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ABSTRACT
OBJECTIVE: Fractional flow reserve (FFR) provides more useful information regarding myocardial metabolism and demandsupply convenience as compared to anatomical measurements and we aimed to investigate FFR predictors after propensity
score matching (PSM) analysis in patients with intermediate coronary lesions.
METHODS: Patients who underwent coronary angiography between January 2014 and March 2015 due to suspicion of
coronary artery disease were included in the study. Patients were divided into two groups according to the FFR status and
predictors of FFR before and after PSM analysis were investigated.
RESULTS: A total of 290 patients (a total of 310 lesions) were included in the study (61±12 years, 75.5% males). In univariate analysis after PSM analysis, Diameter stenosis (DS) and proximal LAD lesion (PLL) were associated with lower FFR values.
CONCLUSION: This study indicated that the majority of traditional FFR predictors did not reach the limit of significance
after PSM analysis and we suggest that DMS and PLL are one step ahead of predicting lesion severity compared to other
traditional risk factors.
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A

therosclerosis is a chronic process composing of various stages, in which inflammatory mediators and
endothelial dysfunction are involved. Coronary artery
disease is one of the leading causes of mortality and morbidity in developed countries. Coronary artery stenosis
resulting from atherosclerosis plays a role in the etiology.
Risk stratification is widely used for diagnosis, treatment
and staging of coronary artery disease and recommended
as the first choice in current guidelines [1].
Although coronary angiography (CA) based anatomic
classification often overestimates or underestimates the
functional significance of lesion(s), it is still commonly

used in the conventional percutaneous coronary intervention (PCI) strategies. Fractional flow reserve (FFR),
is one of the indicators of functional coronary stenosis
and. FFR can be easily measured during coronary angiography and an FFR value ≤ 80% shows a functionally
critical lesion with >90% accuracy rate [2-9].
The propensity score matching (PSM) method was
described by Rosenbaum [10] and in PSM analysis, the
parameters are reclassified using matching, stratification,
covariate adjustment and inverse probability weighting
methods. The effects of parameters on treatment response or clinical status can be determined more accu-
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rately [11-13]. Although FFR is a good diagnostic tool in
coronary artery disease, there are no studies investigating
the FFR predictors by PSM analysis. In this study, we
aimed to investigate FFR predictors after PSM analysis
in patients with intermediate coronary lesions.
MATERIALS AND METHODS
Patient Characteristics
Study sample was selected from a population of 1100
patients with stable angina pectoris that applied to our
medical center between September 2016 and December
2017 and included the patients, who underwent coronary
angiography due to suspicion of coronary artery disease
and were diagnosed to have intermediate (40-70%) lesion
in at least one of the major epicardial arteries. Exclusion
criteria, history of coronary artery bypass graft surgery
or a coronary intervention, newly emerging ST segment
elevation myocardial infarction (<7 days) and existence
of an absolute contraindication to adenosine. Ultimately,
a total 290 patients were included in the study and a sum
of 310 lesions was investigated. The study was carried
out following the obtainment of patients’ consent forms
as well as the approval of the local Ethics Committee.
Definitions
Hypertension was defined as having at least two blood
pressure measurements >140/90 mmHg or using antihypertensive drugs, whereas diabetes mellitus was defined as having at least two fasting blood glucose measurements >126 mg/dl or using antidiabetic drugs.
Medications, which were used prior to the coronary
angiography, were noted. Additionally, hematological indices, low-density lipoprotein (LDL) and high-density
lipoprotein (HDL) total cholesterol (TC), triglycerides
(TG), and fasting glucose levels were measured for all
patients before coronary angiography, and chronic medications were noted.
Coronary Angiography, Syntax Score and diameter
stanosis
For all cases, CA (Toshiba Infinix, Toshiba Japan) was
performed via femoral artery using the Judkins technique. CA was performed by two invasive cardiologists
(UA and OG), who were blinded to the patients’ data. All
lesions with >1.5 mm segment length and >50% stenosis were taken into consideration in measurements. Two
orthogonal views were taken for assessment. The con-

trast medium -filled 6 Fr guiding catheter was used for
calibration in an end-diastolic frame. The proximal and
distal part of the vessel and lesion were manually traced.
After this step DS was calculated with a semi-automated
edge detection system (Infinix, Toshiba Medical System,
Japan). Syntax score (SS) was calculated for each patient
using the SS calculator as previously defined [14].
FFR Measurement
FFR procedure was carried out with a 6 Fr guiding
catheter. The epicardial arteries, which were >2 mm in
segment length and detected to contain lesion, were subjected to FRR procedure and FFR procedure was performed according to current guidelines [5].
Statistics
Continuous variables were expressed as mean±standard
deviation or median (interquartile range) values, whereas
categorical variables were presented in percentages. For
comparison of continuous variables, the Independent Student T test or the Mann-Whitney U test was used. Moreover, the Chi-square test was used to compare categorical.
PSM analysis was performed to reduce the bias rate as the
baseline characteristics of the two groups were quite different. A multivariate logistic regression model was used
to estimate Propensity scores (PS) of the study population. After estimation of the PS of each participant, A 1:1
matched analysis using nearest-neighbor matching method
were performed, unmatched patients were excluded from
the study. Balance was assessed by standardized difference
and c statistics. The variables found to be significant in the
univariate analysis (p<0.05) were subjected to multivariate logistic regression. Data was analyzed using the SPSS
22 for Mac (IBM, Armonk, NY, USA).
RESULTS
A total of 290 patients with stable angina (a total of 310
lesions) was included in the study (61±12 years, 75.5%
males). After matching procedure, 78 patients were included in the analysis: 39 FFR (+) and 39 FFR (-) patients (Fig. 1). The PS of the study population before and
after PSM analysis were shown in Figure 2. Before matching in univariate analysis, Sex (p=0.01), Baseline Pd/Pa
(p<0.001), SS (p=0.016), PLL (p=0.02), Na (p=0,06),
ALT (p=0.04), HDL (p=0.04), LDL (p=0.029), Lymphocyte (p=0.01) were associated with lower FFR values.
Table 1 shows the baseline clinical, laboratory and angio-
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Figure 2. Distribution of propensity scores before and after

Figure 1. Study flow diagram

Table 1.

matching

Patient characteristics before and after propensity score matching

Variables		
		
FFR (-) Group
(n=193)
Age (years)
Sex (Male %)
DM (%)
HT (%)
Smoking (%)
Baseline Pd/Pa
SS
Diameter stenosis (%)
PLL%
CRP(mg/dl)
Glucose (mg/dl)
Cr (mg/dl)
Na (mg/dl)
K (mg/dl)
TSH (IU/mL)
T4 (ng/dl)
AST (UI/L)
ALT (UI/L)
Albumin (mg/dl)
TC (mg/dl)
HDL (mg/dl)
LDL (mg/dl)
TG (mg/dl)
WBC (10^3 /µL)
Hemoglobin(g/dl)
Neutrophil (10^3 /µL)
Lymphocyte (10^3 /µL)
RDW (%)
Platelet (10^3 /µL)

61.35±9.26
69.8
37.1
49.8
37.1
94.3±2.3
10 (7-13)
0.4 (0.33-0.47)
77
3.24 (3-6)
114 (97-188.5)
0.87 (0.8-1)
137±2.8
4.4±0.4
1 (0.6-1.5)
0.9±0.2
24 (19-31)
21 (15-32)
4.1±0.4
195.5 (44.7-186)
40.2 (13.2-47)
91.78 (37.25-87)
125.35 (69.9-116)
8.8±2.6
14.89±1.6
5.6±2.3
2.3±0.7
14.1±1.36
246±65

Before propensity			
score matching			
FFR (+) Group
p
(n=97)		
58.7±9.57
83.5
30.9
43.3
39.9
88.3±4.36
13 (7-15.25)
0.42 (0.33-0.49)
81
3.45 (2.9-5.1)
121 (94.5-153.5)
0.8±0.2
137±3.9
4.3±0.4
0.9 (0.9-1.2)
0.9(0.3
25 (20-30)
25 (18-33)
4.2±0.4
198 (152.5-230)
32 (25-43.5)
133 (98.5-164)
160 (124.5-229)
8.5±2.7
14.8±1.5
5.6±2.5
2 (1.6-2.5)
14.1±1.71
236±64

0.13
0.01
0.29
0.3
0.2
<0.001
0.016
0.17
0.02
0.4
0.83
0.5
0.06
0.6
0.16
0.5
0.43
0.04
0.19
0.57
0.04
0.029
0.53
0.15
0.78
0.66
0.01
0.6
0.16

After propensity
score matching

FFR (-) Group
(n=39)

FFR (+) Group
(n=39)

p

61.3±9.8
84.6
23.1
51
35.9
92.1±2.3
11 (7-14)
0.42 (0.35-0.49)
48.7
3.4 (2.9-5.79
117 (96-175)
0.9±0.15
137±2.9
4.2±0.3
1 (0.4-1.8)
0.9±0.2
25 (12-37)
22 (11-40)
4.1±0.3
187 (45-190)
39 (13-46)
115 (72-120)
201 (110-215)
8.2±2.3
15±1.7
5.1±1.8
2.2 (1-2.7)
14.2±1.6
229±62

59.3±9.7
82.1
30.8
53.8
25.6
92.3±2.4
11 (7-15)
0.44 (0.36-0.51)
71.8
3.9 (2.5-6)
124 (97-179)
0.9±0.2
138±3.8
4.2±0.4
0.9 (0.4-1.2)
0.9±0.15
25 (13-36)
23 (12-39)
4.1±0.5
199 (68-210)
42 (29-52)
135 (76-160)
166 (130-190)
8.5±2
14.9±1.3
5.4±1.6
2.1 (0.9-2.6)
13±0.9
232±51

0.67
0.76
0.44
0.82
0.3
0.67
0.82
0.05
0.03
0.3
0.75
0.62
0.2
0.78
0.24
0.6
0.78
0.71
0.72
0.8
0.15
0.69
0.54
0.44
0.75
0.36
0.63
0.92
0.81

DM: diabetes mellitus; HT: hypertension; SS: Syntax score; PLL: Proximal LAD lesion; CRP: C reactive protein; TC: total cholesterol; HDL: highdensity lipoprotein; LDL: low-density lipoprotein; TG: triglyceride; WBC: white blood cell; RDW: Red cell distribution width.
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graphic characteristics of the patients before and after
propensity score matching. However, after matching, in
univariate analysis, DS (p=0.05) and PLL (p=0.03) were
only associated with lower FFR values.
DISCUSSION
This study indicated that DS and PLL are superior to
the traditional risk factor in prediction of hemodynamically significant intermediate coronary lesions after PSM
analysis.
The FFR, the method which has recently become
clinically available, provides more useful information
regarding myocardial metabolism and demand-supply
convenience as compared to anatomical measurements
and FRR value ≤ 80% refers functional myocardial ischemia with >90% sensitivity [2, 5, 15, 16]. Studies employing an FFR-based functional assessment in addition
to the Syntax score reported similar clinical benefits with
reduced operations and stents. De Bruyne et al. [17] obtained similar clinical outcomes with less stent restenosis
in their randomized controlled study, in which the patients underwent PCI with FFR guidance.
As interventions to controversial lesions lead to increased stent restenosis and myocardial infarction (MI)
risk in stable coronary artery cases, FFR is a strong alternative as a guiding test for determining patient-specific
therapy approach as well as the timing of intervention
[15, 17-19]. With the introduction of FFR into clinical
practice, the number of the patients, who have intermediate lesion but not been diagnosed with functional ischemia is increasing bringing about alterations in treatment plan and risk groups of the patients [2, 5, 20].
The first result of our study was that patients with
PLL had a lower Pd/Pa values after FFR measurement
and this finding was consistent with the literature data.
This can be explained that LAD artery typically supplies
45-55% of the LV and is considered the most critical vessel in terms of myocardial blood supply.
The second result of our study was that the critical
lesions were found to be associated with DS which may
be because of the morphological and anatomical features of the plaque as argued in the literature [21]. Myocardium is surrounded by coronary collateral networks,
and ischemia develops in presence of stenosis in coronary
artery or increased myocardial need. In such a case, collateral system is activated to eliminate ischemia. Lesion
progression impairs the myocardial demand-supply balance and induces the development of ischemia-related

signs and symptoms [21-24].
As a matter of Bernoulli’s equation, the lesion in the
coronary artery causes elevated flow resistance and energy loss because of its morphological and anatomical
characteristics, and thus, leads to lower baseline Pd/Pa.
DS, minimal lumen area and minimal lumen diameter
has been associated with lower FFR values. Similarly,
Takayama and Hodgson reported the lesion length and
DS to be well-correlated with low FFR value in 26 patients, who were diagnosed with IVUS-measured intermediate lesion [25].
PSM analysis has been recently described and it reduce the bias rate in case control studies [13, 26]. PSM
analysis allows for more accurate comparisons by eliminating discrepancies between patient and control groups
with four different statistical analysis methods and PSM
analysis is increasingly used in current studies [13, 26].
Despite the fact that PSM is a good statistical model,
there are no studies investigating FFR predictors using
PSM analysis and we showed that the majority of traditional FFR predictors did not reach the limit of significance after PSM analysis. Therefore, it can be concluded
from this study that DS and PLL may be more sensitive
indicators of jeopardized myocardium when compared
with traditional risk factor. As we had a large and homogenous study population, the results of the study are
substantial and may lead the way for further studies.
CONCLUSION
As a result, atherosclerosis can cause ischemia by affecting coronary hemodynamics through various mechanisms. Our results suggest that DS and PLL lesion are
one step ahead of predicting lesion severity compared to
other traditional risk factors. Therefore, the knowledge
of these anatomical and clinical parameters may ensure
accurate risk classification and selection of appropriate
treatment approach which, provide higher benefits for
patients.
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