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Supplementary Files
Supplementary Table 1. Inclusion and exclusion criteria MICORDIS study
	Inclusion criteria
	Age > 40 years

	
	Signed informed consent

	
	Stable and chronic symptoms suggesting ischemic heart disease*

	
	No CAD on Coronary Angiography (CAG) or Coronary Computed Tomography Angiography (CCTA), defined as: coronary stenosis ≤50% and/or FFR >0.80*

	Exclusion criteria 

	Age > 80 years

	
	Use of medication#

	
	Pregnancy

	
	History of coronary revascularization (e.g. PCI or CABG)

	
	History of CAD, or ASC (e.g. myocardial infarction and unstable angina pectoris) 

	
	History of stroke 

	
	History of cardiac arrhythmia’s 

	
	History of heart valve disease 

	
	Left ventricular dysfunction (i.e. LVEF <35%)

	
	Congenital heart disease 

	
	Insulin-dependent diabetes mellitus 

	
	Extensive comorbidities (i.e. cancer, other chronic diseases) 

	
	Impaired renal function, defined as creatinine > 100 and eGFR < 30 

	
	Symptomatic asthma or chronic obstructive pulmonary disease 

	
	Known allergic reaction to contrast agent 

	
	Insufficient echocardiographic imaging quality 

	
	Contra-indications for CMR (e.g. severe claustrophobia, metal implants, severe renal failure, severe asthma and known hypersensitivity for gadolinium) 

	
	Contra-indications for microbubble usage (e.g. right-to-left shunt, severe pulmonary hypertension, uncontrolled hypertension and adult respiratory distress syndrome) 

	
	Contra-indications for adenosine usage (e.g. hypersensitivity to active substances, second or third degree atrio-ventricular block, sick sinus syndrome, long QT syndrome, severe hypertension, concomitant use of dipyridamole) 

	
	Contra-indications for dobutamine usage (e.g. hypersensitivity to dobutamine, severe heart failure, acute pericarditis, myocarditis or endocarditis, aortic dissection or aneurysm, inadequately controlled arterial hypertension or hypotension, hypovolemia) 

	* Supplementary for patient group, # Supplementary for control group


In addition, for this sub-study subjects were eligible if they had completed the full quantitative perfusion CMR protocol.
Abbreviations: CAD; coronary artery disease, FFR; fractional flow reserve, PCI: percutaneous coronary intervention, CABG; coronary artery bypass grafting, ASC; acute coronary syndrome , eGFR; estimated glomerular filtration rate, CMR = cardiac magnetic resonance

Supplementary table 2. Quantitative Perfusion by CMR results, per segment 
	
	ANOCA patients
	Healthy controls
	p-value

	Rest MBF
	N=24
	N=25
	

	     AHA segment 1
	1.13 ±0.21
	1.53 ±0.64
	0.006

	     AHA segment 2
	1.26 ±0.51
	1.26 ±0.29
	0.976

	     AHA segment 3
	1.09 ±0.19
	1.14 ±0.40
	0.570

	     AHA segment 4
	1.03 ±0.18
	1.24 ±0.62
	0.127

	     AHA segment 5
	1.20 ±0.44
	1.41 ±0.71
	0.228

	     AHA segment 6
	1.23 ±0.47
	1.50 ±1.03
	0.242

	     AHA segment 7
	1.13 ±0.24
	1.16 ±0.23
	0.574

	     AHA segment 8
	1.14 ±0.24
	1.21 ±0.35
	0.353

	     AHA segment 9
	1.04 ±0.16
	1.03 ±0.23
	0.926

	     AHA segment 10
	1.01 ±0.16
	0.96 ±0.19
	0.418

	     AHA segment 11
	1.04 ±0.17
	1.02 ±0.20
	0.676

	     AHA segment 12
	1.08 ±0.19
	1.11 ±0.21
	0.657

	     AHA segment 13
	1.29 ±0.50
	1.36 ±0.59
	0.675

	     AHA segment 14
	1.32 ±0.69
	1.27 ±0.39
	0.745

	     AHA segment 15
	1.22 ±0.50
	1.08 ±0.38
	0.279

	     AHA segment 16
	1.47 ±0.86
	1.26 ±0.58
	0.303

	Stress MBF
	
	
	

	     AHA segment 1
	2.41 ±0.77
	3.13 ±0.69
	0.001

	     AHA segment 2
	2.46 ±0.71
	3.24 ±0.71
	<0.001

	     AHA segment 3
	2.19 ±0.63
	2.71 ±0.70
	0.008

	     AHA segment 4
	2.20 ±0.65
	2.71 ±0.75
	0.014

	     AHA segment 5
	2.39 ±0.76
	2.88 ±0.72
	0.023

	     AHA segment 6
	2.55 ±0.85
	3.11 ±0.75
	0.019

	     AHA segment 7
	2.40 ±0.90
	3.17 ±0.71
	0.002

	     AHA segment 8
	2.52 ±0.93
	3.38 ±0.80
	<0.001

	     AHA segment 9
	2.22 ±0.69
	2.73 ±0.65
	0.011

	     AHA segment 10
	2.11 ±0.69
	2.58 ±0.65
	0.017

	     AHA segment 11
	2.14 ±0.73
	2.76 ±0.70
	0.004

	     AHA segment 12
	2.38 ±0.84
	3.02 ±0.68
	0.005

	     AHA segment 13
	3.21 ±1.67
	3.60 ±1.15
	0.346

	     AHA segment 14
	2.68 ±0.85
	3.12 ±0.86
	0.084

	     AHA segment 15
	2.38 ±0.81
	2.89 ±0.81
	0.035

	     AHA segment 16
	2.84 ±0.78
	3.10 ±0.90
	0.289

	MPR
	
	
	

	     AHA segment 1
	2.23 ±0.84
	2.33 ±0.77
	0.648

	     AHA segment 2
	2.16 ±0.81
	2.70 ±0.63
	0.012

	     AHA segment 3
	2.09 ±0.70
	2.53 ±0.74
	0.037

	     AHA segment 4
	2.24 ±0.81
	2.52 ±0.96
	0.265

	     AHA segment 5
	2.18 ±0.90
	2.40 ±1.02
	0.421

	     AHA segment 6
	2.30 ±0.94
	2.64 ±1.07
	0.238

	     AHA segment 7
	[bookmark: _GoBack]2.22 ±0.87
	2.81 ±0.69
	0.010

	     AHA segment 8
	2.32 ±0.99
	2.94 ±0.80
	0.020

	     AHA segment 9
	2.20 ±0.79
	2.77 ±0.80
	0.015

	     AHA segment 10
	2.18 ±0.84
	2.75 ±0.80
	0.018

	     AHA segment 11
	2.12 ±0.80
	2.78 ±0.78
	0.006

	     AHA segment 12
	2.28 ±0.90
	2.81 ±0.71
	0.028

	     AHA segment 13
	2.48 ±0.92
	3.00 ±1.11
	0.084

	     AHA segment 14
	2.30 ±0.89
	2.65 ±0.94
	0.182

	     AHA segment 15
	2.08 ±0.78
	2.90 ±0.97
	0.002

	     AHA segment 16
	2.30 ±0.92
	2.80 ±1.07
	0.084


Data are presented as mean ± SD 
Abbreviations: MBF: Myocardial Blood Flow; MPR: Myocardial Perfusion Reserve 
Supplementary table 3. MPR per patient over different coronary territories
	
	LAD
	RCX
	RCA

	Patient 1
	2.4477
	2.67805
	2.29689

	Patient 2
	1.6730
	1.60758
	1.49815

	Patient 3
	2.4478
	2.67330
	2.16790

	Patient 4
	1.7559
	1.39080
	1.57320

	Patient 5
	2.0999
	2.11792
	2.17909

	Patient 6
	1.1977
	1.14390
	1.00947

	Patient 7
	4.0611
	3.41007
	3.45788

	Patient 8
	1.3088
	1.22002
	1.60104

	Patient 9
	2.9474
	2.78986
	2.43129

	Patient 10
	.8044
	.86376
	1.28374

	Patient 11
	2.3536
	1.97498
	2.19346

	Patient 12
	2.1634
	1.92086
	2.03038

	Patient 13
	2.7764
	2.97111
	2.84321

	Patient 14
	2.1270
	1.90404
	1.65553

	Patient 15
	3.4844
	3.26523
	3.16069

	Patient 16
	1.0228
	.97806
	.97928

	Patient 17
	1.6343
	1.53245
	1.48762

	Patient 18
	3.8288
	3.30523
	3.08959

	Patient 19
	2.4267
	2.46567
	2.29953

	Patient 20
	3.3056
	3.05393
	2.59793

	Patient 21
	2.3467
	2.70513
	2.62710

	Patient 22
	2.8159
	2.45724
	2.43610

	Patient 23
	3.3166
	3.41905
	3.30849

	Patient 24
	1.5426
	1.80933
	1.57904

	Healthy control 1
	2.1309
	2.24537
	2.36284

	Healthy control 2
	3.0952
	2.73151
	2.77183

	Healthy control 3
	2.2485
	2.02561
	1.93901

	Healthy control 4
	3.5386
	3.48168
	3.27358

	Healthy control 5
	2.5785
	2.65080
	2.60400

	Healthy control 6
	3.4812
	3.53649
	2.76490

	Healthy control 7
	1.9460
	2.02355
	2.01284

	Healthy control 8
	2.1546
	1.92540
	1.92912

	Healthy control 9
	2.2630
	1.94302
	1.84867

	Healthy control 10
	2.5570
	2.69445
	2.93933

	Healthy control 11
	2.1904
	2.37297
	2.50115

	Healthy control 12
	1.2800
	1.11811
	.94018

	Healthy control 13
	3.3166
	3.09321
	3.51464

	Healthy control 14
	3.1902
	3.23215
	3.08502

	Healthy control 15
	1.8949
	1.31715
	3.88186

	Healthy control 16
	2.4639
	.88748
	2.63278

	Healthy control 17
	3.7970
	.97797
	3.56758

	Healthy control 18
	3.4553
	3.44472
	3.51836

	Healthy control 19
	2.1923
	2.18997
	2.25029

	Healthy control 20
	3.7178
	3.65517
	3.34058

	Healthy control 21
	2.7652
	3.07996
	3.53959

	Healthy control 22
	2.9434
	2.75310
	2.29520

	Healthy control 23
	2.2387
	2.66847
	2.34311

	Healthy control 24
	3.0893
	3.95874
	3.11893

	Healthy control 25
	3.0404
	1.96389
	2.35968



Supplementary Table 4. Prevalence of an impaired MPR in the different ANOCA endotypes
	
	Univariate
	Multivariate

	Variables
	β
	95% CI
	P-value
	β
	95% CI
	P-value

	Sex
	0.002
	-0.554-0.558
	0.995
	1.004
	-0.019-0.037
	0.535

	Age
	-0.002
	-0.029-0.025
	0.893
	0.009
	-0.343-0.097
	0.409

	BMI
	-0.009
	-0.063-0.045
	0.741
	0.029
	-0.039-0.097
	0.398

	Hypertension
	-0.427
	-0.878-0.023
	0.062
	-0.252
	-0.920-0.417
	0.451

	Hyperlipidemia
	-0.539
	-1.049- -0.028
	0.039
	-0.408
	-1.061-0.245
	0.214

	Smoker
	-0.516
	-1.402-0.369
	0.247
	-0.440
	-1.374-0.495
	0.348

	DM
	-0.610
	-1.491-0.270
	0.170
	-0.548
	-1.583-486
	0.291


Abbreviations: CI: Confidence Interval; BMI: Body-Mass Index; DM: Diabetes Mellitus \

Supplementary Table 5. Association between invasively measured CFR and MPR
	Correlations

	
	
	
	Global MPR
	CFR mean

	Spearman’s Rho
	Global MPR
	Correlation Coefficient
	1.000
	-0.245

	
	
	Sign. (2-tailed)
	
	250

	
	
	N
	49
	24

	
	CFR mean
	Correlation Coefficient
	-0.245
	1.000

	
	
	Sign. (2-tailed)
	0.250
	

	
	
	N
	24
	24


Abbreviations: MPR: Myocardial Perfusion Reserve; CFR: Coronary Flow Reserve; Sign: Significance; N: number of patients


Supplementary Figure 1. Flowchart inclusion QP sub-study
[image: ]
Twenty-eight ANOCA-patients and 28 sex- and age-matched healthy controls were included in the MICORDIS-study. For this sub-study, subjects were eligible if they had completed the full QP CMR protocol. A minority of participants was excluded, either due to deviations in the CMR-protocol or undesired effects during adenosine infusion.
Abbreviations: ANOCA: Angina with non-obstructive Coronary Arteries; CMR: Cardiac Magnetic Resonance; N: number of patients 


image1.tif
Exclusion, n=4:
Deviation CMR protocol,
n=3
Discontinued due to
undesired effects, n=1

56 participants

28 ANOCA patients

24 ANOCA patients

28 healthy controls

Exclusion, n=3:

Deviation CMR protocol,
n=3

25 healthy controls





