
442 http://www.jchestsurg.org

JCS
Journal of Chest Surgery

Clinical
Research

The Impact of Fractional Flow Reserve on Clinical Outcomes 
after Coronary Artery Bypass Grafting: A Meta-analysis

Yoonjin Kang, M.D.1, Heeju Hong, M.D.1, Suk Ho Sohn, M.D.1, Myoung-jin Jang, Ph.D.2,*, Ho Young Hwang, M.D., Ph.D.1,*

¹Department of Thoracic and Cardiovascular Surgery and ²Medical Research Collaborating Center, Seoul National University Hospital, Seoul National University 
College of Medicine, Seoul, Korea

ARTICLE INFO
Received  July 20, 2022
Revised  August 29, 2022
Accepted  September 27, 2022 

Corresponding author  
Ho Young Hwang
Tel  82-2-2072-3020
Fax  82-2-765-7117
E-mail  scalpel@snu.ac.kr
ORCID  
https://orcid.org/0000-0002-8935-8118

Myoung-jin Jang
Tel  82-2-740-8880
Fax  82-2-765-7117
E-mail  mjjang@snuh.org
ORCID  
https://orcid.org/0000-0001-8123-5001

*These authors contributed equally to 
this work as corresponding authors.

Background: This meta-analysis was conducted to evaluate the effect of fractional flow 
reserve (FFR) on clinical outcomes after coronary artery bypass grafting (CABG).
Methods: Five online databases were searched for studies that (1) enrolled patients who 
underwent isolated CABG or CABG with aortic valve replacement and (2) demonstrated 
the effect of an FFR-guided strategy on major adverse cardiac events (MACE) after surgery 
based on a randomized controlled trial or adjusted analysis. MACE included cardiac death, 
acute myocardial infarction (MI), and repeated revascularization. The primary outcomes 
were all MACE outcomes and a composite of all-cause death and MI, and the secondary 
outcomes were the individual MACE outcomes. Publication bias was assessed using a fun-
nel plot and the Egger test.
Results: Six articles (3 randomized and 3 non-randomized studies: n=1,027) were select-
ed. MACE data were extracted from 4 studies. The pooled analyses showed that the risk 
of MACE was not significantly different between patients who underwent FFR-guided 
CABG and those who underwent angiography-guided CABG (hazard ratio [HR], 0.80; 95% 
CI, 0.57–1.12). However, the risk of the composite of death or MI was significantly lower in 
patients undergoing FFR-guided CABG (HR, 0.62; 95% CI, 0.41–0.94). The individual MACE 
outcomes were not significantly different between FFR-guided and angiography-guided 
CABG.
Conclusion: FFR-guided CABG might be beneficial in terms of the composite outcome 
of death or MI compared with angiography-guided CABG although data are limited.

Keywords: Fractional flow reserve, Coronary artery bypass grafting, Statistics, Meta-anal-
ysis
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Introduction

The functional significance of coronary artery stenosis 
(CAS) in treatment outcomes after coronary revasculariza-
tion has been recently emphasized because of differences 
in the anatomic severity of CAS and functional ischemia of 
the subtending myocardium [1,2].

The fractional flow reserve (FFR) has been widely used 
to evaluate the functional significance of CAS; in particu-
lar, FFR is widely used in the decision-making process for 
percutaneous coronary intervention (PCI) [3,4]. In the 
presence of discordance between the anatomic severity and 
hemodynamic significance of CAS, a strategy based on the 
hemodynamic significance of coronary stenosis assessed 

by FFR demonstrated better clinical outcomes than a strat-
egy based on angiographic severity [3,5,6].

However, data regarding the effect of an FFR-guided 
strategy on outcomes after coronary artery bypass grafting 
(CABG) are limited. Therefore, this meta-analysis was con-
ducted to evaluate the effect of FFR-guided decision-mak-
ing on clinical outcomes after CABG.

Methods

Data source and literature search

This study was conducted according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
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guidelines [7]. Full-text articles evaluating the effect of FFR 
on clinical outcomes after CABG were searched for in the 
MEDLINE, Embase, Cochrane Central Register of Con-
trolled Trials, Web of Science, and Scopus databases on 
January 28, 2022 without any restrictions on the language 
or publication year. The following keywords and medical 
subject heading terms were searched in MEDLINE: (“Frac-
tional Flow Reserve, Myocardial” [MeSH Terms] OR “Frac-
tional Flow Reserve” [Title/Abstract]) AND (“Coronary 
Artery Bypass” [MeSH Terms]) OR “Coronary artery by-
pass” [Title/Abstract] OR “Coronary revascularization” 
[Title/Abstract] OR “Coronary artery revascularization” 
[Title/Abstract] OR “Myocardial revascularization” [Title/
Abstract]). The search strategies for the other databases 
were adapted from this strategy.

Institutional Review Board approval was not necessary 
due to the nature of the meta-analysis.

Study selection

Studies were selected independently by 2 reviewers (Y.K. 
and H.Y.H.) based on the selection criteria. Any disagree-
ments were resolved via a discussion with the third author. 
The studies were selected by screening first the titles and 
abstracts and then the full texts.

Studies that compared clinical outcomes after FFR-guid-
ed CABG with those after angiography-guided CABG were 
included. When duplicate publications with overlapping 
study populations were found, the most appropriate article 
was selected.

Data extraction

The study characteristics and the patients’ baseline data 
were extracted independently by 2 reviewers (Y.K. and 
H.Y.H.). Data regarding study outcomes were extracted in-
dependently by 2 reviewers (M.J.J. and H.Y.H.). Any dis-
agreements were resolved by discussion with the third au-
thor (S.H.S.).

Assessment of quality

The overall study quality was assessed independently by 
2 reviewers (M.J.J. and H.Y.H.) using the Revised Cochrane 
Risk-of-Bias tool (RoB2) for randomized controlled trials 
(RCTs) and the Risk of Bias in Non-Randomized Studies of 
Interventions (ROBINS-I) for non-randomized studies 
(NRSs) [8,9]. In the RoB2, each of the 5 domains was as-
sessed with judgments (low, some concerns, or high), and 

the overall risk of bias (ROB) was determined as the worst 
ROB in the 5 domains. In the ROBINS-I, each of the 7 do-
mains was rated with a judgment (low, moderate, serious, 
or critical) and the overall ROB was defined as the highest 
ROB level in the 7 domains. Any disagreements between 
the reviewers were resolved by discussion with the third 
author (S.H.S.).

Statistical analysis

Major adverse cardiac events (MACE) after surgery were 
defined as all-cause death, myocardial infarction (MI), and 
repeated revascularization. The primary outcomes were all 
MACE outcomes and a composite of all-cause death and 
MI. The secondary outcomes were the individual outcomes 
of MACE.

For studies reporting results from both multivariable 
and propensity-score matching (PSM) analyses, PSM esti-
mates were selected for the present analyses, and the num-
ber of patients in the study was counted as the number of 
patients included in the PSM analysis. For studies that did 
not report the composite of death or MI, the number of 
composite outcomes was drawn from individual outcome 
data. Statistical heterogeneity among the studies was as-
sessed using the chi-square test and I2 statistic. I2 values of 
25%, 50%, and 75% are indicators of low, moderate, and 
high heterogeneity, respectively [10]. A random-effects 
model with the DerSimonian and Laird method was used 
when substantial heterogeneity was found (I2>50%); other-
wise, a fixed-effects model was planned using the inverse 
variance method.

Outcomes were compared and presented as hazard ratios 
(HRs) with 95% confidence intervals (CIs). For studies re-
porting the number of events without HRs, the HRs and 
95% CIs were calculated from the number of events ac-
cording to the formula [11]. Pooled estimates from RCTs 
and NRSs were presented. Subgroup differences were as-
sessed using the Cochran Q test for heterogeneity. A fun-
nel plot and the Egger test for asymmetry were applied to 
assess the possibility of publication bias for the primary 
outcomes, but not for the secondary outcomes because of 
the small number of studies included [12].

All analyses were performed using R ver. 3.6.2 (meta 
package; The R Foundation for Statistical Computing, Vi-
enna, Austria). Two-sided p-values <0.05 were considered 
to indicate statistical significance.
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Results

Identification of the studies

The database search detected 9,225 articles. After re-
viewing the titles and abstracts, publications not related to 
the study objectives or those without clinical outcomes 
were excluded (n=9,214) and 11 full manuscripts were re-
viewed. Five studies were excluded because the inclusion 
criteria were not met (n=4) or due to duplicate data (n=1). 
Therefore, 6 studies were ultimately included in this review 
(Fig. 1) [13-18].

Study characteristics and patient populations

Among the 6 studies involving 1,027 patients, 5 studies 
[13-17] enrolled isolated CABG patients, while the other 
study included patients who underwent CABG and aortic 
valve replacement [18]. Three studies [15-17] presented the 
results of RCTs (n=378) and the other 3 reported the out-
comes of NRSs (n=649). The cut-off value of FFR was 0.8 
in all studies. The clinical follow-up duration ranged from 
6 to 86 months (Table 1). On average, the patients were in 
their 60s or 70s, and more than 70% of the patients were 
male. Dyslipidemia (54%–86%) and hypertension (56%–
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Fig. 1. Flow diagram based on the 
Preferred Reporting Items for Sys-
tematic Reviews and Meta-analy-
ses.

Table 1. Characteristics of the included studies

Study
Operative 

period
Country

Study 
type

Study population Cut-off 
of FFR

Follow-
up (mo)

Type of surgery
Statistical 
methodsTotal FFR CAG

Fournier et al. [13] (2018) 2006–2010 Belgium NRS 396 198 198 0.8 86 Isolated CABG PSM
Moscona et al. [14] (2018) 2014–2016 USA NRS 109 14 95 0.8 18 Isolated CABG UV
Thuesen et al. [15] (2018) 2014–2016 Denmark RCT 97 49 48 0.8 6 Isolated CABG RCT
Toth et al. [16] (2019) 2012–2016 Europe RCT 172 88 84 0.8 12 Isolated CABG RCT
Rioufol et al. [17] (2021) - France RCTa) 109 54 55 0.8 12 Isolated CABG RCTa)

Di Gioia et al. [18] (2016) 2002–2010 Belgium NRS 144 41 103 0.8 60 CABG+AVR PSMb)

FFR, fractional flow reserve; CAG, coronary angiography; NRS, non-randomized study; CABG, coronary artery bypass graft surgery; PSM, propensity 
score matching; UV, univariate analysis; RCT, randomized controlled trial; AVR, aortic valve replacement.
a)The study design was an RCT, but the enrolled patients underwent either a percutaneous intervention or CABG. b)The study design was PSM, but 
the enrolled patients underwent various treatments, and data from patients who underwent CABG+AVR were analyzed.
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78%) were the most common comorbidities (Table 2).

Quality of the included studies

The ROB of all 3 RCTs was considered low for all 5 do-
mains [15-17]; thus, the overall ROB was judged to be low. 
Two NRSs were judged to have an overall moderate ROB 
[13,18], whereas the other NRS had a high ROB based on 
the “bias due to confounding” domain [14]. All other ROB 
items were determined to be as low in all 3 NRSs (Tables 3, 
4).

Primary outcomes

MACE data were extracted from 4 studies [13-15,18], 
while the other 2 studies presented data regarding major 
adverse cardiac and cerebrovascular events (MACCE) that 
included MACE and stroke. Although the pooled analyses 
of MACE in 746 patients from 4 studies favored FFR-guid-
ed CABG, the risk reduction was not statistically signifi-
cant (HR, 0.80; 95% CI, 0.57–1.12) (Fig. 2). The results were 
similar when the pooled analysis included the MACE data 
from 4 studies and the MACCE data from the other 2 
studies (HR, 0.80; 95% CI, 0.58–1.10) (Fig. 2).

The composite of death or MI was extracted from 4 
studies involving 774 patients [13-15,18]. In a study report-
ing only individual outcomes, it was unclear whether all 
the events occurred in different patients or whether a pa-
tient experienced both MI and death in angiography-guid-
ed CABG [16]. Therefore, the number of patients who ex-
perienced these composite events in angiography-guided 
CABG could have been either 3 or 4. To avoid bias of dou-
ble-counting and to provide more conservative results, it 
was counted as 3 rather than 4. Despite this conservative 
approach, the pooled analysis demonstrated that FFR-guid-
ed CABG was significantly associated with a 38% reduc-
tion in the occurrence of the composite of death or MI 
(HR, 0.62; 95% CI, 0.41–0.94) (Fig. 3).

Secondary outcomes

Data regarding death, MI, and repeated revasculariza-
tion were extracted from 5 [13-17], 4 [13-16], and 4 studies 
[13-16], respectively. The pooled analyses demonstrated 
that FFR-guided CABG tended to be favored for the sec-
ondary outcomes although the results were not statistically 
significant (Fig. 3).
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Publication bias

A funnel plot and the Egger test for asymmetry suggest-
ed no publication bias for the primary outcomes (Fig. 4).

Discussion

The present meta-analysis demonstrated that FFR-guid-
ed CABG might be associated with a 38% reduction in the 
occurrence of the composite of death or MI compared with 
angiography-guided CABG despite fewer revasculariza-
tions being performed in the FFR-guided group.

The FFR is the ratio of maximal blood flow in a stenotic 
portion of the coronary artery to that in a proximal part of 
the artery with a normal f low pattern, and 0.75–0.80 is 
recommended as the cut-off value to distinguish the func-

tional significance of CAS [4,19]. The FFR-guided ap-
proach has been suggested in the decision-making process 
for PCI, as a discordance exists between the anatomic se-
verity and hemodynamic significance of CAS [1,2]. Previ-
ous studies have demonstrated better clinical outcomes af-
ter PCI following the FFR-guided approach than with 
angiography-guided PCI [3,4,6]. Based on this evidence, 
FFR is now the gold standard for assessing the physiologi-
cal lesion severity of CAS [20].

Contrary to the role of the FFR in PCI, scarce evidence 
shows the benefits of the FFR-guided approach during 
CABG compared with classical angiography-guided CABG 
[13,17,21]. The theoretical advantages of FFR-guided CABG 
include (1) the need for fewer anastomoses and the ease of 
the CABG grafting strategy, and (2) a high possibility of 
off-pump CABG by deferring a functionally insignificant 
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Fig. 2. (A) Pooled analysis of the risk of the primary endpoint, major adverse cardiac events (MACE), after fractional flow reserve 
(FFR)-guided coronary artery bypass grafting (CABG) compared with angiography-guided CABG in randomized controlled trials (RCTs) 
and non-randomized studies (NRSs). The pooled estimates from the RCTs and NRSs showed that the decrease in MACE risk was not 
statistically significant in the FFR-guided CABG group. (B) A similar finding was obtained when the pooled analysis was performed for 
MACE or major adverse cardiac and cerebrovascular events (MACCE) in 6 studies. HR, hazard ratio; CI, confidence interval.
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moderate lesion that is difficult to expose without the aid 
of cardiopulmonary bypass.

Previous studies have shown that FFR-guided CABG re-
sulted in a higher graft patency rate with significant reduc-

tions in overall death, angina, or MI [13,22]. However, oth-
er studies have demonstrated that FFR use did not improve 
clinical outcomes after CABG [17,21]. In addition, the risk 
for future adverse events when the CAS in a deferred lesion 
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Fig. 3. Pooled analysis of the risk of outcomes. (A) Composite of death or myocardial infarction (MI), (B) death, (C) MI, and (D) repeated 
revascularization after fractional flow reserve (FFR)-guided coronary artery bypass grafting (CABG) compared with angiography-guid-
ed CABG in randomized controlled trials (RCTs) and non-randomized studies (NRSs). The pooled estimates from the RCTs and NRSs 
showed that the risk of the composite of death or MI was significantly lower in the FFR-guided CABG group compared with the angiog-
raphy-guided CABG group. HR, hazard ratio; CI, confidence interval. (Continued on next page).
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progresses after surgery was suggested as a concern regard-
ing the FFR-guided revascularization strategy [15].

Due to great interest in this field, several meta-analyses 
have compared the results of FFR-guided CABG with 
those of the angiography-guided approach, despite the lim-
ited data regarding the role of FFR in the surgical setting 
[23-27]. However, previous meta-analyses failed to search 
all relevant references to identify recent studies [16,17]. The 
present meta-analysis conducted an extensive search of all 
relevant studies, including very recent studies. Although 
this study did not demonstrate a significant benefit of 
FFR-guided CABG in terms of MACE or MACCE, the 
pooled analysis demonstrated that FFR-guided CABG re-
sulted in a 38% reduction in the occurrence of a composite 
of death or MI after surgery.

Previous studies have suggested that an occluded graft 

that has been anastomosed to vessels with noncritical CAS 
during angiography-guided CABG may be clinically silent 
because of sufficient coronary blood flow from the native 
coronary artery [28,29]. However, bypass grafts linked to 
functionally nonsignificant coronary vessels have a greater 
chance of f low competition and low wall shear stress, 
which accelerate atherosclerotic plaque formation in the 
grafted vessels [29,30]. This could explain the increased 
risk of the composite endpoint of death or MI after angiog-
raphy-guided CABG, although the individual outcomes 
did not reach statistical significance, possibly due to the 
relatively small numbers of events and enrolled patients in 
these analyses.

Study limitations

The present study has several limitations that should be 
noted. First, the number of included studies was small and 
not all studies were RCTs. Second, although a funnel plot 
and the Egger test showed statistical insignificance, publi-
cation bias could not be ruled out. Third, the follow-up du-
rations in the included studies may not have been long 
enough. Fourth, 1 study included patients who underwent 
PCI as well as those with CABG, and another study includ-
ed patients who underwent concomitant aortic valve re-
placement. The heterogeneity of these 2 studies could affect 
the results of the analyses. Fifth, 1 study included a large 
number of patients, and this might have affected the study 
results [13]. Therefore, the results of the present study 
should be interpreted with caution.

Conclusion

The FFR-guided grafting strategy during CABG might 
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be associated with a reduced risk of the composite of death 
or MI compared with angiography-guided CABG, al-
though the data are limited.
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