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ABSTRACT

Objective To assess current management practice of
heart failure with reduced ejection fraction (HFrEF) in
multinational primary care (PC) and determine whether
N-terminal-pro-B-type natriuretic peptide (NT-pro-BNP)-
guided referral of HFrEF patients from PC to a cardiologist
could improve care, defined as adherence to European
Society of Cardiology (ESC) guideline-recommended
pharmacotherapy.

Methods PRospective Evaluation of natriuretic peptide-
based reFERral of patients with chronic HF in PC (PREFER)
study enrolled HFrEF patients from PC considered clinically
stable and those with NT-pro-BNP >600 pg/mL were
referred to a cardiologist for optimisation of HF treatment.
The primary outcome of adherence to ESC HF guidelines
after referral to specialist was assessed at the second visit
within 4 weeks of cardiologist’s referral and no later than
6 months after the baseline visit. Based on futility interim
analysis, the study was terminated early.

Results In total, 1415 HFrEF patients from 223 PCs from
18 countries in Europe were enrolled. Of these, 1324
(96.9%) were considered clinically stable and 920 (65.0%)
had NT-pro-BNP >600 pg/mL (mean: 2631 pg/mL). In
total, 861 (60.8%) patients fulfilled both criteria and were
referred to a cardiologist. Before cardiologist consultation,
10.1% of patients were on ESC guideline-recommended
HFrEF medications and 2.7% were on recommended
dosages of HFrEF medication (defined as >50% of ESC
guideline-recommended dose). Postreferral, prescribed
HFrEF drugs remained largely unchanged except for

an increase in diuretics (+4.6%) and mineralocorticoid
receptor antagonists (+7.9%). No significant increase

in patients’ adherence to guideline-defined drug
combinations (11.2% post-referral vs 10.1% baseline)

or drug combinations and dosages (3.3% postreferral

vs 2.7% baseline) was observed after cardiologist
consultation.

Conclusions PREFER demonstrates substantial
suboptimal treatment of HFrEF patients in the real world.
Referral of patients with elevated NT-pro-BNP levels from
PC to cardiologist did not result in meaningful treatment
optimisation for treatments with known mortality and
morbidity benefit.

Key questions

What is already known about this subject?

» Despite considerable advances in the pharmaco-
logical and non-pharmacological treatment of heart
failure (HF) over the last two to three decades, the
mortality and morbidity remains high. In part, this
can be due to the ‘implementation gap’ between
guideline recommendations and clinical practice.
In the majority of European countries, most patients
with HF in primary care are managed by general
physicians in concert with cardiologists. Previous
studies have shown that HF diagnosis and man-
agement in primary care often remains inadequate,
especially in patients perceived as clinically stable.

What does this study add?

» N-terminal-pro-B-type natriuretic peptide (NT-pro-
BNP) is a good prognostic marker to predict all-
cause and cardiovascular death in stable patients
with HF and may offer a means of identifying patients
at higher risk of adverse outcomes. PRospective
Evaluation of natriuretic peptide-based reFERral of
patients with chronic HF in primary care is one of
the few studies that uses a biomarker-based (NT-
pro-BNP) approach as a clinical tool for referral of
HF with reduced ejection fraction (HFrEF) patients
from primary care to cardiologists. However, referral
of patients with considerable elevated NT-pro-BNP
levels from primary care to cardiologists did not
result in meaningful treatment optimisation by the
cardiologists.

How might this impact on clinical practice?

» Despite well-defined guidelines for the treatment
of HFrEF, adherence to recommendations is often
below par, leading to suboptimal management of
patients. For this reason, strategies to improve ad-
herence to evidence-based therapies are needed.

INTRODUCTION

Heart failure (HF) is a leading cause of
mortality and morbidity and is associated with
significant socioeconomic burden.' Despite

BM]

Hobbs FDR, et al. Open Heart 2021;8:6001630. doi:10.1136/0penhrt-2021-001630

QE——

"ybuAdoo Aq parosiold 1senb Ag TZ0Z ‘TZ JoqWaAON uo /wod (g ueayusdoy/.diy woly papeojumod "TZ0Z 19g0190 0Z U0 0£9T00-T202-HYuado/9eTT 0T Se paysiignd 1siy :uesH uado


http://www.bcs.com
http://openheart.bmj.com/
http://dx.doi.org/10.1136/openhrt-2021-001630
http://dx.doi.org/10.1136/openhrt-2021-001630
http://orcid.org/0000-0001-7976-7172
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2021-001630&domain=pdf&date_stamp=2021-010-19
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/
http://openheart.bmj.com/

Open Heart 8

considerable advances in HF pharmacological and non-
pharmacological treatment, mortality and morbidity
remain high,? perhaps partially due to an ‘implementa-
tion gap’ between guideline recommendations and clin-
ical practice.3 HF diagnosis and treatment in primary
care (PC) often remains inadequate.”* A half-day training
session for PC physicians (PCPs) did not improve the
evidence-based drug treatment of HF with reduced ejec-
tion fraction (HFrEF).?

Undertreatment or non-compliance with guideline-
directed medical therapy (GDMT) is a leading cause
of hospitalisation.6 In patients with HF managed by
cardiologists and at specialised HF outpatient clinics,
improved adherence to HF guidelines is associated
with decreased HF severity, long-term mortality7 and
prevention of acute HF admissions.” Contemporary
data on patients with HF managed by PCPs are scarce,
but adherence is lower among patients managed
by PC centres compared with cardiology specialty
centres.**7?

Patients with HF are often considered clinically stable
if they show no signs and symptoms of a worsening
disease state. In the 2016 European Society of Cardi-
ology (ESC) guidelines for the diagnosis and treat-
ment of acute and chronic HF, clinically stable HFrEF
are recommended (level I-A) concomitant treatment
with a b-blocker and an ACE inhibitor (ACEI), or an
angiotensin receptor blocker (ARB) if an ACEI is not
tolerated. In patients who remain symptomatic and
have a left ventricular ejection fraction (LVEF) <35%, a
mineralocorticoid receptor antagonist (MRA) is recom-
mended to be added (level I-A).*'* As HF is a progres-
sive disease, it may be desirable to identify patients
who are suboptimally treated and thus at higher risk
of decompensation, despite appearing ‘clinically
stable’.' N-terminal-pro-B-type natriuretic peptide
(NT-pro-BNP) is a prognostic biomarker of all-cause
and cardiovascular death in stable patients with HF'
and may support to identify patients at higher risk of
adverse outcomes.

Visit 1 (Baseline)

Referral of selected patients with HF from PC to cardi-
ologists could improve adherence to GDMTs, resulting
in better clinical outcome. To test this hypothesis, we
assessed whether one time referral of clinically stable,
high-risk HFrEF patients (with elevated NT-pro-BNP)
from PCPs to cardiologist across Europe would lead
to treatment optimisation. Here treatment optimisa-
tion was defined as adherence to HF treatment recom-
mendations per ESC guidelines. In addition, data from
this study were used to understand demographic, clin-
ical and treatment characteristics of clinically stable
patients with HF with elevated NT-pro-BNP levels who
are managed in the PC setting across Europe.

METHODS

Study design

The PRospective Evaluation of natriuretic peptide-based
reFERral of patients with chronic HF in PC (PREFER)
trial (NCT02807857) was an international, prospec-
tive study enrolling HFrEF patients (LVEF <40%) from
223 PC settings in 18 countries in Europe. The study
enrolled consecutive adult HFrEF patients (evidence of
LVEF <40% at any point in the patient’s medical history)
routinely visiting their PCPs (enrolled set) (online supple-
mental material, inclusion) /exclusion criteria, enrolled
set). All patients provided signed informed consent prior
to collection of any data. All PCPs and cardiologists were
aware that their therapy decisions were being monitored.
The study was conducted in compliance with Good Clin-
ical Practice and according to the ethical principles laid
down in the Declaration of Helsinki.

The study composed of three visits to PCPs over a
maximum period of 10 months (figure 1). Patients
assessed by PCPs as clinically stable (whose PCP did not
consider it necessary to amend the ongoing HFrEF treat-
ment during baseline visit and whose HFrEF treatment
had not changed in the 3 months before the baseline
visit) and with NT-pro-BNP =600 pg/mL were referred to
a cardiologist and were followed up till the end of study

Visit 2 (Post-referral)

H No 1 . -
1] L} L} 7
: <600 pg/mL : : N
: [ : . »
H : >
Clinically | Yes, | NT-proBNP | 2600 pg/mL , | Cardiologist ! Modification of HF : NT-proBNP =
stable* 7| Measurement ” referral > , treatment as per : Measurement 7]
: specialist's : e
: ! recommendation at ! &0
: : PCP’s discretion : ©
: «------ <4 weeks ------- » : =
: : ! T}
E( ---------------------------- <B mMONthS === ==mmmmmmmmm e »i----- 3—4 months ------ >
E( -------------------------------------- <10 months prospective period === === === mmmm e e

Figure 1 Study design. *Where the PCP did not consider it necessary to amend the ongoing HFrEF treatment during baseline
visit and whose HFrEF treatment had not changed in the 3 months prior to the baseline visit. HF, heart failure; HFrEF, heart
failure with reduced ejection fraction; NT-pro-BNP, N-terminal-pro-B-type natriuretic peptide; PCP, primary care physician.
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Table 1
Guideline level

Definitions of levels of guideline adherence*

Postreferral visit

Treatment with onet ACEI+q or onet ARBZ, in
combination with onet3-blocker and onet MRA for
patients with an LVEF <35% at baseline visit

Treatment with onet ACEI+q] or onet ARBZ, in
combination with onet B-blocker without treatment with
an MRA for patients with an LVEF >35% at baseline visit
Level 2. Drug type and  Guideline adherent with respect to drug types and

dose dosage of all respective guideline drugs >50% of the
recommended target dose§

Level 1. Drug types

*As recommended by the ESC HF guidelines available at the time of
patient recruitment.

TExactly one.

FOnly drugs with indication for treatment of HF were considered

as according to guidelines. Any use of a drug from the respective
class with no indication for HF led to treatment classification as non-
adherent.

§In case a recommended target dose of an HF medication could not
be defined, the criterion for guideline adherence with respect to drug
dose was considered as fulfilled for this drug (independent from the
actual dose).

JJAlternatively: sacubitril/valsartan.

ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; ESC,
European Society of Cardiology; HF, heart failure; LVEF, left ventricular
ejection fraction; MRA, mineralocorticoid receptor antagonist.

(follow-up set). In the referral letter, the PCP specified
that the patient had stable HFrEF and that the referral
was based on the specified NT-pro-BNP level. The cardi-
ologist was requested to assess the patient for potential
treatment optimisation.

Study outcomes

The primary study objective was to assess whether
NT-pro-BNP measurement-guided cardiologist referral of
chronic HFrEF patients, otherwise considered clinically
stable by their PCPs, would lead to optimisation of HFrEF
treatment as recommended in ESC HF guidelines. Two
levels of guideline adherence were used for the analysis
(table 1). Guideline adherence was defined as prescrip-
tion of HFrEF indicated drugs (level I-A) for a given
patient’s clinical status at a dose 250% of ESC guideline-
recommended daily dose. Only pharmacotherapies
with established HF disease-modifying doses based on
randomised clinical trials (RCTs) in HFrEF as defined in
the 2016 ESC HF guidelines2 and/or with an HFrEF indi-
cation (drugs recommended for the treatment of HFrEF
by the ESC guidelines) were considered relevant for the
primary analysis. The cardiologist’s advice was analysed
within the follow-up set (online supplemental informa-
tion) on cardiologist’s advice). The primary outcome
of adherence to ESC HF guidelines after referral to
specialist was assessed at visit 2 (within 4 weeks of cardiol-
ogist’s referral and no later than 6 months after the base-
line visit).

A key secondary objective of the study was to document
the current PC management practice of HFrEF patients
(online supplemental table S1). The HF treatment was
analysed by assessing prescription rates for HF treatments
derived from the patient’s PC chart.

HF hospitalisation history and emergency department
admissions due to HF over the 12 months before baseline
were recorded. All adverse events (AEs) and serious AEs
(SAEs) were documented.

Statistical analysis

The enrolled set comprised all eligible patients entering
the study. The follow-up set comprised patients entering
the prospective period of the study (patients referred to
the cardiologist). Patients considered not clinically stable
and/or with NT-pro-BNP <600pg/mL did not enter
the prospective period and so were excluded from the
follow-up set, but their baseline information was docu-
mented and analysed as part of the enrolled set. The
primary analysis on guideline adherence level 1 was
performed by estimating the proportion of patients who
were switched to an ESC guideline recommendation-
adherent regimen after referral to a cardiologist. Respec-
tive frequency distributions of guideline adherence were
provided for the follow-up set for every visit. LVEF values
were not available for all patients judged by their PCPs as
having HFrEF at baseline. Therefore, a sensitivity analysis
was conducted wherein missing values for LVEF at base-
line were replaced by “>35’. Further, adherence to ESC
HF guideline recommendations was also assessed without
considering use of MRAs. For the enrolled set, adherence
to ESC HF guidelines was analysed and further stratified
by inclusion into the prospective period of the study. As
some drugs within ACEIs, ARBs and B-blockers do not
have an HFrEF indication and/or are lacking evidence of
efficacy/dose information in HFrEF (moexipril, zofeno-
pril (both ACEIs); eprosartan, irbesartan, olmesartan
medoxomil, telmisartan (all ARBs); and atenolol, betax-
olol, sotalol (all B-blockers)), additional sensitivity anal-
yses were performed for drugs regardless of HFrEF
indication/evidence. nQuery Advisor V.7.0 was used for
sample size calculations. Previous studies estimated that
adherence to ESC guideline-recommended HF drug dose
for patients with CHF managed by PCPs increased from
20% to 80% following referral to a cardiologist.* *?? 1% 12
Based on this, 2160 patients would be required to enter
the prospective period of the study in order to estimate
treatment optimisation in 25% of patients with a preci-
sion of +2% using a 95% CI, and a subgroup analysis with
a precision of +5%. After adjusting for the number of
patients with NT-pro-BNP 2600 pg/mL at baseline and
a 10% drop-out rate, we planned to enlist 4000 patients
with ~2400 patients estimated to enter the prospective
period (follow-up set).

Interim analysis

An interim analysis was performed on 1 February 2018,
with the first 1041 patients included, 629 of whom had
entered the prospective period. As the assumptions for
the sample size calculation were based on small datasets
bound with uncertainty, the interim analysis aimed to
assess whether statistical assumptions for the study were
appropriate and to perform an analysis for the primary
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Recruited patients
(n=1431)

Enrolled set
(n=1415)

(Excluded (n=16)
Missing baseline characteristics (n= 11)
Missing IC (n=4)

L Both (n=1)

48 clinical status missing

457 patients not suitable for interventional
\period (NT-proBNP < 600pg/ml)

i

(43 patients not clinically stable ]
|

Clinically stable Patients with NT-proBNP
(n=1324) 2600pg/mL (n=920)

‘(3 patients not referred

—/

Discontinued (n=184)
Study termination (n=131)
Death (n=27)

Withdrawal of IC (n=8)

{ Lost to follow-up (n=7)

cardiologist (n=861)
(Follow-up set)

b

Patients reffered to [

Physician’s decision (n=6)
AEs (n=3)
Relocation (n=2)

Completed
(n=559)

Figure 2 Patient disposition. Few patients were either ‘not
clinically stable’ or clinical stability data were missing (but
had increased NT-pro-BNP levels). AEs, adverse events;

IC, informed consent; NT-pro-BNP, N-terminal-pro-B-type
natriuretic peptide.

objective. The interim analysis showed no increase in
adherence to ESC guidelines among patients referred
to cardiologists. Based on this, a decision to prematurely
terminate the study was taken by the sponsor in collabo-
ration with the study steering committee.

RESULTS

Patient disposition

Due to early termination of the study, only 1415 of the
planned ~4000 patients were enrolled. Patient disposition
is summarised in figure 2. Both criteria (NT-pro-BNP and
clinical stability) were fulfilled by 864 patients, of whom
861 had been referred to a cardiologist. The country-
specific analysis set is given in online supplemental
table S2. The baseline prevalence of comorbid diseases
is presented in online supplemental table S3; hyperten-
sion (74.2% (1047/1415)) was the most common comor-
bidity.

Demographic and other baseline characteristics

Most patients were male (69.2%), mean age was 69.8
years, and the average HFrEF duration was more than 6
years. Atbaseline, most patients (60.9%) had an ischaemic
HF aetiology (table 2). Most patients at baseline were in
New York Heart Association (NYHA) functional class II
(table 2). Mean heart rate was ~72bpm and mean systolic
blood pressure (BP)/diastolic BP and renal function at
baseline (assessed by estimated glomerular filtration rate
(eGFR)) were similar in the overall cohort and those
referred to cardiologists (table 2). As per study design,
NT-pro-BNP levels were substantially lower in patients
not referred to cardiologists. Of note, 50% of referred
patients had an NT-pro-BNP level >2000 pg/mL (table 2).
In the 12 months before the study, 44.4% (628/1415) of
patients had visited an HF outpatient clinic or a cardiol-
ogist an average of 2.1 times (online supplemental table
S4). LVEF was assessed at visits 1, 2, and 3. At visit 2, echo-
cardiograms were requested mainly by the cardiologist

for 30.3% of patients. At visit 3, echocardiograms were
less frequently performed (9.2%). For patients where
echocardiogram was performed, mean LVEF was <40%
at visits 2 and 3 (online supplemental table S5).

Primary outcomes

At the baseline, 279 patients could not be classified
according to adherence in the follow-up set due to missing
LVEF values, and the analysis included 582 patients. At
baseline visit, 10.1% (59,/582) of patients in the follow-up
set were on guideline-adherent treatment with respect
to drug types (level 1) and 2.7% (16/582) with respect
to drug types and drug dose (level 2) (figure 3). Postre-
ferral, 15 (3.3%, 95% CI 1.8% to 5.4%) patients who were
on non-adherent guideline treatment at baseline became
adherent at level 1, whereas 4 (0.8%, 95%CI 0.2%
to 2.1%) patients who were non-adherent at baseline
became adherent postreferral according to the guide-
line at level 2. However, 11/53 (20.8%, 95% CI 10.8% to
34.1%, 6 patients missing) of patients on ESC guideline-
adherent treatment at baseline became non-adherent
postreferral (level 1). When the adherence to ESC guide-
line was analysed with missing LVEF treated as >35% at
visit 2 for follow-up set, adherence to ESC guidelines did
not meaningfully improve following cardiologist referral;
postreferral adherence rates were 11.2% (85/753) and
3.3% (28/753), respectively, for levels 1 and 2. There
were no significant differences in adherence between
baseline and postreferral population among Western and
Eastern Europe (online supplemental table S6).

Prespecified sensitivity analyses

The primary analysis used stringent criteria to quantify
true adherence to ESC guidelines; the use of ACEIs, ARBs
and B-blockers without an HFrEF indication and/or lack
of documented evidence of efficacy/dosage were cate-
gorised as ‘non-adherent to guidelines’. A prespecified
supportive analysis included patients treated with drugs
lacking HFrEF indication/evidence. In the supportive
analysis, baseline guideline adherence level 1 was slightly
higher for enrolled and follow-up sets compared with
the primary analyses (online supplemental table S7).
At postreferral visit, 7.7% (35/457) patients on non-
adherent treatment at baseline were put on adherent
treatment. In contrast, only a few initially adherent
patients became non-adherent at postreferral visit
(13.7%) compared with the primary analysis. The overall
proportions of patients with ESC guideline-adherent
treatment increased slightly at postreferral visit to 15.3%.
An LVEF value was unavailable in 279 patients in the
follow-up set, thus, these patients were not included in
the primary analysis. However, changes in guideline
adherence between baseline visit and postreferral visit
did not differ from the primary analysis when missing
LVEF values at baseline were replaced by >35%’. Simi-
larly, there was no change in ESC guideline adherence
without considering requirement of MRA in patients with
known LVEF (online supplemental table S7).
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Table 2 Demographics, baseline characteristics and disease status

Enrolled set Follow-up set
n=1415 n=861
Age (years), mean=SD 69.8+11.6 72.4+10.8
Male 979 (69.2) 583 (67.7)
BMI (kg/m?), mean+SD 29.3+5.6 28.7+5.3
NYHA functional class, n (%)
| 224 (15.9) 85 (9.9)
1 700 (49.8) 422 (49.1)
It 458 (32.6) 333(38.7)
v 25 (1.8) 20 (2.3)
LVEF (%) in PCP chart, mean+SD 35+9 33+8
Primary aetiology, n (%)
Ischaemic 860 (60.9) 541 (62.8)
Hypertension 166 (30.1) 105 (32.9)
Cardiac arrhythmia 106 (19.2) 72 (22.6)
Valvular disease 68 (12.3) 41 (12.9)
Duration of HF (years), mean+=SD 6.2+5.9 6.4+6
Heart rate (bpm), mean=SD (n) 7111 (1411) 72210 (749)
Systolic blood pressure (mm Hg), mean=SD (n) 128.1+16.9 (1415) 124.8+15.7 (750)
<100mm Hg, % (n/N) 2.9 (41/1415) 3.3 (28/861)
Diastolic blood pressure (mm Hg), mean+SD (n) 75.9+10.7 (1415) 74.5+9.9 (750)
Plasma potassium*, % (n/N)
<5.5mmol/L 95.9 (1172/1222) 92.0 (219/238)
>5.5mmol/L 4.1 (50/1222) 8.0 (19/238)
GFR* according to MDRD formula (mL/min), mean+SD (n) 66.5+29.6 (774) 57.6+28.8 (245)t
<30 mL/min/m?, % (n/N) 4.2 (54/1285) 12.2 (30/245)
>30 mL/min/m?, % (/N) 95.8 (1231/1285) 87.8 (215/245)

NT-pro-BNP (pg/mL), median (IQR)
NT-pro-BNP, n (%)
<600 pg/mL
>600 pg/mL to <2000 pg/mL
>2000 pg/mL

930 (59-10317)

1708 (601-9001)

495 (35.0) 0(0.0)
455 (32.2) 430 (49.9)
465 (32.9) 431 (50.1)

*Assessment of the value was done by the PCP in their local laboratory.
TPostreferral visit (follow-up set).

BMI, body mass index; GFR, glomerular filtration rate; HF, heart failure; LVEF, left ventricular ejection fraction; MDRD, modification of diet in renal
disease; NT-pro-BNP, N-terminal-pro-B-type natriuretic peptide; NYHA, New York Heart Association; PCP, primary care physician.;

These different sensitivity analyses characterise adher-
ence to ESC guidelines with a more pragmatic approach
than in the stringent definitions of the primary analysis.
Renal function, serum potassium, heart rate and BP were
unlikely to be major barriers for initiation and/or upti-
tration of the therapies in most of the patients during the
study (table 2 and online supplemental table S8).

Secondary outcomes

Pharmacological treatments of interest

We analysed treatment patterns independently of the
strict ESC guideline-adherence requirement applied
for the primary analysis. Figure 4A shows the propor-
tion of patients in the follow-up set with an HFrEF drug
combination considering drugs with HFrEF indication/

evidence; figure 4B shows HF treatment combinations
without considering the need for HFrEF indication/
evidence. These observations suggest that a substantial
proportion of patients are prescribed ACEIs/ARBs and
B-blockers that are not indicated for HFrEF. Generally,
when assessing the prescribed drug classes independently
of each other, the most prescribed drug class at baseline
visit (follow-up set) was diuretics (72.6%), B-blockers
(69.9%), drugs acting on the renin-angiotensin system
(RAS; 57.0%), and MRAs (48.3%). At postreferral visit
(follow-up set), the prescribed HFrEF disease-modifying
drugs remained largely unchanged, exceptfor anincrease
in the proportion of patients on MRAs and diuretics
(absolute increase, 7.9% and 4.6%, respectively) verssus

Hobbs FDR, et al. Open Heart 2021;8:6001630. doi:10.1136/0penhrt-2021-001630

5

yBLAdod Ag paroaloid 1sanb Aq TZ0zZ ‘TZ JaquiaAoN uo /wod g ueayuado/:dny woly papeojumod "TZ0Z 18go1o0 0Z Uo 0S9T00-T20Z-Myuado/osTT 0T Se paysignd 1siy :LesH uado


https://dx.doi.org/10.1136/openhrt-2021-001630
http://openheart.bmj.com/

Open Heart 8

12 11.2 11.4

101
101

Patient (%)
(o]
1

1
Baseline visit Post-referral visit Final visit

I Level 1: Drug type?® Level 2: Drug type and dose®

Figure 3 Adherence to ESC guidelines® (follow-up set). °As
recommended by the ESC guidelines available at the time

of patient recruitment. "Treatment with an ACEI or sacubitril/
valsartan or an ARB (only HF treatment), in combination with
a B-blocker and an MRA for patients with an LVEF <35% at
baseline visit. Treatment with an ACEI (only HF treatment)

or sacubitril/valsartan or an ARB, in combination with

a B-blocker but without an MRA for patients with an

LVEF >35% at baseline visit. “Guideline adherence with
respect to drug types and dosage of all respective guideline-
defined drugs >50% of the recommended target dose. ACEI,
ACE inhibitor; ARB, angiotensin receptor blocker; ESC,
European Society of Cardiology; HF, heart failure; LVEF, left
ventricular ejection fraction; MRA, mineralocorticoid receptor
antagonist.

enrolled patients and patients in the follow-up group at
baseline (figure 4C).

Cardiologist’s advice

Cardiologists recommended no changes in current HF
and non-HF therapy for 45.1% (337/748) of patients.
Cardiologists advised treatment intensification, treat-
ment reduction and general treatment adaption (ie, at
least one advice for treatment intensification and one

30
25

25+ 207 235
20.7 20.7 20.9

204

154

Patient (%)

10

for treatment reduction) for 30.7%, 6.3% and 17.9%
of patients (figure 5A), respectively. In most cases, all
recommended changes were implemented by the cardi-
ologist himself/herself (83.4%, 341/411; figure 5B) and
for 88.0% (360/409) of the patients with recommended
treatment changes, all changes were accepted and imple-
mented by the PCP (figure 5C). Reasons for PCPs not
accepting the cardiologist’s advice included unwilling-
ness by patients, intolerance/AEs, previous treatment
with other drugs of the same class, cost of therapy and
lack of treatment reimbursement (data not shown).
Advanced therapeutic procedures such as cardiac resyn-
chronisation therapy device (CRT) implantable cardi-
overter defibrillator (ICD), left ventricular assist device
(LVAD) requested by the cardiologists were only docu-
mented rarely at visit 2 and visit 3 (CRT-5 (0.7%) and
5 (0.7%); ICD-3 (0.4%) and 4 (0.7%); LVAD and heart
transplantation-0 (0%), respectively).

Guideline adherence and HF-related use of medical resources

At baseline visit, 49.2% (29/59) of ESC guideline-
adherent patients had reported hospitalisations due to
HF (average 1.8 hospitalisations) vs 39.8% (208/523)
of non-adherent patients (average 1.4) in the past 12
months. Conversely, greater proportion of non-adherent
patients had visited an outpatient clinic/cardiologist
(48.4% (253/523)) than guideline-adherent patients
(87.3% (22/59)) at the baseline visit.

Prospective safety

In the follow-up set, 256 patients (29.7%) experienced at
least one AE during the study (online supplemental table
S9) and 114 patients (13.2%) experienced an SAE during
the study. SAEs causally linked to HF were most common
(5.5%;47/861). In total, 30 patients died (3.5%; follow-up
set) during the study and HF was the most common cause

one ACEi or one B-blocker one ACEi or one ACEi or one B-blocker one MRA one MRA and
one ARB and and one MRA one ARB and one ARB and and ARNi and ARNi one B-blocker
one B-blocker one MRA one MRA and ARNi

and one B-blocker

B Baseline visit

B Post-referral visit

Final visit

Figure 4 Combinations of treatment of interest by visit (follow-up set)®: (A) HF treatment combinations (only considering
drugs with HFrEF indication/evidence); (B) HF treatment combinations (without considering need for HFrEF indication/
evidence); (C) most frequently observed HF and non-HF treatments (>1% patients). ?Frequency of patients with a specific HF
treatment combination of drugs used for defining guideline adherence without considering LVEF. *Cardiac therapy: amiodarone,
digitalis glycosides, digitoxin, digoxin, glyceryl trinitrate, isosorbide dinitrate, isosorbide mononitrate, ivabradine, meldonium,
metildigoxin, midodrine hydrochloride, molsidomine, nicorandil, ranolazine, sacubitril, trimetazidine. ACEI, ACE inhibitor; ARB,
angiotensin receptor blocker; ARNI, angiotensin-neprilysin inhibitor; HF, heart failure; HFrEF, heart failure with reduced ejection
fraction; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist.
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Figure 5 Cardiologist’s advice, implementation and acceptance: (A) Cardiologist’s advice on treatment change; (B)
implementation of changes by cardiologists himself/herself: HF and non-HF treatment; (C) Acceptance/implementation of
cardiologist changes by primary care physicians: HF and non-HF treatment. AT least one change implemented and one other
change not implemented. PAt least one change accepted/implemented and one other change not accepted/implemented. HF,

heart failure.

of death (n=19). Among patients who completed the
study, the rates of any AE, any SAE, and mortality during
follow-up (mean 170 days, minimum 13 days, maximum
454 days) were 32.9%, 14.7% and 4%, respectively.
Numbers in subgroups of interest are recorded in online
supplemental file 2.

DISCUSSION

This large multinational, prospective low-intervention
study evaluated treatment adjustments in HFrEF patients
managed in PC who were considered ‘clinically stable’ by
using natriuretic peptide (NP)-guided referral from PCPs
to cardiologists.

Baseline adherence to ESC guidelines was remarkably
low, and a referral of patients with elevated NP levels to
cardiologists did not improve HFrEF treatment optimis-
ation to a meaningful extent. The cardiologists did not
increase the use of, or intensify disease-modifying HFrEF
treatments such as B-blockers, ACEIs or ARBs. However, a
slight increase in both diuretics and MRAs was observed
between the first and last visit. The increase in diuretic
use was possibly because cardiologists considered patients
as symptomatic and/or congested and prioritised better
symptom control over disease-modifying therapies.

Our findings show a significant gap in implementation
of ESC guideline recommendations for HFrEF treat-
ment in Europe, at both the PCP and cardiologist level,
even in patients with considerably elevated NP values
and despite most being symptomatic (~90% in NYHA
class 2II). In patients primarily managed by cardiologists,
HF guideline adherence is reported to vary but is better
than what we had observed. For instance, in the ESC-HF
Long-Term Registry, the proportion of patients on
disease-modifying treatment on target doses was 29.3%
for ACEIs, 24.1% for ARBs, 17.5% for b-blockers and
30.5% for MRAs.’ However, in the recent CHAMP-HF
study, <30% of patients received target doses of ACEIs/
ARBs/angiotensin-neprilysin inhibitor (ARNIs) /

MRAs/b-blockers'® and 22%'" were simultaneously
prescribed ACEIs/ARBs/ARNIs, b-blockers and MRAs,
with <1% receiving target doses. The use of diuretics
was lower among patients enrolled in PREFER; notably,
both CHAMP-HF and a Swedish cross-sectional study
also had ~61% patients on diuretics.'” '® In contrast, the
CHECK-HF registry reported considerably higher rates
of ACEI/ARB (84%), b-blocker (86%) and MRA (56%)
prescriptions, whereas the combination of an RAS inhib-
itor and B-blocker was 68.6% in HFrEF patients.'’ One
can only speculate about the potential barriers or clinical
inertia that contribute to low 21dherence,19 and if a longer
follow-up in PREFER could have potentially resulted in
better optimisation.” PREFER is unique as we studied
seemingly ‘clinically stable’ HFrEF patients managed by
PCPs, all with increased risk, mostly symptomatic, and
all referred to cardiologists specifically for HF treatment
optimisation. Although we rigorously defined ESC guide-
line treatment adherence, applying different sensitivity
analyses did not alter the conclusions. Nor did we notice
differences in guideline adherence between patients
from Western versus Eastern Europe, which suggests
that differences in regional treatment practices do not
explain the low adherence to guidelines observed.

In the PREFER study, all-cause mortality rate was low
(3.5%) during the 6-month follow-up. In a previous study,
mortality in patients without symptoms at the clinic visit
was 22% at byears. This was 40% in patients who were
symptomatic at byears, which was significantly higher
than for patients who had never had symptoms nor signs
(4% mortality at 5years).*’

Elevated NT-pro-BNP levels predict a significantly
increased risk of adverse outcomes®' ** and have shown
similar predictive validity on mortality and cardiovascular
events as traditional outcomes in HE* ** Although cut-
offs of NT-pro-BNP indicating an increased risk are not
well defined, early treatment of high-risk patients with
HF based on BNP/NT-pro-BNP testing might prevent
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or delay onset of HE* ** Whether NT-pro-BNP-based
management improves outcomes in high-risk patients
with stable HFrEF remains uncertain.?” #* Previous studies
have shown that early treatment of those identified at
high risk of HF based on BNP/NT-pro-BNP testing might
prevent or delay onset of HF,” * suggesting that NPs have
a potential for optimising HF management. However,
these findings have not been consistently reported and
further research is needed from more trials on NP-guided
therapy.™

To our knowledge, PREFER is the first study to use
NT-pro-BNP in stable HFrEF patients as a clinical tool for
a referral from PC to cardiologists. The rationale for the
cut-off value for NT-pro-BNP (600 pg/mL) in PREFER
was pragmatic, based on insights from RCTs and, specifi-
cally, the 2016 ESC HF guidelines.*** Even in asymptom-
atic patients with HF (NT-pro-BNP >600 pg/mL), studies
indicate that cardiologist referral may be beneficial®
and a study using BNP-guided collaborative care showed
that an NP-based screening (BNP >50 pg/mL) approach
reduced the incidence of left ventricular dysfunction and
HF by ~50%.% However, these cut-off values are not based
on any specific underlying cardiac pathophysiology and
there is currently limited evidence regarding the utility of
higher/lower NT-pro-BNP cut-off values (figure 6).

There is a common misconception that therapeutic
success is achieved when patients with HF have no or mild
symptoms (NYHA class II) and are perceived as ‘clinically
stable’, and such patients are likely to be undertreated as
providers may believe that patients with milder symptoms
have low morbidity and mortality.”” However, deteriora-
tion of cardiac structure and function is often subclin-
ical and proceeds unrecognised, eventually increasing
the patient’s risk of an adverse outcome.” In PREFER,
despite the majority of patients being in NYHA class II
and considered ‘stable’, nearly two-thirds had markedly
elevated NT-pro-BNP levels of 2600 pg/mL, about half
needed inpatient care in the 12 months prior to entering
the study, and in the relatively short follow-up time, about

15% of referred patients experienced an SAE (majority
causally related to HFrEF). These observations empha-
sise the need to optimise GDMT, even in patients consid-
ered mildly symptomatic or clinically stable, with a better
multidisciplinary approach involving PCPs, cardiologists,
nurses and pharmacists.

PARADIGM-HF run-in study assessed the tolerability of
sacubitril/valsartan and enalapril at target dose (200 mg
two times per day) in patients with HF. In this study, 80%
of patients tolerated the target dose and many patients
with low BP, eGFR <60mL/min per 1.73 m2, and more
advanced HF were successfully randomised.” This study
results indicate that eGFR or hypotension are unlikely to
be a major barrier to prevent therapy in ~90% of patients,
although it is likely to influence treatment decisions in
some patients. However, these factors were not consid-
ered while assessing the primary outcome of adherence to
ESC guideline recommendation. The low rate of adher-
ence observed limits precision of estimates in further
subgroups. Hence, statistical analysis of confounding
factors such as renal function and hypotension were not
performed.

The main limitation of PREFER was its premature
termination, which in turn led to significant loss to
follow-up. Since the recruitment to the trial before study
termination was across multiple sites and eligible subjects
were recruited from routine follow-up in PC, systematic
bias is unlikely among subjects included in the analysis.
However, the loss to follow-up did not affect adherence
to ESC guideline-recommended pharmacotherapy.
The sensitivity analysis partly addressed this limitation.
Furthermore, the study included a representational
portion of patients from European countries, although
some countries with close general practitioner (GP)-
specialist collaboration (United Kingdom, Netherlands
and Germany) were unable to participate in this prag-
matic trial for a variety of reasons. Patients recruited in
PREFER were consecutive HFrEF patients visiting their
GP. A limitation could have been selection bias of patients
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during the assessment of ‘clinical stability.” However,
despite being assessed as stable, this population of
patients with HF had significant morbidity; the majority
were symptomatic, and 3.5% died during the relatively
short follow-up. An encouraging note is that in ~88%
of cases wherein cardiologists had advised a treatment
change, PCPs accepted and implemented the recommen-
dation. Other limitations were the reduced sample size of
the study because of early termination.

In conclusion, we demonstrate major clinical inertia
in HFrEF patients managed in 18 countries in Europe.
Patients are substantially undertreated in PC and yet
a simple prompt for referral of high-risk patients to
specialist care, based on elevated NT-pro-BNP level, did
not result in substantial management changes. This was
despite this contemporary HF population reporting
high prior healthcare utilisation and being a population
wherein preventive management strategies should be
beneficial. There is an urgent need to develop health
system care strategies to improve evidence-based guide-
line implementation and adherence.
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Inclusion criteria

1.  Willing and able to provide written informed consent and accept study procedures and time schedule.

2. Age>18 years.

3. Patients with chronic heart failure (HF; the diagnosis must have been made or confirmed by a

cardiologist and/or hospital physician at any time in the patient’s medical history).

4.  Patients with reduced ejection fraction (<40%), as confirmed at any time point in the patient’s medical
history.
Exclusion criteria

1. Use of investigational drugs either within 5 half-lives of enrolment, or within 30 days, or until the

expected pharmacodynamic effect has returned to baseline, whichever is longer.

2. Major surgery in the last 3 months prior to baseline or planned major surgery or cardiac intervention

during the study.

3. Cancer or other significant comorbidities implying that the patient’s condition is unstable.

4.  Comorbidities that can be associated with elevated natriuretic peptide (NP) levels: renal
insufficiency (estimated glomerular filtration rate <30 mL/min/1.73 m? calculated according to
Modification of Diet in Renal Disease formula), recent (less than 3 months) cerebral trauma or
recent (less than 3 months) cerebrovascular incident, novel diagnosis, or acute exacerbation of

chronic obstructive pulmonary disease within the last 3 months.
5. Patients who are primarily managed and regularly followed up by a cardiologist for their HF.

6.  Highly frail patients whose estimated lifespan due to comorbidities is less than 6 months, by the

judgement of the investigator.
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Supplementary information on cardiologist’s advice
The cardiologist’s advice was analysed within the follow-up set and then documented. The following
analyses were performed:
e Analysis on therapy level:
o Information on the incidence of HF treatment with advice from the cardiologist was
displayed by preferred name and type of advice given by the cardiologist
e Analyses on patient level:
o Frequency of cardiologist’s advice on patient level was provided, using the following
categories:
= No change: Cardiologist’s advice for at least one HF treatment was "No change’
no other advice was given by the cardiologist.
= Treatment intensification: Cardiologist’s advice for at least one HF treatment was
“Dose increase” or “New prescription” and no advice for “Dose reduction” or
“Discontinuation” was given.
= Treatment reduction: Cardiologist’s advice for at least one HF treatment was
“Dose reduction” or “Discontinuation” and no advice for “Dose increase” or “New
prescription” was given.
= Treatment adaption: Cardiologist’s advice for at least one HF treatment was “Dose
reduction” or “Discontinuation” and for at least one other HF treatment the advice
was “Dose increase” or “New prescription”.
o Information on implementation of treatment changes by cardiologist on patient level was
displayed, defined for all patients for whom the cardiologist’s advice on patient level was
“Treatment intensification”, “Treatment reduction”, or “Treatment adaption” as follows:
= Yes: All recommended HF treatment changes for a patient were implemented by

the cardiologist.
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= No: No recommended HF treatment changes for a patient were implemented by
the cardiologist.

= Partially: At least one recommended HF treatment change was implemented by the
cardiologist and one other recommended HF treatment change was not
implemented by the cardiologist.

o Acceptance of cardiologist’s advice on patient level was provided, defined for all patients
for whom the cardiologist’s advice on patient level was “Treatment intensification”,
“Treatment reduction”, or “Treatment adaption” as follows:

= All changes implemented: Acceptance of all advice from cardiologist regarding
change.

= No changes implemented: Non-acceptance of all cardiologist’s change advice.

= Changes partially implemented: Acceptance of at least one and non-acceptance

of at least one cardiologist’s change advice.
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Table S1: Study objectives

Primary objectives

To assess if NT-proBNP measurement-guided cardiologist referral of patients with chronic HF, who
are currently judged by their PCP as being clinically stable?®, leads to optimisation of HF treatment,
defined as adherence® to level I-A treatment recommendations of the current® ESC guidelines for the

treatment of HF.

Secondary objectives

To describe the baseline demographic and clinical characteristics, as well as pharmacological and
device treatment, of patients with chronic HF managed in the primary care setting (in the total
population of enrolled patients and also further characterised by European country and patient

characteristics).

To assess, in clinically stable patients, the impact of patients’ key baseline characteristics on
cardiologists’ and PCPs’ prescription practice for HF treatment, and adherence of these treatment

choices to the recommendations of the current ESC guidelines.

To describe the blood levels of NT-proBNP in patients with chronic HF managed in the primary care

setting.

To describe the proportion of patients with chronic HF managed in the primary care setting who are

considered as being clinically stable according to the above definition.

To describe local prescription practice of cardiologists for the treatment of clinically stable patients

with chronic HF and NT-proBNP levels >600 pg/mL.

To describe local prescription practice and decision making of PCPs for the treatment of clinically

stable patients with chronic HF and NT-proBNP levels >600 pg/mL.
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To characterise how treatment optimisation, defined as prescription of treatment regimens adherent to
the recommendations of the ESC guidelines, affects NT-proBNP levels in clinically stable patients with

chronic HF and baseline NT-proBNP levels >600 pg/mL.

To assess baseline health-related QoL in patients with chronic HF and describe the temporal course of
QoL after specialist referral in clinically stable patients with chronic HF patients with NT-proBNP

>600 pg/mL, by means of the EuroQoL EQ-5D questionnaire and the KCCQ.

*Patients whose PCP did not consider it necessary to amend the ongoing HFrEF treatment during baseline
visit and whose HFrEF treatment had not changed in the 3 months prior to the baseline visit.
PPrescription of all HF-specific drugs with level I-A recommendation for a given patient’s clinical status
at a dose >50% of the recommended daily dose.

°As recommended by the ESC guidelines available at the time of patient recruitment.

ESC, European Society of Cardiology; HF, heart failure; HFrEF, heart failure with reduced ejection
fraction; KCCQ, Kansas City Cardiomyopathy Questionnaire; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; PCP, primary care physician; QoL, quality of life.
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Table S2: Analysis sets by country (all patients)

Average number Inclusion
Number of of patients in final Enlisted Follow-up

Countries

investigators recruited analysis, n Set, n (%) Set, n (%)

(min, max) (%)

Russia 12 18.8 (4, 40) 226 (16) 226 (16) 173 (20.1)
Belgium 45 4.6 (1,14) 201 (14.2) 201 (14.2) 114 (13.2)
Croatia 18 9.4 (1,23) 169 (11.9) 169 (11.9) 95 (11.0)
Slovenia 17 7.2 (1, 16) 122 (8.6) 122 (8.6) 72 (8.4)
Poland 24 5.0(1,13) 120 (8.5) 120 (8.5) 74 (8.6)
Lithuania 7 14.7 (4, 43) 103 (7.3) 103 (7.3) 65 (7.5)
Hungary 15 6.2 (1, 16) 4(6.9) 4(6.9) 58 (6.7)
France 25 3.6(1,9) 89 (6.3) 89 (6.3) 54 (6.3)
Spain 20 3.8(1,11) 76 (5.4) 76 (5.4) 30 (3.5)
Norway 11 532,11 58 (4.1) 58 (4.1) 33 (3.8)
Cyprus 2 18.0 (10, 26) 36 (2.5) 36 (2.5) 20 (2.3)
Latvia 6 57@3,9) 34(24) 34(24) 22 (2.6)
Malta 3 8.7(1,20) 26 (1.8) 26 (1.8) 17 (2)
Estonia 5 3.6(2,5) 18 (1.3) 18 (1.3) 16 (1.9)
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Denmark 2 9.5 (9, 10) 19 (1.3) 19 (1.3) 4(0.5)
Portugal 7 1.9(1,4) 13 (0.9) 13 (0.9) 6 (0.7)
Israel 1 7.0 (NA) 7(0.5) 7(0.5) 4(0.5)
Italy 3 1.3(1,2) 4(0.3) 4(0.3) 4(0.5)
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Table S3: Comorbid diseases at baseline (>4% of patients in the follow-up set)

Enlisted set Follow-up set

Parameter N=1415 N=861
Hypertension 1047 (74.2) 652 (75.8)
Dyslipidaemia 868 (61.6) 505 (58.8)
History of myocardial infarction 619 (43.9) 381 (44.4)
Atrial fibrillation 575 (40.8) 450 (52.3)
Obesity (BMI >30 kg/m?) 509 (36.1) 265 (30.8)
Stable angina pectoris 443 (31.4) 291 (33.8)
Type 2 diabetes mellitus 421 (29.9) 271 (31.5)
COPD 184 (13.0) 120 (14.0)
Renal disease (other) 160 (11.3) 121 (14.1)
Depression 142 (10.1) 75 (8.7)
Renal disease (due to hypertension) 135 (9.6) 94 (10.9)
Tachyarrhythmia 134 (9.5) 85(9.9)
Peripheral vascular disease 131 (9.3) 95 (11.1)
Prior stroke 127 (9.0) 85(9.9)
Carotid artery stenosis 118 (8.4) 88 (10.2)
Anaemia 114 (8.1) 74 ( 8.6)
Hypothyroidism 101 (7.2) 68 (7.9)
Previous/current malignant disease 96 ( 6.8) 58 (6.8)
Renal disease (due to diabetes) 82 (5.8) 62(17.2)
Osteoporosis 69 (4.9) 47 (5.5)
Asthma 61 (4.3) 41 (4.8)
Peripheral neuropathy (any aetiology) 61(4.3) 35(4.1)
Prior transient ischaemic attack 60 (4.3) 44 (5.1)
Sleep apnoea 60 (4.3) 31(3.6)
Steatohepatitis 60 (4.3) 34 (4.0)

Data are presented as n (%).

BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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Table S4: HF-related use of medical resources at baseline

Enlisted set

Follow-up set

Parameter N=1415 N=861

Medical resources used, n (%)

Hospitalised due to HF 383 (27.1) 262 (30.4)
ED without hospitalisation 91 (6.4) 67 (7.8)
HF outpatient clinic or cardiologist 628 (44.4) 363 (42.2)

Hospitalisations due to HF
N 379 261
Mean (SD) 1.4 (1.0) 1.4 (1.1)
Median (range) 1(1-12) 1 (1-12)

ED visits without hospitalisation
N 89 65
Mean (SD) 1.2 (0.5) 1.2 (0.5)
Median (range) 1(1-3) 1(1-3)

Number of HF outpatient clinic or cardiologist visits
N 618 358
Mean (SD) 2.1(2.7) 1.9 (1.6)
Median (range) 1 (1-50) 1(1-11)

ED, emergency department; HF, heart failure; SD, standard deviation.
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Table S5: LVEF in enrolled patients at visits 1, 2, and 3

LVEF N Mean (SD)
LVEF (%) at visit 1 582 33.8(8.1)

LVEEF (%) at visit 2 210 39.2 (13.6)
LVEF (%) at visit 3 46 37.7(13.9)

LVEF, left ventricular ejection fraction; SD, standard deviation.
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Table S6: Adherence to ESC guidelines (by region)

Drug type Drug type and dose
Visit type Western EU Eastern EU Western EU Eastern EU
Baseline visit, n (%) 15 (8.9) 44 (10.6) 6(3.6) 10 (2.4)
Post-referral visit, n (%) 13 (9.9) 44 (11.6) 6 (4.6) 11 (2.9)
Final visit, n (%) 8(9.2) 36 (12.0) 4 (4.6) 10 (3.3)
Post-referral visit 3(2.6) 12 (3.5) 1(0.8) 3(0.8)
(patients non-adherent at
baseline visit), n (%)
Post-referral visit 10 (71.4) 32(82.1) 5(83.3) 8(88.9)

(patients adherent at

baseline), n (%)

Data presented are n (%).
Western EU: Norway, Denmark, Belgium, France, Spain, Portugal, Italy, Malta.
Eastern EU: Russia, Hungary, Poland, Lithuania, Latvia, Estonia, Cyprus, Croatia, Slovenia, Israel.

ESC, European Society of Cardiology; EU, European Union.
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Table S7: Adherence to ESC guidelines® (supportive analyses)

Adherence to ESC guidelines

Baseline visit

Post-referral visit

Final visit

Without considering HF?

Missing LVEF defined as LVEF
>35%°

Only assessing ACEI/ARB and (-

blockers’

Enlisted set

Follow-up set

Follow-up set

(n=1415) (n=861) (1=753) (n=573)
Level 1° Level 2¢ Level 1° Level 2¢ Level 1° Level 2¢ Level 1° Level 2¢
156 (17.1) - 84 (14.4) - 78 (15.3) - 55(14.2) -
176 (12.4) 67 (47) 94(10.9) 32(3.7) 85(113) 28(3.7) 65(113) 24(42)
195(21.4)  62(6.8) 111(19.1) 33(57) 107(21.0) 33(6.5) 80(20.7)  26(6.7)

Data are presented as n (%) and mean (SD).

?As recommended by the ESC guidelines available at the time of patient recruitment.

"Treatment with an ACEI or sacubitril/valsartan or an ARB (only HF treatment), in combination with a B-blocker and an MRA for patients with an

LVEF <35% at baseline visit. Treatment with an ACEI (only HF treatment) or sacubitril/valsartan or an ARB, in combination with a B-blocker but

without an MRA for patients with an LVEF >35% at baseline visit.

‘Guideline adherence with respect to drug types and dosage of all respective guideline-defined drugs >50% of the recommended target dose.

dPatients treated with drugs lacking HFrEF indication/evidence (target dose in HFrEF unknown).

“The missing values for LVEF at baseline were replaced by “>35’; therefore, the respective patients could be included in the analysis.

'Sensitivity analysis with adherence to ESC guideline recommendations in patients with LVED and without considering intake of one MRA.
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ACE], angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ESC, European Society of Cardiology; HF, heart failure; HFrEF, heart

failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist.
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Table S8: Vital signs and eGFR by visit (follow-up set)

Parameter

Baseline visit

Post-referral visit

Final visit

Heart rate (bpm), mean + SD (N)
Systolic blood pressure (mmHg),
mean + SD (N)

<100 mmHg, % (n/N)
Diastolic blood pressure
Plasma potassium® % (n/N)

<5.5 mmol/L

>5.5 mmol/L
eGFR according to MDRD
(mL/min) , mean £ SD (N)

<30 mL/min/m?, % (n/N)

>30 mL/min/m?, % (n/N)

72.6 £ 11.6 (858)

126.8 + 17.2 (861)

3.5(30/861)

75.3£11.0 (861)

95.3 (696/730)

4.7 (34/730)

66.5+29.6 (774)

5.2 (40/774)

94.8 (734/774)

72.0 = 10.6 (749)

124.8 + 15.7 (750)

3.3 (28/861)

74.5+9.9 (750)

92.0 (219/238)

8.0 (19/238)

57.6 + 28.8 (245)

15.1 (36/239)

84.9 (203/239)

71.9 +10.9 (571)

1243 +15.5 (571)

3.3 (28/861)

74.2+9.2 (571)

95.7 (177/185)

4.3 (8/185)

60.5 +28.9 (178)

13.6 (24/176)

86.4 (152/176)

bpm, beats per minute; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal

Disease; SD, standard deviation.

15

Hobbs FDR, et al. Open Heart 2021; 8:€001630. doi: 10.1136/openhrt-2021-001630



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Open Heart

Table S9: Rates of adverse events

Parameter Follow-up set
(N=861)
Any adverse event 256 (29.7)
Any serious adverse event 114 (13.2)
Any fatal event® 30 (3.5)

Data presented are n (%).

N=852.
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Potassium in
categories

eGFR according to
Cockroft-Gault in
categories

eGFR according to
MDRD in categories

Potassium in
categories

eGFR according to

Follow-up set

Yesn (%)

<= 5.5 mmol/l
> 5.5 mmol/l
Missing

Total

< 30ml/min/m?
>= 30ml/min/m?
Missing

Total

< 30ml/min/m?
>= 30ml/min/m?2
Missing

Total

Visit number

1n (%)

<= 5.5 mmol/l
> 5.5 mmol/l
Missing

Total

< 30ml/min/m?

Non (%)

696 (95.3)
34 (4.7)
131

730 (100.0)

58 (7.6)
703 (92.4)
100

761 (100.0)

40 (5.2)
734 (94.8)
87

774 (100.0)

2n (%)

696 (95.3)
34 (4.7)
131

730 (100.0)
58 (7.6)

Totaln (%)

476 (96.7)
16 (3.3)
62

492 (100.0)

19 (3.8)
478 (96.2)
57

497 (100.0)

14 (2.7)
497 (97.3)
43

511 (100.0)

3n (%)

219 (92.0)
19 (8.0)
623

238 (100.0)
36 (15.1)

1172 (95.9)
50 (4.1)
193

1222 (100.0)

77 (6.1)
1181 (93.9)
157

1258 (100.0)

54 (4.2)
1231 (95.8)
130

1285 (100.0)

177 (95.7)
8 (4.3)

676

185 (100.0)
24 (13.6)
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Cockroft-Gault in
categories

eGFR according to
MDRD in categories

Systolic blood
pressure in
categories

Systolic blood
pressure in
categories

>= 30ml/min/m?
Missing

Total

< 30ml/min/m?
>= 30ml/min/m?
Missing

Total

Follow-up set

Yesn (%)

<100 mmHg
>= 100 mmHg
Missing

Total

Visit number

1n (%)

<100 mmHg
>= 100 mmHg
Missing

Total

703 (92.4)
100

761 (100.0)

40 (5.2)
734 (94.8)
87

774 (100.0)

Non (%)

30 (3.5)
831 (96.5)

0
861 (100.0)

2n (%)

30 (3.5)
831 (96.5)
0

861 (100.0)

203 (84.9)
622

239 (100.0)

30 (12.2)
215 (87.8)
616

245 (100.0)

Totaln (%)

11 (2.0)
543 (98.0)
0

554 (100.0)

3n (%)

28 (3.7)
722 (96.3)
11

750 (100.0)

152 (86.4)
685

176 (100.0)

20 (11.2)
158 (88.8)
683

178 (100.0)

41(2.9)
1374 (97.1)
0

1415 (100.0)

28 (4.9)
543 (95.1)
290

571 (100.0)
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Tota 130 103 0.08
| 554 0 603 494 712 5 59 164 294 487 17 22
Tota| Rus 238 205 271 248 152 295 900
| sia 226 0 4 9 0 6 59 = 697 5 9 1
Oth
er
cou
ntrie = 118 173 161 185 | 217 215 103
s 9 0 3 0 6 0 59 @ 351 848 8 17
Tota| 141 183 172 195 | 223 228 103 | 0.00
| 5 0 7 0 4 5 59 = 386 930 1 17 03
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