved quality of life at a similar cost over 3 years 
of follow-up. With better clinical outcomes at a similar 
cost, PCI of coronary lesions with reduced FFR is an eco-
nomically attractive strategy.

We previously reported that the FFR-guided PCI strat-
egy in the FAME 2 trial was cost-effective compared 
with MT alone.7 However, the previous analysis was lim-
ited by only 7 months of follow-up and extrapolation 
of the 1-month quality-of-life assessment. In this study, 
we have quality-of-life data out to 2 years in the major-
ity of patients and cost and angina data at 3 years. By 
3 years of follow-up, there was no difference in cost 
between the 2 groups, and significantly fewer patients 
in the PCI arm had class II to IV angina. The persistent 
difference in angina may be the result of low referral 
for PCI to control angina in the MT arm, which may re-
sult in additional PCIs in this group during longer-term 
follow-up.

The cost-effectiveness of FFR-guided PCI was quite 
favorable in this study and remained under the bench-
mark value of $50 000/QALY in several alternative for-
mulations and in several sensitivity analyses. Collection 
of the EQ-5D data used to estimate utility was not man-
datory at the 3-year follow-up point, and these data 
were collected in relatively few patients. The 2-year 
ICER was $17 300/QALY, and we estimate it to be more 
favorable at 3 years because of a smaller cost differ-
ence. The point estimates of the ICER varied because 
of the relatively small cost differences, but all were eco-
nomically favorable. The cost-effectiveness of FFR-guid-
ed PCI remained favorable even when we set the cost 
of FFR and the cost of invasive angiography to zero in 
the MT group. These sensitivity analyses do not, how-
ever, assess the cost-effectiveness of PCI compared with 
a noninvasive diagnostic approach, because all patients 
in FAME 2 required an invasive evaluation with these 
procedures to identify the subset with myocardial isch-
emia suitable for PCI.

The measurement of FFR in this study may explain 
why our results differ from those of previous trials 
comparing PCI with MT in patients with stable CAD. 
Because of the inclusion of only patients with at least 
1 narrowing in a major epicardial coronary vessel with 
an abnormal FFR, the FAME 2 trial population was re-
stricted to patients with well-documented myocardial 
ischemia. A previous study from this same cohort has 
shown a direct correlation between the FFR value and 
major adverse cardiac event rates, including a strong 
trend toward higher rates of death or myocardial in-
farction in patients with lower FFR values who received 

MT.8 Other studies have shown that the benefit of re-
vascularization compared with MT is larger the lower 
the FFR or the greater the degree of myocardial isch-
emia.9,10 Moreover, in patients who have no coronary 
lesions with an abnormal FFR, MT is just as effective, 
if not more effective, at preventing major adverse car-
diac events compared with PCI.11 One quarter of the 
patients considered for PCI in this study were not ran-
domized because none of their angiographically appar-
ent stenoses had an abnormal FFR. Patients who did 
not have significant ischemia and were unlikely to ben-
efit from PCI were almost certainly included in previous 
trials, diluting any potential benefit of PCI while driving 
up costs.

Limitations of this study include that enrollment in 
the trial was stopped early at the advice of the Data 
Safety Monitoring Board, which could have exagger-
ated differences between the 2 strategies.12 Both the 
patients and the treating physicians were not blinded 
to the FFR results, and it is possible that the awareness 
of an abnormal FFR value may have influenced the deci-
sion to perform late coronary revascularization. Anoth-
er limitation was the lack of any significant difference 
between death and myocardial infarction between the 
2 treatment strategies; the study was not powered to 
detect a difference in death or myocardial infarction. A 
fourth limitation is that the EQ-5D scores were obtained 
in only a minority of patients at the 3-year follow-up, 
requiring the use of imputation to assess cost-effective-
ness at 3 years.

CONCLUSIONS
The 3-year results of the FAME 2 trial show that PCI 
improves outcomes and is economically attractive com-
pared with MT alone in patients with stable CAD.

SOURCES OF FUNDING 
The FAME 2 trial was supported by St. Jude Medical. The pres-
ent subanalysis was not supported by industry funding or a 
research grant.

DISCLOSURES
Dr Fearon reports institutional research support from 
Medtronic, Abbott Vascular, ACIST Medical, CathWorks, 
and Edwards LifeSciences. He has minor stock options with 
HeartFlow. Dr Bruyne declares that the Cardiovascular Center 
Aalst receives on his behalf grant support from Abbott, Bos-
ton Scientific, Biotronik, and St. Jude Medical and consulting 
fees from St. Jude Medical, Opsens, and Boston Scientific. Dr 
Bruyne is shareholder for Siemens, GE, Bayer, Philips, Heart-
flow, Edwards Life-Sciences, Sanofi, and Omega Pharma. Dr 
Barbato declares that the Cardiovascular Center Aalst receives 
on his behalf grant support from Abbott, Boston Scientific, 

D
ow

nloaded from
 http://ahajournals.org by on July 24, 2018



Cost-Effectiveness of FFR-Guided PCI

Circulation. 2018;137:480–487. DOI: 10.1161/CIRCULATIONAHA.117.031907 January 30, 2018 487

ORIGINAL RESEARCH 
ARTICLE

Biotronik, and St. Jude Medical and consulting fees from St. 
Jude Medical and Boston Scientific. Dr Pijls is consultant for 
St. Jude Medical, Inc, Opsens, Inc, and Boston Scientific, Inc 
and is a shareholder for Philips, Inc, ASML, Inc, General Elec-
trics, Inc, and Heartflow, Inc. Dr Jüni has received research 
grants to the institution from AstraZeneca, Biotronik, Biosen-
sors International, Eli Lilly, and The Medicines Company and 
serves as an unpaid member of the steering group of trials 
funded by AstraZeneca, Biotronik, Biosensors, St. Jude Medi-
cal, and The Medicines Company. Dr Hlatky reports institu-
tional research grants from Milestone Pharmaceuticals, Inc, 
and HeartFlow, Inc, as well as honoraria as a scientific advisor 
to the Center for Clinical Effectiveness of the Blue Cross Blue 
Shield Association, for consultation with the George Institute 
and Acumen, Inc, and as associate editor of the Journal of the 
American College of Cardiology. The other authors report no 
conflicts.

AFFILIATIONS
Division of Cardiovascular Medicine (W.F.F., T.N., M.A.H.), 
Quantitative Sciences Unit (D.B.B.), and Department of 
Health Research and Policy (M.A.H.), Stanford University 
School of Medicine and Stanford Cardiovascular Institute, 
CA. Cardiovascular Center Aalst, Belgium (B.D.B., E.B.). 
Department of Advanced Biomedical Sciences, University of 
Naples Federico II, Italy (E.B.). Catharina Hospital, Eindhoven, 
the Netherlands (P.T., N.H.J.P.). Applied Health Research 
Centre, Li Ka Shing Knowledge Institute of St Michael's 
Hospital, University of Toronto, Ontario, Canada (P.J.). 

FOOTNOTES
Received September 25, 2017; accepted October 14, 2017.

The online-only Data Supplement is available with this ar-
ticle at http://circ.ahajournals.org/lookup/suppl/doi:10.1161/
CIRCULATIONAHA.117.031907/-/DC1.

Circulation is available at http://circ.ahajournals.org.

REFERENCES
 1. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, 

Knudtson M, Dada M, Casperson P, Harris CL, Chaitman BR, Shaw L, 
Gosselin G, Nawaz S, Title LM, Gau G, Blaustein AS, Booth DC, Bates 
ER, Spertus JA, Berman DS, Mancini GB, Weintraub WS; COURAGE Trial 
Research Group. Optimal medical therapy with or without PCI for stable 
coronary disease. N Engl J Med. 2007;356:1503–1516. doi: 10.1056/NEJ-
Moa070829.

 2. Weintraub WS, Boden WE, Zhang Z, Kolm P, Zhang Z, Spertus JA, Harti-
gan P, Veledar E, Jurkovitz C, Bowen J, Maron DJ, O’Rourke R, Dada M, 
Teo KK, Goeree R, Barnett PG; Department of Veterans Affairs Coopera-
tive Studies Program No. 424 (COURAGE Trial) Investigators and Study 
Coordinators. Cost-effectiveness of percutaneous coronary intervention 
in optimally treated stable coronary patients. Circ Cardiovasc Qual Out-
comes. 2008;1:12–20. doi: 10.1161/CIRCOUTCOMES.108.798462.

 3. Kereiakes DJ, Teirstein PS, Sarembock IJ, Holmes DR Jr, Krucoff MW, 
O’Neill WW, Waksman R, Williams DO, Popma JJ, Buchbinder M, Mehran 
R, Meredith IT, Moses JW, Stone GW. The truth and consequences of the 
COURAGE trial. J Am Coll Cardiol. 2007;50:1598–1603. doi: 10.1016/j.
jacc.2007.07.063.

 4. Fearon WF. Percutaneous coronary intervention should be guided by frac-
tional flow reserve measurement. Circulation. 2014;129:1860–1870. doi: 
10.1161/CIRCULATIONAHA.113.004300.

 5. De Bruyne B, Fearon WF, Pijls NH, Barbato E, Tonino P, Piroth Z, Jagic N, 
Mobius-Winckler S, Rioufol G, Witt N, Kala P, MacCarthy P, Engström T, 
Oldroyd K, Mavromatis K, Manoharan G, Verlee P, Frobert O, Curzen N, 
Johnson JB, Limacher A, Nüesch E, Jüni P; FAME 2 Trial Investigators. Frac-
tional flow reserve-guided PCI for stable coronary artery disease. N Engl J 
Med. 2014;371:1208–1217. doi: 10.1056/NEJMoa1408758.

 6. De Bruyne B, Pijls NH, Kalesan B, Barbato E, Tonino PA, Piroth Z, Jagic N, 
Möbius-Winkler S, Mobius-Winckler S, Rioufol G, Witt N, Kala P, Mac-
Carthy P, Engström T, Oldroyd KG, Mavromatis K, Manoharan G, Verlee P, 
Frobert O, Curzen N, Johnson JB, Jüni P, Fearon WF; FAME 2 Trial Investi-
gators. Fractional flow reserve-guided PCI versus medical therapy in stable 
coronary disease. N Engl J Med. 2012;367:991–1001. doi: 10.1056/NEJ-
Moa1205361.

 7. Fearon WF, Shilane D, Pijls NH, Boothroyd DB, Tonino PA, Barbato E, 
Jüni P, De Bruyne B, Hlatky MA; Fractional Flow Reserve Versus Angiog-
raphy for Multivessel Evaluation 2 (FAME 2) Investigators. Cost-effec-
tiveness of percutaneous coronary intervention in patients with stable 
coronary artery disease and abnormal fractional flow reserve. Circulation. 
2013;128:1335–1340. doi: 10.1161/CIRCULATIONAHA.113.003059.

 8. Barbato E, Toth GG, Johnson NP, Pijls NH, Fearon WF, Tonino PA, Curzen 
N, Piroth Z, Rioufol G, Jüni P, De Bruyne B. A prospective natural history 
study of coronary atherosclerosis using fractional flow reserve. J Am Coll 
Cardiol. 2016;68:2247–2255. doi: 10.1016/j.jacc.2016.08.055.

 9. Johnson NP, Tóth GG, Lai D, Zhu H, Açar G, Agostoni P, Appelman Y, Ar-
slan F, Barbato E, Chen SL, Di Serafino L, Domínguez-Franco AJ, Dupouy 
P, Esen AM, Esen OB, Hamilos M, Iwasaki K, Jensen LO, Jiménez-Navarro 
MF, Katritsis DG, Kocaman SA, Koo BK, López-Palop R, Lorin JD, Miller LH, 
Muller O, Nam CW, Oud N, Puymirat E, Rieber J, Rioufol G, Rodés-Cabau 
J, Sedlis SP, Takeishi Y, Tonino PA, Van Belle E, Verna E, Werner GS, Fearon 
WF, Pijls NH, De Bruyne B, Gould KL. Prognostic value of fractional flow 
reserve: linking physiologic severity to clinical outcomes. J Am Coll Cardiol. 
2014;64:1641–1654. doi: 10.1016/j.jacc.2014.07.973.

 10. Ahn JM, Park DW, Shin ES, Koo BK, Nam CW, Doh JH, Kim JH, Chae IH, 
Yoon JH, Her SH, Seung KB, Chung WY, Yoo SY, Lee JB, Choi SW, Park 
K, Hong TJ, Lee SY, Han M, Lee PH, Kang SJ, Lee SW, Kim YH, Lee CW, 
Park SW, Park SJ; IRIS-FFR Investigators. Fractional flow reserve and cardiac 
events in coronary artery disease: data from a prospective IRIS-FFR regis-
try (Interventional Cardiology Research Incooperation Society Fractional 
Flow Reserve). Circulation. 2017;135:2241–2251. doi: 10.1161/CIRCULA-
TIONAHA.116.024433.

 11. Zimmermann FM, Ferrara A, Johnson NP, van Nunen LX, Escaned J, Al-
bertsson P, Erbel R, Legrand V, Gwon HC, Remkes WS, Stella PR, van 
Schaardenburgh P, Bech GJ, De Bruyne B, Pijls NH. Deferral vs. perfor-
mance of percutaneous coronary intervention of functionally non-signifi-
cant coronary stenosis: 15-year follow-up of the DEFER trial. Eur Heart J. 
2015;36:3182–3188. doi: 10.1093/eurheartj/ehv452.

 12. Bassler D, Briel M, Montori VM, Lane M, Glasziou P, Zhou Q, Heels-Ansdell 
D, Walter SD, Guyatt GH, Flynn DN, Elamin MB, Murad MH, Abu Elnour 
NO, Lampropulos JF, Sood A, Mullan RJ, Erwin PJ, Bankhead CR, Perera R, 
Ruiz Culebro C, You JJ, Mulla SM, Kaur J, Nerenberg KA, Schünemann H, 
Cook DJ, Lutz K, Ribic CM, Vale N, Malaga G, Akl EA, Ferreira-Gonzalez I, 
Alonso-Coello P, Urrutia G, Kunz R, Bucher HC, Nordmann AJ, Raatz H, da 
Silva SA, Tuche F, Strahm B, Djulbegovic B, Adhikari NK, Mills EJ, Gwadry-
Sridhar F, Kirpalani H, Soares HP, Karanicolas PJ, Burns KE, Vandvik PO, 
Coto-Yglesias F, Chrispim PP, Ramsay T; STOPIT-2 Study Group. Stopping 
randomized trials early for benefit and estimation of treatment effects: 
systematic review and meta-regression analysis. JAMA. 2010;303:1180–
1187. doi: 10.1001/jama.2010.310.

D
ow

nloaded from
 http://ahajournals.org by on July 24, 2018




