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Background: An accurate diagnostic assessment of coronary artery disease is crucial for patients 
undergoing coronary artery bypass grafting (CABG). Fractional flow reserve (FFR) and instantaneous wave-
free ratio (iFR) to guide complete revascularization have not been adequately studied in patients prior to 
CABG. We compared an anatomic to a physiologic assessment of moderate coronary lesions (40–70% 
stenosis) in patients referred for CABG. 
Methods: We retrospectively reviewed 109 medical records of patients who underwent CABG at Tulane 
Medical Center from 2014 to 2016. Patients were divided into an FFR/iFR-guided and an angiography-
guided group. Clinical characteristics, procedural outcomes, and clinical outcomes for the two groups were 
compared over an 18-month follow-up period. 
Results: There were significantly higher rates of three-vessel anastomoses (85.7% vs. 74.7%, P<0.05) and 
venous grafting (85.7% vs. 76.8%, P<0.05) in the FFR/iFR group. The FFR/iFR group had a lower rate of 
grafts placed to the left anterior descending artery (LAD) distribution than the angiography group (7.1% vs. 
29.5%, P<0.05). The FFR/iFR group had a higher rate of grafts placed to the left circumflex (LCx) artery 
distribution than the angiography group (28.6% vs. 9.5%, P<0.05). We observed a trend toward reduction 
in major adverse cardiac events (MACEs) (7.1% vs. 11.6%, P=0.369) and angina (0.0% vs. 6.3%, P=0.429) in 
the FFR/iFR group compared to the angiography group over 18 months. 
Conclusions: Physiologic assessment of coronary lesions can effectively guide complete revascularization 
in patients undergoing CABG. Moreover, FFR/iFR-guided CABG was associated with significantly higher 
rates of three-vessel anastomoses, venous grafting, and graft distribution to the circumflex system. 
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Introduction

Coronary artery disease (CAD) affects approximately 
6.3% of the adult American population and is thought to 
be responsible for nearly one third of all deaths in adults 
over the age of 35 (1,2). In addition, 720,000 Americans 
will likely suffer their first myocardial infarction (MI) or 
death due to coronary artery disease in 2018, and 335,000 
will have a recurrent event (1). The two major strategies 
for revascularization of CAD are percutaneous coronary 
intervention (PCI) or coronary artery bypass grafting 
(CABG). In 2014, an estimated 371,000 inpatient CABGs 
were performed in the USA (1). Notably, the average costs 
of CABG over the past 10 years in the USA range from 
roughly $28,000 to $38,000 with an average of 6.9 inpatient 
days required per procedure (1,3). Given the prevalence and 
costs associated with CAD, improving outcomes for patients 
undergoing CABG is important in managing the burden of 
CAD on the U.S. health care system (4). 

Incomplete revascularization is an independent risk 
factor for adverse outcomes after CABG (5). On the other 
hand, complete revascularization reduces mortality, MI, and 
the need for repeat revascularization in patients with multi-
vessel coronary artery disease (6-8). However, the definition 
of “complete revascularization” for patients undergoing 
CABG is inconsistent. Anatomic, functional, numeric, 
score-based, and physiology-based definitions have all been 
used (7,9,10). Regardless of the definition, any complete 
revascularization by CABG requires an accurate assessment 
of CAD. Accurate assessment of moderate coronary lesions 
is best achieved with physiologic measurements such 
as fractional flow reserve (FFR) or instantaneous wave-
free ratio (iFR) (11-18). However, FFR and iFR are not 
routinely performed prior to CABG, and data supporting 
physiologic assessment to guide CABG are scarce (19,20). 
Neither FFR nor iFR has been adequately studied in a 
randomized controlled trial of CABG patients, although 
a physiology-based complete revascularization might lead 
to better outcomes. Thus, we compared an anatomic to a 
physiology-based assessment of moderate coronary lesions 
in patients referred for CABG. 

Methods

Study population

We retrospectively reviewed medical records for patients 
who underwent CABG at Tulane Medical Center from 

April 1, 2014 to April 1, 2016. The inclusion criteria were 
all patients who underwent CABG during the above pre-
specified time period. There were no exclusion criteria. 
Patients were divided into two groups: the FFR/iFR-
guided group and the angiography-guided group. The 
FFR/iFR-guided group included patients who had at least 1 
intermediate coronary stenosis (40–70%) measured by FFR 
or iFR. The angiography-guided group included patients 
who did not have any FFR or iFR measurement performed 
during the preoperative coronary angiogram.

Coronary angiography, FFR/iFR measurement, and 
CABG

Experienced operators performed all diagnostic angiography 
by either femoral or radial approach. All procedural and 
technical aspects of the diagnostic procedures were based on 
operator preference including diagnostic catheters, guiding 
catheters, dose of intracoronary adenosine, and pressure-
monitoring guide wire systems. FFR value of ≤0.80 and iFR 
value of ≤0.89 was considered abnormal and diagnostic of an 
ischemic lesion. The same operator performed each CABG 
with all procedural and technical aspects of the procedure 
based upon the surgeon’s preference. Each CABG was on-
pump.

Extracted clinical characteristics and outcomes

Extracted clinical characteristics for the FFR/iFR-guided 
and angiography-guided groups included age, sex, body 
mass index, hypertension, dyslipidemia, diabetes mellitus, 
multi-vessel coronary artery disease, peripheral vascular 
disease, obstructive sleep apnea, previous PCI, tobacco 
use, family history of cardiac disease, and preoperative left 
ventricular ejection fraction. 

Procedural outcomes of CABG included number of 
anastomoses, grafted coronary artery distribution, and 
length of hospitalization associated with surgery. In 
addition, clinical outcomes for the study included the 
rate of major adverse cardiac events (MACEs), defined as 
the combination of overall death, MI, and target vessel 
revascularization (TVR), the individual MACE end 
points, time to MACE, and angina through an 18-month 
follow-up period. The Institutional review board at our 
institution approved the application and protocol for this 
research study, waiving the requirement for informed 
consent.
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Statistical analysis

The statistical analysis was performed with SAS (SAS 
Institute Inc., Cary, NC, USA). All continuous variables are 
expressed as mean or median as appropriate, and categorical 
variables as frequencies and percentages. All comparisons 
between variables and outcomes were performed with the χ2 
or the Fisher exact tests as appropriate. A P value of <0.05, 
two tailed, was considered statistically significant.

Results

The study population consisted of 109 patients: 14 
patients in the FFR/iFR-guided group (12 FFR and 2 
iFR) and 95 patients in the angiography-guided group. All 
clinical characteristics are listed in Table 1. In the overall 
study population, 50% of patients in the FFR/iFR group 
had undergone previous PCI compared to 20% in the 
angiography group (P<0.05), but otherwise no significant 
differences in baseline characteristics between groups were 
observed.

Table 2 displays the procedural outcomes of the 
comparison groups. After CABG, the number of total 
anastomoses per group was significantly different. In the 
FFR/iFR group 85.7% had ≥3 anastomoses compared to 
angiography group 74.7% (P<0.05). The rates of arterial 

grafts were not different between groups. The rates of 
venous grafts were significantly different with 85.7% 
receiving ≥2 grafts in the FFR/iFR group compared with 
76.8% in the angiography group (P<0.05). There were also 
some differences in the coronary distribution of grafts. The 
FFR/iFR group had a lower rate of ≥2 grafts to the left 
anterior descending artery (LAD) distribution compared to 
the angiography group (7.1% vs. 29.5%, P<0.05). However, 
the FFR/iFR group had a higher rate ≥2 grafts to the 
left circumflex (LCx) distribution than the angiography 
group (28.6% vs. 9.5%, P<0.05). There were no significant 
differences in the graft distribution used for the RCA or the 
ramus. Additionally, rates were similar for mean length of 
hospitalization in both groups.

Clinical outcomes are listed in Table 3. There was 
only a trend toward reduction in MACE in the FFR/
iFR group compared to the angiography group (7.1% vs. 
11.6%, P=0.369). There were no significant differences in 
individual outcomes of mortality, MI, or revascularization 
between the groups, and mean time to MACE was similar. 
Nevertheless, there was also a trend toward lower rates of 
post-operative angina in the FFR/iFR group (0.0% vs. 6.3%, 
P=0.429). Of note, none of the patients included in this 
study underwent CABG for an acute coronary syndrome, 
nor did any of them have concomitant valve replacement or 

Table 1 Clinical characteristics

Characteristics Angiography-guided group (n=95) FFR/iFR-guided group (n=14) P

Mean age, years 63.8 58.7 0.079

Male, n (%) 72 (75.8) 9 (64.3) 0.160

Mean body mass index, kg/m2 28.8 32.1 0.072

Hypertension, n (%) 74 (77.9) 10 (71.4) 0.218

Hypercholesterolemia, n (%) 56 (58.9) 8 (57.1) 0.225

Diabetes mellitus, n (%) 42 (44.2) 8 (57.1) 0.151

Multi-vessel disease, n (%) 90 (94.7) 13 (92.9) 0.401

Peripheral artery disease, n (%) 14 (14.7) 0 (0.0) 0.128

Obstructive sleep apnea, n (%) 9 (9.5) 3 (21.4) 0.137

Previous PCI, n (%) 19 (20.0) 7 (50.0) 0.017

Tobacco use, n (%) 59 (62.1) 10 (71.4) 0.194

Family history CAD, n (%) 39 (41.1) 4 (28.6) 0.162

Pre-CABG ejection fraction (%), [range] 52 [49–55] 51 [43–59] 0.746

The presence of clinical characteristics was based on patient history, coding, and subjective findings of the researchers. PCI, 
percutaneous coronary intervention; CAD, coronary artery disease; CABG, coronary artery bypass graft. 
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repair. All patients in this retrospective study were evaluated 
during outpatient follow-up.

Discussion

While only few previous studies have been published, 
our findings similarly suggest that a physiology-based 
assessment is feasible and can effectively achieve complete 
revascularization in CABG (19,20). Moreover, physiologic 
assessment can also influence the revascularization strategy 
as evidenced by the higher rate of patients who received 
at least three anastomoses or at least two venous grafts in 
the FFR/iFR group. The FFR/iFR group also received 
more grafts to the circumflex distribution. Additionally, 
we observed a trend toward reduced MACEs and the 
occurrence of post-operative angina.

For  severa l  decades ,  the  benef i t s  of  complete 

revascularization have been established (5,6). Recently, 
there has been renewed interest in the importance of 
complete revascularization for multi-vessel coronary artery 
disease (21-24). In addition, for patients undergoing CABG, 
complete revascularization by placing at least three bypass 
grafts has been associated with improved survival compared 
to fewer grafts (6). However, the majority of prior CABG 
studies were based on an anatomic definition of complete 
revascularization rather than a physiologic assessment of 
coronary lesions. In contrast to the routine measurement of 
FFR in patients considered for PCI, physiologic assessment 
is rarely performed before surgical revascularization likely 
due to limited CABG data (11-20). Of note, there are data 
that nearly 20% of bypass grafts to angiographic diseased 
vessels do not appear to alter regional myocardial blood 
flow (25). Therefore, an FFR-based functional assessment 
to guide complete revascularization of multi-vessel disease 

Table 2 Procedural outcomes

Procedural outcomes Angiography-guided group (n=95) FFR/iFR-guided group (n=14) P

Anastomoses, n (%)

≥3 total 71 (74.7) 12 (85.7) 0.016

1 arterial 86 (90.5) 13 (92.9) 0.386

≥2 venous 73 (76.8) 12 (85.7) 0.014

Graft Distribution, n (%)

LAD (0–1, 2–3) 67 (70.5), 28 (29.5) 13 (92.9), 1 (7.1) 0.031

Ramus (0, 1) 85 (89.5), 10 (10.5) 13 (92.9), 1 (7.1) 0.369

LCx (0–1, 2–3) 86 (90.5), 9 (9.5) 10 (71.4, 4 (28.6) 0.007

RCA (0, 1–2) 43 (45.3), 52 (54.7) 6 (42.9), 8 (57.1) 0.167

Mean hospital length of stay, days 12.3 9.6 0.249

LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery. 

Table 3 Clinical outcomes

Clinical outcomes Angiography-guided group (n=95) FFR/iFR-guided group (n=14) P

Mortality, n (%) 5 (5.3) 1 (7.1) 0.401

Myocardial infarction, n (%) 2 (2.1) 0 (0.0) 0.759

Target-vessel revascularization, n (%) 4 (4.2) 0 (0.0) 0.572

MACE, n (%) 11 (11.6) 1 (7.1) 0.369

Mean time to MACE, months 16.7 17.3 0.609

Angina at follow-up, n (%) 6 (6.3) 0 (0.0) 0.429

MACE, major adverse cardiac events: combination of mortality, myocardial infarction, and target-vessel revascularization. 
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should be considered (19,26). 
To our knowledge, there are no published randomized 

clinical trials that have examined the dedicated use of FFR 
or iFR to guide CABG. For patients undergoing PCI, 
physiologic assessment by FFR leads to improved cardiac 
outcomes, and iFR has recently been shown to be non-
inferior to FFR as a physiologic measurement (11-18). 
Observational data of CABG patients have suggested that 
the incidence of multi-vessel disease is decreased by FFR, 
resulting in fewer bypass grafts, reduced graft occlusion, and 
less angina (19,20). Downgrading of coronary lesion severity 
by FFR is commonly reported in most clinical studies  
(13-15,20,26). In our investigation, however, the number 
and distribution of bypass grafts were actually increased 
in the FFR/iFR group. While our findings are different 
from prior observational data, they actually support a 
similar concept: physiologic assessment influences CABG 
revascularization strategy on the whole. 

Some cardiothoracic surgeons have supported a 
physiology-based complete revascularization, noting 
the positive impact of FFR on PCI outcomes, its ability 
to discern the risk of adverse cardiac events, and the 
recognition of FFR as a reference standard to assess the 
functional severity of moderate coronary lesions (27-29). 
However, a lack of randomized clinical data and several 
technical challenges have limited the standard adoption of a 
physiology-guided CABG. It is unknown how one graft in 
a specific arterial distribution might affect the FFR/iFR of 
a lesion in a different vessel, particularly if communicating 
collaterals are present. Additionally, difficulty in performing 
an accurate physiologic measurement in patients with left 
main or multi-segment disease can reduce the precision 
of FFR or iFR (29). The FFR of diffuse lesions or those 
in tandem sequence are likely to be inaccurate, and PCI 
of a primary lesion may be required to determine the true 
FFR of non-primary lesions (30-32). Also, micro-vascular 
dysfunction may result in a preserved FFR or iFR due to 
fixed micro-vascular resistance, thus limiting the usefulness 
of these measurements (33,34). 

Our study has several notable limitations. This is 
a single-center, retrospective observational study and 
influenced by biases and confounders inherent to all 
retrospective analyses, particularly an inherent selection 
bias. The number of patients in the FFR/iFR group 
compared with the angiography group is relatively small and 
unbalanced between the groups. Half of the patients in the 
FFR/iFR group had prior PCI before undergoing CABG 
suggesting that FFR or iFR may have been performed in 

patients with complex-appearing disease where values were 
likely to be abnormal. Another consideration is physiologic 
measurements was possibly underutilized for patients with 
moderate-appearing disease who could have derived true 
benefit. In general, underutilization of coronary physiologic 
assessment is prevalent despite its endorsement from 
randomized clinical trials and guidelines. Overall, stenosis 
severity is perhaps still based on visual assessment about 
70% of the time, resulting in discordance with FFR in 
almost 50% of cases (35). Although more experience with 
FFR correlates with higher utilization, the concordant 
decision rate based on either angiography or FFR still lies 
below 60% (35). 

Conclusions

An FFR/iFR-guided CABG can effectively achieve complete 
revascularization in patients undergoing CABG. Notably, 
FFR/iFR-guided CABG was associated with higher rates 
of three-vessel anastomoses, venous grafting, and graft 
distribution to the circumflex system. A trend toward 
reduced rates of MACE and angina during an 18-month 
follow-up period were observed. Randomized controlled 
trials are needed to examine the appropriate application of 
a physiology-based complete revascularization in patients 
undergoing CABG. Given the high burden of CAD on 
morbidity, mortality, and costs, improving outcomes for 
patients undergoing CABG may help reduce the burden of 
CAD on the U.S. healthcare system.
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