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Is there a role for fractional flow reserve in coronary artery bypass 
graft (CABG) planning?
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The concept of significant lesions has substantially evolved over the last decade. With growing evidence 
for use of fractional flow reserve (FFR) as a determinant of lesion-specific ischemia and its superiority to 
angiography-guided revascularization and medical therapy, the field of percutaneous revascularization 
has shifted to rely exclusively on FFR instead of luminal stenosis alone in guiding revascularization. This 
transition to physiological assessment has not yet made it to the realm of surgical revascularization. FFR-
guided therapy has been shown to be superior to angiography-guided therapy mainly by safe deferral of 
about 1/3rd of lesions, leading to less periprocedural events and better outcomes. Is it possible that utilization 
of FFR-guided CABG would lead to less complicated procedures, shorter operating times, more frequent off 
pump CABG procedures and more hybrid procedures? Can FFR-guided CABG improve the cardiovascular 
outcomes as compared to current standard of practice? In the following paragraphs we review the concept 
of FFR, the evidence behind FFR-guided therapy, the emerging data regarding use FFR-guided CABG and 
discuss where the revascularization field is headed. 
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Perspective

Introduction

Coronary artery bypass grafting (CABG) has been 
performed in a uniform way for over 50 years, with 
preoperative invasive coronary angiography visually assessed 
by cardiologists and utilized by surgeons to determine the 
target epicardial vessels to be bypassed (1). This decision 
was made based on anatomic stenoses of 50% or greater of 
the left main coronary artery, and usually 70% or greater 
anatomic stenosis for the other main epicardial vessels (1).

Conventional coronary angiography identifies luminally 
obstructive coronary artery disease which is often equated 
with hemodynamically significant stenoses (2) without 
robust scrutiny. A number of studies have shown this faith 
in angiography is unfounded, both when compared with 

quantitative coronary angiography (QCA) (3) or more 
recently, with more robust methods of determining the 
physiologic significance of any given angiographic stenosis, 
like fractional flow reserve (FFR) (4). FFR measurement has 
been well validated as a better invasive means of assessing 
the physiologic significance of an epicardial coronary artery 
stenosis. With time, FFR has substantially changed our 
understanding of the complex interplay between anatomical 
stenoses and functional flow limitations (5). The Fractional 
Flow Reserve Versus Angiography for Multivessel 
Evaluation (FAME) study demonstrated the superiority of 
FFR-guided therapy to conventional angiography in guiding 
percutaneous coronary revascularization, primarily by safe 
deferral of lesions that were “stenotic” but did not result 
in lesion specific ischemia by FFR. Contemporary societal 
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guidelines support the use of FFR to complement coronary 
angiography, with the highest degree of recommendation 
for the assessment of coronary stenosis before implementing 
coronary revascularization (when previous non-invasive 
functional evaluation is not available or is inconclusive) (6). 
Many argue that FFR should also play an important role 
in risk stratification and determination of management 
strategy of patients either before or after CABG as well. 
However, the utility of FFR in CABG remains poorly 
studied (7) and the consequences of closure of a bypass 
graft versus closure of a coronary stent in the setting of 
borderline native coronary stenosis may be very different.

Modern understanding of FFR physiology

Understanding the physiology of epicardial artery blood 
flow is critical to understanding the use of FFR. While 
luminal stenosis is a known predictor of ischemia, the 
stenosis-ischemia relationship is far from perfect (8). 
There are a considerable number of lesions that are 
stenotic without (causing) ischemia (SWOI) and ones 
that are ischemic without significant stenosis (IWOS). 
The imperfect relationship between stenosis and ischemia 
has been traditionally explained by limitations of 2D 
interpretation of invasive coronary angiography (ICA). 
However, more accurate measures of luminal narrowing 
such as minimal luminal diameter (MLD) and minimal 
luminal area (MLA) with intravascular ultrasound (IVUS) 
did not succeed in strengthening the ischemia-stenosis 
agreement (9). Subsequently, other anatomic characteristics 
such as the lesion length, entrance and exit angles, and 
the size of reference vessel were invoked to explain the 
discrepancy (10). Recently, it has been demonstrated that 
low attenuation plaque (LAP) volume on CTA (surrogate 
for necrotic core) is a determinant of lesion specific ischemia 
by FFR, independent of luminal stenosis. In fact, amongst 
all lesion characteristics, LAP volume along with the 
degree of luminal stenosis were the only two lesion factors 
that were independent predictors of FFR in a multivariate 
model (11-13). 

In order to understand the importance of necrotic core 
volume in determination of FFR, it is crucial to recognize 
that FFR is not a static measure and coronary arteries are 
not rigid pipes. In addition to the fixed degree of stenosis, 
a vessel’s behavior at the time of achieving maximal 
hyperemia has a major role in determining post stenotic 
pressure measurement. The infusion of adenosine during 
the FFR measurement dilates the distal arteriolar bed which 

in turn drops the pressure in that region. This drop in 
pressure causes a larger gradient to be developed between 
the aorta and distal coronary bed, increasing the coronary 
blood flow (state of maximal hyperemia). Epicardial 
coronary artery auto-regulatory mechanisms respond to 
the state of maximal hyperemia by further dilatation which 
is exacerbated by the administration of nitroglycerine as 
a routine part of the protocol for obtaining the FFR. In 
the classic case of severe luminal stenosis, since the vessel 
at the level of stenosis is at the maximally dilated state at 
rest, it cannot dilate any further. Therefore, with maximal 
hyperemia, this inability to accommodate for the extra 
blood flow will result in a post stenotic pressure drop at the 
time of hyperemia (13).

In the case of mild to moderate luminal stenosis, a large 
necrotic core and the respective vessel maximally stretched 
outwards (positive remodeling), it is hypothesized that the 
vessel likely develops a degree of impairment in its ability 
to dilate locally at the lesion site. With the rest of the vessel 
dilated during maximal hyperemia, the mild to moderate 
stenotic region becomes a functionally significant stenosis (a 
relative significant stenosis). Given trans-stenotic pressure 
drop is inversely proportional to the fourth power of the 
lumen’s radius, the physiologic significance of any fixed or 
dynamic narrowing is defined by a curvilinear pressure-flow 
relationship (14). As a consequence, a relative significant 
stenosis produces a marked hemodynamic effect and an 
abnormal FFR measurement. 

FFR could be thought of as a sensitive but not specific 
detector of high risk plaque (with a large necrotic core). Not 
all FFR+ lesions are high risk lesions, but most FFR lesions 
are devoid of a large necrotic core. Due to these facts, FFR 
negative lesions have favorable prognosis- independent of 
luminal stenosis. Given that it has been shown repeatedly 
that (I) percutaneous revascularization based on anatomical 
stenosis is not superior to optimal medical therapy, (II) 
ischemia is an important predictor of future outcomes and 
should guide revascularization and (III) most myocardial 
infarctions happen as a result of a plaque with high risk 
features; the utility of FFR in addition (or in lieu) of the 
degree of luminal stenosis for guiding revascularization 
seems to be very logical, as it gives information on the three 
key features of a lesion, namely luminal stenosis, ischemia, 
and plaque morphology. 

FFR-guided revascularization and outcomes 

Prior to FFR being commonly utilized in clinical practice, 
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patients undergoing invasive coronary angiography without 
prior documented ischemia on non-invasive testing could 
potentially undergo revascularization of an anatomically 
stenosed lesion without being certain of a future clinical 
benefit. Over past years, considerable evidence has accrued 
supporting functional revascularization in stable ischemic 
heart disease (SIHD) (7). The FAME trial (5) demonstrated 
that in patients with SIHD, an FFR-guided strategy to 
identify hemodynamically significant lesions requiring 
percutaneous coronary intervention (PCI) can safely defer 
percutaneous revascularization in lower-risk lesions. It 
also showed that this strategy reduced the number of 
procedures and rates of future urgent revascularization 
due to unstable angina or myocardial infarction (MI) 
compared with lesion selection by angiography alone. In 
the FAME study, more than one-third of lesions with an 
angiographic 50% to 70% angiographic diameter stenosis 
demonstrated an FFR of 0.80 or less whereas one-fifth of 
lesions with a 71% to 90% angiographic diameter stenosis 
demonstrated an FFR greater than 0.80. These findings 
underscore the importance of identifying factors beyond 
luminal stenosis that might contribute to inducible ischemia 
(11,13). The FAME2 trial extended the aforementioned 
findings and demonstrated that deferring PCI in lesions 
with an abnormal FFR results in high rates of progressive 
ischemic symptoms, and unstable angina leading to urgent 
revascularization within 1, 2, 3 and 5 years of follow-up (15).

While there is a shift in decision-making strategy for 
revascularization by PCI to involve functional testing and 
lesion specific ischemia by FFR, revascularization by CABG 
has continued to be based on anatomic assessment alone. 
As our understanding of the concept of the “at risk lesion” 
is evolving beyond presence of luminal stenosis alone and 
involves concepts such as ischemia, plaque morphology 
and vessel’s vasodilatory ability, it might be the time to 
reevaluate how we define “significant coronary artery 
disease/stenosis” requiring revascularization by CABG. 

FFR utilization and CABG

Because visual assessment of a stenosis has been found 
to have ±20% variance, occasionally, milder lesions 
are bypassed with the rationale that if coronary disease 
progressed, the bypass graft would end up serving a 
protective role (16). This concept has been fraught with 
significant controversy and refuted in several studies that 
have demonstrated if functionally insignificant lesions 
are bypassed, early graft failure is occasionally seen and 

acceleration of native artery disease potentially exacerbates 
the consequences of late graft failure (16). Previous work 
has suggested that that up to 25% of bypass grafts to vessels 
that are not physiologically stenosed actually provide no 
measurable perfusion to the territory (17). 

There are data that suggest <50% of patients who were 
thought to have multi-vessel disease causing ischemia 
actually have functionally significant multivessel disease 
(MVD) (18). In contemporary practice, patients found 
to have LM or MVD on invasive coronary angiography 
are referred for CABG surgery. Extrapolating from this 
information, it would be expected that occasionally, some 
bypasses will be grafted to native vessels which do not have 
functionally significant lesions (18). When a moderately 
diseased native vessel is bypassed, the perfusion result 
may not be effective. In fact, the final result may even be 
harmful. There is an evolving body of evidence that suggests 
an accelerated atherosclerotic process may be propagated 
in native vessels, especially those which are bypassed with 
venous grafts. However, there is also data that suggests that 
there is no change in mortality (17). 

The interesting question of whether randomized FFR-
guided PCI data extends to CABG populations is of utmost 
relevance. In a 2013 observational registry study by Toth 
et al., FFR-guided coronary artery bypass graft surgery 
was found to be associated with a lower number of graft 
anastomoses and a lower rate of on-pump surgery compared 
with angiography-guided coronary artery bypass graft 
surgery. This did not result in a change in event rate during 
up to 36 months of follow-up and was associated with a 
lower rate of angina (19). 

The same group published long term outcomes and 
showed that FFR-guided CABG was associated with 
a significant reduction in the rate of overall death or 
myocardial infarction at 6-year follow-up as compared with 
angiography-guided CABG. This study enrolled over 600 
patients who were treated with CABG. At least 1 stenosis 
was grafted according to FFR, whereas the other group had 
stenoses grafted based on angiography. The two co-primary 
endpoints were overall death or MI and major adverse 
cardiovascular events. The rate of overall death or MI was 
significantly lower in the FFR-guided group compared to 
the angiography group (7).

The recently published SYNTAX III Revolution trial 
aimed to evaluate whether a Heart Team decision-making 
process regarding the choice of revascularization strategy 
based on non-invasive coronary CT angiography assessment 
of CAD is equivalent to the standard-of-care invasive 
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angiography-based assessment in patients with multivessel 
CAD. The trial showed that in patients with left main or 
three-vessel coronary artery disease, a heart team treatment 
decision-making based on coronary CTA with FFRCT 
showed an almost perfect agreement with the decision 
derived from conventional coronary angiography. This 
suggests the potential feasibility for treatment decision-
making and planning based solely on this non-invasive 
imaging modality (20).

The reliance on epicardial anatomy has led to the 
development of numerous assumptions about CABG (1). 
These assumptions include (but are not limited to) the idea 
that placement of a technically satisfactory graft beyond 
a significant lesion will result in increased blood flow and 
reperfusion to surrounding myocardium. However, the 
whole concept of what is a significant lesion, which lesions 
need revascularization and which are safe with medical 
therapy is evolving. With ease of access to non-invasive 
ischemia testing, FFR and plaque morphology assessment 
(both invasively and non-invasively), decision making 
regarding revascularization is moving to a much more 
complete and complex assessment of the lesion as a whole 
rather than being solely stenosis-based (21).

FFR-guided CABG is emerging as an important tool 
in cardiac surgery, with anatomic, functional and even 
morphological characteristics of the target vessel and coronary 
artery stenosis able to optimize graft site selection (13). The 
surgeon should consider that the physiologic response to bypass 
grafting may well be determined by the type of lesion (11).

Invasive, functionally-guided surgical revascularization 
has never been prospectively evaluated. The GRAFFITI 
trial is a RCT currently evaluating FFR-guided versus 
angiography-guided CABG. It is expected to be completed 
soon and may provide randomized data to help guide this 
decision-making process (22).

The FAME 3 trial is also underway. It is a multicentre, 
world-wide, prospective randomized controlled trial with 
a non-inferiority design. It will compare FFR-guided with 
coronary angiography-guided PCI using 2nd generation 
resolute drug-eluting stents in patients with multivessel 
coronary artery disease. The investigator’s hypothesis is 
that FFR-guided PCI with 2nd generation stents will result 
in similar outcomes to CABG in patients with multivessel 
disease. The study design currently calls for 2 years of 
enrollment and up to 5-year follow-up. The estimated study 
completion date is August 2021.

Given the momentum behind FFR and ongoing and 
future randomized data looking at utilization of FFR-

guided CABG, it is likely that we will be moving away 
from an anatomical assessment to a functional assessment 
to inform revascularization decisions for CABG. One 
important issue to remember, when extrapolating data 
regarding the use of FFR in PCI to CABG while waiting 
for formal randomized trials in CABG itself, is that such 
PCI-FFR studies excluded typical patients who would be 
coming for CABG in any given clinical practice: patients 
with CTOs, complex multi vessel disease not best suited 
for PCI or those with associated valve disease. Moreover, 
CTO and extensive collateralized beds negatively influence 
FFR. In addition, is it important to remember that the 
large randomized comparisons made between angiography-
guided PCI versus angiography-guided CABG (i.e., the 
FREEDOM, SYNTAX and NOBLE trial) (23-25) found 
that patients with left main and three vessel diseases had 
better long-term outcomes with CABG than PCI, especially 
in the setting of diabetes. This may partly be because of the 
relatively benign nature of graft failure compared to stent 
failure in coronary arteries with limited native stenosis. 
Another possible explanation may be that a bypass graft 
protects the patient from present coronary lesion(s) and 
future lesions that may develop proximal to the graft. 
Finally, arterial grafts, especially internal mammary grafts, 
are associated with lower rates of graft failure and native 
coronary occlusion than venous grafts and their increased 
use should be a common goal of cardiologists and surgeons. 
A recent patient-level meta-analysis demonstrated that 
the addition of a radial arterial conduit to a LIMA-plus-
vein-grafts strategy leads to significantly improved clinical 
outcomes for CABG patients (22).

Non-invasive assessment of FFR in CABG planning

CTA is an excellent tool to manage patients with chronic 
stable angina even in routine clinical practice (26). It 
carries the advantage of being able to assess the need for 
invasive angiography and so acts as an efficient gate keeper 
to minimize non-productive invasive angiography (i.e., 
angiography that does not result in meaningful intervention 
after the procedure) (27). It comes with the added 
advantage of being well-correlated with invasive FFR, non-
invasive, easily repeatable and takes data sets from routinely 
obtained CTA studies (meaning no extra effort is needed 
to incorporate this into practice). It can now be done on 
desktop systems (28). This is likely to radically change the 
paradigm of how we assess coronary stenosis and who we 
send for percutaneous intervention. How this will affect our 
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decision-making process for CABG remains to be seen.
A further post-operative advantage of CTA is accurate 

detection of post-CABG graft failure (29)—the large size 
of the venous grafts, and less motion make this technique 
more accurate in detecting stenosis in grafts than in native 
vessels distal to the grafts. It also has prognostic predictive 
value (30). While there is little data about use of CT-FFR 
in graft disease (31) it is only a matter of time before this 
will be studied extensively in decision making for re-do 
surgery.

Future trends

There is mounting evidence supporting the concept that 
FFR guidance reduces the number of lesions requiring 
revascularization. Due to these advances, we anticipate there 
will be numerous potential benefits for patients with respect 
to surgical revascularization. Specifically, we anticipate there 
will shorter surgical wait times as well as more off-pump 
and robotic CABG interventions. Additionally, we expect 
that there will be in an increased role for hybrid procedures 
involving single-vessel CABG with PCI to other lesions. 
With fewer vessels requiring CABG, it is anticipated there 
will be a higher overall percentage of arterial grafts utilized. 
The authors strongly believe that LIMA to LAD grafting 
is essential to optimal CABG outcomes and the PCI and 
FFR data are more favourable for the non-LAD territories, 
especially when compared to venous bypass grafts. 

Furthermore, the fundamental question to ask with any 
lesion being considered for revascularization is whether the 
goal is to improve anginal symptoms or decrease events. 
PCSK9 inhibitors have been demonstrated to reduce plaque 
volume and necrotic core volume and reduce cardiovascular 
events but also reverse ischemia (32). It is therefore 
imperative that maximal medical therapy be duly instituted 
before and after FFR assessment and revascularization. 
Indeed, many randomized trials have shown lower rates of 
optimal medical management in the CABG groups than 
the PCI groups (23,24,33); we emphasize the importance of 
optimal medical management in all patients with coronary 
artery disease, especially after invasive revascularization. 
The power of selective revascularization in conjunction 
with contemporary medical therapies promises to optimize 
patient outcomes more than ever before.
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