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Abstract

Chronic Kidney Disease (CKD) affects approximately 10% of the general population. CKD itself
1s a risk factor for cardiovascular mortality and morbidity. Large epidemiological studies have
clearly established a clear relationship between severity of CKD and cardiovascular event rates.
Sudden cardiac death accounts for approximately 40% mortality in dialysis patients and it 1s
usually secondary to an underlying cardiomyopathy, with left ventricular hypertrophy mostly
evident on echocardiography. Several risk factors play an important role in pathogenesis of uremic
cardiomyopathy including vitamin D deficiency, secondary hyperparathyroidism, phosphate
retention, increased FGF23 and decreased Klotho levels. The mortality due to cardiovascular
events in early CKD is relatively higher in comparison to progression to ESKD, so early diagnosis
and treatment with dialysis should be focused.
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Introduction

The term chronic kidney disease encompasses all degrees of decreased renal function from earliest
stages to end stage kidney disease (ESKD) and it has a rapidly increasing prevalence. The
traditional risk factors includes age hypertension, dyslipidemia, obesity and diabetes whereas non-
traditional risk factors include uremia, anemia and hypervolemia.' Echocardiography is the most
common method for studying structural abnormalities of uremic cardiomyopathy which shows that
left ventricular hypertrophy is the prominent feature. Park et al study shows a graded relationship
between the severity of CKD and LVH along with its prevalence.” A study using MRI with
gadolinium contrast showed evidence of myocardial fibrosis in uremic patients that was different
in distribution to the sub endocardial fibrosis observed in ischemic heart disease.” Moreover,
histopathological examination of postmortem cardiac tissues samples of hemodialysis patients
showed 1ncreased cardiomyocyte diameter, reduced capillary length density and increased
interstitial volume.
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Risk Factors
Important risk factors that contribute to left ventricular hypertrophy include hypertension, volume

overload and anemia. Several risk factors specific to the pathogenesis of uremic cardiomyopathy
are discussed here.

Vitamin D: Vitamin D deficiency modifies cardiac structure and function thus leading to decreased
cardiovascular related morbidity and mortality as reported by Thandhani et al. 48 weeks study using
cardiovascular magnetic resonance showed that Vitamin D does not affect left ventricular mass and
it does not improve diastolic dysfunction in CKD patients.’

Tryptophan & Tyrosine Metabolites: Indoxyl sulfate (IS) and p-cresyl sulfate (p-CS) comes
from bacterial protein metabolism of tryptophan and tyrosine in large intestine.” These compounds
circulate non-covalently bound to albumin so they are not easily filtered. In patients who have
normal GFR, the circulating levels of IS are ~0.5 mg/L and in uremia they are up to ~20mg/L.
Lekawanvijit et.al study showed that IS/p-CS was involved in causing complications that were
related to uremia, including oxidative stress, fibrosis, inflammation and cardiac dysfunction.’ Several
studies have shown a relationship between hyperphosphatemia in CKD with cardiovascular
mortality.

FGF 23 and Hyperphosphatemia: In patients undergoing regular hemodialysis had a
significant association of hyperphosphatemia and hyperparathyroidism with cardiovascular related
hospitalization.” It is thought to be related to vascular calcification that contributes to hypertrophy
of the heart.

FGF23 1s a hormone that is derived from bone, where it is secreted mainly by osteocytes. FGF23
blocks sodium dependent phosphorus co-transporter in the proximal convoluted tubule causing
decreased phosphate reabsorption and increased phosphate excretion.’ In addition, FGF23 inhibits
1 a -hydroxylase and increases 24-hydroxylase activity therefore, suppresses 1, 25-
dihydroxyvitamin D synthesis leading to decreased phosphate absorption from the gut. By
decreasing PTH secretion from parathyroid gland, FGF23 decreases the resorption of bone and hence
phosphate release into the circulation. For maintaining phosphorus hemostasis in CKD, FGF23
production from bone 1s increased in order to decrease phosphate absorption from intestine and
phosphate release from bones and ultimately to cause phosphaturia.

Therefore, in patients with CKD, increased level of FGF23 is an adaptive response that fights against
phosphate retention. Recent studies show that this compensatory increase in FGF23 causes increase
in mortality by directly inducing LVH. This hypothesis is supported by positive correlation between
FGF23 levels and LVH in dialysis patient.” The study of Garbner et al showed that the action of
FGF23 on heart was via 4FGF receptor and PLC 7 /Calcineurin /NFAT pathway that induce
hypertrophy. The study also shows that blocking the FGFR4 receptor with monoclonal antibodies
protect against FGF23-induced LVH, without loss of physiological effects of FGF23." In general,
FGF23 plays a very important role in CKD related cardiomyopathy and myocardial FGFR4 blockade
seems to be an auspicious therapeutic target for its prevention.

Pak J Kidney Dis 2021:5(2):35-38 36



Uremic Cardiomyopathy

Klotho: Klotho serves as a critical co-factor for FGF23 in kidneys and parathyroid gland. CKD is
a state of klotho deficiency that leads to FGF23 resistance. Decreased klotho expression in the
kidney inhibits phosphaturia effects of FGF23 leading to increased phosphate levels in the blood.
Klotho prevents the hypertrophy of heart by down regulation of calcium permeable channels in heart
(11). Calcium entry through TRPCG channels activates Calcineurin and nuclear factor of activated
T cells (NFAT) signaling cascade which plays a pivotal role in pathogenesis of pathological cardiac
hypertrophy.” Therefore, decreased level of klotho in circulation contributes to uremic
cardiomyopathy.

LVH 1s an independent predictor of survival in CKD, moreover, regression of LVH leads to
decreased mortality associated with cardiovascular complication.™" Conventional hemodialysis is
the most commonly used treatment option for uremic cardiomyopathy and it is more effective if
started early in the disease process before any irreversible damage to myocardium occurs. For the
dialysis to be effective, the duration and frequency of hemodialysis is very important in order to
optimize ultrafiltration rate.”'® Some studies show that peritoneal dialysis is more effective in uremic
cardiomyopathy because it allows gentle ultrafiltration but a cohort study from 1995 to 1997 shows
that rate of mortality 1s higher for the patient with uremic cardiomyopathy undergoing peritoneal
dialysis.” The best treatment so far is short hemodialysis in which a patient receive dialysis for 5 -
6 days a week and for 1.5 to 2 hrs., duration in each session, ultimately leading to decrease in LVH."
Dzemidzic et.al showed that after successful renal transplant LVH can decrease from 67 -37% within
first year post transplant.” It confirms that elimination of uremia risk factors decrease LVH. Renal
transplant provides significant survival advantage over hemodialysis, counseling regarding renal
transplant should be done in patients with ESKD as soon as the diagnosis of systolic heart
dysfunction is made.”

Conclusion

Uremic cardiomyopathy, characterized by left ventricular Hypertrophy, is the major cause of
cardiovascular mortality in CKD patients. The role of hyperphosphatemia, high levels of FGF23
and deficiency of a klotho are mainstay to the pathophysiology of cardiomyopathy in CKD patients.
The early mitiation of hemodialysis may slow the progression of uremic cardiomyopathy.
Conventional hemodialysis is superior to non-conventional. It has been observed that renal
transplantation reverses uremic cardiomyopathy and has a survival benefit over hemodialysis.
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