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Aims To investigate the epidemiological and prognostic relationship between heart failure with preserved ejection fraction
(HFpEF) and left-sided valve surgery using all-cause mortality as a primary endpoint.
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Methods
and results

We studied a total of 973 patients, of whom 673 had undergone left-sided valve surgery (time from surgery
to enrolment 50± 30 months after valve surgery) and 300 patients with HFpEF without prior surgery served as
control group. Among patients after surgery, 67.4% fulfilled all criteria of HFpEF according to current guideline
recommendations, 20.6% had no heart failure (HF), and 12.0% had HF with mid-range or reduced ejection fraction
(HFmrEF/HFrEF). During 83± 39 months of follow-up, a total of 335 (34.4%) patients died. Compared to surgical
patients with no subsequent HF, patients with HFpEF and HFmrEF/HFrEF after surgery showed significantly higher
all-cause mortality rates [hazard ratio (HR) 1.80, 95% confidence interval (CI) 1.25–2.57, P = 0.001; and HR 1.86,
95% CI 1.16–2.98, P = 0.010, respectively]. This increased mortality rate was similar to the control HFpEF group
without surgery (HR 2.05, 95% CI 1.38–3.02, P< 0.001). Results remained consistent after adjustment for clinical
and imaging risk factors and when using the established HFA-PEFF risk score for HFpEF diagnosis. Notably, only
12.5% of HFpEF patients after surgery were diagnosed with HF despite regular follow-up visits by board-certified
cardiologists. In contrast, 92.1% of HFmrEF/HFrEF patients after surgery were diagnosed correctly.
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Conclusions Heart failure with preserved ejection fraction following left-sided valve surgery is highly prevalent, associated with
unfavourable outcomes, but rarely recognized.
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Introduction
Heart failure with preserved ejection fraction (HFpEF) is a clini-
cal condition with similar prevalence and prognosis as heart failure
with reduced ejection fraction (HFrEF), showing a 5-year mortal-
ity rate of up to 75%.1,2 Several risk factors have been linked to
the incidence of HFpEF, including older age, female sex, obesity,
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.. diabetes, coronary artery disease, and atrial fibrillation.3,4 Fur-

thermore, large cohort studies have identified several prognos-
tic markers in an effort to improve risk stratification in these
patients, including right ventricular (RV) function,5 diffuse left ven-
tricular (LV) fibrosis,6 LV end-diastolic pressure,7 and LV systolic
function.8 However, our understanding of the pathophysiology of
HFpEF is still incomplete as all large randomized clinical trials
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have failed to demonstrate a convincing survival benefit for any
specific treatment.9 Identifying different HFpEF phenotypes is of
great interest, as large HFpEF cohorts are typically comprised of
extremely heterogeneous populations. This has frequently been
cited as a reason why large trials have failed to show a morbid-
ity or mortality benefit for any particular pharmacotherapy in this
group.10

Patients with long-standing left-sided valve disease share many
features with HFpEF patients, including increased diffuse LV fibro-
sis, elevated LV filling pressures, diastolic dysfunction, and clinical
manifestations of heart failure.11,12 We previously demonstrated
that even after surgical repair of left-sided valve lesions, clinical
features consistent with HFpEF, including significant tricuspid regur-
gitation (TR) and RV dysfunction, persist and continue to impact
prognosis.11 Interestingly, similar risk factors have been proposed
for poor outcomes in patients after left-sided valve surgery11,13,14

and patients with HFpEF.5,8 From a pathophysiological perspective,
patients with HFpEF and those with valvular heart disease share
an increase in diffuse myocardial fibrosis which could explain the
link between these entities.15,16 However, there are no data on
the prevalence and independent prognostic impact of prior valve
surgery in patients diagnosed with HFpEF.

Methods
Study setting
All patients were recruited at the Vienna General Hospital, an academic
referral centre with a large multidisciplinary interventional valvular
heart disease unit and a dedicated programme for HFpEF. Patients were
recruited after left-sided valve surgery during their post cardiac surgery
visits in our outpatient clinic from January 2007 to January 2011.
Minimum time from valvular surgery to study inclusion was 6 months.
Preliminary results from this cohort have previously been published.11

Patients with severe mitral or aortic valve disease, including prosthesis
dysfunction, were excluded. In addition, patients with well-defined
HFpEF free of prior cardiac surgery were also recruited from our
dedicated outpatient clinic (December 2010 to January 2018) as a
control group to compare characteristics and outcomes with patients
after surgery.5,17

All participants provided informed consent and each study was
approved by our local institutional review board (EK 424/2007 and
796/2010).

Echocardiography
All patients underwent a full transthoracic echocardiogram performed
by a board certified sonographer or cardiologist. LV end-diastolic and
end-systolic volumes (LVEDV, LVESV) were assessed using Simpson’s
biplane method, and LV ejection fraction (LVEF) was calculated as
(LVEDV – LVESV)/LVEDV*100. Fractional area change (FAC) of the
right ventricle on a monoplane 4-chamber view and the tricuspid
annular plane systolic excursion (TAPSE) were used for RV functional
assessment, while area–length measurements were used for calcu-
lating left atrial volume indexed to body surface area (LAVi). Global
longitudinal strain (GLS) of the left ventricle was performed using a
4-, 3-, and 2-chamber view, where more negative values indicate better
longitudinal function. EchoPAC (GE Medical Systems) was used for ..
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.. GLS assessment. Additionally, we assessed the ratio between early
mitral inflow velocity and mitral annular early diastolic velocity (E/e′)
as well as the mitral annular plane systolic excursion (MAPSE) in
patients without prior mitral valve surgery. Presence and severity of
valvular lesions were classified in concordance with current guidelines,
in addition to other standard measures.18

Definition of heart failure
For this analysis, we defined HFpEF for all patients based on the most
recent guideline recommendation comprising of (i) signs and symp-
toms of HFpEF [e.g. New York Heart Association (NYHA) functional
class II or higher], (ii) LVEF ≥50%, (iii) elevated natriuretic peptide
levels, and (iv) at least one of the following: LV hypertrophy, left atrial
enlargement, or signs of diastolic dysfunction.1 HFrEF was defined as
presence of signs and symptoms of heart failure and an LVEF <40%.
HFmrEF was defined as LVEF between 40% to 50% in addition to signs
and symptoms of heart failure.1

In addition, we assessed the HFA-PEFF score, comprising functional,
morphological, and biomarker parameters, where a score ≥5 indicates
definite HFpEF, a score between 2–4 warrants further functional
testing, and a score ≤1 makes HFpEF unlikely.19

Outcome definition and follow-up
We used data from the national death registry to identify deceased
patients of the primary outcome of all-cause mortality. Follow-up data
were obtained from visits in our dedicated outpatient clinic or tele-
phone visits (in case of immobility) at regular 6-month intervals. Hos-
pital charts and electronical medical records were reviewed to identify
whether patients who fulfilled all criteria for the diagnosis of HFpEF,
as described above, were in fact diagnosed as heart failure patients.

Statistical analysis
We report mean and standard deviation for continuous parameters,
and total numbers and percent for categorial data. Comparisons
between two groups were performed using the Wilcoxon rank sum
test and chi-square test, as appropriate. We used the natural logarithm
of N-terminal pro-B-type natriuretic peptide (NT-proBNP) for all
statistical analyses for this parameter. For survival analysis, we used
Kaplan–Meier survival curves and the log-rank test to demonstrate
differences in event-free survival between groups. We used Cox
regression models to study the impact of presence and subtype of heart
failure after left-sided valve surgery, with adjustment for age, left atrial
size, RV FAC, prior coronary artery bypass grafting, and diabetes, as
these have been identified previously as independent predictors of the
primary outcome.11 Patients without heart failure after cardiac surgery
were used as a reference group. In addition, we performed a stepwise
regression model including all parameters with significant impact on a
univariable level (P< 0.10 and 0.05 for removal and addition to the
model, respectively). In a separate step, we performed adjustment
for age, sex, NT-proBNP levels, estimated glomerular filtration rate
(eGFR), as well as RV FAC.

In an exploratory step, we used the HFA-PEFF score as metric
variable and tested its association with all-cause mortality adjusting for
variables not reflected by the score, including age, sex, RV FAC, and
renal function.
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We used Stata 15.1 (StataCorp, College Station, TX, USA) for all
analyses and set the level of significance to an alpha of 0.05 unless stated
otherwise.

Results
Baseline characteristics
Initially, 977 patients were included, of whom four were excluded
due to severe mitral regurgitation at study recruitment after
surgery. Baseline characteristics of the final cohort (n = 973)
are displayed in Table 1. A total of 415 patients had undergone
isolated aortic valve replacement (AVR), 130 isolated mitral valve
replacement or repair (MVR/r), and 128 had multiple valve surgery.
Out of the 673 patients, 50± 30 months after left-sided valve
surgery, 453 (67.3%) fulfilled all criteria to establish the diagnosis
of HFpEF based on the European Society of Cardiology (ESC)
guidelines, 78 (11.6%) had HFmrEF or HFrEF, and 139 (20.7%)
were free of heart failure. The control group consisted of 300
consecutively recruited patients with HFpEF without prior cardiac
surgery. HFpEF was found in the majority of patients irrespective
of the type of prior cardiac surgery, with highest rates in patients
after MVR/r (73.8%), followed by multiple valve surgery (71.1%)
and AVR (64.1%). In contrast, HFrEF was most frequently found
after isolated AVR (8.4%) and was less prevalent after multiple valve
surgery (6.2%) or isolated MVR/r (3.8%). Online supplementary
Table S1 displays characteristics at study recruitment of the entire
cohort, stratified by whether patients had undergone valvular
surgery in the past, and presence of heart failure.

Table 1 further illustrates differences in baseline characteristics
stratified by type of valvular surgery. HFpEF patients without
cardiac surgery and patients after AVR were significantly older than
MVR/r patients (71.6± 8.3 and 72.3± 9.8 years old vs. 65.2± 12.7,
P< 0.001), and patients without surgery had a more unfavourable
cardiometabolic risk profile when compared to patients after AVR
and MVR/r (hypertension: 94.7% vs. 72.8% and 50.8%; diabetes 34%
vs. 19.3% and 13.1%; body mass index: 30.3± 6.7 vs. 27.7± 4.5
and 26.0± 4.4; P< 0.001 for all). Atrial fibrillation was present
in 55.7% of patients with HFpEF and no cardiac surgery and
57.8% after multiple valve surgery, which was significantly higher
when compared to patients after AVR (42.0%) or MVR/r (46.9%;
P< 0.001 across all). A total of 74% were on diuretic treatment,
which was highest in multiple valve surgery patients (92.9%),
followed by HFpEF without prior surgery (82.1%), MVR/r (72.0%),
and was lowest in patients after AVR (63.0%; P< 0.001 across all).

Only 12.5% of all patients with HFpEF after cardiac surgery
were labelled as heart failure patients, despite regular follow-ups
by board certified internists and/or cardiologists.

The HFA-PEFF score was 4.6±1.3 in patients after AVR,
4.8±1.4 after MVR/r, and 5.0±1.2 after multiple valve surgery.
The HFpEF control group (based on ESC guideline definition) pre-
sented with an HFA-PEFF score of 5.5± 0.9. Using an HFA-PEFF
score≥5 to define definite HFpEF, rates of definite HFpEF were
85.7% in the surgery-free control group, 51.1% after AVR, 58.5%
after MVR/r, and 67.2% after multiple valve surgery. Hence, a total
of 55.6% of all patients after left-sided surgery presented with an
HFA-PEFF score≥5. ..
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.. Table 2 presents data on patients with an HFA-PEFF score≥5
(n = 580) stratified by type of valvular surgery, after exclusion
of HFmrEF and HFrEF patients. Notably, patients after valvular
surgery and a high HFA-PEFF score presented with similar peak
TR velocities (P = 0.28), and E/e′ (P = 0.063, MVR/r patients
excluded) but distinctly different risk profiles in terms of their
comorbidities. HFpEF patients without prior surgery were more
obese (P< 0.001) more often had arterial hypertension (P< 0.001),
and were in more advanced NYHA functional class (P< 0.001).
Compared to HFpEF patients without prior surgery, those after
cardiac surgery had markedly higher natriuretic peptide levels
(P< 0.001). Left atrial size, however, was similar between HFpEF
patients without surgery and patients with HFpEF after AVR (LAVi:
39.3± 4.4 vs. 38.4± 5.2 mL/m2) whereas MVR/r and multiple valve
surgery patients presented with significantly more dilated left
atria (LAVi: 41.2± 6.2 and 44.4± 10.1 mL/m2, P< 0.001 across
all). LV longitudinal function was similar across all groups with
slightly worse function in patients after surgery (LV GLS for all:
−14.6± 3.9; P = 0.048 across all).

Outcome analysis
Out of 973 patients, 335 (34.4%) died during follow-up
(83.0± 39.5 months). Patients with HFpEF and HFrEF showed a
similar risk of all-cause mortality, which was significantly higher
than the risk of those patients who did not fulfil heart failure
criteria based on ESC guidelines (P< 0.001), and was comparable
to that of the control HFpEF group (Figures 1 and 2). When
compared to patients after cardiac surgery without heart failure
and after adjustment for previously reported risk factors,11 those
with HFpEF after surgery were at significantly higher risk for
the primary outcome [adjusted hazard ratio (HR) 1.58, 95%
confidence interval (CI) 1.03–2.41, P = 0.035] which was similar
to the HFpEF control group without cardiac surgery (adjusted
HR 1.76, 95% CI 1.11–2.77, P = 0.015). There was no significant
difference between patients with HFmrEF/HFrEF after surgery
as compared to post surgery patients free of heart failure in the
adjusted analysis (n = 81; adjusted HR 1.41, 95% CI 0.82–2.42,
P = 0.211).

Similar results were retrieved when using a stepwise approach
including all parameters with a significant impact on survival on
a univariable level (Table 3). In that analysis, HFpEF patients after
cardiac surgery and the HFpEF control group were at higher risk
for all-cause death when compared to surgery patients free of
heart failure (adjusted HR 1.79, 95% CI 1.18–2.72, P = 0.006,
and adjusted HR 1.69, 95% CI 1.08–2.65, P = 0021, respectively),
whereas HFrEF patients after surgery were at higher risk but did
not reach the level of significance (n = 81; adjusted HR 1.51, 95%
CI 0.88–2.58, P = 0.133).

In a separate model adjusting for age, sex, NT-proBNP levels,
eGFR, and RV FAC, results remained consistent (adjusted HR
for HFpEF following surgery and HFpEF without surgery: 1.51,
95% CI 1.04–2.45, P = 0.038, and 1.67, 95% CI 1.05–2.64,
P = 0.029, respectively, when compared to patients after cardiac
surgery without heart failure). Similarly, the HFA-PEFF score,
when adjusted for age, sex, RV FAC and eGFR, was significantly
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Table 1 Characteristics at study recruitment of the entire cohort and stratified by whether patients had undergone
valvular surgery in the past, including type of surgery

Total
(n = 973)

Missing
values

HFpEF
(ESC guideline)

Isolated
AVR

Isolated
MVR/r

Multiple valve
surgery

P-value

(%) (n = 300) (n = 415) (n = 130) (n =128)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Demographics and comorbidities
Age, years 70.1 (10.7) 0 71.6 (8.3) 72.3 (9.8) 65.2 (12.7) 64.7 (12.7) <0.001

Male sex 41.3% 0 29.7% 50.4% 46.9% 33.6% <0.001

BMI, kg/m2 28.0 (5.5) 0 30.3 (6.7) 27.7 (4.5) 26.0 (4.4) 25.7 (4.9) <0.001

Hyperlipidaemia 47.5% 0 54.7% 52.5% 32.3% 29.7% <0.001

Hypertension 73.9% 0 94.7% 72.8% 50.8% 52.3% <0.001

SBP, mmHg 139.8 (21.4) 7 140.5 (21.0) 138.4 (24.6) 136.3 (24.0) 132.1 (21.4) 0.47
DBP, mmHg 78.6 (12.5) 7 79.3 (12.5) 75.6 (12.1) 74.4 (13.6) 74.0 (9.2) 0.11

CAD 27.6% 0 26.7% 36.6% 16.9% 11.7% <0.001

CABG 9.8% 0 0.0% 18.8% 9.2% 3.9% <0.001

PM/ICD 11.6% 0 8.3% 8.7% 14.8% 26.5% <0.001

COPD 16.5% 6 30.1% 10.1% 8.6% 13.5% <0.001

Diabetes 22.4% 0 34.0% 19.3% 13.1% 14.8% <0.001

Atrial fibrillation 49.0% 0 55.7% 42.0% 46.9% 57.8% <0.001

NYHA class 0 <0.001

≤II 73.00% 36.50% 92.00% 84.30% 85.70%
≥III 27.00% 63.50% 8.00% 15.60% 14.30%

NT-proBNP, pg/mL 3101 (3822) 0 1579 (2413) 3938 (4500) 3643 (3743) 3472 (3144) <0.001

Ln (NT-proBNP) 7.3 (1.3) 0 6.8 (1.0) 7.6 (1.4) 7.6 (1.4) 7.5 (1.3) <0.001

eGFR, mL/min/1.73 m2 63.7 (19.8) 0 61.3 (22.2) 65.0 (17.8) 65.2 (20.6) 63.2 (18.7) 0.072
Heart failure diagnostics

Guideline HFpEF diagnosis <0.001

HFpEF 77.4% 100.0% 64.1% 73.8% 71.1%
HFmrEF 3.4% 0.0% 4.6% 3.8% 7.0%
HFrEF 4.9% 0.0% 8.4% 3.8% 6.2%

HFA-PEFF score 5.0 (1.3) 5.5 (0.9) 4.6 (1.3) 4.8 (1.4) 5.0 (1.2) <0.001

Definite HFpEF (≥5) 64.9% 85.7% 51.1% 58.5% 67.2%
Medication

Beta-blocker 74.2% 7 73.2% 86.4% 66.7% 85.7% 0.34
ACEi/ARB 31.2% 6 32.4% 36.4% 11.1% 21.4% 0.21

Oral anticoagulation 54.5% 5 58.9% 49.3% 50.3% 65.4% 0.057
Diuretic 74.0% 5 82.1% 63.0% 72.0% 92.9% <0.001

MRA 50.4% 5 65.0% 31.2% 50.6% 78.6% 0.003
Echo parameters

LVEDVi, mL/m2 49.6 (11.7) 0 44.7 (12.3) 50.2 (10.1) 53.2 (12.5) 54.7 (10.5) <0.001

RVEDD, mm 34.9 (6.4) 0 36.3 (7.2) 34.0 (5.7) 34.3 (5.5) 35.6 (6.6) <0.001

IVS, mm 12.7 (2.5) 0 12.9 (2.5) 13.1 (2.5) 12.6 (2.0) 11.7 (2.2) 0.007
LVEF, % 55.6 (8.6) 0 59.0 (7.7) 54.8 (9.2) 56.2 (7.2) 55.2 (8.1) <0.001

LV GLS, % −14.2 (4.0) 5 −15.2 (3.8) −13.1 (4.3) −13.3 (3.7) −13.7 (3.8) <0.001

RV FAC, % 45.4 (11.3) 10 45.5 (12.7) 47.1 (9.9) 43.7 (10.8) 41.9 (10.6) <0.001

TAPSE, mm 17.0 (5.5) 8 19.4 (6.3) 16.4 (4.8) 15.9 (5.1) 15.0 (3.9) <0.001

LAVi, mL/m2 38.4 (6.5) 0 38.9 (4.5) 36.4 (5.4) 39.4 (7.0) 42.9 (9.7) <0.001

MAPSE, mm 13.7 (3.8) 8 13.3 (3.0) 14.6 (4.5) 0.12
E/e′ 13.4 (5.3) 10a 12.9 (5.2) 16.1 (5.8) 0.06
E 0.99 (0.30) 6a 0.99 (0.30) 0.99 (0.23) 0.13
e′ 0.08 (0.02) 10a 0.08 (0.02) 0.07 (0.02) 0.64
Peak TR velocity, m/s 2.97 (0.54) 15 3.14 (0.69) 2.86 (0.46) 2.96 (0.44) 3.05 (0.53) <0.001

TR severity 0 <0.001

Mild 77.00% 79.00% 79.90% 82.80% 57.50%
Moderate 14.50% 10.90% 15.40% 8.60% 27.40%
Severe 8.50% 10.00% 4.70% 8.60% 15.10%

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; AVR, aortic valve replacement; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery
disease; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; E/e′ , ratio between early mitral inflow velocity and mitral annular early diastolic velocity; eGFR, estimated glomerular
filtration rate; ESC, European Society of Cardiology; FAC, fractional area change; GLS, global longitudinal strain; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved
ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter-defibrillator; IVS, interventricular septum; LAVi, left atrial volume indexed to body surface area; Ln,
natural logarithm; LV, left ventricular; LVEDVi, left ventricular end-diastolic volume indexed to body surface area; LVEF, left ventricular ejection fraction; MAPSE, mitral annular plane systolic excursion;
MRA, mineralocorticoid receptor antagonist; MVr, mitral valve repair; MVR, mitral valve replacement; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PM,
pacemaker; RV, right ventricular; RVEDD, right ventricular end-diastolic diameter; SBP, systolic blood pressure; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.
aPercent of missing values refer to patients who did not had undergone mitral valve surgery.

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Characteristics at study recruitment of patients with a HFA-PEFF score≥5, stratified by whether patients
had undergone valvular surgery in the past, including type of surgery

Total
(n = 580)

HFpEF
(ESC guideline)

Isolated
AVR

Isolated
MVR/r

Multiple valve
surgery

P-value

(n = 257) (n = 181) (n = 67) (n = 75)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Demographics and co-morbidities
Age, years 71.8 (9.9) 71.9 (8.1) 75.4 (8.2) 67.9 (12.2) 66.1 (12.5) <0.001

Male sex 33.1% 28.4% 35.4% 44.8% 33.3% 0.069
BMI, kg/m2 28.4 (5.7) 30.1 (6.6) 27.7 (4.3) 26.7 (4.3) 25.8 (5.4) <0.001

Hyperlipidaemia 47.8% 54.1% 49.7% 35.8% 32.0% 0.001

Hypertension 81.2% 94.9% 80.7% 58.2% 56.0% <0.001

SBP, mmHg 139.6 (21.1) 140.0 (20.6) 138.9 (25.1) 138.1 (23.7) 133.6 (24.1) 0.81

DBP, mmHg 78.2 (12.3) 78.9 (12.3) 75.3 (11.1) 74.1 (13.1) 71.7 (9.3) 0.089
CAD 27.9% 25.7% 41.4% 17.9% 12.0% <0.001

CABG 8.6% 0.0% 24.9% 3.0% 4.0% <0.001

PM/ICD 12.9% 7.4% 11.7% 22.8% 29.7% <0.001

COPD 20.0% 30.5% 11.1% 9.1% 15.1% <0.001

Diabetes 24.0% 31.1% 19.3% 14.9% 18.7% 0.004
Atrial fibrillation 55% 62% 45% 48% 58% <0.001

NYHA class <0.001

≤II 63.6% 36.6% 88.9% 78.4% 80.8%
≥III 36.5% 63.4% 11.1% 21.5% 19.2%

NT-proBNP, pg/mL 2799 (3751) 1671 (2543) 3678 (4666) 4049 (4456) 3521 (3057) <0.001

eGFR, mL/min/1.73 m2 62.0 (19.9) 61.7 (22.4) 60.5 (15.6) 62.9 (22.1) 66.0 (17.8) 0.25
Heart failure diagnostics

HFA-PEFF score 5.8 (0.4) 5.9 (0.3) 5.7 (0.5) 5.8 (0.4) 5.7 (0.4) <0.001

Echo parameters
LVEDVi, mL/m2 48.6 (12.1) 44.9 (12.4) 48.5 (9.4) 54.8 (13.4) 55.1 (11.0) <0.001

RVEDD, mm 35.5 (6.6) 36.6 (7.0) 34.1 (6.0) 34.7 (5.5) 36.1 (6.7) <0.001

IVS, mm 12.7 (2.4) 12.8 (2.5) 12.9 (2.5) 12.6 (2.0) 11.8 (2.2) 0.13
LVEF, % 58.2 (5.6) 59.6 (7.5) 57.5 (5.1) 58.5 (4.9) 58.2 (4.6) 0.046
LV GLS, % −14.6 (3.9) −15.2 (3.8) −13.7 (4.5) −13.5 (2.9) −14.0 (3.8) 0.048
RV FAC, % 44.5 (11.7) 45.2 (12.6) 45.7 (9.8) 41.8 (12.1) 41.2 (10.7) 0.012
TAPSE, mm 17.5 (5.7) 19.5 (6.3) 16.4 (4.5) 15.7 (5.1) 14.9 (3.4) <0.001

LAVi, mL/m2 39.9 (6.2) 39.3 (4.4) 38.4 (5.2) 41.2 (6.2) 44.4 (10.1) <0.001

MAPSE, mm 13.8 (3.5) 13.3 (3.1) 15.4 (3.8) 0.013
E/e′ 13.1 (5.1) 12.9 (5.2) 14.5 (4.2) 0.063
E 0.99 (0.30) 0.99 (0.30) 0.98 (0.24) 0.16
e′ 0.08 (0.02) 0.08 (0.02) 0.08 (0.02) 0.94
Peak TR velocity, m/s 3.12 (0.55) 3.16 (0.69) 3.08 (0.46) 3.06 (0.39) 3.20 (0.52) 0.28
TR severity <0.001

Mild 73.0% 78.5% 68.5% 75.0% 55.2%
Moderate 17.0% 11.0% 23.6% 13.9% 32.7%
Severe 10.1% 10.5% 7.8% 11.1% 12.2%

AVR, aortic valve replacement; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease;
DBP, diastolic blood pressure; E/e′ , ratio between early mitral inflow velocity and mitral annular early diastolic velocity; eGFR, estimated glomerular filtration rate;
ESC, European Society of Cardiology; FAC, fractional area change; GLS, global longitudinal strain; HFpEF, heart failure with preserved ejection fraction; ICD, implantable
cardioverter-defibrillator; IVS, interventricular septum; LAVi, left atrial volume indexed to body surface area; LV, left ventricular; LVEDVi, left ventricular end-diastolic volume
indexed to body surface area; LVEF, left ventricular ejection fraction; MAPSE, mitral annular plane systolic excursion; MVr, mitral valve repair; MVR, mitral valve replacement;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PM, pacemaker; RV, right ventricular; RVEDD, right ventricular end-diastolic
diameter; SBP, systolic blood pressure; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.

associated with all-cause mortality (adjusted HR 1.16, 95% CI
1.03–1.31, P = 0.015).

Discussion
Our understanding of the pathogenesis of HFpEF, which affects
millions of patients worldwide and is associated with significant ..
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..
..

..
..

..
. morbidity and mortality, is still limited. Several HFpEF phenotypes

have been proposed, however, a subgroup benefitting from a
specific treatment has not yet been identified. We report two
main findings: (i) after left-sided heart valve surgery, two thirds
of patients present with HFpEF late after surgery, and (ii) while
HFpEF in these patients significantly impacts survival, it is rarely
diagnosed.
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Figure 1 Kaplan–Meier estimates demonstrating lower survival rates in individuals who were diagnosed with heart failure with preserved
ejection fraction (HFpEF) or heart failure with mid-range/reduced ejection fraction (HFmrEF/HFrEF) after left-sided valve surgery when
compared to those free of heart failure (HF) after left-sided valve surgery and a HFpEF control group free of any cardiac surgery (log-rank,
P≤ 0.001).
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Figure 2 After left-sided cardiac surgery, heart failure with preserved ejection fraction (HFpEF) was observed in 67.3% of patients and shared
similar mortality rates, as compared with a well-defined HFpEF cohort free of cardiac surgery. HF, heart failure; HFmrEF, heart failure with
mid-range ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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Table 3 Cox regression demonstrating the association of variables at study recruitment with all-cause mortality

Univariable Multivariablea
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Crude HR (95% CI) P-value Adjusted HR (95% CI) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Clinical data
Age 1.06 (1.05–1.08) <0.001 1.05 (1.02–1.08) 0.003
Male sex 0.88 (0.70–1.09) 0.236
BMI 0.99 (0.97–1.11) 0.342
Atrial fibrillation 1.46 (1.18–1.88) 0.001

Diabetes 1.67 (1.31–2.12) <0.001 1.82 (1.02–3.23) 0.044
Hypertension 1.91 (1.45–2.51) <0.001

Hyperlipidaemia 1.17 (0.95–1.45) 0.150
CAD 1.68 (1.34–2.10) <0.001

COPD 1.90 (1.47–2.46) <0.001

NYHA class 1.59 (1.40–1.80) <0.001 1.53 (1.07–2.21) 0.021

CABG 1.72 (1.28–2. 30) <0.001

eGFR 0.98 (0.97–0.99) <0.001

NT-proBNP (log) 1.14 (1.05–1.24) 0.002
Imaging data

LVEDVi 0.99 (0.98–1-004) 0.220
RVEDD 1.04 (1.02–1.06) <0.001

LAVi 1.05 (1.03–1.06) <0.001 1.05 (1.02–1.08) 0.001

RA diameter 1.03 (1.02–1.04) <0.001

LVEF 0.99 (0.98–1.04) 0.190
RV FAC 0.97 (0.96–0.98) <0.001 0.97 (0.95–0.99) 0.044
TR≥moderate 1.89 (1.34–2.67) <0.001

Peak TR velocity 2.13 (1.67–2.72) <0.001

HF/surgery group
Surgery, no HF Reference Reference
Surgery, HFmrEF/HFrEFb 1.86 (1.16–2.98) 0.010 1.51 (0.88–2.58) 0.133a

Surgery, HFpEF 1.80 (1.25–2.57) 0.001 1.79 (1.18–2.72) 0.006
HFpEF control 2.05 (1.38–3.02) <0.001 1.69 (1.08–2.65) 0.021

BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; eGFR,
estimated glomerular filtration rate; FAC, fractional area change; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved
ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; LAVi, left atrial volume indexed to body surface area; LVEDVi, left ventricular end-diastolic
volume indexed to body surface area; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; RV, right ventricular; RVEDD, right
ventricular end-diastolic diameter; TR, tricuspid regurgitation.
aMultivariable analysis is based on a stepwise approach including variables with significant impact (P< 0.005) on outcome at a univariable level.
bNote limited number (n = 81) of patients with HFmrEF/HFrEF.

The pathophysiology of HFpEF is incompletely understood but
diffuse myocardial fibrosis has been proposed as one of the
key mechanisms. Indeed, patients with HFpEF were found to
have increased extracellular matrix when compared to controls,
which also has independent prognostic information.15 Further-
more, cardiometabolic alterations and female sex were identi-
fied as risk factors for the development of HFpEF.3,4 Similarly,
extracellular matrix alterations are well characterized in patients
with left-sided valvular heart disease. These may impact systolic
and – especially – diastolic function. Impaired ventricular relax-
ation was described as early as the 1980s in patients with aortic
stenosis.20 More recent advances in cardiovascular imaging, such as
parametric mapping on cardiovascular magnetic resonance (CMR)
imaging, have allowed non-invasive quantification of extracellular
alterations in the myocardium. Indeed, Treibel et al.16 demon-
strated that myocardial fibrosis, quantified using CMR, persists even
after AVR in patients with severe aortic stenosis. Similarly, diffuse ..
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.. myocardial fibrosis could be detected in patients with severe mitral

regurgitation21 and was also proposed as a marker for prognosti-
cation in this group.22 Our finding of high filling pressures as sug-
gested by echocardiography and also high natriuretic peptide levels
in patients after surgery may be explained by irreversible remod-
elling prior to surgery.

Following the concept of increased stiffening of the left ventricle
by diffuse fibrosis, another key pathomechanistic feature of HFpEF
is the development of postcapillary pulmonary hypertension.
Although pulmonary vascular resistance may remain moderately
elevated, long-standing alterations of RV afterload lead to higher
incidence of severe TR in HFpEF cohorts.23 Similarly, RV afterload
is elevated both in aortic and mitral valve disease, and both valvular
lesions are accompanied by TR in more advanced stages.

The definition of HFpEF is of critical importance in the context
of our study cohort as the current guideline definition rely on
increased left atrial size and natriuretic peptide levels which may

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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have to be interpreted differently in patients who have undergone
cardiac surgery in their past. Especially in patients long after mitral
valve surgery, high rates of HFpEF are likely due to left atrial
enlargement in these patients. However, even when applying the
more advanced HFpEF definition based on the HFA-PEFF score,
our key findings remained unchanged.

Of note, a decrease of longitudinal LV function has been
described following open-heart surgery which may contribute to
our findings.24 In our cohort, MAPSE was not different between
subgroups and LV GLS was comparable across groups with a high
HFA-PEFF score. Also, postoperative systolic blood pressure plays
a crucial role for regression of LV remodelling.25 In our cohort,
blood pressure levels were comparable across all subgroups.

As we have previously shown,11 a substantial proportion of
patients present with significant TR much later after left-sided
valve surgery. In the present cohort of patients after left heart
valve surgery, at least moderate TR was found in one out of five
patients. Although our cohort after left-sided valve surgery lacked
invasive haemodynamic assessments, presence of at least moderate
TR and sonography-derived systolic pulmonary artery pressures
demonstrated similar features with HFpEF.

Our findings that two out of three patients after left-sided
valve surgery present with HFpEF late after surgery, which is an
independent harbinger of risk, may reflect the persistence of diffuse
fibrosis resulting in diastolic dysfunction and may be the key link
between these two common disease entities.

Patients with HFpEF after cardiac surgery and those without
prior cardiac surgery share many features but our study also
highlights important differences between the two entities. The
younger age, less female predominance, but higher natriuretic
peptide levels despite similar RV function in post-surgery HFpEF
patients suggest that these may represent different phenotypes
of a heterogeneous disease. The almost identical event rates
between HFpEF and HFrEF after cardiac surgery and the HFpEF
control group further strengthen our findings. The lack of statistical
significance for patients with HFrEF after surgery may be due to a
limited sample size of that specific group and may also be influenced
by optimal medical treatment.

Although limited data on long-term prognostication are available
in patients late after left-sided valve surgery, several studies report
similar predictors of outcome when compared to large HFpEF
cohorts. These include RV dysfunction5,11 and LV GLS8,26 despite
preserved LVEF. These previous reports are consistent with results
of this study.

Future outlook
Our findings are novel as they suggest high prevalence of HFpEF
following left-sided valve surgery. Physicians treating patients after
left-sided valve surgery should especially be aware of the high rate
of HFpEF among these patients, and the association with poor out-
comes. Although at the time of this publication specific treatment
for these patients is lacking, this remains an active area of research
with several large scale trials focusing on therapeutic options for
the HFpEF population such as the phase 3 DELIVER study. ..
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.. Limitations
Several limitations merit comment. Our study comprises two
well-defined cohorts of patients after left-sided valve surgery and
HFpEF in a large single centre setting. While a centre specific selec-
tion bias must be taken into account, our homogeneous patient
population allowed for steady recruitment and consistent work-up
throughout the enrolment process. Preoperative data, including
atrial fibrillation, were not available to assess all components of
the HFA-PEFF score prior to surgery. In patients after cardiac
surgery, no stress or invasive testing was available in uncertain
cases when applying the HFA-PEFF score (score 2–4), which would
better explain discrepant cases of HFpEF using different defini-
tions. Also, data on long-term use of vitamin K antagonists are
not available, which could contribute to arterial stiffness and dias-
tolic dysfunction.27 Our dataset furthermore lacks information on
pre- and postoperative conduction defects and use of biventricular
pacing, which may impact results. Lastly, routine invasive haemody-
namic assessment and CMR imaging was not available in all patients
after left-sided valve surgery to definitely report on the incidence of
post-capillary pulmonary hypertension or changes in extracellular
volume in these patients, respectively.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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