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Coronary Microvascular Dysfunction and Clinical
Outcomes in Patients With Heart Failure With

Preserved Ejection Fraction
Although heart failure with preserved ejection fraction

(HFpEF) has similarly poor outcomes as HF with reduced

ejection fraction,1 the etiology of HFpEF is less clearly

understood. A current hypothesis is that comorbidities associ-

ated with HFpEF contribute to inflammation and coronary

microvascular dysfunction (CMD).2 CMD can be quantified

using invasive techniques that measure coronary flow reserve

(CFR) and the index of microvascular resistance (IMR), both

more common in patients with HFpEF than in controls.3 We

sought to determine the association between abnormal CFR

and IMR, and outcomes in patients with HFpEF.
Materials and Methods

This prospective, observational, two-center study, outlined

previously,3 used a combined death or HF hospitalization

(HFH) at 1 year, collected via phone call or office visit as the

primary outcome. For HFH, Framingham criteria must be

satisfied4 and HF must have been the primary reason for hos-

pitalization. HFpEF patients were grouped into 2 coronary

physiology groups based on presence or absence of overt

CMD, defined as having both abnormal CFR and IMR with

cutoffs of�2.0 for CFR and �23 units for IMR.3

Continuous baseline parameters were expressed as means

§ standard deviations or medians with interquartile ranges

and compared between patients with and without overt CMD

using either Student’s t tests or Mann�WhitneyU (Wilcoxon)

tests depending upon normality as determined by Shapir-

o�Wilk tests. Categorical baseline parameters were expressed

as relative counts and percentages and compared with Chi-

square tests of association or Fisher’s exact tests.

Kaplan�Meier time-to-event analysis was performed for the

primary outcome with log-rank to determine differences

between CMD groups without correction for multiple tests.

Univariate logistic regression was performed to determine the

relevant clinical, laboratory, echocardiographic, and hemody-

namic parameters associated with the primary outcome. Anal-

yses were performed using Stata MP 15.0 (StataCorp LP).
Results

There were 32 patients with HFpEF and 16 control

patients. Of the HFpEF patients, there were 9 (28%) with

normal CFR and IMR, 9 (28%) with normal CFR and
843
abnormal IMR, 3 (9%) patients with abnormal CFR and

normal IMR, and 11 (34%) with overt CMD. On average,

HFpEF patients with overt CMD had more comorbidities,

higher E/e0, diastolic dysfunction grade, and mean pul-

monary artery (PA) pressure than those without overt

CMD, with a similar pattern comparing HFpEF patients

to controls (Supplementary Table 1). HFpEF patients had

lower survival free of HFH compared with control

patients (69% vs 100%, 10 events vs 0 events, P = .015;

Fig. 1), as did HFpEF patients with overt CMD compared

with all other HFpEF patients (45% vs 81%, 6 events vs 4

events, P = .039; Fig. 1) and HFpEF patients with abnor-

mal CFR compared with HFpEF patients with normal

CFR (50% vs 83%, 7 events vs 3 events, P = .038;

Fig. 1). There was a trend toward HFpEF patients with

abnormal IMR having lower survival free of HFH than

patients with normal IMR (60% vs 82%, 8 events vs 2

events, P = .17; Fig. 1). Overt CMD (odds ratio [OR]

1.63, 95% confidence interval [CI] 1.02�3.24, P = .047),

male gender (OR 1.63, 95% CI 1.02�3.24, P = .047),

weight (OR 1.05, 95% CI 1.01�1.09, P = .02), pulse (OR

1.07, 95% CI 1.01�1.14, P = .02), septal wall thickness

(OR 4.9, 95% CI 1.32�9.5, P = .04), PA pressure (OR

1.11, 95% CI 1.01�1.21, P = .03), pulmonary capillary

wedge pressure (OR 1.17, 95% CI 1.01�1.33, P = .04),

and cardiac index (OR 1.54, 95% CI 1.10�2.98, P = .04)

were associated with the primary outcome after univari-

ate logistic regression.
Discussion

In this follow-up study to previous work,3 we show that

CMD is associated with poor outcomes in patients with

HFpEF. Comorbidities contribute to poor outcomes in

HFpEF,5�7 however, HFpEF patients have outcomes out

of proportion to the comorbidities.8 Our HFpEF patients

with overt CMD had higher number of comorbidities than

those without overt CMD; however, the number of comor-

bidities was not a predictor of the primary outcome. Sep-

tal wall thickness and elevated PA pressure were among

predictors of the primary outcome in univariate analysis,

consistent with a prior study.9 PA pressure was elevated

in overt CMD patients, and further investigation is needed

to evaluate the relationship between pulmonary hyperten-

sion and CMD.

A recent study demonstrated a high prevalence of

abnormal CFR (defined as CFR <2.5) as measured by

echocardiography in HFpEF patients.10 We chose a cut-

off CFR of �2.0 to increase the specificity of the
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Fig. 1. Kaplan�Meier analysis. Top left, Control versus HFpEF. Top right, HFpEF subjects by overt CMD. Overt CMD = abnormal CFR
and abnormal IMR; No overt CMD = normal CFR and normal IMR or abnormal CFR or IMR alone. Bottom left, HFpEF subjects by CFR.
Bottom right, HFpEF subjects by IMR.
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measurement. To our knowledge, this is the first study to

correlate invasively-determined CFR and IMR with out-

comes in patients with HFpEF. Given our small sample

size, results must be interpreted with caution. We identify

a group of high-risk HFpEF patients in which therapies

targeted at CMD may be used in future clinical trials.
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