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ABSTRACT

ARTICLE DETAILS

Chronic kidney disease (CKD) represents a complex and multifaceted clinical condition characterized by ~ Published On:
its intricate interaction with multiple organ systems. Among the systemic manifestations of CKD, the =~ 26 October 2023
impact on the cardiovascular system is particularly profound. This article delves into the intricate

relationship between CKD and cardiac strain, exploring the paradoxical nature of myocardial function in

the context of renal dysfunction. We navigate the epidemiological landscape, describe pathophysiological

mechanisms, investigate diagnostic modalities, and explore current and emerging therapeutic strategies

aimed at controlling cardiac strain in CKD. This comprehensive analysis not only sheds light on the

cardiac complexities within the CKD setting, but also underscores the need for a holistic approach to

improve patient outcomes.
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INTRODUCTION

Chronic kidney disease (CKD) represents a global health
challenge of increasing magnitude affecting millions of
people worldwide. Beyond its well-established impact on
renal function, CKD exerts a pervasive influence on several
extrarenal organ systems, with the cardiovascular system at
the forefront of clinical concern. In recent years, the intricate
relationship between CKD and cardiac strain has emerged as
a compelling area of research and clinical interest because of
the impact on mortality that cardiovascular disease still
represents, 1

The paradox of cardiac strain in CKD lies in the intricate
interplay between myocardial function and renal dysfunction.
While CKD is associated with an increased risk of
cardiovascular complications, such as hypertension, left
ventricular hypertrophy, diastolic dysfunction, and heart
failure, assessment of cardiac strain in this setting uncovers a
more nuanced dimension. Myocardial strain, a measure of
myocardial deformation, provides insight into subtle
alterations in cardiac function that occur in patients with
CKD, even in the absence of overt clinical symptoms.1,2
This article undertakes a comprehensive tour of the landscape
of cardiac strain in CKD, beginning with an exploration of
epidemiological patterns and demographic variations that
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underscore the clinical significance of this phenomenon. We
delve into the pathophysiological mechanisms underlying
cardiac strain, examining how renal dysfunction triggers a
cascade of events, including volume overload, electrolyte
imbalances, inflammation,  oxidative  stress, and
neurohormonal dysregulation, all of which contribute to
myocardial disturbances.2

Diagnostic assessment of cardiac strain in CKD is a focal
point, with advanced imaging techniques such as
echocardiography and cardiac magnetic resonance imaging
(MRI) providing valuable information on myocardial
deformation and function. We also investigate the role of
emerging biomarkers and new diagnostic modalities to refine
our ability to assess cardiac strain in patients with CKD.2,3
As we traverse the complex terrain of CKD and cardiac strain,
we consider therapeutic strategies aimed at managing this
myocardial paradox. From blood pressure control and volume
status optimization to the potential role of renoprotective
medications and lifestyle modifications, the therapeutic
arsenal is expanding to address the intricate relationship
between CKD and cardiac strain.3

Ultimately, this article underscores the importance of a
holistic approach to the management of CKD that recognizes
the intricate interplay between renal and cardiac function. By
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unraveling the mysteries of cardiac strain in CKD, we aim to
provide clinicians and researchers with valuable insights that
can inform clinical decision making, improve patient care,
and pave the way for innovative strategies to improve the
prognosis and quality of life for people going through the
disease. The complex intersection between CKD and cardiac
health.4

Prevalence of cardiac strain in CKD:

Epidemiological studies have consistently shown a higher
prevalence of cardiac stress in patients with CKD compared
to the general population. In addition, the main cause of
mortality in patients with CKD is cardiovascular causes,
especially in hemodialysis. Cardiovascular mortality has
even been described to be 10 to 20 times more frequent in
these patients than in the general population. 5,6

The degree of myocardial deformation varies according to
the different stages of CKD, with a clear upward trend as
renal function decreases. This association underscores the
importance of renal function assessment in the evaluation of
cardiac health.7

Risk factors:

Understanding the risk factors for cardiac strain in CKD is
crucial for early detection and intervention. Hypertension, a
common comorbidity in CKD, plays a key role in the
development of cardiac strain. Classical cardiovascular risk
factors do not fully explain the large cardiovascular risk in
these patients. In addition to ischemia, electrolyte
imbalances, such as hyperkalemia and hyperphosphatemia,
are recognized to contribute, as well as uremia, anemia, water
retention. Proteinuria, characteristic of CKD, is another risk
factor that deserves attention in epidemiological
investigations.7

Clinical implications:

Cardiac strain in CKD has profound clinical implications,
including increased morbidity and mortality rates. Patients
with CKD and cardiac strain are at increased risk for adverse
cardiovascular events, ischemic heart disease, valvular heart
disease, arrhythmias, heart failure, and sudden cardiac death.
Consequently, epidemiological research on this phenomenon
serves as a basis for risk stratification, early intervention
strategies, and the development of personalized treatment
approaches.7

The epidemiology of cardiac strain in chronic kidney disease
is a complex and multifaceted field of study. Through
rigorous epidemiological investigations, we can gain a deeper
understanding of the prevalence, risk factors, and clinical
consequences of cardiac strain in patients with CKD. This
knowledge can guide health care professionals to identify
individuals at risk and implement timely interventions,
ultimately improving the management and outcomes of CKD
patients with cardiac strain. As research in this area continues
to evolve, it holds promise for improving the quality of care
and prolonging the lives of people affected by this
challenging comorbidity.7

Pathophysiology of cardiac strain in chronic kidney disease.

Chronic kidney disease, a progressive renal disorder, has
become a formidable global health challenge. Beyond its
primary impact on renal function, CKD exerts profound
effects on the cardiovascular system, often resulting in
structural and functional abnormalities, including cardiac
strain. This article provides an exploration of the
pathophysiological complexities that cause cardiac strain in
the context of CKD.7

Renal-cardiac axis:

The pathophysiological relationship between CKD and
cardiac stress is rooted in the intricate interaction between the
kidneys and the heart, often referred to as the "cardiorenal
axis". Reduced renal function in CKD leads to accumulation
of uremic toxins, electrolyte imbalances, and fluid retention.
These alterations set the stage for a cascade of events that
adversely affect the myocardium and vice versa, termed the
"cardiorenal syndrome" by Silverberg.6,7

Hemodynamic changes:

The progressive loss of renal function in CKD contributes to
volume overload and increased systemic vascular resistance.
These hemodynamic alterations lead to elevated blood
pressure, which exacerbates the workload of the heart.
Chronic hypertension, a common comorbidity in CKD,
places additional stress on cardiac muscle, promoting
hypertrophy and fibrosis. Often this overload results from
atherosclerosis or aortic stenosis.7

Uremic toxins and inflammation:

Retention of uremic toxins in patients with CKD contributes
to a state of chronic inflammation. Elevated levels of
proinflammatory cytokines and oxidative stress alter normal
cardiac cell function and promote myocardial fibrosis. This
inflammatory environment further contributes to cardiac
stress and dysfunction. The pathophysiology of uremia-
induced transformations in the left ventricular chamber is
complex and multifactorial.7

Electrolyte imbalances:

Electrolyte imbalances, such as hyperkalemia and
hyperphosphatemia, are frequent in CKD. These alterations
have direct toxic effects on cardiac myocytes, altering their
contractility and electrical conduction. Dysregulated
electrolytes also alter the delicate balance of calcium ions,
essential for normal myocardial function. On the other hand,
secondary hyperparathyroidism promotes myocardial,
valvular and vascular calcification 8

Activation of the renin-angiotensin-aldosterone system
(RAAS):

In CKD, overactivation of the RAAS system plays a key role
in cardiac stress. Angiotensin Il, a potent vasoconstrictor,
promotes cardiac remodeling and fibrosis, further
compromising cardiac function. The aldosterone system, in
response to electrolyte imbalances, exacerbates sodium and
water retention, perpetuating volume overload. The
pathophysiology of cardiac strain in chronic kidney disease is
a multifaceted process, driven by a complex interplay of
factors including hemodynamic changes, uremic toxins,

2462 Volume 03 Issue 10 October 2023

Corresponding Author: Mario Alberto Alvarez Rodriguez



Cardiac Stress in Chronic Kidney Disease: Unraveling the Myocardial Paradox

inflammation. The pathophysiology of cardiac strain in CKD
is a multifaceted process, driven by a complex interaction of
factors including hemodynamic changes, uremic toxins,
inflammation, electrolyte imbalances and activation of the
renin-angiotensin-aldosterone system. 8

A thorough understanding of these mechanisms is critical to
guide therapeutic strategies aimed at mitigating cardiac strain
in patients with CKD. As research continues to unravel the
complexities of this relationship, new targeted interventions
may emerge that ultimately improve the treatment and
prognosis of CKD patients at risk for cardiac strain.8,9,10
Clinical manifestations of cardiac strain in chronic kidney
disease.

Chronic kidney disease (CKD) represents a multifaceted
medical condition, closely related to various cardiovascular
complications, particularly cardiac stress. This article
elucidates the complex clinical presentations and
manifestations associated with cardiac strain in the context of
CKD. Through a thorough exploration of clinical
observations and relevant medical studies, we aim to provide
a comprehensive overview of the myriad clinical challenges
posed by this complex interaction.10

Hypertension and cardiovascular disorders:

One of the hallmark clinical manifestations of cardiac strain
in CKD is hypertension, which is often difficult to control.
This hypertensive state imposes an excessive workload on the
heart, resulting in left ventricular hypertrophy and diastolic
dysfunction, by consequent cell death and myocardial
fibrosis. These cardiovascular disorders can lead to dilatation
and further compensatory hypertrophy leading to heart
failure, a prevalent clinical consequence in patients with
CKD.11

Heart failure and its subtypes:

Cardiac stress frequently precipitates heart failure, which can
manifest as systolic or diastolic dysfunction. In systolic heart
failure, the heart's ability to pump blood is compromised,
resulting in symptoms such as dyspnea, fatigue, and reduced
exercise tolerance. Diastolic heart failure, on the other hand,
is characterized by impaired ventricular relaxation, resulting
in symptoms similar to those of systolic heart failure The
development of heart failure is influenced by hypertension
and ventricular hypertrophy, neurohormonal activation,
accelerated ischemia, and a vicious cycle of renal interaction;
heart failure can lead to prerenal uremia, which in turn
promotes cardiac damage. 12

Arrhythmias and conduction abnormalities:

Electrolyte imbalances, a common occurrence in CKD,
coupled with metabolic disturbances, neurohumoral
activation, fibrosis, and increased electrical excitability,
significantly elevate the risk of arrhythmias. Patients with
CKD may present with atrial fibrillation, ventricular
arrhythmias or conduction abnormalities, which may further
impair cardiac function and increase the risk of adverse
cardiovascular events.12

Sudden cardiac death:

The intricate interplay of factors such as electrolyte
imbalances, structural cardiac abnormalities, and arrhythmias
in patients with CKD places them at increased risk for sudden
cardiac death. Early identification of high-risk individuals
and intervention are imperative to mitigate this potentially
fatal complication.12

Chest pain and ischemic heart disease:

Patients with CKD may experience atypical chest pain, often
associated with hypertension and frequently related to
ischemic heart disease. The coexistence of CKD and
atherosclerosis increases the risk of myocardial infarction.
Therefore, careful surveillance and preventive measures are
crucial in this patient population.12

Peripheral edema and fluid overload:

Patients with CKD often suffer from fluid retention,
culminating in peripheral edema and pulmonary congestion.
Clinical manifestations of fluid overload include lower
extremity edema, jugular venous distention, and crackles on
auscultation. As myocardial strain increases the LV pressure-
volume curve shifts to the left, i.e., small increases in volume
can trigger significant pressure elevations, manifested by
congestive heart failure and pulmonary edema. 13,14,15
Valvulopathies

Calcification of cardiac valves is frequent in patients with
CKD, particularly in dialysis, due to alterations in calcium
and phosphorus metabolism, and accelerated aging. The role
of chronic inflation has also been proposed. 24 The most
affected valves are mitral and aortic, which can contribute to
increased LV volume and pressure, and myocardial tension,
while atrial and ventricular dilatation cause mitral and
tricuspid insufficiency that further increase overload and
heart failure.

The clinical manifestations of cardiac strain in CKD span a
broad spectrum, from hypertension, heart failure, and
arrhythmias to sudden cardiac death, chest pain, and fluid
overload. Recognizing and addressing these manifestations is
of paramount importance to optimize the care and treatment
of patients with CKD. A multidisciplinary approach that
addresses both renal and cardiac aspects is essential to
mitigate the significant cardiovascular burden imposed by
this intricate interaction. Effective management strategies
should be implemented to improve the outcomes and quality
of life of CKD patients facing cardiac stress.12

Diagnosis of cardiac stress in chronic renal disease

Clinical evaluation:

History and physical examination: The initial step in
diagnosing cardiac strain in CKD involves a thorough
medical history and physical examination. Key clinical
indicators may include hypertension, often difficult to
control, symptoms of heart failure (dyspnea, fatigue, edema),
arrhythmias, and atypical chest pain.12

Blood pressure monitoring: hypertension is a common
comorbidity in CKD, whether primary or secondary, and can
be an early sign of cardiac strain. Ambulatory blood pressure
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monitoring can provide valuable information on blood
pressure patterns, including nocturnal hypertension.13
Image modalities:

Echocardiography: Echocardiography is a cornerstone in the
diagnosis of cardiac strain. It can assess cardiac chamber
dimensions, left ventricular mass, ejection fraction, diastolic
function, and evaluate structural abnormalities such as
hypertrophy, dilatation, and valvular and pericardial
pathologies.13It has been found that in patients with CKD on
hemodialysis, only 16% had normal echocardiograms.21
Hypertrophy increases the risk of sudden death and LV
systolic dysfunction is a powerful indicator of unfavorable
prognosis for patients both on hemodialysis and after renal
transplantation. On the other hand, diastolic dysfunction has
been identified in up to 50% to 60% of patients with CKD.
Evaluation of increased left atrial volume can identify a
higher risk of heart failure, atrial arrhythmias and poor
clinical outcome. 14

Cardiac magnetic resonance imaging: cardiac magnetic
resonance imaging (MRI) provides high-resolution images
and can provide detailed information on myocardial function,
tissue characterization and fibrosis, which are critical for
diagnosing cardiac strain.15

Computed tomography angiography: in some cases, coronary
computed tomography angiography may be indicated to
evaluate coronary artery disease, a significant contributor to
cardiac stress.15

Biomarkers: brain natriuretic peptide (BNP) and N-terminal
pro B-type natriuretic peptide (NT-proBNP): Their increase
is due to a response to myocardial wall stretch, to induce
vasodilatation, natriuresis and diuresis. In patients with
decreased renal function and on dialysis, NT-proBNP levels
increase, partly due to decreased excretion. But even so, NT-
proBNP correlates with impaired cardiac function and
volume overload. elevated BNP and NT-proBNP levels are
indicative of cardiac stress and heart failure and can aid in
diagnosis and risk stratification.16,17

Troponin: elevated cardiac troponin levels may suggest
myocardial injury and are relevant in the context of ischemic
heart disease.17

Electrocardiography (ECG): routine ECG may reveal
arrhythmias, conduction abnormalities, left ventricular
hypertrophy and other electrocardiographic signs of cardiac
strain. Of special note is QRS fragmentation, which has been
correlated with regional LV systolic dysfunction, assessed by
longitudinal global strain (GLS), in the presence of normal
ejection fraction. 18,19

Emerging technologies:

Strain imaging: speckle tracking echocardiography and
cardiac strain imaging techniques offer advanced assessment
of myocardial deformation, providing valuable information
on subtle changes in cardiac function. Global longitudinal
strain is an accurate tool for detecting subclinical LV systolic
dysfunction, in patients with various stages of renal disease,
dialysis and even post-transplant. 20,21

Metabolomics and proteomics: cutting-edge approaches in
metabolomics and proteomics may uncover new biomarkers
and pathways associated with cardiac strain in CKD,
improving diagnostic accuracy.15

The diagnosis of cardiac strain in chronic kidney disease
requires a multidimensional approach encompassing clinical
assessment, advanced imaging modalities, biomarkers, and
emerging technologies. Early detection and accurate
assessment of cardiac strain are critical to facilitate timely
intervention and optimize treatment of CKD patients facing
this complex comorbidity. Ongoing research and
technological advances continue to refine our diagnostic
capabilities, promising improved outcomes for CKD patients
at risk for cardiac strain. 14

Treatment of cardiac stress in chronic kKidney disease
Chronic kidney disease (CKD) is intrinsically linked to a
spectrum of cardiovascular complications, with cardiac strain
being a major concern. This article is introduced to the
multifaceted treatment landscape of cardiac strain in CKD
and provides a comprehensive overview of therapeutic
strategies, including lifestyle modifications, pharmacological
interventions, and emerging therapies. By addressing the
intricacies of managing this complex comorbidity, our goal is
to improve the care and prognosis of patients with CKD
affected by cardiac strain.14

CKD, characterized by progressive renal dysfunction, has far-
reaching cardiovascular implications, most notably cardiac
stress. Effective management of cardiac stress is imperative
to improve clinical outcomes and quality of life in patients
with CKD.

Lifestyle modifications:

Blood pressure control: control of hypertension is paramount.
Lifestyle modifications, including dietary sodium restriction,
weight loss, and increased physical activity, play a key role
in blood pressure control. Antihypertensive medications,
such as ACE inhibitors and angiotensin receptor blockers
(ARBs), are commonly used in patients with CKD to relieve
cardiac stress.15

Dietary interventions: dietary changes, such as adherence to
a heart-healthy diet low in saturated fat, cholesterol, and
refined sugars, can help mitigate cardiac stress. 15

Fluid restriction: controlling fluid intake is essential in
patients with CKD to prevent fluid overload and the resulting
strain on the heart.15

Pharmacological interventions:

Diuretics: loop diuretics, such as furosemide, are often
prescribed to control fluid overload in patients with CKD,
thereby reducing cardiac pressure. Thiazide diuretics may
also be considered, particularly in those with concomitant
hypertension. 16

Antihypertensive medications: ACE inhibitors, ARBSs, beta-
blockers and calcium channel blockers are essential to control
hypertension and relieve cardiac stress. The choice of
medication depends on the patient's specific clinical
profilel6.
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Management of mineral and bone disorders (CKD-MBD): in
cases of secondary hyperparathyroidism, drugs such as
calcimimetics (cinacalcet) or vitamin D analogues can be
used to maintain mineral balance and reduce cardiac stress.16
Management of anemia: Erythropoiesis-stimulating agents
(ESASs) can be used to treat anemia associated with CKD,
thereby relieving the burden on the heart.16

Cardiac rehabilitation:

Structured cardiac rehabilitation programs, which include
physical training and management of cardiovascular risk
factors, can play an important role in improving cardiac
function and reducing cardiac stress in patients with CKD.16
Renal replacement therapy:

In advanced stages of CKD, particularly end-stage renal
disease (ESRD), renal replacement therapies such as
hemodialysis or peritoneal dialysis may be necessary to
control fluid and electrolyte imbalances, thereby mitigating
cardiac stress.16

Emerging therapies:

New antifibrotic agents: research is underway for the
development of antifibrotic agents targeting myocardial
fibrosis, which is a common component of cardiac strain in
CKD.16

Metabolic modulators: emerging therapies aimed at
modulating metabolic pathways involved in cardiac strain
hold promise for future treatment.16

The treatment of cardiac strain in chronic kidney disease is a
multifaceted effort that requires a holistic approach
encompassing lifestyle modifications, pharmacological
interventions, and, in advanced cases, renal replacement
therapy. Effective cardiac stress management is critical to
improving cardiovascular outcomes in patients with CKD and
improving their overall quality of life. Ongoing research into
emerging therapies has the potential to revolutionize the
treatment landscape, offering new avenues to improve the
prognosis of CKD patients facing this complex
comorbidity.16

CONCLUSION

Chronic kidney disease (CKD) is a systemic condition that
extends its influence far beyond the boundaries of renal
dysfunction and profoundly affects the cardiovascular
system. Among the myriad cardiovascular complications
faced by patients with CKD, cardiac stress stands out as a
formidable adversary. This complex interplay between CKD
and cardiac strain underscores the intricate nature of this
multifaceted comorbidity.

Understanding the nuanced relationship between CKD and
cardiac strain is essential to improve patient outcomes and
enhance quality of care. It is clear that cardiac strain in CKD
is not a solitary entity but rather a convergence of
multifactorial determinants. These determinants range from
hemodynamic changes and electrolyte imbalances to uremic
toxins, inflammation, and structural cardiac abnormalities.
The clinical manifestations, diagnostic challenges and

therapeutic considerations associated with this condition
reflect its intricate pathophysiology.24

In terms of clinical manifestations, patients with CKD may
present with hypertension, heart failure, arrhythmias, chest
pain, and peripheral edema, all of which are manifestations of
cardiac stress. Early recognition and intervention of these
clinical signs are critical to avoid adverse cardiovascular
events and improve patient outcomes.25

The diagnostic landscape is equally complex and requires a
multifaceted approach incorporating clinical assessment,
imaging modalities, biomarkers, and emerging technologies.
Echocardiography, cardiac magnetic resonance imaging, and
biomarkers such as BNP and NT-proBNP are indispensable
tools for identifying and assessing cardiac strain in patients
with CKD. Emerging technologies, such as strain imaging
and advanced metabolomics, promise to further refine our
diagnostic capabilities.25

Treatment strategies encompass a comprehensive approach
that includes lifestyle modifications, pharmacological
interventions and, in advanced cases, renal replacement
therapy. Blood pressure control, dietary interventions, and
fluid restriction are critical components of lifestyle
modifications. Pharmacological interventions often include
antihypertensive medications, diuretics, and therapies aimed
at controlling mineral and bone disorders or anemia. Cardiac
rehabilitation programs and renal replacement therapies play
a vital role in optimizing cardiac health in patients with CKD.
26

In conclusion, cardiac strain in CKD is a multifaceted and
challenging comorbidity that requires a holistic approach to
diagnosis and treatment. With ongoing research, emerging
therapies, and a deeper understanding of the pathophysiology
involved, there is hope for better outcomes and improved
quality of life for CKD patients dealing with the complexities
of cardiac strain. A collaborative effort between
nephrologists, cardiologists, and other health care
professionals is essential to address this intricate interplay
and improve the care of patients with CKD. 26
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