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Summary. Background and Aim: Applying fractional flow reserve (FFR) recently helped to assess borderline
coronary defects and also facilitates assessment of these lesions. The present study aimed to assess cost-effectiveness of FFR in detection of these borderline lesions. Methods: This cross-sectional study was conducted
on140 consecutive patients with 219 diseased arteries who underwent coronary angiography and suffered
intermediate coronary lesions. Results: Of 18 patients who candidate for CABG before FFR, only one patient
underwent CABG after determining FFR (P-value<0.05), while 15 patients were scheduled for PCI and 2
patients for medical treatment. Of 122 patients who candidate for PCI, 59 were programmed to underwent
PCI after FFR determination(P-value<0.05), while the strategy in 63 patients (47 with one-vessel disease,
15 with two vessel diseases, and 1 with three vessel diseases) was modified to medical treatment. Considering
strategy modifying from PCI to medical treatment, 101 stents were saved (P-value<0.05). Also, in change
of strategy from CABG to PCI, spending has decreased as much as 77.3% (P-value<0.05). Furthermore,
the change of treatment approach from PCI on much number of coronary vessels to PCI on less number of
coronary lesions led to saving of 52.2% of costs(P-value<0.05). Conclusions: In patients with an intermediate
coronary lesion, measuring FFR to guide the decision to determine treatment strategy may lead to significant
cost savings. (www.actabiomedica.it)
Key words: fractional flow reserve, myocardial, coronary vessels, cost-benefit analysis, percutaneous coronary
intervention, coronary artery bypass

Introduction
Management of moderate coronary lesions in coronary angiography which is defined as coronary stenosis between 50 to 70 percent by eyeball estimation is
a challenging issue. Recently, applying fractional flow
reserve (FFR) helped to assess moderate coronary stenosis and also facilitate assessment of these lesions in
catheterization laboratory (1-3). This parameter is defined as the ratio of pressure distal to stenosis to aortic

pressure (4, 5). Different studies have shown that the
FFR lower than 0.75 can predict cardiac ischemia with
a high level of accuracy (6-8). Furthermore, deferring
PCI in the presence of FFR<0.75 can significantly diminish long-term adverse events of revascularization
procedures (9). Besides helpful role of cardiovascular
diagnostic procedures, the cost-effectiveness of these
procedures should be considered judiciously (10-12).
In this context, the cost-effectiveness of FFR is currently under survey and there are a small number of
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studies on this subject. In several studies, high effectiveness of FFR for diagnosis of borderline coronary
lesions has been revealed (13-16); however in some
other studies, the cost of coronary pressure wire for
assessment of moderate coronary lesions has been
reported noticeably high (17, 18). The present study
aimed to assess cost-effectiveness of FFR in detection
of these moderate coronary lesions.

Materials and methods
This cross-sectional study was conducted on140
consecutive patients who were candidate for coronary
angiography and had moderate coronary lesions (coronary stenosis between 50 to 70 percent in angiography). The patients were randomly assigned into two
groups that undergoing CABG or PCI without considering FFR value (control group) and undergoing
these procedures when FFR estimated less than 0.75
(case group). Baseline information including demographics and medical history of patients were recorded. Cost-effectiveness of the two procedures (defined
as reduction in necessitating CABG or PCI and also
reduction of materials and agents which are needed for
revascularization) was assessed and compared between
the two study groups. Results were showed as mean ±
standard deviation (SD) for quantitative variables and
were summarized by frequency (percentage) for clearcut variables. Continuous variables were compared
using T-Test and Mann-Whitney test. On the other
hand, categorical (clear-cut) variables were compared
using chi-square test. For the statistical analysis, the
statistical software SPSS version 20.0 for windows
(SPSS Inc., Chicago, IL) was used. P values less than
0.05 were considered statistically significant.

Results
Totally, 140 patients were included in our study.
The mean age was 58.71 ± 9.88 years ranged 33 to 83
years and 64.3% were male. The most common cardiovascular risk factors were hypertension (57.9%)
followed by hyperlipidemia (42.9%), diabetes mellitus
(36.4%), and cigarette smoking (29.3%). Family histo-
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ry of coronary disease was revealed in 22.9% and 15.7%
were obese. Regarding clinical symptoms, 66.4% had
chest pain, 10.7% had dyspnea, and 22.9% had both
symptoms. Mean LVEF was 51.19 ± 9.46 in echocardiography. In coronary angiography, 36.4% had singlevessel disease, 38.6% had two-vessel disease, and 25%
had three-vessel disease. Also, the number of coronary
vessels needing angioplasty was one vessel in 45%, two
vessels in 37.1%, and three vessels in 12.9%.
Of 18 patients who candidate for CABG before FFR, only one patient underwent CABG after
determining FFR (P-value<0.05), while 15 patients
were scheduled for PCI and 2 patients for medical
treatment. Of 122 patients who candidate for PCI,
59 were programmed to underwent PCI after FFR
determination (P-value<0.05), while the strategy in
63 patients (47 with one-vessel disease, 15 with two
vessel diseases, and 1 with three vessel diseases) was
modified to medical treatment (Figure 1). In those
with remained PCI strategy, PCI on two vessels was
modified to one vessel in 27 cases, PCI on three vessels was modified to two vessels in 4 cases, and PCI on
three vessels was modified to one vessel in 8 cases(Pvalue<0.05). In total, considering strategy modifying
from PCI to medical treatment, 101 stents were saving (P-value<0.05). Also, in change of strategy from
CABG to PCI, spending has decreased as much as
77.3% (P-value<0.05). Furthermore, the change of
treatment approach from PCI on more coronary vessels to PCI on less coronary lesions led to saving 52.2%
of cost spending(P-value<0.05).
In 1-year follow up, in the “PCI before FFR” arm,
of 63 patients who finally underwent medical treatment
after FFR, only one patient had non-STEMI who was
admitted and PCI was performed for the patient; also,
one mortality due to non-cardiovascular causes was
recorded; of 59 patients who finally underwent PCI
after FFR, only one re-admission due to unstable angina was recorded and managed conservatively. In the
“CABG before FFR“, of 15 patients who finally underwent PCI after FFR, only one patient re-admitted
due to unstable angina and managed conservatively;
those patients who finally underwent medical treatment or CABG, revealed no adverse event after 1-year
follow up. All of these results were showed in the table
under the diagram (Figure 1).
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Figure 1. Patients treatment plan before and after performance of FFR; table under the diagram, shows 1-year follow up results of
each groups .CABG: coronary artery bypass graft; FFR: fractional fellow reserve; MT: medical therapy; PCI: percutaneous coronary
intervention

Discussion
The cost of interventions and related materials in
the field of cardiology and cardiac surgery is one of the
essential issues of health care systems .and all efforts
are focused to lessen these costs as much as possible.
The main goal of the present study was to assess costeffectiveness of FFR in determining reasonable treatment approach in patients with moderate coronary lesions (coronary stenosis between 50 to 70 percent). In
fact, decision on selecting the best treatment method
in these patients had been ever challenging; thus inappropriate selection of treatment method may result in
adverse consequences and also unnecessary expenditure. Thus, the current study aimed to determine the
role of FFR on reduction of treatment costs and costeffectiveness. Based on our results, assessment of FFR
before therapeutic procedures can effectively reduce
costs. On the other hand, in most patients scheduled
for CABG, the type of protocol was changed from
CABG to PCI or medical treatment leading considerably decrease of medical costs. Also, notable number
of patients programmed to undergo PCI on coronary
lesions were considered to undergo PCI on less lesions
or even to receive medical treatment. In total, it seems
that those patients with moderate coronary lesions can
finally managed by medical treatment after considering FFR.

Almost all previous reports confirm high cost-effectiveness of FFR in CAD patients (19). In one study,
the FFR strategy saved 1795 dollars per patient compared with the nuclear stress imaging study strategy and
3830 dollars compared with the stenting of all intermediate lesions strategy, while quality-adjusted life expectancy was similar among the 3 strategies (20). In another
study of patients with multi-vessel CAD and borderline
lesions, FFR measurement identified those who can be
treated conservatively with a good long-term outcome
and prevented unnecessary PCI (21). In another investigation; Two-thirds of those for whom PCI had appeared
to be warranted, were treated conservatively; and only
one quarter of the original “surgical” group underwent
CABG (22). It was shown that the decision for bypass
surgery was supported by FFR; in FFR above 0.75, a
conservative approach was acceptable (13).
As a conclusion, in patients with an intermediate
coronary lesion, measuring FFR to guide the decision
to determine treatment strategy may lead to significant
cost savings. Our study is a single center study with
relatively small sample size and limited resources; and
is considered as a pilot study for future large multicenter studies. The result of our pilot study revealed
that FFR-guided interventions (including PCI or
CABG) of moderate coronary lesions could be more
cost-effective in comparison of conventional decision
for PCI or CABG.
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