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Abstract
The review provides data on risk factors of the development of acute myocardial infarction in patients with end-
stage chronic kidney disease, including hemodialysis patients. The role of traditional, specific "renal" and dialy-
sis-related risk factors for the development of acute myocardial infarction in patients undergoing hemodialysis 
is discussed. The role of hyperphosphatemia, hyperuricemia, anemia, oxidative stress, inflammation and endo-
thelial dysfunction in the occurrence of cardiac events is also considered. The clinical significance of intra-and 
interdialytic hypotension as potential factor predisposing for the development of acute myocardial infarction is 
highlighted. We also focused attention on the assessment of cardiac troponin I level in the diagnosis of acute myo-
cardial infarction in hemodialysis patients.
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In 2002 the research group led by Andrew S. Levey pre-
sented clinical guidelines for the treatment of chronic 
kidney disease (CKD in the American Journal of Kidney 
Diseases) [1]. CKD  is defined as kidney damage and 
/ or impaired kidney function for over three months, 
regardless of origin [1]. Markers of kidney damage 
include albuminuria / proteinuria, erythrocyturia, and 
decreased glomerular filtration rate (GFR) < 60 ml/
min/1.73 m2 is considered as indicator of decreased 
renal function [1]. The division of CKD into five stages 
is based on the degree of GFR reduction, where the 
fifth corresponds to the terminal stage of CKD  [2]. 
The international guidelines from 2014  emphasize 
the division of CKD stage 3 into 2 substages by GFR 
value —  3A (GFR from 59 to 45 ml/min/1.73 m2) and 3B 
(GFR from 44 to 30 ml/min/1.73 m2) [3]. Authors claim 
that renal and cardiovascular prognosis are differ-
ent in these subgroups [3]. Thus, patients with stage 
3A CKD  have high cardiovascular risk and moderate 
rates of CKD progression, and patients with stage 3B 
CKD have higher risk of end-stage renal failure com-
pared with fatal cardiovascular complications (CVC) 
[3]. On the other hand, patients with CKD, regardless of 
the stage of pathological process, belong to the group 
with high cardiovascular risk [3].

In recent years, the relevance of the studies on 
CVC in patients with CKD has increased due to higher 
incidence, severity of the course, the presence of com-
plications and disability. According to A.G. Strokova et 
al. (2017) approximately 80 % of patients with end-
stage CKD are on programmed hemodialysis (HD) [4]. 
In Kyrgyzstan, the population of patients with stage 
5 "D" of CKD is over half thousand people [5]. Many 
studies have noted that in patients with end-stage 
CKD, cardiovascular complications account for at 
least one third of all admissions and about 43–50 % of 
all deaths [6]. 20 % of all deaths in patients with end-
stage CKD cis caused by acute myocardial infarction 
(AMI) [7]. Recent publications report that by the start 
of renal replacement therapy (RRT), coronary heart 

disease is detected in about 40 % of patients [8]. C.A. 
Herzog et al. (2007) showed that AMI develops by the 
end of the first year of RRT in 30 % of patients, and by 
the end of the second year —  in 52 % [7]. This study 
also showed that during the first year, the mortality 
rate from AMI in patients with end-stage CKD reach-
es 59 %, by the end of the second year —  74 % [6]. In 
CKD, regardless of the GFR value, the risk of AMI de-
velopment increases, but it is even higher in patients 
on programmed HD [3]. It is important to emphasize 
the fact that in-hospital mortality from AMI  among 
patients on HD  is 30 %, and in patients with normal 
renal function —  2 % [9]. Therefore, in patients with 
unstable hemodynamics and multiple lesions of the 
coronary arteries, myocardial revascularization is 
highly recommended. It should be noted that X-ray 
imaging is an important step in the diagnosis and 
treatment of such patients [7].

Risk factors for the development of acute 
myocardial infarction in patients on 
programmed hemodialysis

As indicated above, patients on programmed 
HD have a high risk of AMI [3]. Similar to other coun-
tries [1, 3], in Russia most patients with type 2 dia-
betes mellitus and arterial hypertension are under-
going HD [5]. In most cases these patients belong to 
older age group. At the same time, the incidence of 
comorbidities increases with age, and atherosclero-
sis of coronary arteries is observed more frequently 
in older patients. It is also remarkable that the dura-
tion of HD therapy not only accelerates systemic ath-
erosclerosis, but also causes structural changes in 
blood vessels. In addition, specific "renal" risk factors 
for CVC  become more pronounced in patients with 
CKD during HD (Table 1).

Hyperphosphatemia
Patients on HD have consistently high blood phospho-
rus levels (over 1.45 mmol/L) that increases the fre-
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Table 1. Risk factors for acute myocardial infarction development in patients on HD

Traditional risk factors Specific "renal" risk factors Factors associated with dialysis therapy

Age, smoking, arterial hypertension, 
hypercholesterolemia, dyslipidemia, obesity, 

diabetes mellitus, hereditary predisposition, etc.

Decreased glomerular filtration rate, 
hyperphosphatemia, anemia, hyperuricemia, 

inflammation, oxidative stress, endothelial dysfunction.
The duration of dialysis therapy, intra- 
and interdialytic arterial hypotension.
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quency of CVC [10]. Hyperphosphatemia accelerates 
the calcification of coronary arteries, causes systemic 
inflammation, oxidative stress, and promotes vascu-
lar calcification of the media in patients undergoing 
programmed HD [11]. M. Tagawa et al. (2014) studied 
the association between phosphate, calcium, intact 
parathyroid hormone and composite cardiovascu-
lar endpoints, including AMI [12]. The authors of the 
Japan Renal Data Registry included 65,849 patients 
on programmed HD in the study. The endpoint was the 
first episode of AMI or cerebral stroke during 1-year 
follow-up [12]. AMI  was recorded in 1048  patients 
with end-stage CKD  who underwent programmed 
HD [12]. The frequency of hemorrhagic and ischemic 
strokes was 651 and 2089  cases, respectively. The 
risk of AMI development was associated with phos-
phate level ≥ 6.5 mg/dL (odds ratio, 1.49; CI, 1.23–1.80) 
[12]. Another study noted that the increased of blood 
phosphorus for every 1 mg/dL increases the mortality 
by 18 % [13]. Hyperphosphatemia in patients on pro-
grammed HD impairs the compliance and increases 
stiffness of the arteries. Data on the association be-
tween hyperphosphatemia and calcification of coro-
nary arteries were obtained in two large population 
studies [14, 15]. The MESA study (MultiEthnic Study of 
Atherosclerosis) showed the association between hy-
perphosphatemia and calcification of coronary arter-
ies in young and middle-aged patients with CKD with 
normal renal function. For every 1 mg/dL increase of 
serum phosphorus, the risk of coronary arteries cal-
cification increased by 21 % [15]. Impaired phospho-
rus-calcium metabolism causes endothelial dysfunc-
tion accompanied by increased lipid peroxidation and 
oxidative stress that increases the risk of AMI. The 
accumulation of calcium in smooth muscle cells and 
subsequent calcification of coronary arteries in pa-
tients undergoing programmed HD is considered one 
of the most significant factors in the pathogenesis of 
CVC [14].

Hyperuricemia
The increase of blood uric acid > 0.42 mmol/L in men 
and > 0.36 mmol/L  in women is an independent risk 
factor of CVC  in patients on programmed HD  [1]. 
Persistent hyperuricemia in patients with CKD can be 
a predictor of myocardial ischemia and increases the 
risk of AMI by 4 % [16]. The concentration of uric acid 
increases in coronary arteries during hypoxia due to 
temporary occlusion of the vessel [17]. Hyperuricemia 
in patients on programmed HD  together with other 
factors enhances chronic inflammation, athero- and 

thrombogenesis. Nowadays the role of hyperurice-
mia in the development of CVC  in patients on pro-
grammed HD is controversial [18], although elevated 
uric acid levels in CKD are also associated with other 
cardiovascular risk factors. The British Regional 
Heart Study included 7688 people aged from 40 to 59 
years, and showed the association between elevated 
uric acid levels and fatal and non-fatal manifestations 
of coronary heart disease [19]. With every 1 mg/dL in-
crease of uric acid level, the risk coefficient of coro-
nary heart disease mortality in women increased up 
to 1.48 mg/dL [20]. According to other data, the dif-
ference of uric acid level of 1.45 mg/dL increases the 
risk of CVC by 22 % [21].

Anemia and oxidative stress
Anemia is a common complication of CKD  that can 
develop in patient with all types of HD. Thus, in the ab-
sence of treatment, the level of hemoglobin less than 
100 g/l is observed in over 90 % of patients [22]. Low 
hemoglobin level can serve as extracardiac factor that 
increases myocardial ischemia. Hypoxic vasodilation 
increases the activity of the sympathetic nervous sys-
tem and causes tachycardia and increases venous 
return that can lead to a matched increase in cardiac 
output [22]. At the same time anemia is associated 
with high fibrinogen and C-reactive protein blood lev-
els. Persistent anemia increases oxidative stress that 
also negatively affects the state of the cardiovascu-
lar system [22]. It is also remarkable that low hemo-
globin level decreases coronary flow reserve [23]. In 
patients on HD, anemia increases arterial blood flow 
velocities, leads to the thickening of large arteries 
walls and decreased arterial compliance, increases 
peak systolic blood pressure (BP), stroke volume 
and cardiac output and, therefore, contributes to the 
development of AMI  [22]. The results of researches 
have shown that the decrease in hemoglobin level of 
4–5 g/l affects the prognosis of CVC and, therefore, 
requires correction [23].

Many researchers note that the HD session is as-
sociated with the development of oxidative stress, 
because during the contact with the dialysis mem-
brane, leukocytes (neutrophils, monocytes) activates 
and lead to excessive production of reactive oxygen 
species, such as superoxide radical anion (O2), H2O2, 
hydroxyl radical through complement-dependent 
and complement-independent mechanisms [24]. The 
severity of oxidative stress is influenced by the bio-
compatibility of the dialysis membrane [25]. During 
the uremia, the antioxidant reserve is reduced, 
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which, in particular, is expressed as increased ratio 
of oxidized glutathione / reduced glutathione in blood 
plasma [25]. When patient additionally have anemia, 
it initiates oxidative modification of low-density li-
poproteins, proteins, activates phospholipases and 
oxidative stress is aggravated that contributes to de-
stabilization of atherosclerotic plaques and the devel-
opment of AMI. Moreover, even a single HD session 
enhances lipid peroxidation and reduces the level of 
antioxidants [25].

Inflammation and endothelial dysfunction
The association between endothelial dysfunction and 
inflammation manifests by both general triggering 
stimuli and complex of cellular and humoral fac-
tors that mediate their pathogenesis and also serve 
as markers of these conditions, factors for further 
damage of endothelium and the development of en-
dothelial dysfunction [26]. A number of authors noted 
the association between systemic inflammation and 
the level of nitric oxide. Other factors also play an 
important role in the pathogenesis of coronary ath-
erosclerosis: impaired coronary autoregulation with 
atherosclerosis and calcification of the arterial en-
dothelium, anemia, oxidative stress, dyslipidemia, 
and increased levels of C-reactive protein [27]. The 
development of AMI  in patients with CKD  who are 
on programmed HD  is associated not only with the 
destabilization of atherosclerotic plaque and throm-
bus formation, but also with the inflammation of ves-
sel’s wall [3]. Patients with anemia and end-stage 
CKD more frequently have increased C-reactive pro-
tein compared with patients without CKD. Moreover, 
almost all dialysis-dependent patients who had AMI, 
showed increased level of C-reactive protein [25]. In 
addition, programmed HD activates lipid peroxidation 
processes that damaged membrane lipids, inacti-
vates SH-groups of proteins, impairs cell division and 
phagocytosis, and, therefore, leads to change in the 
structural and functional organization of membranes 
[25, 26].

Intra- and interdialytic arterial 
hypotension
Decreased BP induced by HD  increases the risk of 
AMI  through the activation of sympathetic nervous 
system, increases or decreases heart rate, which, 
in case of severe calcification of coronary arteries, 
leads to myocardial hypoxia, as well as complications 
from permanent vascular access —  arteriovenous fis-
tula thrombosis [28, 29]. The prevalence of intradia-

lytic arterial hypotension ranges from 10 to 50 %, and 
mortality rate due to decreased blood pressure dur-
ing the HD procedure can reach 10–15 % per year [30]. 
The meta-analysis by J. Kuipers et al. (2019) showed 
that the prevalence of HD sessions complicated by in-
tradialytic arterial hypotension does not exceed 12 % 
[31]. The main risk factors associated with intradia-
lytic arterial hypotension in different studies included 
diabetes mellitus, high weight gain, female sex and 
low body weight [31]. It is assumed that the level of 
calcium in coronary arteries is associated with de-
creased blood pressure during the HD procedure in 
patients with end-stage CKD  [28, 29]. Many patients 
on HD with prolonged intradialytic arterial hypoten-
sion develop silent myocardial ischemia, which in-
creases the risk of AMI and life-threatening cardiac 
arrhythmias [28, 29].

The diagnosis of AMI in patients on 
hemodialysis
According to A.Yu. Nikolaev, the diagnosis of painless 
and arrhythmic forms of AMI causes certain difficul-
ties in patients on HD, especially among people with 
diabetic nephropathy and autonomic neuropathy [32]. 
Patients on HD  often have stenosis of the proximal 
coronary arteries that causes AMI  [32]. F.I. Belyalov 
points out that patients with end-stage CKD less often 
have AMI that manifest with pain in the chest, arm and 
neck, elevation of the ST segment on the electrocar-
diogram (ECG), and more often —  shortness of breath 
and symptoms of heart failure. The absence of pain 
syndrome can be explained by decreased threshold of 
pain receptors, increased left ventricular myocardial 
mass, and imbalanced autonomic regulation of car-
diac activity. In addition, it should also be noted that 
electrolyte imbalance, especially during HD sessions, 
can lead to changes in the terminal portion of the QRS 
complex that can reduce the diagnostic value of ECG 
studies in this category of patients [33]. Therefore, 
echocardiographic study in patients on programmed 
HD have high diagnostic value. Thus, the detection of 
hypo- and akinetic zones of ventricular myocardium 
in the absence of bundle branch block and atrial fi-
brillation in patients on programmed HD can be in-
terpreted as AMI [34].

The important step is the identification of highly 
sensitive troponin I, since it rarely rises even in pa-
tients with end-stage CKD without myocardial isch-
emia. Due to kinetics, troponin T and troponin I  re-
spond differently to renal function changes [35, 36]. 
The level of troponin T in patients with renal failure 
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can increase up to 17–53 %, troponin I —  up to 7 %. 
After the HD session, the troponin T level increases 
in 86 % of cases, when the troponin I level decreases 
[6]. In patients on programmed HD, the diagnosis of 
AMI should be based on all classical criteria —  clini-
cal, ECG and laboratory biomarkers. The high inci-
dence of atypical AMI manifestations in these patients 
leads to underdiagnosis and inappropriate treatment. 
In patients on programmed HD AMI often manifests 
as shortness of breath that can be interpreted as 
volume overload. The M.Yu. Gilyarova (2019) showed 
that in patients with AMI symptoms, the level of tro-
ponin should be assessed within 3–6 hours [8]. The 
researchers point out that the level of troponin above 
the 99th percentile and its change by over 20 % is the 
criterion for the diagnosis of AMI  in patients with 
CKD. It should also be noted that HD affects the level 
of cardiac biomarkers. Their level may increase due 
to hemoconcentration or decrease due to clearance 
or binding to the dialysis membrane. The assessment 

of dynamic changes of troponin levels increases the 
diagnostic accuracy. Meanwhile, if relying only on the 
level of troponin, up to 12 % of cases of ST segment 
elevation AMI can be skipped [8].

Conclusion
Thus, the presented data indicate hyperphosphate-
mia, hyperuricemia, anemia and oxidative stress, in-
flammation, and endothelial dysfunction play a pivotal 
role in the development of AMI in patients undergoing 
programmed HD. An additional risk factor for AMI is 
frequent and prolonged episodes of intradialytic arte-
rial hypotension. The diagnosis of AMI in patients with 
the terminal stage of CKD and on programmed HD is 
based on the dynamic assessment of ECG parame-
ters and the levels of cardiac troponins. Many issues 
of pathogenesis and treatment of AMI in patients with 
CKD on programmed HD need further clarification.
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