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Abstract

Purpose of Review The main objective of the 1st part of this review is to demonstrate that a better understanding of comorbidities
such as COPD, obstructive sleep apnea, thyroid dysfunction, cardiorenal syndrome, its pathophysiological and therapeutic
implications, impact on the management of FH by interfering with its survival, and quality of life of patients.

Recent Findings The prevalence of heart failure will increase 46% from 2012 to 2030, resulting in > 8 million people >
18 years of age. This disease has a large burden of noncardiovascular comorbidities, which may increase the risk of
mortality and decrease quality of life. There is a perception that patients hospitalized for HF are also becoming more
medically complex. In this review, we highlight important comorbidities often found in patients with heart failure.
Summary Approximately one-third of patients with heart failure also have chronic obstructive pulmonary disease. Obstructive
sleep apnea syndrome is a highly prevalent disorder in HF patients, occurring in 46—-80% of patients. It is known that changes in
thyroid metabolism have been associated as an independent risk factor regarding the progression and development of heart failure
(HF). Understanding cardiorenal syndrome facilitates the management of FH.

Keywords Heart failure - Comorbidities - COPD - Renal failure

Introduction (CHS) cohorts indicate that HF incidence approaches 21 per
1000 population after 65 years of age [1¢°].

The prevalence of heart failure (HF) will increase 46% from Data from Kaiser Permanente indicated an increase in

2012 to 2030, resulting in > 8 million people > 18 years of age
with HF. Additionally, the total percentage of the population
with HF is predicted to increase from 2.42% in 2012 to 2.97%
in 2030. Data from the National Heart, Lung, and Blood
Institute (NHLBI)—sponsored Chicago Heart Association
Detection Project in Industry, Atherosclerosis Risk in
Communities (ARIC), and Cardiovascular Health Study
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the incidence of HF among the elderly and improved HF
survival, resulting in increased HF prevalence, with both
trends being more pronounced in males. In the Coronary
Artery Risk Development in Young Adults (CARDIA)
study, for example, hypertension, obesity, and systolic
dysfunction were important risk factors that may be tar-
gets for prevention. HF risk factors vary substantially
across world regions, and hypertension is highly associ-
ated with HF in all regions, but most commonly in Latin
America, the Caribbean, Eastern Europe, and sub-
Saharan Africa, with a minimal association of IHD with
HF in sub-Saharan Africa [le°, 2, 3].

HF has a large burden of comorbidities, which may in-
crease the risk of mortality and decrease quality of life.
Among US Medicare beneficiaries, 40% of patients with HF
had more than 5 comorbidities, and these patients accounted
for the majority of days spent in the hospital. There is a per-
ception that patients hospitalized for HF are also becoming
more medically complex [4, 5]. Therefore, awareness of these
comorbidities, including prognostic implications and nuances
for therapeutic adjustment, is essential (Fig. 1).
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Fig. 1 Evolution of Heart Failure:
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Methods

A literature search was performed for the present study. The
electronic search included three databases, PubMed,
EMBASE, and Google Scholar, and used these search terms:
“heart failure”, “heart failure and comorbidities”, “heart fail-
ure and pulmonary disease”, “heart failure and anemia”,
“heart failure and diabetes”, “heart failure and renal failure”,
“heart failure and coronary disease”, “heart failure and ca-
chexia”. “heart failure and cancer”, “heart failure and cogni-
tive dysfunction”, “heart failure and thyroid dysfunction”, and
“heart failure and obesity” between January 1, 2000, and
January 31, 2020. The inclusion criteria were all types of
articles, articles published in PubMed, and related only to
humans. The exclusion criteria were articles for which full
text was not available, were not in English, or were gray lit-
erature. From the articles retrieved in the first round of search,
additional references were identified by a manual search
among the cited references.

Due to the extent and relevance of the theme, we chose to
divide this paper into 2 parts. In the first part, we will be
addressing simultaneous occurrence of HF with chronic ob-
structive pulmonary disease (COPD), cardiorenal syndrome
(CRYS), obstructive sleep apnea syndrome (OSAS), thyroid
dysfunction, cognitive dysfunction, and cancer. Already in
the 2nd part sarcopenia, cachexia, diabetes, peripheral arterial
disease (PAD), anemia, coronary arterial disease (CAD), and
chronic renal disease (CKD) will be addressed, respectively.

Chronic Obstructive Pulmonary Disease
Unlike previously thought, there is cumulative evidence

showing a high rate of coexistence of COPD and HF, partic-
ularly in the elderly population. The prevalence of HF in
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COPD patients varies between 7.2 and 20.9%, with the
highest estimates coming from studies that have used stan-
dardized HF diagnostic criteria. Considerable variation of
COPD prevalence in patients with HF is also found across
studies, with estimates ranging from approximately 10.0 to
39.0% [6].

Mortality in COPD is more often due to cardiac rather than
respiratory causes. The coexistence of HF and COPD is fre-
quent but remains underdiagnosed. Both conditions share sev-
eral similarities, including the age of the population affected,
the fact that both are risk factors associated with smoking, and
symptoms of exertional dyspnea (Fig. 2). There is also a
strong possibility of COPD promoting atherosclerotic vascu-
lar disease through systemic inflammation. An active search
for the second disease using clinical examination supplement-
ed with specialized investigations, including plasma natriuret-
ic peptides, lung function testing, and echocardiography,
should be carried out, followed by appropriate management.
Issues such as adverse effects of drugs on cardiac or pulmo-
nary function need to be sorted out by studies in patients with
both COPD and HF. Caution is advised with the use of beta2-
agonists in COPD when HF is also present, and more so in
acute exacerbations.

Based on current evidence, the beneficial effects of selec-
tive betal-blockers should not be denied in stable patients
who have coexistent COPD and HF. The prognosis of coex-
istent COPD and HF is poorer than that in either disease alone.
A favorable response in a patient with coexistent COPD and
HF depends on proper evaluation of the severity of each of the
two and appropriate management with judicious use of med-
ication [7].

The use of beta blockers is part of the therapeutic arsenal
for HF with reduced ejection fraction (HFREF). Regardless of
their unequivocal morbidity and mortality benefits, these
agents remain underused and are frequently withdrawn in
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Fig.2 Evolution of COPD and its
interaction with heart failure
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HF patients with concomitant COPD due to fear of precipitat-
ing bronchospasm [12]. Groove et al. published a European
survey noting that COPD was the most powerful predictor of
the under-prescription of beta-blockers in HF patients [8].
Close follow-up with a cardiologist in conjunction with a pul-
monologist may benefit patients with these mutual conditions.

Cardiorenal Syndrome

CRS comprises a wide interface of disorders involving both
the heart and kidneys, in which acute or chronic dysfunction
in one organ may induce or exacerbate acute or chronic dys-
function in the other [9]. CRS is divided into 5 subtypes ac-
cording to which organ is primarily involved. The goal of this
classification is to facilitate characterization of the primordial
clinical presentation for diagnostic, therapeutic, and epidemi-
ological data and to develop new treatment strategies [10¢].
Nevertheless, identification of the initial insult that results in
decompensated CRS can be difficult to achieve (Table 1).
Sometimes, subclinical dysfunction in one or another organ
may cause malfunction of the other without a clear link show-
ing the problem with the first organ. Three major mechanisms
participate in the development of cardio-renal dysfunction:
neurohormonal, hemodynamic, and cardiovascular disecase—
associated mechanisms. All are interconnected and affect both
cardiac and renal function. Neurohormonal mechanisms

Over the years

include activation of both the renin—angiotensin—aldosterone
system (RAAS) and the sympathetic nervous system. The
hemodynamic mechanisms include salt and water retention
leading to fluid overload, resulting in cardiac and renal venous
congestion. Renal venous congestion might be the cause for
the acceleration of renal dysfunction in this clinical context.
CV disease—associated mechanisms are related to several
pathways that contribute to the development of cardiovascular
disease, including the development of systemic and local in-
flammatory mechanisms, acid—base disorders, anemia, bone—
mineral disorders, and acid—base disorders.

Normal potassium (K) homeostasis involves maintenance
of the plasma K concentration within a narrow range, and it is
achieved by matching the K intake with excretion and proper
distribution between intracellular and extracellular fluid com-
partments. About 2% of total body K is found in the extracel-
lular fluid, whereas 98% of exchangeable K is in the intracel-
lular compartment [11¢]. In a large cohort of patients with
newly diagnosed of HF, hypokalemia was more frequent at
baseline than hyperkalemia (HK), with 3% versus 0.9%, re-
spectively [12]. In a retrospective observational cohort study,
both hypokalemia and HK were associated with increased
mortality risk, and HK was associated with increased likeli-
hood of RAAS inhibition discontinuation [13]. HK is the most
common electrolyte disturbance observed in patients with ad-
vanced stages of CKD, causing a significant burden, and even
mild HK has been associated with increased morbidity and

Table 1 Cardiorenal syndrome
classification Type 1: acute
Type 2: chronic

Type 3: acute
Type 4: chronic
Type 5: secondary

Acute deterioration of cardiovascular disease leading to acute kidney injury
Chronic cardiac dysfunction resulting in CKD

Acute renal dysfunction resulting in chronic cardiac dysfunction

CKD resulting in chronic cardiac dysfunction

Diseases affecting both heart and kidney
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mortality in patients with chronic diseases, such as HF, CKD,
hypertension, and diabetes mellitus (DM).

While RAAS inhibition involves the most cardio-
nephroprotective drugs used in clinical practice, treatment with
these drugs increases serum K values, particularly when DM and
HF coexist. Usual strategies aimed at preventing/treating chronic
HK are still insufficient. Indeed, dietary potassium restriction, the
use of sodium bicarbonate or diuretics, the withdrawal or down-
titration of RAAS inhibition, or the administration of former
potassium binders (sodium polystyrene sulfonate and calcium
polystyrene sulfonate) have limited efficacy and are barely toler-
ated. Therefore, these treatments are not suitable for long-term
control of K levels [14]. Two new potassium binders, patiromer
and sodium zirconium cyclosilicate, have been approved by the
US Food and Drug Administration for the management of HK.

Patiromer is an organic, non-absorbed polymer that increases
fecal excretion of potassium by exchanging it for calcium through
the gastrointestinal tract [15]. Using calcium as the counter-ion
makes it a more adequate choice in patients with HF and CKD to
avoid volume overload and hypertension. The recommended
starting dose is 8.4 g per day, which can be up-titrated to a max-
imum dose of 25.2 g per day. The PEARL-HF (Multicenter,
Randomized, Double-blind, Placebo-Controlled, Parallel-Group,
Multiple-Dose to Evaluate the Effects of RLY5016 in Heart
Failure Patients) Trial [16], the AMETHYST-DN (Patiromer in
the Treatment of Hyperkalemia in Patients with Hypertension
and Diabetic Nephropathy) [17], the OPAL-HK (Patiromer in
Patients with Kidney Disease and Hyperkalemia Receiving
RAAS Inhibitors), with concomitant CKD [18].

One ongoing trial in subjects with HF with reduced ejec-
tion fraction (HFREF) and HK while receiving RAAS inhibi-
tion medications with the purpose of determining if patiromer
treatment will result in the maintenance of the treatment and
reduce CV death and CV hospitalizations [19]. Sodium zirco-
nium cyclosilicate (SZC) is an inorganic, selective cation that
exchanges K for sodium and hydrogen, thus capturing K in
the intestine. The HARMONIZE trial was designed to evalu-
ate the safety and efficacy of SZC for up to 4 weeks in patients
with HK, with good results obtained within 48 h, where there
was a higher proportion of patients with normal potassium
levels for up to 28 days when compared with the placebo
[20]. In the long-term open label extension of the
HARMONIZE trial (effect of sodium zirconium cyclosilicate
on potassium lowering for 28 days among outpatients with
hyperkalemia), for up to 11 months, the results remained
steady [21]. This agent has very recently been approved for
non-emergent treatment of HK in the USA.

Obstructive Sleep Apnea Syndrome

OSAS is a highly prevalent disorder in HF patients, occurring
in 46-80% of patients, with HFREF [22], HF with
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intermediate reduced ejection fraction (HFMREF), and HF
with preserved ejection fraction (HFPEF) [23¢, 24]. Sleep dis-
order breathing (SDB) is classified as obstructive sleep apnea
(OSA) and central sleep apnea (CSA). OSA is characterized
by periods of apnea/hypopnea with sustained respiratory ef-
fort, while CSA presents the same apnea/hypopnea without
respiratory effort [25, 26¢]. In HF, the worse the ejection frac-
tion (EF), the more frequent CSA occurs instead of OSA
[23¢]. Conceptually, apneas are considered to be respiratory
pauses that are > 10 s and hypopneas as reduction in respira-
tion with O2 desaturation > 4% [26°, 27].

The relationship between OSAS and HF is not well
established. In a prospective analysis of patients who
underwent polysomnography without a diagnosis of HF, it
was noted that in male patients with apnea-hypopnea (AHI)
with > 30 events per hour, there was a relative increase of 58%
of developing HF compared with the AHI group (<5 events
per hour) [28].

One explanation for the appearance of OSA in HF pa-
tients could be the redistribution of body fluid when in the
supine position, causing edema in the peripharyngeal re-
gion, favoring its obstruction and consequent airway oc-
clusion, triggering OSA, and mechanisms such as accumu-
lation of intra-alveolar fluid [29]. The mechanism of CSA
is quite different; the abnormality is in the regulation of
breathing in the respiratory centers of the brainstem [30°].
SDB is common in people with HF. HFREF occurs in
about 50% of the individuals [31]. OSA occurs more fre-
quently in HFPEF and CSA more often in HFREF. Both
entities produce distinct cardiovascular changes. In
HFMREF, CSA is more frequent in males and with elevat-
ed pulmonary systolic pressure [23¢].

OSA is related to a higher number of readmissions and
mortality in patients discharged after hospitalization for HF
[32]. The fact that SDB is present is deleterious in both chron-
ic and acute HF patients. The diagnosis of OSA in patients
with HF is different from patients without the disease. Apnea
scales, such as Epworth, do not correlate well with AHI, in
which individuals with HF are less symptomatic [33].

In individuals with HFREF, CSA is more frequent than
OSA during sleep, and CSA is also present during the day-
time. In addition, the CSA burden is higher than OSA [34].
Thus, patients are exposed to an increased number of periods
with apnea and their deleterious triggers. The most frequent
phenotype for this presentation is male, elderly, presence of
kidney disease, worse systolic ventricular function, and more
symptomatic. In addition, this population has a worse progno-
sis than OSA patients.

The treatment of OSA in patients with HF is based on the
use of CPAP. In a Canadian study, there was an improvement
in secondary outcomes, such as improved nighttime oxygen-
ation and increased 6-min walking distance, but there was no
effect on survival [27].
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The CAT-HF trial randomized patients with acute heart
failure, HFREF, and SDB to servo ventilation plus optimal
medical therapy (OMT) versus exclusive OMT. Both treat-
ment arms showed improved EF at 6 months [35], but the trial
was stopped because the results of the study for central apnea
treatment (SERVE-HF). In the SERVE-HF, comparing medi-
cal treatment associated or not with positive pressure, there
was a significant increase in the risk of cardiovascular mortal-
ity [36]. In patients with HFREF and CSA, treatment should
be avoided [37¢], at least until the result of the ongoing
ADVENT-HF trial, designed to assess the effectivity of
servo-ventilation on SBD in these patients [38]. There are
currently no studies of the effect of CPAP on patients with
HFPEF and OSA.

One study of transvenous phrenic stimulation showed a
reduction in the number of episodes of CSA [39]. A multicen-
ter trial found improvement in AOS, CSA, and apnea indices
[40]. A study on phrenic stimulation was performed to treat
moderate to severe CSA with results consistent for 36 months
of therapy [41].

Thyroid Dysfunction

Often, specific thyroid dysfunctions (particularly hypothy-
roidism and hyperthyroidism) can be diagnosed after cardio-
vascular changes, such as arrhythmias, hypertension, and re-
duced cardiac performance, with an impact on systolic or di-
astolic functions since thyroid hormones play a role in the
regulation of cardiac function and cardiovascular
hemodynamics.

It is known that changes in thyroid metabolism have been
associated with the development and progression of HF, as
well as with low levels of triiodothyronine (T3), an active
physiological form of the thyroid hormone tetraiodothyronine
(T4). T4 is fundamental to the normal function of
cardiomyocytes (contractility and chronotropism) and periph-
eral vasculature (reduces the arterial resistance), and it is also
associated with increased incidence and worse prognosis of
chronic heart failure (CHF). It is recognized as “low T3 syn-
drome.” The high TSH levels are also associated with similar
outcomes [42, 43].

Table 2 describes the main effects of hypo/hyperthyroidism
on the cardiovascular system, as well as the main symptoms
and laboratory diagnosis. In the case of hyperthyroidism, CHF
is a rare event, occurring especially in patients with severe
hyperthyroidism or previous cardiovascular changes (ische-
mia, hypertensive disease, etc.), causing prolonged hemody-
namic changes with progressive ventricular dysfunction [42].

Among the cardiovascular changes that occur in thyrotox-
icosis, atrial fibrillation occurs in about 10-15% of patients
with hyperthyroidism, causing an increased risk of cardioem-
bolic events [44], with a negative impact on morbidity and
mortality. Sinus rhythm (SR) restoration can be completed
through cardioversion. Chemical or electrical cardioversion
in hyperthyroidism is still controversial. In contrast, it is esti-
mated that 60—70% of patients return spontaneously to RS
after a return to euthyroidism [45]. Restoration of SR reduces
thromboembolic events and improves ventricular function.

In addition to the use of antithyroid drugs to control heart
rate and thyrotoxic effects on systemic vasculature, proprano-
lol, a non-cardioselective beta-adrenergic blocker, is

Table 2 Effects of hypo/hyperthyroidism on the cardiovascular system
Hypothyroidism Hyperthyroidism
Signs/symptoms Fatigue, drowsiness, weight gain, reduced Agitation, anxiety, tremors in the extremities, palpitation, increased

intestinal rhythm, dyslipidemia
1 TSH+ |T4L
Reduction of cardiac chronotropism and

inotropism, increased systemic vascular
resistance

Laboratory diagnosis

Pathophysiological changes
of hormonal dysfunction

Increased afterload and reduction in systolic
volume

Cardiovascular effects

and cardiac output (systolic hypotension);

diastolic hypertension; bradycardia
Possible Sinus bradycardia
electrocardiographic
changes

Therapeutic options

Suggestions of clinical
practice

Thyroid hormone replacement (levothyroxine)

intestinal rthythm, weight loss, heat intolerance, sweating
| TSH+1 T4L

Myotoxicity related to significant increase in thyroid hormones,
resulting in myocyte necrosis; hypermetabolism; reduction of
systemic vascular resistance

Volume overload (RAAS activation); Increased preload; high
ventricular filling pressure; resting tachycardia; exercise intolerance
with exertional dyspnea; PH

Sinus tachycardia; atrial fibrillation (most common)

Antithyroid drugs (tapazole, methimazole, propylthiouracil),
beta-blockers (1st line - non-selective, such as Propranolol)

In patients with HF, the first goal to be achieved is the adjustment of
thyroid dysfunction; Echocardiography should be performed
routinely. Attention to the treatment of cardiovascular symptoms
and hemodynamic stabilization.

RAAS: renin-angiotensin-aldosterone system (RAAS); PH: Pulmonary hypertension
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commonly used. Oral or venous diuretics may also be used in
patients with volume overload. Digoxin in the context of ven-
tricular dysfunction and atrial fibrillation, with poorly con-
trolled ventricular response, or in the presence of moderate
to severe HF symptoms [42]. In patients on antiarrhythmic
drugs such as amiodarone, we should not forget that the use
of the drug may lead to the development of thyroid dysfunc-
tion (hyperthyroidism). Thus, it should be used with caution.

In contrast, in relation to hypothyroidism, such a clinical
condition can cause cardiac atrophy, chamber dilation, and
reduction of myocardial blood flow [46]. In small placebo-
controlled studies, oral replacement of the thyroid hormone
(L-thyroxine) results in improved cardiac function and perfor-
mance in CHF patients, and it is capable of reducing disease-
induced cardiomyopathy (when present) [47].

Because they are considered reversible causes of HF, the
American College of Cardiology’s guidelines for HF (The
American College of Cardiology Foundation/American
Heart Association—ACCF/AHA, 2009) recommend that pa-
tients who are newly diagnosed with ventricular dysfunction
undergo laboratory testing of thyroid hormones as routine
screening [48].

Cognitive Dysfunction

Cognitive impairment (CI) is common in older adults with HF.
The prevalence of CI is higher among patients with HF than in
those without it. The spectrum of CI in HF patients is similar
to that observed in the general population and may range from
delirium to isolated memory or non-memory-related deficits
to dementia [49].

Despite optimizing the treatment of HF, favoring a better
prognosis and quality of life, in clinical practice with an aging
population, we often find patients with CI, either due to the
natural aging process or due to the presence of ischemic mi-
crovascular changes, cerebral hypoperfusion due to HF, and
diseases such as Alzheimer’s, both with the possibility of
evolving into dementia.

A full neuropsychological assessment is required to deter-
mine a diagnosis of cognitive impairment and to identify the
specific areas of cognitive deficit. In patients with HF, there
appears to be differing clusters of cognitive deficits [50]. CI,
which is frequently undocumented, may indicate a greater risk
of readmission for individuals with HF than those without.
Screening for CI and involving family and caregivers in dis-
charge education may help reduce readmissions [51].

The diagnosis of cognitive dysfunction can be made
through clinical devices, such as the Mini-Mental State
Examination or the Montreal Cognitive Assessment [52]. It
should be acknowledged that patients with cognitive dysfunc-
tion may have impaired daily activities, reduced ability to
follow medical procedures, and even reduced ability to
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maintain medical adherence. Therefore, follow-up with a mul-
tidisciplinary team and family support is necessary to prevent
cardiovascular outcomes.

Cancer

The combination of cancer and HF represents a major clinical
problem because each disease impinges on the treatment of
the other disease and, consequently, has a detrimental impact
on quality of life and survival. In recent years, a previously
unappreciated connection between cancer and cardiovascular
disease emerged from epidemiological studies reporting an
increased risk of incident cancer in HF patients. In addition,
anticancer therapies are burdened by the risk of cardiovascular
toxicity [53, 54¢, 55, 56].

HF represents the most common cardiovascular adverse
event from cancer therapy. Both classical and novel cancer
therapies contribute to the development of this condition
[57, 58]. In a metal-analysis, Totzeck et al. [59] showed that
patients under anthracycline-based chemotherapy had a mod-
erate yet significant benefit in left ventricular ejection fraction
(LVEF) from beta-blockers or angiotensin-converting enzyme
(ACE) inhibitors/angiotensin II receptor blockers (ARBs).
However, throughout the studies, the beneficial effects were
variable.

The most frequent cancer sites in patients with HF were the
lung and skin, but the most common tumor types, including
hematologic malignancies, were detected more often in the
HF group, with the exception of prostate cancer [55].
Common risk factors, such as diabetes and obesity, leading
to a pro-inflammatory state and oxidative stress, may justify
this mutual occurrence of cancer and HF [60].

On the other hand, chronic inflammation with ensuing cel-
lular oxidative stress, in addition to hyperactivation of the
sympathetic nervous system and the RAAS, may boost cancer
initiation and progression, not only when it is organ specific,
but also when it is diffuse [61]. Thus, a good interaction be-
tween the cardiologist and the oncologist becomes essential in
the management of this important comorbidity.

Conclusion

Despite a progressive fall in incidence, the prevalence of HF
continues to rise, demonstrating an overall aging of the popu-
lation. And an advanced age carries a higher risk of other
comorbidities, making managing this interaction a growing
challenge for everyone. A better understanding of the most
common comorbidities and their various interactions will fa-
cilitate the management of this complex clinical condition.



Curr Emerg Hosp Med Rep

Compliance with Ethical Standards

Conflict of Interest The authors of this article declare that they have no
conflict of interest.

References

Papers of particular interest, published recently, have been
highlighted as:

+ Of importance

+ Of major importance

1.+« Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW,

10.

11..

Carson AP, et al. Heart Disease and Stroke Statistics-2019 Update:
a report from the American Heart Association. Circulation.
2019;139(10):e56—e528. https://doi.org/10.1161/CIR.
0000000000000659. The most up-to-date statistics related to
heart disease, stroke, and the cardiovascular risk factors.
Luscher TF. Heart failure: focus on comorbidities, inflammation,
and heart rate. Eur Heart J. 2015;36(11):635-7. https://doi.org/10.
1093/eurheartj/ehv037.

Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J,
Fonarow GC, et al. Forecasting the impact of heart failure in the
United States: a policy statement from the American Heart
Association. Circ Heart Fail. 2013;6(3):606-19. https://doi.org/10.
1161/HHF.0b013e318291329a.

Mentz RJ, Kelly JP, von Lueder TG, Voors AA, Lam CS, Cowie
MR, et al. Noncardiac comorbidities in heart failure with reduced
versus preserved ejection fraction. ] Am Coll Cardiol. 2014;64(21):
2281-93. https://doi.org/10.1016/j.jacc.2014.08.036.

van Deursen VM, Urso R, Laroche C, Damman K, Dahlstrom U,
Tavazzi L, et al. Co-morbidities in patients with heart failure: an
analysis of the European heart failure pilot survey. Eur J Heart Fail.
2014;16(1):103—11. https://doi.org/10.1002/ejhf.30.

Mascarenhas J, Azevedo A, Bettencourt P. Coexisting chronic ob-
structive pulmonary disease and heart failure: implications for treat-
ment, course and mortality. Curr Opin Pulm Med. 2010;16(2):106—
11. https://doi.org/10.1097/MCP.0b013e328335dc90.

Chhabra SK, Gupta M. Coexistent chronic obstructive pulmonary
disease-heart failure: mechanisms, diagnostic and therapeutic di-
lemmas. Indian J Chest Dis Allied Sci. 2010;52(4):225-38.

de Groote P, Isnard R, Clerson P, Jondeau G, Galinier M, Assyag P,
et al. Improvement in the management of chronic heart failure since
the publication of the updated guidelines of the European Society of
Cardiology. The Impact-Reco Programme. Eur J Heart Fail.
2009;11(1):85-91. https://doi.org/10.1093/eurjht/hfn005.

Schefold JC, Filippatos G, Hasenfuss G, Anker SD, Von Haehling
S. Heart failure and kidney dysfunction: epidemiology, mecha-
nisms and management. Nat Rev Nephrol. 2016;12:610-23.
https://doi.org/10.1038/nrneph.2016.113.

Rangaswami J, Bhalla V, Blair JEA, Chang TI, Costa S, Lentine
KL, et al. Cardiorenal syndrome: classification, pathophysiology,
diagnosis, and treatment strategies: a scientific statement from the
American Heart Association. Circulation. 2019;139:E840-E78.
https://doi.org/10.1161/CIR.0000000000000664. Describe the
epidemiology and pathogenesis of cardiorenal syndrome in
the context of the continuously evolving nature of its
clinicopathological description over the past decade.

Clase CM, Carrero J-J, Ellison DH, Grams ME, Hemmelgarn BR,
Jardine MJ, et al. Potassium homeostasis and management of
dyskalemia in kidney diseases: conclusions from a Kidney
Disease: Improving Global Outcomes (KDIGO) Controversies

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Conference. Kidney Int. 2020;97:42—61. https://doi.org/10.1016/j.
kint.2019.09.018. To identify key issues relevant to the optimal
prevention, management, and treatment of arrhythmias and
their complications in patients with kidney disease.

Matsushita K, Sang Y, Yang C, Ballew SH, Grams ME, Coresh J,
et al. Dyskalemia, its patterns, and prognosis among patients with
incident heart failure: a nationwide study of US veterans. PLoS
One. 2019;14:1-12. https://doi.org/10.1371/journal.pone.0219899.
Linde C, Qin L, Bakhai A, Furuland H, Evans M, Ayoubkhani D,
et al. Serum potassium and clinical outcomes in heart failure pa-
tients: results of risk calculations in 21 334 patients in the UK. ESC
Heart Fail. 2019;6:280-90. https://doi.org/10.1002/ehf2.12402.
Bianchi S, Regolisti G. Pivotal clinical trials, meta-analyses and
current guidelines in the treatment of hyperkalemia. Nephrol
Dialysis Transplant. 2019;34:iii51-61. https://doi.org/10.1093/ndt/
gfz213.

Li L, Harrison SD, Cope MJ, Park C, Lee L, Salaymeh F, et al.
Mechanism of action and pharmacology of patiromer, a
nonabsorbed cross-linked polymer that lowers serum potassium
concentration in patients with hyperkalemia. J Cardiovasc
Pharmacol Ther. 2016;21:456—65. https://doi.org/10.1177/
1074248416629549.

Pitt B, Anker SD, Bushinsky DA, Kitzman DW, Zannad F, Huang
I1Z. Evaluation of the efficacy and safety of RLY5016, a polymeric
potassium binder, in a double-blind, placebo-controlled study in
patients with chronic heart failure (the PEARL-HF) trial. Eur
Heart J. 2011;32:820-8. https://doi.org/10.1093/eurheartj/ehq502.
Bakris GL, Pitt B, Weir MR, Freeman MW, Mayo MR, Garza D,
et al. Effect of patiromer on serum potassium level in patients with
hyperkalemia and diabetic kidney disease the AMETHYST-DN
randomized clinical trial. ] Am Med Assoc. 2015;314:151-61.
https://doi.org/10.1001/jama.2015.7446.

Weir MR, Bakris GL, Bushinsky DA, Mayo MR, Garza D, Stasiv
Y, et al. Patiromer in patients with kidney disease and hyperkalemia
receiving RAAS inhibitors. N Engl J Med. 2015;372:211-21.
https://doi.org/10.1056/NEJMoa1410853.

NCT03888066 Cgl. Patiromer for the management of
hyperkalemia in subjects receiving RAASi medications for the
treatment of heart failure (DIAMOND). 2020.

Kosiborod M, Rasmussen HS, Lavin P, Qunibi WY, Spinowitz B,
Packham D, et al. Effect of sodium zirconium cyclosilicate on po-
tassium lowering for 28 days among outpatients with hyperkalemia:
the HARMONIZE randomized clinical trial. ] Am Med Assoc.
2014;312:2223-33. https://doi.org/10.1001/jama.2014.15688.
Roger SD, Spinowitz BS, Lerma EV, Singh B, Packham DK, Al-
Shurbaji A, et al. Efficacy and safety of sodium zirconium
cyclosilicate for treatment of hyperkalemia: an 11-month open-label
extension of HARMONIZE. Am J Nephrol. 2019;50:473-80.
https://doi.org/10.1159/000504078.

Yumino DAI, Wang H, Floras JS, Newton GE, Mak S,
Ruttanaumpawan P, et al. Prevalence and physiological predictors
of sleep apnea in patients with heart failure and systolic dysfunc-
tion. 2009;15:279-85. https://doi.org/10.1016/j.cardfail.2008.11.
015.

Borrelli C, Gentile F, Sciarrone P, Mirizzi G, Vergaro G, Ghionzoli
N, et al. Central and obstructive apneas in heart failure with re-
duced, mid-range and preserved ejection fraction. Front Cardiovas
Med. 2019;6. https://doi.org/10.3389/fcvm.2019.00125. A
comparison of apnea prevalence, predictors and clinical
correlates in the whole HF spectrum.

Arzt M, Woehrle H, Oldenburg O, Graml A, Suling A, Erdmann E,
et al. Prevalence and predictors of sleep-disordered breathing in
patients with stable chronic heart failure: the SchlaHF registry.
JACC: Heart Failure. 2016;4:116-25. https://doi.org/10.1016/].
jchf2015.09.014.

@ Springer


https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1093/eurheartj/ehv037
https://doi.org/10.1093/eurheartj/ehv037
https://doi.org/10.1161/HHF.0b013e318291329a
https://doi.org/10.1161/HHF.0b013e318291329a
https://doi.org/10.1016/j.jacc.2014.08.036
https://doi.org/10.1002/ejhf.30
https://doi.org/10.1097/MCP.0b013e328335dc90
https://doi.org/10.1093/eurjhf/hfn005
https://doi.org/10.1038/nrneph.2016.113
https://doi.org/10.1161/CIR.0000000000000664
https://doi.org/10.1016/j.kint.2019.09.018
https://doi.org/10.1016/j.kint.2019.09.018
https://doi.org/10.1371/journal.pone.0219899
https://doi.org/10.1002/ehf2.12402
https://doi.org/10.1093/ndt/gfz213
https://doi.org/10.1093/ndt/gfz213
https://doi.org/10.1177/1074248416629549
https://doi.org/10.1177/1074248416629549
https://doi.org/10.1093/eurheartj/ehq502
https://doi.org/10.1001/jama.2015.7446
https://doi.org/10.1056/NEJMoa1410853
https://doi.org/10.1001/jama.2014.15688
https://doi.org/10.1159/000504078
https://doi.org/10.1016/j.cardfail.2008.11.015
https://doi.org/10.1016/j.cardfail.2008.11.015
https://doi.org/10.3389/fcvm.2019.00125
https://doi.org/10.1016/j.jchf.2015.09.014
https://doi.org/10.1016/j.jchf.2015.09.014

Curr Emerg Hosp Med Rep

25.

26.

27.

28.

29.

30..

3L

32.

33.

34.

35.

36.

37..

Foley RN, Curtis BM, Randell EW, Parfrey PS. Left ventricular
hypertrophy in new hemodialysis patients without symptomatic
cardiac disease. Clin J] Am Soc Nephrol. 2010;5:805—13. https:/
doi.org/10.2215/CIN.07761109.

Anker MS, von Haehling S, Landmesser U, Coats AJS, Anker SD.
Cancer and heart failure-more than meets the eye: common risk
factors and co-morbidities. Eur J Heart Fail. 2018;20(10):1382-4.
https://doi.org/10.1002/ejhf.1252. Worldwide more than 32
million patients suffer from cancer, and more than 23 million
from heart failure. Estimates for frequency of cardiovascular
deaths in 1.2 million cancer patients. Researches in the field of
cardio-oncology has markedly increased in the last few years
and are rapidly gaining a better understanding of the
underlying mechanisms and possible clinical targets.

Arzt M, Floras JS, Logan AG, Kimoff RJ, Series F, Morrison D,
et al. Suppression of central sleep apnea by continuous positive
airway pressure and transplant-free survival in heart failure: a post
hoc analysis of the Canadian Continuous Positive Airway Pressure
for Patients with Central Sleep Apnea and Heart Failure. Trial
Circul. 2007;115:3173-80. https://doi.org/10.1161/
CIRCULATIONAHA.106.683482.

Gottlieb DJ, Yenokyan G, Newman AB, O'Connor GT, Punjabi
NM, Quan SF, et al. Prospective study of obstructive sleep apnea
and incident coronary heart disease and heart failure: the sleep heart
health study. Circulation. 2010;122:352—60. https://doi.org/10.
1161/CIRCULATIONAHA.109.901801.

Gupta A, Quan SF, Oldenburg O, Malhotra A, Sharma S. Sleep-
disordered breathing in hospitalized patients with congestive heart
failure: a concise review and proposed algorithm. Heart Fail Rev.
2018;23:701-9. https://doi.org/10.1007/s10741-018-9715-y.
Yoshihisa A, Takeishi Y. Heart failure and sleep disordered breath-
ing. J Med Sci. 2017. This review explores emerging data on the
cost effectiveness and outcome of early intervention with PAP in
hospitalized CHF patients.

Sin DD, Logan AG, Fitzgerald FS, Liu PP, Bradley TD. Effects of
continuous positive airway pressure on cardiovascular outcomes in
heart failure patients with and without Cheyne-Stokes respiration.
Circulation. 2000;102:61-6. https://doi.org/10.1161/01.CIR.102.1.
61.

Khayat R, Jarjoura D, Porter K, Sow A, Wannemacher J, Dohar R,
et al. Sleep disordered breathing and post-discharge mortality in
patients with acute heart failure. Eur Heart J. 2015;36:1463-9.
https://doi.org/10.1093/eurheartj/ehu522.

Mechanisms of reduced sleepiness symptoms in heart failure and
obstructive sleep apnea, (2019).

Emdin M, Mirizzi G, Giannoni A, Poletti R, Iudice G, Bramanti F
et al., editors. Prognostic significance of central apneas throughout a
24-hour period in patients with heart failure 2017.

Daubert MA, Whellan DJ, Woehrle H, Tasissa G, Anstrom KJ,
Lindenfeld JA, et al. Treatment of sleep-disordered breathing in
heart failure impacts cardiac remodeling: insights from the CAT-
HF Trial. Am Heart J. 2018;201:40-8. https://doi.org/10.1016/j.ahj.
2018.03.026.

Cowie MR, Gallagher AM, editors. Sleep disordered breathing and
heart failure what does the future hold? 2017.

Seferovic PM, Ponikowski P, Anker SD, Bauersachs J, Chioncel O,
Cleland JGF, et al. Clinical practice update on heart failure 2019:
pharmacotherapy, procedures, devices and patient management. In:
An expert consensus meeting report of the Heart Failure
Association of the European Society of Cardiology. New York:
John Wiley and Sons Ltd; 2019. The report describes how these
guidance statements are supported by evidence, it makes some
practical comments, and it highlights new research areas and
how progress might change the clinical management of HF.

@ Springer

38.

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54..

Design of the effect of adaptive servo-ventilation on survival and
cardiovascular hospital admissions in patients with heart failure and
sleep apnoea: the ADVENT-HF trial, (2017).

Abraham WT, Jagielski D, Oldenburg O, Augostini R, Krueger S,
Kolodziej A, et al. Phrenic nerve stimulation for the treatment of
central sleep apnea. JACC: Heart Failure. 2015;3:360-9. https:/
doi.org/10.1016/j.jchf.2014.12.013.

Costanzo MR, Ponikowski P, Javaheri S, Augostini R, Goldberg L,
Holcomb R, et al. Transvenous neurostimulation for central sleep
apnoea: a randomised controlled trial. Lancet. 2016;388:974-82.
https://doi.org/10.1016/S0140-6736(16)30961-8.

Fox H, Oldenburg O, Javaheri S, Ponikowski P, Augostini R,
Goldberg LR, et al. Long-term efficacy and safety of phrenic nerve
stimulation for the treatment of central sleep apnea. Sleep. 2019;42:
1-9. https://doi.org/10.1093/sleep/zsz158.

Thyroid hormone and heart failure, (20006).

Kannan L, Shaw PA, Morley MP, Brandimarto J, Fang JC, Sweitzer
NK, et al. Thyroid dysfunction in heart failure and cardiovascular
outcomes. Circ Heart Fail. 2018;11:¢005266. https://doi.org/10.
1161/CIRCHEARTFAILURE.118.005266.

Guidelines for the management of atrial fibrillation: the Task Force
for the Management of Atrial Fibrillation of the European Society
of Cardiology (ESC), (2010).

Siu CW, Jim MH, Zhang X, Chan YH, Pong V, Kwok J, et al.
Comparison of atrial fibrillation recurrence rates after successful
electrical cardioversion in patients with hyperthyroidism-induced
versus non-hyperthyroidism-induced persistent atrial fibrillation.
Am J Cardiol. 2009;103:540-3. https://doi.org/10.1016/j.amjcard.
2008.10.019.

Mechanisms in endocrinology: heart failure and thyroid dysfunc-
tion., (2012).

Moruzzi P, Doria E, Agostoni PG. Medium-term effectiveness of L-
thyroxine treatment in idiopathic dilated cardiomyopathy. Am J
Med. 1996;101:461-7. https://doi.org/10.1016/s0002-9343(96)
00281-1.

Jessup M, Abraham WT, Casey DE, Feldman AM, Francis GS,
Ganiats TG, et al. Focused update: ACCF/AHA guidelines for the
diagnosis and management of heart failure in adults. Circulation.
2009:;119:1977-2016. https://doi.org/10.1161/
CIRCULATIONAHA.109.192064.

Alagiakrishnan K, Mah D, Ahmed A, Ezekowitz J. Cognitive de-
cline in heart failure. Heart Fail Rev. 2016;21(6):661-73. https://
doi.org/10.1007/s10741-016-9568-1.

Cameron J, Gallagher R, Pressler SJ. Detecting and managing cog-
nitive impairment to improve engagement in heart failure self-care.
Curr Heart Fail Rep. 2017;14(1):13-22. https://doi.org/10.1007/
s11897-017-0317-0.

Agarwal KS, Kazim R, Xu J, Borson S, Taffet GE. Unrecognized
cognitive impairment and its effect on heart failure readmissions of
elderly adults. J Am Geriatr Soc. 2016;64(11):2296-301. https:/
doi.org/10.1111/jgs.14471.

van der Wal HH, van Deursen VM, van der Meer P, Voors AA.
Comorbidities in heart failure. Handbook of experimental pharma-
cology: Springer New York LLC; 2017. p. 35-66.

Cuomo A, Rodolico A, Galdieri A, Russo M, Campi G, Franco R,
et al. Heart failure and cancer: mechanisms of old and new
cardiotoxic drugs in cancer patients. Card Fail Rev. 2019;5(2):
112-8. https://doi.org/10.15420/cfr.2018.32.2.

Bertero E, Ameri P, Maack C. Bidirectional relationship between
cancer and heart failure: old and new issues in cardio-oncology.
Card Fail Rev. 2019;5(2):106—11. https://doi.org/10.15420/cfr.
2019.1.2. It has been proposed that HF might represent an
oncogenic condition. This hypothesis is supported by
preclinical studies demonstrating that hyperactivation of the
sympathetic nervous system and renin—-angiotensin—


https://doi.org/10.2215/CJN.07761109
https://doi.org/10.2215/CJN.07761109
https://doi.org/10.1002/ejhf.1252
https://doi.org/10.1161/CIRCULATIONAHA.106.683482
https://doi.org/10.1161/CIRCULATIONAHA.106.683482
https://doi.org/10.1161/CIRCULATIONAHA.109.901801
https://doi.org/10.1161/CIRCULATIONAHA.109.901801
https://doi.org/10.1007/s10741-018-9715-y
https://doi.org/10.1161/01.CIR.102.1.61
https://doi.org/10.1161/01.CIR.102.1.61
https://doi.org/10.1093/eurheartj/ehu522
https://doi.org/10.1016/j.ahj.2018.03.026
https://doi.org/10.1016/j.ahj.2018.03.026
https://doi.org/10.1016/j.jchf.2014.12.013
https://doi.org/10.1016/j.jchf.2014.12.013
https://doi.org/10.1016/S0140-6736(16)30961-8
https://doi.org/10.1093/sleep/zsz158
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005266
https://doi.org/10.1161/CIRCHEARTFAILURE.118.005266
https://doi.org/10.1016/j.amjcard.2008.10.019
https://doi.org/10.1016/j.amjcard.2008.10.019
https://doi.org/10.1016/s0002-9343(96)00281-1
https://doi.org/10.1016/s0002-9343(96)00281-1
https://doi.org/10.1161/CIRCULATIONAHA.109.192064
https://doi.org/10.1161/CIRCULATIONAHA.109.192064
https://doi.org/10.1007/s10741-016-9568-1
https://doi.org/10.1007/s10741-016-9568-1
https://doi.org/10.1007/s11897-017-0317-0
https://doi.org/10.1007/s11897-017-0317-0
https://doi.org/10.1111/jgs.14471
https://doi.org/10.1111/jgs.14471
https://doi.org/10.15420/cfr.2018.32.2
https://doi.org/10.15420/cfr.2019.1.2
https://doi.org/10.15420/cfr.2019.1.2

Curr Emerg Hosp Med Rep

55.

56.

57.

58.

aldosterone system, which is a hallmark of HF, promotes cancer
growth and dissemination.

Banke A, Schou M, Videbaek L, Moller JE, Torp-Pedersen C,
Gustafsson F, et al. Incidence of cancer in patients with chronic
heart failure: a long-term follow-up study. Eur J Heart Fail.
2016;18(3):260-6. https://doi.org/10.1002/ejhf.472.

Hasin T, Gerber Y, Weston SA, Jiang R, Killian JM, Manemann
SM, et al. Heart failure after myocardial infarction is associated with
increased risk of cancer. ] Am Coll Cardiol. 2016;68(3):265-71.
https://doi.org/10.1016/j.jacc.2016.04.053.

Levis BE, Binkley PF, Shapiro CL. Cardiotoxic effects of
anthracycline-based therapy: what is the evidence and what are
the potential harms? Lancet Oncol. 2017;18(8):e445—e56. https://
doi.org/10.1016/S1470-2045(17)30535-1.

Snipelisky D, Park JY, Lerman A, Mulvagh S, Lin G, Pereira N,
et al. How to develop a cardio-oncology clinic. Heart Fail Clin.
2017;13(2):347-59. https://doi.org/10.1016/j.hfc.2016.12.011.

59.

60.

61.

Totzeck M, Mincu RI, Heusch G, Rassaf T. Heart failure from
cancer therapy: can we prevent it? ESC Heart Fail. 2019;6(4):
856-62. https://doi.org/10.1002/ehf2.12493.

Bertero E, Canepa M, Maack C, Ameri P. Linking heart failure to
Cancer. Circulation. 2018;138(7):735-42. https://doi.org/10.1161/
CIRCULATIONAHA.118.033603.

Canli O, Nicolas AM, Gupta J, Finkelmeier F, Goncharova O, Pesic
M, et al. Myeloid cell-derived reactive oxygen species induce epi-
thelial mutagenesis. Cancer Cell. 2017;32(6):869—-83 e5. https://doi.
org/10.1016/j.ccell.2017.11.004.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/ejhf.472
https://doi.org/10.1016/j.jacc.2016.04.053
https://doi.org/10.1016/S1470-2045(17)30535-1
https://doi.org/10.1016/S1470-2045(17)30535-1
https://doi.org/10.1016/j.hfc.2016.12.011
https://doi.org/10.1002/ehf2.12493
https://doi.org/10.1161/CIRCULATIONAHA.118.033603
https://doi.org/10.1161/CIRCULATIONAHA.118.033603
https://doi.org/10.1016/j.ccell.2017.11.004
https://doi.org/10.1016/j.ccell.2017.11.004

