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Abstract

The implementation of guideline-directed medical therapy (GDMT) in heart failure (HF) has many challenges in real-
world clinical practice. The consensus document is written considering the variability of the clinical presentation of HF
patients. HF medical therapies need frequent dose adjustment during hospital admission or when patients develop
electrolyte imbalance, acute kidney injury, and other acute illnesses. The paper describes clinical scenarios and graphs
that will aid the managing physicians in decision-making for HF therapy optimization.
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1. Introduction

I n clinical practice, a gap remains in implement-
ing recommendations for optimizing GDMT for

heart failure with reduced ejection fraction (HFrEF),
defined as HF with an ejection fraction �40% [1,2].
This is due to multiple factors such as a variable
patient profile, co-morbidities, difficulty of timely
patient follow-up, and the increasing complexity of
the treatment regimen [3].
The most recent HFrEF guidelines extend class I

recommendations for four categories of HFrEF
therapies [2,4,5]. These include the renin-

angiotensin-aldosterone system inhibitors (RAASi),
beta-blockers (BB), mineralocorticoid receptor an-
tagonists (MRA), and sodium-glucose cotransporter
2 inhibitors (SGLT-2i) [4,5]. All of these medications
should be initiated and titrated to the maximum
tolerated dose to reduce the mortality and morbidity
associated with HFrEF [3e5]. Experts suggest that
profiling HFrEF patients based on their hemody-
namics, renal function, and arrhythmia could aid in
optimizing medical therapies [3]. Therefore, we
propose algorithms for practical patient-centered
initiation of GDMT for HFrEF patients. These al-
gorithms apply to symptomatic HF patients in stage
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C, presenting with new-onset (de novo) and chronic
HFrEF in outpatient and inpatient settings.
This document aims to overcome common ob-

stacles in optimizing guideline-directed medical
therapy and bridge the gap between the evidence
and clinical practice in ambulatory and hospitalized
patients with HFrEF using typical patient case
scenarios.

2. The hemodynamic effects of the guideline-
directed medical therapy

The GDMT is shown to reduce cardiovascular
mortality and HF hospitalization [4e7]. Key hemo-
dynamic characteristics of the foundational thera-
pies are summarized in Table 1. ARNi causes potent
afterload reduction and blood pressure (BP)
lowering [8]. It promotes diuresis, and although it
may worsen the GFR initially, it preserves kidney
function in the long run [9]. It causes less hyper-
kalemia compared with ACEi [8]. The ACEi and the
ARB also reduce afterload and BP, but less when
compared with ARNi [8]. The SGLT2i have a mini-
mal effect on BP, promote diuresis, and protect the
kidney long-term [10,11]. They may prevent

hyperkalemia associated with other agents [12].
MRAs cause little effect on BP and produce no
meaningful diuresis at the doses used in the treat-
ment of HF but are associated with hyperkalemia
[4,13]. BB causes bradycardia and hypotension (with
carvedilol) and can worsen congestion [4,14].
The dose optimization is summarized in Table 2

for renin-angiotensin-aldosterone system in-
hibitors (RAASi). The common adverse events for
RAASi are hypotension, renal impairment, and
hyperkalemia. In addition, ARNi and ACEi are
associated with angioedema and cough [15]. These
agents require BP monitoring during optimization
and renal function and potassium level monitoring
two to four weeks from initiation and during dose
titration.
The dose optimization is summarized in Table 3

for beta-blockers (BB). The common adverse events
for BB are hypotension, bradycardia, and dizziness.
These agents require BP and heart rate monitoring
during optimization and signs of congestion every
two weeks from initiation and during dose
titration.
The dose optimization is summarized in Table 4

for Mineralocorticoid Receptor Antagonists (MRA).

Table 1. The hemodynamic effect of the guideline-directed medical therapy.

BP lowering diuresis Kidney protection Hyperkalemia HR lowering

ARNi þþþ þþ þþ þ
ACEi/ARB þþ þ þþ
SGLT2i þ þþþ þþþ
MRA þ þ þ þþþ
BB þþþ þ þþþ

Table 2. Renin-angiotensin-aldosterone system inhibitors (RAASi).

GDMT Class Initiation Dose Target Dose GDMT Class Initiation Dose Target Dose

Sacubitril-Valsartan 50 mg twice daily 200 mg twice daily Lisinopril 2.5e5 mg daily 20e40 mg daily
Captopril 6.25 mg TID 50 mg TID Perindopril 5 mg daily 5e10 mg daily
Enalapril 2.5 mg BID 10e20 mg BID Ramipril 1.25e2.5 mg daily 10 mg daily
Fosinopril 5e10 mg daily 40 mg daily Valsartan 20e40 mg BID 160 mg BID
Candesartan 4e8 mg daily 32 mg daily

Table 3. Beta blockers.

GDMT Class Initiation Dose Target Dose GDMT Class Initiation Dose Target Dose

Metoprolol succinate/XL 12.5e25 mg daily 200 mg daily Nebivolol 1.25 mg daily 10 mg daily
Bisoprolol 1.25 mg daily 10 mg daily Carvedilol 3.125 mg BID 50 mg BID

Table 4. Mineralocorticoid receptor antagonists (MRA).

GDMT Class Initiation Dose Targe Dose GDMT Class Initiation Dose Target Dose

Aldactone 12.5e25 mg daily 25e50 mg daily Eplerenone 25 mg daily 50 mg daily
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The common adverse events for MRAs are renal
impairment and hyperkalemia. Gynecomastia is
seen with non-selective MRA. These agents require
monitoring renal function and potassium levels
every two to four weeks from initiation and during
dose titration.
Table 5 summarizes the currently approved

SGLT-2i. These agents require monitoring of vol-
ume status, as the SGLT-2i may reduce the
glomerular filtration rate at initiation but have a
protective long-term effect on renal function [16,17].
They have a single dose, and no dose titration is
required. The common adverse event for SGLT-2i is
genital mycotic infection [10].
The dose optimization is summarized in Table 6

for Soluble Guanylate Cyclase (sGC) Stimulators.
The common adverse events for (sGC) are hypo-
tension, dyspepsia, nausea, and anemia. These
agents require BP monitoring during optimization
every two weeks from initiation and during dose
titration. It should be used with caution in patients
with concomitant nitrates or PDE-5 inhibitors.
Ivabradine is recommended to reduce the heart

rate in HFrEF patients with sinus rhythm with a
heart rate >75 bmp [5] (Table 7). It has been shown
to reduce heart failure hospitalization in patients
optimized with a maximum tolerated beta-blocker
dose [5].
Potassium binders have growing evidence of

effectiveness in controlling potassium levels while
patients are on RAASi; thus, they can help optimize
the doses of RAASi and MRAs [18e20] (Table 8).

3. The de novo HFrEF patient in ambulatory
clinic

3.1. The stages A and B HF

Treatment of HF should start prior to develop-
ment of left ventricle (LV) dysfunction and HF
symptoms [4]. The HF guideline recommend pre-
vention of HF in patients at risk (stage A) through
controlling risk factors such as diabetes, hyperten-
sion, obesity, chemotherapy and familial disease [4].
The initiation of ACEi and betablockers is recom-
mended in patients with structural abnormality
without HF symptoms (stage B) [4].

3.2. The stage C HF profiles

The patient's initial presentation may vary from
acute HFrEF with clinical instability to ambulatory
compensated presentation. The latter group may
include patients without a history of HF symptoms.
Such patients are classified as stage B HF, including
those diagnosed on surveillance imaging after can-
cer chemotherapy or post-myocardial infarction
[4,5,21]. Patients who have current or previous
symptoms of HF are classified as stage C HF [4,5,21].
This distinction is important because patients with
stage B HF have generally been excluded from
clinical trials of ARNi and SGLT-2i, and the current
practice is to treat them with a combination of ACEi
and BB [4]. Because of the proven efficacy of SGLT-
2i in reducing incident HF in patients with vascular
disease and diabetes, we advise using SGLT-2i in
patients with stage B HF who have diabetes [22,23].
The aim for patients in stage C HF is to treat them
with the four “pillars” of HFrEF, namely ARNi, BB,
MRA, and SGLT-2i [4,5]. We propose treatment al-
gorithms and present their rationale to address key
clinical scenarios in the outpatient setting for sub-
jects who are newly diagnosed with HFrEF and have
not received standard therapies. The following al-
gorithms cover some of the common case scenarios
that may present in an outpatient setting for new

Table 5. Sodium-glucose cotransporter 2 inhibitors (SGLT-2i).

GDMT Class Initiation Dose Maximum Dose GDMT Class Initiation Dose Maximum Dose

Dapagliflozin 10 mg daily 10 mg daily Empagliflozin 10 mg daily 10 mg daily

Table 6. Soluble guanylate cyclase (sGC) stimulators.

GDMT Class Initiation Dose Maximum Dose

Vericiguat 2.5 mg daily 10 mg daily

Table 7. Ivabradine.

GDMT Class Initiation Dose Maximum Dose

Ivabradine 2.5 mg bid 7.5 mg bid

Table 8. Potassium binder.

GDMT Class Initiation Dose Maximum Dose GDMT Class Initiation Dose Maintenance Dose

Patiromer 8.4 g 25.2 g sodium zirconium cyclo-
silicate (SZC)

10 g TID for 48h 10e15 g daily
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HFrEF patients (Figs. 1e3). Other case scenarios,
such as renal impairment and hyperkalemia, are
discussed in the section covering the barriers to
optimizing medical therapy. The medication titra-
tion selection depends on the patient's volume sta-
tus, hemodynamics, and renal profile [3,6,15].

3.3. The importance of afterload reduction

Medical therapy initiation and titration will differ
based on the patient's hemodynamic profile, renal
function, and potassium level [4,5]. All four GDMTs
should be initiated and titrated simultaneously if

Fig. 1. De Novo HFrEF with euvolemia and Normal blood pressure.

Fig. 2. De Novo HFrEF with volume overload and Normal blood pressure.

Fig. 3. De Novo HFrEF with euvolemia and low Blood Pressure.
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the patient is hemodynamically stable with normal
renal function [24]. Initiating GDMT in de novo
HFrEF patients depends on their volume status at
presentation. In patients who maintain a systolic
BP > 90 mmHg, the treatment includes loop di-
uretics and RAASi inhibitors for afterload reduc-
tion. The basis for this recommendation is the rapid
improvement in cardiac filling pressures with the
use of afterload-reducing therapies in studies that
used invasive hemodynamic measurements, along
with the large amount of literature that showed the
effectiveness of ACEi, ARB, and ARNi in stabilized
acute and chronic HFrEF patients [8,24e26]. After-
load-reducing therapies were the first to be rigor-
ously tested for HFrEF, and other agents have
usually been evaluated on a background of after-
load reduction with a RAASi. Because the use of
ARNi was associated with rapid declines in NT-
proBNP and improved clinical outcomes within
weeks of its initiation compared with ACEi in the
pre-discharge and ambulatory settings, ARNi is the
preferred RAASi [8,27]. Caution and close follow-
up are recommended when using ARNI in
borderline SBP <100 mmHg [4e6]. The SGLT-2i
can be initiated together with ARNi. The SGLT-2i
are well-tolerated and associated with diuresis,
weight reduction, and a rapid improvement in
clinical outcomes post-discharge [28]. The treat-
ment effect is additive to ARNi, and the therapy is
well tolerated with a much smaller effect on blood
pressure than ARNi.

3.4. The sequential use of MRA

The early initiation of MRA is also safe and
effective in patients who have post-acute coronary
syndrome (ACS) and have congestion with low EF,
with the effect of treatment becoming apparent
very early. A previous trial of MRA in chronic
HFrEF had a small percentage of patients who
received BBs, and the effect on outcomes was not
blunted in a subsequent trial of MRA where the use
of BB was higher, suggesting that the benefits of
treatments that work through different mecha-
nisms are additive and that the benefits of MRA
would be realized even if initiated before BBs
[13,29]. In EMPHASIS-HF, background therapy of
RAASi was 94%, and BB was 87%, further reducing
cardiovascular death and hospitalization at HR 0.63
(0.54e0.74) [30,31]. The MRAs have a higher likeli-
hood of causing hyperkalemia, and because the use
of ARNi and SGLT2i has been associated with a
lowered risk of hyperkalemia, we recommend that
the MRA be initiated after ARNi and SGLT2i in a
rapid sequence.

3.5. Hemodynamics and BB

In patients who have low blood pressure (SBP
<85) or symptomatic orthostatic hypotension
despite ensuring the appropriate diuretic dose, we
recommend starting an SGLT2i followed by an
MRA. If the orthostatic symptoms resolve, then the
conventional sequence of ACEi and BB could be
considered. In the presence of volume overload, BBs
can worsen congestion. Their initiation could be
delayed until the patient is euvolemic [6] (Fig. 2). In
the absence of hypervolemia, a BB could also be
initiated with a low dose of a short-acting agent such
as metoprolol tartrate, which can later be switched
to the guideline-approved BBs for HFrEF [6].

3.6. The hypotensive patient

In hypotensive patients, closer follow-up is
necessary with a more conservative initiation strat-
egy, but the low blood pressure, particularly in the
absence of orthostatic symptoms or advanced renal
impairment, should not discourage treating the pa-
tient with the quadruple regimen. Symptoms that
subside with drug withdrawal or dose reduction
should not discourage a future re-challenge with the
same agent. In patients with SBP in the 85e95 mm
Hg range but without orthostatic symptoms, reas-
sessing the dose of diuretic therapy is necessary to
exclude the possibility of hypovolemia. Once it is
ensured that diuretic dosing is appropriate, an ACEi
can be considered instead of ARNi [8]. ARBs could
be used if the ACEi is not tolerated because of cough
[4,5]. Once the ACEi or ARB is well tolerated, an
early switch to ARNi within 4e8 weeks is recom-
mended while observing the 36-h window for
transitioning from an ACEi to ARNi. In patients
with low SBP with orthostatic symptoms or SBP
<85 mm Hg despite ensuring the appropriate
diuretic dose, we recommend starting an SGLT2i
followed by an MRA. If the orthostatic symptoms
resolve, then the conventional sequence of ACEi
and BB could be considered (Fig. 3).

3.7. The natural change in GFR with RAASi and
SGLT2i

Close follow-up of hemodynamics, renal profile,
and the electrolyte is warranted as worsening of
renal function can occur with starting RAASi [32].
Worsening renal function in HFrEF is defined as an
increase in serum creatinine by 25% or a reduction
in glomerular filtration rate GFR by > 25e30%
[15,32]. This should not lead to treatment discon-
tinuation, but rather, close monitoring of renal
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profile with caution in up-titration of the dose. The
initiation of SGLT-2i is also associated with a tran-
sient reduction in GFR [33]. If the reduction in GFR
is more than 50%, evaluate for possible renal artery
stenosis, excessive hyper- or hypovolemia, and
nephrotoxic medication such as Non-Steroidal Anti-
inflammatory Drugs (NSAID) [32].

4. The hospitalized HFrEF patient

Patients hospitalized for HF require treatment for
volume overload while ensuring end-organ perfu-
sion. The intravenous (IV) loop diuretic therapy dose
should be 2.5 times the oral dose at home [5,34].
Intravenous administration of high-dose diuretics is
safe and effective in reaching euvolemia within 72 h
and improving HF symptoms [34,35]. The efficacy of
IV loop diuretic therapy is assessed by urine output
(UOP) of >100e150 ml/h and urinary sodium of
>50e70meq/L [5]. The loop diuretics should be com-
bined with metolazone or acetazolamide diuretics to
improve net fluid decongestion and HF symptoms
[5,35]. Adding Acetazolamide to loop diuretics is
associated with better decongestion and reduced
length of stay [35]. The ADVOR study excluded pa-
tients with SBP <90 mmHg, eGFR <20 [35]. The dose
of Acetazolamide in the trial was 500mg IV daily, for 3
days. Target urinary output >3L in 48 h with the res-
olution of signs and symptoms of congestion [35].
The use of ARNi is safe following an acute

decompensation, provided that the patients are not
on inotropic support for 24 h, do not require IV
vasodilator agents, and are on stable doses of IV
diuretic therapy [24]. In the Get With The Guidelines
HF registry (GWTG-HF), patients who were newly
started on ACEi after hospitalization had lower
readmission rates and mortality rates than those
who did not receive ACEi on the discharge [36].
Moreover, the early use of empagliflozin in patients
with de novo or chronic HF who present with acute
decompensated HF is associated with reduced
mortality and HF events [28,37]. Using clinical
criteria similar to those for ARNi in the acute HF

setting, the use of SGLT2i is safe, with less hypo-
tension and acute renal failure compared with pla-
cebo [37]. Eplerenone was initiated within 14 days of
the index of myocardial infarction with HF on the
background of ACEi and BB [38]. There is a signifi-
cant reduction in mortality and hospitalization with
early initiation of mineralocorticoids [29,38]. All
three aforementioned classes of therapies yielded
improved outcomes within days-weeks of initiation,
were well-tolerated, and benefits were observed
regardless of background treatment. SGLT2i and
MRA had the least effect on blood pressure, and
SGLT2i was the best tolerated when interactions
with renal function and potassium were considered
and were, therefore, the most feasible agents to
initiate. BB use predischarge has been shown to
reduce mortality and HF readmission [4,14,39]. Extra
caution is advised when initiating BB in patients who
received inotropes, as clinical euvolemia and a
period of 96 h were required after discontinuing
inotrope therapy and before the initiation of BB in a
key randomized trial of BB [4,40].
We suggest that the treatments that apply to pa-

tients in the outpatient setting also apply to the
inpatient setting, and to categorize patients based
on the key aspects of volume status and blood
pressure when deciding the therapy sequence.
Because the hospitalized patient with HF is
high-risk and typically congested, our proposed
strategies for the normotensive/hypervolemic and
hypotensive patients discussed above are more
relevant to the inpatient setting. Same-day
lowedose combination of 2 therapies may be used,
although spacing each therapy by 1e3 days may be
better tolerated in subjects with borderline physio-
logic reserve. Up-titration in hospitals has tradi-
tionally been cautious, and small doses of multiple
agents are better tolerated and likely confer greater
benefits when compared with higher doses of 1e2
agents (Fig. 4). Recent data suggests that a strategy
of aggressive up-titration pre and post-discharge
aided by a close follow-up is well-tolerated and
achieves improved outcomes [41].

Fig. 4. Case IV: HF management during hospitalization.
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5. Optimizing medical therapy in the chronic
HFrEF patients

The patient with long-standing HFrEF will have a
progressive clinical course over the years. The
HFrEF therapies will be frequently adjusted based
on hospitalization for decompensated HF, acute
non-cardiac illness, or worsening co-morbidities.
These patients need closer follow-up, education,
and a clear management plan to prevent the
discontinuation of GDMT.
The patients with HFrEF need close follow-up and

further optimization of the GDMT. The (STRONG-
HF) trial has shown that early optimization of
medical therapy post-hospitalization or worsening
HF symptoms is safe [41]. Intensifying medical
therapy within 90 days of worsening HF signifi-
cantly reduces the HF symptoms and the level of
natriuretic peptides (NPs) [41]. The doses should be
optimized to the target doses as indicated by HF
guidelines even when the patient has clinically
improved. The ARNi should be considered in all
patients if hemodynamically stable. Especially,
predischarge ARNi initiation is associated with a
greater reduction of biomarkers, hospitalization,
and mortality [7,32]. ARNi is effective at all doses,
thus, maintaining ARNi therapy is important [42].
The SGLT-2i is effective in hospitalized HF patients
either de novo HF or patients who were already
optimized with RAASi, BB, or MRA [37]. The ARNi
and SGLT-2i affect natriuresis and gluco-uresis,
thus, the dose of the diuretic should be reduced to
avoid hypovolemia [7]. In HFrEF, the heart rate is
strongly associated with the outcome [6]. Reducing
heart rate to less than 70 bpm is related to a
decrease in mortality and morbidity [6]. Ivabradine
works on the If channel and has been proven to
reduce HFrEF hospitalization [6,43]. However, the
optimization may be challenging in patients with

CKD or with new increases in serum creatinine,
hyperkalemia, and hypotension. This may require
withholding or down-titrating the dose of GDMT.
After maximizing the medical therapy, the LV
function evaluation is recommended [4].

6. Managing common barriers to GDMT
implementation

6.1. Managing hypotension

New symptomatic hypotension can be due to
acute febrile illness, dehydration, medication
changes, or worsening HFrEF and low cardiac
output. These conditions require reducing or with-
holding GDMT, mainly RAASi inhibitors or vaso-
dilator therapy, for a limited time [15]. Once the
acute episode is resolved, the medicines should be
restarted as tolerated, preferably before discharge if
the patient was hospitalized.

6.2. Managing tachycardia

In HFrEF, the heart rate is strongly associated with
the outcome [6]. Reducing heart rate to less than 70
bpm is related to decreased mortality and morbidity
[6] (Fig. 5). Ivabradine works on the If channel and
has been proven to reduce HFREF hospitalization
[6].

6.3. Renal impairment

HFrEF patients have a high prevalence of chronic
kidney disease (CKD), 49% [17]. In the GWTG-HF
registry, in patients with CKD stage 3 with a GFR of
44-30 ml/min/m2, the use of GDMT was 15%, while
in CKD stage 4 with a GFR of <30 ml/min/m2, the
use of GDMT was 5% only [11,44]. The inclusion

Fig. 5. Case V: Management of tachycardia in HF.
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criteria in HF trials for CKD patients used the cutoff
GFR of >30 ml/min/m2. In the SOLVD trial, a small
percentage of patients, 9%, had stage 4 CKD [11,25].
The use of ACEi is safe in stage 4 CKD [11]. The use
of ARNi in the PARADIGM and PIONEER trials was
limited to the GFR >30 ml/min/m2 [8,24]. There
were no significant adverse renal events leading to
ARNi discontinuation in either trial [11]. However,
the subgroup analysis of patients with CKD in
RAASi trials had shown consistent mortality and
hospitalization reduction with ACEi 4e13%, ARB
6e24%, and ARNi 27% for GFR 45e59 ml/min/m2,
and 10% for GFR 44-30 ml/min/m2 with ARNi
[9,11,25,26,45e47]. Moreover, the MRA trials in HF
had a cutoff GFR >30 ml/min/m2. The use of MRA is
associated with an increase in episodes of hyper-
kalemia in CKD patients, leading to discontinuation
of MRA [11,13,29].
The EMPEROR-reduced and DAPA-HF had

excluded patients with a GFR of <20 ml/min/m2 and
<30 ml/min/m2, respectively [10,37]. Thus, stage 4
CKD was studied in SGLT2i trials and shown to be
safe. In addition, the SGLT-2i are protective of the
kidneys [11]. They have shown a 44% reduction in a
progressive decline in GFR, end-stage renal disease,
and cardiovascular mortality in the DAPA-CKD trial
[7,48]. Finally, the VICTORIA trial enrolled patients
with worsening HF, and Vericiguat can be used at

eGFR >15 ml/min/m2 [3,11,49,50]. Fig. 6 represent
optimization of GDMT in patients with CKD.

6.4. Hyperkalemia

Hyperkalemia is defined as serum Kþ levels �5.0
mEq/L, and it is common in patients with HFrEF,
Diabetes, and CKD [51,52]. Hyperkalemia is divided
into mild (�5.0 - < 5.5 mEq/L), moderate (�5.5- < 6.0
mEq/L), and severe hyperkalemia �6 mEq/L that
requires emergency department visits [5]. In HF, the
renal hypoperfusion reduces sodium load in the
distal tubules, leading to less Kþ excretion. In addi-
tion, HF patients have the triad of renal impairment;
diuretics, RAASi, and BB use can reduce the Kþ shift
into the cells [48]. The incidence of hyperkalemia in
HF patients ranges from 25% to 40 %, and it is
difficult to maintain target serum potassium levels
[5,51]. Cardiovascular mortality and HF hospitaliza-
tion occur more in patients who develop hyper-
kalemia compared to patients with normal
potassium levels [51]. The rate of discontinuation of
RAASi due to hyperkalemia was reported to be up to
26% [53]. Among RAASi, ARNi has shown less
hyperkalemia than enalapril [3,8]. The prevalence of
hyperkalemia >5.5 mEq/L in EPHESUS and
EMPHESIS-HF were 16% and 12%, respectively
(Field [29,30]. The polymeric potassium binder agent

Fig. 6. Case VI: HF management in patients with CKD.

Fig. 7. Case VII: HF management with Hyperkalemia.
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studied in the HF population prevents hyperkalemia
and ensures the continuation of RAASi and MRA
when used for hyperkalemia management [19,54].
The polymeric potassium binder in the OPAL trial
was initiated in patients with CKD, Hyperkalemia
5.1e6.5 mEq/L on RAASi therapy [20]. The DIA-
MOND study looked at patients with hyperkalemia
on RAASi or normal potassium levels with a history
of RAASi discontinuation due to hyperkalemia [18].
Moreover, the HARMONIZE trial showed the effi-
cacy of sodium zirconium cyclosilicate in reducing
serum potassium levels [55]. However, significant
edema (6%) with the 10g and (14%) with the 15g dose
[55]. Fig. 7 describes the management of hyper-
kalemia in setting of HF.

6.5. Hyponatremia

Hyponatremia (HN) in HF is a marker of advanced
disease and is associated with poor prognosis [4,56].

HN in patients with acute HF hospitalization is asso-
ciated with a longer length of stay and higher read-
mission rates [56]. InHFpatients, HNcan occur due to
serum sodium dilution or depletion [57]. The dilu-
tional HN is due to baroreceptor activation and
increased release of arginine vasopressin [57]. In
addition, renal hypoperfusion increases proximal
tubular reabsorption [57]. Serum sodium depletion in
HF patients occurs due to exaggerated sodium loss in
urine due to diuresis, dietary salt restriction, and
intracellular shift with potassium and magnesium
deficiency [57]. Monitoring of the urine osmolality is
recommended during diuretic therapy in acute HF
[5,35,57]. The urine osmolality can differentiate be-
tweenHNdue to sodium dilution or depletion [57]. In
sodium depletion HN, the urinary osmolality is < 100
mOsmol/L and urinary sodium is < 50 mEqL [57]. In
dilutional HN, the urinary osmolality is > 100 mOs-
mol/L [57].

The dietary restriction of serum sodium may
benefit HF patients with stage C [4,5]. Excessive
dietary sodium restriction may lead to poor intake
and micronutrient depletion [4]. A registered dieti-
tian-guided sodium diet of 2e3 g/d is recommended
in chronic HF patients [4]. For hospitalized patients
with symptomatic HN of serum sodium <125 meq,
treatment with hypertonic saline with a slow rate of
sodium correction of 5 meq/d and consultation with
a nephrologist is advised.

6.6. Iron deficiency

Iron deficiency (ID) is associated with mortality,
recurrent hospitalization, and lower quality of life in
HF patients [58]. The HF patients should be
screened for ID with iron, ferritin, and transferrin
saturation (TSAT) serum levels [58]. The definition
of ID is ferritin <100 ng/ml or ferritin 100e299 ng/ml
with a TSAT <20% [5]. Iron replacement is recom-
mended for these patients to improve their quality
of life and reduce hospitalization [4,5].

7. The worsening HF patient

There are challenges in accurately defining
worsening HF. This reflects the disease trajectory to
progressively declining patients with a higher rate
of adverse events [59]. The episode of worsening HF
needs objective evidence of the signs and symptoms
of the deteriorating clinical condition, including
volume overload and increased biomarkers [4,60]. In
addition, there is a need for acute treatments such as
an increase in oral diuretic dose, administration of
intravenous diuretics, and hospitalization for intra-
venous vasodilators and inotropes [4]. The addition
of Vericiguat, an sGC stimulant, is recommended
for patients with worsening HF with the maximum
tolerated medical therapy [4,5]. The variegate can be

Fig. 8. Case VIII: Management of the worsening HF.
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considered an additional therapy in patients hospi-
talized with HF or outpatients with New York Heart
Association (NYHA) Class II-IV [2,49,50] (Fig. 8).

8. Cardiac resynchronization therapy in HF

Cardiac resynchronization therapy (CRT) has been
shown to reducemortality andmorbidity inHF [2]. The
CRT is indicated in symptomatic HFrEF with LVEF
<35%,with left bundle branchblock andQRSduration
of >150 ms after optimizing medical therapy [2].

9. The advanced HF patient

The HF patients will progress to advanced stage D
when they need to be evaluated for a heart trans-
plant or durable left ventricle assist device. The
following are the criteria that should prompt the
referral for advanced HF therapies: NYHA III with
recurrent emergency department visit >1 in 6
months, or recurrent hospital admission for HF, an
escalating dose of diuretics, intolerant to medical
therapy, inotrope dependent and refractory ven-
tricular arrhythmia [2,4,5].

10. The improved LVEF

The HF with improved LVEF (HFimpEF) is
defined as HF with previous LVEF <40%, with
improved LVEF >40% on follow-up [4]. The GDMT
must continue post-improvement of LVEF. Studies
have shown that discontinuation of medical therapy
is associated with deterioration of LV function and
rebound HF symptoms [61,62]. In TRED-HF, the
rate of relapse was 36% after the discontinuation of
medical therapy. In patients with reversible causes
of cardiomyopathy, such as myocarditis or peri-
partum cardiomyopathy, the withdrawal of medical
therapy is uncertain [61].

11. Summary

The GDMT optimizing sequence is based on the
evidence, the pathophysiology of HF, and the pa-
tient profiles. Table 9 summarizes the case-based
approach to implementing GDMT.

12. Conclusion

Profiling HFrEF patients based on their hemody-
namics, renal function, and arrhythmia could aid in
optimizing medical therapies [3]. The proposed al-
gorithms for practical patient-centered initiation of
GDMT for HFrEF patients facilitate management
with guideline-directed medical therapy. These al-
gorithms apply to symptomatic HF patients in stage
C, presenting with new-onset (de novo) and chronic
HFrEF in outpatient and inpatient settings.
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