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Abstract: Objectives: INOCA (Ischemia in non- obstructive coronary arteries) has been recognized as a global health problem 

and poses a diagnostic challenge to establish the diagnosis which involves first ruling out obstructive coronary artery disease by 

the use of CT coronary angiography (CTCA) or an invasive angiogram. Second step involves the use of intracoronary pressure 

and Doppler monitoring which is not only costly, time consuming and lacks easy availability. CTFFR has emerged as frontline 

tool in the non invasive evaluation of patients with stable chest pain. This retrospective study was designed to evaluate the 

spectrum of findings of ischemia on CTCA and CT FFR in patients with stable chest pain to determine if this protocol can be used 

to identify patients with INOCA before they are subjected to invasive protocol. Methods: This was a retrospective study of 500 

consecutive patients of stable chest pain with more than >1mm ST depression on resting EKG and or positive stress test who 

underwent CTCA along with CTFFR evaluation using a prescribed CT angiographic protocol. Post processing was done to 

reconstruct multiplanar angiographic views followed by CT FFR evaluation. All patients with no obstruction or stenosis less than 

50% and with CT FFR of <0.80 were labeled as having INOCA. Subcategorisation of all INOCA patients was done based on 

Vessel tapering index (VTI), Plaque volume Index (PVI) into four subtypes- TypeI (vasospastic), Type II (site specific 

atherosclerotic), Type III (distal macrovascular dysfunction- DMD), Type IV (mixed). Results: Study showed 122 (34%) patients 

of stable chest pain had INOCA. Types I, III formed the largest group of patients 38% and 31% followed by the other two 

subtypes and showed significant differences in the VTI and PVI along with reduced FFR of <.80 in all these patients. Conclusion: 

Use of CTCA and CTFFR can be used as a first line tool to not only rule out obstructive coronary disease with ischemia but also 

to non invasively detect INOCA in patients with stable chest pain before subjecting these patients for further invasive protocols 

and can influence accurate management of such patients. 
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1. Introduction 

INOCA (ischemia in non-obstructive coronary arteries) has 

been recognized as a major health problem globally. 40% of 

the patients of stable chest pain who undergo coronary 

angiography have normal coronary arteries and despite 

normal angiograms have ischemia with non-obstructive 

coronary disease i.e. INOCA [1]. Patients presenting with this 

syndrome have symptoms and signs suggestive of ischemic 

heart disease but are found to have non obstructed coronary 

arteries [2]. These patients frequently are managed 

inappropriately as non-cardiac and hence continue to remain 

symptomatic. Many of these patients with INOCA also have 

coronary micro vascular dysfunction (CMD) and are at a 

higher risk of major adverse cardiac events. Diagnosis for 

INOCA thus requires invasive testing with the use of pressure 

wire insertion, intracoronary drug injections and use of 

Doppler monitoring as per ECP guidelines. WISE trial [3] 

showed that 1 in 3 women with non- obstructive ischemia died 

in a ten year follow up. Therefore a disease which was earlier 

considered benign did not have any recommended treatment 

guidelines needs careful diagnosis and management. Recently 

consensus guidelines have been issued by European Society of 

cardiology [4] regarding evaluation and diagnosis of 

suspected patients of INOCA in which CTCA has been 

included as the mainstay investigation to rule out obstructive 

coronary artery disease. This is followed by invasive 

evaluation using intracoronary acetylcholine and adenosine to 
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establish the diagnosis [5, 6]. Considerable evidence now 

documents that this syndrome is associated with a prognosis 

that is clearly not benign, yet no clinical practice management 

guidelines exist for these patients. There is also likely overlap 

between INOCA and myocardial infarction with no 

obstructive coronary arteries (MINOCA) and heart failure 

with preserved ejection fraction again indicative of a non- 

benign nature of the problem requiring a careful diagnosis [7]. 

FFRCT has recently emerged as frontline procedure 

combined with CT coronary angiography (CTCA) for 

non-invasive testing as per NICE guidelines 2019 in patients 

with stable chest pain [8]. This algorithm has so far been used 

to identify obstructive coronary artery disease with significant 

ischemia distal to the culprit lesion to plan percutaneous 

intervention and management. The two most common causes 

of INOCA –microvascular angina (MVA) and vasospastic 

angina (VSA) are also neither excluded by a negative 

non-invasive CT coronary angiogram nor invasive coronary 

angiogram. As cardiologists, we have so far adopted a 

‘stenosis-centric’ approach [9] and missed this identity by our 

routing diagnostic protocols. 

Recently Lin et al [10] have shown that the use of CTFFR 

can detect co localized reduced FFR in non-obstructive 

vessels with high plaque burden and these were easily missed 

by invasive FFR. Similarly in CorCTCA trial [11] the role of 

CTCA in the diagnosis of INOCA is being studied. 

We retrospectively reviewed the clinical and imaging data 

of 500 patients of stable chest pain who underwent CTCA and 

identified patients having INOCA with no significant stenosis 

but with reduced CTFFR <0.80. These patients were 

phenotyped into categories based on the pathological features 

of the vessels studied. To our knowledge this is the first study 

which identifies patients of INOCA non-invasively and 

phenotypes the disease to plan further management. 

 

Figure 1. Flow chart showing evaluation of patients with stable chest pain. 

2. Material and Methods 

This is a retrospective study comprising of 350/500 

consecutive patients of stable chest pain with more than 1mm 

ST segment changes on electrocardiogram or positive stress 

tests. The demographic parameters of all patients i.e. age, sex, 

BMI alongwith history of disease, coexisting morbidities like 

hypertension, diabetes and hyperlipidemias were recorded. 

All patients with history of allergy to iodine, arrhythmias, 

heart rate of more than 100 beats/mt, BMI more than 31 Kg/m
2
, 

increased creatinine levels >1.2mg/ml. After informed 

consent all patients underwent coronary computed 

tomographic angiography (CTCA) on a dual energy CT 

system (Siemens Go-Top) 128 slice scanner after receiving 

oral 50 mg metoprolol one hour before the examination. Tube 

voltage was set according to the group of patients being done 

using the protocol described. A retrospectively gated ECG 

triggered spiral (pitch 0.3) acquistion was done with 

collimation of and gantry rotation time of 0.31 ms in both the 

groups. The tube voltage was 70-80KV along with automated 

tube current modulation using (CARE Dose 4D, Siemens 

healthineers) and the quality reference voltage and current was 

set to 120 kV, 320 mAs. R-R interval was fixed at 35-75%. 

35ml of non iodinated contrast iomperol 400 (Iomeron Bracco 

UK Ltd) was injected using bolus tracking soft ware with dual 

head injector (MEDRAD, Stellant, Bayers, Munich, Germany) 

with flow rate of 4ml/s followed by 20ml saline. Image 

reconstruction was done using iterative reconstruction 

(SAFIRE, Siemens healthineers level 3) with reconstruction 

kernel of BV36. All images were transferred to Siemens 

Syngo. Via workstation for post processing in multiplanar and 

volume rendering projections with calculation of vessel 

tapering index (VTI) Proximal vessel diameter – Mid vessel 

diameter/proximal vessel diameter x100%. CTFFR was done 

onsite on Siemens Syngovia Frontier workstation using 

CTFFR (version 2.0) software. CTFFR was displayed in the 

form of color maps of coronary tree with blue being normal 

and red being ischemic (i.e. FFR<0.80). Plaque volume index 
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(PVI) i.e., plaque volume (cm3)/segment length of vessel 

x100%, type of plaque fibrous, lipid, mixed or calcified was 

calculated using Plaque analysis software on Siemens Syngo 

Frontier workstation. All patients with reduced CTFFR of 

<0.80 were labeled as having ischemia and were categorized 

into Obstructive and Non obstructive coronary artery disease 

as per flow Figure 1. Patients with non-obstructive coronary 

artery disease (INOCA) were classified into four phenotypes. 

Type 1: having vasospastic type of vessels with VTI of >40% 

and PVI of <2.0. Type 2: Atherosclerotic-site specific type 

with VTI of <40% and PVI of >2.0. with stenosis less than 

50%. Type3: Distal or branch type. Type 4: mixed type with 

any two of above. All patients with coexisting obstructive 

coronary artery disease were excluded. 

3. Results 

Study shows that 122/350 (34%) patients with stable chest 

pain had evidence of INOCA on CTFFR. Out of these 52% 

were females in type I group who had a vasospastic phenotype 

while other three groups showed no difference in sex 

predilection. The Mean age group of patients in all the four 

groups was 55.5+-2.5 years. Other patient demographics are 

shown in Table 1. Type I (vasospastic group) formed the 

largest number of patients 47/122 (38%) and showed a higher 

VTI of 44.5% while other groups showed a VTI of less than 20% 

the difference being statistically significant (p <0.01). The 

mean PVI was 1.8 in this group (Figures 2-4). Group III i.e., 

with distal macrovascular endothelial dysfunction (DMD) was 

the second largest group 38/122 (31%) (Figures 5-7) and 

showed a normal TVI with mean PVI of 2.4% with 11 patients 

showing DMD in branch vessels. Group II patients were those 

with atherosclerotic site-specific phenotype of INOCA and 

were 21/122 (17.2%) in number and showed a normal TVI of 

18% with a higher PVI of 3.5%. The mean vessel stenosis in 

this group of 32% (Figures 8-10). Group IV was those with 

mixed type I, II, III phenotypes and had 16/122 (13%) patients 

and showed TVI of 22% with PVI of 2.8% (Figures 11-13). 

 

Figure 2. CTFFR group I patient showing reduced FFR of 0.77 and 0.72 in 

mid and distal left anterior descending artery. 

 

Figure 3. CTCA straightened multiplanar reconstruction image of left 

anterior descending artery with VTI of 55%. 

 

Figure 4. Plaque analysis of left anterior descending artery showing PVI of 

less 2.0. 



70 Atul Kapoor et al.:  Use of CTFFr and CTCA to Diagnose and Triage Patients of  

INOCA: A Retrospective Study 

 

Figure 5. CTFFR of group III patient showing distal reduced FFR of 0.67 

(DMD type) in distal Lt anterior descending artery. 

 

Figure 6. CTCA of same patient showing VTI of 12%. 

 

Figure 7. Plaque analysis showing PVI of 3.5% in the proximal segment of 

left anterior descending artery. 

 

Figure 8. Group II patient with site specific reduced distal FFR of 0.58 in left 

anterior descending coronary artery. 

 

Figure 9. Plaque analysis same patient showing PVI of 3.8% in left anterior 

descending coronary artery. 

 

Figure 10. CTCA showing mixed plaque in proximal left anterior descending 

artery with VTI 17% with mild stenosis of 35-37%. 

 

Figure 11. CTFFR group IV patient with reduced FFR of 0.55 in mid and 

distal Left anterior descending artery- VSA type and distal right coronary 

artery –DMD type. 
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Figure 12. CTCA image of the Left anterior descending artery showing VTI of 

45% in mid segment. 

 

Figure 13. CTCA image of right coronary artery with VTI of 11% in mid right 

coronary artery. 

Table 1. Patient Demographics of INOCA Phenotype groups. 

  Type I Type II Type III Type IV 

S. No. Variable n=45 n=21 n=38 n=18 

1 Mean Age 53.3 55.5 52.5 51 

2 SEX     

 Males 48 55 51 55 

 Females 52 45 49 45 

3 BMI (KG/M2) 30 28.5 28 29.1 

4 Hypertension 38 72 65 62 

5 Diabetes 18 32 28 21 

6 Smoking 5 3 1 0 

7 Dyslipidemia 33 55 72 48 

8 Family History 8 6 4 6 

 For CAD     

Table 2. Vessel and plaque morphology in INOCA Phenotypes. 

 Type I Type II Type III Type IV 

Tapering index (VTI) % 44.5 15 18 18.5 

Plaque types     

Soft 65% 45% 60% 45% 

Mixed 20% 10% 20 `35 

Calcified 15% 45% 20 20 

Plaque volume index (PVI)%  1.80 3.1 2.4 3.2 

Coexisting Stenosis 0% 5% 20% 25% 
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4. Discussion 

The present study had 33% patients with stable chest pain 

on CTCA with electrocardiogram findings of ischemia and 

had INOCA detected with the use of CT FFR. All these 

patients were falsely labeled on CTCA alone as having no 

significant coronary artery disease and continued to be 

wrongly treated due to missed diagnosis. Similar results were 

shown by COR MICA trial [12] in which 50 percent of the 

patient’s treatment was changed after the results of functional 

coronary testing after normal angiograms. This leads to 

improved quality of life and angina control. Similarly WISE 

trial also showed 62% of women referred for coronary 

angiography did not have obstructive coronary disease but had 

non obstructive ischemia [3]. There have been practical 

problems in not only choosing patients of stable chest pain 

with normal angiograms for further functional invasive testing 

as suggested by European ESC guidelines but also availability 

of these pressure monitoring techniques along with the cost 

have also been deterring factors as so for. Further the 

guidelines from the Coronary Vasomotion Disorders 

International Study (COVADIS) Group which mandate 

invasive coronary reactivity testing to establish a definitive 

diagnosis of INOCA Coronary reactivity testing have shown a 

diagnostic yield of only 60% in identifying vasospasm and 

coronary macrovascular dysfunction with additional 

procedural risks up to 0.7% [13]. Current study shows that the 

use of CTFFR with CTCA in these patients can not only 

diagnose ischemia non-invasively but also can be phenotyped 

into four subtypes categories which can form the basis for 

further invasive testing to confirm the diagnosis. This being a 

retrospective study invasive testing was not performed. 

Findings of current study suggest a tiered approach to screen 

and diagnose more patients of INOCA who otherwise are 

missed based on the findings of angiography alone as has been 

suggested by The Coronary Microvascular Angina 

randomised-controlled trial (CorMicA) who recently 

demonstrated a similar approach which was better than the 

usual care [12]. Our study shows that phenotype I (vasospastic) 

patients formed the largest group of patients of INOCA with a 

high tapering index of vessels compared to other phenotypes 

and was likely due to reduced nitrous oxide levels in these 

patients [14]. We feel that the use of sublingual nitrate while 

conducting CTCA helps to unmask the underlying vasospastic 

condition of the vessel. Normal coronary arteries show a VTI 

of 18-20%. Estimation of vessel tapering index of more than 

40% was along with reduced FFR was a good non-invasive 

parameter to diagnose this phenotype as shown in this study. 

The study also shows that this group of patients had very little 

plaque burden with PVI <2.5mm
2
. Type III group formed the 

second largest phenotype of patients who had distal 

macrovascular dysfunction (DMD) which was a subtype of 

coronary microvascular angina. Patients with DMD have been 

shown to have reduced CFR or microvascular dysfunction by 

coronary invasive flow testing. Detection of this phenotype 

also has prognostic importance as this has been shown by 

DEFINE Flow trial [15] in which patients with reduced FFR 

and CFR i.e., microvascular dysfunction fared better post PCI 

than those with reduced FFR but with normal CFR. There 

were equal number of patients in this study with type II and 

type IV phenotypes which were having atherosclerotic and 

mixed phenotypic appearances and showed no sex 

predilection. PVI in these two groups was high i.e.,>4.5mm
2
 

and there was predominant fibrotic type of plaque morphology 

and the reduction of FFR was site specific in all these patients 

with reduction of lumen diameters being less than 50%. Lin et 

al [10] recently also showed similar results and identified 58 

/71 patients of INOCA on FFRCT who underwent myocardial 

perfusion imaging and invasive FFR. In their study there was a 

high prevalence of macrovascular coronary plaque and 

abnormal co-localized FFRCT. Only 35% of these lesions 

were detected on invasive FFR studies. They suggested that 

distal reduced FFR and the non-site specific reduced FFR’s 

were missed by invasive FFR without plaque localization. 

Their study concluded FFRCT could detect INOCA especially 

in patients with high-risk plaque features or those with small 

vessels and these could be missed by invasive techniques. 

5. Conclusion 

Our study concludes that the use of CTFFR along with CTCA 

in the diagnostic protocol of a patient with stable chest pain as per 

NICE 2019 guidelines not only rules out obstructive coronary 

artery disease but can be a gateway to detect and triage patients 

having INOCA for invasive coronary testing. Such a diagnosis 

can not only lead to early and accurate diagnosis but also alter the 

patient management and prognosis including long term high 

mortality. The current study for the first time highlights the 

imaging phenotypes of INOCA by the use of FFRCT and CTCA 

which can has diagnostic and therapeutic implications. 

This study being a retrospective study has limitations that 

no coronary reactive testing or any perfusion study was done 

to further evaluate the diagnosis. 
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