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Fractional flow reserve application in everyday practice:
adherence to clinical recommendations
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Abstract: Fractional flow reserve (FFR) is considered the gold standard for invasive assessment of functional,
significant coronary stenosis. Nevertheless, its application and outcome in daily practice is rarely reported.
We investigated whether decisions in clinical practice adhered to FFR-generated recommendations and
whether FFR influenced cardiovascular outcomes. This retrospective, observational, cohort study included
189 patients that underwent FFR measurements during coronary angiography at our institution The median
follow up was 27 months (range, 7-112 months). Clinical outcomes (up to 2 years) included all-cause mortality,
cardiac-mortality, and major adverse cardiac events (MACE) which comprised cardiac mortality, non-fatal MI,
target vessel revascularization, and coronary artery bypass graft (CABG). Patients most frequently presented
with unstable angina (74.6%). Only 55 patients (29.1%) exhibited significant functional stenosis (FFR <0.8).
Nevertheless, 68 patients (36%) underwent immediate coronary interventions; 64% were deferred from
revascularization procedures and managed conservatively with optimal medical treatment. Thirty-five patients
(18.5%) were treated in discordance with FFR results, but the overall MACE rate was similar to that of patients
treated in concordance with FFR results (8.3% vs. 8.6%, P=0.41). In conclusion, in our everyday practice, the

operator’s decision was in discordance to the FFR measurements and indications in nearly 20% of cases. In

these selected cases, the operator’s subjective judgment may continue to play an important role.
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Introduction

Currently, fractional flow reserve (FFR) is considered
the gold standard for invasive assessment of functional
significant coronary stenosis (1-3). The FFR provides a well
defined cut-off value for deciding whether to revascularize
immediately or to defer intervention. The cut-off includes
a narrow “grey zone” (0.75-0.8) (4); thus, stenosis with
FFR <0.75 are associated with inducible myocardial
ischemia, with accuracy above 90% (5-8).

Over the last decade, several studies have investigated
methods for identifying patients that might benefit from
FFR-guided percutaneous coronary angiography (PCI)
including stable patients that elected treatment for single-
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vessel coronary artery disease (9-12), multi-vessel coronary
artery disease (13,14), equivocal left main coronary artery
lesions, or bifurcation lesions (15-20). FFR has also been
validated for patients with acute myocardial infarction (MI)
or unstable angina (21,22).

In routine clinical practice, a substantial proportion
of patients undergo coronary angiography without a
prior non-invasive, functional evaluation. Traditionally,
operators have been trained to assess coronary stenosis
with an angiogram, and they base their decisions on a visual
assessment, quantitative coronary angiographic (QCA)
measurement, and their clinical judgment. Therefore,
the incorporation of FFR into daily practice for decision
making would require a change in the “mind-set”, and it
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would also be time-consuming.

The aim of the present study was to evaluate the routine
use of FFR in daily clinical practice. We investigated the
clinicians’ adherence to FFR guidelines and the effect of
FFR analysis on long term outcomes.

Methods
Study design and population

We performed a single-center, retrospective, cohort
investigation of all patients that underwent a FFR evaluation
during coronary angiography until December 2011, in the
Rabin Medical Center.

The study population included all consecutive patients
that exhibited an equivocal stenosis during angiography;
had received an FFR measurement to determine the need
for revascularization; and had completed at least a 6-month
clinical follow-up, which was recorded and available. The
decision of whether to perform the FFR and the choice of
management afterwards were determined by the operator.

The study population comprised patients that had
elected treatment and patients hospitalized for treatment
after a diagnosis of stable coronary disease, unstable
coronary disease, or acute MI. Stable angina was defined
as chest pain on exertion with a stable pattern for at least
6 months preceding admission. Unstable angina was
defined according to the Braunwald classification (23).
MI, ST elevation MI (STEMI) and non-ST elevation
MI (NSTEMI), were defined according to the universal
definition of MI (24).

In patients with multi-vessel coronary disease, we reported
the results and outcome of the lesions which required FFR
measurement, regardless to the treatment of the non-
equivocal lesions.

Demographics, baseline characteristics, clinical
presentation, coronary distribution, treatment modality, in-
hospital outcome, and long-term outcome were determined
by medical records and angiographic reviews, and when
necessary, in a telephone follow-up.

Coronary angiography

Diagnostic left heart catheterization and coronary
angiography were performed with a standard percutaneous
approach from either the femoral or radial artery. The
severity of the coronary lesion was assessed by the operator,
based on the angiogram. Retrospectively, we performed
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offline, QCA calculations with the Medcon analysis software
(Horizon Cardiology version 12.2 Hot Fix 2, McKesson
Israel LTD. Tel-Aviv, Israel). All QCA measurements were
performed by an independent observer that was blinded to
patient clinical outcome and FFR data.

The radiopaque catheter was used for calibration. The
obstructive diameter, reference diameter, and lesion length
were measured, preferably, on end-diastolic images. The
lesion segment was defined as proximal, middle, or distal.

FFR measurements

FFR measurements were performed for all lesions that
had been judged equivocal by the operator at the time
of coronary angiography. FFR results reported in case of
acute MI relays to the culprit artery. Decision-making
for revascularization was undertaken by the operator, and
the decisions were based on his/her clinical judgment, in
consideration of the FFR results, but not necessarily in
concordance with the FFR results.

After intravenous (IV) administration of heparin at a dose
of 50 IU/kg, a pressure monitoring guidewire (PrimeWire-
Prestige, Volcano Corporation, San Diego, CA, USA) was
calibrated and introduced into the guiding catheter. The
wire was advanced up to the tip of the guiding catheter,
where the arterial blood pressure was checked to ensure
the pressure detected with wire was equal to the pressure
measured through the guiding catheter. Subsequently, the
pressure wire was advanced further into the target coronary
artery, until the pressure sensor was located just distal to
the lesion segment. Then, maximal myocardial hyperemia
was induced by infusing escalating doses of adenosine
through the guiding catheter until steady-state hyperemia
was achieved. During maximal hyperemia, FFR was
calculated as the ratio between the simultaneously recorded
mean aortic pressure and mean coronary artery pressure.

Significant FFR was defined as <0.80 (1).

Follow up and clinical outcome

Clinical outcomes included all-cause mortality, cardiac
mortality, and major adverse cardiac events (MACE).
MACE was defined as a hierarchal, composite end-point
that comprised cardiac mortality, non-fatal M1, target vessel
revascularization, and coronary artery bypass graft (CABG).
Clinical outcomes were evaluated at 6-month, one-year, and
two-year follow ups by reviewing medical records, clinical
visits, and hospitalizations. When necessary, patients or
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Table 1 Baseline clinical and angiographic characteristics
Overall [n=189]

Characteristics

Age [years] 62.5+11.3
Gender-male 152 [80.4]
Medical history
Diabetes mellitus 82 [43.3]
Hypertension 130 [68.7]
Dyslipidemia 170 [89.9]
Smoking 79 [41.7]
Obesity 80 [42.3]
Family history 52 [27.5]
Cardiovascular history
Prior stroke 18 [9.5]
Prior PCI 90 [47.6]
Prior CABG 15 [7.9]
Good LV function 146 [77.2]
Moderate-severe LV function 30 [15.9]
Prior non-invasive stress test 76 [40.2]
Clinical presentation
Stable angina 32 [16.9]
Unstable angina 141 [74.6]
NSTEMI 13[6.9]
STEMI 3[1.6]
Coronary angiography urgency
Elective 73 [38.6]
Hospitalized 116 [61.4]
Angiographic characteristics
Single vessel 87 [46.1]
2-3 vessel disease 102 [563.9]
Bifurcation lesion 18 [9.5]

Values are n [%] or mean + standard deviation. CABG,
coronary artery bypass graft; LV, left ventricular; PCI,
percutaneous coronary angiography; NSTEMI, non-ST
segment elevation myocardial infarction; STEMI, ST segment
elevation myocardial infarction

their general practitioners were contacted by phone for
additional information. The follow-up was terminated
either when the patient died or at the end of the follow-up
period (July 31, 2012).

Statistical analysis

Continuous data are reported in terms of the mean (range),
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and differences between groups were tested with the
unpaired Student’s t test. Categorical data are presented
as the number and percentage, and differences between
groups were tested using Fisher’s exact test. Survival curves
and life tables were constructed according to the Kaplan-
Meier method with Log-Rank analysis for significance.
A P-value <0.05 was considered statistically significant. All
tests were two-tailed.

Results

We identified 189 patients (mean age 62.5+11.3 years, men
80.4%) who underwent FFR measurements for equivocal
lesions during coronary angiography. All patients had
complete data regarding the FFR, coronary angiography
results, and clinical outcomes. The median follow up period
was 27 months (range, 7-112 months).

Baseline clinical characteristics, angiographic results, and
functional measurements

Baseline clinical and angiographic characteristics are depicted
in Table 1. The clinical presentations were diverse, including
unstable angina (74.6%), stable angina (16.9%), and acute MI
(8.5%). A large number of patients (40.2%) had performed
noninvasive stress testing prior to angiography. Multi-vessel
coronary disease, was present in 102 patients (53.9%), and
bifurcation lesions in 18 patients (9.5%).

According to the angiographic visual assessment (i.e.,
visual estimation by the operator), nearly half the patients
(49.7%) had intermediate stenosis (51-70% stenosis);
12.7% had significant stenosis (>70%) and 37.6% had non-
significant stenosis (<50% stenosis) (Table 2).

Non-significant FFRs (>0.8) were found in 134 patients
(70.9%); significant FFRs (<0.8) were found in only 55
patients (29.1%). An intervention (PCI or CABG) was
performed in 36% of patients; the remaining patients
were managed conservatively with the best attempted
medical treatment. Interestingly, despite a FFR finding of
functionally non-significant stenosis, 24 out of 134 patients
(17.9%) underwent revascularization (19 PCI and 5 CABG);
conversely, despite a FFR finding of functionally significant
stenosis, 11 out of 55 patients (20%) were deferred.

The visual stenosis estimate was validated with a
calculated QCA, and both were compared to FFR
measurements (Tzble 2). Lesion severity was frequently
overestimated by the visual estimate compared to that
estimated by the calculated QCA (Figure I); however, both
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Table 2 Angiographic characteristics according to functional measurements

Overall [n=189] FFR >0.8 [n=134] FFR <0.8 [n=55] P value

Lesion site

LMCA 7 [3.7] 3[2.2] 4[7.2] 0.095

LAD 111 [58.7] 69 [51.5] 42 [76.4] 0.001

Diagonal 3[1.6] 0 [0] 3 [5.45] 0.006

LCX 28 [14.8] 24 [17.9] 4[7.3] 0.07

Marginal 5 [2.6] 4 [3] 1[1.8] 0.65

RCA 32 [16.9] 28 [20.9] 417.3] 0.023
Stenosis severity%-visual assessment

<50 71 [37.6] 64 [90.1] 7[9.9] <0.001

51-70 94 [49.7] 60 [65.9] 31 [34.1] <0.001

>70 24 [12.7] 9 [34.6] 17 [65.4] <0.001
Stenosis severity%-QCA

<50 123 [65.1] 92 [74.8] 31 [25.2] <0.001

51-70 58 [30.7] 37 [63.8] 21 [36.2] <0.001

>70 8[4.2] 5[62.5] 3[37.5] <0.001

Values are n [%]; FFR, functional flow reserve; LAD, left anterior descending artery; LCX, left circumflex coronary artery; LMCA,
left main coronary artery disease; QCA, quantitative coronary angiography; RCA, right coronary artery
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Figure 1 Scatter plot compares tests for estimating stenosis
severity. Stenosis severity at baseline (pre-stenosis) was assessed by
visual estimation (Y-axis) and quantitative coronary angiography
(X-axis) for significant (<0.8) and non-significant (>0.8) FFR. FFR,

fractional flow reserve; QCA, quantitative coronary angiography

© Cardiovascular Diagnosis and Therapy. All rights reserved.

were poorly correlated with FFR measurements (7able 2).

Outcome

During a 2-year follow up period, the all-cause mortality
rate was 4.9%, including 7 non-cardiac deaths and 1 cardiac
death due to severe heart failure. Overall, 10 patients
(8.5%) experienced a MACE during the two-year follow up
period, including 1 cardiac mortality, 2 acute MI, 6 target
lesion or vessel revascularizations, and 1 CABG. Most
revascularizations were performed after one year of follow up.
Patient’s description including stenosis severity, management
strategy and adherence to FFR results is presented in 7able 3.

There was no significant difference in the overall
MACE rates for those with significant and those with
non-significant FFRs (8% wvs. 10%, respectively, P=0.98;
Figure 2). Patients deferred from revascularization tended
to have higher overall MACE rates (including subsequent
revascularizations) than those treated immediately.
However, this difference did not reach statistical significance
(11.7% wvs. 3.4% respectively, P=0.23; Figure 2).

Outcome according to FFR adberence

Out of 189 patients, 35 (18.5%) were treated in discordance
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Table 3 Outcome events according to stenosis severity, management and adherence to FFR results
All-cause mortality [n=8] Cardiac mortality [n=1] Ml [n=2] TVR [n=3] TLR [n=3] CABG [n=1]

Stenosis severity

FFF >0.8 6 [75] 1[100] 2 [100] 3[100] 3 [100] 1[100]

FFR <0.8 2 [25] - - - - -
Management

Deferred 6 [75] 1[100] 1 [50] 2 [66.7] 3[100] 1[100]

Intervention 2 [25] - 1 [50] 1[33.3] - -
Decision according to FFR

Concordance 8 [100] 1[100] 1 [50] 2 [66.7] 3[100] -

Discordance - - 1 [50] 1[33.3] - 1 [100]

Values are n [%]; FFR, functional flow reserve; MI, myocardial infarction; TVR, target vessel revascularization; TLR, target lesion
revascularization; CABG, coronary artery bypass graft
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Figure 2 Kaplan-Meier curve for 2-year event free survival. A For patients with significant (<0.8) and non-significant FFR (>0.8) in the
target lesion; B. For patients with management strategies of either intervention or conservative treatment; C. For patients with management
strategies—according to FFR results and discordant from FFR results. FFR, functional flow reserve; MACE, major adverse cardiac events;

Sig FFR, significance of the FFR measurement
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# Deferred
# Intervention

non significant FFR

significant FFR

Figure 3 Mean FFR values for patients that received management
decisions (deferral or intervention) that were concordant or
discordant with indications from a non-significant or significant
FFR value. The black line indicates the cut-off value for a deferral
(above the line) or intervention (below the line). FFR, functional

flow reserve

with the FFR results and guidelines; thus, 24 patients
(17.9%) underwent revascularization, despite a non-
significant FFR, and 11 patients (20%) were deferred from
revascularization, despite a significant FFR.

For patients treated in discordance with the FFR
indication, the mean FFR values were slightly above or
below the reference cut-off value (“grey-zone”, Figure
3). Patients that underwent revascularization, despite a
non-significant FFR, had a lower mean FFR than those
deferred (0.86+0.49 vs. 0.88+0.53, P=0.023); patients that
were deferred from revascularization, despite a significant
FFR, had a higher mean FFR than those that underwent
revascularization (0.76+0.43 vs. 0.73+0.68, P=0.0306).

Evaluating the discordant cases, we have found that
19 out of 35 patients (54.3%) had an FFR around the
cut off value (0.75-0.85). Only 2 patients who had FFR
value of <0.75 were treated conservatively and 14 patients
with FFR>0.85 underwent revascularization. For patients
who underwent revascularization despite non-significant
FFR, the decision was based on clinical judgment
(5 patients), positive stress test (12 patients) and
angiographic morphology of unstable plaque (4 patients).
For 3 patients the concrete causes for the decision were
missing. For patients treated conservatively despite
significant FFR, the decision was based on clinical judgment
(2 patients) and lesion complexity (3 patients). For
6 patients the concrete causes for the decision were missing.
Only 1 patient was treated conservatively despite a positive
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stress test due to his oncological condition.

During a 2-year follow up period, there was no significant
difference in the cumulative MACE rate, whether the patient
was managed in concordance or discordance with FFR results
and guidelines (Figure 2).

Discussion

This study had four main findings. First, a significant FFR
(<0.8) was found in approximately 30% of patients with
equivocal lesions, and of those, 84% presented with acute
coronary syndrome. Second, visual lesion estimates showed
a tendency to overestimate lesion severity compared to
the calculated QCA, but both were poorly correlated to
functional stenosis measurements. Third, in approximately
20% of cases, the decision for revascularization was
discordant with FFR-based recommendations. Also,
indication for FFR measurement did not always follow the
accepted guidelines (STEMI patients, <50% and >90%
lesion severity). Forth, there was no significant difference
in outcome between groups treated with or without
revascularization, whether the treatment was in concordance
or discordance with FFR-based recommendations.

Our study population was unique for its diversity in
clinical presentations, which ranged from stable coronary
disease to emergent acute MI. This diversity represented
the “open door” policy in “real life” clinical medicine. In
addition, the population included a balanced distribution of
patients with single vessel and multi-vessel coronary disease.

An important observation in our study was the non-
adherence to FFR results in nearly 20% of cases; thus, some
patients were deferred from PCI, despite a significant FFR,
and others underwent a PCI, despite a non-significant FFR.
However, 51.4% of these cases were considered borderline
cases with FFR which was slightly above or below the
reference cut-off value (4,5) (Figure 3). The final decision
in case of borderline cases with “gray zone” FFR values
should be based on a combination of clinical judgment,
clinical presentation, non-invasive test results, and the focal
or diffuse nature of the coronary lesion (6), as was in our
study. The high frequency of acute coronary presentations
in our study (80%) might have pressured the operators
into implementing revascularization strategies, in these
borderline cases.

It is particularly challenging to assess an intermediate
lesion, defined as 40-70% stenosis. Assessments based
solely on angiographic severity may lead to incorrect
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management (25). Tonini er /. (26) demonstrated
that, in cases of intermediate lesions, one cannot rely
on the angiogram alone, because there is a significant
miscorrelation (only 65% concordance) between the
severity assessed with the angiogram and that assessed
with FFR measurements. A similar miscorrelation was
also reported between assessments made with QCA and
FFR measurements (27). In the present study, similarly
low correlations were found between the FFR and either
the visual estimate (66%) or the calculated QCA (63 %)
in cases of intermediate lesions (51-70% stenosis). A
prominent discrepancy was also observed in the assignment
of significant and non-significant lesions (Figure I). Another
important observation was the underestimation of lesion
severity with the QCA compared to the visual assessment.
This trend was previously reported in the literature and was
ascribed to operator bias and technical errors (28). These
observations might explain the relatively high prevalence of
discordance between FFR recommendations and decisions
made in practical practice. Another potential explanation
could be an irresistible urge in the operator to treat all
significant lesions amenable to PCI; this was previously
defined as the “oculo-stenotic reflex” phenomenon (29).
Thus, a change in practice towards more functional, FFR-
based evaluations may take some time in the present clinical
environment.

In our study, the event rates, including mortality
and MACE, were relatively low, compared to other
contemporary PCI studies (e.g., FAME 1 and COURAGE)
(11,29), therefore we could not reach a valid conclusion
regarding the outcome.

As mentioned previously, the aim of our study was to
investigate the incorporation of FFR in everyday practice
in a retrospective analysis, with all the drawbacks that
characterize retrospective studies. Since our study includes
diverse population, as opposed to the pre-specified
population in the FAME and COURAGE trials, we did not
attempt to contradict or counteract these trials.

Furthermore, in our study, 37.6% of lesions were
estimated to have <50% diameter stenosis. Although higher
than previously reported (12), this reflects daily practice
discrepancies between visual image and clinical or functional
data. This could also have impacted on the event rate.

Our outcome results were similar to those reported
by Miller et al. (30), who evaluated real-world, long-term
outcomes (death, MI, and revascularization) in patients
treated with FFR-guided revascularization strategy. They
demonstrated no statistical difference in long-term outcomes
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for patients deferred and those that underwent PCL

Limitations

Our study had several limitations. First, it was a
retrospective study design, which has inherent limitations
including a selection bias. The decision to perform FFR and
the choice of management afterwards were determined by
the operators. Therefore, selection bias at the outset might
have impacted on clinical outcome. However, the aim of this
study was to show the incorporation of FFR measurements
in actual daily clinical practice. Second, the cohort received
FFR measurements relatively infrequently, but mainly over
the past 3 years, following the DEFER study (10); therefore,
the cohort represented a distinct group of patients with
a relatively short follow-up period. Third, the FFR
measurements were not performed consistently throughout
the study period, due to alterations in our group policies
that imposed changes in practice during the study period.
Also, the FFR measurements did not include a predefined
protocol for the delivered dose of adenosine; rather, the
adenosine dose was determined by the operator, and dose
delivery followed the protocol accepted at that time in the
study period. As we learned over the years, the inherent
fallacies in the test could have led to variability between
the operators with misleading results. This may have been
in part responsible for the discrepancy between the FFR
measurement and the visual lesion diameter in the extreme
borders. Also, we can’t rule out the possibility that the
operators have been biased by the FFR measurements and
hence reported a more significant stenosis than originally
evaluated to justify the intervention and vice versa. Fourth,
only 58% of patients achieved a maximum follow-up
period of 2 years; therefore, the true event rate may have
been under-represented. Finally, due to the relatively small
event rate, attributed to a small population analyzed at a
single center, may have impacted the outcome results and
multivariate analysis. However, the small selected patient
group represents our everyday practice. Nevertheless, our
results should be further investigation and validated in
larger cohort studies.

Conclusions

Our results suggested that, despite the considerable
contribution that FFR evaluations can make to decision
making during coronary angiography, the operator’s
subjective judgment may continue to play an important role
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in selected cases, mainly in the borderline ranges. These
results should be validated in much larger cohorts.
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