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Table S1. Search strategy 

Database Investigator 1 

Pubmed Coronary microvascular disease: (non-obstructive OR “non 
obstructive” OR “non occlusive” OR normal angio* OR 
epicardial) AND (ischemia OR angina OR “chest pain” OR 
myocardial ischemia OR coronary artery disease OR “coronary 
artery disease”) 
 
Spasm: (non-obstructive OR “non obstructive” OR “non 
occlusive” OR epicardial) AND (ischemia OR angina OR “chest 
pain” OR myocardial ischemia OR coronary artery disease OR 
“coronary artery disease”) AND (spasm OR vasospasm OR 
vasospastic) AND (Microci* OR Microva* OR Microvessels 
OR spasm OR vasospasm OR vasospastic) 
 
 

 

 

Database Investigator 2 

Pubmed Coronary microvascular disease: : (non*) AND (obs* OR 
“obstructive” OR “occlusive” OR epicardial) AND (angina OR 
ischemia OR “chest pain” OR myocardial ischemia OR coronary 
artery disease OR “coronary artery disease”) AND (“ANOCA” 
OR “INOCA”) 
 
Spasm: (non*) AND (obs* OR “obstructive” OR “occlusive” OR 
epicardial) AND (angina OR ischemia OR “chest pain” OR 
myocardial ischemia OR coronary artery disease OR “coronary 
artery disease”) AND (spasm OR vasospasm OR vasospastic) 
AND (Microci* OR Microva* OR Microvessels OR spasm OR 
vasospasm OR vasospastic) AND (“ANOCA” OR “INOCA”) 
 

 

 

 



Table S2: PRISMA checklist 

 

 

 



Table S3. Studies included in the systematic review – method used for evaluation of CMD 

and inclusion criteria. CMD indicates coronary microvascular disease; ES, epicardial 

vasospasm; MVS, microvascular spasm; ECG, electrocardiogram; CFR, coronary flow 

reserve; IMR, index of microcirculatory resistance; Ach, Acetylcholine. 

 

Study Year Method 
 Definition Inclusion Criteria 

Quyumi 1992 

 
ACh test 

ES : Reproduction of 
typical symptoms;  
ECG changes and 
epicardial 
vasoconstriction >50% 

Patients with angina and 
epicardial coronary stenoses 
<10% 

Panza 1997 
MIBI 

 
CMD - Thallium 
perfusion defect on 
stress images 

Patients with angina and 
epicardial coronary stenoses 
<30% 

Hasdai 1998 

CFR doppler 
 CMD - CFR ≤2.5 

Patients with recurrent chest 
pain with no obstructive 
CAD <40% and no previous 
MI 

Mohri 1998 

 
 
 

ACh test 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥70% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Chest pain and <50% 
coronary organic stenosis. 

Reis 1999 
CFR 

CMD - CFR<2.5 
Women with chest pain and 
normal coronary arteries 
≤50% 

Sun 2002 

 
 

ACh test 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥75% 

Patients with chest pain and 
no coronary stenosis >50% 



2. MVS: ischemic 
ECG changes 
and symptoms 

 

Sun 2005 

 
 
 

Ach test 
TIMI frame 
count 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥75% 

2. MVS: ischemic 
ECG changes 
and symptoms 

CMD - TIMI frame 
count as 60 counts or 
more in LAD and 45 or 
more in LCX. 

Patients with chest pain and 
normal coronary 
arteriograms (no stenosis 
>50%) 

Schindler 2005 

PET 

CMD – MBF ≤40% 

Patients with angina and no 
coronary stenosis (“smooth 
coronary vessels 
without evidence of luminal 
wall irregularities or diffuse 
caliber 
reduction and stenosis”). 

Tsuchid 2005 

Ergonovine 
test 

ES – Reproduction of 
typical symptoms; 
ECG changes and 
epicardial 
vasoconstriction ≥90% 
spasm 

Patients with angina and no 
organic stenosis (>50%) 

Graf 2006 

 
PET CMD - CFR <2.5 

Patients with angina, positive 
stress test and normal 
angiogram not older than 3 
months 

Cassar 2009 

 
CFR Doppler 

 

CMD - CFR ratio of ≤ 
2.5 during infusion of 
adenosine. 

Patients with positive stress 
test and non-obstructive 
CAD (≤ 40% luminal 
diameter stenosis) 

Sicari 2009 
 TTE CFR 

Doppler LAD CMD - CFR ≤ 2.0 
Patients with history of chest 
pain, coronary angiography 
with stenosis <50% 

Sade 2009 

TTE CFR 
LAD CMD - CFR<2.0 

Women who underwent 
angiography and had no 
obstructive coronary artery 
disease 

Pepine 2010 CFR Doppler CFR <2.32 Women undergoing 
clinically indicated coronary 



angiography and no CAD 
(<50%) 

Ishimori 2011 

 
CMR 1. Any stress 

perfusion defect 
size ≥5% 

Consecutive female patients 
presenting with typical and 
atypical anginal and no 
angiographically 
documented CAD (≥70% 
stenosis) 

Ohba 2012 

 
 

ACh test 

2. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥90% 

3. MVS: ischemic 
ECG changes 
and symptoms 

 

Patients with angina and 
nonobstructive CAD (<50%) 
undergoing ACh test. 

Ong 2012 

 
 

ACh test 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥75% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Patients with exercise-related 
angina and no coronary 
stenosis > 20% 

Sakamoto 2012 CFR doppler CMD - CFR <2.8 Patient with chest pain. No 
CAD and no vasospasm. 

Ong 2014 

 
 

ACh test 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥75% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Patients with suspected 
myocardial ischemia and 
unobstructed coronary 
arteries (stenosis<50%) 

Murthy 2014 

 
 

PET CMD - CFR < 2.0 

Women referred for 
evaluation of suspected CAD 
with no previous history of 
CAD and no visual evidence 



of CAD on rest/stress 
positron emission 
tomography (PET) 
myocardial perfusion 
imaging. 

Ong 2014 

 
 
 

ACh test 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥75% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Unobstructed coronary 
arteries (stenosis <50%) and 
exertional angina with 
performed bicycle stress test 

Yamanaga 2015 

ACH test ES - Vasoconstriction 
>90% with angina 
and/or ECG changes 

Pts with angina and no 
obstructive CAD undergoing 
Ach test, stenosis <50% and 
EF >50% 

Kobayashi 2015 
CFR cont 
thermodilution 

IMR 

CMD: CFR<2 or  
IMR >25 

Patients with angina in the 
absence of obstructive CAD 
(>50% stenosis; FFR -<0.8). 

Lee 2015 

CFR cont 
thermodilution 

IMR 
ACHtest 

CFR<2 
IMR>25 

Endothelial 
dysfunction – 

vasoconstriction <20% 

Angina with or without stress 
test in the absence of 
obstructive CAD (stenosis 
>50%) 

Sara 2016 

CFR Doppler 

CMD - CFR≤2.5 

Patients with chest and/or 
abnormal functional stress 
test and coronary stenosis 
<40% 

Uemura 2016 

 
 

CMR  
Ach test 

CMD - CFR <2.5 
1. ES – 

Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥90% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Patients without coronary 
artery disease (stenosis 
>50%) 

Hoshino 2016 
 

ACh test 
ES: vasoconstriction 

>=75% 
 

Consecutive patients with 
coronary stenosis (>50%) 
who underwent ACH test 



Mygind, 2016 

TTE LAD 
PET 

CFVR <2.0 
MBFR<2.5 

Patients with clinically 
indicated coronary 
angiography and no stenosis 
>50% 

Kim 2017 

 
ACh test 

1. ES:  
vasoconstriction 
>=90% 

Patients with chest pain, who 
underwent coronary 
angiography without CAS 
(>50%) 

Aziz 2017 

 
 

ACh test ES  1. Reproduction of 
typical symptoms; 2. 
ECG changes; 3. 
diffuse or focal 
vasoconstriction >75% 
 

2. MVS – 1. 
Reproduction of 
typical 
symptoms; 2. 
ECG changes 

Consecutive patients with 
angina pectoris who 
underwent ACH test and 
unobstructed coronary 
arteries (no stenosis > 50%) 



Ford 2018 

 
CFR cont 

thermodilution 
 

IMR 
ACh test 

3. CMD - 
CFR<2.0 or 

IMR>-25 
4. ES – 

Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
>=90% 
MVS: ischemic 
ECG changes 
and symptoms 

 
 
 

Patients with angina and no 
obstructive CAD (stenosis 
>50% and FFR ≤0.80) 

Michelsen 2018 

 
TTE LAD - 

CFR CMD = CFVR<2.0 

Women with angina, left 
ventricular ejection fraction 

(LVEF) >45%, and an 
invasive coronary 
angiogram without 

significant stenosis (>50%). 

Safdar 2018 

 
PET CMD - CFR<2.5 

Patients with chest pain that 
underwent PET with no 
regional perfusion defect or 
calcification 

Montone 2018 

 
ACh test 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥90% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

MI without obstructive 
coronary artery disease 
(stenosis<50% at coronary 
angiography) 

Taqueti 2018 

      
    

        PET 
 CMD - CFR <-2.0 

Patients without prior history 
of CAD, undergoing 
evaluation for suspected 
CAD with PET an no 
evidence of flow limiting 
CAD (semi-quantitative 
perfusion summed stress 
score >2) 

Scroder 2018 
 

PET CMD - MBFR <2.5 Women with no significant 
obstructive coronary artery 
disease (<50% 



stenosis 

Verna 2018 

 
CFR doppler   

CMD - CFVR 
<2.5. 

Patients with suspected 
SIHD and NOCAD (absence 
of >50% stenosis and FFR 
<0.8) 

Montone 2019 

 
ACh test 

ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥90% 
MVS: ischemic 
ECG changes 
and symptoms 

 

Coronary angiography for 
suspected 
myocardial ischemia with 
evidence of non-obstructive 
CAD (angiographically 
normal coronary arteries or 
diffuse 
atherosclerosis with stenosis 
< 50%) and undergoing an 
intracoronary provocative 
test 

Rahman 2019 

CFR 
CMD - CFR 
≤2.5 

Patients with chest pain, LV 
EF >50% and unobstructed 
coronary arteries (stenosis 
<30% and or FFR>0.8) 

Oh 2019 

Erogonovine 
test 

ES: Vasoconstriction > 
90% alone or 

vasoconstriction > 70% 
+ symptoms and ECG 

changes 

Angina patients with variant 
angina undergoing 
provocative test 

Kotecha 2019 

 
IMR 

 
IMR > 25 

 

Patients with stable angina 
who underwent CMR and 
absence of obstructive CAD 
(FFR<-0.8 

Pirozzolo 2019 

 
 

ACH test 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥90% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Patients with NSTEMI and 
non-obstructive CAD 
(stenosis <50%) 

Pargaonkar 2019 
IMR 

CMD - IMR >25 
Angina and no-obstructive 
CAD  
(stenosis <50%) 

Suda,  2019 

ACh test 
IMR 
CFR 

CMD - IMR >18 or  
CFR<2.0 

ES - vasoconstriction > 
90% 

Angina and normal 
coronaries (stenosis<70%, 
FFR >0.80) that underwent 
invasive stress test. 



De Vita 2019 

 
 

TTE LAD  
CMD - CBF velocity 

reduction ≥ 20% 

Patients with NSTE-ACS, 
who were found to have NO-
CAD 
(i.e., normal coronary 
arteries or < 50% coronary 
stenosis 
in major epicardial coronary 
arteries) at angiography 

Solberg 2019 

IMR Microvascular 
dysfunction defined as 

IMR 
>20.8 mmHg 

Women with angina pectoris 
and normal or near-normal 
coronary angiograms with 
FFR >0.80. 

Schroder 2019 
Echo doppler 

LAD CFR CMD - CFR<2.0 
Pts with angina and no 
obstructive CAD, stenosis 
<50% 

Pargaonkar 2020 
Ach test 

CMD – IMR >25 
Angina and no-obstructive 
CAD 
(stenosis <50%) 

Pirozzolo 2020 

Ach test  
 
 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 
vasoconstriction 
≥90% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Patients with NSTEMI and 
non- obstructive CAD 
(stenosis <50%) 

Quesada 2020 
CFR bolus 

thermodilution 
 

CMD - CFR <2.5 
 

Typical angina pectoris with 
no relevant CAD <50% 

Sara 2020 
 

CFR Doppler 
 

CMD = CFR ≤ 2.5 
 

Patients with chest pain and 
normal coronaries (stenosis 

< 40%) 

Kumar 2020 

 
 

CFR 
 CMD - CFR < 2.0, 

HMR ≥2.0  
 

Symptomatic patients with 
No obstructive CAD on 
coronary angiography 

(defined as <50% luminal 
obstruction in one or more 

epicardial coronary arteries) 
and normal fractional flow 

reserve (FFR > 0.8) 

Seitz 2020 

 
ACh testing 

1. ES – 
Reproduction of 
typical 
symptoms; 
ECG changes 
and epicardial 

Patients with symptoms of 
myocardial ischemia but 
NOCA (<50% epicardial 
stenosis as determined by 

quantitative coronary 
angiography 



vasoconstriction 
≥75% 

2. MVS: ischemic 
ECG changes 
and symptoms 

 

Godo 2020 

 
CFR doppler 

CMD - CFR<2.0 

 
Patients with angina and 
angiographically normal 
coronary arteries (<40% 
stenosis) 

Pargaonkar 2020 

 
 
 

IMR 
 

IMR >25  
 

Patients with persistent (>3 
months) typical/atypical 
angina and a suspected MB 
based on CCTA and 
excluded obstructive CAD  
(stenosis>50%) 
 

Konst 2021 

IMR, 
CFR – bolus 

thermodilution 

CMD – CFR <2.0 
IMR >25  

 
 

Patients with angina and no 
obstructive CAD (<50% 
stenosis) 

 

 

 

 

 

 

 

 

 

 

  



Table S4. Quality assessment, risk of bias and generalizability of the studies included in 
the systematic review. 
 

Study RISK OF BIAS APPLICABILITY CONCERNS 
PATIENT 

SELECTIO
N 

INDEX 
TEST 

REFERENC
E 

STANDARD 

FLOW 
AND 

TIMIN
G 

PATIENT 
SELECTI

ON 

 

INDEX 
TEST 

REFEREN
CE 

STANDAR
D 

Aziz, 2017        
Cassar, 2009        
De Vita, 2019        
Ford, 2018        
Good, 2020        
Graf, 2006        
Hasdai, 1998        
Hoshino, 2016        
Ishimori, 2011        
Kim, 2013        
Kim, MN, 2017        
Kobayashi, 2015        
Kotecha, 2019      ?    
Kumar, 2020        
Lee, 2015      ?    
Michelsen, 2019        
Mohri, 1998      ?    
Montone, 2018        
Montone, 2019      ?    
Murthy, 2014        
Mygind, 2016        
Oh, 2019      ?    
Ohba, 2012        
Ong, 2012      ?    
Ong, 2014        
Ong, 2014        
Pirozzolo, 2019      ?    
Pargaonkar, 2019        
Pargaonkar, 2020      ?    
Pepine, 2010        
Quesada, 2020        
Quyyumi, 1992      ?    
Rahman, 2019        
Reis, 1999      ?    
Sade, 2009        
Safdar, 2018        
Sakamoto, 2012        
Sara, 2016        
Sara, 2020        
Schindler, 2005        
Seitz, 2020        
Schroder, 2018        
Schroder, 2019        



Sicari, 2009      ?    
Solberg, 2019        
Suda, 2019        
Sun, 2005        
Sun, 2002      ?    
Taqueti, 2018        
Tsuchida, 2005      ?    
Uemura, 2016        
Verna, 2018        
Yamanaga, 2015        
Prasada, 2014        

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  



Figure S1. Prevalence of coronary microvascular disease after exclusion of six studies with 

high risk of bias due to inclusion of female patients only. 

 

 

 

 

  



Figure S2. Prevalence of coronary microvascular disease in subgroups of invasive and non-

invasive methods. 

 

 

 

 



Figure S3. Prevalence of coronary microvascular disease in subgroups, based on definitions of 

CMD using different CFR thresholds (e.g., abnormal CFR considered ≤2.5 or ≤2.0).  

 

 

 

 



Figure S4. Prevalence of epicardial coronary spasm and microvascular spasm 

 

 

 

 

 

 

 

 

 

 

 

 

  



Figure S5. Funnel plots with Egger’s test for funnel plot asymmetry. A) Studies included in 

the coronary microvascular analysis, z = 2.08, p = 0.04. B) Studies included in coronary spasm 

analysis, z = 3.47, p=0.005. 

 

 

 

 


