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Abstract

Multiple landmark trials have helped to advance the treatment of heart failure with reduced ejection fraction (HFrEF)
significantly over the past decade. These trials have led to the introduction of four main drug classes into the 2021 ESC
guideline, namely angiotensin-receptor neprilysin inhibitors/angiotensin-converting-enzyme inhibitors, beta-blockers,
mineralocorticoid receptor antagonists, and sodium-glucose cotransporter-2 inhibitors. The life-saving effect of these
therapies has been shown to be additive and becomes apparent within weeks, which is why maximally tolerated or
target doses of all drug classes should be strived for as quickly as possible. Recent evidence, such as the STRONG-
HF trial, demonstrated that rapid drug implementation and up-titration is superior to the traditional and more gradual
step-by-step approach where valuable time is lost to up-titration. Accordingly, multiple rapid drug implementation
and sequencing strategies have been proposed to significantly reduce the time needed for the titration process. Such
strategies are urgently needed since previous large-scale registries have shown that guideline-directed medical therapy
(GDMT) implementation is a challenge. This challenge is reflected by generally low adherence rates, which can be
attributed to factors considering the patient, health care system, and local hospital/health care provider. This review of
the four medication classes used to treat HFrEF seeks to present a thorough overview of the data supporting current
GDMT, discuss the obstacles to GDMT implementation and up-titration, and identify multiple sequencing strategies
that could improve GDMT adherence.

Keywords Registry - Pharmacotherapy - Implementation - Guidelines - Sequencing - Titration

Introduction

Over the past decades, the treatment of heart failure with
reduced ejection fraction (HFrEF) has advanced consider-
ably. Despite remarkable progress regarding both pharma-
cological and device therapy, heart failure (HF) remains
an important healthcare burden with the latest trials still
showing a cardiovascular mortality rate of around 10-15%
after 2 years of follow-up [1, 2]. Additionally, the current
1-2% prevalence of HF in the Western World is projected
to increase in the future [3], highlighting the need for best
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therapy in individuals with HF. The 2021 European Society
of Cardiology (ESC) HF guideline recommends initiating
four main drug classes, namely [1] angiotensin receptor-
neprilysin inhibitors (ARNi), [2] beta-blockers (BB), [3]
mineralocorticoid receptor antagonists (MRA), and [4]
sodium-glucose cotransporter-2 inhibitors (SGLT2i) [4].
Although multiple landmark randomized controlled trials
have proven the life-saving effect of these therapies [1, 2,
5-17], their timely integration at target dose remains insuffi-
cient in real-world clinical practice [18, 19]. Novel sequenc-
ing and implementation strategies intend to reduce the delay
of drug initiation and strive to further optimize the titration
process [20-22]. This review about guideline-directed medi-
cal therapy (GDMT) for HFrEF aims to provide a compre-
hensive overview of the evidence that current GDMT and
their target doses are based on, describe the known barri-
ers for GDMT implementation, and identify and summa-
rize sequencing and implementation strategies that could
improve GDMT adherence.
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Medical therapy as recommended by the 2021
European Society of Cardiology guideline

Drug class I: Angiotensin converting enzyme
inhibitor/angiotensin-receptor (neprilysin) inhibitor
(ACE/ARB/ARN:i)

Angiotensin converting enzyme inhibitors (ACEi) were the
first drug class with solid evidence of reducing mortality
and morbidity in HFrEF, based on trials such as CONSEN-
SUS and SOLVD-Treatment [5, 6]. Therefore, ACEi have
been a recommended treatment for HFrEF since 1997 [23].
While the VAL-HeFT and CHARM-added trials initially
analyzed the add-on effect of ARB on top of ACEi, the
CHARM-alternative trial later found that ARB are a good
ACE:i alternative in ACEi intolerant patients [8, 9, 17]. In
terms of the dose—response relationship of ACEi/ARB, a
meta-analysis has shown a slight reduction in mortality
favoring higher doses, although no difference in hospi-
talization rate was observed [24]. In the PARADIGM-HF
trial, ARNi was found to reduce all-cause mortality and
hospitalization rates, leading to its recommendation over
ACE:i for HFrEF patients [4, 16]. However, it should be
noted that only patients who could tolerate ACEi were
eligible for the PARADIGM-HF trial. Also, a run-in
period was employed to assess patient tolerability for
ARNIi, which 12% did not complete. The true tolerability
of ARN:i in real-world patients is therefore still not fully
known. Regarding the dose—response effect of ARNi, a
post-hoc analysis of the PROVE-HF trial analyzed patients
at target dose versus sub-target, but maximally tolerated,
dose [25]. Similar relative decreases in biomarkers and
similar amounts of reverse cardiac remodeling were found
between the groups, although the study did not report on
mortality and hospitalization rates. Therefore, the toler-
ability and dose-response effect of ARNi in real-world
patients still require more research.

Drug class II: beta-blockers (BB)

Around the change of the century, BB were added on top
of ACEi as the second drug class for HFrEF [26-28].
The CIBIS-II, MERIT-HF, and COPERNICUS trials all
demonstrated BB to significantly reduce all-cause mor-
tality [12—-14]. However, target dose was only reached
by 2/3 of patients in the latter two studies, with neither
study reporting on reasons for not reaching target dose.
Later, the SENIORS trial demonstrated the same bene-
fits in elderly patients (age > 70) [15]. The MOCHA trial
reported a dose—response effect of carvedilol in terms of
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left ventricular ejection fraction (LVEF) improvement,
alongside reduced mortality and hospitalization rates [29].
While a significant effect on NYHA class was not found,
up-titrating beta-blockers is currently encouraged in order
to improve survival rates [4].

Drug class lll: mineralocorticoid receptor
antagonists (MRA)

The RALES and EMPHASIS-HF trials resulted in the
addition of MRA as the third drug class for HFrEF [10,
11, 30]. Preventing the effects of aldosterone by competi-
tively binding to the mineralocorticoid receptor proved
to be an effective addition to ACEi, mostly due to ACEi
not sufficiently inhibiting aldosterone production. Ini-
tially, the RALES trial found that in NYHA class III/IV
patients, spironolactone significantly reduced all-cause
mortality and hospitalization rates [10]. The authors
reported a dose of 12.5 to 25 mg of spironolactone to be
pharmacologically active in conjunction with ACEi and
therefore recommended starting at 25 mg daily. Subse-
quently, the EMPHASIS-HF trial found similar benefits
in patients with NYHA class II [11]. Up-titrating to 50 mg
was recommended in case of persisting symptoms in
patients without hyperkalemia [10]. Although convincing
dose-response data for MRA > 25 mg daily is lacking, the
2021 ESC HF guideline nonetheless recommends up-titrat-
ing both spironolactone and eplerenone to 50 mg [4, 31].

Drug class IV: SGLT2 inhibitors

The fourth and currently latest drug class are SGLT2i. The
DAPA-HF trial found a reduction in all-cause mortality
and a reduction in worsening HF events, favoring the dapa-
gliflozin group [2]. Of note, less than 11% of patients were
on ARNI therapy, but ACEi/ARB prescription rates were
high. A year later, the EMPEROR-Reduced trial found that
empagliflozin significantly reduced the composite end-
point of CV mortality or worsening HF. ARNi prescrip-
tion rates were slightly higher compared with the DAPA-
HF trial, at around 20% for both groups. Importantly, a
meta-analysis of both trials has revealed a 13% decrease
in all-cause mortality and a 25% reduction in the compos-
ite endpoint of recurrent heart failure hospitalizations or
cardiovascular death [32]. Furthermore, since the start-
ing dose is equivalent to the target dose used in the ran-
domized controlled trials (RCTs), SGLT2i do not require
further dose titration. An overview of the historical ESC
HF guideline recommendations is provided in Table 1.
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Historical GDMT trials
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«Fig. 1 Historical GDMT trials. GDMT, guideline-directed medical
therapy; ACEi, angiotensin-converting enzyme inhibitor; ARB, angi-
otensin II receptor blocker; ARNi, angiotensin receptor—neprilysin
inhibitor; BB, beta-blocker; MRA, mineralocorticoid receptor antago-
nist; SGLT2i, sodium—glucose co-transporter 2 inhibitor

Additive effect of all four drug classes

In the aforementioned landmark trials (see Fig. 1), each
new drug class has been proven to be effective on top
of the previously introduced drug classes. This implies
the additive effect of each drug class, which was to be
expected considering the different pathways and targets
of each drug. However, it is paramount to recognize that
this additive effect does not necessarily mean the use of
background therapy is required to achieve a treatment
effect for the subsequent drug class [33]. For example,
the CIBIS III trial showed it is equally effective to start a
BB as initial therapy instead of ACEi [34]. Additionally,
when the 1999 RALES trial was conducted BB were not
yet standard of care, while around 87% of patients were
on BB therapy in the EMPHASIS-HF trial [10, 11]. Since
endpoint reductions were similar between the trials, this
implies that background therapy with a BB is not neces-
sary for achieving a treatment effect with MRA. Likewise,
the treatment effects of SGLT2i in both DAPA-HF and
EMPEROR-reduced were comparable, whether or not
patients were on ARNi background therapy [1, 2, 32]. On
the other hand, some treatments that were common prac-
tice during several trials have been largely abandoned. For
instance, digoxin was background therapy in 30-65% of
all patients in the US Carvedilol, CIBIS, and MERIT-HF
trials, but the percentage of HF patients using digoxin has
since declined to < 10% [13, 14]. Strictly speaking, we
have insufficient data to know for sure if beta blockers
are efficacious in patients without digoxin. However, no
interaction was found in any of the trials with the presence
or absence of other treatment. An overview of the evidence
for drug class independence is given in Table 2 [20].

To further illustrate the additive effect of GDMT, a
2020 analysis showed an additional 4.4 life years could
be gained for 65-year-old patients receiving all four drug
classes compared to just an ACEi/ARB and BB [35]. Fur-
thermore, a large 2022 systematic review and network
meta-analysis of the benefit of simultaneous treatment
with all four drug classes compared to no drug treatment
found a HR of 0.39 [95% CI 0.31-0.49], as seen in Fig. 2
[36]. Secondary analysis indicated that treatment with the
four drug classes compared to no treatment resulted in 5
additional life-years for the 70-year-old patient [36]. These
analyses further establish the significant and compounding
life-saving effects that GDMT offers.

Rapid drug sequencing
and implementation strategies

In terms of implementation speed, evidence suggests that
rapid drug initiation and fast up-titration is superior to a
more gradual approach [37, 38]. Most RCT’s of the major
drug classes demonstrated a rapid significant treatment
effect, as early as 2—4 weeks after the initiation of therapy
[20]. An analysis by Shen et al. used data from these large
trials to model different sequencing strategies and found
that faster compared to slower drug sequencing reduced the
number of hospitalizations or CV death by as much as 47
per 1000 patients [37]. In order to confirm these results in a
clinical trial, STRONG-HF randomized hospitalized patients
with acute HF in 87 hospitals in 14 countries to either high-
intensity care with a close follow-up regime, frequent natriu-
retic peptide measurements, and rapid up-titration within
2 weeks, or usual care [38]. In total, 542 patients were ran-
domized to high-intensity care, while 536 were assigned to
usual care. At 90 days, target dose was reached in 55% ver-
sus 2% of patient for RASi, 49% versus 4% for BB, and 84%
versus 46% for MRA in the high-intensity care and control
groups, respectively. Although serious adverse events were
similar between the groups, the high-intensity treatment
group had higher rates of adverse events at 90 days as com-
pared to the control group at 41% and 29%, respectively. Due
to a recommendation by the data safety monitoring board,
the study was stopped early because of the large treatment
effect of the high-intensity care intervention. At 180 days,
the composite endpoint of mortality or hospitalization dif-
fered significantly between the groups at 15.2% for the high-
intensity care group versus 23.3% for the control group.
With regards to the implementation strategy, STRONG-HF
initiated patients on all drug classes at medium strength
doses during hospitalization with up-titration to target dose
within 2 weeks after randomization [22, 39]. Despite the
strengths of STRONG-HF, it should be recognized that a
potential bias in the choice of treatment could have occurred
since the trial had an open-label design. Also, the baseline
level of GDMT was low and the very strict regimen is likely
not suited for many health care systems. Moreover, one can
question several centers that participated in the trial that had
no heart failure clinic, or structured support (where toler-
ance can be a gamble), or access to ARNi/SGLT2. However,
despite the amount of clinic visits being dissimilar between
the groups, this did not lead to significantly more alterations
in diuretic therapy.

GDMT has traditionally been implemented by starting
the four drug classes in the consecutive order by which they
were added to the guidelines, meaning starting ACE:i first,
then BB, followed by MRA, changing ACEi to ARNi, and
lastly, initiating SGLT2i. Usually, a drug class is up-titrated
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Table 2 Early effects of foundational treatments on major outcomes
in large-scale trials. Reprinted from Eur J heart fail, volume 23, issue
6, packer and McMurray, rapid evidence-based sequencing of foun-

dational drugs for heart failure and a reduced ejection fraction, Pages
882-894, Copyright 2023, with permission from Wiley

Drug class

Trial

Distinguishing feature

Endpoint reported

Hazard ratio (95% CI)

Beta-blockade following
acute myocardial infarc-
tion (with or without ACE
inhibitors)

ACE inhibitors (with or
without beta-blockade)

ACE inhibitors (with or
without mineralocorticoid
receptor antagonists)

Mineralocorticoid recep-
tor antagonists (with or
without beta-blockade)

Sacubitril/valsartan (with or
without mineralocorticoid
receptor antagonists)

SGLT?2 inhibitors (with or
without neprilysin inhibi-
tors)

BHAT

CAPRICORN (carvedilol)

SAVE (captopril)

SOLVD Treatment (enal-
april)

CONSENSUS (enalapril)

SOLVD Treatment (enal-
april)

RALES(spironolactone)

EMPHASIS-
HF(eplerenone)

PARADIGM-HF

DAPA-HF and EMPEROR-
Reduced

None receiving ACE inhibi-
tors

Most receiving ACE inhibi-
tors

Post-infarction patients with
LV systolic dysfunction,
35-40% on beta-blockers

Heart failure with LV sys-
tolic dysfunction, no use
of beta-blockers

> 50% receiving miner-
alocorticoid receptor
antagonist

No recorded use of min-
eralocorticoid receptor
antagonist

~ 10% on a beta-blocker

> 85% on a beta-blocker

Receiving mineralocorticoid
receptor antagonist

Not receiving mineralocorti-
coid receptor antagonist

Receiving neprilysin inhibi-
tor

Not receiving neprilysin
inhibitor

All-cause mortality

All-cause mortality

All-cause mortality

All-cause mortality

Cardiovascular death

Cardiovascular death or
hospitalization for heart
failure

~ 0.73

0.77 (0.60-0.98)

0.81 (0.68-0.97)

0.84 (0.74-0.95)

~ 0.73

0.84 (0.74-0.95)

0.70 (0.60-0.82)
0.76 (0.62-0.93)
0.84 (0.73-0.98)
0.75 (0.63-0.89)

0.68 (0.53-0.89)

0.75 (0.68-0.84)

ACE angiotensin-converting enzyme, CI confidence interval, LV left ventricular, SGLT2 sodium-glucose co-transporter 2

to the maximally tolerated dose before moving on to the
next. For example, the 2008 ESC guideline recommended
up-titrating ACEi until the patient was clinically stable, then
adding BB, and finally MRA in case of persisting symp-
toms [28]. The 2016 guideline instead recommends initiat-
ing ACEi and BB simultaneously, and adding MRA only
if patients were still symptomatic [40]. Not only are there
limited theoretical grounds for this traditional sequencing
method, but a sequential step-by-step approach can take
many months before optimal medical therapy is achieved.
As suggested by STRONG-HF, rapid drug initiation and
up-titration may save lives and reduce hospitalizations
[38]. While the 2021 ESC HF guideline no longer offers
clear recommendations in terms of sequencing strategies,
novel rapid sequencing approaches have been proposed to
shorten the time it takes to reach optimal medical therapy.
For example, Packer and McMurray recommend a strategy
involving simultaneously starting a BB and SGLT?2i, rap-
idly followed by ARNi and MRA within 2 weeks [4, 20].
While BB offer a large benefit regarding the reduction of
sudden cardiac death, the negative inotropic effect of BB can

@ Springer

initially increase fluid retention and therefore worsening HF.
The authors therefore propose the simultaneous initiation of
SGLT2i to not only benefit from the treatment effect of two
drug classes, but also because the diuretic effect of SGLT2i
might improve the safety and tolerance of BB by mitigating
fluid retention. Additionally, the use of ARNi and SLGT2i
can reduce the risk of MRA induced hyperkalemia, possibly
improving MRA adherence in the long term [41].

Alternatively, the JAMA viewpoint by Greene et al. sug-
gests initiating all drug classes simultaneously at low doses,
followed by up-titrating to target dose [22]. The authors
argue that because de novo HF patients in the EPHESUS
trial were generally able to tolerate simultaneous initiation
of ACE;i, BB, and MRA therapy after an acute myocardial
infarction, there is no reason to assume tolerability would be
significantly less for other HFrEF patients [42].

Finally, Rosano et al. identify specific patient subgroups
based on their physiological profiles and recommend adjust-
ing the sequencing strategy based on that respective profile
[21]. Examples of such an individually tailored strategy
would be initiating SGLT2i and MRA in patients with low
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CENTRAL ILLUSTRATION: Relative Risk Reduction of Different
Pharmacological Treatment Combinations for Heart Failure
A Treatment All-Cause Mortality HR  (95%Cl)
ARNI + BB + MRA + SGLT2 —— 0.39 (0.31-0.49)
ARNI + BB + MRA + Vericiguat —_— 0.41 (0.32-0.53)
ARNI + BB + MRA + Omecamtiv —_— 0.44 (0.36-0.55)
ACEI + BB + Dig + H-ISDN _ 0.46 (0.35-0.61)
ACEI + BB + MRA + IVA — 0.48 (0.39-0.58)
ACEI + BB + MRA + Vericiguat —_— 0.49 (0.39-0.62)
ACEI + BB + MRA + Omecamtiv — 0.52 (0.43-0.63)
ARNI + ARB + BB + Dig — 0.65 (0.55-0.76)
ARNI + BB + MRA —— 0.44 (0.37-0.54)
ACEI + BB + MRA —— 0.52 (0.44-0.61)
ACEI + MRA + Dig — 0.66 (0.56-0.78)
ACEI + BB + Dig —— 0.68 (0.59-0.78)
ARB + BB + Dig —_— 0.73 (0.64-0.83)
ACEI + ARB + Dig —— 0.83 (0.72-0.96)
Dig + H-ISDN — 0.67 (0.53-0.86)
ARNI + BB —— 0.58 (0.50-0.68)
ACEI + BB —— 0.69 (0.61-0.77)
ARB + BB —— 0.74 (0.66-0.82)
ACEI + Dig — 0.87 (0.78-0.98)
ARB + Dig —r 0.94 (0.84-1.05)
BB - 0.78 (0.72-0.84)
ACEI = 0.89 (0.82-0.96)
ARB i 0.95 (0.88-1.02)
Dig 0.99 (0.91-1.07)
PLBO 1.00
0.25 0.5 1 2
Tromp, J. et al. J Am Coll Cardiol HF. 2022;10(2):73-84.

Fig.2 Relative risk reduction of different pharmacological treat-
ment combinations for heart failure. Reprinted from JACC heart
failure, volume 10, issue 2, Tromp et al., a systematic review and
network meta-analysis of pharmacological treatment of heart failure
with reduced ejection fraction, pages 73-84, copyright 2023, with
permission from Elsevier. ACEi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin

blood pressure and a low heart rate, whereas patients with
normal blood pressure and a high heart rate might be started
on BB and ARNi. An overview of the different sequencing
strategies is provided in the graphical abstract.

In order to gauge how sequencing of the four drug
classes is done in real-world clinical practice, Fauvel et al.
set out an international survey that was completed by 615
cardiologists from a variety of practice types [43]. Inter-
estingly, despite the suggested, newer, approaches to drug

receptor-neprilysin inhibitor; CV, cardiovascular; H-ISDN, hydrala-
zine-isosorbide dinitrate; HF, heart failure; HFrEF, heart failure with
reduced ejection fraction; HHF, hospitalization for heart failure;
LVEF, left ventricular ejection fraction; MRA, mineralocorticoid
receptor antagonist; NYHA, New York Heart Association; SGLT2i,
sodium glucose cotransporter-2 inhibitors

sequencing, most respondents favored traditional sequenc-
ing over more novel implementation methods. However, it
is important to state that 84% of the questioned cardiolo-
gists thought that starting all four drug classes during one
initial hospitalization was realistic. Regardless, it should
be recognized that even when traditional sequencing is
the preferred drug implementation method, speed is of
the essence. Whichever drug initiation and titration strat-
egy is chosen, it is paramount that all four drug classes

@ Springer
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are initiated and up-titrated as close to target dose and as
quickly as possible.

Real-world adherence to guideline-directed
medical therapy: a call to action
for adequate implementation

The current GDMT for HFrEF is based on the maximum
target doses used in the aforementioned RCTs. However,
most of these trials have been conducted on predominantly
younger, ethnically white male patients with less comor-
bidities compared to the average heart failure patient seen
in clinic. This potentially causes a problem regarding gen-
eralizability and begs the question whether achieving target
dose of all four drug classes is feasible for all patients [44].
Worldwide, multiple large-scale registries have reported on
the relatively poor use of GDMT among HFrEF patients, all
of which were conducted prior to the introduction of SGLT2i
as part of standard GDMT [45-50]. Examining several
large-scale registries from different countries provides real-
world data on GDMT adherence and helps us achieve further
insights into the potential barriers of GDMT initiation and
up-titration. GDMT prescription rates and rates of achieved
target dose are summarized in Table 3.

CHAMP-HF

The 2018 CHAMP-HF registry was a prospective multi-
center study of chronic HFrEF patients with LVEF < 40%
in the USA [45]. Strikingly, only 1.1% of patients received
triple therapy with RASi, beta-blocker and MRA, all at
target dose. An absolute contra-indication for one of the
drug classes was present in only < 2% of patients. Prescrip-
tion rates differed significantly between specialties. For
example, BB usage was 42.3% vs 70.5%, between fam-
ily medicine/internal medicine and cardiology practices,

respectively. Generally, old age, low blood pressure, high
NYHA class and poor kidney function were patient fac-
tors associated with lower medication prescription rates
and lower doses.

CHECK-HF

The 2019 CHECK-HF registry was a large-scale multi-
center cross-sectional study in The Netherlands [46].
Overall, only a third of the patients had triple GDMT
therapy. However, the rate of triple therapy varied from
16 to 76% between centers, which could not be properly
explained by differences in baseline characteristics. [51].
The rates of contra-indications for drug classes were also
notably different between hospitals. BB contra-indication
was, for example, recorded in 3.3% of patients, ranging
from O to 27% between centers. The same was true for
ACEi, which was recorded as being contra-indicated in
9.4% of patients, ranging from 0 to 36% between centers.

ASIAN-HF

The 2018 ASTAN-HF registry was a prospective multi-
national registry across 11 Asian countries [47]. Physio-
logical barriers to uptritation alone did not explain the lack
of GDMT adherence, because only 2% of all patients were
hypotensive and only 6% had bradycardia. An eGFR <30
was associated with decreased RASi and MRA prescrip-
tion rates, whereas an eGFR < 15 resulted in lower BB use.
Furthermore, a higher BMI was associated with higher
rates of GDMT. Lastly, prescription rates also differed
significantly between countries, with high-income coun-
tries being associated with improved GDMT adherence
compared to low-income countries.

Table 3 GDMT prescription rates and rates of achieved target dose in registry studies

N Mean age (years)  RASIi RASI td BB BBtd MRA MRA td
CHAMP-HF 2518 66.4 734%  16.8% 67.0% 275% 334%  76.6%
CHECK-HF 8360 72.3 84% 43.6% 86% 189%  56% 52.0%
ASIAN-HF 5276 59.6 77% 17% 79% 13% 58% 29%
ESC-LT (Spanish) 2834 65 92.6%  ACEi 16.2%/ARB 23.3% 933% 132%  745%  23.5%
QUALIFY 7092 63.1 86.7%  ACEi27.9%/ARB 6.9% 86.7% 148%  693%  70.8%
Savarese 2021 68,172  65-75 - ACEi 15%/ARB 10%/ARNI 30% - 12% - -

ACEIi angiotensin-converting enzyme inhibitor, #d target dose, ARB angiotensin II receptor blocker, ARNi angiotensin receptor—neprilysin inhibi-

tor, BB beta-blocker, MRA mineralocorticoid receptor antagonist
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ESC-LT

In the Spanish sub-cohort of the large-scale ESC LT regis-
try, triple therapy was prescribed to 65.4% of patients with an
LVEF <35% [52]. With regards to ACEi, 4% of patients were
intolerant or had a contra-indication, while 3.4% were under-
treated. Undertreatment was identified in 1.8% of patients for
BB, and 19.0% for MRA. For those who did not achieve target
dose, about a third of patients were reported to still be in the
titration phase. However, the study did not report on how long
patients had been in this phase. Since all included patients had
chronic HF, the percentage of patients still in titration phase
should be significantly lower. It is therefore possible that
patients reported to be in the titration phase could in reality be
undertreated. Symptomatic hypotension was another frequent
reason for not reaching target dose that was listed in 31.0%,
32.0%, and 19.6% for ACEi, ARB, and BB, respectively. For
MRA, hyperkalemia was given as the reason for not achieving
target dose in 10.4% of patients.

Qualify global survey

This 2016 global prospective study was conducted at 547 cent-
ers in 36 countries [49]. Patients had chronic or worsening HF
with an LVEF <40%. For the patients not receiving an MRA
or BB, it was scored as “not indicated” in 61.8% and 35.3%
of cases, respectively. Geographic area resulted in different
GDMT adherence rates. A secondary paper analyzing dose
data at baseline and at 18 months follow-up found multiple
patient factors to be associated with higher rates of up-titra-
tion, such as younger age, higher blood pressure, higher BMI,
higher heart rate and less comorbidities [53].

Savarese 2021

A multi-national observational cohort study conducted in Swe-
den, the UK, and USA looked at patients with a recent heart
failure hospitalization who started at least one heart failure
drug [50]. Across all three countries, up-titration rates were
low and discontinuation rates were high. Discontinuation rates
were 55% for ACEi, 33% for ARB, 24 % for beta-blockers, and
27% for ARNi. Overall, age >70 years and chronic kidney
disease were associated with poorer GDMT adherence. How-
ever, also in patients < 70 years of age without chronic kidney
disease target dose titration rates were insufficient.

Barriers for GDMT implementation
Patient factors

It is often suggested that old age and frailty are the main
causes of poor GDMT initiation and up-titration. This

suggestion is supported by the registries, which generally
showed poorer GDMT adherence in older patients with low
blood pressure, poor kidney function and other comorbidi-
ties [45, 46, 50, 53]. Furthermore, in STRONG-HF patients
were followed up and monitored closely while being up-
titrated according to protocol [38]. Although patients in the
high-intensity treatment group reached target dose signifi-
cantly more as compared to the control group and patients
in the registries, target dose was still not achieved in 100%
of patients due to patient factors. Therefore, patient factors
seem to be an important aspect of poor GDMT adherence.
However, it has not been prospectively tested if it is justi-
fied to aim for lower target doses in such patients. In fact,
the large RCTs hardly found interactions of the treatment
effect with age or comorbidities. On another note, although
not directly apparent from registry data, patient adherence
to prescribed therapy is generally not optimal [54]. Multiple
factors have been identified for this, such as a perceived lack
of effect, mental health conditions, and poor health literacy
[55]. The poor prognosis of HF justifies a high level of effort
from both the patient and health care provider to achieve and
maintain optimal medical therapy. The urgency of imple-
menting life-saving therapy as soon as possible is already
established in other fields such as oncology. For example, in
many types of cancer with survival rates comparable to heart
failure, side effects of therapy are more easily accepted by
the patient and health care provider compared to HF medica-
tion that significantly improves survival and reduces hospi-
talization rates.

Health care system factors

In CHECK-HF patients received GDMT more often com-
pared to CHAMP-HF, which represent the Dutch and USA
heart failure populations, respectively [45, 46]. This differ-
ence cannot be explained properly by patient characteristics,
because the Dutch cohort was older and had worse kidney
function compared to the US population. Possibly, the coun-
tries” different health care systems are an influencing fac-
tor. In the Netherlands health care is partly paid for by the
government and it is mandatory for every citizen to have
health insurance, while in the USA, not all patients have
access to health insurance. Therefore, high healthcare costs
could be a barrier for patients to add more medication or
to switch to more expensive medication [55]. Additionally,
both ASIAN-HF and the QUALIFY global survey found
geographical area to be associated with GDMT adherence
[47, 49]. Although the reasons for these inter-country dif-
ferences are not clear, they may be speculated to be caused
by differences in healthcare provider education and views,
insurance and government policies, limitations regarding
healthcare access, or differences in the general health care
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system. Although STRONG-HF demonstrated the effective-
ness of high-intensity care and rapid up-titration, it must be
acknowledged that real-world implementation of such high-
intensity care might not be feasible for all countries or health
care systems.

Local hospital/clinician factors

CHECK-HF found significantly different GDMT prescrip-
tion rates between hospitals that were not attributable to
patient characteristics [51]. All patients were included in
Dutch hospitals, in a country where expensive medica-
tion does not increase costs for patients. This suggests
that local hospital protocols and differences in care set-
ting could be important factors in how patients are treated
[55], even though all healthcare providers should follow
the ESC HF guideline.

Besides hospital factors, the individual clinician very
likely plays a key role in the quality of provided care and
GDMT prescription rates. First of all, there is the risk-
treatment paradox. This means that the sickest and most
frail patients receive less intensive treatment, although they
may profit most from GDMT in absolute terms [56]. In an
analysis from GWTG-HEF, at-risk patients received less evi-
dence-based therapy compared to lower-risk patients, even
when corrected for contraindications [57]. This phenomenon
could be explained not only by gaps in evidence, but also by
the clinicians’ concern for drug-related adverse events out-
weighing the benefits for the patient [56]. Secondly, in the
ADDress your Heart survey, cardiologists were presented
fictitious cases to examine their adherence to the guideline
[58]. Although guideline awareness was high, only <25%
recommended GDMT. Guideline complexity was consid-
ered to be an important barrier for correct guideline imple-
mentation according to the respondents [58]. Moreover, an
integrative review on the factors of clinical inertia states that
the health care provider’s disagreement with the guidelines
limits guideline adherence, as well as the perceived lack of
applicability of the guidelines to the individual patient [59].

Clinical inertia has been written about extensively and
is generally defined as a lack of treatment intensification
in a patient not at evidence-based goals for care [60]. As
an example, there is a mismatch between the high sense
of urgency HF warrants and the percentage of chronic HF
patients still in the titration phase as described by the ESC-
LT registry. Furthermore, secondary analysis of the GUIDE-
IT trial showed that only 15.5% of patients received at least
50% of triple therapy target dose, even with the use of NT-
proBNP guidance. In 11.1% of the clinic visits the investi-
gators reported that therapy was not started or up-titrated
because the patient was already “clinically stable” [61]. If
patients are clinically stable or little symptomatic and satis-
fied with their current treatment, it can occur that current
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medication is maintained instead of further up-titrating or
initiating new drug classes. Besides patient preference, this
can be due to multiple factors relating to the clinician. These
clinician factors include a lack of time, clinician burnout and
apathy, disproportionate fear of risks, formulary archaism,
and perceived lack of guideline applicability to the indi-
vidual patient [62]. However, it must be acknowledged that
it remains difficult to distinguish true clinical inertia from
adequate individually tailored care.

Future insights

Despite the high mortality of HFrEF, GDMT adherence was
low across multiple countries, healthcare systems, patient
subgroups, and healthcare providers, as summarized in
Fig. 3. Although large registries often report on lacking
rates of GDMT, specifics around the question “why?” are
lacking. Over the years, HFrEF treatment has expanded sig-
nificantly in terms of drug classes, but now the focus should
shift towards rapid and complete implementation of all four
live-saving drug classes.

Quicker up-titration of life saving drugs: rapid
sequencing strategies

First, strategies for improving GDMT adherence should be
sought. Conscious and scheduled up-titration regiments as
described in the STRONG-HF trial, or smarter sequenc-
ing strategies as described by Packer and McMurray, can
improve GDMT adherence [20, 38]. Simultaneous initia-
tion of drugs as recommended by Greene et al. or adjusted
sequencing strategies based on patient characteristics as
described by Rosano et al. could improve the speed and
efficacy of GDMT implementation [21, 22]. However, the
implications of these strategies have yet to be tested in both
scientific studies and real-world clinical practice.

It is presently still unknown if clinicians must strive
to titrate all patients to the same target dose or if certain
subgroups benefit from adjusted and possibly lower target
doses. Since patients in the large RCT’s were younger and
had less comorbidities compared to the average real-world
patient, it could be hypothesized that for older and more frail
patients the optimal therapeutic benefit might be achieved
at lower doses. Indirect evidence from a meta-analysis on
individual data of NT-proBNP guided trials suggests that
more intensified therapy might not result in better outcomes
in patients with significant co-morbidities [63].

Definition of true intolerability

As highlighted in this review, the interpretation of intoler-
ability varies significantly between healthcare professionals.
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Barriers to GDMT implementation

Patient

A\®

Physiological limitations
Old agef/frailty
Comorbidities
Psychological factors
Poor health literacy

Fig.3 Barriers to GDMT implementation. The figure was partly generated using Servier Medical Art, provided by Servier, licensed under a
Creative Commons Attribution 3.0 unported license. GDMT, guideline-directed medical therapy

To a large extent, this is related to the fact that true intoler-
ability has not yet been tested. Contraindications for cer-
tain drugs are often defined based on the exclusion criteria
applied in RCTs but not based on scientific evidence. For
example, the use of ARNi is discouraged in patients with
eGFR <30 simply because such patients have been excluded
from the according trial [4, 16]. Similarly, SGLT2i may not
be used with eGFR <20-30 although they have proven
reno-protective effects [1, 2, 4]. To overcome this uncer-
tainty, appropriate trials are required to test if such assumed
intolerability or contraindication is scientifically sound. In
addition, registries including patients that receive treatment
despite some (relative) contraindications may help to address
this question.

The urgency for better GDMT implementation:
the need for all four

With the introduction of a fourth drug class as standard ther-
apy for all HFrEF patients, in addition to other drugs such as
diuretics, antiarrhythmic therapy, ivabradine, digoxin, and
more recently verigicuat, the use of best therapy has become
increasingly complex [4].

Therefore, future research should focus on achieving
a better understanding of the barriers of drug initiation,
use, and up-titration. For example, the retrospective chart

analysis CHART-HF will analyze patients with a worsening
heart failure event and analyze the clinician-reported reasons
for GDMT non-adherence [64]. Additionally, the TITRATE-
HF registry aims to prospectively record every step of the
titration process, and register the barriers of up-titration in
heart failure patients in The Netherlands. Both studies will
not only register reasons for medication changes, but also
detail the reasons for not initiating or up-titrating medica-
tion. New registries will simultaneously provide insight
into the real-world implementation of the latest drug class,
SGLT2i, since this data is currently limited.

Infrastructure needed for GDMT implementation

Finally, an important cornerstone of HF care is the infra-
structure needed to facilitate healthcare providers in help-
ing their patients. An important threat of the infrastructure
is the collective burden on healthcare providers, due to the
increasing workload and scarcity of healthcare personnel.
This burden is leading to high rates of burnout and apathy in
healthcare providers, which makes providing proper HF care
on its own already challenging [62, 65, 66]. Providing proper
HF care includes having an outpatient clinic with specialist
HF nurses that educate and counsel the patients, perform
checks and follow-up visits, and collaborate with physicians
from both inside and outside the hospital.
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To decide what is needed to improve implementation of
GDMT in terms of infrastructure, one should look at the
lessons learned from STRONG-HF [38]. The high intensity
care group had a very strict, protocolized, HF care regime
with additional visits to monitor patients, which may have
played an important role in addition to the effect of rapid
up titration [67]. While the burden of healthcare personnel
is generally speaking already high, it seems that frequent
visits or at least contacts with the patient play a major role
in starting and up-titrating GDMT.

Other, more modern, infrastructure-based initiatives to
improve GDMT implementation include electronic health
record (EHR) based tools to encourage clinicians to start and
up-titrate GDMT through encouraging prompts and visuali-
zations embedded within the EHR [68, 69], and integrating
risk-prediction tools in established care pathways [70]. These
modern approaches can help reduce the burden on healthcare
personnel by providing clinicians clear choices and sugges-
tions on how to proceed with the patient in front them.

The main message that can be taken from these studies is
that frequent visits and contacts with the patient are impor-
tant, especially during the first few weeks after starting or
up-titrating a drug class. However, more effective and mod-
ern approaches are urgently needed to reduce workload and
make the infrastructure of HF care sustainable for the future.

Conclusion

Although medical therapy for heart failure will always
remain an individually tailored art, future research may offer
clinicians additional much needed tools to help further opti-
mize their craft.

Author contribution All authors have made substantial contributions
to the manuscript. J. Malgie and J.J. Brugts conceptualized the manu-
script and wrote the first draft. P.R.D. Clephas, R.A. De Boer, and
H.P. Brunner-La Rocca have all made important critical revisions that
were essential for the finalized manuscript. All authors have seen and
approved the final version of the manuscript.

Availability of data and materials No new data were generated or ana-
lyzed in support of this research.

Declarations

Ethical approval The manuscript does not contain clinical studies or
patient data.

Conflict of interests J. Malgie: The author has no relevant financial
or non-financial interests to disclose. PR.D. Clephas: The author has
no relevant financial or non-financial interests to disclose. J.J. Brugts:
No relevant financial conflicts of interest. Speaker fees from Novartis,
Vifor, and Abbott and advisory boards for Boerhinger, Bayer, and As-
tra Zenica. R.A. De Boer: received research grants and/or fees from
AstraZeneca, Abbott, Boehringer Ingelheim, Cardior Pharmaceuti-

@ Springer

cals GmbH, Ionis Pharmaceuticals, Inc., Novo Nordisk, and Roche;
and has had speaker engagements with Abbott, AstraZeneca, Bayer,
Bristol Myers Squibb, Novartis, and Roche. H.P. Brunner-La Rocca:
unrestricted research grants from Novartis, Roche Diagnostics, Vi-
for; speaker fees from Boehringer-Ingelheim, AstraZeneca, Vifor,
Novartis, Roche Diagnostics.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P
et al (2020) Cardiovascular and renal outcomes with empagliflo-
zin in heart failure. N Engl J Med 383(15):1413-1424

2. McMurray JJV, Solomon SD, Inzucchi SE, Kgber L, Kosiborod MN,
Martinez FA et al (2019) Dapagliflozin in patients with heart failure
and reduced ejection fraction. N Engl J Med 381(21):1995-2008

3. Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Crespillo
AP et al (2018) Temporal trends and patterns in heart failure
incidence: a population-based study of 4 million individuals. The
Lancet 391(10120):572-580

4. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach
A, Bohm M et al (2021) 2021 ESC Guidelines for the diagno-
sis and treatment of acute and chronic heart failure. Eur Heart J
42(36):3599-3726

5. The Consensus Trial Study Group (1987) Effects of enalapril on
mortality in severe congestive heart failure. Results of the Coop-
erative North Scandinavian Enalapril Survival Study (CONSEN-
SUS). N Engl J Med 316(23):1429-1435

6. SOLVD Investigators (1991) Effect of enalapril on survival in
patients with reduced left ventricular ejection fractions and con-
gestive heart failure. N Engl ] Med 325(5):293-302

7. Packer M, Poole-Wilson PA, Armstrong PW, Cleland JGF,
Horowitz JD, Massie BM et al (1999) Comparative effects of low
and high doses of the angiotensin-converting enzyme inhibitor,
lisinopril, on morbidity and mortality in chronic heart failure.
Circulation 100(23):2312-2318

8. Granger CB, McMurray JJV, Yusuf S, Held P, Michelson EL,
Olofsson B et al (2003) Effects of candesartan in patients with
chronic heart failure and reduced left-ventricular systolic func-
tion intolerant to angiotensin-converting-enzyme inhibitors: the
CHARM-Alternative trial. The Lancet 362(9386):772-776

9. Cohn JN, Tognoni G (2001) A randomized trial of the angiotensin-
receptor blocker valsartan in chronic heart failure. N Engl J] Med
345(23):1667-1675

10. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A et al
(1999) The effect of spironolactone on morbidity and mortality in
patients with severe heart failure. N Engl J Med 341(10):709-717

11. Zannad F, McMurray JJV, Krum H, van Veldhuisen DJ, Swedberg
K, Shi H et al (2010) Eplerenone in patients with systolic heart
failure and mild symptoms. N Engl J Med 364(1):11-21

12. Packer M, Fowler MB, Roecker EB, Coats AJ, Katus HA, Krum H
et al (2002) Effect of carvedilol on the morbidity of patients with


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

Heart Failure Reviews (2023) 28:1221-1234

1233

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

severe chronic heart failure: results of the carvedilol prospective
randomized cumulative survival (COPERNICUS) study. Circula-
tion 106(17):2194-2199

Lechat PF, Brunhuber KW, Hofmann R, Kuhn P, Nesser HJ, Slany
J, Weihs W, Wiedermann C, Wimmer H, Van Mieghem W, Boland
J (1999) The Cardiac Insufficiency Bisoprolol Study II (CIBIS-
II): a randomised trial. Lancet 353(9146):9-13

MERIT-HF Study Group (1999) Effect of metoprolol CR/XL
in chronic heart failure: Metoprolol CR/XL Randomised Inter-
vention Trial in Congestive Heart Failure (MERIT-HF). Lancet
353(9169):2001-2007

Flather MD, Shibata MC, Coats AJ, Van Veldhuisen DJ,
Parkhomenko A, Borbola J et al (2005) Randomized trial to
determine the effect of nebivolol on mortality and cardiovas-
cular hospital admission in elderly patients with heart failure
(SENIORS). Eur Heart J 26(3):215-225

McMurray JIV, Packer M, Desai AS, Gong J, Lefkowitz MP,
Rizkala AR et al (2014) Angiotensin-Neprilysin Inhibition versus
Enalapril in Heart Failure. N Engl J Med 371(11):993-1004
McMurray JJ, Ostergren J, Swedberg K, Granger CB, Held P,
Michelson EL et al (2003) Effects of candesartan in patients with
chronic heart failure and reduced left-ventricular systolic function
taking angiotensin-converting-enzyme inhibitors: the CHARM-
Added trial. Lancet 362(9386):767-771

Greene SJ, Fonarow GC, DeVore AD, Sharma PP, Vaduganathan M,
Albert NM et al (2019) Titration of Medical Therapy for Heart Failure
With Reduced Ejection Fraction. J Am Coll Cardiol 73(19):2365-2383
Savarese G, Kishi T, Vardeny O, Adamsson Eryd S, Bodegérd J,
Lund Lars H et al (2023) Heart failure drug treatment—inertia,
titration, and discontinuation. JACC Heart Fail 11(1):1-14
Packer M, McMurray JJV (2021) Rapid evidence-based sequenc-
ing of foundational drugs for heart failure and a reduced ejection
fraction. Eur J Heart Fail 23(6):882—-894

Rosano GMC, Moura B, Metra M, Bohm M, Bauersachs J, Ben
Gal T et al (2021) Patient profiling in heart failure for tailor-
ing medical therapy. A consensus document of the Heart Failure
Association of the European Society of Cardiology. Eur J Heart
Fail 23(6):872-881

Greene SJ, Butler J, Fonarow GC (2021) Simultaneous or rapid
sequence initiation of quadruple medical therapy for heart fail-
ure-optimizing therapy with the need for speed. JAMA Cardiol
6(7):743-744

The treatment of heart failure (1997) Task force of the working
group on heart failure of the european society of cardiology. Eur
Heart J 18(5):736-753

Khan MS, Fonarow GC, Ahmed A, Greene SJ, Vaduganathan
M, Khan H et al (2017) Dose of angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers and outcomes in heart
failure: a meta-analysis. Circ Heart Fail 10(8)

Mohebi R, Liu Y, Pifa IL, Prescott MF, Butler J, Felker GM et al
(2022) Dose-response to sacubitril/valsartan in patients with
heart failure and reduced ejection fraction. J] Am Coll Cardiol
80(16):1529-1541

Remme WIJ, Swedberg K (2001) Diagnosis TFft, Treatment of
chronic heart failure ESoC. guidelines for the diagnosis and treat-
ment of chronic heart failure. Eur Heart J 22(17):1527-1560
Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda
M et al (2005) Guidelines for the diagnosis and treatment of chronic
heart failure: executive summary (update 2005): the task force for
the diagnosis and treatment of chronic heart failure of the European
Society of Cardiology. Eur Heart J 26(11):1115-1140

Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ, Ponikowski
P, Poole-Wilson PA et al (2008) ESC guidelines for the diagnosis
and treatment of acute and chronic heart failure 2008: the task
force for the diagnosis and treatment of acute and chronic heart
failure 2008 of the European Society of Cardiology. Developed in

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

collaboration with the Heart Failure Association of the ESC (HFA)
and endorsed by the European Society of Intensive Care Medicine
(ESICM). Eur J Heart Fail 10(10):933-89

Bristow MR, Gilbert EM, Abraham WT, Adams KF, Fowler MB,
Hershberger RE et al (1996) Carvedilol produces dose-related
improvements in left ventricular function and survival in subjects
with chronic heart failure. MOCHA Investigators Circulation
94(11):2807-2816

McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm
M, Dickstein K et al (2012) ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure 2012: the task force
for the diagnosis and treatment of acute and chronic heart failure
2012 of the European Society of Cardiology. Developed in col-
laboration with the Heart Failure Association (HFA) of the ESC.
Eur Heart J 33(14):1787-847

Packer M (2022) Potassium binders for patients with heart fail-
ure? The real enlightenment of the DIAMOND trial. Eur Heart J
43(41):4374-4377

Zannad F, Ferreira JP, Pocock SJ, Anker SD, Butler J, Filippatos
G et al (2020) SGLT2 inhibitors in patients with heart failure
with reduced ejection fraction: a meta-analysis of the EMPEROR-
Reduced and DAPA-HF trials. Lancet 396(10254):819-829
Packer M (2020) Are the benefits of SGLT?2 inhibitors in heart
failure and a reduced ejection fraction influenced by background
therapy? Expectations and realities of a new standard of care. Eur
Heart J 41(25):2393-2396

Willenheimer R, van Veldhuisen DJ, Silke B, Erdmann E, Follath
F, Krum H et al (2005) Effect on survival and hospitalization of
initiating treatment for chronic heart failure with bisoprolol followed
by enalapril, as compared with the opposite sequence: results of
the randomized Cardiac Insufficiency Bisoprolol Study (CIBIS) III.
Circulation 112(16):2426-2435

Vaduganathan M, Claggett BL, Jhund PS, Cunningham JW, Pedro
Ferreira J, Zannad F et al (2020) Estimating lifetime benefits of com-
prehensive disease-modifying pharmacological therapies in patients
with heart failure with reduced ejection fraction: a comparative analy-
sis of three randomised controlled trials. Lancet 396(10244):121-128
Tromp J, Ouwerkerk W, van Veldhuisen DJ, Hillege HL, Richards
AM, van der Meer P et al (2022) A systematic review and network
meta-analysis of pharmacological treatment of heart failure with
reduced ejection fraction. JACC Heart Fail 10(2):73-84

Shen L, Jhund PS, Docherty KF, Vaduganathan M, Petrie MC,
Desai AS et al (2022) Accelerated and personalized therapy
for heart failure with reduced ejection fraction. Eur Heart J
14;43(27):2573-2587

Mebazaa A, Davison B, Chioncel O, Cohen-Solal A, Diaz R,
Filippatos G et al (2022) Safety, tolerability and efficacy of up-
titration of guideline-directed medical therapies for acute heart
failure (STRONG-HF): a multinational, open-label, randomised,
trial. Lancet 3;400(10367):1938-1952

Kimmoun A, Cotter G, Davison B, Takagi K, Addad F, Celutkiene
J et al (2019) Safety, tolerability and efficacy of rapid optimiza-
tion, helped by NT-proBNP and GDF-15, of heart failure thera-
pies (STRONG-HF): rationale and design for a multicentre, rand-
omized, parallel-group study. Eur J Heart Fail 21(11):1459-1467
Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats
AJS et al (2016) 2016 ESC guidelines for the diagnosis and treat-
ment of acute and chronic heart failure: the task force for the
diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC)Developed with the special
contribution of the Heart Failure Association (HFA) of the ESC.
Eur Heart J 37(27):2129-2200

Desai AS, Vardeny O, Claggett B, McMurray JJV, Packer M,
Swedberg K et al (2017) Reduced risk of hyperkalemia during
treatment of heart failure with mineralocorticoid receptor antago-
nists by use of sacubitril/valsartan compared with enalapril: a

@ Springer



1234

Heart Failure Reviews (2023) 28:1221-1234

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

secondary analysis of the PARADIGM-HF Trial. JAMA Cardiol-
ogy 2(1):79-85

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B et al
(2003) Eplerenone, a selective aldosterone blocker, in patients
with left ventricular dysfunction after myocardial infarction. N
Engl J Med 348(14):1309-1321

Fauvel C, Bonnet G, Mullens W, Giraldo CIS, MeZnar AZ, Barasa
A et al (2022) Sequencing and titrating approach of therapy in
heart failure with reduced ejection fraction following the 2021
European Society of Cardiology guidelines: an international car-
diology survey. Eur J Heart Fail 25(2):213-222

Lim YMF, Molnar M, Vaartjes I, Savarese G, Eijkemans MJC,
Uijl A et al (2022) Generalizability of randomized controlled trials
in heart failure with reduced ejection fraction. Eur Heart J Qual
Care Clin Outcomes 8(7):761-769

Greene SJ, Butler J, Albert NM, DeVore AD, Sharma PP, Duffy
CI et al (2018) Medical therapy for heart failure with reduced
ejection fraction: the CHAMP-HF registry. J] Am Coll Cardiol
72(4):351-366

Brunner-La Rocca HP, Linssen GC, Smeele FJ, van Drimmelen
AA, Schaafsma HJ, Westendorp PH et al (2019) Contemporary
Drug Treatment of Chronic Heart Failure With Reduced Ejection
Fraction: The CHECK-HF Registry. JACC Heart Fail 7(1):13-21
Teng TK, Tromp J, Tay WT, Anand I, Ouwerkerk W, Chopra V
et al (2018) Prescribing patterns of evidence-based heart failure
pharmacotherapy and outcomes in the ASIAN-HF registry: a
cohort study. Lancet Glob Health 6(9):e1008-1018
Crespo-Leiro MG, Anker SD, Maggioni AP, Coats AJ, Filippatos
G, Ruschitzka F et al (2016) European society of cardiology heart
failure long-term registry (ESC-HF-LT): 1-year follow-up outcomes
and differences across regions. Eur J Heart Fail 18(6):613-625
Komajda M, Anker SD, Cowie MR, Filippatos GS, Mengelle B,
Ponikowski P et al (2016) Physicians’ adherence to guideline-
recommended medications in heart failure with reduced ejection
fraction: data from the QUALIFY global survey. Eur J Heart Fail
18(5):514-522

Savarese G, Bodegard J, Norhammar A, Sartipy P, Thuresson M,
Cowie MR et al (2021) Heart failure drug titration, discontinu-
ation, mortality and heart failure hospitalization risk: a multina-
tional observational study (US, UK and Sweden). Eur J Heart Fail
23(9):1499-1511

Linssen GCM, Veenis JF, Brunner-La Rocca HP, van Pol PEJ,
Engelen DJM, van Tooren RM et al (2020) Differences in
guideline-recommended heart failure medication between Dutch
heart failure clinics: an analysis of the CHECK-HF registry.
Neth Heart J 28(6):334-344

Crespo-Leiro MG, Segovia-Cubero J, Gonzélez-Costello J, Bayes-
Genis A, Lopez-Fernandez S, Roig E et al (2015) Adherence to the
ESC heart failure treatment guidelines in Spain: ESC heart failure
long-term registry. Rev Esp Cardiol (Engl Ed) 68(9):785-793
Cowie MR, Schope J, Wagenpfeil S, Tavazzi L, Bohm M, Pon-
ikowski P et al (2021) Patient factors associated with titration of
medical therapy in patients with heart failure with reduced ejec-
tion fraction: data from the QUALIFY international registry. ESC
Heart Fail 8(2):861-871

Naderi SH, Bestwick JP, Wald DS (2012) Adherence to drugs that
prevent cardiovascular disease: meta-analysis on 376,162 patients.
Am J Med 125(9):882-7.el

Maddox TM, Januzzi JL Jr, Allen LA, Breathett K, Butler J,
Davis LL et al (2021) 2021 Update to the 2017 ACC expert
consensus decision pathway for optimization of heart failure
treatment: answers to 10 pivotal issues about heart failure with

@ Springer

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

reduced ejection fraction: a report of the American College of
Cardiology Solution Set Oversight Committee. ] Am Coll Cardiol
77(6):772-810

McAlister FA (2011) The end of the risk—treatment paradox? J
Am Coll Cardiol 58(17):1766-1767

Peterson PN, Rumsfeld JS, Liang L, Hernandez AF, Peterson ED,
Fonarow GC et al (2010) Treatment and risk in heart failure: gaps in
evidence or quality? Circ Cardiovasc Qual Outcomes 3(3):309-315
Erhardt L, Komajda M, Hobbs FD, Soler-Soler J (2008) Car-
diologists’ awareness and perceptions of guidelines for chronic
heart failure. The ADDress your Heart survey. Eur J Heart Fail
10(10):1020-1025

Aujoulat I, Jacquemin P, Rietzschel E, Scheen A, Tréfois P, Wens
J et al (2014) Factors associated with clinical inertia: an integra-
tive review. Adv Med Educ Pract 5:141-147

O’Connor PJ, Sperl-Hillen JM, Johnson PE, Rush WA, Biltz G
(2008) Clinical inertia and outpatient medical errors. Journal of
Medical Regulation 94(2):19-29

Fiuzat M, Ezekowitz J, Alemayehu W, Westerhout CM, Sbolli
M, Cani D et al (2020) Assessment of limitations to optimization
of guideline-directed medical therapy in heart failure from the
GUIDE-IT trial: a secondary analysis of a randomized clinical
trial. JAMA Cardiol 5(7):757-764

Sherrod CF, Farr SL, Sauer AJ (2023) Overcoming treatment iner-
tia for patients with heart failure: how do we build systems that
move us from rest to motion? Eur Heart J 12:ehad169
Brunner-La Rocca H-P, Eurlings L, Richards AM, Januzzi JL,
Pfisterer ME, Dahlstrom U et al (2015) Which heart failure
patients profit from natriuretic peptide guided therapy? A meta-
analysis from individual patient data of randomized trials. Eur J
Heart Fail 17(12):1252-1261

Greene SJ, Lautsch D, Gaggin HK, Djatche LM, Zhou M, Song Y
et al (2022) Contemporary outpatient management of patients with
worsening heart failure with reduced ejection fraction: rationale
and design of the CHART-HF study. Am Heart J 251:127-136
Sauer AJ (2023) Mental health conditions among cardiologists:
silent suffering. J Am Coll Cardiol 81(6):587-589

Sharma G, Rao SJ, Douglas PS, Rzeszut A, Itchhaporia D,
Wood MJ et al (2023) Prevalence and professional impact of
mental health conditions among cardiologists. J] Am Coll Cardiol
81(6):574-586

Cox ZL, Lindenfeld J (2022) STRONG start for imple-
mentation of guideline-directed medical therapies. Lancet
400(10367):1901-1903

Ghazi L, Desai NR, Simonov M, Yamamoto Y, O’Connor
KD, Riello RJ et al (2022) Rationale and design of a cluster-
randomized pragmatic trial aimed at improving use of guideline
directed medical therapy in outpatients with heart failure: prag-
matic trial of messaging to providers about treatment of heart
failure (PROMPT-HF). Am Heart J 244:107-115

Allen LA, Venechuk G, Mcllvennan CK, Page RL 2nd, Knoepke
CE, Helmkamp LJ et al (2021) An electronically delivered patient-
activation tool for intensification of medications for chronic heart
failure with reduced ejection fraction: the EPIC-HF trial. Circula-
tion 143(5):427-437

Lee DS, Straus SE, Farkouh ME, Austin PC, Taljaard M, Chong A
et al (2023) Trial of an intervention to improve acute heart failure
outcomes. N Engl J Med 388(1):22-32

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Guideline-directed medical therapy for HFrEF: sequencing strategies and barriers for life-saving drug therapy
	Abstract
	Introduction
	Medical therapy as recommended by the 2021 European Society of Cardiology guideline
	Drug class I: Angiotensin converting enzyme inhibitorangiotensin-receptor (neprilysin) inhibitor (ACEARBARNi)
	Drug class II: beta-blockers (BB)
	Drug class III: mineralocorticoid receptor antagonists (MRA)
	Drug class IV: SGLT2 inhibitors

	Additive effect of all four drug classes
	Rapid drug sequencing and implementation strategies
	Real-world adherence to guideline-directed medical therapy: a call to action for adequate implementation
	CHAMP-HF
	CHECK-HF
	ASIAN-HF
	ESC-LT
	Qualify global survey
	Savarese 2021
	Barriers for GDMT implementation
	Patient factors

	Health care system factors
	Local hospitalclinician factors

	Future insights
	Quicker up-titration of life saving drugs: rapid sequencing strategies
	Definition of true intolerability
	The urgency for better GDMT implementation: the need for all four
	Infrastructure needed for GDMT implementation

	Conclusion
	References


