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Abstract
Myocardial fibrosis, measured using magnetic resonance extracellular volume (ECV), associates with adverse outcome in 
heart failure with preserved ejection fraction (HFpEF). In the PIROUETTE (The Pirfenidone in Patients with Heart Failure 
and Preserved Left Ventricular Ejection Fraction) trial, the novel anti-fibrotic agent pirfenidone reduced myocardial fibrosis. 
We sought to identify baseline characteristics that associate with myocardial fibrotic burden, the change in myocardial fibrosis 
over a year, and predict response to pirfenidone in patients with HFpEF. Amongst patients enrolled in the PIROUETTE trial 
(n = 107), linear regression models were used to assess the relationship between baseline variables and baseline myocardial 
ECV, with change in myocardial ECV adjusting for treatment allocation, and to identify variables that modified the pirfe-
nidone treatment effect. Body mass index, left atrial reservoir strain, haemoglobin and aortic distensibility were associated 
with baseline ECV in stepwise modelling, and systolic blood pressure, and log N-terminal pro B-type natriuretic peptide were 
associated with baseline ECV in clinically-guided modelling. QRS duration, left ventricular mass and presence of an infarct 
at baseline were associated with an increase in ECV from baseline to week 52. Whilst QRS duration, presence of an infarct, 
global longitudinal strain and left atrial strain modified the treatment effect of pirfenidone when considered individually, no 
variable modified treatment effect on multivariable modelling. Baseline characteristics were identified that associate with 
myocardial fibrosis and predict change in myocardial fibrosis. No variables that independently modify the treatment effect 
of pirfenidone were identified (PIROUETTE, NCT02932566).
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Abbreviations
AF  Atrial fibrillation
ANCOVA  Analysis of covariance
BMI  Body mass index
BNP  Brain natriuretic peptide
CMR  Cardiac magnetic resonance
ECM  Extracellular matrix
ECV  Extracellular matrix volume
HFpEF  Heart failure with preserved ejection 

fraction
NT-proBNP  N-terminal pro B-type natriuretic peptide

Introduction

Myocardial fibrosis, measured using cardiovascular mag-
netic resonance (CMR) extracellular matrix volume (ECV), 
is associated with adverse outcome in patients with heart 
failure with preserved ejection fraction (HFpEF), including 
hospitalisation for heart failure (HF) and death [1–5].

The Pirfenidone in patients with heart failure and pre-
served left ventricular ejection fraction (PIROUETTE) 
study was a phase II, double-blind, placebo-controlled, ran-
domised trial designed to evaluate the efficacy and mecha-
nism of the novel anti-fibrotic agent, pirfenidone, in patients 
with HFpEF and myocardial fibrosis [6]. Pirfenidone is an 
orally bioavailable, small molecule anti-fibrotic agent that 
inhibits cardiac fibroblast synthesis and secretion of TGF-
β1, proliferation and activation of fibroblasts, and profi-
brotic pathways. In the trial, treatment with pirfenidone for 
52 weeks reduced myocardial fibrosis.

Identification of characteristics that are associated with 
myocardial fibrosis at baseline, and which predict change 
in myocardial fibrosis over time and response to pirfeni-
done, would improve risk stratification of patients with 
HFpEF, guide patient management, and guide future trial 
recruitment.

This analysis of data from the PIROUETTE trial aimed to 
identify baseline characteristics that associate with baseline 
myocardial fibrotic burden, predict change in myocardial 
fibrosis over one year, and predict response pirfenidone, in 
patients with HFpEF.

Methods

Study design and patient selection

Between March 7, 2017, to December 19, 2018, the PIR-
OUETTE trial (Clinicaltrials.gov NCT02932566) ran-
domised 94 patients with HFpEF and myocardial fibrosis to 
pirfenidone or placebo for 52-weeks. The trial design and 
results have previously been published [6, 7]. Eligibility 

requirements included patients ≥ 40 years of age, symptoms 
and signs of heart failure, left ventricular ejection fraction 
of ≥ 45%, and elevated natriuretic peptides (brain natriuretic 
peptide (BNP) ≥ 100 pg/ml or N-terminal pro-B-type natriu-
retic peptide (NT-proBNP) ≥ 300 pg/ml; or BNP ≥ 300 pg/
ml or NT-proBNP ≥ 900 pg/ml if atrial fibrillation (AF) 
present). Eligible patients underwent CMR and those with 
evidence of myocardial fibrosis, defined as an ECV of 27% 
or higher, were randomised in a 1:1 ratio to treatment with 
either pirfenidone or matching placebo for 52 weeks using 
block randomisation, stratified by sex. Those without myo-
cardial fibrosis were entered into a registry (n = 13). Key 
exclusion criteria included alternative causes of patients’ 
symptoms such as significant pulmonary disease, anaemia, 
or obesity; pericardial constriction, hypertrophic cardiomyo-
pathy or infiltrative cardiomyopathy; and contraindication 
to magnetic resonance imaging. The primary outcome was 
change in myocardial fibrosis, measured using CMR ECV, 
from baseline to 52 weeks.

The trial was sponsored by Manchester University NHS 
Foundation Trust. Trial management, independent data 
management and independent statistical analyses were 
performed by Liverpool Clinical Trials Centre, a United 
Kingdom Clinical Research Collaboration fully-registered 
Clinical Trials Unit. The study protocol was approved by a 
research ethics committee and trial conduct was overseen 
by a trial steering committee. Patients were identified at six 
UK hospitals. Study visits took place at Manchester Univer-
sity NHS Foundation Trust. All patients provided written 
informed consent.

Study procedures

The protocol, trial procedures, analysis methods and out-
come measurements have been described previously [6, 
7]. In brief, CMR, echocardiography, electrocardiography, 
6 min walk test, laboratory tests and the Kansas City Cardio-
myopathy Questionnaire (KCCQ) were performed at base-
line and repeated after 52 weeks of treatment.

Myocardial ECV was calculated from basal and mid left 
ventricular (LV) short axis T1 maps (MOdified Look-Locker 
Inversion recovery [MOLLI]), acquired before and 15 min 
following gadolinium contrast (0.15 mmol/kg of gadoterate 
meglumine), as: ECV = (1–haematocrit) x [ΔR1myocardium] 
/ [ΔR1bloodpool], where ΔR1 is the difference in relaxation 
rates (1/T1) between pre- and post-contrast [4]. Haematocrit 
was measured on the same day as CMR scanning. Absolute 
myocardial extracellular matrix (ECM) volume was calcu-
lated as the product of LV myocardial volume (LV mass 
divided by the specific gravity of myocardium [1.05 g/ml]) 
and ECV. Absolute myocardial cellular volume was calcu-
lated as the product of LV myocardial volume (LV mass 
divided by the specific gravity of myocardium [1.05 g/ml]) 
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and (1–ECV). Further details can be found in the trial pro-
tocol paper [7].

Statistical analysis

The trial was analysed and reported according to the ‘Con-
solidated Standard of Reporting Trials’ (CONSORT) and 
the International Conference on Harmonisation E9 guide-
lines. Analysis was conducted on an intention to treat basis, 
including all randomised patients retained in their ran-
domised treatment groups. Continuous data are presented as 
mean ± standard deviation (SD) or as median (interquartile 
range (IQR)), as appropriate. Categorical data are presented 
as counts and percentages.

Univariable and multivariable linear regression models 
were used to assess the relationship between baseline varia-
bles and baseline myocardial ECV. Variablesfor which p-val-
ues were < 0.3 in the univariable analyses were included in 
forward stepwise selection models, with p-value thresholds 
of 0.05 for entry and 0.1 for removal. The chosen varia-
bles were then included in multivariable regression mod-
els, where the outcome variable was baseline myocardial 
ECV. Collinearity was investigated by assessing correlation 
between variables and by assessing the variance impact fac-
tor for each model, which confirmed that collinearity correc-
tion measures were not required. Additional models using 
absolute myocardial ECM volume and absolute myocardial 
cell volume as outcome variables were constructed to assess 
ECV component associations. ‘Clinically-guided’ multivari-
able models were also constructed that included variables 
that, based on the published literature and clinical judgment, 
were hypothesised to be associated with myocardial ECV. 
The variables included in the ‘clinically-guided’ models 
were limited to 10 variables: age, sex, body mass index, 
diabetes, atrial fibrillation, log-N-terminal pro B-type natriu-
retic peptide (NT-proBNP), left atrial strain, systolic blood 
pressure, right ventricular end diastolic volume index and 
global longitudinal strain.

Analysis of variance (ANOVA) models were used to 
assess the relationship between baseline variables and 
change in myocardial ECV (week 52 value minus base-
line value), adjusting for treatment allocation. Variables 
for which p-values were < 0.3 in the ANOVA models were 
included in forward stepwise selection models, with p-value 
thresholds of 0.05 for entry and 0.1 for removal. Treatment 
allocation was forced into the selection model. The chosen 
variables were then included in a multivariable regression 
model, where the outcome variable was change in myocar-
dial ECV (week 52 value minus baseline value). Additional 
models using absolute myocardial ECM volume and abso-
lute myocardial cell volume as outcome variables were con-
structed to assess ECV component associations. ‘Clinically-
guided’ multivariable models, as described above, were also 

constructed, limited to eight variables: age, sex, diabetes, 
log NT-proBNP, left atrial strain (reservoir), systolic blood 
pressure, right ventricular end diastolic volume index and 
global longitudinal strain.

In order to provide an indication of which baseline vari-
ables predicted a response to pirfenidone, linear regression 
was used to model week 52 myocardial ECV with each 
baseline variable in turn, including an interaction between 
treatment allocation and each baseline variable, adjusting 
for baseline myocardial ECV, in order to identify baseline 
variables that modified treatment effect. Variables identi-
fied as being treatment effect modifiers were subsequently 
included in a multivariable ordinary least squares regression 
model, where the outcome was week 52 myocardial ECV. 
All analyses were performed in SAS (Version 9.4, SAS Insti-
tute, Inc.; Cary, NC).

Results

Patients

107 patients were enrolled, including 94 who had evidence 
of myocardial fibrosis (ECV ≥ 27%) who were randomised, 
and 13 patients without evidence of myocardial fibrosis 
(ECV < 27%) who were not randomised (Fig. 1). Base-
line characteristics are summarised in Table 1. Mean age 
of patients was 77 years, and 49% were female. Nearly all 
patients had New York Heart Association functional class II 
or III symptoms (94%), mean left ventricular ejection frac-
tion was 65% and median NT-proBNP was 1067 pg/ml. At 
the end of the trial, 12 patients had withdrawn from the study 
and two had died. No patient was lost to follow-up. A total 
of 80 patients were therefore included in the analyses evalu-
ating change in ECV and pirfenidone treatment response.

Associations with baseline myocardial fibrosis

In the stepwise multivariable analysis, lower body mass 
index, left atrial strain (reservoir), haemoglobin and higher 
aortic distensibility were associated with higher ECV at 
baseline (Table 2). There was also a strong trend towards an 
association between log NT-proBNP and ECV. In the ‘clin-
ically-guided’ multivariable model, lower body mass index 
and systolic blood pressure, and higher log NT-proBNP, 
were associated with higher ECV at baseline, and there was 
a strong trend towards an association between lower global 
longitudinal strain and ECV.

Multivariable models for extracellular and cellular 
myocardial components revealed that the associations 
between log NT-proBNP and impaired left atrial strain 
(reservoir), and baseline ECV, were predominantly driven 
by associations with baseline myocardial ECM volume 
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(Supplementary Tables S2-3). The inverse associations 
between body mass index, systolic blood pressure, global 
longitudinal strain, and baseline ECV, were predominantly 
driven by positive associations with baseline myocardial cell 
volume (Supplementary Tables S4-5).

Predictors of change in myocardial fibrosis

In stepwise multivariable analysis, shorter baseline 
QRS duration, higher baseline LV mass and presence of 
an infarct at baseline were associated with an increase 
in change in ECV from baseline to week 52. In the 

‘clinically-guided’ multivariable model, only impaired 
baseline global longitudinal strain was associated with 
an increase in change in ECV (Table 3).

Multivariable models for cellular and extracellular myo-
cardial components revealed that a diagnosis of diabetes 
at baseline was associated with an increase in change in 
myocardial ECM volume from baseline to week 52, and 
lower baseline renal function and diastolic blood pressure 
were associated with an increase in change in myocardial 
cellular volume from baseline to week 52 (Supplementary 
Tables S7-10).

Fig. 1  Design of the PIROU-
ETTE trial. Extracellular matrix 
volume (ECV) quantifies the 
extent of myocardial fibrosis. 
ECV maps are shown with 
normal myocardium (ECV 
24.9%) and myocardial fibrosis 
(ECV 31.3%). Measurements 
were repeated after 52 weeks of 
treatment with pirfenidone or 
placebo. BNP brain natriuretic 
peptide; LVEF left ventricular 
ejection fraction; NTproBNP 
N-terminal pro-B-type natriu-
retic peptide
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Predictors of response to pirfenidone

Shorter QRS duration, the presence of an infarct, impaired 
global longitudinal strain and impaired left atrial strain (con-
duit) were each associated with a greater treatment effect of 
pirfenidone on 52 week ECV when considered individu-
ally. However, when these variables were entered into the 
same model, no baseline variable independently modified 
the treatment effect of pirfenidone (Supplementary Figure 
S1 and Tables S11-12).

Discussion

This analysis of data from the PIROUETTE trial identified 
several baseline characteristics that associated with myocar-
dial fibrotic burden. Metrics reflecting important processes 
in the pathophysiology of HFpEF that associated with 
myocardial fibrosis included abnormal atrial mechanical 
remodelling and adaptation to elevated left ventricular fill-
ing pressures via natriuretic peptide release. Characteristics 
that predicted change in myocardial fibrosis over one year 
included those reflecting a more advanced stage of abnor-
mal LV remodelling at baseline (e.g., previous infarct and 
increased LV mass). Baseline QRS duration, presence of an 
infarct, global longitudinal strain and left atrial strain modi-
fied the treatment effect of pirfenidone when considered 
individually, but no baseline variable modified treatment 
effect on multivariable modelling.

Parametric mapping techniques (T1, T2, T2*, ECV) 
are now standard sequences utilised in clinical CMR that 
provide non-invasive assessment of myocardial tissue com-
position and characterisation. ECV measurement not only 
identifies extracellular matrix infiltration and expansion, as 
seen in cardiac amyloidosis and myocardial fibrosis, but can 
reliably quantify myocardial fibrotic burden with high repro-
ducibility, thereby allowing serial tracking and assessment 
of response to anti-fibrotic therapy.

The baseline characteristics found to associate with 
baseline myocardial fibrosis in HFpEF in the current study 
are in keeping with the study by Kanagala et al. [8], which 
similarly demonstrated body mass index, haemoglobin and 
natriuretic peptides to be associated with ECV. Kanagala 
et al. also found left atrial volume index to be associated 
with ECV, whereas in the current study, left atrial volume 
index was outperformed by left atrial strain (reservoir). 
Measurements of left atrial strain correlate with left atrial 
myocardial fibrosis assessed using CMR late gadolinium 
enhancement, and may associate with adverse outcome in 
HFpEF more strongly than left atrial volume index [9, 10]. 
In the main analysis of the PIROUETTE trial, treatment 
with pirfenidone for 52 weeks did not lead to changes in left 
atrial strain or left atrial volume in comparison to placebo, 

Table 1  Baseline characteristics

Values are means ± SD unless specified
BMI body mass index, ECM extracellular matrix, ECV extracellular 
matrix volume, eGFR estimated glomerular filtration rate, HS-Tro-
ponin T high-sensitivity troponin T, IQR interquartile range, KCCQ 
Kansas city cardiomyopathy questionnaire, LA left atrial, LGE late 
gadolinium enhancement, LV left ventricular, NT-proBNP N-terminal 
pro B-type natriuretic peptide, NYHA New York Heart Association, 
RV right ventricular

Characteristics N = 107

Age—yrs 77 ± 8
Female—no. (%) 52(49)
Hypertension—no. (%) 89(83)
Diabetes—no. (%) 30(28)
Atrial fibrillation—no. (%) 48(45)
Current or ex-smoker—no. (%) 41(38)
NYHA Class—no. (%)
 I 6(6)
 II 56(52)
 III 45(42)

Systolic blood pressure—mmHg 138 ± 23
Diastolic blood pressure—mmHg 76 ± 15
BMI—kg/m2 31 ± 6
eGFR—ml/min 57 ± 17
Haemoglobin—g/dL 13.0 ± 1.5
Median NT-proBNP—pg/ml (IQR) 1067(493–2152)
HS-Troponin T—pg/ml 26.3 ± 29.5
QRS duration—ms 106 ± 20
Myocardial ECV—% 29.4 ± 3.1
Absolute myocardial ECM volume—ml 36.1 ± 11.2
Absolute myocardial cell volume—ml 86.6 ± 24.6
Infarct LGE—no. (%) 31(29)
LV end diastolic volume index—ml/m2 63 ± 18
LV ejection fraction—% 65 ± 16
LV mass index—g/m2 65 ± 15
Average e’—cm/s 8.7 ± 2.4
Average E/e’—cm/s 12.2 ± 3.4
Global longitudinal strain—% − 16.1 ± 3.6
Torsion—degrees/cm 1.5 ± 0.7
RV end diastolic volume index—ml/m2 69 ± 16
RV ejection fraction—% 53 ± 10
Pulmonary artery systolic pressure—mmHg 33 ± 13
LA volume index—ml/m2 70 ± 18
LA strain (reservoir)—% 17.6 ± 8.0
LA strain (booster)—% 12.7 ± 4.3
LA strain (conduit)—% 10.5 ± 3.9
Aortic distensibility—10–3/mmHg 1.5 ± 0.9
Pulse Wave Velocity—m/s 12.6 ± 5.0
6-min walk test—m 269 ± 115
KCCQ Clinical Summary Score 56 ± 20
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Table 2  Associations between selected patient characteristics and myocardial extracellular volume (ECV) at baseline

Patients with complete covariate data were included in analyses (n = 104). Variables for which P-value < 0.3 in univariable regression model 
included within stepwise forward selection multivariable regression model
BMI body mass index, CI confidence interval, HS-Troponin T high-sensitivity troponin T, LA left atrial, LGE late gadolinium enhancement, LV 
left ventricular, NT-proBNP N-terminal pro B-type natriuretic peptide, RV right ventricular, SE standard error (see Table S1 in Supplementary 
Appendix for full univariable analyses)

Baseline covari-
ate

Forward stepwise selection model Clinical multivariable model

Univariable model Multivariable model

β-coefficient 
(SE)

95% CI P-value β-coefficient 
(SE)

95% CI P-value β-coefficient 
(SE)

95% CI P-value

Age—yrs 0.04(0.04) − 0.04–0.12 0.32 − 0.03(0.04) − 0.11–0.06 0.54
Gender (Female 

vs Male)
− 1.13(0.60) − 2.32–0.05 0.06 − 0.38(0.62) − 1.60–0.84 0.54

Atrial fibrilla-
tion (Yes vs 
No)

1.67(0.59) 0.50–2.83 0.006 − 0.40(0.91) − 2.22–1.41 0.66

Diabetes (Yes 
vs No)

0.08(0.68) − 1.26–1.42 0.91 − 0.02(0.66) − 1.32–1.29 0.98

Current or ex-
smoker (Yes 
vs No)

− 0.71(0.62) − 1.94–0.52 0.26

Systolic blood 
pressure—
mmHg

− 0.04(0.01) − 0.07 to 
− 0.02

 < 0.001 − 0.03(0.01) − 0.06 to 
− 0.00

0.03

Diastolic blood 
pressure—
mmHg

− 0.07(0.02) − 0.11 to 
− 0.03

 < 0.001

BMI—kg/m2 − 0.18(0.05) − 0.28 to 
− 0.08

 < 0.001 − 0.19(0.05) − 0.29 to 
− 0.10

 < 0.001 − 0.14(0.05) − 0.25 to 
− 0.04

0.009

Haemoglobin—
g/dL

− 0.49(0.20) − 0.89 to 
− 0.09

0.02 − 0.69(0.18) − 1.05 to 
− 0.34

 < 0.001

Log-NT-
proBNP—pg/
ml

1.39(0.29) 0.82–1.97  < 0.001 0.62(0.36) − 0.09–1.33 0.09 0.83(0.41) 0.02–1.64 0.045

HS Troponin 
T—pg/ml

0.03(0.01) 0.01–0.05 0.003

Infarct LGE 
(Yes vs No)

1.31(0.66) 0.01–2.61 0.05

LV mass 
index—g/m2

0.03(0.02) − 0.01–0.07 0.20

Global lon-
gitudinal 
strain—%

0.03(0.09) − 0.14–0.20 0.72 − 0.17(0.09) − 0.35–0.02 0.07

RV end dias-
tolic volume 
index—ml/m2

0.01(0.02) − 0.03–0.04 0.75 0.02(0.02) − 0.02–0.05 0.42

LA volume 
index—ml/m2

0.05(0.02) 0.02–0.08 0.003

LA strain (res-
ervoir)—%

− 0.13(0.04) − 0.20 to 
− 0.06

 < 0.001 − 0.11(0.04) − 0.20 to 
− 0.03

0.01 − 0.09(0.06) − 0.21–0.03 0.12

LA strain 
(booster)—%

− 0.23(0.08) − 0.39 to 
− 0.06

0.008

Aortic distensi-
bility—10–3/
mmHg

0.43(0.35) − 0.27–1.13 0.22 0.69(0.29) 0.11–1.27 0.02



The International Journal of Cardiovascular Imaging 

1 3

Table 3  Associations between baseline characteristics and change in myocardial extracellular volume (ECV) from baseline to 52 weeks

All patients who completed the study were included in the stepwise selection model (n = 80). The clinical model included all patients with com-
plete covariate data (n = 79). Variables for which P-value < 0.3 in univariable regression model included within stepwise forward selection mul-
tivariable regression model, adjusted for treatment allocation. CI confidence interval, HS-Troponin T high-sensitivity troponin T, LA left atrial, 
LGE late gadolinium enhancement, LV left ventricular, NT-proBNP N-terminal pro B-type natriuretic peptide, RV right ventricular, SE standard 
error (see Table S6 in Supplementary Appendix for full univariable analyses)

Baseline 
covariate

Forward stepwise selection model Clinical multivariable model

Univariable model Multivariable model

β-coefficient 
(SE)

95% CI P-value β-coefficient 
(SE)

95% CI P-value β-coefficient 
(SE)

95% CI P-value

Age—yrs − 0.00(0.03) − 0.07–0.06 0.96 0.03(0.04) − 0.05–0.10 0.51
Gender 

(Female vs 
Male)

− 0.68(0.44) − 1.56–0.20 0.13 − 0.28(0.47) − 1.23–0.66 0.55

Diabetes (Yes 
vs No)

0.85(0.51) − 0.17–1.87 0.10 1.05(0.59) − 0.12–2.22 0.08

Atrial fibrilla-
tion (Yes vs 
No)

0.51(0.45) − 0.38–1.40 0.25

Current or ex-
smoker (Yes 
vs No)

0.73(0.47) − 0.21–1.67 0.13

Systolic blood 
pressure—
mmHg

− 0.01(0.01) − 0.03–0.01 0.49 0.00(0.01) − 0.02–0.02 0.98

Diastolic blood 
pressure—
mmHg

0.02(0.02) − 0.01 –0.05 0.21

Log-NT-
proBNP—pg/
ml

0.38(0.25) − 0.10–0.87 0.12 0.17(0.33) − 0.48–0.83 0.60

HS Troponin 
T—pg/ml

0.03(0.01) − 0.00–0.05 0.08

QRS duration 
– ms

− 0.03(0.01) − 0.05 to 
− 0.00

0.04 − 0.03(0.01) − 0.05 to 
− 0.00

0.02

Infarct LGE 
(Yes vs No)

1.20(0.45) 0.30 to 2.10 0.009 1.13(0.43) 0.27 to 2.00 0.01

LV ejection 
fraction—%

− 0.04(0.03) − 0.09–0.02 0.18

LV mass 
index—g/m2

0.03(0.01) − 0.00–0.05 0.07 0.03(0.01) 0.00–0.05 0.05

Global 
longitudinal 
strain—%

0.14(0.06) 0.02–0.26 0.02 0.17(0.08) 0.01–0.33 0.04

RV end dias-
tolic volume 
index—ml/
m2

− 0.00(0.01) − 0.03–0.03 0.84 0.00(0.02) − 0.03–0.03 0.88

LA volume 
index—ml/
m2

0.01(0.01) − 0.01–0.04 0.22

LA strain (res-
ervoir)—%

− 0.05(0.03) − 0.11–0.01 0.10 0.00(0.04) − 0.08–0.08 0.95

Pulse Wave 
Velocity—
m/s

0.06(0.05) − 0.03–0.15 0.23
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although the trial was not powered for secondary outcomes. 
The origins of left atrial dysfunction in HFpEF and its poten-
tial role as a distinct disease mechanism, and the relationship 
between ventricular and atrial fibrosis, remain unclear and 
require further research [11].

An association was identified between aortic distensibil-
ity and myocardial fibrosis. Aortic distensibility measures 
the change in the cross-sectional area of the ascending aorta 
(measured at the level of the main pulmonary artery) cor-
rected for pulse pressure and therefore reflects aortic com-
pliance. As compliance and stiffness are reciprocals it is 
commonly used as an inverse metric of aortic stiffness i.e., 
distensibility reduces as stiffness increases. Increased central 
arterial stiffness and magnitude of arterial wave reflections 
are well recognised in subgroups of patients with HFpEF 
[12–14], however the relationship between myocardial 
fibrosis and aortic stiffness is less clear. Interestingly, when 
patients with HFpEF subjected to invasive haemodynamic 
assessment were dichotomized according to median ECV in 
a study by Rommel et al. [15], both groups showed a patho-
logical upward shift of the end-diastolic pressure–volume 
relationship during exercise; however, the dominant patho-
physiology was an increase in myocardial passive stiffness 
in patients with elevated ECV, whereas increased arterial 
elastance was a dominant mechanism in patients with a 
below-median ECV. Both groups demonstrated similar 
echocardiographic diastolic parameters. Similarly, in a study 
of patients with hypertensive heart disease, patients with 
concentric LV remodelling demonstrated the lowest ECV 
and lowest aortic distensibility [16]. Furthermore, in a pre-
clinical model investigating HFpEF using a diabetic obesity 
model, aortic fibrosis and reduced aortic distensibility both 
occurred without any significant myocardial fibrosis being 
induced, and the measured increase in myocardial stiffness 
was related to titin isoform shift and not myocardial fibrosis 
[17]. This would suggest independent pro-fibrotic disease 
pathways, however in the main analysis of the PIROUETTE 
trial, treatment with pirfenidone for 52 weeks was associated 
with a trend towards an improvement in aortic distensibility 
in comparison to placebo but the difference was not statisti-
cally significant (p = 0.078). Whilst it is a well-recognised 
phenomena and mechanistic phenotype in HFpEF the cel-
lular and pathological determinants of aortic stiffness in 
HFpEF are poorly understood. Several hypotheses could be 
postulated relating to the activation of differing pro-fibrotic 
disease pathways within the myocardium and/or arterial wall 
leading to arterial stiffness that may be equally receptive to 
the effects of pirfenidone, however further investigation to 
define these is required.

The current study is the first to investigate characteris-
tics that predict change in myocardial fibrosis over time in 
HFpEF. Given the association between myocardial fibrosis 
and adverse outcome in HFpEF, identification of factors that 

predict an increase in myocardial fibrotic burden may help to 
risk stratify patients. Remote myocardial fibrosis is well rec-
ognised post-myocardial infarction and, in studies using ECV, 
remote myocardial fibrosis is predictive of adverse remodel-
ling post-infarction, although these studies have focused on 
the early period (first 3–6 months) post-infarction [18, 19]. It 
is interesting that the current study indicates that the presence 
of an infarct is associated with progression of remote myo-
cardial fibrosis; possibly identifying a subset of patients with 
HFpEF in whom myocardial fibrosis is a key disease mecha-
nism, who potentially, therefore, may be more likely to derive 
benefit from antifibrotic intervention. In the PARAGON-HF 
trial of angiotensin–neprilysin inhibition in heart failure with 
preserved ejection fraction, subgroup analysis suggested par-
ticipants with a lower left ventricular ejection fraction may 
derive benefit from the intervention. Patients with a previous 
myocardial infarction could be expected to have a lower ejec-
tion fraction, and it is possible that the current findings may 
provide some mechanistic insight into this subgroup finding, 
but this hypothesis requires investigation. No association was 
found between blood pressure and change in ECV in both uni-
variable and clinically-guided multivariable models.

Regarding the identified association between baseline 
global longitudinal strain and change in ECV, as discussed 
earlier, the relationship between myocardial ECV and myo-
cardial mechanics is not straightforward, and, whilst some 
cross sectional data have shown associations between ECV 
and global longitudinal strain, in the largest cohort to date 
(albeit in unselected patients undergoing clinically-indicated 
CMR rather than specifically patients with HF), cross-sec-
tional myocardial ECV correlated minimally with global 
longitudinal strain  (R2 = 0.04). Given the multiple statistical 
testing employed, the findings of the current study require 
confirmation in larger natural history studies.

No baseline variable was identified to modify the treat-
ment effect of pirfenidone on multivariable modelling. This 
may be because no baseline variables independently associ-
ate with the pirfenidone treatment effect, or it may be that 
the study did not have enough power to identify any such 
variables. The finding that the presence of an infarct was 
associated with a greater treatment effect of pirfenidone, 
when variables were assessed individually, may suggest 
patients with HFpEF who have had an infarct may derive 
benefit from antifibrotic intervention as discussed earlier, 
but the finding did not hold on multivariable analysis and 
further investigation is required.

Limitation

The sample size for the PIROUETTE study was calculated 
based on the primary outcome. The trial was not powered 
for secondary outcomes, or the multiple statistical tests 
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performed in this study, thus the findings of this study are 
considered exploratory. The analyses conducted as part of 
the current study were not included in the Statistical Analy-
sis Plan for PIROUETTE and thus are considered post-hoc. 
Nevertheless, the analyses conducted in this study were pre-
specified in an ‘Additional Statistical Analysis Plan’ that was 
written before trial data lock.

Conclusion

In this analysis of data from the PIROUETTE trial, base-
line characteristics reflecting atrial mechanical remodelling 
and elevated left ventricular filling pressures were associ-
ated with baseline myocardial fibrotic burden. Fibrotic pro-
gression over one year was associated with characteristics 
reflecting abnormal LV remodelling at baseline, however no 
baseline variables were identified that independently modi-
fied the treatment effect of pirfenidone in HFpEF.
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