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In patients with chronic kidney disease (CKD), 
specifically end stage kidney disease (ESKD), 
incidence of cardiovascular disease (CVD) events and 
CVD mortality is substantially higher than in the 
general population1). Furthermore, heart failure (HF) 
is the most common among CVDs in this 
population2). The causes of HF include ischemic heart 
disease due to coronary artery disease, hypertensive 
heart disease, and various types of cardiomyopathies. 
However, pathophysiological mechanisms are highly 
complex, and details often remain unclear. For 
example, we sometimes encounter patients who 
exhibit remarkable pulmonary congestion and globally 
reduced cardiac systolic function, thus requiring 
urgent hospitalization for HF. Although coronary 
angiography is usually conducted for such cases, we 
often find that patients have no significant coronary 
artery stenosis. Apart from coronary artery disease, 
numerous factors, including volume overload, 
hypertension, diabetes mellitus, anemia, uremic 
toxins, renin–aldosterone–angiotensin system, 
sympathetic nerve system, CKD-mineral bone 
disorder, malnutrition, inflammation, and oxidative 
stress, contribute to myocardial injury in patients with 
ESKD (Fig.1).

Furthermore, one of the contributors to 
myocardial injury in this population is believed to be 
coronary microcirculatory disturbance. Coronary flow 
reser ve  (CFR),  an indicator  of  coronary 
microcirculation, is reported to decrease with 
declining glomerular filtration rate3, 4), and most 
hemodialysis patients exhibit extremely low CFR. 
Additionally, it has been reported that reduced CFR is 
associated with mortality in hemodialysis patients5). 
Thus, impaired coronary microcirculation leads to 

myocardial injury through the reduction of myocardial 
oxygen supply. These pathophysiological mechanisms 
also involve intramyocardial arteriolar sclerosis and 
endothelial dysfunction, including reduced nitric 
oxide production. As anemia is reportedly related to 
the progression of left ventricular hypertrophy and 
fibrosis6, 7), it may also contribute to the progression of 
myocardial injury due to reduced myocardial oxygen 
supply. Moreover, pathological findings indicate 
diffuse and patchy myocardial fibrosis in those with 
CKD, and it is particularly prominent around the 
intramyocardial arterioles8). A previous population-
based autopsy study reported that reduced kidney 
function is associated with left ventricular hypertrophy 
and fibrosis9), supporting these pathophysiological 
mechanisms.

Nakata, et al investigated the correlation between 
an imbalance in myocardial oxygen supply and 
demand and myocardial injury in a single-center 
cohort including 283 patients who had initiated 
hemodialysis10). In this study, hemoglobin levels were 
used as a surrogate marker of oxygen supply, and the 
rate pressure product was used as an indicator of 
oxygen demand. The findings revealed that the odds 
ratio for myocardial injury was significantly higher in 
the group with both increased oxygen demand and 
decreased oxygen supply compared to the well-
balanced group.

Thus, in patients with CKD, especially ESKD, 
progression of anemia and vascular lesions is believed 
to be a crucial factor in the advancement of 
myocardial injury. Consequently, it is proposed that 
appropriate management of anemia, lipids, and blood 
pressure may arrest the progression of myocardial 
injury in this population. However, the target 
hemoglobin levels and treatment strategies that can 
improve coronary microcirculation remain unknown. 
Thus, further clinical and experimental studies are 
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required to address this issue. Moreover, the 
establishment of new treatments is anticipated in the 
near future to enhance the prognosis of patients with 
ESKD.
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Fig.1. Various factors contributing to progression of myocardial injury in patients with ESKD
ESKD, end stage kidney disease; RAS, renin–angiotensin–aldosterone system; SNS, sympathetic nerve system; HT, hypertension; CKD-
MBD, chronic kidney disease-mineral bone disorder; DM, diabetes mellitus; CFR, coronary flow reserve.
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