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BACKGROUND: In the absence of obstructive coronary stenoses, abnormality of noninvasive stress tests (NIT) in patients 
with chronic coronary syndromes may indicate myocardial ischemia of nonobstructive coronary arteries (INOCA). The 
differential prognosis of INOCA according to the presence of coronary microvascular dysfunction (CMD) and incremental 
prognostic value of CMD with intracoronary physiologic assessment on top of NIT information remains unknown.

METHODS AND RESULTS: From the international multicenter registry of intracoronary physiologic assessment (ILIAS [Inclusive 
Invasive Physiological Assessment in Angina Syndromes] registry, N=2322), stable patients with NIT and nonobstructive coro-
nary stenoses with fractional flow reserve >0.80 were selected. INOCA was diagnosed when patients showed positive NIT re-
sults. CMD was defined as coronary flow reserve ≤2.5. According to the presence of INOCA and CMD, patients were classified 
into 4 groups: group 1 (no INOCA nor CMD, n=116); group 2 (only CMD, n=90); group 3 (only INOCA, n=41); and group 4 (both 
INOCA and CMD, n=40). The primary outcome was major adverse cardiovascular events, a composite of all- cause death, target 
vessel myocardial infarction, or clinically driven target vessel revascularization at 5 years. Among 287 patients with nonobstruc-
tive coronary stenoses (fractional flow reserve=0.91±0.06), 81 patients (38.2%) were diagnosed with INOCA based on positive 
NIT. By intracoronary physiologic assessment, 130 patients (45.3%) had CMD. Regardless of the presence of INOCA, patients 
with CMD showed a significantly lower coronary flow reserve and higher hyperemic microvascular resistance compared with 
patients without CMD (P<0.001 for all). The cumulative incidence of major adverse cardiovascular events at 5 years were 7.4%, 
21.3%, 7.7%, and 34.4% in groups 1 to 4. By documenting CMD (groups 2 and 4), intracoronary physiologic assessment identi-
fied patients at a significantly higher risk of major adverse cardiovascular events at 5 years compared with group 1 (group 2: 
adjusted hazard ratio [HRadjusted], 2.88; 95% CI, 1.52– 7.19; P=0.024; group 4: HRadjusted, 4.00; 95% CI, 1.41– 11.35; P=0.009).

CONCLUSIONS: In stable patients with nonobstructive coronary stenoses, a diagnosis of INOCA based only on abnormal NIT did 
not identify patients with higher risk of long- term cardiovascular events. Incorporating intracoronary physiologic assessment 
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to NIT information in patients with nonobstructive disease allowed identification of patient subgroups with up to 4- fold differ-
ence in long- term cardiovascular events.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT04485234.
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Patients with symptoms and signs of ischemic heart 
disease (IHD) but found to have nonobstructive cor-
onary arteries (INOCA) are increasingly recognized. 

Previous studies indicated that the prevalence of INOCA 
among patients referred to invasive coronary angiogra-
phy was 20% to 65%.1,2 Even among patients with pos-
itive noninvasive stress test (NIT) results, only 41.0% had 
obstructive coronary artery disease (CAD) defined by cor-
onary stenoses ≥50%.3 These findings indicate that a sub-
stantial proportion of stable IHD cases can be diagnosed 
as INOCA which is caused by functional abnormalities 
such as vasospastic angina or coronary microvascular 
disease (CMD) rather than obstructive CAD. Although 
previous studies have shown that INOCA is associated 
with a higher risk of adverse clinical outcome than the 
general population,1,4,5 it has been under- recognized be-
cause of limited understanding of disease entity and diag-
nostic challenges with heterogeneous criteria.

CMD is a consequence of reduced blood flow through 
the coronary microcirculation,5– 7 and CMD with or with-
out vasospastic angina is one of the major endotypes 
of INOCA.8 Recent Expert Consensus Documents on 
INOCA and the European Society of Cardiology guideline 
of Chronic Coronary Syndrome underlined an importance 
of evaluating CMD in patients with suspected INOCA and 
proposed a universal definition of CMD based on (1) func-
tionally nonobstructive CAD defined by a fractional flow 
reserve (FFR)>0.80 and (2) impaired coronary microvas-
cular function determined by abnormal coronary flow re-
serve (CFR) and/or microvascular resistance.9,10

Nevertheless, only limited data have been available on 
the prognostic implications of CMD defined by the uni-
versal definition among patients with INOCA. Therefore, 
we sought to evaluate the long- term prognostic impact 
of CMD and INOCA among the patients with typical 
angina but no obstructive coronary stenosis, using the 
international multicenter vessel- level pooled registry of 
intracoronary pressure and flow assessment.

METHODS

Study Design of ILIAS Registry
The ILIAS (Inclusive Invasive Physiological Assessment 
in Angina Syndromes) registry is an international mul-
ticenter vessel- level pooled registry of intracoronary 

CLINICAL PERSPECTIVE

What Is New?
• In the absence of obstructive coronary sten-

oses, abnormality of noninvasive stress tests in 
patients with chronic coronary syndromes may 
indicate myocardial ischemia of nonobstructive 
coronary arteries (INOCA).

• Coronary microvascular disease (CMD) with or 
without vasospastic angina is one of the major 
endotypes of INOCA.

• Only limited data have been available on the 
prognostic implications of CMD defined by the 
universal definition among patients with INOCA.

What Are the Clinical Implications?
• Among the patients with anginal symptoms and 

functionally nonobstructive coronary artery dis-
ease, 28.2% showed positive noninvasive stress 
test results and 45.3% had CMD; the presence 
of CMD was significantly associated with an in-
creased risk of major adverse cardiovascular 
events, and the prognostic impact of CMD was 
higher than that of the presence of INOCA.

• Among the 4 groups classified by INOCA and 
CMD, only patients with CMD showed a signifi-
cantly increased risk of major adverse cardiovas-
cular events at 5 years, regardless of the presence 
of INOCA.

• Intracoronary physiologic assessment is neces-
sary and incorporating it into noninvasive stress 
test information enables the identification of 
high- risk subgroups with CMD for cardiovascu-
lar events.

Nonstandard Abbreviations and Acronyms

CFR coronary flow reserve
CMD coronary microvascular disease
FFR fractional flow reserve
INOCA ischemia with nonobstructive coronary 

arteries
MACE major adverse cardiovascular event

https://www.clinicaltrials.gov


J Am Heart Assoc. 2022;11:e025171. DOI: 10.1161/JAHA.121.025171 3

Lee et al INOCA and Coronary Microvascular Disease

pressure and flow assessment. The registry is com-
posed of 20 institutes from Korea, The Netherlands, 
Japan, Spain, Denmark, Italy, and the United States. 
All data were prospectively recorded according to 
each center’s protocols. Patients who underwent clin-
ically indicated coronary angiography and compre-
hensive intracoronary physiologic assessment of at 
least 1 native coronary artery were enrolled. Patients’ 
symptoms and signs suggesting angina were col-
lected by attending physicians based on the patients’ 
description. Typical angina was defined as constrict-
ing discomfort in the front of the chest or in the neck, 
jaw, shoulder, or arm, which was precipitated by phys-
ical exertion and relieved by rest or nitrates.10 Patients 
with hemodynamic instability, significant valvular heart 
disease, prior coronary artery bypass graft surgery, 
or culprit vessels of acute coronary syndromes were 
excluded. Individual patient data were collected using 
standardized and anonymized spreadsheets by a fully 
compliant cloud- based clinical data platform (Castor 
EDC, Amsterdam, The Netherlands). Standardized 
definitions were used for all variables including patient-
  and vessel- level clinical outcomes. The study proto-
col was approved by the Institutional Review Board 
or Ethics Committee at each participating center and 
written informed consent was obtained from all par-
ticipants. The study protocol was in accordance with 
the Declaration of Helsinki. The ILIAS Registry is reg-
istered at Clinicaltrials.gov (NCT04485234).

Study Population
A total of 2322 patients (3046 vessels) were enrolled 
in the ILIAS registry. Among them, 570 patients with 
anginal symptoms who were evaluated by NITs were 
selected in the current analysis (Figure 1). We excluded 
patients who underwent revascularization (n=207) 
or had functionally obstructive CAD with FFR≤0.80 
(n=76). Finally, the current study included a total of 
287 symptomatic patients with available NIT results in 
whom revascularization was deferred for functionally 
nonobstructive CAD (FFR>0.80).

Noninvasive Stress Tests
All NITs were performed according to each participat-
ing center’s protocol and included exercise treadmill 
test, exercise or dobutamine stress echocardiogra-
phy, single- photon emission computed tomography, 
positron emission tomography, or cardiac magnetic 
resonance imaging. The selection of NITs was left to 
the discretion of the attending physicians based on 
patient characteristics, local expertise, and availabil-
ity. The NITs were interpreted according to multicenter 
study protocols and in line with current guidelines.10,11 
The final results of NITs were interpreted locally and 

reported as a binary variable (positive or negative). 
The positive result was defined as moderate to se-
vere reversible defect on nuclear perfusion imaging 
(≥10% ischemic myocardium) or high- risk findings on 
exercise treadmill test without imaging (≤−11 Duke 
Treadmill Score).10– 12 Patients with anginal symptoms 
who had positive NITs but functionally nonobstructive 
CAD were diagnosed with INOCA.9 Patients with angi-
nal symptoms who had negative NITs and functionally 
nonobstructive CAD were classified into ‘no INOCA’ 
group (Figure 1).9

Coronary Angiography and Intracoronary 
Physiologic Assessment
Coronary angiography was performed using standard 
techniques. Angiographic views were obtained follow-
ing the administration of intracoronary nitrates (100 or 
200 µg). After diagnostic coronary angiography, intra-
coronary physiologic assessment was performed by 
standard techniques using Doppler velocity- equipped 
coronary guidewires (FloWire, Philips- Volcano, San 
Diego, CA, USA) or dual pressure and Doppler velocity 
equipped guidewire (ComboWire, Philips- Volcano, San 
Diego, CA, USA). For the patient using FloWire, another 
pressure wire (PressureWire, AbbottVascular, St. Paul, 
MN, USA) was used to measure FFR. Intracoronary ni-
trates (100 or 200 µg) was administered before physi-
ologic measurements. Hyperemia was induced by 
intravenous infusion of adenosine (140 µg/kg per min) 
or adenosine triphosphate (150 µg/kg per min) through 
a peripheral or central vein, intracoronary bolus injec-
tion of adenosine (40– 200 mcg), or intracoronary bolus 
injection of nicorandil (2 mg), according to local stand-
ards.13 Doppler or pressure sensor was recommended 
to be positioned at the very distal part of the coronary 
artery.13 Interrogated vessels were primarily the ves-
sels with “nonsignificant” stenotic lesions defined by 
FFR>0.80. However, when there were no stenotic le-
sions (near- normal), the left anterior descending artery 
was recommended to be used for FFR and CFR meas-
urement. FFR was calculated as the ratio between the 
mean proximal aortic and mean distal coronary pres-
sures during maximal hyperemia. After measurements 
were completed, the guidewire was pulled back to the 
guiding catheter, and the pressure drift was checked. 
In cases with a drift larger than >0.03 FFR unit, re- 
equalizations and repeated measurements were rec-
ommended. Using the Doppler velocity technique, 
resting and hyperemic average peak flow velocities 
were measured, and CFR was calculated as the ratio 
of hyperemic to resting average peak flow velocities. 
Baseline microvascular resistance (BMR) was calcu-
lated by dividing the mean distal coronary pressure by 
average peak flow velocities during resting condition. 
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Hyperemic microvascular resistance was calculated by 
dividing the mean distal coronary pressure by average 
peak flow velocities during hyperemia. In the current 
study, CMD was defined as CFR≤2.5 based on prior 
studies.5,14– 16

Treatment, Patient Follow- up, and Clinical 
Outcomes
For vessels with functionally obstructive CAD with 
FFR≤0.80, percutaneous coronary intervention was 
recommended according to clinical practice guidelines 
at the time of the procedure. However, final decisions 
about revascularization were left at the discretion of the 
operator. Optimal medical treatments, including anti-
platelet agents, statins, and antianginal medications, 
were provided based on guidelines.

Follow- up was performed by outpatient visits or 
telephone contacts. The median follow- up duration 
of the study population was 1194.0  days (interquar-
tile range, 730.0– 1826.0 days). Major adverse cardiac 
event (MACE) was defined as a composite of all- cause 
death, target vessel- related myocardial infarction, and 
clinically driven revascularization by means of cor-
onary artery bypass graft surgery or percutaneous 
coronary intervention. Cardiac death was defined as 
death from any cardiac cause including sudden car-
diac death, acute myocardial infarction, heart failure, 
stroke, arrhythmias, or other cardiovascular cause.17 
Revascularization events were separately assessed as 
target vessel revascularization (TVR) and non- TVR. All 
adverse clinical events were verified by evaluating hos-
pital records or contacting the treating cardiologist or 
general practitioner.

Figure 1. Study flow.
CAD indicates coronary artery disease; CFR, coronary flow reserve; CMD, coronary microvascular disease; FFR, fractional flow 
reserve; ILIAS, Inclusive Invasive Physiological Assessment in Angina Syndromes; INOCA, ischemia with nonobstructive coronary 
arteries; and PCI, percutaneous coronary intervention.
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Classification of Patients According to 
Presence of INOCA and CMD
Based on the presence of INOCA and CMD, patients 
were classified into 4 groups: group 1 (no INOCA with-
out CMD, n=116); group 2 (no INOCA with CMD, n=90); 
group 3 (INOCA without CMD, n=41); and group 4 
(INOCA with CMD, n=40) (Figure 1).

Statistical Analysis
Data including clinical outcomes were analyzed on 
a per- patient basis. Continuous variables were pre-
sented as means and standard deviations accord-
ing to their distributions, which were checked by the 
Kolmogorov- Smirnov test and visual inspection of 
Q- Q plots. All categorical variables were presented 
as numbers and relative frequencies (percentages). 
Continuous variables were compared based on a 
one- way analysis of variance, and dichotomous 
variables were compared using Chi- square tests or 
Fisher exact tests. No post- hoc adjustments were 
performed. Correlation coefficients between ana-
tomical and physiologic indexes were analyzed by 
Pearson or Spearman methods according to the 
normality.

Restricted cubic spline curves with 3 knots were 
used to evaluate the continuous effects of CFR on 
the outcomes at 5 years. Event rates were calculated 
based on Kaplan– Meier censoring estimates and 
presented with cumulative incidences at the 5- year 
follow- up; the log- rank test was used to compare sur-
vival curves between the groups. A Cox proportional 
hazard regression was used to calculate hazard ratio 
(HR) and 95% CIs. The assumption of proportionality 
was assessed graphically by the log- minus- log plot, 
and the Cox proportional hazard models for all clinical 
outcomes satisfied the proportional hazards assump-
tion. Multivariable Cox proportional hazard models 
were constructed using all variables with a P value <0.1 
from the univariable analyses and variables considered 
clinically relevant. The final model included age, sex, 
diabetes, hyperlipidemia, and previous percutaneous 
coronary intervention. All analyses were 2- tailed, and 
clinical significance was defined as P<0.05. Statistical 
analyses were performed using SPSS 25.0 for 
Windows (SPSS- PC, Chicago, IL, USA) and R version 
3.6.0 (R Foundation for Statistical Computing, Vienna, 
Austria).

RESULTS
Baseline Clinical Characteristics
Among the patients who underwent NIT for typical 
anginal symptoms (n=570), 50.4% (n=287) did not 
have functionally significant coronary artery disease in 

invasive coronary angiogram (Figure 1). Table 1 sum-
marizes baseline clinical characteristics of the study 
population. Among a total of 287 patients with anginal 
symptoms and functionally nonobstructive CAD, 81 
patients (28.2%) were diagnosed with INOCA based 
on positive NIT and 130 patients (45.3%) had CMD 
based on CFR ≤2.5. All patients presented with sta-
ble IHD. There were no significant differences in the 
baseline clinical profiles among the 4 groups classified 
by the presence of INOCA and CMD, except for sex 
and hyperlipidemia. Angiotensin- converting enzyme 
inhibitors or angiotensin receptor blockers were more 
frequently used among patients with INOCA (groups 3 
and 4) at baseline status, but there was no statistically 
significant difference in discharge medications among 
the groups.

Angiographic and Physiologic Parameters 
According to INOCA and CMD
Table  2 shows angiographic characteristics and in-
tracoronary physiologic indexes. The overall study 
population showed functionally nonobstructive epicar-
dial coronary disease with mean diameter stenosis of 
48.1%±13.8% and mean FFR of 0.91±0.06. More pa-
tients in INOCA groups (groups 3 and 4) had no sig-
nificant angiographic disease than did patients in no 
INOCA groups (groups 1 and 2). The distribution of di-
ameter stenosis, FFR, CFR, and hyperemic microvas-
cular resistance are shown in Figure S1. Angiographic 
stenosis severity (diameter stenosis) was significantly 
associated with FFR (R=−0.263, P<0.001), but not 
with CFR (R=−0.061, P=0.385). CFR was significantly 
associated with hyperemic microvascular resistance 
(R=−0.317, P<0.001), whereas no correlation was 
found between CFR and FFR (Figure S2). There was no 
significant difference in angiographic stenosis sever-
ity and functional significance of epicardial CAD (rest-
ing distal coronary pressure/aortic pressure and FFR) 
across the 4 groups. Regardless of the presence of 
INOCA, patients with CMD showed significantly lower 
CFR and higher hyperemic microvascular resistance 
than those without CMD (P<0.001 for all) (Table 2 and 
Figure S3).

Clinical Outcomes of Patients According 
to INOCA and CMD
There was an inverse association between CFR val-
ues and the risk of MACE (per 1 increase; adjusted 
HR, 0.40; 95% CI, 0.22‒ 0.72; P=0.002) (Figure  S4). 
Although the cumulative incidence of MACE at 5 years 
was numerically higher in INOCA groups than in no 
INOCA groups, it was not statistically significant (20.1% 
versus 13.2%; adjusted HR, 1.45; 95% CI, 0.68– 3.09; 
P=0.340). In contrast, the presence of CMD was 
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significantly associated with a higher risk of MACE at 
5 years than those without CMD (24.0% versus 7.8%; 
adjusted HR, 2.97; 95% CI, 1.39‒ 6.34; P=0.005), which 
was mainly driven by a higher rate of any revasculariza-
tion (Table 3 and Figure 2).

In the comparison of clinical outcomes across 
the 4 groups classified by INOCA and CMD, the 
cumulative incidences of MACE at 5 years were 7.4%, 
21.3%, 7.7%, and 34.4% in groups 1 to 4, respectively 
(Table 4 and Figure 3). Compared with the reference 
group (group 1: no INOCA and no CMD), patients with 
CMD (groups 2 and 4) showed a significantly higher 
risk of MACE at 5  years regardless of the presence 
of INOCA (group 2: adjusted HR, 2.88; 95% CI, 1.51– 
7.19; P=0.024; group 4: adjusted HR, 4.00; 95% CI, 
1.41– 11.35; P=0.009) (Table 5 and Figure 3). This result 
remained consistent, when the patients were stratified 
using different cut- off value of 2.0 for depressed CFR 
(Figure S5).

DISCUSSION
The present study evaluated the long- term prognosis 
of INOCA and CMD defined by NITs and intracoro-
nary physiologic assessment according to the cur-
rent expert consensus.9 The major findings were as 
follows: First, among patients with anginal symptoms 
and functionally nonobstructive CAD, 28.2% showed 
positive NIT results and 45.3% had CMD. Second, the 
presence of CMD was significantly associated with an 
increased risk of MACE, and the prognostic impact of 
CMD was higher than that of the presence of INOCA. 
Third, among the 4 groups classified by INOCA and 
CMD, only patients with CMD showed a significantly 
increased risk of MACE at 5 years, regardless of the 
presence of INOCA. Patients with INOCA but without 
CMD did not show a significantly higher risk of MACE 
compared with those without both INOCA and CMD 
(Figure 4).

Table 1. Baseline Clinical Characteristics of the Study Population

Variables
Group 1
INOCA(−)/CMD(−)

Group 2
INOCA(−)/CMD(+)

Group 3
INOCA(+)/CMD(−)

Group 4
INOCA(+)/CMD(+) P value

116 (40.4%) 90 (31.4%) 41 (14.3%) 40 (13.9%)

Demographics

Age, y 59.7±9.4 63.0±10.6 63.0±10.5 62.7±9.5 0.059

Men 74 (63.8) 48 (53.3) 30 (73.2) 32 (80.0) 0.015

Body mass index, kg/m2 26.6±3.8 25.9±4.9 27.2±5.2 26.6±4.2 0.588

Ejection fraction, % 61.9±11.7 52.2±19.5 59.8±8.1 61.9±8.7 0.210

Cardiovascular risk factors

Hypertension 56 (48.3) 38 (42.2) 25 (61.0) 21 (53.8) 0.222

Diabetes 21 (18.1) 10 (11.1) 9 (22.0) 8 (20.0) 0.347

Hyperlipidemia 59 (50.9) 44 (48.9) 29 (70.7) 29 (72.5) 0.011

Family history of 
cardiovascular disease

53 (45.7) 50 (56.8) 16 (40.0) 17 (43.6) 0.229

Current smoking 29 (25.9) 23 (25.8) 14 (34.1) 8 (21.1) 0.603

Previous PCI 14 (12.2%) 11 (12.2%) 11 (26.8%) 10 (25.0%) 0.055

Baseline medications

Antiplatelet agents 99 (85.3) 82 (92.1) 36 (87.8) 34 (85.0) 0.447

ACEI or ARBs 29 (25.0) 24 (27.0) 20 (48.8) 22 (55.0) <0.001

Beta blocker 78 (67.2) 59 (66.3) 25 (61.0) 20 (50.0) 0.234

Calcium channel blocker 53 (45.7) 41 (46.1) 15 (36.6) 17 (42.5) 0.744

Nitrates 50 (43.1) 36 (40.4) 19 (46.3) 13 (32.5) 0.596

Discharge medications

Aspirin 51 (79.7) 41 (87.2) 15 (83.3) 16 (100.0) 0.219

P2Y12 inhibitor 10 (22.2) 4 (10.8) 2 (18.2) 6 (40.0) 0.126

ACEI or ARBs 19 (29.7) 13 (27.7) 11 (61.1) 6 (37.5) 0.061

Beta blocker 41 (64.1) 31 (66.0) 12 (66.7) 11 (68.8) 0.985

Calcium channel blocker 21 (32.8) 15 (31.9) 4 (22.2) 6 (37.5) 0.793

Nitrates 15 (23.4) 11 (23.4) 5 (27.8) 3 (18.8) 0.959

Statin 38 (59.4) 30 (63.8) 12 (66.7) 11 (68.8) 0.873

Data are expressed as number (%) or mean±SD. ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; CMD, coronary 
microvascular disease; INOCA, ischemia with nonobstructive coronary arteries; and PCI, percutaneous coronary intervention.
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Diagnostic Challenge of INOCA and Its 
Endotypes

NITs have been recommended as the first line diag-
nostic test for the patients with suspected IHD and 
intermediate pretest probability of CAD.18,19 However, 
in the ILIAS registry which included patients who un-
derwent coronary angiogram and physiologic assess-
ment, NIT was performed before the invasive tests only 
in about a quarter of patients, which could suggest un-
derutilization of upstream NIT as described in the prior 
study.20 Moreover, a substantial portion of patients 
with anginal symptoms and abnormal NIT results do 
not have obstructive CAD on coronary angiography.3 
Despite the absence of obstructive epicardial lesions 
requiring revascularization, however, multiple reports 
showed that these patients continued to experience 
recurrent angina leading to repeat hospitalization and 

unnecessary coronary angiography, impaired quality 
of life, and adverse cardiovascular outcomes.1,21,22 In 
this regard, patients with anginal symptoms and ab-
normal NIT results but without obstructive CAD are in-
creasingly recognized to have important disease entity 
called INOCA.9 In INOCA, an abnormal NIT result may 
suggest the mismatch between blood supply and my-
ocardial oxygen demand, and functional disturbance 
of coronary blood flow attributable to vasospasm or 
CMD has been suspected as the major underlying 
mechanism.4 Nevertheless, heterogeneous diagnostic 
criteria and limited evidence- based treatment options 
have been challenging issues in daily practice.

Recently, the Expert Consensus Document for 
INOCA suggested a systematic approach for diagnosing 
INOCA based on the evolution of invasive techniques for 
assessment of CMD.9 The universal definition of CMD 
included symptoms of myocardial ischemia, objective 

Table 2. Characteristics of Target Vessels According to Classification by INOCA and CMD

Variables
Group 1
INOCA(−)/CMD(−)

Group 2
INOCA(−)/CMD(+)

Group 3
INOCA(+)/CMD(−)

Group 4
INOCA(+)/CMD(+) P value

116 (40.4%) 90 (31.4%) 41 (14.3%) 40 (13.9%)

Angiographic characteristics

Angiographic disease extent <0.001

No angiographic disease 48 (41.4) 41 (45.6) 29 (70.7) 26 (65.0)

1- vessel disease 30 (25.9) 14 (15.6) 10 (24.4) 7 (17.5)

2- vessel disease 36 (31.0) 29 (32.2) 1 (2.4) 5 (12.5)

3- vessel disease 2 (1.7) 6 (6.7) 1 (2.4) 2 (5.0)

Interrogated target vessel 0.069

LAD 57 (49.1) 38 (42.2) 24 (58.5) 22 (55.0)

LCX 43 (37.1) 41 (45.6) 7 (17.1) 12 (30.0)

RCA 16 (13.8) 11 (12.2) 10 (24.4) 6 (15.0)

Quantitative coronary angiography

Reference vessel size, mm 2.9±0.6 2.8±0.7 3.5±0.8 2.7±0.7 0.052

Diameter stenosis, % 46.8±12.8 45.6±12.8 47.2±15.9 51.2±9.1 0.360

Lesion length, mm 8.7±4.1 11.6±6.1 4.9±5.8 6.3±2.9 0.195

Invasive hemodynamics

Resting Pa, mm Hg 96.9±13.3 98.8±15.1 100.5±15.1 96.5±15.4 0.503

Hyperemic Pa, mm Hg 91.6±13.2 93.2±15.5 91.4±20.4 87.5±16.3 0.302

Resting Pd, mm Hg 94.4±13.3 95.5±15.3 96.9±14.9 93.4±15.8 0.710

Hyperemic Pd, mm Hg 83.7±12.8 84.8±14.4 83.8±13.3 79.4±15.6 0.240

Resting APV, cm/sec 14.5±4.3 19.5±6.8 13.7±3.4 17.1±5.7 <0.001

Hyperemic APV, cm/sec 42.9±11.9 38.3±11.7 41.9±11.0 32.6±9.9 <0.001

Invasive physiologic indexes

Resting Pd/Pa 0.97±0.03 0.97±0.03 0.96±0.03 0.97±0.03 0.292

Fractional flow reserve 0.91±0.07 0.91±0.06 0.90±0.05 0.91±0.06 0.509

Coronary flow reserve 3.1±0.6 2.0±0.3 3.3±0.8 2.0±0.4 <0.001

BMR, mm Hg/cm per sec 7.1±2.1 5.4±1.7 7.5±2.1 6.0±2.3 <0.001

HMR, mmHg/cm per sec 2.1±0.6 2.4±0.8 2.1±0.6 2.6±0.8 <0.001

Data are expressed as number (%) or mean±SD. APV indicates averaged peak velocity; BMR, baseline microvascular resistance; CMD, coronary microvascular 
disease; HMR, hyperemic microvascular resistance; INOCA, ischemia with nonobstructive coronary arteries; LAD, left anterior descending artery; LCX, left 
circumflex artery; Pa, aortic pressure; Pd, distal coronary pressure; and RCA, right coronary artery.
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abnormality of NIT, absence of functionally obstructive 
CAD (FFR>0.80), and evidence of impaired coronary 
microvascular function such as impaired CFR, elevated 
microvascular resistance, or coronary microvascular 
spasm.9 In the current study, there was a substantial 
discrepancy among patients’ symptoms, NIT results, 
and coronary microvascular function. For example, 
among patients with negative NIT results, 43.7% of pa-
tients showed depressed CFR, while 50.6% of patients 
with positive NIT results had preserved CFR. These 
results indicate that NIT and intracoronary physiologic 
assessment are not exclusive diagnostic modalities, but 

complementary tools in evaluating patients with symp-
toms of myocardial ischemia. In addition, intracoronary 
physiologic assessment can be useful in patients with 
negative NITs, if clinical suspicion for IHD remains high.

CMD as a Major Endotype of INOCA
CMD is one of the endotypes of INOCA, and a pre-
vious meta- analysis reported that patients with CMD 
diagnosed by positron emission tomography or 
trans- thoracic Doppler echocardiography- derived 
depressed CFR showed a 2-  to 4- fold higher risk of 

Table 3. Clinical Outcomes According to Presence of INOCA or CMD

No INOCA INOCA
Multivariable* 
HR (95% CI) P value No CMD CMD

Multivariable* HR 
(95% CI) P value

Total (N=287) n=206 n=81 n=157 n=130

All cause death 11 (7.6%) 4 (10.3%) 1.30 (0.39– 4.33) 0.666 5 (4.3%) 10 (14.4%) 2.21 (0.72– 6.80) 0.165

Cardiac death 8 (5.4%) 3 (7.2%) 1.39 (0.35– 5.55) 0.640 3 (2.4%) 8 (11.1%) 3.05 (0.77– 12.13) 0.114

Target- vessel MI 1 (0.8%) 2 (2.6%) 0.87 
(0.61– 160.44)

0.108 3 (2.5%) 0 (0%) NA 0.998

Any 
revascularization

13 (7.0%) 7 (10.9%) 1.47 (0.56– 3.84) 0.434 5 (3.7%) 15 (12.7%) 3.70 (1.34– 10.25) 0.012

TVR† 8 (4.4%) 6 (9.8%) 1.85 (0.60– 5.68) 0.285 3 (2.5%) 11 (9.1%) 4.26 (1.18– 15.39) 0.027

Non- TVR 5 (2.7%) 1 (1.2%) 0.67 (0.76– 5.85) 0.713 2 (1.3%) 4 (3.9%) 2.75 (0.50– 15.21) 0.246

MACE‡ 22 (13.2%) 11 (20.1%) 1.45 (0.68– 3.09) 0.340 10 (7.8%) 23 (24.0%) 2.97 (1.39– 6.34) 0.005

The cumulative incidences of clinical outcomes were presented as Kaplan‒ Meier estimates during the median follow- up of 1194.0 days (Q1– Q3, 730.0– 
1826.0 days). CMD indicates coronary microvascular disease; HR, hazard ratio; INOCA, ischemia with no obstructive coronary artery disease; MACE, major 
adverse cardiovascular events; MI, myocardial infarction; NA, not applicable; PCI, percutaneous coronary intervention; and TVR, target vessel revascularization.

*Adjusted for age, sex, diabetes, hyperlipidemia, and previous percutaneous coronary intervention.
†Defined as clinically driven revascularization of the target vessel by means of coronary bypass grafting or percutaneous coronary intervention.
‡Defined as the composite of all- cause death, acute myocardial infarction not clearly attributable to a nontarget vessel, and any revascularization by means 

of coronary bypass grafting or percutaneous coronary intervention.

Figure 2. Prognostic impact of ischemia with nonobstructive coronary arteries and coronary microvascular disease.
The cumulative incidence of major adverse cardiovascular event at 5 years were compared according to presence of (A) ischemia with 
nonobstructive coronary arteries and (B) coronary microvascular disease. Adjusted covariates in the multivariable model included 
age, sex, diabetes, hyperlipidemia, and previous percutaneous coronary intervention. CMD indicates coronary microvascular disease; 
HR, hazard ratio; INOCA, ischemia with nonobstructive coronary arteries; and MACE, major adverse cardiovascular event.
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adverse cardiovascular outcome.23 Similarly, previ-
ous studies that used intracoronary physiologic as-
sessment to define CMD also revealed that patients 

with functionally nonobstructive CAD (FFR>0.80) and 
CMD defined by depressed CFR had a significantly 
higher risk of MACE.24– 27 CMD is related to traditional 

Table 4. Clinical Outcomes According to Stress Tests Results and Presence of CMD

Group 1
INOCA(−)/CMD(−)

Group 2
INOCA(−)/CMD(+)

Group 3
INOCA(+)/CMD(−)

Group 4
INOCA(+)/CMD(+) P value

Total (N=287) 116 (40.4%) 90 (31.4%) 41 (14.3%) 40 (13.9%)

All- cause death 3 (3.5%) 8 (14.0%) 2 (5.3%) 2 (18.8%) 0.151

Cardiac death 1 (1.3%) 7 (11.6%) 2 (5.3%) 1 (12.5%) 0.056

Target- vessel MI 1 (1.4%) 0 (0%) 2 (5.3%) 0 (0%) 0.037

Any revascularization 4 (4.0%) 9 (10.7%) 1 (2.4%) 6 (19.2%) 0.025

TVR* 2 (2.3%) 6 (6.8%) 1 (2.4%) 5 (17.1%) 0.024

Non- TVR 2 (1.8%) 3 (4.1%) 0 (0%) 1 (2.6%) 0.636

MACE† 7 (7.4%) 15 (21.3%) 3 (7.7%) 8 (34.4%) 0.007

Data expressed as number of events (%). The cumulative incidence of clinical outcomes is presented as Kaplan– Meier estimates during the median follow- up 
of 1194.0 days (Q1– Q3, 730.0– 1826.0 days). The P values were log- rank P value in survival analysis. CMD indicates coronary microvascular disease; INOCA, 
ischemia with nonobstructive coronary arteries; MACE, major adverse cardiac event; MI, myocardial infarction; and TVR, target vessel revascularization.

*Defined as clinically driven revascularization of the target vessel by means of coronary bypass grafting or percutaneous coronary intervention.
†Defined as cardiac death, acute myocardial infarction not clearly attributable to a nontarget vessel, and clinically driven revascularization of the target vessel 

by means of coronary bypass grafting or percutaneous coronary intervention.

Figure 3. Comparison of major adverse cardiovascular event at 5 years according to stress tests 
results and presence of coronary microvascular disease.
Kaplan– Meier curve are shown for the 4 groups of patients according to ischemia with nonobstructive 
coronary arteries and coronary microvascular disease. Adjusted covariates in multivariable model 
included age, sex, diabetes, hyperlipidemia, and previous percutaneous coronary intervention. CMD 
indicates coronary microvascular disease; HR, hazard ratio; INOCA, ischemia with nonobstructive 
coronary arteries; and MACE, major adverse cardiovascular event.
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cardiovascular risk factors including age, hyperten-
sion, hyperlipidemia, diabetes, or smoking.5– 8,27,28 The 
COVADIS (Coronary Vasomotor Disorders International 
Study) group reported that more than half of patients 
with microvascular angina had hypertension and dys-
lipidemia, whereas the prevalence of diabetes and cur-
rent smoking were relatively low.5 The current study 
population with CMD also showed a similar profile of 
cardiovascular comorbidities.

However, it should be noted that patients with CMD 
could not be differentiated based on clinical characteris-
tics and demographics. Furthermore, the current study 
showed that anatomical severity (diameter stenosis) or 
functional significance of epicardial CAD (FFR) were not 
significantly associated with the presence of CMD. The 
recent CorMicA (Coronary Microvascular Angina) trial 
presented that stratified medical treatment based on a 
systematic interventional diagnostic procedure to de-
fine INOCA endotypes (CMD and vasospastic angina) 
significantly improved anginal symptoms and quality 
of life.8 Considering the limited diagnostic predictabil-
ity of clinical risk factors and angiographic findings for 
CMD, these results support the need of intracoronary 
coronary physiologic assessment to evaluate CMD in 
patients with anginal symptoms despite the lack of ob-
structive CAD on angiogram or positive NIT results.

Prognostic Implications of INOCA and 
CMD
Although previous studies reported a higher risk of 
adverse cardiovascular events in patients with INOCA, 
it should be noted that the definitions of INOCA were 
heterogeneous across these studies and the endo-
types of INOCA were not specified.1,21,22 Recently, 
the COVADIS group5 reported the clinical outcomes 
of 686 patients with microvascular angina, a major 

endotype of INOCA, using the standardized diagnos-
tic criteria recommended by the Expert Consensus 
Document for INOCA.9 In this report, the 1- year MACE 
rate, including cardiovascular death, myocardial infarc-
tion, stroke, and hospitalization because of heart fail-
ure or unstable angina, was 7.7% per patient- year and 
there was no sex or ethnic difference in prognosis.5 
However, the differential prognosis according to endo-
types of INOCA has not been studied.

In the current study patients with INOCA showed nu-
merically higher MACE rate than those without INOCA, 
but the difference was not statistically significant. 
Conversely, patients with CMD showed a 3- fold higher 
risk of MACE compared with those without CMD. It has 
been well known that CMD, defined by depressed CFR, 
is associated with an increased risk of adverse cardio-
vascular events, regardless of measurement meth-
ods.24– 27,29 Furthermore, previous studies presented 
pathophysiologic mechanisms between CMD and ad-
verse clinical outcome.7,30,31 CMD is associated with the 
structural remodeling of the coronary microvasculature 
and/or functional dysregulation of arterioles, which ulti-
mately cause reduced vasodilatory capacity and limited 
oxygen supply to myocardium. The mismatch between 
oxygen supply and demand causes angina and is also 
associated with endothelial dysfunction, smooth muscle 
cell dysfunction, and vascular remodeling.7 Depressed 
CFR and/or elevated microvascular resistance is a phe-
notypic manifestation of the structural remodeling and/
or functional dysregulation. These are key components 
related to atherosclerosis and plaque formation in both 
micro-  and macrovascular systems.32– 35 Indeed, previ-
ous studies presented that CMD was associated with 
endothelial dysfunction and inflammatory activity that 
precede intimal thickening, lipid deposition in the mac-
rovascular system, coronary vasomotor dysfunction, 
and thin- cap fibroatheroma.7,36– 38

Table 5. Comparison of MACE* at 5 Years According to Stress Tests Results and Presence of CMD

Patient number
Cumulative 
incidence

Univariable Multivariable†

HR (95% CI) P value
Adjusted HR (95% 
CI) P value

Group 1: INOCA(−)/
CMD(−)

116 (40.4%) 7 (7.4%) Reference Reference

Group 2: INOCA(−)/
CMD(+)

90 (31.4%) 15 (21.3%) 3.18 (1.30– 7.82) 0.012 2.88 (1.51– 7.19) 0.024

Group 3: INOCA(+)/
CMD(−)

41 (14.3%) 3 (7.7%) 1.56 (0.40– 6.04) 0.523 1.32 (0.33– 5.27) 0.697

Group 4: INOCA(+)/
CMD(+)

40 (13.9%) 8 (34.4%) 4.78 (1.71– 13.40) 0.003 4.00 (1.41– 11.35) 0.009

Data expressed as number of events (%). The cumulative incidence of clinical outcomes is presented as Kaplan– Meier estimates during median follow- up 
of 1194.0 days (Q1– Q3, 730.0– 1826.0 days). CMD indicates coronary microvascular disease; HR, hazard ratio; INOCA, ischemia with no obstructive coronary 
arteries; and MACE, major adverse cardiac event.

*Defined as the composite of all- cause death, acute myocardial infarction not clearly attributable to a nontarget vessel, and any revascularization by means 
of coronary bypass grafting or percutaneous coronary intervention.

†Adjusted for age, sex, diabetes, hyperlipidemia, and previous percutaneous coronary intervention.
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When the study population was stratified into 4 
groups by the presence of INOCA and CMD, only pa-
tients with CMD showed significantly increased risk of 
MACE at 5 years, regardless of the presence of INOCA. 
Patients with INOCA but without CMD, who might have 
different endotypes of INOCA such as vasospastic an-
gina, did not show a significantly higher risk of MACE 
compared with the reference group. Our findings indi-
cate that the long- term clinical outcomes of patients 
with INOCA depend on the endotypes. Indeed, pre-
vious studies showed that patients with vasospastic 
angina had relatively good long- term prognosis with 
appropriate medical treatment,39,40 unless the initial 
presentation was acute coronary syndrome and/or 
aborted cardiac arrest41 or patients had concomitant 
obstructive CAD.42 Yasue et al. evaluated 245 patients 
with vasospastic angina with 10 years of follow- up. The 
survival rate at 10 years was 93%, and patients with 
appropriate medical treatment showed significantly 

better survival rates than those without.39 Hung et al. 
reported that patients with vasospastic angina without 
obstructive CAD (n=284) did not show a significantly 
increased risk of cardiac death or myocardial infarction 
compared with the control group (n=239) during a me-
dian follow- up of 49 months.42

Another important message from the current study 
is that a diagnosis of INOCA based only on abnor-
mal NIT results would not effectively identify patients 
with higher risk of long- term cardiovascular events. 
This suggests the importance of intracoronary phys-
iologic assessment to identify CMD in patients with 
INOCA, which supports the current Expert Consensus. 
Incorporating intracoronary physiologic assessment 
to the NIT results would allow better risk stratification 
and tailored management of patients with INOCA de-
pending on its endotypes. Therefore, as the guidelines 
recommend, physiologic evaluation with CFR and/or 
microcirculatory resistance measurements needs to be 

Figure 4. Long- term prognostic implication of ischemia with nonobstructive coronary arteries and coronary microvascular 
disease.
Symptomatic patients with stable ischemic heart disease who underwent of noninvasive stress tests and intracoronary coronary 
physiologic assessment were evaluated. The patients were stratified according to the presence of ischemia with nonobstructive 
coronary arteries and coronary microvascular disease. In the overall population, 28.2% showed positive of noninvasive stress 
tests results and 45.3% had coronary microvascular disease. Patients with coronary microvascular disease showed a significantly 
increased risk of major adverse cardiovascular event at 5 years, regardless of noninvasive stress tests results. These findings indicate 
that the differential prognostic impact of endotype of ischemia with nonobstructive coronary arteries which support the necessity of 
intracoronary physiologic assessment. CAD indicates coronary artery disease; CMD, coronary microvascular disease; HR, hazard 
ratio; ILIAS, Inclusive Invasive Physiological Assessment in Angina Syndromes; INOCA, ischemia with nonobstructive coronary 
arteries; MACE, major adverse cardiovascular event; and NIT, noninvasive stress test.
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considered in patients with persistent symptoms or ev-
idence of ischemia but no obstructive disease on coro-
nary angiogram.10

Study Limitations
Several limitations of the study should be acknowl-
edged. First, although the current study used the 
latest universal definitions of INOCA and CMD using 
intracoronary physiologic assessments, provocation 
test for vasospasm was not systematically performed. 
Thus, possible etiology of ischemia in patients with 
INOCA but no CMD could not be further evaluated. 
Second, given the limited diagnostic accuracy of NIT, 
false positive results of NITs (because of either attenu-
ation artifacts or misinterpretation of the stress tests) 
might have been translated into false positive INOCA. 
Furthermore, there could be an interobserver variability, 
since NITs were interpreted locally rather than centrally 
in the core laboratory. This might be another reason 
for the limited prognostic implication of INOCA without 
information on CMD, which, in turn, further supports 
the incremental value of intracoronary physiologic as-
sessment for CMD. Conversely, the etiology of symp-
toms in patients without INOCA and CMD was not 
further evaluated in the current registry. Furthermore, 
we could not evaluate the degree of NIT abnormality. 
Third, since the ILIAS registry excluded culprit vessel of 
acute coronary syndrome and all patients in the current 
analysis presented with stable IHD, the current results 
cannot be extended to patients with acute coronary 
syndrome. In addition, ILIAS registry included selected 
patients who underwent invasive coronary angiogra-
phy with physiologic study, which could have caused 
selection bias and in part explain the low proportion of 
patients who had upstream NIT in the current registry 
(24.5%). Fourth, since intravascular imaging was not 
systematically performed, the possibility of diffuse ath-
erosclerotic narrowing as a cause of depressed CFR 
cannot be excluded. However, more than half of the 
study population showed no evidence of angiographic 
disease and the mean FFR was 0.91±0.06. Fifth, dif-
ferential prognosis following specific medical treatment 
for INOCA endotypes could not be evaluated. Sixth, 
there were numerical differences in the interrogated 
target vessels among 4 groups classified by INOCA 
and CMD. Seventh, although multiple centers partici-
pated in this study, the final sample size and clinical 
events were relatively small. Eighth, subjectivity of an-
ginal symptoms could have caused some degree of 
heterogeneity among the study population. However, 
typicality of anginal symptoms was assessed accord-
ing to the study protocol at each participating site with 
a widely used definition from the guidelines, reflecting 
a routine approach to patients with chest pain in a real- 
world practice. Ninth, there was a lack of information 

about renal function including creatinine level. Lastly, 
since this was a registry- based observational study, 
patient’s or physician’s blinding to the results of physi-
ologic evaluation was not possible. In addition, persis-
tent symptoms in patients with CMD might be possible 
because of increased risk of repeat revascularization.

CONCLUSIONS
Among patients with anginal symptoms and functionally 
nonobstructive CAD, incorporating intracoronary physi-
ologic assessment to the NIT results allowed identifica-
tion of high- risk patients, since long- term prognosis was 
mainly determined by the presence of CMD, regardless 
of NIT results. Patients with INOCA without CMD showed 
a similar long- term prognosis with patients without 
INOCA. Differential prognosis by endotypes of INOCA 
warrants intracoronary physiologic assessment in pa-
tients with INOCA and supports the current guidelines. 
Further studies are needed to clarify prognostic impact 
of specific treatments based on endotypes of INOCA.
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Figure S1. Distribution of Anatomic and Invasive Physiologic Parameters. 

 

 

Histogram of (A) diameter stenosis, (B) FFR, (C) CFR, and (D) HMR are presented.  CFR, coronary flow reserve; FFR, fractional flow 

reserve; HMR, hyperemic microvascular resistance. 



Figure S2. Relationship Between Epicardial Coronary Disease and Microvascular Disease. 

 

Scatter plots and linear relationship between (A) diameter stenosis and FFR, (B) diameter stenosis and CFR, (C) FFR and CFR, and (D) CFR 

and HMR. The correlation coefficients of each relationship are presented. *Only 203 patients had available data of diameter stenosis. CFR, 

coronary flow reserve FFR; fractional flow reserve; HMR, hyperemic microvascular resistance. 



Figure S3. Comparison of Anatomical and Physiologic Indexes. 

 

There was no significant difference in epicardial anatomical indexes, including (A) diameter stenosis and (B) FFR according to the presence 

of INOCA and CMD. There was a significant difference in (C) CFR and (D) HMR, which reflected CMD, across the groups. In box-and-

whisker plots, the horizontal line indicates the median value, the black dot indicates the mean value, the box indicates the interquartile range, 

and whiskers indicate the minimum and maximum values. ANOVA, analysis of variance; CFR, coronary flow reserve; FFR, fractional flow 

reserve; HMR, hyperemic microvascular resistance.



Figure S4. Association between CFR and 5-year MACE. 

 

Restricted cubic spline curves presented the continuous effect of CFR on the clinical outcomes at 5 years. CFR, coronary flow reserve; CI, 

confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event. 



Figure S5. Supplementary Figure 5. Comparison of MACE at 5 Years According to Stress Tests Results and Different Cut-off Value of 

CFR (CFR >2.0 vs. ≤2.0). 

 

Kaplan–Meier curve are shown for the 4 groups of patients according to INOCA and depressed CFR (≤2.0). Adjusted covariates in 

multivariable model included age, sex, diabetes mellitus, hyperlipidemia, and previous PCI. CFR, coronary flow reserve; CI, confidence 

interval; HR, hazard ratio; INOCA, ischemia with non-obstructive coronary arteries; MACE, major adverse cardiovascular event. 
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