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ABSTRACT

Background: Microvascular coronary dysfunction (MCD) is associated with symptoms and signs of ischemia,
and also adverse outcomes in women without macrovascular obstructive coronary artery disease (M-CAD).
Although MCD can be quantified using coronary flow reserve (CFR), treatment is poorly defined.

Hypothesis: Phosphodiesterase type 5 (PDE-5) inhibition acutely improves MCD in these women.

Methods: The subjects were 23 symptomatic women (age 54 =+ 11 y) participating in an ancillary study of
the Women’s Ischemia Syndrome Evaluation with baseline CFR <3.0 (Doppler flow wire and intracoronary
adenosine) and without M-CAD. Coronary flow reserve was remeasured 45 minutes after PDE-5 inhibition
(100 mg oral sildenafil). The primary measure of interest was change in CFR adjusted for baseline variables.
Results: The relationship between log,-transformed CFR post—PDE-5 inhibition (adjusted) and baseline was
different from the line of identity (slope: 0.55 vs 1.0, P = 0.008; intercept: 0.73 vs 0.0, P = 0.01), indicating
that PDE-5 inhibition improves CFR and the lower the baseline CFR, the greater the response. Among women
with baseline CFR <2.5 (n=11), CFR increased from 2.1 & 0.2 to 2.7 & 0.6 (P = 0.006). For women with
baseline CFR >2.5 (n =12), CFR did not change (3.1 &= 0.3t03.0 & 0.6; P = 0.70).

Conclusions: For women with symptoms and signs of ischemia and no M-CAD, PDE-5 inhibition is associated
with acute improvement in CFR, and the effect concentrates among those with CFR <2.5. If these acute effects
are sustained, then PDE-5 inhibition would provide a rational strategy for management of MCD in symptomatic
women without M-CAD. The longer-term effects warrant study in a randomized trial using a sustained-acting
PDE-5 inhibitor.
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Introduction

Microvascular coronary dysfunction (MCD) may be asso-
ciated with angina-like chest pain and/or test findings
of ischemia among women without macrovascular obstruc-
tive coronary artery disease (M-CAD).! Although first
described >40 years ago, and recently linked with adverse
outcomes in the Women’s Ischemia Syndrome Evaluation
(WISE),? the specific etiology and course of MCD remains
unclear. As a consequence, treatment is poorly defined.
One hypothesis is that MCD involves a component of
reduced bioavailability of nitric oxide (NO).%* This reduced
bioavailability affects the NO-soluble guanylate cyclase
signaling pathway and limits conversion of guanosine
triphosphate to cyclic guanosine monophosphate (cGMP),
resulting in vascular smooth muscle activation. Because
phosphodiesterase type 5 (PDE-5) degrades cGMP, its inhi-
bition would impair cGMP degradation, promoting vascular
smooth muscle relaxation. Therefore, PDE-5 inhibition may
prove useful for treatment of MCD and may provide relief
to affected women.

The WISE is a National Heart, Lung and Blood
Institute—sponsored study designed, in part, to explore
mechanisms for symptoms and myocardial ischemia in the
absence of M-CAD in women.? This ancillary study used
an open-label, nonrandomized prospective cohort design
with repeated measures of coronary flow reserve (CFR) to
investigate effects of acute PDE-5 inhibition on MCD in
WISE subjects.

Methods

The WISE design, methods, and principal results have
been published.’~7 For this ancillary study, responsibilities
were divided among the University of Florida (UF; patient
recruitment and CFR core lab), Rhode Island Hospital
(angiographic core lab), Cedars-Sinai Heart Institute
(steering committee chair), and the University of Pittsburgh
(data coordinating center). The WISE enrolled women
age >18years undergoing clinically indicated coronary
angiography for further evaluation of chest pain and/or
suspected myocardial ischemia. For this ancillary study,
additional inclusion criteria consisted of a baseline CFR
<3.0. Exclusion criteria included angiographic-documented
M-CAD (>50% stenosis), use of sildenafil or long-acting
nitrates within 24 hours of study, known hypersensitivity to
sildenafil, pregnancy, serum creatinine >2.0, and systolic
blood pressure (BP) <90 mm Hg. Both the WISE study and
this ancillary study were approved by the UF Institutional
Review Board and are in accordance with the Declaration
of Helsinki, and each subject provided informed written
consent.

Clinical Protocol

Subjects underwent clinical evaluation per protocol, which
included medical history, physical examination, laboratory
testing, and angiography with provocative studies of CFR
according to the WISE protocol.? Evaluation of CFR utilized
Doppler flow wire measurements (Cardiometrics; Mountain
View, CA) and intracoronary adenosine at bolus doses of 18
mcg. Based on prior WISE studies and work of others, a

CFR <3.0 was taken as evidence for possible microvascular
dysfunction, and <2.5 was considered definite evidence for
microvascular dysfunction.® Subjects meeting this criterion
without M-CAD then received oral sildenafil (100 mg).
After 45 minutes, angiography and provocative studies
were repeated in the exactly the same manner used for
the baseline study. The CFR recordings were read at
the WISE CFR core laboratory and the angiograms at
the WISE coronary angiography core laboratory using
qualitative and quantitative methods described previously®
by investigators masked to all clinical data and treatment
assignment.

The protocol required that the determination of patient
eligibility be made by the investigator in the cardiac
catheterization lab during the initial CFR study to
avoid the risk and discontinuity of performing another
catheterization after the independent CFR core laboratory
reading was completed. The in-laboratory readings were
made from the digital readout of the Cardiometrics flow
console. The investigator was instructed to use the highest
of 3 acceptable readings, and if <3.0 the patient was
considered eligible. The values reported here were those
made at a later time at the CFR core laboratory. The
core laboratory independently inspected all coronary flow
velocity recordings and rejected those that did not fill
the diastolic period or had other quality issues, and then
selected the highest among those remaining as the CFR
for that patient. This accounts for the difference in the CFR
readings for eligibility (made in the cardiac catheterization
laboratory) and those reported in the manuscript made by
the CFR core laboratory.

Statistical Analysis

All CFR data were logs transformed as previously
described.? The primary outcome measure was change
in CFR from baseline to postsildenafil adjusted for
baseline clinical characteristics known to influence CFR.
Data are presented as mean + standard deviation or
number (percent). Analyses included Student independent
and paired ¢ tests. Linear regression was performed
using logy-transformed CFR data. Covariates for predicting
logy-transformed CFR post-sildenafil were age, log, CFR
pre-sildenafil, age x logy CFR pre-sildenafil, heart rate
(HR) x systolic BP, menopause status, and histories of
hypertension, diabetes mellitus, dyslipidemia, chronic
obstructive pulmonary disease, and cigarette smoking.

Results
Baseline Characteristics

The average age of qualifying women (n=23) was 54 +
11 years (Table 1), and this was similar to previous WISE
and non-WISE reports.2®~11 The majority of women were
postmenopausal, had a history of hypertension, were taking
an angiotensin-converting enzyme inhibitor, and had taken
birth control pills in their past.

Phosphodiesterase Type 5 and Coronary Flow Reserve

Primary outcome measure: For each woman, baseline and
post—PDE-5 CFR data (adjusted for baseline covariates) are
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Table 1. Baseline Clinical Characteristics (N = 23)

Characteristic Mean & SD or N (%)

Age (y) 54+11
Ethnicity (white) 21 (91)
BMI (kg/m?) 32.74+9.6
Waist circumference (in) 40.2 +8.3
HR (bpm) 75+11
SBP (mm Hg) 133.7 £ 25.5
DBP (mm Hg) 72.4+10.5
Pulse pressure (mm Hg) 58.6 £19.8
Duke Activity Status Inventory 22.5+16.5
Medical history
Hypertension 13 (57)
DM 6 (26)
PVD o (o)
COPD 2(9)
Cigarette smoking (ever) 9 (39)
Chronic renal dysfunction o (0)
Dyslipidemia 8(35)
Family history of CAD 15 (65)
Postmenopausal 17 (74)
Medications
HRT (ever) 11 (48)
Birth control pills (ever) 21(91)
ACE inhibitors (active) 14 (61)
Statins (active) 7 (30)

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass
index; BP, blood pressure; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease; DBP, diastolic blood pressure; DM,
diabetes mellitus; HR, heart rate; HRT, hormone replacement therapy;
PVD, peripheral vascular disease; SBP, systolic blood pressure; SD,
standard deviation.

shown as logs-transformed values in Figure 1. The CFR
post—PDE-5 inhibition and baseline CFR were significantly
different (slope: 0.55vs 1.0, P = 0.008; intercept: 0.73 vs 0.0,
P = 0.01). The differences between the slope and intercept
from the line of identity indicate that PDE-5 inhibition
improved CFR (at least for baseline, non-transformed
adjusted CFR <3.1), and that the lower the CFR, the greater
the response. Consistent with this result, subgroup analysis
showed that, among women (n=11) with baseline CFR
<2.5, CFRincreased from 2.1 £ 0.2t0 2.7 £ 0.6 (P = 0.006)
(Figure 2). However, for women (n = 12) with baseline CFR
>2.5, CFR did not change (3.1 +0.3t03.0 & 0.6; P = 0.70).
There were no apparent differences in pertinent clinical
findings or other provocative testing among the 2 groups.
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Figure 1. Summary plot of log, transformed CFR at baseline and after
PDE-5 inhibition for each woman. The primary response variable,
adjusted CFR post PDE-5 inhibition as a function of baseline CFR, is shown
as the solid line. The line of identity, assuming no change in CFR, is shown
as the dashed line. Abbreviations: CFR, coronary flow reserve; PDE-5,
phosphodiesterase type 5.
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Figure 2. Adjusted CFR as a function of baseline CFR (<2.5 vs >2.5), at
baseline and post—-PDE-5 inhibition. Abbreviations: CFR, coronary flow
reserve; PDE-5, phosphodiesterase type 5.

Baseline CFR therefore appeared to predict the response
to PDE-5 inhibition: the lower the CFR, the greater
the response. Multivariate analysis confirmed that log,-
transformed baseline CFR remained a significant predictor
for CFR post-PDE-5 inhibition (Table 2). Additionally,
HR x systolic BP was a significant predictor.

Power Analysis

The trend among all 23 women was for unadjusted CFR to
increase from baseline to post—PDE-5 inhibition (2.6 &+ 0.5
to 2.8 £ 0.6, P = 0.06). The increase in CFR (unadjusted)
among all women post—PDE-5 inhibition was 0.20 4+ 0.54.
Using a 2-sided paired ¢ test for the comparison, there
was therefore a power of 50% to detect this increase at a
level of significance of 0.05. For the subgroup of 11 women
with baseline CFR <2.5, the CFR increased by 0.60 & 0.50
post—PDE-5. The associated power was 95% to detect this
increase at a level of significance of 0.05.
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Table 2. Results of Multivariate Linear Regression Model for Coronary
Flow Reserve?

Beta (SE) P Value
Intercept 1.03 (0.22) 0.0002
Baseline log,-transformed CFR 0.61 (0.17) 0.0025
Age x baseline log, transformed CFR 0.23 (0.13) 0.0945
HR x SBP at baseline 2.98 (1.27) 0.0303

Abbreviations: CFR, coronary flow reserve; HR, heart rate; SBP,
systolic blood pressure; SE, standard error. “Dependent variable:
log,-transformed CFR post-sildenafil; independent variable: baseline
log,-transformed CFR; covariates: age x baseline log,-transformed CFR,
HR x SBP at baseline; R? of model: o.50; results: Baseline CFR is
significant after adjusting for other baseline potential risk factors.

Discussion

The original studies of PDE-5 inhibition investigated oral
sildenafil as an antianginal treatment for patients thought to
have M-CAD.!2 Improvement was reported in time to onset
angina, time to limiting angina, and total exercise time 1314
Although not measured directly, these improvements were
attributed to increased microvascular blood flow, as studies
in animals had shown increased coronary flow with and
without a critical coronary stenosis.!® However, early human
studies to quantitate the effect of sildenafil on coronary flow
were limited and almost exclusively confined to men with
M-CAD.1617 Nonetheless, these studies showed a small
but significant increase in CFR following oral sildenafil.
The only study that did not show an increase in CFR
involved diabetic men with no symptoms of ischemia and
negative stress testing, and they received only 50 mg of
sildenafil.’® To our knowledge, no study has focused on
women or studied patients with the syndrome of chest pain
and/or ischemic test findings and MCD in the absence of
M-CAD.

A significant number of women suffer from symptoms
and signs of ischemia in the absence of M-CAD 1% Despite
conventional therapy, most continue to have symptoms,
resulting in emergency room evaluations, hospitalizations,
and repeat procedures.!9-21 Additionally, we and others
have documented that MCD is a predictor of adverse events
(eg, death, nonfatal myocardial infarction, nonfatal stroke,
and hospitalization for heart failure) during long-term follow-
up, compared with women without MCD.22223 Thus, women
with MCD have a poor quality of life?* and high associated
healthcare costs.?> New and evidence-based therapies are
clearly needed.

The results of this exploratory study suggest that PDE-5
inhibition, using 100 mg oral sildenafil, is associated with an
acute improvement in MCD in these women. Additionally,
our results indicate that the degree of improvement is
related to the severity of impaired baseline dysfunction:
the worse the baseline dysfunction, the greater the
improvement. Also, baseline HR-BP double product seems
to influence the degree of improvement achieved with PDE-5
inhibition.

The fact that PDE-5 inhibition is independent of the
NO-soluble guanylate cyclase signaling pathway is attractive
as a treatment for MCD because of the avoidance of

nonspecific interactions of NO with various biomolecules,
variable responsiveness, and potential for development
of tolerance following prolonged administration. Repeated
administration of sildenafil has been largely well-tolerated
in male cohorts with erectile dysfunction and in both sexes
with pulmonary hypertension.26 Our results provide a
promising and rational strategy for women with MCD. There
is a need to conduct an appropriately powered randomized
clinical trial investigating the acute effects on CFR as well
as the long-term efficacy and safety of a long-acting PDE-5
inhibitor in these women.

This ancillary study has several important limitations.
First and most important, the lack of a comparison
group allows the possibility that the effects observed on
CFR may be unrelated to sildenafil. For example, any
change in hemodynamic state, including small changes
induced by contrast media used during the cardiac
catheterization,?” may independently affect CFR.2® Second,
the relatively high concomitant use of angiotensin-
converting enzyme inhibitors, which can beneficially impact
coronary endothelial function,?? may have reduced our
ability to assess the impact of the PDE-5 inhibitor. Other
limitations are the relatively small sample size and limited
power, which was largely driven by enrolling some women
with higher CFRs. In this regard, our findings provide a
foundation for the design of appropriately powered future
studies.

Conclusion

For women with symptoms and signs of ischemia and
no M-CAD, PDE-5 inhibition is associated with acute
improvement in CFR, and the effect concentrates among
those with CFR <2.5. If these acute effects are sustained
with longer-acting PDE-5 inhibitors, such treatment would
provide a rational strategy for management of MCD in
symptomatic women without M-CAD. The longer-term
effects need to be studied in a randomized trial using a
sustained-acting PDE-5 inhibitor.
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