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Abstract

Background: Intracoronary (IC) acetylcholine (Ach) provocation testing is the gold standard for 

assessing coronary endothelial function. However, dosing regimens of Ach are quite varied in the 

literature and there are limited data evaluating the optimal dose. We evaluated the dose-response 

relationship between Ach and minimal lumen diameter (MLD) by sex and studied whether 

incremental IC Ach doses given during endothelial function testing improve its diagnostic utility.

Methods: We evaluated 65 men and 212 women with angina and no obstructive coronary artery 

disease (ANOCA) who underwent endothelial function testing using the highest tolerable dose of 

IC Ach, up to 200μg. Epicardial endothelial dysfunction was defined as a decrease in MLD > 20% 

after IC Ach by quantitative coronary angiography (QCA). We used a linear mixed effects model 
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to evaluate the dose-response relationship. Deming regression analysis was done to compare the 

%MLD constriction after incremental doses of IC Ach.

Results: The mean age was 53.5 years. Endothelial dysfunction was present in 186 (68.1%). 

Among men with endothelial dysfunction, there was a significant decrease in MLD/10µg of Ach at 

doses above 50μg and 100µg, while this decrease in MLD was not observed in women (p<0.001). 

The %MLD constriction at 20μg vs. 50μg and 50μg vs. 100μg were not equivalent while the 

%MLD constriction at 100μg vs. 200μg were equivalent.

Conclusion: Women and men appear to have different responses to Ach during endothelial 

function testing. In addition to having a greater response to IC Ach at all doses, men also 

demonstrate an Ach-MLD dose-response relationship with doses up to 200μg, while women 

have minimal change in MLD with doses above 50µg. An incremental dosing regimen during 

endothelial function testing appears to improve the diagnostic utility of the test, and should be 

adjusted based on the sex of the patient.
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Introduction

More than 20% of patients undergoing coronary angiography have no obstructive coronary 

artery disease (CAD).1 One potential cause of symptoms in patients having angina with no 

obstructive CAD (ANOCA) is epicardial endothelial dysfunction, also known as coronary 

vasomotor dysfunction.2,3 Impaired endothelial function is suggested to be an early step 

in the development of atherosclerosis and studies have reported its association with 

poor cardiovascular outcomes, including rehospitalization, stroke, myocardial infarction, 

and death in both women and men with ANOCA.4–7 These data suggest that abnormal 

endothelial function is central to the pathogenesis of CAD, and highlight the importance of 

better diagnostic tools for early detection for favorable prognosis.
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Intracoronary (IC) acetylcholine (Ach) provocation testing is considered the gold standard 

for assessing coronary endothelial function.8–10 Ach induces endothelial-dependent dilation 

and smooth muscle mediated constriction in the artery. In patients with normal endothelial 

function, endothelial-dependent dilation dominates, resulting in vasodilatation after IC Ach 

injection. On the other hand, in patients with endothelial dysfunction, smooth muscle 

mediated constriction dominates, resulting in vasoconstriction after IC Ach.11 Previous 

studies using IC Ach provocation testing in ANOCA patients have reported the prevalence 

of epicardial endothelial dysfunction ranging from 27%−62% depending on the cutoff 

value of %vasoconstriction used.2,4,5 However, the dosing regimens of IC Ach used for 

provocation testing are quite varied in the literature, with some using incremental doses 

starting at 2µg to up to 200µg, while others use only a single dose.5,12 This limits the ability 

to establish dosing recommendations for invasive vascular function testing.9 In addition, no 

data are available regarding the dose-response relationship between IC Ach and coronary 

minimal lumen diameter (MLD), and whether it differs by sex.

Accordingly, we studied the dose-response relationship between IC Ach and MLD, and 

studied whether incremental IC Ach doses given during endothelial function testing improve 

its diagnostic utility in women and men with ANOCA.

Methods

Study population

We prospectively enrolled adult patients between August 2007 and August 2017 who 

were electively referred for coronary angiography. These patients were referred because 

of a clinical suspicion of ischemia based on the presence of persistent (>3 months) 

typical or atypical angina,13 with or without an abnormal stress test. Before invasive 

testing, patient’s symptoms were quantified using the Seattle Angina Questionnaire 

(SAQ).14 Exclusion criteria included the presence of an acute coronary syndrome, prior 

heart transplantation, coronary artery bypass grafting, serum creatinine>1.5mg/dL, ejection 

fraction<55%, or presence of another likely explanation of angina such as pulmonary 

hypertension, hypertrophic cardiomyopathy, or valvular heart disease. The study was 

approved by Stanford’s institutional review board and informed, written consent was 

obtained from all patients.

The data, methods used in the analysis, and materials used to conduct the research will 

be made available to researchers for purposes of reproducing the results or replicating 

the procedure. The data that support the findings of this study are available from the 

corresponding author on reasonable request.

Invasive Coronary Angiography

All coronary vasodilating drugs, including nitrates and calcium channel blockers, were 

discontinued 48 hours prior to testing except for sublingual nitroglycerin as needed. A 

baseline coronary angiogram was performed using a 6-French guiding catheter from the 

femoral approach to rule out significant obstructive CAD (epicardial stenosis>50%) in the 
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right and left coronary arteries. Once obstructive CAD was ruled out, further invasive 

evaluation was conducted.

Coronary Endothelial Function Testing

Intravenous heparin (50–70units/kg) was administered and a 6 French guiding catheter 

without side-holes was used to engage the left main coronary artery. We tested coronary 

endothelial function by injecting IC Ach directly into the left coronary artery over ∼1 

minute, starting at a dose of 20µg, followed by 50µg, then 100µg, and up to a maximum dose 

of 200µg unless there was significant bradycardia, atrioventricular block, paroxysmal atrial 

fibrillation, or severe vasoconstriction. Details of preparing Ach are shown in Supplemental 

material 1. After each injection, coronary angiography was performed, and the angiograms 

were later compared to baseline by quantitative coronary angiography (QCA) to determine 

if endothelial dysfunction was present. Endothelial dysfunction was defined as a decrease 

in the epicardial coronary artery MLD by >20% compared with baseline following the 

maximally tolerated dose of Ach in at least one segment (proximal, mid, distal) of the 

left anterior descending artery (LAD).4 Lastly, a 200μg bolus of IC nitroglycerin was 

administered to evaluate endothelium-independent vasodilation of the epicardial artery. 

We also recorded patient’s symptoms, ischemic electrocardiographic (ECG) changes, and 

complications/side effects if any, during the IC Ach infusion.

Quantitative Coronary Angiography

The Stanford Cardiovascular Core Analysis Laboratory, blinded to the clinical, physiologic, 

and IVUS data, performed QCA on the LAD using the computer‐assisted method QAngio 

XA7.3 (Medis) to determine the lumen diameter at baseline, after each IC Ach injection, and 

after IC nitroglycerin administration.

Coronary physiology measurements

After endothelial function testing, coronary flow reserve (CFR), index of microcirculatory 

resistance (IMR), and fractional flow reserve (FFR) were measured by methods described 

previously.2 IMR was calculated as the distal pressure at maximal hyperemia divided by the 

inverse of the hyperemic mean transit time (Tmn).15 CFR was calculated as resting Tmn 

divided by hyperemic Tmn, and FFR was calculated by the ratio of mean distal pressure/

mean aortic pressure at maximal hyperemia. Microvascular dysfunction (MVD) was defined 

as an IMR ≥25.16,17 An abnormal FFR was defined as ≤0.80.

Intravascular Ultrasound

IVUS was performed with a 40‐MHz mechanical transducer ultrasound catheter (Atlantis 

SR Pro2, Boston Scientific, Natick, MA) in the LAD. An automated and manual pullback at 

0.5 mm/s was performed, and the IVUS images were stored onto DVD for offline analysis. 

Standard 2- and 3-dimensional measurements were performed as previously described.18 All 

measurements were performed by the Stanford Cardiovascular Core Analysis Laboratory, 

blinded to clinical, physiologic, and angiographic information.

The presence of a myocardial bridge (MB) was defined by IVUS, by either the presence of 

an echo-lucent halo and/or ≥10% systolic compression during the cardiac cycle.19
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Statistical analysis

Variables are presented as means or medians (continuous) or percentages (categorical), with 

differences tested using the t-test, χ2 test, or for cell frequencies less than 5, Fisher’s 

exact test. Piecewise linear mixed effects models (random intercept and random slope) were 

fit using all participants (diagnosed with endothelial dysfunction or not). Likelihood ratio 

tests were done to compare the simple linear model, to a random-intercept model, to a 

random-intercept-slope model. The simplest model with the best fit was selected. Models 

were adjusted for sex and vessel segment, and included piecewise linear splines at 20µg, 

50µg, and 100µg Ach doses. P-values from the likelihood ratio test are to be interpreted 

descriptively, and not as a formal hypothesis test. Body surface area (BSA) was calculated 

using the formula of Du Bois and Du Bois.20

Equivalence between incremental doses of Ach were assessed using Deming regression 

models (R package “mcr”)21 to compare percent constriction between each pair of doses 

with a 20% equivalence margin selected a-priori. The estimated regression line and 95% 

confidence intervals between paired measurements of percent constriction were provided 

and any 95% confidence intervals that were fully contained within the 20% equivalence 

margin were considered statistically significant. We considered the constriction by two doses 

to be clinically equivalent if the 95% CI of the slope of regression line fell between 0.80 

and 1.20 (20% difference from the slope of 1 on each side). If the 95% CI was either below 

0.80 or higher than 1.20, then the constriction by two doses were considered clinically not 

equivalent.

All data management and analyses were conducted using Stata 15 (StataCorp College 

Station, TX) and R 3.5.1 (R Core Team (2018). R: A language and environment for 

statistical computing. R Foundation for Statistical Computing, Vienna, Austria).

Results

Clinical characteristics

Supplemental Table 1 shows the clinical characteristics of the patients by sex. Of the 288 

patients recruited in the study, 215 (74.7%) were women with a mean age of 54.1±12.2 

years and 73 (25.3%) were men with a mean age of 51.8±14.0 years. Typical and 

atypical angina was present in 193 (67%) and 95 (33%), respectively. Baseline SAQ scores 

confirmed significant anginal symptoms in patients, with women having a significantly 

lower anginal frequency score, representing worse symptoms, than men (57.7±23.2 vs. 

65.1±22.2, p=0.03).

Of the total 288 patients, 3 had an EF<55% and QCA analysis was not done in 8 patients for 

technical reasons, and hence were excluded. Finally, we included 277 patients (212 women 

and 65 men) in the analysis.

Endothelial function testing

Of the total, 20µg Ach dose was given in 81 patients (63 women, 18 men), 50µg in 266 

(206 women, 60 men), 100µg in 206 (164 women, 42 men), and 200µg in 45 patients 
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(38 women, 7 men). Table 1 represents QCA and coronary physiology findings by sex. 

Epicardial endothelial dysfunction was present in 186 (68.1%). In patients with endothelial 

dysfunction, men had a significantly higher maximum %constriction of MLD after IC 

Ach than women. Forty-eight (17.5%) patients reproduced their symptom of chest pain 

and 27 (9.8%) had ischemic ECG changes. With IC Ach injection, 19 (6.9%) developed 

atrioventricular block (2 at 20 µg, 8 at 50µg, and 9 at 100µg), 9 (3.3%) developed 

significant bradycardia (8 at 50µg and 1 at 100µg), and 3 (1.1%) developed paroxysmal 

atrial fibrillation (1 at 20µg, 100µg, and 200µg). We did not give higher doses of IC Ach if 

the above conditions developed.

Dose-response relationship between IC Ach and MLD

Figures 1A and 1B show the dose-response relationship between IC Ach and MLD 

in women and men, respectively. Among men with endothelial dysfunction, the MLD 

decreased significantly at doses above 50µg (−14.0µm/10µg (95% CI: −27.3 – −0.76)), 

which remained consistent at doses above 100μg (−18.7µm/10µg (95% CI −32.3 – −5.1)) 

(Table 2). This decrease in MLD was not observed in women with endothelial dysfunction 

at doses above 50µg (1.8µm/10µg (95% CI: −9.3 – 12.8)) or above 100 μg (−2.9µm/10µg 

(95% CI −14.9 – 9.1)). The decrease in MLD/10 μg at Ach doses above 50μg and 100μg was 

significantly greater in men than in women (p<0.001).

To study if these sex differences in the dose response between women and men were due 

to differences in their body surface area, we adjusted the models for BSA. We found no 

significant difference in the results between the adjusted and unadjusted models, suggesting 

that the differences in BSA did not affect the dose response relationship (Supplemental 

Table 2).

We also assessed the dose response relationship between IC Ach and MLD when endothelial 

dysfunction was defined as %MLD constriction ≥1% and ≥50%. We found no significant 

difference in the change in MLD/10µg with different thresholds for the definition of 

endothelial dysfunction (Supplemental Table 3).

Comparison of %MLD constriction at incremental IC Ach doses

We performed Deming regression analysis to compare the %MLD constriction induced 

by the incremental doses of IC Ach to study the diagnostic benefit of giving a higher 

dose. In comparing 50µg and 20µg Ach doses, we found that the 95% CI of the slope of 

regression line (95% CI 0.60 – 0.76) did not fall within the predefined equivalence limit of 

0.80 and 1.20, suggesting that the %MLD constrictions at these doses were not clinically 

equivalent (Figure 2A). Similarly, we found that the %MLD constriction at 100µg Ach was 

not equivalent to that of 50µg (95% CI 0.71 – 0.86) (Figure 2B), suggesting that the %MLD 

constrictions at these doses were not clinically equivalent either.

In comparing 200µg and 100µg Ach doses, we found that the 95% CI of the slope of 

regression line (95% CI 0.84 – 1.06) fell within the predefined equivalence limit of 0.80 

and 1.20, suggesting that the %MLD constrictions at these doses were clinically equivalent 

(Figure 2C).
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Coronary physiology testing

The mean IMR was 19.6±8.77. MVD was present in 61 (22%) patients. Mean CFR was 

4.32±3.53. Mean FFR was 0.86±0.05. While no patients had obstructive CAD (>50% 

stenosis), FFR was ≤0.80 in 30 (10.8%), with mild-moderate diffuse atherosclerosis seen on 

IVUS in most cases.

Intravascular Ultrasound

An MB was present in 164 (59.2%) patients, when defined as the presence of a halo and/or 

systolic compression ≥10% on IVUS. We found significant overlap in the prevalence of an 

MB and epicardial endothelial dysfunction. Of the 164 patients with an MB, endothelial 

dysfunction was present in 125 (76.2%) patients.

Discussion

The salient findings of our study are: 1) Women and men have different responses to Ach 

during endothelial function testing, with men having a greater response to IC Ach at all 

doses when compared with women. 2) Men also demonstrate an Ach-MLD dose-response 

relationship with doses up to 200μg, while women have minimal change in MLD with doses 

above 50µg. 3) Incremental dosing of Ach, starting at 20µg and increasing to 100µg, appears 

to improve the diagnostic utility of identifying a clinically significant MLD constriction 

during endothelial function testing. This benefit was not observed at Ach doses above 

100µg.

ANOCA is a common, but poorly understood condition that can be challenging for patients 

and providers, and puts an economic strain on the healthcare system.22,23 Occult coronary 

abnormalities, including endothelial and microvascular dysfunction, are a common findings 

in these patients.2,24 Non-invasive cardiac stress tests have limited diagnostic accuracy in 

identifying these occult abnormalities,25 and invasive tests such as IC Ach provocation 

testing and coronary physiology testing and are the preferred methods of diagnosis.8,10,26

The current knowledge of efficacy of Ach dosing regimens during provocation testing has 

primarily focused on coronary epicardial and microvascular vasospasm.27–29 Ong et al 

studied 921 patients and reported that IC Ach provocation testing with incremental doses 

of Ach is a safe technique to assess coronary vasomotor function in identifying epicardial 

and microvascular spasm.30 In a separate analysis, they also reported that women were more 

sensitive to Ach, leading to abnormal test results at lower doses.31 On the other hand, studies 

assessing epicardial endothelial function have primarily used a single dose of Ach that is 

lower than 20 μg to diagnose endothelial dysfunction.5,32,33 Our study shows that women 

and men respond differently to IC Ach, and a single dose of IC Ach may not be sufficient to 

identify maximum constriction, especially in men with endothelial dysfunction. In addition, 

we also show that there is a diagnostic benefit in giving incremental doses of Ach during 

endothelial function testing.

We found that women and men respond differently to IC Ach, with men not only having 

an overall greater response to Ach doses than women, but also showing a dose-response 

relationship to higher doses. This relationship was not seen in women, with only minimal 
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change in the MLD at higher doses of Ach. One of the reasons for this could be that 

the coronary arteries in women are smaller in diameter and have thinner walls with more 

tortuosity than men, which may attenuate the response to Ach provocation.34,35 In addition, 

sex differences in the effects of hormones and body mass on vessel remodeling may also 

play an important role in the coronary reactivity to Ach. A previous study by Aziz et. al. 

also reported that women were more sensitive to a lower dose of Ach to achieve a positive 

test than men during IC Ach provocation testing.31 Also, one of the underlying mechanisms 

for the difference in response to Ach in women and men could be due to the sex difference 

in muscarinic receptors demonstrated at the higher doses of IC Ach, which warrants further 

research.

In our study, we did not observe any fatal or serious non-fatal complications with 

Ach testing. While 6.9% patients developed atrioventricular block and 3.3% developed 

significant bradycardia, these conditions readily reversed once the administration of Ach 

was stopped. Paroxysmal atrial fibrillation is a rare complication with Ach infusion (1.1% 

in our population) and may be more common in patients with existing paroxysmal atrial 

fibrillation or a propensity toward atrial fibrillation. Previous studies have reported similar 

incidences,30,36 and its prognostic significance is currently unknown. When atrial fibrillation 

occurs during Ach testing, it generally self-converts, but pharmacologic or electrical 

cardioversion may be required. Finally, for patients with severe vasoconstriction resulting 

in reduced coronary flow and ECG changes, IC nitroglycerin is the treatment of choice, 

which we routinely give at the conclusion of Ach provocative testing.

Finally, it has been demonstrated that a comprehensive invasive assessment during coronary 

angiography, including testing for endothelial and microvascular dysfunction, and IVUS 

for detection of an MB and subclinical atherosclerosis, is valuable for the full evaluation 

of patients with ANOCA and may help to guide therapy, and improve patient’s symptoms 

and quality of life.37 However, developing unified standards for testing remains a work 

in progress.9,26 This study gives guidance as to the optimal dosing of Ach for women 

and men undergoing vascular function testing and can contribute to evidence-based dosing 

recommendations.

Limitations

This is a single center study with a relatively smaller sample size, but ours is the first 

study to report the dose-response relationship between IC Ach and MLD by sex in ANOCA 

patients. All investigations were performed in the LAD only, thus potentially limiting the 

applicability of the findings to other coronary branches. Not all patients in this study 

received all four Ach doses. We began administering the maximum dose of 200μg Ach 

in April 2015, after a safety evaluation report was published by Ong et. al. in 2014.30 At 

that same time, we added the lower dose of 20µg to more closely mirror early Women’s 

Ischemia Syndrome Evaluation (WISE) studies,7 and ultimately, to conduct this study. For 

equivalence testing between Ach doses, we choose 20% constriction as an equivalence 

margin, but this value is not clinically validated, and further studies are needed to validate 

our findings. Finally, endothelial dysfunction and/or spasm isolated to the microvasculature 

was not specifically assessed.
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Conclusion

Women and men with ANOCA appear to have different responses to Ach during epicardial 

endothelial function testing. In addition to having a greater response to IC Ach at all doses, 

men also demonstrate an Ach-MLD dose-response relationship with doses up to 200μg, 

while women have minimal change in MLD with doses above 50µg. An incremental dosing 

regimen of IC Ach during endothelial function testing, adjusted based on sex, appears to 

improve the diagnostic utility of endothelial function testing, and may help balance the 

diagnostic yield vs. safety.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

Ach acetylcholine

ANOCA angina with no obstructive coronary artery disease

CFR coronary flow reserve

FFR fractional flow reserve

IC intracoronary

IMR index of microcirculatory resistance

IVUS intravascular ultrasound

LAD left anterior descending artery

MB myocardial bridge

MLD minimal lumen diameter

MVD microvascular dysfunction

QCA quantitative coronary angiography

SAQ Seattle Angina Questionnaire

Tmn hyperemic mean transit time
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What is Known

• Epicardial coronary endothelial dysfunction is a major cause of angina in 

patients with no obstructive coronary artery disease (ANOCA)

• Intracoronary acetylcholine (IC Ach) provocation testing is the gold standard 

test for assessing coronary endothelial function

What the Study Adds

• Women and men respond differently to IC Ach, with men having a greater 

response to IC Ach at all doses

• Men also demonstrate an Ach-minimal lumen diameter (MLD) dose-response 

relationship with doses up to 200μg, while women have minimal change in 

MLD with doses above 50µg

• An incremental dosing regimen of IC Ach appears to improve the diagnostic 

utility of endothelial function testing, which may help balance the diagnostic 

yield vs. safety
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Figure 1. Dose-response relationship between IC Ach and MLD
(A) Estimates of MLD at each dose of Acetylcholine in women. Among women with 

endothelial dysfunction, there was a decrease in the MLD up to a dose of 20μg Ach, which 

was not observed at higher doses.

(B) Estimates of MLD at each dose of Acetylcholine in men. Among men with endothelial 

dysfunction, there was a dose-response relationship up to a dose of 200μg.

Pargaonkar et al. Page 15

Circ Cardiovasc Interv. Author manuscript; available in PMC 2022 June 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pargaonkar et al. Page 16

Circ Cardiovasc Interv. Author manuscript; available in PMC 2022 June 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pargaonkar et al. Page 17

Circ Cardiovasc Interv. Author manuscript; available in PMC 2022 June 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Comparison between %MLD constriction induced at each dose
(A) At 50μg vs. 20μg, the 95% CI of the slope of regression line (95% CI 0.60 – 0.76) did 

not fall within the predefined equivalence limit of 0.80 and 1.20, suggesting that the %MLD 

constrictions at these doses were not clinically equivalent.

(B) At 100μg vs. 50μg, the 95% CI of the slope of regression line (95% CI 0.71 – 0.86) did 

not fall within the predefined equivalence limit of 0.80 and 1.20, suggesting that the %MLD 

constrictions at these doses were not clinically equivalent.

(C) At 200μg vs. 1000μg, the 95% CI of the slope of regression line (95% CI 0.84 – 1.06) 

fell within the predefined equivalence limit of 0.80 and 1.20, suggesting that the %MLD 

constrictions at these doses were clinically equivalent.
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Table 1.

QCA, coronary physiology and IVUS findings by Sex

Variable Total (n=277) Women (n=212) Men (n=65)

QCA findings

Minimal lumen diameter, mm

 Baseline 1.54±0.31 1.52±0.31 1.61±0.30

 After Ach 20µ dose 1.41±0.35 1.42±0.33 1.39±0.42

 After Ach 50µ dose 1.35±0.39 1.34±0.37 1.37±0.48

 After Ach 100µ dose 1.37±0.43 1.37±0.40 1.37±0.54

 After Ach 200µ dose 1.40±0.42 1.43±0.38 1.27±0.64

 After nitroglycerin 200µ dose 1.69±0.30 1.66±0.29 1.76±0.32

Endothelial dysfunction 186 (68.1) 140 (66.4) 46 (74.2)

Max %MLD constriction* 45±17 43±16 51±18

Chest pain during Ach testing 48 (17.5) 38 (18.0) 10 (15.6)

Ischemic ECG changes during Ach testing 27 (9.8) 23 (10.9) 4 (6.2)

Complications during Ach testing

 Atrioventricular block 19 (6.9) 14 (6.6) 5 (7.8)

 Bradycardia 9 (3.3) 6 (2.8) 3 (4.7)

 Atrial fibrillation 3 (1.1) 2 (0.9) 1 (1.6)

Physiology findings

 IMR 19.65±8.77 19.96±9.19 18.62±7.19

 Microvascular dysfunction
†

61 (22.0) 53 (25.0) 8 (12.3)

 CFR 4.32±3.53 4.17±3.91 4.81±1.79

 CFR<2.0 20 (7.2) 19 (9.0) 1 (1.5)

 CFR<2.5 43 (15.5) 38 (17.9) 5 (7.7)

 FFR 0.86±0.05 0.86±0.06 0.84±0.05

 FFR<0.80 30 (10.8) 23 (10.8) 7 (10.8)

 IVUS findings

 MPB, % 39.9 [29.5, 52.2] 38.9 [28.8, 50.8] 44.9 [32.6, 57.4]

 MLA, mm2 4.54±1.85 4.51±1.89 4.65±1.71

 Myocardial bridge 164 (59.2) 123 (58.0) 41 (63.1)

*
Data presented for patients with endothelial dysfunction;

†
defined as IMR≥25; CFR=coronary flow reserve; FFR=fractional flow reserve; IMR=index of microcirculatory resistance; QCA=Quantitative 

Coronary angiography;
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Table 2.

Estimated change in MLD in μmeter for every 10μg change in Ach dosage

Slopes Women (estimates of MLD change/10µg Ach) Men (estimates of MLD change/10µg Ach)

Ach No endothelial dysfunction Endothelial dysfunction No endothelial dysfunction Endothelial dysfunction

doses >20µg −2.7 (−31.8 – 26.4) −21.6 (−47.4 – 4.2) 3.9 (−27.3 – 35.1) −37.4 (−63.8 – −11.0)

doses >50µg 9.5 (−4.4 – 23.3) 1.8 (−9.3 – 12.8) 16.1 (−0.67 – 32.8) −14.0 (−27.3 – −0.76)

doses >100µg −2.4 (−12.2 – 7.3) −2.9 (−14.9 – 9.1) 4.2 (−10.8 – 19.1) −18.7 (−32.3 – −5.1)

Slope estimates presented in µmeter/10µg; Ach = acetylcholine
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