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Heart failure (HF) is a complex clinical syndrome with symptoms and
signs due to cardiac dysfunction, leading to high hospitalization and
morbidity. HF treatment has rapidly developed in recent decades,
and breakthroughs have been made. Although conventional neu-
rohormonal blockade therapies, including 3-blockers, angiotensin-
converting enzyme (ACE) inhibitors, angiotensin receptor blockers
(ARBs), and mineralocorticoid receptor antagonists (MRAs), signif-
icantly improve the prognosis of patients with heart failure with re-
duced ejection fraction (HFrEF), mortality and rehospitalization re-
main high. Therefore, new therapies are needed. Previous stud-
ies demonstrated that ivabradine, angiotensin receptor-neprilysin
inhibitor (ARNI), sodium-glucose cotransporter 2 (SGLT2) inhibitor,
vericiguat, and omecamtiv mecarbil (OM) are beneficial for HFrEF.
However, there is a lack of systematic review of the most optimal
manner to use under various clinical conditions. This review summa-
rizes the current knowledge regarding these therapies to give sug-
gestions regarding clinical use timing, application scope, and opti-
mal therapies under various conditions. Most importantly, we pro-
pose the HF diamond approach to express the necessity of conjunc-
tion of therapies. Different from the current guidelines, we suggest
to use the diamond approach in an early and comprehensive manner
at the beginning of ventricular remodeling in HFrEF to prevent fur-
ther deterioration of HF and maximize the prognosis of patients.

Keywords

Heart failure; Diamond approach; New therapies; Individualized treatment

1. Introduction

Heart failure (HF) is the biggest challenge to cardiovas-
cular disease treatment in the 21st century, with substan-
tial morbidity, rehospitalization, and mortality, which af-
fected estimated 23 million people worldwide [1]. The in-
cidence of HF in American adults increased from 5.7 mil-
lion to 6.2 million in the past few years [2]. The data from
GWTG®-HF (Get With The Guidelines—Heart Failure, Dal-
las, Texas, USA) showed that the rates for 5-year mortality
and readmission in patients hospitalized for HF exceeded 80%
and 75%, respectively [3]. According to the 2021 ESC (Eu-
ropean society of cardiology, Brussels, Belgium) heart fail-
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ure guideline, HF is now subdivided as either reduced ejec-
tion fraction (rEF) (HFrEF: left ventricular ejection fraction
(LVEF) <40%), mildly reduced EF (HFmrEF: LVEF of 41—
49%), or preserved EF (HFpEF: LVEF >50%) [4].

Although conventional neurohormonal blockade thera-
pies significantly improve the prognosis of patients with
HFrEF, mortality and rehospitalization remain high. A study
enrolled 11,064 HFrEF patients showed that under neuro-
hormonal blockade therapies, the 2-year mortality for pa-
tients with worsening HF events was as high as 22.5%, and
the hospitalization for recurring malignant HF within 30 days
was 56% [5].

A large amount of data showed that conventional ther-
apies cannot meet the current needs, and HF treatment
urgently needs to be updated. New therapy for HFrEF
has been rapidly developing in recent years. Therapies
such as ivabradine, angiotensin receptor-neprilysin inhibitor
(ARNI), sodium-glucose cotransporter 2 (SGLT2) inhibitor,
vericiguat, and omecamtiv mecarbil, etc., which have been
proved to improve the prognosis of HFrEF patients. This ar-
ticle mainly clarified the timing, scope of application, con-
traindications for the clinical use of each agent, and optimal
therapies under various clinical conditions.

Multiple factors are involved in the occurrence of HF
and progressive treatment, and therefore, it is necessary
to combine drugs with different mechanisms for the most
successful treatment of HFrEF. The effective combina-
tion of angiotensin-converting enzyme (ACE) inhibitors
(ACEI)/angiotensin receptor blockers (ARBs), mineralocor-
ticoid receptor antagonists (MRAs), and 3-blockers is widely
recognized.

‘We proposed the diamond approach and it included new
drugs and provided possible combinations based on the
mechanism and clinical trials so that the most suitable drug
regimen was used for an individual patient, and most im-
portantly, to propose the necessity of the conjunction of
medicines (Fig. 1). Different from the current guidelines, we
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proposed to use the diamond approach in an early and com-
prehensive manner at the beginning of ventricular remod-
eling in HFrEF to prevent further deterioration of HF and
maximize the prognosis of patients (Fig. 2).

RAAS inhibitors

) vericiguat
Ivabradine

B-blockers

MRAs

inhibitors

Fig. 1. Possible combinations of different heart failure drugs based
on latest clinical research. The diagram shows useful combinations
(thick lines), possible combinations (dotted lines). RAAS inhibitors, renin-
angiotensin-aldosterone inhibitors; MRAs, mineralocorticoid receptor an-
tagonists; SGLT2 inhibitors, sodium-glucose cotransporter 2 inhibitors;

OM, omecamtiv mecarbil.

2. Drug therapy
2.1 B-blockers

Dysregulation of cardiac 31-adrenergic receptor signaling
and transduction are key features of HF progression [6]. By
blocking the GS protein-cyclic adenosine monophosphate-
protein kinase A (Gs-cAMP-PKA) pathway, 3-blockers re-
versed ventricular remodeling or reduced the risk of death
[7]. B-blockers (metoprolol, carvedilol, or bisoprolol) have
been proven to significantly reduced mortality, HF hospital-
ization, and sudden death in HFrEF (LVEF <35%) [8-12]. A
prospective study enrolled 1518 HFrEF patients also yielded
similar results in a real world setting [13]. Patients diag-
nosed with HFrEF should take 3-blockers unless contraindi-
cated (e.g., cardiogenic shock, sick sinus syndrome, high-
grade atrioventricular block, heart rate <50 beats/min, acute
bronchial asthma attack) or not tolerated (e.g., exacerbation
of HF, bradycardia, hypotension, fatigue) [14-17].

Bronchospasm was one of the adverse reactions caused
by [-blockers, but the use of [-blocker therapy was not
contraindicated by chronic obstructive pulmonary disease
(COPD) [18, 19] or bronchial asthma [20]. The use of car-
dioselective 3-blockers was relatively safe in asthma patients
[20]. 3-blockers should be gradually titrated to the maximum
tolerated dose or the target dose recommended by guidelines
[14-17]. Study found that patients who reached the target
dose and target heart rate had the lowest mortality, and those
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who only met the target dose attained higher survival if they
achieved the target heart rate [21].

2.2 ACEIs and ARBs

ACEIs and ARBs reversed ventricular remodeling by
blocking the renin-angiotensin-aldosterone system (RAAS).
ACEIs competitively inhibited ACE and reduce angiotensin
IT (A-II), and they were important mediators of cardiac re-
modeling because A-II caused myocardial hypertrophy [22]
and promoted cardiac fibrosis [23]. Same as [-blockers,
evidence-based ACEIs (enalapril, ramipril, or lisinopril)
should be guaranted to all HFrEF unless contraindicated (e.g.,
previous angioedema, pregnancy, bilateral renal stenosis, hy-
perkalemia (>6.0 mmol/L)), as these agents reduced morbid-
ity and mortality [24-26]. ARBs blocked the activation of A-
II type 1 receptors and were considered as an alternative to
ACETISs as first-line drugs in patients with HFrEF [27-29].

Contraindications to ACEIs also applied to ARBs [14-17].
Several trials found that greater cardiovascular benefits were
obtained by the combination of ACEIs and ARBs [27, 29].
However, there was no recommendation for this combina-
tion because of the increased possibility of adverse reactions
such as hypotension, hyperkalemia, and worsening of renal
function [14, 30]. There should be concern for patients on
ACEIs or ARBs if any of the following occurs: symptomatic
hypotension (systolic blood pressure (SBP) <90 mmHg),
chronic kidney disease (CKD) (creatinine >3.0 mg/dL), or
hyperkalemia (potassium >5.5 mEq/L) [14-17, 30].

2.3 MRAs

Aldosterone was the terminal hormone of the RAAS and
played a role in myocardial remodeling. In addition to di-
uresis and potassium preservation, aldosterone caused my-
ocardial interstitial fibrosis [6]. MRAs blocked the action
of aldosterone on mineralocorticoid receptors and reversed
cardiac remodeling. Spironolactone [31] and eplerenone
[32] significantly reduced the mortality and hospitalization
of HFrEF (LVEF <35%). The ‘escape phenomenon’ of
aldosterone occured after long-term use of ACEIs/ARBs.
ACEIs/ARBs alone was not ideal for reducing aldosterone in
this setting, and MRA therapy was necessary. For patients
who still has symptoms of HF even under the treatment of
ACEIs/ARBs and 3-blockers, MRAs were recommended ac-
cording to guidelines [14-17]. MRA should be avoided in the
following situations: patients with kidney failure (estimated
glomerular filtration rate (¢GFR) >30 mL/min/1.73m?), hy-
perkalemia (>5.0 mmol/L), or patients who are pregnant
[14-17].

2.4 Ivabradine

The correlation between adverse cardiovascular events
and rapid heart rhythm has been confirmed in patients with
cardiovascular disease, and lowering the heart rate reduced
cardiovascular risk [33-35]. A retrospective cohort study
found that high resting heart rates often occured in HFrEF
and were always associated with adverse outcomes [36].
Ivabradine slowed down the heart rate by selectively inhibit-
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as appropriate
For patients meeting
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ACEI/ARB/ARNI
(ARNI preferred),
B-blocker
For patients with resting
HR 270, on maximally
. tolerated B-blocker dose
Ivabradine in sinus rhythm. NYHA

Class II-1ll

medical therapy,
palliative care,
hospice

guideline-directed )

J/

that may lead to or
contribute to HF

modify risk factorsJ

RAAS inhibitors

" vericiguat
Ivabradine

B-blockers

inhibitors

all therapies in the
diamond approach should
be administered if
patients can tolerate them

[HFrEF drugs treatment]

Fig. 2. Drug treatment algorithm for heart failure according to guidelines and diamond approach. Comparison of drug treatments between guide-

lines and the diamond approach in the four stages of heart failure. MRA, mineralocorticoid receptor antagonist; eGFR, estimated glomerular filtration rate;

NYHA, New York Heart Association; SGLT21i, sodium-glucose cotransporter 2 inhibitor; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin

receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; HFrEF, heart failure with reduced ejection fraction; HF, heart failure.

ing the funny ion current (I¢) channel of the sinoatrial node
It dose-dependently reduced heart rate and became
more effective when the heart rate was faster [37]. Ivabradine
also significantly reversed left ventricular remodeling [38].

cells.

In the SHIFT trial, ivabradine significantly reduced HF
hospitalization but not cardiovascular or all-cause mortality
compared with placebo [34]. A prospective study showed
that ivabradine is beneficial for HFrEF by effectively improv-
ing the symptoms and quality of life [39]. Ivabradine was
added to therapy when patients have received the maximum
dose of 3-blockers but still had a resting sinus heart rate >70
beats/min, or if symptoms remained after optimized treat-

ment [14, 16, 17].

Ivabradine should be avoided in patients with sinus brady-
cardia, sinoatrial block, or second degree or above atrioven-
tricular block [14, 16, 17]. Due to its mechanism of action,
it had no effect on cardiac inotropy or systemic vascular re-
sistance [33]. However, cornerstone research did not in-
clude patients with hypotension (blood pressure (BP) <90/50
mmHg), and therefore, the specific impact of ivabradine on
blood pressure is still unclear [34]. Ivabradine might increase
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atrial fibrillation by blocking the Iy channel in sinus node tis-
sue [40, 41]. However, several individual cases [42, 43] and a
small sample study [44] indicated that ivabradine slowed the
ventricular rate and improved heart function in patients with
atrial fibrillation. It is necessary to perform further clinical
trials to confirm whether ivabradine is an effective agent in
this condition.

2.5 ARNI

As a multi-compound drug composed of the ARB val-
sartan and the neprilysin inhibitor sacubitril, ARNI showed
an extraordinary effect on the reversal of cardiac remodel-
ing. The PARADIGM-HF trial demonstrated that ARNI ex-
ceeded enalapril in reducing cardiovascular mortality (hazard
ratio (HR), 0.80 [95% CI, 0.71-0.89]) and hospitalization for
HFrEF (HR, 0.79 [95% CI, 0.71-0.89]) patients [45]. The su-
periority of ARNI compared with enalapril in improving the
quality of life has also been proven [46].

In the EVALUATE-HF trial, a significant reversal in car-
diac remodeling was observed after 3 months of ARNI treat-
ment for HFrEF patients [47]. The PROVE-HF study fur-
ther explored the association between improvement of ven-
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tricular remodeling and the reduced level of N-terminal-
pro-brain natriuretic peptide (NT-ProBNP) [48]. For pa-
tients hospitalized with acute HF, the TRANSITION study
demonstrated the safety and efficacy of early in-hospital ini-
tiation of ARNI after hemodynamic stability [49], and the
PIONEER-HF trial confirmed the superiority of initial treat-
ment with ARNI compared to enalapril through the 8 weeks
of follow-up [50]. Similar conclusions were made in several
studies where ARNI exceeded ACE inhibitors/ARBs in re-
ducing hospitalization [51] and improving the quality of life
for HFrEF patients during the 12 months of follow-up in
real world practice [52]. The cardio-renal benefit provided
by natriuretic peptides indicates that ARNI was superior to
other traditional RAAS inhibitors for the treatment of HF
and CKD.

Despite causing a modest increase in the urine albumin-
to-creatinine ratio (UACR), ARNI was found to slow the
rate of decrease in the eGFR more effectively compared to
enalapril [53]. Prospective researches have proved that pa-
tients with HFrEF and CKD can benefit from ARNI [54, 55].
ARNI has become a new cornerstone and first-line therapy
for HFrEF in guidelines [14, 16, 30]. Common side effects of
ARNI were related to hypotension, renal insufficiency, and
rare angioedema. It should be further noted that the con-
traindications to ACE inhibitors/ ARBs also apply to ARNI.

2.6 SGLT2 inhibitors

By inhibiting sodium-glucose cotransporter 2 (SGLT2)
which presented at the early proximal tubule, SGLT2 in-
hibitors prevented the reabsorption of the majority of filtered
urinary glucose, and lowered blood glucose levels. Except
as glucose-lowering agents [56], SGLT2 inhibitors showed
beneficial effects on hospitalization for HF, and cardiovascu-
lar and total mortality in patients with diabetes [57-61]. The
specific mechanisms of SGLT?2 inhibitors that confer cardiac
benefits remained unknown, and might be related to lower-
ing of blood pressure, diuresis, weight loss, amelioration of
myocardial metabolism and fibrosis, and reduction of the ex-
cessive activation of the sympathetic nervous system (SNS)
and RAAS [62-64].

In the DAPA-HF trial, dapagliflozin reduced the primary
endpoint for cardiovascular death or worsening of HF (HR,
0.74 [95% CI, 0.65-0.85]; P < 0.001), cardiovascular mor-
tality (HR, 0.82 [95% CI, 0.69-0.98]), and all-cause mortality
(HR, 0.83 [95% CI, 0.71-0.97]) in HFrEF, and benefits for
the primary endpoint of HFrEF were comparable irrespec-
tive of diabetes [65]. A subsequent analyses from the DAPA-
HF trial was performed, and it was found that dapagliflozin
reduced the outpatient episodes of HF (P < 0.0001) [66],
improved the Kansas City Cardiomyopathy Questionnaire
(KCCQ) score (P < 0.0001) [67] in HFrEF, and its efficacy
and safety in elderly individuals was also confirmed [68].

The EMPEROR-Reduced trial enrolled HFrEF patients
with more severe HF (73% of patients with LVEF <30%,
79% with NT-proBNP >1000 pg/mL) than those included
in the DAPA-HF trial [69]. Empagliflozin reduced hos-
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pitalization for HF (HR, 0.70 [95% CI, 0.58-0.85]; P <
0.001) but failed to reduce cardiovascular death. Heart failure
guidelines, including the 2021 ESC guideline, recommend
the SGLT2 inhibitors as the cornerstone medication for all
HFrEF, whether the patient has diabetes or not [16, 70].

A subgroup analysis of the DAPA-HF trial [71] showed
that the combination of SGLT2 inhibitors and ARNI was effi-
cacious and safe. Caution was advised in patients with genital
and urinary tract infections [72, 73], ketoacidosis [74], hy-
povolemia (e.g., hypotension, dehydration, and cerebral in-
farction), or hypoglycemia (when combined with insulin or
an insulin secretagogue) [75]. Ketoacidosis was a serious but
extremely rare clinical condition in patients on SGLT2 in-
hibitors. The rate reportedly was less than 0.76/1000 patient-
years in patients receiving canagliflozin [76] and 1/1000 for
empagliflozin [57]. How SGLT?2 inhibitors might be con-
tributing to ketoacidosis has not been fully understood, but
major illness, prolonged starvation, heavy alcohol use, and
lower insulin doses were potential ketoacidosis triggers.

2.7 Vericiguat

The nitric oxide-soluble guanylate cyclase-cyclic guano-
sine monophosphate (NO-sGC-cGMP) pathway was the
main regulator in myocardial metabolism and endothelial
function, and it was a potential target for the treatment
of chronic HF [77].
ciguat was cardioprotective by increasing the activity of cyclic
guanosine monophosphate (cGMP) [78, 79].

In the SOCRATES-REDUCED trial [80], vericiguat was
proven to be well-tolerated and safe in HFrEF during the
12 weeks of follow-up. The VICTORIA trial [81] enrolled
HFrEF patients with more severe heart failre than those in
other contemporary clinical trials, and found that even un-
der guideline-directed medical therapy (GDMT), vericiguat
still reduced the composite primary outcome of cardiovascu-
lar death or first HF hospitalization (P = 0.02) over a median
follow-up of 10.8 months. This result was mostly driven by
reduced HF hospitalization, with a statistically nonsignificant
reduction in cardiovascular death. A secondary analysis of
the vericiguat trial showed that there were time-dependent

As a new oral sGC stimulator, veri-

risks of events according to index hospitalization subgroups,
in which the worsening outpatient subgroup had the lowest
risk compared to those at <3 months or 3 to 6 months af-
ter HF hospitalization, no significant difference was found
in the risk reduction between these subgroups [82]. Based
on those positive clinical results, vericiguat is considered for
symptomatic HFTEF (even under GDMT) according to the
2021 ESC heart failure guideline [4].

2.8 Omecamtiv mecarbil

HFrEF was characterized by decreased ejection fraction
and cardiac contractility. Current available inotropic agents,
including adrenergic receptor agonists (i.e., dobutamine),
phosphodiesterase inhibitors (i.e., milrinone), and calcium
sensitizer (i.e., levosimendan), effectively increased cardiac
contractility. However, due to their specific mechanisms of

Volume 22, Number 3, 2021



action, these agents were associated with increased myocar-
dial oxygen consumption, intracellular calcium, increased
heart rate, hypotension, arrhythmias, and mortality [83-85].

OM was a selective, small-molecule cardiac myosin activa-
tor (also referred to as a cardiac myotrope) that binded to the
catalytic domain of myosin and increased cardiac contractility
without affecting cardiac myocyte intracellular calcium con-
centrations or myocardial oxygen consumption [86, 87]. Dif-
ferent from conventional inotropic agents, OM was a poten-
tial treatment for HFrEF patients due to its properties [88].

The recent large randomized controlled trial GALACTIC-
HF was conducted to demonstrate this hypothesis [89]. This
trial enrolled HFrEF patients with EF <35%, and most of
these patients were under standard HF therapy. The results
showed that OM still reduced the composite primary out-
come of the time to cardiovascular death or first HF event
(P = 0.03). However, no statistical differences were found
for secondary endpoint events including cardiovascular death
and the first HF hospitalization. The benefit of OM for pa-
tients with HF was moderate compared to neurohormonal
blockade therapies. However, OM remained safe and effec-
tive even under standard medical care for HF, which maked
it a promising treatment. However, it is worth noting that
OM can induce ischemia if plasma concentrations that pre-
vent complete relaxation of the heart are achieved [90].

3. ‘Diamond’ approach to treatment

Many patients with heart failure have not received the op-
timal treatment due to clinicians’ insufficient awareness of
the importance of drug combinations and excessive caution
of adverse reactions it brings. Therefore, we proposed the
diamond approach in this review to express the necessity of
conjunction of therapies and exhibit possible combinations
based on the latest clinical researches.

HF frequently have comorbidities such as hypotension, ar-
rhythmias, and kidney disfunction. Considering that it may
take months to prescribe all therapies recommended in the
diamond approach, we believe the choice of optimal agents
should vary along with different conditions and is worthy of
attention. The following summarize the related studies and
give some suggestions about personalized treatment in this
regard.

Unless contraindicated or not tolerated, usage of the di-
amond approach in an early and comprehensive manner is
crucial. In clinical practice, commonly step-up therapy of HF
may reduce the benefit in patients with heart failure. There-
fore, we combined the diamond approach and proposed a
more aggressive treatment for HF (Fig. 2).

3.1 Special considerations
3.1.1 Hypotension

Patients with HF often had low BP. HF therapies such as
ACEIs/ARBs, MRAs, and [3-blockers lowered BP. ARNI had
a stronger antihypertensive effect [91]. SGLT2 inhibitors
also lowered BP through significant diuresis. In recent stud-
ies, it was found that SGLT?2 inhibitors had a direct na-

Volume 22, Number 3, 2021

triuretic effect rather than promoting osmotic diuresis [92]
and urine volume increased without an increase in urinary
sodium over time [93]. A post-mortem analysis from the
EMPA-REG OUTCOME trial found that empagliflozin re-
duced SBP (>5 mmHg) in the fourth week of use [94]. Al-
though ivabradine had little effect on hemodynamics, related
studies did not included patients with hypotension. The use
of ivabradine was not recommended in this setting [14].

The VICTORIA trial found that patients receiving veri-
ciguat therapy had a higher incidence of hypotension and syn-
cope, which was related to the drug’s mechanism [81]. The
GALACTIC-HF trial excluded patients with low blood pres-
sure (SBP <85 mmHg), and found no deleterious effects of
OM on BP [89]. In patients with HFrEF and hypotension,
it was necessary to distinguish whether low perfusion exists.
It should be noted whether patients are tolerant of the above
HF drugs before initiating therapy if there is the pre-existing
condition of low perfusion (e.g., dizziness, fatigue, cold limbs,
oliguria).

For patients with hypotension but lack of evidence of low
perfusion, usage of these disease-modifying drugs should be
considered. For these patients, it is necessary to titrate from a
small dose and strictly monitor BP and heart rate. There are
often improvements in heart function and hypotension for
HFrEF patients after a period of treatment. When hypoten-
sion occurs, the most important action to be taken is reducing
unnecessary vasodilators and diuretics and then adjusting the
above medications.

3.1.2 HF after acute myocardial infarction (AMI)

Myocardial ischemia, infarction, and scar formation
caused by coronary heart disease were the most com-
mon causes of HF. A randomized controlled retrospective
(PARADISE-SWEDEHEART) study performed in Sweden
found that the incidence of HF in patients after MI was as high
as 13-32%, and these HF patients were associated with higher
morbidity and rehospitalization. Early, comprehensive, and
standardized drug treatment largely determined the progno-
sis for these patients. ACEIs [95, 96]/ARBs [28], MRAs
[97], and (-blockers [98] reduced the mortality and hospi-
talization in patients after AMI. Unless contraindicated or
not tolerated, the early use of ACEIs/ARBs [99] and MRAs
[97,99] were universally recognized. Because the early use of
B-blockers (<24 hours) increased cardiogenic shock and/or
death, they should be initiated after hemodynamic stability in
these patients [14, 16, 100]. A short-acting plain tablet of a
B-blocker was preferred in this setting. By antagonizing the
RAAS and strengthening the natriuretic peptides, ARNI had
a stronger effect on the reversal of cardiac remodeling com-
pared with the use of ACEIs/ARBs [47, 48].

In the recent PARADISE-MI trial, it was found that when
compared with an ACEI, ARNI reduced the primary end-
points (cardiovascular death, HF hospitalization, or outpa-
tient development of HF) by 10% in patients with AMI, al-
though statistical difference was not reached (P = 0.17). This
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study also observed that ARNI improved heart function more
effectively because of its gradual action. Whether OM is
benefical for AMI was not clear, since the GALACTIC-HF
trial did not include relevant patients [89]. Because OM effec-
tively increased cardiac contractility without increasing my-
ocardial oxygen consumption and arrhythmia, it benefited
patients after AMI. The specific effects of early use of ivabra-
dine, SGLT2 inhibitors, and vericiguat on AMI remained un-
known due to a lack of data.

3.1.3CKD

CKD and HF often coexist, with CKD being present in
40-50% of chronic HF patients [101]. In addition to hemo-
dynamic disturbances, the continuous activation of the SNS
and RAAS also played a crucial role in CKD [102, 103].
The key to treatment lied in breaking the vicious cycle be-
tween the neuroendocrine system and hemodynamic disor-
der. ACEIs/ARBs [26, 104-107]/ARNI [53, 108] and MRAs
[32,109] improved the prognosis of HFrEF with CKD. ARNI
was a more optimal choice than ACEIs/ARBs for CKD be-
cause its superior cardiorenal effect has been proven. In the
Kidney Disease Improving Global Outcomes (KDIGO) Con-
troversies Conference, it was suggested that ARNI is an es-
sential medicine for patients with HFrEF and CKD [110].

A meta-analysis including several randomized trials [111]
found that B-blockers offer consistent benefits for patients
with HFrEF and moderate CKD (eGFR: 30-60 mL/min/1.73
m?). Although a study on ivabradine in CKD patients was
lacking, ivabradine is considered safe in moderate CKD as a
result of low renal clearance rate of 20% [112]. SGLT2 in-
hibitors caused a mild, short-term decrease in eGFR in the
early stage, but it did not affect the long-term renal protec-
tive effect [57, 60, 61, 113, 114]. Vericiguat was beneficial
for CKD because it promoted the production of cGMP. After
a post-hoc analysis of the VICTORIA trial was performed,
it was found that the beneficial effects of vericiguat on the
primary endpoint were consistent across the full range of
eGFR (>15 mL/min/1.73 m?), irrespective of worsening re-
nal function [115].

Out of consideration for renal insufficiency, disease-
modifying drugs including ACE inhibitors, ARBs, ARNI, and
MRAs are usually underused. Stopping these drugs or ad-
ministering a low-dose of these drugs always leads to poor
outcomes. Unless contraindicated or not tolerated, all pa-
tients with HFrEF and CKD should be routinely and com-
prehensively receiving these therapies, and drugs need to be
titrated to the maximum dosage under strict monitoring.

3.1.4 End-stage renal disease (ESRD)

Due to most clinical trials excluding patients with ad-
vanced CKD (eGFR <30 mL/min/1.73 m?), there was a
lack of strong evidence of safety and effectiveness for med-
ical therapies that were used with these patients. However,
some small non-randomized controlled studies have been
conducted with these patients, and we can learn from them.
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[B-blockers were found to be associated with lower morbidity
and mortality in HFrEF patients with advanced CKD [116],
and among [3-blockers, carvedilol was the first recommenda-
tion for dialysis patients with HFrEF [117, 118].

A study showed that ARNI increased the LVEF and was
well tolerated in HFrEF with ESRD on dialysis [119]. It
was found that in the DAPA-CKD [120] trial, dapagliflozin
can delay the deterioration of renal function and reduce
cardiovascular death in patients with CKD (eGFR: 25-75
mL/min/1.73 m?). It is important to note the dialysis rate
of drugs in patients with advanced CKD. Additional clinical
studies are needed to guide the medical treatment of these pa-
tients.

3.1.5 Arrhythmia-induced cardiomyopathy (AiCM)

Known as reversible non-ischemic dilated cardiomyopa-
thy, AiCM was caused by tachycardias, atrial fibrillation
(AF), and premature ventricular contractions. The elimi-
nation of arrhythmia was the optimal treatment for AiCM,
and it reversed cardiomyopathy. Because AiCM often oc-
cured with HF, therapies for HF should also be considered for
AiCM [121]. Thus far, guidelines only recommend HF treat-
ments for tachycardia-induced cardiomyopathy (T-CM). We
suggested that the same therapy should be used for atrial
fibrillation-induced cardiomyopathy (AF-CM) and prema-
ture ventricular contraction-induced cardiomyopathy (PVC-
CM), because these patients were very likely to benefit from
these disease-modifying drugs.

There were double benefits from the use of 3-blockers be-
cause they prevented arrhythmia and antagonize the sympa-
thetic (beta adrenergic) nervous system, and their use should
be placed first in the medical treatment of HF. ARNI fur-
ther reduced the occurrence of arrhythmias compared with
ACEIs/ARBs [122]. In addition to decreasing cardiac remod-
eling, the extra anti-arrhythmic effect of ARNI might be de-
rived from enkephalinase inhibitors [123]. Dapagliflozin was
found to effectively reduced the incidence of atrial fibrilla-
tion/atrial flutter events by up to 19%, which may have re-
sulted due to the improvement of cardiomyocyte metabolism
by SGLT2 inhibitors [124]. The use of ivabradine should be
avoided in non-sinus tachyarrhythmia. Although a few case
reports and small studies found that ivabradine may be use-
ful for treatment for AF, the associated clinical data are still
lacking.

3.2 HF in different stages

The two HF classification schemes that are widely used are
the American College of Cardiology Foundation/American
Heart Association (ACCF, West End, Washington, D.C,,
USA/AHA, Dallas, Texas, USA) staging system and the
New York Heart Association (NYHA, Dallas, Texas, USA)
functional classification. The stage system mentioned by
ACCF/AHA considers the development and progression of
HF, whereas the NYHA classes focused on exercise capacity
and the severity of symptoms of HF. According to the differ-
ent classifications, the treatments for HF were also dynamic
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and subject to change. Different from the current guidelines
[16, 125, 126], we proposed a much more aggressive treat-
ment for HF.

Stage A HF exhibited no structural heart disease or HF
symptoms. However, due to combined risk factors, these pa-
tients are vulnerable to heart failure. Thus, we held the same
point of view as the guidelines in terms of stage A treatment,
that was, risk factors that may lead to or contribute to HF
should be modified [15].

Stage B HF was characterized by asymptomatic cardiac
dysfunction, and the neuroendocrine system was activated at
this stage [127]. It was previously demonstrated that ACEIs
[128] and fB-blockers [129] reduce the risk of HF and re-
verse ventricular remodeling in asymptomatic patients with
reduced EF. The 2013 ACCF/AHA guidelines recommended
the use of ACEIs/ARBs and (3-blockers in stage B HF [15].
Although other disease-modifying drugs mentioned for use
in the diamond program were not recommended in guide-
line [15], we believe that the early and comprehensive use of
these drugs is reasonable and necessary to prevent ventricular
remodeling and improve outcomes.

Patients in stage C have symptoms of heart failure based
on structural heart disease. In this stage, recommended
therapies include ACEIs/ARBs/ARNI, [3-blockers, MRAs,
SGLT?2 inhibitors, and ivabradine [17]. It is more important
to use disease-modifying drugs for these patients to prevent
further deterioration of heart function, and therefore, in-
creasingly aggressive use of vericiguat and OM is warranted.

Stage D patients were associated with worsening heart
function and often required inotrope or device therapy.
However, therapies that improve prognosis should be con-
sidered if patients can tolerate them, or even tolerate only a
small dose. Drugs should be initiated at very low doses, and
patients should be closely monitored for signs or symptoms
of intolerance. Vericiguat and OM may exert a satisfactory
effect on these patients due to their mechanisms of action.

4, Conclusions

The continuous update of HF drugs enables the use of nu-
merous effective targeted therapies for patients with HFrEF,
and brings hopes to further improve the outcome of these
patients. How to use these drugs to maximize the benefits
in these patients is what clinicians must consider. Based on
evidence-based clinical data, the diamond approach tries to
give the suggestions on most appropriate drugs for individ-
ual HF patient. Furthermore, we believe the key of HF treat-
ment is to effectively prevent deterioration of HF. The ‘di-
amond’ approach proposed in this review did not focus only
on the derivation of individualized and optimized treatments,
but also conveyed the perspective of aggressive treatment for
HFrEF.
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