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Abstract

The data about FFR-guided revascularization in isolated proximal LAD dis-
ease are limited and studies comparing long-term outcomes of FFR-guided
PCI versus FFR-guided CABG in single-vessel proximal LAD disease are
lacking. We aimed to assess the 4-year long-term safety and effectiveness of
fractional flow reserve (FFR)-guided percutaneous coronary intervention
(PCI) and FFR-guided coronary artery bypass graft surgery (CABG) for the
treatment of proximal left anterior descending (LAD) lesions. The study in-
cluded 129 patients with functionally significant (FFR < 0.80) isolated prox-
imal LAD stenosis (PCI, 88 patients vs. CABG, 41). Clinical endpoints were
assessed by Kaplan-Meier method and compared by the log-rank test. At a
mean follow-up time of 47 + 12 months, a higher incidence of myocardial in-
farction in the PCI group (PCI: 32% vs. CABG: 15%; p = 0.003) and a higher
incidence of stroke in the CABG group (CABG: 3 (7%) vs. PCI 0 (0%); p =
0.031) were observed. However, there were no significant differences in the
primary composite endpoint, death and target vessel revascularization be-
tween PCI and CABG groups. The PCI and CABG in isolated proximal LAD
lesions yielded similar long-term outcomes regarding the primary composite
clinical endpoints. However, stroke was more frequent in the CABG group
than in the PCI group.
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1. Introduction

The presence of a significant obstructive coronary lesion of the proximal left an-
terior descending coronary artery (LAD) is a commonly approved indication for
treatment by either percutaneous coronary intervention (PCI) or coronary ar-
tery bypass graft surgery (CABG) [1] [2] [3]. Few small trials had been done us-
ing these modalities of revascularization in patients with single-vessel LAD dis-
ease [4] [5] [6].

The gold-standard method to detect coronary artery disease is still coronary
angiography. Although coronary angiography has been used to determine lesion
severity, in moderate coronary artery stenosis (50% - 70%), the presence of
ischemia is uncertain. Therefore, coronary flow reserve and fractional flow re-
serve (FFR) are developed in order to assess hemodynamically important coro-
nary artery stenosis. FFR is a pressure-wire-based index that is utilized during
coronary angiography to evaluate the coronary artery stenosis severity by in-
ducing myocardial ischemia [7] [8] [9]. It is shown that, if there is an increase in
microvascular resistance in the coronary artery, the ratio of FFR is decreased.

Compared to angiography-guided alone either FFR-guided PCI or FFR-guided
CABG is recommended in multi-vessel coronary disease due to the reliable clin-
ical outcome data [10] [11] [12] [13] [14]. However, the data about FFR-guided
revascularization in isolated proximal LAD disease are limited [15]. Furthermore,
studies comparing long-term outcomes of FFR-guided PCI versus FFR-guided
CABG in single-vessel proximal LAD disease are lacking. Hence, the aim of this
trial was to determine long-term outcomes associated with FFR-guided revascula-
rization modalities of PCI versus CABG in single-vessel proximal LAD.

2. Materials and Methods

2.1. Patient Selection

In this retrospective study, patients who had an intermediate stenosis of the LAD
artery at coronary angiography and subsequently underwent FFR measurement
in between February 2007 and October 2013 were included (n = 129). Inclusion
criteria were having LAD disease defined as the >50% diameter stenosis and FFR
value less than 0.80 with no other stenosis more than 30% in the other coronary
arteries. Exclusion criteria were having additional valvular heart disease requir-
ing treatment, overt congestive heart failure, other significant coronary lesions,
atrial fibrillation, atrial flutter, severe bradycardia, severe left ventricular hyper-
trophy (>15 mm in any segment of the left ventricle) and presenting with an
acute coronary syndrome. Patients were divided into two groups FFR-guided
PCI and FFR-guided CABG. Patients with long coronary lesions with severe
tortuosity, heavy calcification, ostial location, bifurcation/trifurcation feature
and diffusely diseased distal segments that were not favorable for PCI were in
the CABG group. Follow-up was assessed by telephone interview and medical
record for every patient was reviewed. Major cardiac events were defined as the

overall death, target vessel revascularization (TVR), cerebrovascular accident
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(CVA) and myocardial infarction (MI). The TVR was defined as any percuta-
neous or surgical revascularization performed at the follow-up either to the in-
dex study vessel or the related vascular graft conduit.CVA was defined as
ischemic or hemorrhagic stroke with a transient or a permanent neurological
deficit. MI was defined as Type 1 (spontaneous MI), Type 2 (MI secondary to an
ischemic imbalance), Type 3 (MI resulting in death when biomarker values are
unavailable), Type 4 (MI related to PCI) and Type 5 (MI related to CABG) ac-
cording to the previously published Third universal definition of myocardial in-
farction [16]. In all patients, a high-resolution B-mode ultrasonography was
performed to detect stenosis of the common carotid arteries using an instrument
generating a wide-band ultrasonic pulse with a middle frequency of 7.5 MHz
(Siemens Elegra Ultrasonography Systems, Tokyo, Japan). Significant carotid
artery disease was defined as any stenosis over 70% in the internal carotid artery
without any symptoms. The study protocol was approved by the local ethics

committee of our hospital.

2.2. Coronary Angiography

Coronary angiography was performed by a standard percutaneous femoral or
radial approach with 6 F or 7 F diagnostic or guiding catheters. After adminis-
tration of intravenous heparin 100 IU/kg, a 0.014-inch sensor tipped PCI guide
wire (Pressure Wire, St. Jude Medical, and Uppsala, Sweden) was calibrated and
introduced into the guiding catheter. The wire was introduced up to the tip of
the guiding catheter, and it was confirmed that the pressure measured by the
pressure monitoring guide wire was equal to the pressure measured by the
guiding catheter. Next, the wire was advanced into the LAD until the pressure
sensor was positioned in the mid to the distal part of the LAD. Adenosine was
given to induce maximum hyperemia, either intravenously (140 mcg/kg/min) or
by intracoronary bolus (150 - 220 mcg). Fractional flow reserve was defined as
the ratio between mean distal coronary pressure and mean aortic pressure; both

measured simultaneously at maximal hyperemia.

2.3. Coronary Artery Bypass Graft Procedure

All patients had received left internal mammary artery graft for isolated signifi-
cant LAD disease that was performed on-pump with conventional cardioplegic

methods by the experienced surgeons.

2.4. Statistical Analysis

All analyzes were performed with Statistical Package for the Social Sciences
(SPSS) version 16 (SPSS Inc., Chicago, IL). Continuous variables are expressed
as mean + SD. Categorical variables are reported as frequencies and percentages.
Normal distribution was assessed by the Kolmogorov-Smirnov test. The student
t-test was used to compare continuous variables. Comparisons between categor-

ical variables were evaluated using the 2-tailed Fisher exact test or Pearson y*
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test, as appropriate. Clinical end points were assessed by Kaplan-Meier method
and compared by the log-rank test. A probability value of 0.05 was considered
statistically significant.

3. Results

Of the 129 patients included in the study, 41 (31.8%) patients had undergone
CABG and 88 (68.2%) patients PCI. The mean follow-up was 47 + 12 months.
Baseline clinical characteristics are summarized in Table 1. Among baseline
demographic characteristics except for hypertension, smoking and creatinine
levels, there were no differences between the CABG and PCI groups.

In the PCI group, the percentage of the patients with hypertension was signif-
icantly higher than the CABG group (75% vs. 54%, p = 0.015). In the CABG
group, creatinine levels were statistically greater than the PCI group (1.03 + 0.24
mg/dl vs. 0.91 + 0.24 mg/dl, p = 0.002). In the CABG group, the percentage of
the current smokers was significantly higher than the PCI group (68% vs.
48.9 %, p = 0.039). In the PCI group, 18 (20.4%) patients received drug-eluting
stents while 70 (79.6%) patients received bare-metal stents. Based on the lesion

characteristics, in the CABG group 13 (31%) patients had bifurcation lesions

Table 1. Baseline clinical characteristics.

Variables FFR-guided CABG (n = 41) FFR-guided PCI (n = 88) P value
Age 63.20 +£10.94 62.93 £7.96 0.877
Female/Male Sex (n) 7/34 24/64 0.207
Glucose 116.52 + 32.19 138.41 + 75.07 0.410
Creatinine 1.03 +£0.24 0.91 +0.24 0.002
Total Cholesterol 183.34 + 49.85 189.02 + 54.36 0.561
LDL Cholesterol 115.02 + 42.29 116.29 + 43.04 0.879
HDL Cholesterol 40.88 +12.35 40.93 £12.35 0.574
Triglycerides 154.29 + 99.90 153.82 +78.32 0.838
Hypertension 22 (54%) 66 (75%) 0.015
Diabetes Mellitus 14 (34%) 41 (47%) 0.183
Smoking 28 (68%) 43 (48.9%) 0.039
Carotid artery disease 4(9.8%) 8 (6.8%) 0.754
Aspirin 40 (97.6%) 88 (100%) 0318
Clopidogrel 8 (19.5%) 88 (100%) <0.001
B-blocker 35 (85.4%) 73 (83%) 0.730
ACEI/ARB 25 (61%) 48 (54.5%) 0.493
Statin 33 (80.5%) 74 (84.1%) 0.612

ACEL Angiotensin-Converting Enzyme Inhibitor, ARB: Angiotensin Receptor II Blocker, CABG: Coronary
Artery Bypass Grafting, PCI: Percutaneous Coronary Intervention, LDL: Low-Density Lipoprotein, HDL:
High-Density Lipoprotein.
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(4 with heavy calcified lesions), 3 had trifurcation lesions, 9 had ostial LAD le-
sions (3 with distal disease, 2 with long calcified lesions), 6 patients had long cal-
cified lesions (4 with long lesion length, 3 with bifurcation), 10 patients had tor-
tuous lesions (2 with bifurcation).

During a mean follow-up of 47 + 12 months, the rate of MI and CVA differed
between the two groups: Of the 88 patients in the PCI group, 28 (32%) had MI
while in the CABG group 6 (15%) had MI. The difference was statistically sig-
nificant (p = 0.003). 8 patients in the PCI group and 1 patient in the CABG
group were considered as post-procedural MI. The other MIs occurred during
the outpatient follow-up. Of the 88 patients in the PCI group, none (0%) expe-
rienced CVA while in the CABG group 3 (7%) had CVA (p = 0.031). Of the pa-
tients who experienced CV A, one was a transient ischemic attack while the oth-
ers had permanent neurological dysfunction. The type of the CVA was throm-
boembolic, and all of them happened within three days after the procedure.
Neither the rate of overall death nor the TVR rate differed between the groups
(Table 2).

Subgroup analysis of the patients with hypertension showed that creatinine
levels were statistically higher in the CABG group than the PCI group (1.07 +
0.28 mg/dl vs. 0.91 + 0.27 mg/dl, p = 0.006) and the number of current smokers
was also higher in the CABG group than PCI group (14 (64%) vs. 26 (40%), p =
0.048). Moreover, there was a significant difference between the two groups re-
garding prior MI (PCI 25 (38%) vs. CABG 3 (14%); p = 0.034), and CVA oc-
curred only in the CABG group (3, 14%). All combined endpoints except for
CVA and death did not differ between the two groups. CVA and death showed a
statistically significant difference favoring the CABG arm (CABG 7 (32%) vs.
PCI 6 (9%), p = 0.016).

The Kaplan-Meier survival analysis for the CVA is shown in Figure 1. The in-
cidence of CVA was significantly higher in the CABG arm.

Table 2. Clinical events at follow-up.

FFR-guided CABG FFR-guided PCI P value
TVR 4 (10%) 18 (21%) 0.132
Death 6 (15%) 7 (8%) 0.345
Stroke 3 (7%) 0 (0%) 0.031
MACEs 0 (0%) 2 (2%) 1.000
Death/MI 11 (27%) 31 (35%) 0.343
Death/MI/CVA 13 (32%) 31 (35%) 0.695
MI/Death/CVA/TVR 13 (32%) 31 (35%) 0.695
Death/CVA 8 (20%) 7 (8%) 0.076
MI/CVA 9 (22%) 28 (32%) 0.249

FFR: Fractional Flow Reserve, MACEs: Major Adverse Cardiovascular Event, MI: Myocardial Infarction,
TVR: Target Vessel Revascularization, CVA: Cerebrovascular Accident, CABG: Coronary Artery Bypass
Grafting, PCI: Percutaneous Coronary Intervention.
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Figure 1. The Kaplan-Meier survival analysis for the Cerebrovascular accident.

Evaluation of all the combined clinical endpoints showed that the incidence of
CVA and death was higher in the CABG group when compared to PCI group,
however, this was not statistically significant (CABG 20%, versus PCI 8%, p =
0.076).

4. Discussion

In this study, the rate of stroke was higher in the CABG group than in the PCI
group, but the rate of myocardial infarction was higher in the PCI group than in
the CABG group. Based on survival rates, the present study did not reveal any
superiority of PCI over CABG treatment in patients with isolated proximal LAD
coronary artery disease because the survival rate free of major adverse cardiac
events (MACE) (all-cause mortality, myocardial infarction, stroke and target
vessel revascularization) were similar in both groups.

In the present study, most of the patients received bare metal stents (BMS)
(79.6%) and the adverse event rate was 8% in the PCI group and 20% in the
CABG group. In the literature, several studies have compared the long-term
clinical outcomes of PCI with CABG, either BMS or drug-eluting stents (DES)
and without FFR, for patients with isolated proximal LAD coronary artery disease
[17] [18] [19]. The SIMA (Stenting versus Internal Mammary Artery Grafting)
Trial demonstrated higher rates of TVR in the BMS group and the rate of any
adverse cardiac event was significantly higher in the PCI group compared to
CABG group. However, during the follow-up period similar mortality and MI
rates were observed [17]. Different from that study, we did not observe any sig-
nificant difference in TVR rate between the groups; however, higher incidence of
MI was found in the PCI group. The possible reasons for the higher rate of MI

were that the percentage of the current smokers and the number of the patients
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with hypertension were significantly higher in the PCI group than the CABG
group. According to our results, even in the preference of BMS FFR-guided
stenting for isolated proximal LAD coronary artery lesions may provide lower
TVR rates by avoiding revascularization of hemodynamically non-significant
stenosis. However, we observed relatively higher event rate in the CABG group
(20%) compared to SIMA trial (17%) that we included stroke in the combined
endpoint definition, which may explain the higher event rate in the CABG
group. Also in the CABG group, creatinine levels were higher, and there were
more complex coronary lesions, including heavy calcified lesions. Therefore, we
can conclude that concomitant presence of calcified lesions in the ascending
aorta and higher creatinine levels may have led to higher incidence of stroke in
the CABG group even though the presence of severe carotid artery disease did
not reach statistical significance between the PCI and CABG groups. In mul-
ti-vessel disease, low SYNTAX scores make PCI as an acceptable alternative to
CABG; however, present data supports that CABG is the preferred therapy due
to the lower rates of adverse events compared to PCI [20], especially in the di-
abetic population [21]. Among patients having isolated stenosis of the LAD co-
ronary artery, in the studies comparing DES with CABG, similar rates of adverse
events including death, MI and TVR were observed [5] [18]. Although in our
study patients mainly received BMS, FFR-tailored therapy might have resulted in
a lack of relevant differences between groups. This explanation would align with
the above-mentioned DES studies with long-term follow-up concerning MACE
by revascularization for functionally significant stenosis only.

In the present study, during 4-years follow-up, we did not observe any differ-
ence in the survival rate free of MACE for patients in the PCI group, which was
65% and 68% in the CABG group. Botman ef al compared FFR-guided PCI
versus FFR-guided CABG in multi-vessel coronary artery disease [13]. During
2-years follow-up patients with multi-vessel disease treated either PCI or CABG
yielded similar event-free survival rates (80.9% in the PCI group vs. 81.6% in the
CABG group), which was lesser than our event-free survival rates. However, in
our study, the follow-up time was longer than the follow-up of the study men-
tioned above that might have directly affected MACE rates. After searching the
literature, we found only one study utilizing FFR for isolated proximal LAD co-
ronary artery disease [15]. Along with our study comparing revascularization
strategies, Muller et al compared the long-term clinical outcomes of age- and
sex-matched controls to patients with isolated LAD stenosis [15]. These patients
deferred PCI or CABG revascularization based on (FFR > 0.80). The study
showed a similar 5-year survival estimate in both medical and control groups.
However, it must be noted that the study was not designed to determine the su-
periority of either FFR-guided CABG or FFR-guided PCI for all patients with
isolated proximal LAD disease. Nonetheless, the study is important because its
cohort included 166 patients who underwent a revascularization procedure
when FFR was <0.80. In that study, only 25% of patients received drug-eluting
stents. At 5 years, the Kaplan-Meier percent survival free of death, myocardial
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infarction, or target vessel revascularization estimate was 89.7% in the medical
group versus 68.5% in the revascularization group (PCI and CABG both). Also,
the study’s survival rate free of MACE for the revascularization group paralleled
our findings.

The present study has several limitations. It was a retrospective, single-center,
nonrandomized study; treatment assignment was based on coronary pressure
measurements. The number of patients was small particularly a special subpo-
pulation of isolated proximal LAD patients. This was unavoidable, however, as
the intent of the study was not to compare PCI to CABG but to evaluate an
FFR-guided approach to treating patients with proximal LAD disease.

5. Conclusion

This retrospective study has demonstrated that performing FFR-guided revascu-
larization in proximal LAD disease, using either PCI or CABG, yielded similar
favorable outcomes concerning survival. However, the results indicated a higher

incidence of MI in the PCI group and a higher incidence of CVA in the CABG
group.
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Appendix

Guideline of the telephone interview: Telephone interviews were done for every
patient to obtain post-procedural adverse events. Patients who continued to our
hospital for follow-up visits were also reached. If the subject was not reached
during the follow-up interview, an official death registry review was used to con-
firm the death and the reason for the death.
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