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Abstract

We report the case of a 55-year-old woman with heart failure with preserved ejection fraction (HFpEF), who presented with
hypertensive urgency and pulmonary oedema. The patient was medically optimized and underwent cardiac catheterization
revealing pulmonary hypertension, elevated pulmonary capillary wedge pressure, normal cardiac index, and non-obstructive
coronary disease. Invasive evaluation of coronary flow revealed blunted coronary flow reserve and increased index of
microvascular resistance. Cardiac magnetic resonance imaging demonstrated reduced global myocardial perfusion and diffuse
interstitial fibrosis. This case exhibits a potential HFpEF phenotype associated with microvascular dysfunction, fibrosis, and
elevated filling pressures.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) is a
growing epidemic that confers a rate of hospitalization and
mortality approaching that of heart failure with reduced
ejection fraction (HFrEF).1 An emerging pathophysiological
model of HFpEF is based on the concept that underlying
pre-existing conditions associated with HFpEF lead to
coronary microvascular and endothelial inflammation,
increased oxidative stress, and depletion of nitric oxide-cyclic
guanosine monophosphate protein kinase-G signalling, which
promotes myocardial fibrosis.2 This case demonstrates the
pathophysiology of HFpEF phenotype through invasive and
non-invasive diagnostic modalities.

Case report

A 55-year-old woman with a history of chronic obstructive
pulmonary disease, hypertension, and type 2 diabetes
presented with four days of dyspnoea and chest pressure.

Blood pressure was 220/100 mmHg, respirations 40 per
minute, oxygen saturation of 84% on room air, and a heart
rate of 125 beats per minute. She had a rapid regular rhythm,
S3 gallop prior to S1 and S2 heart sounds. Pulmonary exam
revealed bilateral inspiratory crackles. Extremities were
without oedema.

Serum renal and liver function tests were within normal
limits, and N-terminal pro-B-type natriuretic peptide was
1957 pg/mL (normal <125 pg/mL). She was placed on non-
invasive positive pressure ventilation, intravenous
nitroglycerine and furosemide drips and transferred to the
cardiac intensive care unit. Electrocardiogram showed sinus
tachycardia with left ventricular hypertrophy (LVH). Chest
radiography showed cardiomegaly and bilateral opacities
consistent with pulmonary oedema. Transthoracic
echocardiography demonstrated concentric LVH, left
ventricular ejection fraction (LVEF) of 70%, restrictive filling
pattern on mitral inflows, severely enlarged left atrium, and
normal right ventricular function.

After stabilization, she underwent coronary angiography
and right heart catheterization. She had elevated pulmonary
pressures (systolic/diastolic/mean: 62/21/39 mmHg) and

CASE REPORT

© 2017 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of Cardiology.

ESC HEART FAILURE
ESC Heart Failure 2017; 4: 645–648
Published online 26 June 2017 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12170

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

http://creativecommons.org/licenses/by-nc/4.0/


pulmonary capillary wedge pressure (28 mmHg), with
preserved cardiac output and index by thermodilution
(5.7 L/min and 3.5 L/min/m2, respectively). Coronary
angiography revealed non-obstructive coronary disease with
an elevated left ventricular end-diastolic pressure of
30 mmHg. A coronary physiology study was performed.
Following systemic heparinization, a 6-French Extra Back-
Up 3.5 guiding catheter was advanced into the left main
coronary artery, and a 0.014-inch coronary flow wire (Certus,
St. Jude Medical®) was placed in the distal 2/3 of the left
anterior descending artery after pressure calibrations. After
the 200 μg of nitroglycerine was administered, three
coronary thermodilutions were performed using 3 mL room

temperature saline boluses administered through the
guiding catheter. Mean transit time (Tm) was measured
before (0.70 s) and after (0.44 s) induction of hyperaemia
using 140 μg/kg/min adenosine drip administered centrally.
Distal coronary and catheter pressure measurements
were also measured (56 and 63 mmHg, respectively).
Fractional flow reserve (distal/proximal coronary pressure
at hyperaemia) was 0.87, coronary flow reserve (CFR,
Tm-resting/Tm-hyperaemia) 1.6, and index of microvascular
resistance (IMR, Tm × distal coronary pressure at
hyperaemia) 24.5 units, consistent with inadequate coronary
flow reserve and elevated microvascular resistance (Figure 1,
Panel A).

Figure 1 (A) Coronary physiology tracing with thermodilution curves. Tm at baseline was 0.70 ms (white arrow) and 0.44 ms during hyperaemia
(orange arrow) resulting in a coronary flow reserve (CFR) of 1.6 and an index of microvascular resistance (IMR) of 24, consistent with microvascular
dysfunction. (B) Late gadolinium enhancement images are shown in the two-chamber and three-chamber views, respectively. There is a subtle region
of late gadolinium enhancement noted in the basal inferior and inferolateral wall (white arrows). The pattern is atypical for prior myocardial infarction
and suggests the presence of underlying myocardial fibrosis, inflammation, or infiltration. (C) Stress perfusion images are shown in short-axis views at
three different levels of the left ventricle. No perfusion defects were present during hyperaemia; however, myocardial perfusion reserve index
calculated as the ratios of stress to resting signal uptake slope normalized to stress and resting left ventricular (LV) cavity uptake slope and found
to be 0.33 (normal 1.78 ± 0.60), suggesting microvascular dysfunction. (D) Native T1-weighted mapping of basal, mid, and apical short axis. The native
myocardial T1-weighted relaxation time is 1203 ms, which is significantly elevated. Pre-contrast and post-contrast images from a modified Look-Locker
imaging T1-weighted mapping pulse sequence are shown along with the representative relaxation curves for the LV septal myocardium and LV cavity.
These curves were used to calculate the extracellular volume fraction (ECV), by multiplying 1-hematocrit by Δ1/T1 of myocardium normalized to Δ1/T1
of blood and found to be 36.4% (normal 20–30%). Both of these findings support the presence of an underlying fibrosing, infiltrative, or inflammatory
process. FFR, fractional flow reserve.
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Cardiac magnetic resonance imaging (CMR) vasodilator
study with and without contrast was performed. Hyperaemia
was induced with regadenoson 0.4mg intravenous, and within
1 min 0.1 mmol/kg Gd-DTPA was infused at 4 mL/s and left
ventricular (LV) myocardial and cavity signal intensity over
time was measured at hyperaemia, and repeated following
reversal of hyperaemia with aminophylline. Resting CMR
cine-sequences demonstrated LV end-diastolic volume index
97 mL/m2, LVEF 67%, and a small region of late gadolinium
enhancement (LGE) in the basal inferior and inferolateral wall
(Figure 1, Panel B). Myocardial perfusion reserve index (MPRi),
calculated as the ratios of stress to resting signal uptake slope,
normalized to stress and resting LV cavity uptake slope, was
0.33—below that of healthy outpatients in our institution of
1.78 ± 0.60 (Figure 1, Panel C). Extracellular volume fraction
(ECV) was calculated using T1-weighted spin-echo and a
modified Look-Locker inversion recovery sequence before
and 15 min after contrast by multiplying 1-haematocrit by
Δ1/T1 of myocardium normalized to Δ1/T1 of blood and found
to be 36.4% (Figure 1, Panel D). The patient was transitioned
to oral antihypertensives, aspirin, and atorvastatin and was
discharged without complication.

Discussion

This case illustrates one of the potential mechanisms for the
pathogenesis of HFpEF.1 Associated medical conditions differ
from those associated with HFrEF3 and include hypertension,
hyperlipidaemia, diabetes, chronic lung disease, and obesity,
which may contribute to the generation of reaction oxygen
species, leading to a pro-inflammatory state. This
inflammation may contribute to coronary microvascular
dysfunction (CMD) and myocardial fibrosis. Autopsy analysis
of 124 hearts of patients with HFpEF demonstrated an inverse
relationship between microvascular density and myocardial
fibrosis, suggesting that CMD is associated with fibrosis and
may contribute to the pathophysiologic mechanism of HFpEF.4

Coronary flow reserve and IMR are invasive measurements
to measure coronary blood flow5 and coronary microvascular
resistance,6 respectively. CFR and IMR have been used to
determine the presence and severity of CMD in post-cardiac
transplant recepients,7 and to risk-stratify patients with
angina without obstructive coronary artery disease.8

Abnormal CFR and IMR measurements indicate coronary
microvascular dysfunction and are associated with poor
outcomes.8 In our patient with HFpEF, CFR was 1.6 (normal
>2.5), and IMR 24.5 (normal <20), both abnormal.

Cardiac MRI revealed enlarged left ventricular volumes
with normal LVEF, consistent with prior observations in large
HFpEF populations.9 Reduced MPRi can be seen in
multivessel obstructive disease but, in the absence of this,
may indicate diffuse microvascular dysfunction. The LGE

protocol uses the principle that tissue-specific longitudinal
spin-lattice relaxation time (T1) generates signal contrast
between regional myocardial fibrosis and normal
myocardium.10 Infarcted myocardium has undergone scar
formation and a much slower washout rate of Gd-based
contrast than healthy myocardium and therefore decreased
T1 values detected on LGE imaging. LGE has played important
roles in the assessment of ischaemic heart disease as well as
other cardiomyopathies. T1 mapping allows for signal
quantification of T1 relaxation time in milliseconds (ms) per
myocardial voxel in order to characterize myocardial tissue.
ECV is calculated as the change in the inverse T1 times in
the myocardium normalized to the same in blood, multiplied
by estimated water percentage in blood. High ECV has
recently been found in HFpEF patients and may correlate
with histological extracellular fibrosis and LV stiffness.11 In
addition, an area of focal replacement fibrosis, as indicated
by LGE, determines the extent of replacement of myocardium
by fibrotic tissue and is a marker for adverse events in
ischaemic and non-ischaemic cardiomyopathy. A proposed
pathophysiologic mechanism of this phenotype may be
described as the development of a systemic inflammatory
state in the setting of associated co-morbid conditions in
HFpEF including hypertension, chronic kidney disease, and
diabetes.12 Systemic inflammation may lead to reduced nitric
oxide (NO) bioavailability.13 NO activates protein kinase-
induced phosphorylation of titin, which is responsible for
diastolic recoil and cardiac myocyte distensibility. Reduced
NO bioavailability leads to endothelial-dependent
microvascular dysfunction with the downstream effect of
titin hypophosphorylation and resulting increased diastolic
stiffness.14 Furthermore, systemic inflammation associated
with HFpEF comorbidities may lead to transforming growth
factor-β conversion of cardiac fibroblast into myofibroblasts,
which in turn increases type 1 collagen formation and
deposition into the extracellular membrane ultimately
causing diastolic stiffness.15 This potential pathway is far
from proven, with further studies needed to better
understand the pathophysiologic mechanism of this observed
phenotype of HFpEF. This patient exemplifies a potential
HFpEF phenotype characterized by CMD, diffuse interstitial
and focal fibrosis, which may contribute to diastolic stiffness,
elevated filling pressures, and heart failure symptoms.
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