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Abstract: The links between chronic kidney disease (CKD) and cardiac conditions such as coronary
heart disease or valvular disease are well established in the literature. However, the relationship
between hypertrophic cardiomyopathy (HCM) and CKD is not as frequently described or researched.
HCM is the most common form of inherited cardiac disease. It is mainly transmitted in an autosomal
dominant fashion and caused by mutations in genes encoding sarcomere proteins. HCM is estimated
to affect 0.2% of the general population and has an annual mortality rate of between approximately
0.5 and 1%. Our review article aims to summarize the genetics of HCM; discuss the potential clinical
mimics that occur concurrently with HCM and CKD, potential interlinks that associate between
these two conditions, the role of renal dysfunction as a poor prognostic indicator in HCM; and based
on currently available evidence, recommend a management approach that may be suitable when
clinicians are faced with this clinical scenario.
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1. Introduction

Chronic kidney disease (CKD) is estimated to affect more than 800 million people
worldwide and is increasingly being recognized as a public health issue, which burdens
healthcare systems worldwide [1–3]. All stages of CKD have been shown to be independent
risk factors for cardiovascular disease, which may manifest as coronary artery disease,
arrhythmia, or sudden cardiac death [4]. Hypertrophic cardiomyopathy (HCM) is the most
commonly inherited form of cardiac disease with an estimated prevalence of 1 in 500 in the
general population [5]. HCM is primarily inherited in an autosomal dominant fashion and
several genes, mostly encoding the sarcomere protein, have been shown to be associated
with the disease [6].

The European Society of Cardiology (ESC) describes HCM as “the presence of an
increase in left ventricular wall thickness (with or without right ventricular hypertrophy)
or mass that is not solely explained by abnormal loading conditions” such as hypertension
or valve diseases [7]. Left ventricular hypertrophy (LVH) is, however, very common and in
clinical practice, it is sometimes difficult to differentiate HCM from other mimics such as
hypertensive heart disease, cardiac amyloidosis, or other genetic diseases such as Fabry
disease or Danon disease [8]. Despite being an important cardiac condition to consider, the
relationship between HCM and CKD has not been well described in the literature.
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2. What Is Hypertrophic Cardiomyopathy?
2.1. Classification of Hypertrophic Cardiomyopathy

HCM is commonly subdivided into an obstructive or a non-obstructive form. In HCM,
hypertrophy can affect any part of the left ventricle; however, in two-thirds of cases, it is
the interventricular septum that is involved. Hypertrophic obstructive cardiomyopathy
(HOCM) is the most common form, estimated to represent 70% of cases [9,10]. Obstruction
can typically occur at two levels: at the left ventricular outflow tract or at the midventricular
level [11]. The former is thought to result from dynamic systolic anterior motion of the
anterior mitral valve leaflet whereas the latter is believed to be caused by obstruction at
the papillary muscle level and has been shown to have a strong association with apical
aneurysm formation [12,13]. Left ventricular outflow tract obstruction (LVOTO) can be
diagnosed on an echocardiogram and is considered to be significant when the peak gradient
is >30 mmHg. About one-third of patients have LVOTO at rest and another third of patients
have LVOTO after provoked maneuvers [14]. Several studies have linked LVOTO with a
higher risk of sudden cardiac death [15].

Non-obstructive HCM (NO-HCM) is characterized by the absence of LVOTO. This
accounts for approximately 30% of HCM cases. It is defined by an LVOT gradient of
<30 mmHg on an echocardiogram under exertion or at rest. The non-obstructive type
can be further subdivided according to the systolic function: normal systolic function vs.
impaired systolic function [11]. Previously, it was believed that patients with NO-HCM
were at a low risk of mortality compared to patients with HOCM. Recent studies have
shown that the long-term mortality of patients with NO-HCM is not significantly different
from patients with HOCM [16,17].

2.2. Genetics of Hypertrophic Cardiomyopathy

Sarcomere proteins are the fundamental contractile unit of the cardiac muscle cells
and are composed of two main myofilaments: a thick filament (myosin) and a thin filament
(actin) [18]. Movement of the two myofilaments against each other results in lengthening
or shortening of the sarcomere, resulting in muscle contraction (refer to Figure 1).

HCM is primarily inherited in an autosomal dominant fashion. Several genes have
been identified to be the cause of HCM, the most common ones encoding for sarcomere
proteins constitute 40% of cases. MYH7, encoding for the β myosin heavy chain (β-MyHC),
was the first gene to be discovered in the late 1990s [19]. Together with MYBPC3, which
encodes for myosin binding protein C, the two genes, encoding for thick filaments of
the sarcomere proteins, are believed to be responsible for the majority of HCM cases
associated with sarcomere protein mutations. Other genes encoding for thick filament
proteins include MYL2 (regulatory myosin light chain), MYL3 (essential myosin light
chain), and MYH6 (myosin heavy chain 6). In total, 5% of cases are due to genes encoding
the thin filament components and the following genes have been discovered in relation to
these proteins: ACTC1 (cardiac α-actin 1), TNNC1 (troponin/tropomyosin complex formed
by cardiac troponin C), TNNI3 (cardiac troponin I), TNNT2 (cardiac troponin T), TPM1
(tropomyosin 1). More rarely, mutations in genes encoding for the Z disc protein (ACTN2,
Alpha-actinin-2; MYOZ2, Myozenin-2) as well as the M line proteins (MuRF1— Muscle
RING Finger, OBSCN—Obscurin, and MYOM2—Myomesin 2) have been associated with
HCM [20,21]. Studies have shown that the presence of a sarcomere protein mutation is a
strong predictor of adverse outcomes in patients with HCM [22] (refer to Figure 1).

In the remaining 60% of cases, the causative mutations remain undetermined. How-
ever, following the development of DNA sequencing technologies, some mutations in
non-sarcomere protein genes have been discovered to be associated with the disease in a
small number of patients with HCM and sometimes a combination of mutations has been
linked to the disease. Some of the non-sarcomere protein genes include CSRP3 (cysteine-
and glycine-rich protein 3), FHL1 (four and a half LIM domains 1), FLNC (filamin C),
FHOD3 (formin homology 2 domain-containing 3), JPH2 (junctophilin 2), PLN (phos-
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pholamban), TRIM63 (Tripartite Motif-Containing 63), and KLHL24 (Kelch-like protein
24) [23].

Phenotypes of HCM are varied—ranging from patients who have a gene mutation
but are asymptomatic and have no clinical manifestation of the disease to patients who
have significant hypertrophy with left ventricular outflow tract obstruction, resulting in
end-stage heart failure. This has especially been noted in families where members who
share common mutations display different levels of cardiac hypertrophy [24,25].
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Borrelli et al. [23]. 

2.3. Mimics of Hypertrophic Cardiomyopathy  
Left ventricular hypertrophy (LVH) is estimated to be present in about 15–20% of the 

general population [26,27]. A variety of conditions can cause LVH and are sometimes 
referred to as mimics of HCM. Some examples include hypertension where LVH happens 
due to a chronic workload of the heart, due to a pressure overload induced by systemic 
hypertension; chronic kidney disease; physiological LVH, which is reported to occur in 
about 2% of athletes; and several genetic conditions, which can resemble the HCM 
phenotype in the absence of a sarcomere protein mutation (Danon disease, PRKAG2 
cardiomyopathy, Pompe disease, Forbes disease), lysosomal storage disorders 
(Anderson–Fabry disease), cardiac amyloidosis, mitochondrial cytopathies, and other 
inborn metabolic disorders’ infiltrative cardiac processes [28–30]. In clinical practice, it can 
sometimes be challenging to differentiate HCM from these other causes of LVH, but it is 
crucial to do so, as the appropriate management strategy for the various scenarios may be 
different [31]. 

2.4. Diagnosing Hypertrophic Cardiomyopathy 
As described, HCM can be difficult to differentiate from other conditions of a similar 

clinical presentation. The ESC recommends a systematic and multiparametric approach 
toward the clinical diagnosis of cardiomyopathy. This includes history and examination, 
pedigree analysis, resting 12-lead electrocardiogram, ambulatory electrocardiogram 
monitoring, blood tests, and multimodality imaging (echocardiogram, cardiac magnetic 

Figure 1. (A): Percentage of sarcomere-mutation-positive and sarcomere-mutation-negative HCM
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positive HCM with the relative percentages of affected individuals. The image also shows the coded
proteins and their localization in the sarcomere. Abbreviation as in the text from Borrelli et al. [23].

2.3. Mimics of Hypertrophic Cardiomyopathy

Left ventricular hypertrophy (LVH) is estimated to be present in about 15–20% of
the general population [26,27]. A variety of conditions can cause LVH and are sometimes
referred to as mimics of HCM. Some examples include hypertension where LVH happens
due to a chronic workload of the heart, due to a pressure overload induced by systemic
hypertension; chronic kidney disease; physiological LVH, which is reported to occur
in about 2% of athletes; and several genetic conditions, which can resemble the HCM
phenotype in the absence of a sarcomere protein mutation (Danon disease, PRKAG2
cardiomyopathy, Pompe disease, Forbes disease), lysosomal storage disorders (Anderson–
Fabry disease), cardiac amyloidosis, mitochondrial cytopathies, and other inborn metabolic
disorders’ infiltrative cardiac processes [28–30]. In clinical practice, it can sometimes be
challenging to differentiate HCM from these other causes of LVH, but it is crucial to do so,
as the appropriate management strategy for the various scenarios may be different [31].

2.4. Diagnosing Hypertrophic Cardiomyopathy

As described, HCM can be difficult to differentiate from other conditions of a similar
clinical presentation. The ESC recommends a systematic and multiparametric approach
toward the clinical diagnosis of cardiomyopathy. This includes history and examina-
tion, pedigree analysis, resting 12-lead electrocardiogram, ambulatory electrocardiogram
monitoring, blood tests, and multimodality imaging (echocardiogram, cardiac magnetic
resonance imaging, computer tomography, and nuclear medicine-based techniques). Fi-
nally, as HCM is known to be a mostly inherited condition, a genetic analysis plays an
important role in the diagnostic process [32].
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Common symptoms reported on initial presentation may include shortness of breath,
chest pain, palpitations, presyncope, and syncope, although some individuals can be
asymptomatic. A number of non-cardiac symptoms and signs can also point toward HCM
mimics, for example, learning difficulties or visual impairment, which can be associated
with conditions such as Fabry’s or mitochondrial cytopathies. Family history is essential
to establish if there is a Mendelian pattern of inheritance but also to determine if other
family members are at risk of the disease. HCM is typically acquired in an autosomal
dominant fashion and family history pointing toward other modes of inheritance would be
suggestive of other HCM mimics. For instance, X-linked transmission should be suspected
if there is a family history of males being strongly affected and can also point toward other
mimics such as Fabry or Danon disease [33].

An electrocardiogram would be an ideal initial investigation to screen for HCM.
Common findings are patterns of left ventricular hypertrophy or arrhythmias detected on
resting or ambulatory electrocardiogram monitoring [32].

Non-invasive imaging is considered the backbone of the diagnosis and follow up in
patients with HCM. An echocardiogram should assess for left ventricular hypertrophy,
LVOTO, systolic anterior motion, systolic and diastolic dysfunction, as well as left atrial
size. Cardiac magnetic resonance or nuclear imaging may also assist in the diagnosis of
HCM via their ability to better characterize cardiac tissue. They can provide important
etiological clues pointing toward HCM mimics including physiological LVH. With a higher
image resolution and ability to identify hypertrophied areas not visualized on an echocar-
diogram, cardiac magnetic resonance imaging is emerging with consideration as the gold
standard modality in the diagnostic assessment of HCM. It has been deemed capable of
differentiating between types of cardiomyopathies with a sensitivity and specificity of up
to 87% and 82%, respectively [34]. Findings on cardiac magnetic resonance imaging can
sometimes provide important cues regarding the etiology of cardiomyopathy. For instance,
findings of patchy mid-wall enhancement in hypertrophied areas are characteristic of
sarcomeric HCM whereas posterolateral late gadolinium enhancement and concentric left
ventricular hypertrophy can point toward a diagnosis of Fabry disease instead. Diffuse
subendocardial late gadolinium enhancement on the other hand can raise suspicion of
cardiac amyloidosis. On the other hand, nuclear medicine techniques can also be helpful in
identifying conditions such as amyloidosis and sarcoidosis [33,35–37].

Finally, genetic testing plays a pivotal role and in the case of HCM, genes robustly
associated with the presenting phenotype should be investigated first. Genetic testing that
aids in confirming the diagnosis may inform the prognosis and appropriate management,
and future family planning.

3. Association between Hypertrophic Cardiomyopathy and Chronic Kidney Disease

S.D., H.H.L.W., and R.C. each independently conducted an electronic search on the
PubMed database using the following key words: ‘Hypertrophic Cardiomyopathy’ AND
‘Chronic Kidney Disease’. It was concurred that this search yielded a total of 122 arti-
cles. After scanning through titles and abstracts, several articles, which were not directly
applicable to the research topic of this review paper, were excluded. Exclusion criteria
included studies that were conducted in populations with HCM mimics such as Fabry
disease, mitochondrial cardiomyopathy, or Danon disease, studies conducted in animal
models, and studies that did not look at the association between HCM and CKD. This
narrowed down the search to nine articles, which were analyzed in more extensive detail.
Current conclusions from available studies suggest that a bidirectional relationship exists
between HCM and CKD. A summary of the studies that have evaluated the association
between HCM and CKD from our literature search is presented in Table 1.
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Table 1. Summary of studies looking at the association between HCM and CKD.

Study Population Findings Comments

Risk of ESKD in patients
with hypertrophic
cardiomyopathy: A
nationwide
population-based cohort
study [38].

A total of 10,300 adult
patients with HCM and
51,500 age- and
sex-matched controls

(1) The incidence of ESKD was
higher in the HCM (1.08%) vs.
non-HCM group (0.17%) despite a
longer follow up of the
non-HCM group
(2) When adjusted for generally
accepted prognosticators, HCM
was found to be an independent
predictor of ESKD
(3) The risk of developing ESKD
was higher in younger and
healthier men

Generally accepted
prognosticators included age,
hypertension, DM,
pre-existing renal disease, and
prior use of renin–angiotensin
system blockers.

HCM was defined using the
International Classification of
Disease, 10th Revision codes,
which was validated in a
previous study by reviewing
medical records,
echocardiography, or cardiac
magnetic resonance imaging.

Renal function as a predictor
of outcomes in patients with
hypertrophic
cardiomyopathy: A cohort
study of a hospitalized
population [39].

A total of 581 patients
with hypertrophic
cardiomyopathy

(1) 15% of patients with HCM had
moderate to severe
renal dysfunction
(2) eGFR was strongly associated
with prognosis in patients with
HCM. All-cause mortality risk was
higher in patients with moderate to
severe renal dysfunction
(3) The correlation between renal
dysfunction and all-cause mortality
was higher in patients below the
age of 55

Renal dysfunction was
defined as
eGFR < 60 mL/min/1.73 m2.

HCM was determined using
echocardiography findings of
left ventricular wall thickness
≥15 mm in adults in the
absence of any cardiac or
systemic etiology that could
explain hypertrophy.

Effect of Renal Dysfunction
on Risk of Sudden Cardiac
Death in Patients with
Hypertrophic
Cardiomyopathy [40].

A total of 450 patients
with HCM

Patients with renal dysfunction
were at a higher risk of sudden
death than patients without
renal dysfunction

Renal dysfunction was
defined as an
eGFR < 60 mL/min/1.73 m2.

Left ventricular diastolic
function in patients on
maintenance haemodialysis:
comparison with
hypertensive heart disease
and hypertrophic
cardiomyopathy [41].

A total of 20 patients on
maintenance hemodialysis,
11 patients with
hypertensive heart disease,
11 with hypertrophic
cardiomyopathy, and
11 age-matched
healthy individuals

Patients on hemodialysis were
found to have a left ventricular
diastolic dysfunction similar to that
observed in patients with
hypertensive heart disease but
which was less severe than that
found in patients with HCM

Small sample size

Comparative study

Outcome of Congestive
Heart Failure, Dilated
Cardiomyopathy,
Hypertrophic Hyperkinetic
Disease, and ischemic heart
disease in Dialysis
Patients [42].

A total of 150
dialysis patients

Survival was worse in patients with
an echocardiographic diagnosis of
dilated cardiomyopathy (67%
2-year survival rate) compared to
patients with normal
echocardiogram findings (2-year
survival rate, 90%).
In hypertrophic hyperkinetic
cardiomyopathy, the 2-year survival
rate was 30% after entry into the
study, and 43% after the first
congestive heart failure episode

Cohort study
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Table 1. Cont.

Study Population Findings Comments

Hypertrophic
cardiomyopathy: an
acquired disorder of
ESKD [43].

A total of 52 patients
on hemodialysis

(1) The incidence of asymmetric
septal hypertrophy (ASH) of the
heart was 9.6%
(2) Patients with ASH were found
to have a higher number of
hypotensive episodes on dialysis
(3) In one patient, ASH was shown
to develop over time

HCM is defined by the
presence of ASH.

Small sample size

Comparative study

Hypertrophic
cardiomyopathy in children
with ESKD and
hypertension [44].

A total of 10 pediatric
patients on maintenance
dialysis

Four out of ten patients showed
asymmetric septal hypertrophy
typical of hypertrophic
cardiomyopathy (HCM) findings on
echocardiogram. Two patients also
had signs suggestive of left
ventricular outflow obstruction

Patients had moderate to
severe hypertension despite
intensive medical therapy.
Primary cardiomyopathy was
excluded by negative family
history.

Case series

Calcium Channel Blockade
in Dialysis Patients with Left
Ventricular Hypertrophy
and Well-Preserved Systolic
Function [45].

Four patients on
hemodialysis with
persistent heart failure and
recurrent unexplained
hemodialysis-related
hypotensive episodes

(1) A subset of patients with
refractory heart failure and
hypotension complications on
dialysis have HCM with preserved
systolic function
(2) Verapamil may benefit
these patients

Small sample size

LVH and HCM are used
interchangeably.

Left ventricular function in
patients under peritoneal
dialysis treatment [46].

A total of 24 patients with
ESKD and LVH before and
after peritoneal dialysis

(1) Before dialysis, 9 patients
showed features of dilated
cardiomyopathy on
echocardiogram (group A), 7
patients showed features of
asymmetric septal hypertrophy
(group B), and 8 patients had
non-specific signs of myocardium
involvement (group C)
(2) After initiation of peritoneal
dialysis, patients in group B
showed a reduction in asymmetric
septal hypertrophy

Small sample size

ASH is referring to HCM.

A nationwide population-based cohort study conducted in South Korea, which in-
vestigated the incidence of end-stage kidney disease (ESKD) during the follow up in
10,300 patients with HCM compared to 51,500 age- and sex-matched controls, found that
the incidence rate of ESKD was higher in the HCM group (4.14 per 1000) compared to the
control group (0.60 per 1000). Additionally, the study found that the HCM group had a
lower glomerular filtration rate than the control group (80.7 vs. 87.0 mL/min/1.73 m2). The
study also highlighted that HCM was an independent predictor for ESKD development
when adjusted for other generally accepted prognosticators such as age, hypertension, dia-
betes, pre-existing renal disease, or prior use of a renin–angiotensin system blocker. Finally,
the study also highlighted those patients with HCM under the age of 60 had a 20-fold
increased risk for incident ESKD. This study, published in 2019, claimed to be the first
epidemiologic study to demonstrate the link between renal impairment and HCM. Of note,
in this paper, HCM was defined by a diagnostic code given after reviewing clinical records
and imaging modalities, which was validated by a previous study and was considered
reliable by the authors of the paper [38].

Another single-center cohort study of 581 patients diagnosed with HCM reported that
15% of patients with HCM had moderate to severe renal dysfunction. In this study, the
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estimated glomerular filtration rate (eGFR) was strongly associated with the prognosis in
patients with HCM. The all-cause mortality rate was found to increase with declining eGFR
and was reported to be 9.4% in patients with an eGFR < 60 mL/min/1.73 m2 compared to
1.9% in patients with an eGFR > 60 mL/min/1.73 m2. Of note, this association between
renal dysfunction and all-cause mortality was found to be significant among patients under
the age of 55. In this cohort study, HCM was defined by echocardiography findings of left
ventricular wall thickness ≥15 mm in the absence of any cardiac or systemic etiology that
could explain hypertrophy, a similar definition to the one from the European Society of
Cardiology [39]. Similarly, the association between renal dysfunction and prognostic values
was reported in another paper. This study, which included 450 patients with HCM who
were followed up with over a median period of 8.8 years, found that patients with eGFR
< 60 mL/min/1.73m2 had a higher risk of sudden death compared to patients without
renal dysfunction. Similarly, in this study, HCM was diagnosed using echocardiographic
criteria [40].

When looking at patients with CKD who progressed to ESKD, and more specifically
the dialysis population, few studies have investigated the presence of left ventricular
hypertrophy and HCM. In a comparative study published in 1994, patients on hemodialysis
were found to have a left ventricular diastolic dysfunction similar to what is observed in
patients with hypertensive heart disease but was less severe than that found in patients with
HCM. However, this study was limited by its small sample size [41]. Another prospective
study, which followed 150 dialysis patients with congestive heart failure over a period of 3
to 5 years, found that the survival rate was worse in patients with an echocardiographic
diagnosis of dilated cardiomyopathy (67% 2-year survival rate) compared to patients with
a normal echocardiogram finding (90% 2-year survival rate). Moreover, in patients with
hypertrophic hyperkinetic cardiomyopathy, the 2-year survival rate was 30% after the
start of the study, and 43% after the first congestive heart failure episode [42]. Finally, a
comparative study published in 1983 hypothesized hypertrophic cardiomyopathy to be
an acquired disease of ESKD. It looked at the results of echocardiograms of 52 patients
on hemodialysis and reported 9.6% of patients to have asymmetric septal hypertrophy
(ASH) of the heart, considered a specific indicator of hypertrophic cardiomyopathy. It also
reported one case of the development of ASH over time by analyzing serial echocardiogram
images. In this study, patients with ASH were found to have more frequent hypotensive
episodes on dialysis. Limitations of this paper include its small sample size as well as an
old-fashioned definition of HCM with echocardiographic criteria different to the one used
nowadays [43]. A similar finding was also present in a case series of 10 pediatric patients on
hemodialysis, which reported an impressive 40% incidence of echocardiographic features
of HCM in the studied patients. This paper was published in 1981 and like the previous
paper, it is limited by its small sample size and defined HCM by echocardiographic findings
of ASH [44]. Another small study looked at a subset of four patients with refractory heart
failure and recurrent episodes of hypotension on dialysis and reported that these patients
have echocardiographic features of HCM with preserved systolic function and that the
use of verapamil was associated with a reduction in the number of hypotensive episodes
on dialysis. The authors of this study reported that the potential benefit from calcium
channel blockade might be related to the prolongation of left ventricular diastolic relaxation
time, which in turn caused an increase in filling of the left ventricle and systolic ejection
volume [45].

Interestingly, we also found a study of 24 patients with ESKD and LVH whose echocar-
diograms were compared before and after starting peritoneal dialysis. In this study, seven
patients showed features of asymmetric septal hypertrophy and after initiation of peritoneal
dialysis, the degree of septal hypertrophy was reported to have been reduced [46].

Most of the studies that looked at the association between HCM and CKD that we
reviewed were limited by their small sample sizes and their definition of HCM, which
did not always match the most recent one, for instance, the one used by the European
Society of Cardiology. Additionally, out of nine papers, five of them were published before
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1995. Larger prospective studies are therefore required in order to confirm and quantify the
relationship between the two diseases.

Although the mechanisms that may relate chronic kidney disease to HCM have not
fully been established, they are likely to be multifactorial. Left ventricular diastolic dys-
function in various cardiovascular diseases has often been linked to renal impairment [47].
By increasing left ventricular filling pressure, central venous pressure is subsequently
increased, leading to renal resistance and renal venous hypertension, which results in
impaired renal function. Additionally, in the case of HCM with LVOTO, chronic renal
hypoperfusion and hemodynamic instability have been hypothesized to cause chronic renal
injury, which can also result in progressive renal impairment. Finally, due to its association
with thromboembolism-associated renal infarction, atrial fibrillation, which is one of the
most common arrhythmias present in HCM, is also believed to be part of the mechanisms
leading to renal impairment in patients with HCM [38,39].

During our literature search, we came across a few studies looking at the association
between Fabry’s disease (FD), a common HCM mimic, and CKD. A multicentric study
involving 10 referral centers in India looked at 54 patients from 37 families of proven FD. In
total, 70.8% of patients were found to have renal impairment, which was described as the
predominant manifestation of the disease [48]. In a cross-sectional study, all adult patients
undergoing dialysis in Western Australia without previously known FD were screened for
the disease as they were deemed to be high-risk. The analysis of this population showed a
prevalence of 0% undiagnosed FD [49]. Similarly, a single-center study in Taiwan conducted
FD screening in male patients above 20 years of age from a pre-ESKD dialysis program and
found a prevalence rate of FD at 0.16% [50].

4. Renal Dysfunction as a Poor Prognostic Indicator in Hypertrophic Cardiomyopathy

As mentioned previously, a few studies have reported lower eGFR as being a poor
prognostic factor in HCM and associated with an increase in all-cause mortality. This
is not surprising as CKD by itself has been linked to an increased risk for all-cause and
cardiovascular death in several studies [51]. Additionally, all stages of CKD have been
shown to be independent risk factors for cardiovascular disease, which can manifest as
coronary artery disease, arrhythmia, or sudden cardiac death [4].

Progression of kidney disease leads to cardiac remodeling including the development
of left ventricular hypertrophy, and studies have demonstrated that lower eGFR is associ-
ated with increased left ventricular wall thickness [52,53]. In hypertrophic cardiomyopathy,
hypertrophy of the ventricle is already present, and one can note how a declining eGFR
could exacerbate the degree of ventricular hypertrophy and increase the risk of adverse
outcomes. Additionally, hypertension is commonly present in patients with CKD and is
known to promote a hypercontractile cardiac state, which can induce hypertrophy of the
ventricle in patients with HCM [54]. Further studies looking at renal function in the HCM
population specifically and its association with adverse outcomes are needed to establish
the relationship between the two conditions.

5. Management of Hypertrophic Cardiomyopathy in Chronic Kidney Disease

The standard approach toward the management of HCM is usually categorized be-
tween the management of symptomatic patients with LVOTO and those without LVOTO.

Patients with LVOTO can be managed medically or surgically. First-line medical
management may include beta-blockers or non-dihydropyridine calcium channel blockers
uptitrated to the maximum dose. Disopyramide and Macavatam (cardiac myosin ATPase
inhibitors) also have a role in the treatment of patients who remain symptomatic following
first-line treatment. Invasive treatment in the form of surgery (ventricular septal myectomy)
or septal alcohol ablation to reduce LVOTO is to be considered in patients in the following
cases: LVOTO gradient ≥ 50 mmHg, severe symptoms (New York Heart Association
functional class III–IV heart failure), and/or exertional or unexplained recurrent syncope
despite maximum tolerated medical therapy [55].
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Management of symptomatic patients without LVOTO focuses on the treatment of
heart failure, arrhythmias, and chest pain. This is achieved via the usual drug therapy
recommendations for the treatment of angina and heart failure. Additionally, there is
a role for cardiac resynchronization therapy as well as implantable cardiac cardioverter
defibrillators in certain cases for the prevention of sudden cardiac death [56].

When it comes to therapies that can be useful to the management of patients with
HCM without LVOTO as well as CKD, several drugs used in the treatment of heart failure
have been shown to have renoprotective effects, e.g., renin angiotensin aldosterone system
antagonists (RAASi) and sodium–glucose co-transporter 2 inhibitors (SGLT2i).

RAASi such as angiotensin-converting enzyme inhibitors, angiotensin II receptor
blockers, and angiotensin receptor-neprilysin inhibitors play an important role in heart
failure by decreasing the left ventricular afterload, increasing cardiac output, and decreasing
both right and left heart filling pressures [57]. Randomized control trials have shown their
benefit in the management of chronic heart failure, especially heart failure with a reduced
ejection fraction, and demonstrated the benefits of these drugs in symptom control and
survival [58]. Similarly, RAASi have been shown to reduce urinary albumin excretion and
optimize blood pressure control, resulting in delayed progression of CKD to ESKD [59].
Common side effects of RAASi include a reduction in eGFR or hyperkalemia, causing them
to be underused in patients with ESKD. Whilst the benefit of RAASi has been demonstrated
in CKD 2-3, the benefit in the later CKD stages is conflicting due to this population not
being fully represented in studies [60–62].

SGLT2i were originally developed for the management of diabetes, but several studies
have shown their benefit across many patient sub-groups, including those with and without
type 2 diabetes and at different stages of CKD, and in patients with heart failure with a
preserved or reduced ejection fraction [63].

When it comes to patients with ESKD, the impact of dialysis on LVH has been studied
and multiple randomized control studies have shown an intensive-hemodialysis-reduced
left ventricular mass, a measure of LVH [64]. However, the exact impact of dialysis on
patients with HCM is not fully known.

6. Conclusions

From our review, renal dysfunction in patients with HCM was a common finding and
associated with adverse outcomes including increasing the risk of mortality. Patients on
dialysis with HCM were found to have worse clinical outcomes. These findings highlight
the importance of monitoring renal function in the HCM population. However, most
studies were conducted three decades ago, and their definition of HCM did not always
match the one that is defined nowadays. Larger prospective studies looking at renal
dysfunction in patients with HCM are needed to confirm and quantify this association.
Additionally, it would be interesting to study the role of dialysis in the HCM population
with ESKD in order to determine if it has any impact on left ventricular hypertrophy.
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