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        A BS T R AC T  

 

Background: Coronary angiography has limited ability to determine the 

functional significance of intermediate coronary lesions. Fractional flow 

reserve (FFR) provides a physiological assessment that can complement 

angiographic evaluation. Objective: To evaluate the relationship between 

FFR and angiographic severity assessed by visual estimation and 

quantitative coronary angiography (QCA) in intermediate coronary 

lesions.  

Methods: This cross-sectional observational study included 43 

consecutive symptomatic patients with 53 intermediate coronary lesions 

evaluated at the catheterization laboratory of Ibn Al-Bitar Center for 

Cardiac Surgery and Cardiology between July and December 2013. 

Diameter stenosis was assessed visually by two interventional 

cardiologists and by QCA. Lesions were classified according to QCA into 

Group A (50–70% stenosis; 29 lesions) and Group B (30–49% stenosis; 

24 lesions). FFR was measured during maximal hyperemia induced by 

intravenous or intracoronary adenosine using a pressure-wire system. A 

lesion was considered functionally significant when FFR was ≤0.80.  

Results: Mean FFR was 0.87 ± 0.068 (range, 0.65–0.99). FFR was ≤0.80 

in 5 of 29 lesions (17%; 95% confidence interval [CI], 6–36%) in Group 

A and in none of the 24 lesions in Group B (0%; 95% CI, 0–14%). The 

difference between groups was not statistically significant (Fisher’s exact 

test, P = 0.056), and agreement between angiographic group and FFR 

category was slight (κ = 0.16). QCA diameter stenosis showed a weak 

inverse correlation with FFR (r = −0.40, P = 0.003). Mean diameter 

stenosis was 50 ± 10.25% by QCA and 57 ± 11.14% by visual assessment. 

Adenosine-related adverse effects were predominantly minor; chest 

discomfort occurred in 15 patients (34.9%) and bradycardia below 50 

beats/min in 8 (18.6%). No death or myocardial infarction occurred.  

Conclusion: Angiographic severity showed only a weak relationship with 

the physiological significance of intermediate coronary lesions in this 

small single-center study. FFR may provide additional information when 

angiography alone is insufficient to determine lesion significance, 

although larger studies with clinical follow-up are required. 

 

 

I n tro du ct i o n  
 

Coronary angiography provides anatomical information about coronary artery stenosis 

but may provide limited information about the haemodynamic significance of intermediate 

lesions, particularly when the angiographic severity does not clearly indicate whether 

revascularization is required (1–5). Coronary blood flow varies substantially across the cardiac 
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cycle, and the relationship between an angiographic narrowing and its physiological effect is 

influenced by several factors (1,2). 

Fractional flow reserve (FFR) is an invasive physiological index defined as the ratio of 

maximal blood flow in a stenotic coronary artery to the maximal blood flow that would occur 

if the artery were normal. An FFR value of 1.0 represents normal physiological conditions. An 

FFR ≤0.80 has been widely used to identify lesions with physiological significance and to guide 

revascularization decisions (6–8). 

Randomized clinical trials have demonstrated the clinical value of physiology-guided 

coronary intervention compared with angiography-guided decision-making in selected patients 

(13,14). Accordingly, invasive physiological assessment has been incorporated into major 

coronary revascularization guidelines for angiographically intermediate lesions (15,16). 

The present study aimed to evaluate the relationship between FFR and angiographic severity, 

assessed both visually and by QCA, in intermediate coronary artery lesions. 

 

 
       Study design and population: This cross-sectional observational study included 43 

consecutive symptomatic patients with 53 intermediate coronary lesions who underwent 

coronary angiography at the catheterization laboratory of Ibn Al-Bitar Center for Cardiac 

Surgery and Cardiology between July and December 2013. Thirty-three patients had one lesion 

and 10 patients had two lesions. All patients underwent a full history, physical examination, 

relevant basic investigations, and coronary angiography. 

Angiographic assessment: Diameter stenosis was assessed visually by two 

interventional cardiologists and quantitatively by QCA. Based on QCA, lesions were classified 

into two groups: Group A, 50–70% diameter stenosis (29 lesions), and Group B, 30–49% 

diameter stenosis (24 lesions). 

Fractional flow reserve measurement: FFR was measured after maximal hyperaemia 

induced by intravenous adenosine at 140 μg/kg/min or by an intracoronary adenosine bolus of 

20–30 μg for the right coronary artery and 60–100 μg for the left coronary artery. FFR was 

measured 2 minutes after initiation of intravenous adenosine and 5 seconds after intracoronary 

adenosine administration. A 6F guiding catheter and a pressure-wire system (St. Jude Medical 

or Certus) incorporating FFR/CFR modalities were used. A target lesion was considered 

functionally significant when FFR was ≤0.80 (6–8). 

Ethical considerations 

All patients were informed about their participation in the study, and written informed consent 

was obtained before the study procedures. Ethical approval was optained from Ninevah 

University College of Medicine Ethical committee. 

Statistical analysis 

 Continuous variables are presented as mean ± standard deviation (SD), with median 

and range where appropriate. Categorical variables are presented as numbers and percentages. 

Percentages in Tables 1 and 2 are based on the 43 patients, whereas percentages in Table 4 are 

based on the 53 lesions. The relationship between QCA diameter stenosis and FFR was 

assessed using Pearson’s correlation coefficient. The association between angiographic 

severity group and functional significance (FFR ≤0.80) was assessed using Fisher’s exact test 

because two cells had expected counts below 5. Agreement between the two classifications 

was assessed using Cohen’s kappa. Proportions are presented with exact (Clopper–Pearson) 

95% confidence intervals. All lesions were analyzed as independent observations, although 10 

patients contributed two lesions. A two-sided P value <0.05 was considered statistically 

significant. Statistical analyses were performed using SPSS version 19.0 (SPSS Inc., Chicago, 

IL, USA). 

Methods 

https://portal.issn.org/resource/ISSN/3106-5430
http://creativecommons.org/licenses/by/4.0/


 

48 

ARTICLE

NINEVAH UNIVERSITY JOURNAL OF MEDICAL SCIENCES   Vol. 2, Issue 1, October 2026 

 

ISSN 3106-5430 (print) 

 

http://www.nujms.org 

  Ninevah Univ J Med Sci. 2026;2(1) 

 

© THIS IS AN OPEN ACCESS ARTICLE UNDER THE CC BY 

LICENSE. http://creativecommons.org/licenses/by/4.0/ 

 

R e s ul t s   

Baseline characteristics:  

Forty-three consecutive symptomatic patients were included. Baseline demographic and 

clinical characteristics are presented in Table 1. 
 

Table 1. Baseline characteristics of the 43 patients. 

 
Characteristic n (%) 

Total number 43 

Male 21 (49%) 

Female 22 (51%) 

Diabetes mellitus 20 (46.5%) 

Hypertension 30 (70%) 

Smoking 18 (42%) 

Dyslipidemia 23 (53%) 

History of ischemic heart disease 27 (63%) 

Baseline ECG — normal 19 (44%) 

Baseline ECG — nonspecific ST- and T-wave 

changes 
5 (11.6%) 

Baseline ECG — bundle branch block 3 (7%) 

Baseline ECG — ischemic ST/T changes 16 (37%) 

Echocardiographic findings — normal 17 (39.5%) 

Echocardiographic findings — ischemic heart 

disease ± LV dysfunction 
10 (23%) 

Echocardiographic findings — hypertensive heart 

disease 
16 (37%) 

 

Adverse effects during FFR assessment: 

Adenosine-related adverse effects were generally transient. Chest discomfort was 

reported by 15 patients (34.9%), and bradycardia below 50 beats/min occurred in 8 patients 

(18.6%). Two patients developed brief 2:1 atrioventricular block with spontaneous recovery. 

Two patients received atropine for significant bradycardia. One patient developed atrial 

fibrillation, remained haemodynamically stable, and spontaneously returned to sinus rhythm 

after one hour. No sustained ventricular tachycardia or ventricular fibrillation occurred, and 

there were no significant blood pressure reductions, deaths, or myocardial infarctions. 
 

Table 2. Adverse effects among the 43 patients during FFR assessment. 

 
Adverse effect n (%) 
Chest discomfort 15 (34.9%) 
Bradycardia <50 beats/min 8 (18.6%) 
Nausea/vomiting 1 (2.3%) 
Atrial fibrillation 1 (2.3%) 
Second-degree heart block 2 (4.6%) 
Shortness of breath 2 (4.6%) 

 

Angiographic and physiological findings: 

Among the 53 lesions, mean QCA diameter stenosis was 50 ± 10.25%, mean visual 

diameter stenosis was 57 ± 11.14%, and mean FFR was 0.87 ± 0.068 (range, 0.65–0.99). 

Overall, 5 lesions (9.4%) had an FFR ≤0.80. 
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Table 3. Angiographic diameter stenosis and fractional flow reserve in the 53 lesions. 

 
Measure QCA (%) Visual (%) FFR 
Mean ± SD 50 ± 10.25 57 ± 11.14 0.87 ± 0.068 
Median 50 60 0.88 
Minimum 23 30 0.65 
Maximum 75 70 0.99 
Reference diameter of 

coronary artery, distal 

diameter (mm) 
2.82 2.1 — 

 

QCA diameter stenosis correlated inversely and weakly with FFR (r = −0.40, P = 

0.003). FFR was ≤0.80 in 5 of 29 lesions (17%; 95% CI, 6–36%) in Group A and in none of 

the 24 lesions in Group B (0%; 95% CI, 0–14%). The difference between groups was not 

statistically significant (Fisher’s exact test, two-sided P = 0.056), and agreement between 

QCA-based angiographic group and FFR category was slight (κ = 0.16). 
 

Table 4. Functional significance of intermediate coronary lesions according to QCA-defined 

angiographic severity. 

 
QCA diameter 

stenosis 
FFR >0.80 FFR ≤0.80 Total P value 

30–49% (Group 

B) 
24 (100%) 0 (0%) 24 0.056 

50–70% (Group 

A) 
24 (83%) 5 (17%) 29 0.056 

Total 48 5 53 — 

 

D i sc u s s io n  

In this small, single-center observational study, angiographic severity showed only a 

weak relationship with the physiological significance of intermediate coronary lesions. All 24 

lesions in the 30–49% QCA group had FFR >0.80, whereas 5 of 29 lesions (17%) in the 50–

70% group had FFR ≤0.80. The weak inverse correlation between QCA stenosis and FFR 

indicates that anatomical severity alone did not reliably identify functional significance within 

the intermediate range. 

FFR measurement was generally well tolerated in the present study. Most adverse 

effects were transient and related to adenosine administration. Bradycardia was particularly 

observed after intracoronary adenosine administration into the right coronary artery. Atropine 

and pacing capability should therefore be available when performing physiological assessment, 

consistent with the adverse events observed in this series. 

The present findings are directionally consistent with the FAME study, in which the proportion 

of functionally significant lesions increased with increasing angiographic severity: 35% of 

lesions with 50–70% stenosis, 80% of lesions with 71–90% stenosis, and 96% of subtotal 

stenoses (91–99%) had an FFR ≤0.80 (9). The 17% proportion observed in our 50–70% group 

was lower than that reported in FAME; however, the sample size in the present study was 
small, and its 95% CI (6–36%) includes the FAME estimate. 

Duran Karaduman et al. assessed 359 patients with intermediate coronary lesions and 

reported haemodynamic significance in 37.9% of lesions, with disagreement between visual 

assessment and FFR-based classification (10). Fischer et al. compared visual assessment and 

QCA with FFR in 83 intermediate coronary lesions; FFR was <0.75 in 18% of lesions, although 
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their lower physiological threshold limits direct comparison with the present study (11),they 

also reported that visual and QCA assessment agreed with FFR in approximately half of 

lesions, supporting the limited precision of angiography for intermediate stenoses. 

Three-dimensional QCA has subsequently been investigated as an anatomical alternative when 

physiological assessment is unavailable or contraindicated, with reported better correlation 

with FFR than conventional two-dimensional QCA (12). Nevertheless, physiological 

assessment directly addresses the functional consequences of a stenosis and may provide 

information that angiographic appearance alone cannot provide. 

Randomized trials have shown that FFR-guided PCI can reduce major adverse cardiac events 

compared with angiography-guided PCI in appropriate patients with multivessel disease (13), 

while FFR-guided revascularization in stable coronary disease reduced a composite of death, 

myocardial infarction, or urgent revascularization compared with medical therapy alone, 

mainly through fewer urgent revascularizations (14). Major guidelines have therefore 

recommended invasive physiological assessment of angiographically intermediate lesions in 

appropriate clinical settings (15,16). The present observational study is consistent with the 

concept that physiological assessment can complement angiography but cannot independently 

establish clinical outcome benefit. 
 

L imi ta t io n s  

This study has several limitations. It was a single-center observational study with a 

small sample of 43 patients and 53 lesions. There was no clinical follow-up; therefore, the 

study cannot determine whether FFR-guided decisions altered subsequent clinical outcomes. 

In addition, 10 patients contributed two lesions, and lesions were analyzed as independent 

observations. The small number of functionally significant lesions also limited the precision of 

subgroup comparisons. 

 

C o nc lu s i o n s   

In this small, single-center study, angiographic stenosis severity assessed visually or by 

QCA was only weakly related to FFR in intermediate coronary lesions. Most lesions with 50–

70% stenosis were not functionally significant, and no lesion with 30–49% stenosis was 

functionally significant. These findings support the use of physiological assessment when 

angiography alone does not clearly establish the significance of an intermediate lesion, while 

larger studies with clinical follow-up are needed. 
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