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Abstract

Aims: In the randomized GRAFFITI trial, surgeons drew their strategy based on coro-

nary angiography. When patients were randomized to fractional flow reserve (FFR)-

guidance, surgeons were informed of the FFR values and asked to redraw their strat-

egy. The aim of this study was to investigate the changes induced by FFR knowledge.

Methods and Results: The intended and performed strategy (before and after FFR)

were compared. Among 172 patients, 84 with 300 lesions were randomized to the

FFR-guided group. The intended strategy was to bypass 236 stenoses:108 with a

venous and 128 with an arterial graft. After disclosing FFR, a change in strategy

occurred in 64 lesions (21.3%) of 48 (55%) patients. Among 64 lesions for which the

intended strategy was medical therapy, 16 (25%) were bypassed after disclosing FFR.

The number of procedures with >1 venous graft planned was significantly reduced

from 37 to 27 patients (p = .031). The proportion of on-pump surgery was signifi-

cantly reduced from 71 to 61 patients (p = .006). The rates of clinical events at 1 year

were similar between patients with or without at least one change in strategy.

Discussion: FFR-guided CABG is associated with a simplified surgical procedure in

55% of the patients, with similar clinical outcomes.
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1 | INTRODUCTION

In patients with stable coronary artery disease, an invasive

haemodynamic evaluation such as fractional flow reserve (FFR) is

Abbreviations: CABG, coronary artery bypass graft; DS, diameter stenosis; FFR, fractional

flow reserve; GRAFFITI trial, graft patency after FFR-guided versus angiography-guided

coronary artery bypass grafting trial; LAD, left anterior descending coronary artery; LCX, left

circumflex coronary artery; PCI, percutaneous coronary intervention; RCA, right coronary

artery.
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recommended in the absence of documented ischemia at non-

invasive imaging testing in order to decide if a stenotic vessel needs

to be revascularized or not.1,2 In the field of percutaneous coronary

intervention (PCI), randomized clinical trials demonstrated the benefit

of FFR-guidance3-9 but the level of evidence is not as high in the field

of surgical revascularisation.10 Retrospective data suggest that - as

compared to angiography-guided coronary artery bypass graft (CABG)

surgery - FFR-guided CABG surgery is associated with a simplified

surgical intervention and with a higher graft patency rate at 6 years,11

leading to a significantly lower rate of overall death and myocardial

infarction.12 More recently, in the single-blinded prospective multi-

center randomized controlled trial for FFR-guided versus

angiography-guided CABG (GRAFFITI) trial, FFR-guided CABG was

also associated with a significantly simplified surgical procedure with-

out impact on 1-year graft patency. Nevertheless, so far, the simplifi-

cation of the surgical procedure has only been observed by comparing

angiography-guided versus FFR-guided groups, in contrast to PCI

studies where performing FFR during a diagnostic angiography was

associated with reclassification of the revascularization decision in

about half of the patients.13 In the FFR-guided group of the GRAFFITI

trial, surgeons were asked to draw their intended strategy before and

after FFR measurement of every stenosis invasively assessed by FFR.

The aim of the present predefined sub-study of the GRAFFITI trial

was therefore to investigate the changes in surgical procedure

induced by FFR knowledge.

2 | METHODS

2.1 | Patients and study design

The study design and the main results of the GRAFFITI trial have been

previously published.11,14 Briefly, GRAFFITI (NCT01810224) was a

single-blinded, open-label, prospective, randomized controlled multi-

center trial where patients scheduled for CABG surgery were pro-

spectively included in 6 European centers. The main inclusion criteria

were the presence of a significantly diseased left anterior descending

or left main stem coronary artery by angiography or by FFR and at

least one additional major coronary artery with an angiographically

intermediate stenosis; while the main exclusion criteria were acute

ST-elevation myocardial infarction, moderate to severe valve disease

with indication for valve surgery and severe left ventricular dysfunc-

tion. During the diagnostic procedure, every intermediate coronary

stenosis was measured by FFR, but the results were kept concealed.

The surgeons in charge of performing CABG were asked to draw their

intended revascularization strategy based on the plain coronary angio-

gram regarding the following aspects: (a) intended target vessels;

(b) types and number of grafts; (c) need for heart-lung machine;

(c) possibility of minimal-invasive approach. Then, patients were ran-

domized to angiography-guided or to FFR-guided strategy. In the

FFR-guided group, surgeons were disclosed the measured FFR values

and had to readjust the initially intended surgical strategy according

to the functional significance of each coronary stenosis by FFR using

the traditional cut-off value of ≤0.80. ''Intended'' planned target ves-

sels, types and number of grafts, need for heart-lung machine and

possibility of minimal-invasive approach were compared to the final

''performed'' strategy after FFR disclosure. The study is aligned with

the Helsinki Declaration's principles. Study approval was obtained

from the local ethic committees of each participating centres.

2.2 | Statistics

This is a pre-defined sub-analysis of the GRAFFITI trial. Difference in

survival was assessed by the Kaplan–Meier curves. The impact of FFR

on the change in revascularization strategy was evaluated by the

κ-statistics and the Bowker-McNemar test. Statistical analysis was

carried out using the SPSS 24.0 software (SPSS Inc., Chicago, IL) and

figures were created with Prism 7.0a (GraphPad Software, La Jolla,

CA) and Stata 14.3.

3 | RESULTS

Among the 172 patients randomized in the GRAFFITI trial, 84 patients

with 300 lesions were randomized to the FFR-guided group. Their

baseline characteristics together with their angiography findings are

TABLE 1 Patients investigated (FFR-guided group only)

Variables N (%) or median [IQR]

Male gender 73 (83%)

Age 67 [62; 72]

EuroScore I 2.64 [1.38; 5.12]

Hypertension 68 (77%)

Hyperlipidemia 70 (80%)

Previous myocardial infarction 15 (17%)

Previous PCI 19 (22%)

Diabetes mellitus 31 (35%)

Smoking 47 (53%)

Total number of lesions 300

Lesions per patient 3 [3; 4]

Diameter stenosis (%) 60 [50; 80]

Fractional flow reserve 0.73 [0.54; 0.83]

Total number of lesions with FFR ≤ 0.80 201 (70%)

Total number of lesions with DS ≥ 50% 270 (90%)

Lesion location

-LAD 107 (37%)

-LCX 92 (32%)

-RCA 91 (31%)

Abbreviations: DS, diameter stenosis; FFR, fractional flow reserve; LAD,

left anterior descending coronary artery; LCX, left circumflex coronary

artery; PCI, percutaneous coronary intervention; RCA, right coronary

artery.
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summarized in Table 1. Among the 300 lesions, 201 (70%) were signif-

icant by FFR.

3.1 | Changes in procedural strategy

Among the 300 lesions, the intended strategy was to bypass 236 of

them (79%): 108 with a venous (36%) and 128 with an arterial graft

(43%) (Table 2). After disclosing FFR, a change in strategy occurred

in 64 lesions (21.3%), and at least one change in bypass strategy

occurred in 48 (55%) patients. Of interest, among the 64 lesions for

which the intended strategy was medical therapy, 16 (25%) were

finally bypassed (13 with a venous, 3 with an arterial graft). In addi-

tion, among the 108 lesions intended to be grafted with a venous

conduit, 25 (23.1%) were eventually not bypassed; while among the

128 lesions intended to be grafted with an arterial conduit, the

change in strategy occurred in 18 lesions (14.1%) eventually treated

with medical therapy (n = 15), or with a saphenous venous graft

(SVG) (n = 3). The details are presented in Table 2 and Figure 1.

There was a trend toward higher rate of patients with single vessel

bypass grafting after disclosing FFR (7 patients before

vs. 14 patients after FFR, p = .092) and the number of procedures

with >1 intended SVG was significantly reduced after FFR disclosure

from 37 to 27 patients (p = .031).

The proportion of intended on-pump surgery was significantly

reduced from 71 to 61 patients (p = .006), and a trend toward an

increase in the rate of minimally invasive strategy was observed (from

4 patients to 9 patients, p = .125) after disclosing FFR.

TABLE 2 Intended strategy versus performed strategy after FFR

Strategy

Performed

No
graft

Venous
graft

Arterial
graft

Intended No graft 48 13 3

Venous

graft

25 78 5

Arterial

graft

15 3 110

F IGURE 1 Intended versus performed strategy after disclosing fractional flow reserve, classified by intended strategy

TABLE 3 Clinical endpoints at 1 year

No change in
strategy

At least 1
change

p-
value

Death 0 (0%) 3 (6%) .124

Myocardial infarction 0 (0%) 0 (0%) N.A.

Stroke 0 (0%) 2 (4%) .212

Target vessel

revascularization

2 (5,3%) 0 (0%) .101

MACE 2 (5,3%) 3 (6%) .882

Abbreviation: MACE, major adverse cardiovascular events.
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3.2 | Overall changes and related clinical endpoints

By taking into account the cumulative changes in (a) bypass strategy,

(b) pump strategy and (c) minimally invasive approach, 50 patients

(57%) had at least one change, and 13 patients (15%) had ≥2 changes

after disclosing FFR. The rates of death, myocardial infarction, stroke,

target vessel revascularization, or major adverse cardiovascular events

were similar between the 2 groups (Table 3).

4 | DISCUSSION

This sub-analysis of the GRAFFITI trial confirms that FFR-guidance is asso-

ciated with a simplification of the surgical procedure with no detrimental

impact on clinical outcomes up to 1-year follow-up. Previously, this finding

had only been suggested in between-groups comparison, that is, in FFR-

guided versus angiography-guided groups, either in retrospectives stud-

ies12 or in randomized trials.11 The present study proved these findings by

comparing the same patients before and after disclosing FFR. In addition,

the lack of clinical benefit observed with FFR-guidance at 1-year is not

surprising. Firstly, in a retrospective study based on 627 patients, clinical

endpoints did not differ at 3-year follow-up between the FFR-guided

group and the angiography-guided group, and 6 years were necessary to

observe a clinical benefit, with a reduction of death and myocardial infarc-

tion in the FFR-guided group.12 Secondly, the GRAFFITI trial was powered

to assess patency rate of bypass grafts, and the number of patients is

therefore too small to observe any significant difference in terms of clinical

endpoints, especially in this sub-study focusing on the FFR-guided group

only. Of interest, it appears that a longer follow-up was also necessary in

the field of PCI to observe a benefit of hard clinical endpoints, as it was

the case for the FAME II trial where a benefit in terms of myocardial

infarction reduction was observed only after 5-years.9

Interestingly, the recently published FARGO trial showed that in

patients with multivessel disease, FFR before CABG surgery did not

improve outcomes compared with angiography-guided surgery, in terms

of graft failure and clinical outcomes.15 Some interesting limitations

have been suggested, such as, an early termination because of slower-

than-expected enrolment or an important loss of follow-up. In addition,

it also appears, that the follow-up (6 months) is probably too short in

order to observe a clinical benefit or even a difference in the patency

rate. At variance, the IMPAG trial observed in 199 coronary stenoses of

67 patients a positive correlation between the pre-operative FFR of the

target vessel and the patency rate of the bypass anastomosis at

6 months.16 This apparent discrepancy might be explained by the higher

rate of arterial grafts implanted in the IMPAG study as compared with

both FARGO and GRAFFITI trials. Indeed, the impact of FFR-guidance

seems to be higher in arterial as compared with venous grafts.17

5 | LIMITATIONS

The GRAFFITI trial has some limitations. Firstly, due to slow recruit-

ment, enrolment was stopped prematurely. Secondly, there are no

data on the availabilities of radial grafts in the patients and in some

cases, veins could have been chosen due to the lack of arterial alterna-

tives. Thirdly, as the aim was to assess graft patency, 1 year of follow-

up seems to be appropriate but might be too short to assess clinical

outcomes and the interpretation of the present paper therefore needs

to be confirmed in larger trials with longer follow-up.

6 | CONCLUSION

In conclusion, this sub-analysis of the GRAFFITI trial indicates that

FFR-guided CABG is associated with a simplified surgical procedure in

55% of the patients, with similar clinical outcomes up to 1-year

follow-up. Larger studies with longer follow-up are warranted to con-

firm this hypothesis-generating observation.
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