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Abstract

Background Fractional flow reserve (FFR) is a well-established method for the evaluation of coronary artery stenosis before
PCI. However, whether FFR assessment should be routinely used before CABG remains unclear. Our aim was to compare
the outcomes of using FFR with that of conventional CAG (coronary angiography) in guiding CABG. Method This systematic
review and meta-analysis was performed according to the PRISMA guidelines. Six studies were included, of which four were
double-arm (two prospectively randomised) and two single-arm, reporting data on 1931 patients. A meta-analysis was done
for double-arm studies, comparing rates of overall death, MACCE, target vessel revascularisation, spontaneous MI and graft
patency. The data of all six studies were entered in a pooled analysis for the endpoints of overall death, spontaneous MI and
target vessel revascularisation. Results Meta-analysis demonstrated significantly lower death rates in the FFR-guided than the
CAG-guided group (p=0.03) and no significant differences in the rates of MACCE, target vessel revascularisation, spontaneous
MI and graft patency. In pooled analysis, FFR-guided group was linked with lower rates of overall death and spontaneous
MI. Graft occlusion rate was significantly lower after FFR in one retrospective study, however, this difference was lost in
meta-analysis (p=0.24). Conclusion In this meta-analysis, FFR-guided CABG was associated with lower overall death rate and
was, at least, non-inferior in the endpoints of MACCE, target vessel revascularisation, spontaneous MI and graft patency than
CAG-guided CABG. Further randomized trials are needed to define the role of FFR in guiding CABG surgery.

Statistical analyses

Forest plots for double-arm studies were generated using RevMan 5.3'°. All meta-analyses were carried
out using fixed-effects models and risk ratios were calculated. Pooled data analyses were carried out using
OpenMeta[Analyst] software!!. The outcomes were pooled using random-effect model. Weighed pooled rates
were calculated with confidence intervals.

Results
Study selection

The systematic search revealed a total of 5843 papers. After duplicates were excluded, 3435 papers remained
for review. Based on title and abstract review, irrelevant publications for those that did not satisfy our
inclusion criteria were not considered, leaving 9 articles®!2-19 for full-text review. Following the full-text
assessment of these articles, studies that lacked data on outcomes of FFR guided CABG, or which did not
meet our inclusion criteria were excluded (Figure 1) leaving a total of 6 articles'?"!7 to be analysed.



Quality of evidence

Through our risk of bias assessment of the included studies, we determined that evidence of the 2 randomized
controlled trials were of robust quality, with no severe risk of bias associated with the design of the studies!?!3
(Figure 2). For the observational studies'#'7, apart from high risk of bias in confounding factors and patient
selection that are typical of studies with retrospective nature, we determined that the evidence provided by
these studies (and the included studies overall) was still of an acceptable quality (Table 1).

Of the 6 included studies, 2 were randomised control trials'?'® and 4 observational studies'*'7. In 2 of the
observational studies'®!7 included were only participants who underwent FFR-guided CABG (single-arm
studies). The data from these studies was used to carry out a pooled analysis.

Basic Demographics

The majority of patients undergoing CABG were males in their sixties. There were no significant differences
between FFR guided CABG and CAG guided CABG patients in any of the reported baseline characteristics
(Table 2) except for in the study Toth et al'®> where the patients in the CAG guided group were older (P <
0.001) and more frequently female (P = 0.010) and diabetic (P = 0.034). In the same study'®, the patients
in the FFR guided group more frequently had PCI in the past (P< 0 .001).

Basic graft characteristics

There were several significant differences in terms of baseline graft characteristic between the FFR guided
CABG group and the CAG guided CABG group (Table 3). In the observational study by Toth et al'® there
were significantly more arterial anastomoses (P < 0.001) and significantly less venous anastomoses (P <
0.001) in the FFR group than in the CAD-guided CABG group. Also, in the randomised study by Toth
et al 2019, there were significantly more venous anastomoses per patient in the CAG-guided CABG group
(P=0.031).

Overall death (double-arm randomised and observational studies)

Comparing the results of two randomised control studies'?'3 with a total of 269 patients, we noted no

significant difference in overall death rate between the FFR-guided CABG as compared to CAG guided
CABG (RR: 0.86, 95% CI: 0.19 to 3.95, p = 0.85) (Figure 2A). Analysing the data of two double-arm
observational studies'®!® and 1023 patients we observed significantly lower rates of overall death with the
use of FFR-~guided CABG as compared to CAG guided CABG (RR: 0.62, 95% CI: 0.40 to 0.95,p = 0.03)
(Figure 2A). The results of all 4 studies with a total of 1292 patients also showed that the rates of overall
death were significantly lower in the FFR~guided CABG group (RR: 0.63, 95% CI: 0.42 to 0.96, p = 0.03)
(Figure 2A).

Magjor adverse cardiac and cerebrovascular events (MACCE)(double-arm randomised and observa-
tional studies)

Comparing the data of two randomised control studies'?!3 with a total of 269 patients, we noted no significant

difference in the rates of MACCE associated with the use of FFR-guided CABG as compared to CAG-guided
CABG (RR: 0.89, 95% CI: 0.41 to 1.94, p = 0.77) (Figure 2B). Data analysis of two observational studies'*15
and 1023 patients showed no significant difference in the rates of MACCE with the use of FFR-guided CABG
or CAG-guided CABG (RR: 0.85, 95% CI: 0.64 to 1.12, p =0.25) (Figure 2B). The results of all four studies
with a total of 1292 patients ultimately showed no difference in the rates of MACCE in the FFR-guided
CABG group as compared to the conventional CAG-guided CABG group (RR: 0.85, 95% CI: 0.65 to 1.11,
p = 0.23) (Figure 2B).

Target vessel revascularisation (double-arm randomised and observational studies)

In the 2 randomised control studies'?'3 with a total of 269 patients, we saw no significant difference in the

rates of target vessel revascularisation associated with the use of FFR-guided CABG as compared to CAG-
guided CABG. (RR: 0.70, 95% CI: 0.23 to 2.19, p = 0.54) (Figure 3C). In the 2 observational studies'#*>



and 1023 patients we again noted no significant difference with the use of FFR-guided CABG as compared
to CAG-guided CABG. (RR: 1.23, 95% CI: 0.73 to 2.06, p = 0.43) (Figure 3C). Ultimately, analysis of
all 4 studies with a total of 1292 patients showed no difference between the FFR-guided CABG group as
compared to the conventional CAG-guided CABG group (RR: 1.12, 95% CI: 0.70 to 1.79, p = 0.73) (Figure
30).

Spontaneous myocardial infarction (double-arm randomised and observational studies)

Comparing the results of two randomised control studies'?'3 with a total of 269 patients, we noted no signifi-

cant difference in the rates of spontaneous MI associated with the use of FFR-guided CABG vs. CAG-guided
CABG. (RR: 0.70, 95% CI: 0.08 to 6.25, p = 0.75) (Figure 3D). Data analysis of 2 observational studies!*15
and 1023 patients showed again no significant difference in the need of target vessel revascularisation with
the use of either FFR-guided CABG or CAG-guided CABG (RR: 0.77, 95% CIL: 0.47 to 1.25, p = 0.29)
(Figure 3D). Likewise in all four studies with a total of 1292 patients, there was no difference in the rates
of spontaneous MI in the FFR~guided CABG group and the CAG-guided CABG group (RR: 0.77, 95% CI:
0.48 to 1.23, p = 0.27) (Figure 3D).

Total number of grafts occluded (double-arm randomised and observational studies)

Comparing the results of 2 randomised control studies'?!? with a total of 493 vessels evaluated by angio-
graphic follow up, we noted no significant difference in the rates of graft occlusion between the two groups
(RR: 1.05, 95% CI: 0.72 to 1.54, p = 0.79) (Figure 4E). Only one observational study'® reported the findings
of angiographic evaluation of the grafts. With a total of 234 grafts evaluated in this study, there was sig-
nificantly lower overall graft occlusion rates in the FFR-guided CABG as compared to CAG-guided CABG.
(RR: 0.24, 95% CI: 0.08 to 0.76, p = 0.01) (Figure 4E). However, due to only one study reporting a significant
difference, the effect was not large enough to demonstrate a significant result overall, and in the analysis of
all 3 studies, with a total of 727 patients, we observed no difference in the rates of graft occlusion between
the FFR-guided and CAG-guided groups (RR: 0.81, 95% CI: 0.57 to 1.15, p=0.24) (Figure 4E).

Arterial grafts occluded (double-arm randomised and observational studies)

Comparing the results of 2 randomised control studies'?!? with a total of 189 arterial grafts evaluated by

angiographic follow up, we noted no significant difference in the rates graft occlusion between the two groups
(RR: 1.00, 95% CI: 0.59 to 1.72, p = 0.99) (Figure 4F). Only 1 observational study'® with a total of 157
grafts assessed angiographically showed no significant difference in graft occlusion rates between the two
groups (RR: 0.29, 95%CI: 0.07 to 1.20, p =0.09) (Figure 4F). The overall results of three studies with a total
of 346 arterial grafts assessed also showed no intergroup difference in graft occlusion rates (RR: 0.77, 95%
CI: 0.47 to 1.28, p = 0.31) (Figure 4F).

Venous grafts occluded (double arm randomised control studies)

Analysis of the data of 2 randomised controlled studies'?'2, and a total of 175 venous grafts that were

angiographically assessed showed no significant intergroup difference in venous graft occlusion rates (RR:
1.347, 95% CI: 0.75 to 2.39, p = 0.33) (Figure 5).

Pooled rates of overall death, spontaneous myocardial infarction and target vessel revascular-
isation [four double-arm studies (two randomised and two observational) and two single-arm studies]

By carrying out a pooled analysis in the data of all six studies (two randomised!?13, two double-arm
observational'*!® and two single-armed!®!7) we noted that FFR-guided CABG was associated with lower
overall death rates as compared to CAG-guided CABG 6.1% [95% CI: 3.2% — 9.7%] (Figure 6A) vs 7.1%
[95% CI: 2.8% — 13.1%] (Figure 6B). However, the rate of overall death in the CAG-guided CABG had a
considerable risk of heterogeneity (1> = 82.52%, P <0.001). FFR-guided CABG also showed lower rates of
spontaneous MI as compared to CAG-guided CABG 2.5% [95% CI: 0.9% — 4.9%] (Figure 7TA), vs 5.0% [95%
CL 2.2% — 8.8%] (Figure 7B). FFR-guided CABG showed greater rates of target vessel revascularisation
6.8% [95% CI: 3.5% — 11.0%)] (Figure 8A), vs 4.9% [95% CI: 2.6% — 7.8%)] (Figure 8B).



Discussion

The use of CAG relies on visual estimation to determine if the coronary arteries are in need of surgical
revascularisation. This typically involves gauging the extent of the stenosis and the appearance of the lesion,
which is often subject to the preference and possibly bias of the physician®?. Using the irregularities observed
in diseased coronary arteries, the degree of stenosis of the coronary vessels is quantified as a percentage
and used as a basis of classification of the lesion into three categories: mild, intermediate or severe?!?2.
Intermediate coronary stenoses fall into a “grey zone”, where the decision of what intervention is used and
if an intervention is needed at all can become difficult?®. The FFR is thus a useful tool in quantifying
the degree of vessel narrowing to better assess coronary arteries with intermediate-stenosis?®24. Previously,
research compared the outcomes of FFR-guided PCI versus conventional CAG-guided PCI??, showing that
FFR was useful in guiding the use of percutaneous interventions and particularly so when the target vessel
stenosis was in the order of [?]0.80%¢. However, the role and scope of the use of FFR in guiding CABG has
yet to be determined'*27.

To the best of our knowledge, this is the first systematic review and meta-analysis comparing the clinical
outcomes of FFR and CAG for the use of CABG. In this meta-analysis the use of FFR was associated
with significantly less overall death than CAG-guided CABG surgeries. These results were also observed in
our pooled analysis of overall death rates, which demonstrated an average of 6.1% for the FFR cohort, as
compared to 7.1% for the CAG cohort. In the subgroup analyses of overall death rates, however, we noted
that a significant difference was present solely in the two retrospective double-arm studies'*1®. Hence, there
is a need for further randomised controlled trials to investigate whether the use of FFR to guide CABG can
lead to lower overall death rates.

Apart from lower rates of overall death, the results from the pooled analysis also showed a lower rate of
spontaneous MI in the FFR cohort (2.5%) as compared to the CAG cohort (5.0%). Fournier et. al.l?
has previously described the presence of a linear relation between the number of vein grafts used and the
incidence of spontaneous MI and overall death and suggested that the significantly higher number of vein
grafts used in CAG-guided CABG group was responsible for the observed higher incidence of MI and death'4
(Table 3). On the other hand, in the study of Toth et. al.!> the FFR and CAG groups were linked with
similar rates of spontaneous MI and death despite the use of a significantly higher number of vein grafts
(and significantly lower number of arterial grafts) in the CAG group (Table 3).

In any case, the positive effect of the FFR on the occurrence of spontaneous MI seen in our pooled analysis
was not present in our meta-analysis, where there were no significant difference in the rates of spontaneous
MIs between the two groups. Once again, whether there truly is an association between the use of FFR and
the probability of occurrence of spontaneous MI needs to be determined in future studies.

Graft occlusion was seen to be lower in FFR guided group in the retrospective study by Toth et al*®, however
on meta-analysis, there was no statistically significant difference between the two study groups (Figure 4E).
Likewise, our meta-analysis did not reveal any statistically significant difference in the remaining primary
and/or secondary end points of MACCE and target vessel revascularisation between the FFR and CAG
guided CABG groups.

Conclusion

In this study, FFR~guided CABG is associated with decreased rates of overall death when compared to CAG-
guided CABG. Additionally, use of FFR is associated with non-inferior clinical outcomes when compared
to the use of CAG, including rates of MACCE, target vessel revascularization, spontaneous MI and graft
patency. Further randomized controlled trials are needed to better clarify the role of FFR in guiding CABG
surgery.
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