
Effect of Sex Differences on Invasive
Measures of Coronary Microvascular
Dysfunction in Patients With Angina
in the Absence of Obstructive
Coronary Artery Disease
Yuhei Kobayashi, MD, William F. Fearon, MD, Yasuhiro Honda, MD, Shigemitsu Tanaka, MD,
Vedant Pargaonkar, MBBS, Peter J. Fitzgerald, MD, PHD, David P. Lee, MD, Marcia Stefanick, PHD,
Alan C. Yeung, MD, Jennifer A. Tremmel, MD, MS

JACC: CARDIOVASCULAR INTERVENTIONS CME

This article has been selected as this issue’s CME activity, available online

at http://www.acc.org/jacc-journals-cme by selecting the CME tab on the

top navigation bar.

Accreditation and Designation Statement

The American College of Cardiology Foundation (ACCF) is accredited by

the Accreditation Council for Continuing Medical Education (ACCME) to

provide continuing medical education for physicians.

The ACCF designates this Journal-based CME activity for a maximum

of 1 AMA PRA Category 1 Credit(s)�. Physicians should only claim

credit commensurate with the extent of their participation in the

activity.

Method of Participation and Receipt of CME Certificate

To obtain credit for this CME activity, you must:

1. Be an ACC member or JACC: Cardiovascular Interventions subscriber.

2. Carefully read the CME-designated article available online and in this

issue of the journal.

3. Answer the post-test questions. At least 2 out of the 3 questions

provided must be answered correctly to obtain CME credit.

4. Complete a brief evaluation.

5. Claim your CME credit and receive your certificate electronically by

following the instructions given at the conclusion of the activity.

CME Objective for This Article: At the completion of this article, the

learner should be able to: 1) appraise the current understanding of

coronary microvascular function and its role in patients presenting with

angina in the absence of obstructive coronary artery disease; 2) define

coronary flow reserve in patients with angina in the absence of obstruc-

tive coronary atherosclerosis; and 3) define the index of microcirculatory

resistance in patients with angina in the absence of obstructive coronary

atherosclerosis.

CME Editor Disclosure: JACC: Cardiovascular Interventions CME Editor

Olivia Hung, MD, PhD, has received research grant support from NIH T32,

Gilead Sciences. and Medtronic Inc.

Author Disclosures: This study is supported by the National Institutes

of Health (K23 HL092233-05, PI: Dr. Tremmel). Dr. Fearon has received

research grants from St. Jude Medical and Medtronic; has received

honoraria from Medtronic; and has served on the advisory board for

HeartFlow. Dr. Tremmel has received honoraria from St. Jude Medicall,

Boston Scientific, Terumo, Medtronic, and Recor. All other authors have

reported that they have no relationships relevant to the contents of this

paper to disclose.

CME Term of Approval

Issue Date: September 2015

Expiration Date: August 31, 2016

From the Stanford Cardiovascular Institute and Stanford University Medical Center, Stanford, California. This study is supported

by the National Institutes of Health (K23 HL092233-05, PI: Dr. Tremmel). Dr. Fearon has received research grants from St. Jude

Medical and Medtronic; has received honoraria fromMedtronic; and has served on the advisory board for HeartFlow. Dr. Tremmel

has received honoraria from St. Jude Medical, Boston Scientific, Terumo, Medtronic, and Recor. All other authors have reported

that they have no relationships relevant to the contents of this paper to disclose.

Manuscript received February 24, 2015; accepted March 1, 2015.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S VO L . 8 , N O . 1 1 , 2 0 1 5

ª 2 0 1 5 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N DA T I O N I S S N 1 9 3 6 - 8 7 9 8 / $ 3 6 . 0 0

P U B L I S H E D B Y E L S E V I E R I N C . h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j c i n . 2 0 1 5 . 0 3 . 0 4 5

http://www.acc.org/jacc-journals-cme
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcin.2015.03.045&domain=pdf
http://dx.doi.org/10.1016/j.jcin.2015.03.045


Effect of Sex Differences on Invasive
Measures of Coronary Microvascular
Dysfunction in Patients With Angina
in the Absence of Obstructive
Coronary Artery Disease

ABSTRACT

OBJECTIVES This study investigated sex differences in coronary flow reserve (CFR) and the index of microcirculatory

resistance (IMR) in patients with angina in the absence of obstructive coronary artery disease.

BACKGROUND Coronary microvascular dysfunction is associated with worse long-term outcomes, especially in

women. Coronary flow reserve (CFR) and the index of microcirculatory resistance (IMR) are 2 methods of assessing the

coronary microcirculation.

METHODS We prospectively enrolled 117 women and 40 men with angina in the absence of obstructive coronary artery

disease. We performed CFR, IMR, fractional flow reserve, and quantitative coronary angiography in the left anterior

descending artery. Coronary flow was assessed with a thermodilution method by obtaining mean transit time (Tmn)

(an inverse correlate to absolute flow) at rest and hyperemia.

RESULTS All patients had minimal atherosclerosis by quantitative coronary angiography (% diameter stenosis: 23.2 �
12.3%), and epicardial disease was milder in women (fractional flow reserve: 0.88 � 0.04 vs. 0.87 � 0.04; p ¼ 0.04).

IMR was similar between the sexes (20.7 � 9.8 vs. 19.1 � 8.0; p ¼ 0.45), but CFR was lower in women (3.8 � 1.6 vs. 4.8

� 1.9; p ¼ 0.004). This was primarily due to a shorter resting Tmn in women (p ¼ 0.005), suggesting increased resting

coronary flow, whereas hyperemic Tmn was identical (p ¼ 0.79). In multivariable analysis, female sex was an independent

predictor of lower CFR and shorter resting Tmn.

CONCLUSIONS Despite similar microvascular function in women and men by IMR, CFR is lower in women. This

discrepancy appears to be due to differences in resting coronary flow between the sexes. The effect of sex differences

should be considered in interpretation of physiological indexes using resting coronary flow. (J Am Coll Cardiol Intv

2015;8:1433–41) © 2015 by the American College of Cardiology Foundation.

W omen are more likely than men to have
angina in the absence of coronary artery
disease (CAD) (1–3), and coronary micro-

vascular dysfunction has been proposed as one of
the explanations of this phenomenon (4). Invasively,
coronary flow reserve (CFR) is typically used to inter-
rogate microvascular function, and low CFR has been
associated with major adverse outcomes, including
myocardial infarction and death (5,6). Still, CFR is
affected by epicardial influences and has a variability
that limits its reproducibility. The index of microcir-
culatory resistance (IMR), on the other hand, is a
direct measure of the microcirculation that has been
shown to be largely independent of variations in he-
modynamic state (7–9). Data remain limited on the
use of CFR and IMR as measures of the coronary
microvasculature, particularly between women and

men, where important sex differences in microvas-
cular dysfunction have been reported (10). Therefore,
we investigated the effect of sex differences on CFR
and IMR in measuring coronary microvascular
dysfunction in women and men with angina in the
absence of obstructive CAD.

METHODS

STUDY POPULATION. We prospectively enrolled
adult patients who were electively referred to the
cardiac catheterization laboratory for coronary angi-
ography because of a clinical suspicion of coronary
ischemia based on the presence of angina, with or
without an abnormal stress test. Typical angina was
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