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Abstract

Background: There are limited real-world data on the clinical course of untreated coronary lesions according to their
functional severity.

Obijective: To evaluate the 5-year clinical outcomes of patients with revascularized lesions with fractional flow reserve
(FFR) < 0.8 and patients with non-revascularized lesions with FFR > 0.8.

Methods: The FFR assessment was performed in 218 patients followed for up to 5 years. Participants were classified
based on FFR into ischemia group (< 0.8, intervention group, n =55), low-normal FFR group (> 0.8-0.9, n=91), and
high-normal FFR group (> 0.9, n = 72). The primary endpoint was major adverse cardiac events (MACEs), a composite
of death, myocardial infarction, and need for repeat revascularization. The significance level was set at 0.05; therefore,
results with a p-value < 0.05 were considered statistically significant.

Results: Most patients were male (62.8%) with a mean age of 64.1 years. Diabetes was present in 27%. On coronary
angiography, the severity of stenosis was 62% in the ischemia group, 56.4% in the low-normal FFR group, and 54.3% in the
high-normal FFR group (p<0.05). Mean follow-up was 3.5 years. The incidence of MACEs was 25.5%, 13.2%, and 11.1%,
respectively (p=0.037). MACE incidence did not differ significantly between the low-normal and high-normal FFR groups.

Conclusion: Patients with FFR indicative of ischemia had poorer outcomes than those in non-ischemia groups. There
was no difference in the incidence of events between the low-normal and high-normal FFR groups. Long-term studies
with a large sample size are needed to better assess cardiovascular outcomes in patients with moderate coronary
stenosis with FFR values between 0.8 and 1.0.
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There are published data on the clinical results of non-
revascularized coronary lesions according to functional
severity,®" and clinical outcomes are believed to differ
according to the different FFR strata. However, the studies

Introduction

Physiological assessment of coronary artery disease
(CAD) has become one of the cornerstones of decision-

making for myocardial revascularization.

The anatomic severity of coronary lesions is associated
with adverse events.?* Fractional flow reserve (FFR) has
emerged as a reference tool for assessing the functional
severity of coronary lesions. The significance of FFR in
the treatment of CAD has been highlighted in recent
years by the observation that coronary revascularization
according to the functional significance of the lesion is
associated with improved long-term clinical outcomes.*”
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lack uniformity in the stratification of FFR values and,
therefore, the outcomes may be different. Furthermore,
the clinical factors that are associated with adverse clinical
outcomes in non-revascularized lesions also differ between
studies. Describing the clinical course and identifying the
prognostic factors of non-revascularized lesions are of great
relevance in clinical practice. Therefore, this study aimed
to 1) evaluate the 5-year clinical outcomes of untreated
lesions according to functional severity; and 2) define
factors associated with adverse outcomes in untreated
lesions. Due to the progression of atherosclerotic disease,
the risk of events gradually increases with decreasing FFR
values." Thus, patients who are left unrevascularized with
a “low” FFR (i.e., 0.80 to 0.90) could be at increased
risk of ischemia or complications than those with higher
values (> 0.90).

The present study aimed to evaluate the incidence
of outcomes in patients with different FFR strata after a
5-year follow-up period.
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Coronary Artery Disease
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FFR: fractional flow reserve; OR: odds ratio; Cl: confidence interval

Materials and Methods

Study design

Observational historical cohort study. Data were collected
prospectively and stored in the database of the interventional
cardiology unit.

Study endpoints

1. Major adverse cardiac events (MACEs), a composite of death,
myocardial infarction, and need for repeat revascularization;

2. Death;

3. Myocardial infarction;

4. Ischemic stroke;

5. Need for repeat revascularization;

6. Target-vessel revascularization.

Study population

Patients referred to the Cardiovascular Intervention and
Interventional Cardiology Unit from January 2013 to September
2018 who underwent FFR assessment of at least one coronary
lesion with at least 50% stenosis.

Inclusion criteria

1. Patients with an indication for functional assessment of
coronary lesions;

2. Coronary lesion with a =50% diameter stenosis by visual
estimation on angiography.

Exclusion criteria
1. Left main coronary artery lesion;

2. Cardiogenic shock;

3. Previous coronary artery bypass grafting (CABG);

4. Extremely tortuous and/or calcified coronary arteries;
5. Life expectancy of less than 2 years;

6. Pregnancy.

Study protocol
Angiographic and non-angiographic data were recorded.

Coronary angiography

Coronary angiography was performed with a 5F or 6F
diagnostic catheter via femoral or radial access. Selective
intracoronary administration of 200 mcg of nitroglycerin
was performed immediately before angiography of both left
and right coronary arteries.>® Multiple cineangiographic
images of the left and right coronary arteries were obtained
in the left or right anterior oblique view, and cranial or
caudal angulation if necessary.” "

Fractional flow reserve (FFR)

A 6F guide catheter was routinely used to selectively
catheterize the coronary artery for FFR measurement,
paying attention to achieve coaxial alignment with the
coronary ostium to avoid pressure damping. A 0.014’
guidewire with pressure monitoring was calibrated at
atmospheric pressure, advanced to the end of the guide
catheter, and equalized with the aortic pressure (Pa) of
the guide catheter. The guidewire was then advanced to
the distal part of the vessel to record the distal coronary
pressure (Pd), ensuring that the pressure sensor was
located beyond the lesion to be assessed. FFR of the left
and right coronary lesions was recorded during maximal
hyperemia induced by intravenous adenosine via good
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caliber peripheral access at a dose of 140 ug/kg/min for
3-5 minutes."®!!

FFR was automatically calculated as the lowest pressure
gradient (Pa/Pd) reached during maximal hyperemia.
An FFR of 0.8 or less was defined as hemodynamically
significant (i.e., abnormal) according to current evidence, and
revascularization was therefore indicated.®*'? Patients with
lesions with an FFR > 0.8 or more were followed up clinically.

Participants were classified based on FFR into ischemia
group (<0.8, intervention group, n=>55), low-normal FFR
group (>0.8-0.9, n =91), and high-normal FFR group (> 0.9,
n=72). Patients in the ischemia group were revascularized
with drug-eluting stents.

Angiographic parameters

Quantitative coronary angiography (QCA) analysis of the
lesion that was functionally assessed was performed using
Cardiac Viewer (Philips™). Patients with at least 50% coronary
stenosis (by visual assessment) in at least 2 vessels were
considered to have multivessel disease.

Follow-up and clinical outcomes

Patients were followed for up to 5 years after the procedure.
Follow-up was performed prospectively via telephone contact.
The following clinical outcomes were assessed: death, acute
myocardial infarction, repeat target-vessel revascularization,
rehospitalization, and stroke. Target-vessel revascularization
was defined as any percutaneous or surgical revascularization
in a previously treated vessel due to restenosis or other lesion-
related complication.

Sample size

To detect a difference in MACEs of 12% in the low-normal
FFR (0.8-0.9) and high-normal FFR (>0.9) groups and of
30% in the ischemia group, at a ratio of 3:1, with a statistical
power of 80% and a two-tailed significance level of 5%, a
total sample size of 200 patients was necessary: 150 patients
in the low-normal and high-normal FFR groups and 50 in the
ischemia group.

Statistical analysis

Quantitative data were expressed as mean (SD). Based on
the central limit theorem, statistical tests were not used to assess
the normality of quantitative data distribution. Categorical data
were expressed as counts and percentages. One-way ANOVA
was used to compare mean values, followed by Tukey’s post
hoc test if necessary. The chi-square test or Fisher’s exact test
was used to compare categorical events, followed by Benjamini-
Hochberg correction if necessary. Odds ratio (OR) estimates and
their respective 95% confidence intervals (Cls) were obtained
in the univariate analysis with significance based on the chi-
square test. Multivariate logistic regression models were used to
calculate ORs adjusted for potential confounding effects. The
significance level (two-tailed type I error) in this study was set at
0.05; therefore, results with a p-value < 0.05 were considered
statistically significant. All analyses were performed using IBM-
SPSS, version 25.0.
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Results

Participants were divided according to the FFR value into
ischemia group (FFR < 0.80, or intervention, n = 55), low-
normal FFR group (> 0.8-0.9, non-revascularized, n = 91),
and high-normal FFR group (> 0.9, non-revascularized,
n=72). A total of 241 patients were included in the study
from January 2013 to September 2018, 218 of whom
completed follow-up (90.4%). Mean follow-up was 3.5
years. Mean patient age was 64.1 years. Most patients were
male (62.8%), and diabetes mellitus was present in 27% of
patients. Other clinical characteristics are shown in Table 1.
Most baseline clinical characteristics did not differ between
the groups, except for clinical presentation (Table 1).

Regarding angiographic characteristics, the most
frequently assessed vessel was the left anterior descending
coronary artery in the ischemia group, followed by the low-
normal FFR group (Table 2). The degree of angiographic
stenosis also differed between the groups, being more
severe in the ischemia group (Table 2).

The primary endpoint (MACEs), a composite of death,
myocardial infarction, need for repeat revascularization,
rehospitalization, and stroke, differed significantly between
the groups, occurring in 25.5% in the ischemia group,
13.2% in the low-normal FFR group, and 11.1% in the
high-normal FFR group (p = 0.037) (Table 3). The OR for the
occurrence of MACEs from the ischemia group to the high-
normal FFR group was 2.73 (95% CI 1.03-7.09; p = 0.039).
The OR for the occurrence of MACEs from the ischemia
group to the low-normal FFR group was 2.25 (95% CI 0.95-
5.29; p = 0.064), and the OR for the occurrence of MACEs
from the low-normal FFR group to the high-normal FFR
group was 1.22 (95% CI 0.47-3.15; p = 0.680) (Figure 1).

The mortality rate was 3.6% in the ischemia group, 6.6%
in the low-normal FFR group, and 4.2% in the high-normal
FFR group (p =0.67). Myocardial infarction occurred in
1 patient in the ischemia group, in 3 patients in the low-
normal FFR group, and in 1 patient in the high-normal
FFR group (p = 0.70). A significantly higher rate of patients
underwent repeat angioplasty during clinical follow-up in
the ischemia group (21.8%) than in the low-normal (5.5%)
and high-normal (7.1%) FFR groups (p =0.04) (Table 3).
Stroke occurred in 1 patient in the ischemia and in the high-
normal FFR group. No stroke occurred in the low-normal
FFR group. The need for rehospitalization was significantly
higher in the ischemia group (23.6%) than in the low-normal
(6.6%) and high-normal (8.6%) FFR groups (p = 0.01).

A subgroup analysis evaluating patients with chronic
CAD, who account for most participants in the study (175
of 218 patients, 80.2%), revealed a significant difference in
the occurrence of MACEs between the groups. The MACE
rate was 29.3% in patients with FFR <0.8, 11.1% in the
low-normal FFR stratum, and 7.5% in the high-normal
FFR stratum (Table 4). The difference in the occurrence of
MACEs was probably due to the greater need for repeat
revascularization in the ischemia group. There was no
significant difference in the occurrence of the outcomes
between the low-normal and high-normal FFR groups
(p=0.56).
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Table 1 - Demographic data

Clinical characteristics B2 AR

n=55
Age (years) 63.2+10.3
Male 37 (67.3)
Hypertension, n (%) 39 (70.9)
Dyslipidemia, n (%) 26 (47.3)
Current smokers, n (%) 4(27.0)
Diabetes, n (%) 7(30.9)
Previous myocardial infarction, n (%) 2 (21.8)
Previous coronary angioplasty, n (%) 21(38.2)
Previous CABG, n (%) 1(1.8)
Clinical presentation, (n (%)
Chronic angina 41 (74.5)
Unstable angina 9(16.4)
Non-ST segment elevation myocardial infarction 5(9.1)
ST segment elevation myocardial infarction 0
Medications, n (%)
ASA 3(78.2)
Clopidogrel 0 (54.5)
Statin 42 (76.4)
Beta-blocker 3 (60.0)
Diuretic 2 (21.8)
ACEI 8 (14.5)
ARB 15 (23.7)
Oral hypoglycemic agent 15 (27.3)

Low-normal FFR group High-normal FFR group

n=81 n=53 p value
65.1£ 10.4 64.2 £ 10.2 0.67
58 (63.7) 42 (58.3) 057
51 (56.0) 49 (68.1) 0.12
35 (38.5) 36 (50.0) 030
20 (21.9) 23 (31.9) 0.47
23 (25.3) 19 (25.0) 0.70
10 (11.0) 14 (19.4) 0.16
25 (27.5) 24 (33.3) 0.24
5(5.5) 6(83) 028
81(89.0) 53 (73.6) 0.02
7(7.7) 10 (13.9) 0.24
3(33) 8 (11.1) 0.13
0 1(1.4) 0.36
67 (73.6) 52 (74.3) 0.64
49 (53.8) 36 (51.4) 072
71 (78.0) 52 (74.3) 075
56 (61.5) 39 (55.7) 059
22 (242) 20 (28.6) 039
19 (20.9) 22 (31.4) 0.07
27 (29.7) 18 (25.7) 0.75
17 (18.7) 17 (24.3) 0.76

CABG: coronary artery bypass grafting; ASA: acetylsalicylic acid; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker

A univariate risk factor analysis was performed to identify
MACE predictors in all participants and showed that being
male, age > 65 years, hypertension, diabetes mellitus,
dyslipidemia, previous myocardial infarction, previous
angioplasty, and previous CABG were not significantly
associated with major cardiovascular events analyzed
separately. However, FFR < 0.80 was a predictor of MACEs
(OR 2.73, 95% CI 1.05-7.09; p=0.039) (Table 5).

In the multivariate analysis, after adjusting for sex, age,
hypertension, and diabetes mellitus, the difference in MACE
occurrence between the FFR strata remained unchanged (OR
2.72,95% Cl 1.03-7.14; p = 0.04).

Discussion

The present study, involving 218 patients with CAD
followed for up to 5 years and subjected to FFR assessment,
showed a larger number of MACEs in the ischemia group
than in the low-normal and high-normal FFR groups, with no
differences between the latter two groups.

Anatomic severity assessment parameters, such as diameter
stenosis, extent, plaque eccentricity, angle and calcification,

may be indicative of the complexity and prognosis of the
lesion. However, the prognosis differs significantly between
patients depending on whether or not myocardial ischemia
is present in a given lesion.> Therefore, there is a need to
overcome the limitations of angiography in the assessment of
the functional impact of coronary lesions, for which the FFR
has been used as a reference tool in invasive physiological
assessments.®

In recent years, several studies have consistently reported
the favorable results of the FFR-guided revascularization
strategy in clinical practice. In the DEFER trial, clinical
outcomes following non-intervention on the basis of FFR
measurement were excellent for a 15-year follow-up.? In the
Fractional Flow Reserve versus Angiography for Multivessel
Evaluation (FAME) 1 trial, routine measurement of FFR was
also shown to significantly reduce the rate of the composite
clinical endpoint of death, nonfatal myocardial infarction,
and repeat revascularization in patients with multivessel CAD
who were treated with drug-eluting stents.’® Furthermore,
the FAME 2 trial showed that FFR-guided angioplasty plus
optimal medical therapy decreased the need for urgent
revascularization compared with optimal medical therapy
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Table 2 - Angiographic data

Vessel assessed <0.001
Anterior descending coronary artery, n (%) 47 (85.5) 60 (65.9) 31 (43.1) *

Vessels other than the anterior descending

artery, n (%) 8 (14.5) 31(34.1) 41 (56.9)
Angiographic stenosis, n (%) 62.0+7.7 56.5+6.2 54.0+8.3 <0.001
FFR 0.75+0.03 0.85+0.02 0.94+0.03 <0.001

*p<0.001 for frequency of assessment of the anterior descending coronary artery between the low-normal and high-normal FFR groups. FFR: fractional flow reserve.

Table 3 — Qutcomes

Composite outcome 14 (25.5) 12 (13.2) 8 (11.1) 0.037
Death 2(3.6) 6 (6.6) 3(4.2) 0.67
Acute myocardial infarction 1(1.8) 3(3.3) 1(1.4) 0.70
Stroke 1(1.8) 0(0.0) 1(1.4) 0.46
Need for repeat angioplasty 12 (21.8) 5(5.5) 5(7.1) 0.04
Target-vessel revascularization 6(10.9) 3(3.3) 3(4.3) 0.12
Need for rehospitalization 12 (23.6) 6 (6.6) 6 (8.6) 0.05
Need for cardiac catheterization 15 (27.3) 7(7.7) 10 (14.3) 0.05

In the present study, the long-term prognosis of patients

. Low normal FFR High normal FFR . i i . ) oo
=Ischemia group = i " group with revascularized ischemic coronary lesions was significantly
worse than that of patients with non-revascularized non-
p=0.039 ischemic coronary lesions. This indicates that, in the real

world, revascularization with drug-eluting stents associated
with conventional clinical management was unable to reduce
30.0 p=0.064 outcomes in patients with ischemia to the point that they
become comparable to the outcomes of patients without
ischemia as determined by FFR.

225 The higher MACE rate in the ischemia group was due to the

greater need for repeat revascularization mainly of other lesions.
This finding indicates that patients with ischemic lesions have
worse clinical outcome related to the clinical progression of
atherosclerosis in other territories.>'® This results from a possible
increase in plaque burden that leads to an increase in the risk
of events as the FFR values decrease, as suggested in previous
studies."*"® Our MACE rates were slightly worse than those
found for the FFR group in the FAME 2 and iFR-SWEDEHEART
Major Cardiovascular events trials after 5-year follow-up, but similar to those reported in the
FAME 1 trial, which may be related to the use of new-generation
drug-eluting stents in the first two aforementioned studies and
also to a more rigorous clinical management in patients recruited
for randomized controlled trials.'*'?

alone in stable patients with functionally significant coronary The first studies with FFR demonstrated that low FFR values
lesions." Considering the results of these trials, the treatment  ¢ould identify lesions with high potential to induce ischemia,
of coronary lesions guided by FFR measurements can ensure  and non-revascularized lesions with an FFR < 0.8 were at
better clinical outcomes. increased risk. Above this value, it was assumed that patients

15.0

7.5

0.0

Figure 1 - Between-group comparison of MACEs. FFR: fractional flow reserve.
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Table 4 - Outcome in the subgroup of patients with chronic coronary artery disease

Composite outcome 12 (29.3)
Death 0
Acute myocardial infarction 1(2.4)
Stroke 1(2.4)
Need for repeat angioplasty 10 (24.4)
Target-vessel revascularization 2 (1.1)
Need for rehospitalization 11 (26.8)
Need for cardiac catheterization 11 (26.8)

9 (11.1) 4(7.5) 0.004
0 2 (3.8) 0.07
2(2.9) 0 0.34
0 1(2.0) 0.91
4 (4.9) 1(2.0) <0.001
1(2.4) 1(2.0) 0.26
5(6.2) 3(5.9) 0.003
6 (7.4) 5(9.8) 0.02

Table 5 - Univariate analysis for MACE predictors

Male, n (%) 116 (62.7)
Age >60 years, n (%) 123 (66.5)
FFR, n/total, n (%)

>0.90 64/184 (34.8)
0.81-0.89 79/184 (42.9)
<0.80 41/184 (22.3)
Hypertension, n (%) 120 (64.9)
Diabetes mellitus, n (%) 46 (24.9)
Dyslipidemia, n (%) 83 (44.9)
Previous myocardial infarction, n (%) 30 (16.2)
Previous angioplasty, n (%) 10 (5.4)
Previous CABG, n (%) 57 (30.8)

22 (64.7) 0.91 (0.42-1.96) 0.82
22 (64.7) 0.92 (0.42-1.98) 0.84
8/34 (23.5) 1 - -
12/34 (35.3) 1.22 (0.47-3.15) 0.689
14/34 (41.2) 273 (1.05-7.09) 0.039
20 (58.8) 0.77 (0.37-1.63) 0.561
12 (35) 164 (0.75-3.5) 0.20
14 (41.2) 0.86 (0.41-1.80) 0.69
6 (17.6) 1.1 (0.42-2.90) 0.83
2(5.9) 1.09 (0.2-5.22) 0.91
12(38.2) 1.39 (0.65-2.96) 0.39

MACE: major adverse cardiac event; OR: odds ratio; FFR: fractional flow reserve; CABG: coronary artery bypass grafting.

with low-normal FFR (>0.8-0.9) would be at greater risk of
events caused by the progression of atherosclerotic disease than
those with high-normal FFR (> 0.9), which was demonstrated in
previous studies such as the Interventional Cardiology Research
In-cooperation Society Fractional Flow Reserve (IRIS-FFR)
registry, in which a higher rate of outcomes was reported in
patients with an FFR of 0.81-0.85 than in those with an FFR
= 0.9. However, our study differed from the IRIS-FFR registry in
the stratification of FFR values and showed no difference in the
outcomes between the low-normal (0.81-0.9) and high-normal
(>0.9) FFR groups.” This may have resulted from our wide
range of values and limited number of participants.

Ischemia determined by coronary stenosis can be considered
a dichotomous variable, identified by an FFR above or below
0.8. We did not perform a continuum analysis of FFR as
performed in previous studies,"'” because we did not aim to
define the optimal cutoff value for FFR.

In the present study, we evaluated patients with FFR values
> 0.8 (i.e., without evidence of ischemia) stratified by the degree

of coronary flow restriction into low-normal FFR (>0.8-0.9) and
high-normal FFR (> 0.9). However, we found no difference in
the incidence of clinically relevant outcomes between patients
with different strata of non-ischemic FFR possibly because the
range of values (0.81-0.9 and >0.9) was too wide and the
number of patients was limited.

The concept of FFR as a continuous risk marker was
investigated in a meta-analysis of nearly 6000 patients, which
found that the optimal cutoff point for revascularization would
be <0.75." However, the relationship of FFR values with
clinical outcomes was not detailed between patients without
revascularization with an FFR > 0.8, and clinical follow-up was
limited to 1.5 years. Another study with a 2-year'® follow-up
demonstrated that MACEs increased as FFR decreased, again
suggesting that lower FFR values increase the risk of MACEs
at 2 years.

The actual FFR value prevails over the prognostic value of
the severity of the angiographic stenosis by visual estimation,
taking into account not only the stenotic segment but also the

Arq Bras Cardiol. 2023; 120(6):e20211051
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total coronary atherosclerotic burden and its impact on regjonal
myocardial perfusion. For the same stress level, ischemia increases
in severity or intensity with decreasing FFR values.'**

In patients with acute coronary syndrome, the outcome may
be largely associated with clinical instability and the patient’s
systemic inflammatory condition. Therefore, we did not perform
an additional analysis excluding this subgroup. Furthermore,
there are studies indicating that the benefit of using FFR in acute
coronary syndromes is controversial.'*2'22

In the present study, we reported the clinical outcomes of
patients with different FFR strata after a follow-up of up to 5 years.
The incidence of coronary events was comparable to that reported
by previous long-term follow-up studies with or without coronary
intervention.**?* Our study also presents findings comparable to
those of the PROSPECT studly (A Prospective Natural-History Study
of Coronary Atherosclerosis),® in which the 3-year cumulative
rate of the primary endpoint (death, myocardial infarction, or
rehospitalization due to unstable or progressive angina) was 11.6%
in revascularized, nonculprit coronary lesions.

Our study suggests the hypothesis that patients with high-
normal FFR (> 0.9) do not have a lower rate of events than patients
with low-normal FFR (> 0.8-0.9).

Study limitations

Limitations of the study include the fact that it is an
observational analysis of data stored in a database of a single
coronary intervention center. Patient follow-up was performed
via telephone contact, which may have had an impact on the
assessment of long-term outcomes. Stratification differed from that
of previous publications because of our small sample size. The
number of patients and events in our study could be insufficient to
reveal the real clinical impact accordingto lesion severity assessed
by FFR, which led us to divide the groups into FFR strata different
from those usually used in this type of study. To detect a possible
difference between the low-normal and high-normal FFR groups,
the sample size should be close to 2000 patients per group, which
would render the study unfeasible in our setting. The follow-up
period of up to 5 years may not have been sufficient to assess the
intended cardiovascular outcomes.

Conclusion

Our results showed that patients in the ischemia group had
poorer outcomes than those in the non-ischemia groups. There
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was no significant difference in the incidence of cardiovascular
events between the low-normal and high-normal FFR groups.
However, these patients should not be considered at low risk for
long-term cardiovascular events given the possible progression of
atherosclerotic plaque already demonstrated in previous studies.
Long-term prospective studies with a large sample size are needed
to better assess cardiovascular outcomes in patients with moderate
coronary stenosis with FFR values between 0.8 and 1.0.

Author Contributions

Conception and design of the research: Pellegrini D, Caramori
PRA, Ferreira FVC, Bodanese LC; Acquisition of data: Pellegrini
D, Caramori PRA, Soccol RZ, Lasevitch R, Agostini GL, Dussin
A, Ferreira FVC, Bodanese LC; Analysis and interpretation of the
data: Pellegrini D, Caramori PRA, Dussin A, Ferreira FVC, Wagner
MB, Bodanese LC; Statistical analysis: Pellegrini D, Caramori PRA,
Wagner MB, Bodanese LC; Obtaining financing: Pellegrini D,
Caramori PRA; Writing of the manuscript: Pellegrini D, Caramori
PRA, Agostini GL, Bodanese LC; Critical revision of the manuscript
for important intellectual content: Pellegrini D, Caramori PRA,
Dussin A, Bodanese LC.

Potential conflict of interest

No potential conflict of interest relevant to this article was
reported.

Sources of funding
There were no external funding sources for this study.

Study association

This article is part of the thesis of master submitted by Denise
Pellegrini, from Pontificia Universidade Catélica do Rio Grande
do Sul.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the
Pontificia Universidade Catélica do Rio Grande do Sul under
the protocol number 2.829.027. All the procedures in this study
were in accordance with the 1975 Helsinki Declaration, updated
in 2013. Informed consent was obtained from all participants
included in the study.

4. Yun KH, Mintz CS, Farhat N, Marso SP, Taglieri N, Verheye S, et al. Relation
between Angiographic Lesion Severity, Vulnerable Plaque Morphology and
Future Adverse Cardiac Events (from the Providing Regional Observations
to Study Predictors of Events in the Coronary Tree study). Am J Cardiol.
2012;110(4):471-7. doi: 10.1016/j.amjcard.2012.04.018.

5. MangiacapraF, Bressi E, Sticchi A, Morisco C, Barbato E. Fractional Flow Reserve
(FFR) as a Guide to Treat Coronary Artery Disease. Expert Rev Cardiovasc Ther.
2018;16(7):465-77.doi: 10.1080/14779072.2018.1489236.

6. Neumann FJ, Hochholzer W, Siepe M. ESC/EACTS Guidelines on
Myocardial Revascularization 2018: The Most Important Innovations. Herz.
2018;43(8):689-94. doi: 10.1007/500059-018-4764-5.



Pellegrini et al.
Fractional Flow Reserve in Patients with Coronary Artery Disease

Original Article

Windecker S, Kolh P Alfonso F, Collet )P, Cremer), Falk V, etal. 2014 ESC/EACTS
Guidelines on Myocardial Revascularization: The Task Force on Myocardial
Revascularization of the European Society of Cardiology (ESC) and the European
Association for Cardio-Thoracic Surgery (EACTS) Developed with the Special
Contribution of the European Association of Percutaneous Cardiovascular
Interventions (EAPCI). Eur Heart ). 2014;35(37):2541-619. doi: 10.1093/
eurheartj/ehu278.

Zimmermann FM, Ferrara A, Johnson NP van Nunen LX, Escaned ), Albertsson P et
al. Deferral vs. Performance of Percutaneous Coronary Intervention of Functionally
Non-Significant Coronary Stenosis: 15-Year Follow-Up of the DEFER Trial. Eur
Heart). 2015;36(45):3182-8. doi: 10.1093/eurheartj/ehv452.

Ahn JM, Park DW, Shin ES, Koo BK, Nam CW, Doh JH, et al. Fractional Flow
Reserve and Cardiac Eventsin Coronary Artery Disease: Data from a Prospective
IRIS-FFR Registry (Interventional Cardiology Research Incooperation Society
Fractional Flow Reserve). Circulation. 2017;135(23):2241-51. doi: 10.1161/
CIRCULATIONAHA.116.024433.

Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron D), Kostuk W), et al.
Optimal Medical Therapy with or without PCl for Stable Coronary Disease. N
Engl) Med. 2007;356(15):1503-16. doi: 10.1056/NEJM0a070829.

. Metz LD, Beattie M, Hom R, Redberg RF, Grady D, Fleischmann KE. The

Prognostic Value of Normal Exercise Myocardial Perfusion Imaging and Exercise
Echocardiography: A Meta-Analysis. ] Am Coll Cardiol. 2007;49(2):227-37. doi:
10.1016/j.jacc.2006.08.048.

. Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van' t Veer M, etal. Fractional

flow Reserve versus Angiography for Guiding Percutaneous Coronary Intervention.
N Engl) Med. 2009;360(3):213-24. doi: 10.1056/NEJM0a0807611.

Pijls NH, Fearon WE, Tonino PA, Siebert U, lkeno F, Bornschein B, etal. Fractional
Flow Reserve versus Angiography for Guiding Percutaneous Coronary Intervention
in paTients with Multivessel Coronary Artery Disease: 2-Year Follow-Up of the
FAME (Fractional Flow Reserve versus Angiography for Multivessel Evaluation)
Study. ) Am Coll Cardiol. 2010;56(3):177-84. doi: 10.1016/j.jacc.2010.04.012

. Johnson NP T6th GG, Lai D, Zhu H, Acar G, Agostoni P et al. Prognostic Value of

Fractional Flow Reserve: Linking Physiologic Severity to Clinical Outcomes. ] Am
Coll Cardiol. 2014;64(16):1641-54. doi: 10.1016/j.jacc.2014.07.973.

. Hachamovitch R, Hayes SW, Friedman JD, Cohen |, Berman DS. Comparison

of the Short-Term Survival Benefit Associated with Revascularization
Compared with Medical Therapy in Patients with no Prior Coronary
Artery Disease Undergoing Stress Myocardial Perfusion Single Photon
Emission Computed Tomography. Circulation. 2003;107(23):2900-7. doi:
10.1161/01.CIR.0000072790.23090.41.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Won KB, Nam CW, Cho YK, Yoon HJ, Park HS, Kim H, et al. Clinical
Outcomes in Patients with Deferred Coronary Lesions according to
Disease Severity Assessed by Fractional Flow Reserve. ] Korean Med Sci.
2016;31(12):1929-36. doi: 10.3346/jkms.2016.31.12.1929.

Badoz M, Chatot M, Hechema R, Chopard R, Meneveau N, Schiele F.
Effect of Fractional Flow Reserve (<0.90 vs >0.90) on Long-Term Outcome
(>10 Years) in Patients with Nonsignificant Coronary Arterial Narrowings.
Am ] Cardiol. 2016;118(4):465-72. doi: 10.1016/j.amjcard.2016.05.037.

De Bruyne B, Fearon WF, Pijls NH, Barbato E, Tonino P, Piroth Z, et al.
Fractional Flow Reserve-Guided PCl for Stable Coronary Artery Disease. N
EnglJ Med. 2014;371(13):1208-17. doi: 10.1056/NEJMoa1408758.

Gould KL, Kirkeeide RL, Buchi M. Coronary Flow Reserve as a Physiologic
Measure of Stenosis Severity. ] Am Coll Cardiol. 1990;15(2):459-74. doi:
10.1016/s0735-1097(10)80078-6.

Watkins S, McGeoch R, Lyne J, Steedman T, Good R, McLaughlin M),
et al. Validation of Magnetic Resonance Myocardial Perfusion Imaging
with Fractional Flow Reserve for the Detection of Significant Coronary
Heart Disease. Circulation. 2009;120(22):2207-13. doi: 10.1161/
CIRCULATIONAHA.109.872358.

Barbato E, Toth GG, Johnson NP, Pijls NH, Fearon WF, Tonino PA, et al.
A Prospective Natural History Study of Coronary Atherosclerosis Using
Fractional Flow Reserve. ] Am Coll Cardiol. 2016;68(21):2247-55. doi:
10.1016/j.jacc.2016.08.055.

Pijls NH, De Bruyne B, Peels K, van der Voort PH, Bonnier HJ, Bartunek, et
al. Measurement of Fractional Flow Reserve to Assess the Functional Severity
of Coronary-Artery Stenoses. N Engl ] Med. 1996;334(26):1703-8. doi:
10.1056/NEJM199606273342604.

Ihdayhid AR, Yong A, Harper R, Rankin J, Wong C, Brown A}, etal. A Practical
Guide for Fractional Flow Reserve Guided Revascularisation. Heart Lung
Circ. 2018;27(4):406-19. doi: 10.1016/j.hlc.2017.09.017.

Johnson NP, Johnson DT, Kirkeeide RL, Berry C, De Bruyne B, Fearon WF, et
al. Repeatability of Fractional Flow Reserve Despite Variations in Systemic
and Coronary Hemodynamics. JACC Cardiovasc Interv. 2015;8(8):1018-27.
doi: 10.1016/}.jcin.2015.01.039.

Fearon WF, Bornschein B, Tonino PA, Gothe RM, Bruyne BD, Pijls NH, et
al. Economic Evaluation of Fractional Flow Reserve-Guided Percutaneous
Coronary Intervention in Patients with Multivessel Disease. Circulation.
2010;122(24):2545-50. doi: 10.1161/CIRCULATIONAHA.109.925396.

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2023; 120(6):e20211051

8



