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this drug in improving cardiac function and
potentially cardiovascular outcomes.8 The
overall effect of spironolactone was slightly
reduced when adjusting for the obesity
parameters and no effect modification of the
treatment effects (i.e. ‘interaction’) was found
by obesity, suggesting that spironolactone
may be efficient both in obese and lean
patients.

Supplementary Information

Additional supporting information may be
found online in the Supporting Information
section at the end of the article.
Table S1. Patient baseline characteristics:
body mass index.
Table S2. Patient baseline characteristics:
waist circumference.
Table S3. Patient baseline characteristics:
waist-to-hip ratio.
Table S4. Analysis of Aldo-DHF endpoints
adjusted for trial medication and obesity
parameters. Main effects and interaction.

Funding

J.P., T.D.T., D.H., G.H., B.P. and F.E. are
supported by DZHK (German Centre
for Cardiovascular Research). C.H.L. has
received research funding from the Ger-
man Ministry of Education and Research.
B.P. reports research funding from EU and
German government funding instruments,
as well as personal and Charité payments
for advisory board, steering committee,
and lecture services from Novartis, Bayer
Healthcare, MSD, Daiichi-Sankyo, and BMS.
J.P.F. and F.Z. are supported by the French
National Research Agency Fighting Heart
Failure (ANR-15-RHU-0004), by the French
PIA project ‘Lorraine Université d’Excellence’
GEENAGE (ANR-15-IDEX-04-LUE) pro-
grammes, and the Contrat de Plan Etat
Région Lorraine and FEDER IT2MP.
Conflict of interest: none declared.

Johannes Petutschnigg1,2∗ ,
João Pedro Ferreira3,4,
Volker Holzendorf5,
Tobias D. Trippel1,2, Djawid Hashemi1,2,
Rolf Wachter6,7,8,
Christoph Herrmann-Lingen9,
Gerd Hasenfuß6,7, Faiez Zannad3,
Burkert Pieske1,2,10,11, and
Frank Edelmann1,2,7,11

1Department of Internal Medicine and Cardiology,
Charité University Medicine, Berlin, Germany;
2DZHK (German Centre for Cardiovascular

Research), Berlin; 3INSERM, Centre
d’Investigations Cliniques Plurithématique 1433,
Université de Lorraine, CHRU de Nancy and
F-CRIN INI-CRCT, Nancy, France; 4Cardiovascular
Research and Development Unit, Department of
Physiology and Cardiothoracic Surgery, Faculty of
Medicine, University of Porto, Porto, Portugal;
5Clinical Trial Centre Leipzig, University Leipzig,
Leipzig, Germany; 6Department of Cardiology and
Pneumology, Georg-August University Goettingen,
Goettingen, Germany; 7DZHK (German Centre
for Cardiovascular Research), partner site
Göttingen, Göttingen, Germany; 8Clinic and
Policlinic for Cardiology, University Hospital
Leipzig, Leipzig, Germany; 9Department of
Psychosomatic Medicine and Psychotherapy,
University of Göttingen Medical Centre, Göttingen,
Germany; 10Department of Cardiology, Deutsches
Herzzentrum Berlin (DHZB), Berlin, Germany; and
11Berlin Institute of Health (BIH), Germany
*Email: johannes.petutschnigg@charite.de

References
1. Pandey A, Patel KV, Vaduganathan M, Sarma S,

Haykowsky MJ, Berry JD, Lavie CJ. Physical activity,
fitness, and obesity in heart failure with pre-
served ejection fraction. JACC Heart Fail 2018;6:
975–982.

2. Paulus WJ, Tschope C. A novel paradigm for heart
failure with preserved ejection fraction: comorbidi-
ties drive myocardial dysfunction and remodeling
through coronary microvascular endothelial
inflammation. J Am Coll Cardiol 2013;62:263–271.

3. Tsujimoto T, Kajio H. Abdominal obesity is
associated with an increased risk of all-cause
mortality in patients with HFpEF. J Am Coll Cardiol
2017;70:2739–2749.

4. Pfeffer MA, Claggett B, Assmann SF, Boineau R,
Anand IS, Clausell N, Desai AS, Diaz R, Fleg
JL, Gordeev I, Heitner JF, Lewis EF, O’Meara E,
Rouleau JL, Probstfield JL, Shaburishvili T, Shah SJ,
Solomon SD, Sweitzer NK, McKinlay SM, Pitt B.
Regional variation in patients and outcomes in the
Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist (TOPCAT)
trial. Circulation 2015;131:34–42.

5. de Denus S, O’Meara E, Desai AS, Claggett B, Lewis
EF, Leclair G, Jutras M, Lavoie J, Solomon SD, Pitt B,
Pfeffer MA, Rouleau JL. Spironolactone metabolites
in TOPCAT – new insights into regional variation.
N Engl J Med 2017;376:1690–1692.

6. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE
Jr, Colvin MM, Drazner MH, Filippatos G, Fonarow
GC, Givertz MM, Hollenberg SM, Lindenfeld J,
Masoudi FA, McBride PE, Peterson PN, Stevenson
LW, Westlake C. 2016 ACC/AHA/HFSA focused
update on new pharmacological therapy for heart
failure: an update of the 2013 ACCF/AHA Guideline
for the management of heart failure: a report of the
American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guide-
lines and the Heart Failure Society of America. J Am
Coll Cardiol 2016;68:1476–1488.

7. Olivier A, Pitt B, Girerd N, Lamiral Z, Machu JL,
JJ MM, Swedberg K, van Veldhuisen DJ, Collier
TJ, Pocock SJ, Rossignol P, Zannad F, Pizard A.
Effect of eplerenone in patients with heart fail-
ure and reduced ejection fraction: potential
effect modification by abdominal obesity. Insight
from the EMPHASIS-HF trial. Eur J Heart Fail
2017;19:1186–1197.

8. Edelmann F, Wachter R, Schmidt AG, Kraigher-
Krainer E, Colantonio C, Kamke W, Duvinage A,

Stahrenberg R, Durstewitz K, Loffler M, Dungen
HD, Tschope C, Herrmann-Lingen C, Halle M,
Hasenfuss G, Gelbrich G, Pieske B; Aldo-DHF
Investigators. Effect of spironolactone on diastolic
function and exercise capacity in patients with
heart failure with preserved ejection fraction:
the Aldo-DHF randomized controlled trial. JAMA
2013;309:781–791.

© 2020 The Authors. European Journal of Heart Fail-
ure published by John Wiley & Sons Ltd on behalf of
European Society of Cardiology.
This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial
License, which permits use, distribution and repro
duction in any medium, provided the original work
is properly cited and is not used for commercial
purposes.

doi:10.1002/ejhf.1736
Online publish-ahead-of-print 18 February 2020

Index of microcirculatory
resistance assessment in
patients with new diagnosis
of left ventricular dilatation
without significant coronary
artery lesions: IMPAIRED
pilot trial

According to Camici and Crea1 coronary
microvascular dysfunction can exist in the
presence of myocardial diseases, particu-
larly in patients with a new diagnosis of left
ventricular (LV) dilatation without coronary
artery lesions. The aim of the present study
was to evaluate the index of microcirculatory
resistance (IMR), coronary flow reserve
(CFR) and fractional flow reserve (FFR) and
their mutual interaction in patients with
dilated cardiomyopathy. The study proto-
col was approved by the local Institutional
Review Board, registered on ClinicalTrials.gov
(NCT02705170), and all patients provided
informed consent. Major inclusion criteria
for the study were recent diagnosis of LV
dilatation and absence of significant coronary
artery stenosis (<40%) at coronary artery
angiography. After coronary angiography,
coronary physiological measurements (IMR,
CFR, FFR) were performed on the left ante-
rior descending artery (LAD). IMR and CFR
were obtained according to the method
described previously.2,3 Cut-off values of
abnormality were ≥25 for IMR, ≤2.5 for CFR
and ≤0.80 for FFR. Coronary angiograms
were reviewed by S.B., blinded to functional
evaluation findings. Values were presented as
median (interquartile range) and compared by
Mann–Whitney U and Kruskal–Wallis tests.
Data analysis was carried out by M.T. and
A.M.L. Between March 2016 and November

© 2020 European Society of Cardiology
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Table 1 Baseline characteristics

Normal IMR group (n = 17) Abnormal IMR group (n = 18) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 62.4 (48.5–71.4) 69.8 (54.8–80.3) 0.06
BSA (m2) 1.9 (1.7–2.0) 2.2 (2.0–2.3) 0.003
LVEF (%) 31 (30–38) 35 (24–40) 0.9
EDD (cm) 6.2 (5.6–6.6) 6.0 (5.5–6.2) 0.19
EDV (mL) 180 (165–238) 170 (150–200) 0.19
LV mass (g) 120 (50–190) 114 (65–160) 0.08
CrCl (mL/min) 74.8 (72.8–142.1) 83.3 (59.3–130.9) 0.9
NYHA class

I 10 (58.8) 9 (50.0) 0.6
II 7 (41.1) 9 (50.0)
III 0 0
IV 0 0

Coronary physiological measurement
Pa (mmHg) 71 (65–80) 87 (72–95) 0.02
Pd (mmHg) 60 (37–61) 78 (61–88) 0.003
FFR 0.80 (0.66–0.85) 0.89 (0.86–0.91) 0.005
CFR 2.7 (1.3–3.0) 1.15 (0.80–1.20) 0.0003
Hyperaemia 0.34 (0.26–0.38) 0.93 (0.56–1.21) 0.000001

IMR 18.1 (15.3–23.1) 56.7 (43.6–106.4) 0.0001

Values are given as median (interquartile range), or n (%).
BSA, body surface area; CFR, coronary flow reserve; CrCl, creatinine clearance; FFR, fractional flow reserve; LVEF, left ventricular ejection fraction; EDV, end-diastolic volume;
EDD, end-diastolic diameter; IMR, index of microvascular resistance; LV, left ventricular; NYHA, New York Heart Association; Pa, aortic pressure; Pd, distal pressure.

2017, 35 patients were enrolled; 54% were
male with a median age of 69.8 (54.8–74.6);
21 patients (60%) had hypertension, 2 (6%)
had diabetes, 7 (20%) had dyslipidaemia,
and 8 (23%) were current smokers. LV
ejection fraction, end-diastolic volume and
end-diastolic diameter were 35% (24–40),
170 mL (150–200) and 6.0 cm (5.5–6.2),
respectively. Regarding indexes of coronary
physiology, median values of IMR, CFR and
FFR were 27.2 (18.1–56.7), 1.2 (1.1–2.7)
and 0.86 (0.80–0.90), respectively. Patients
were divided into two groups on the basis
of the IMR value (normal IMR group vs.
abnormal IMR group), indicating, respectively,
the absence and the presence of significant
microvascular dysfunction. Interestingly,
patients in the normal IMR group had a
lower FFR value and a higher CFR value as
compared to the abnormal IMR group [0.80
(0.66–0.85) vs. 0.89 (0.86–0.91), P = 0.005;
and 2.7 (1.3–3.0) vs. 1.15 (0.80–1.20),
P = 0.0003, respectively] (Table 1). In sum-
mary, in our population of patients with LV
dilatation without coronary artery lesions,
those without coronary microvascular dys-
function (IMR< 25) (normal IMR group)
presents on average an ‘ischaemic’ FFR value
and a normal CFR value, whereas those
with microvascular dysfunction (IMR ≥ 25)
(abnormal IMR group) show a normal FFR
value and an abnormal CFR value. While
the findings in the abnormal IMR group

clearly depict the expected scenario of the
absence of epicardial disease (normal FFR)
with significant microvascular disease (abnor-
mal CFR), it is more complex to explain the
findings in the normal IMR group. In the latter,
we found an ‘ischaemic’ FFR associated with
normal CFR. Basically, this means that a large
increase in flow is not adequately sustained by
the conductance of the epicardial artery. This
generates a pressure gradient throughout
the course of a vessel apparently normal.
Although we cannot dismiss the possibility
that a diffuse disease could have played a role
in this phenomenon, especially considering
that we did not perform any intravascular
imaging, the lack of any angiographic disease
could be quite reassuring about the possibility
that this phenomenon could be related to
a pathophysiological mechanism instead of a
technical pitfall of FFR.4 We may hypothesize
that this could be related to LV dilatation and
possibly to increased LV mass5 that is not
adequately supported by a coronary system
intrinsically undersized. This is indirectly con-
firmed by the evidence of a significantly lower
body surface area (with non-significantly
higher LV dimensions), but further confirma-
tions are clearly on demand. In conclusion,
the interpretation of our data suggests that, in
patients with dilated cardiomyopathy, invasive
functional indexes could produce results that
are not easily interpretable. This does not
imply that IMR, CFR and, more importantly,

FFR cannot be used or are not reliable in

this setting, but, more generally, that in these

patients, that originally were excluded in the

validation process of these techniques, there

is a complex interplay between epicardial

vessels, microcirculatory system and LV

structure. Further studies are warranted to

deeply understand the pathophysiological

mechanisms responsible for this apparent

coronary incompetence.
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