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SAŽETAK

Kardiovaskularne bolesti su vodeći uzrok smrti bole-

snika koji se leče hemodijalizom. Stopa kardiovaskular-

nog mortaliteta kod ovih bolesnika iznosi približno 9% 

godišnje, a među kardiovaskularnim bolestima najveća 

je prevalencija hipertrofije leve komore, ishemijske bolesti 

srca i srčane slabosti. Hipertrofiju leve komore ima 75-

80% bolesnika koji se leče hemodijalizom. Najznačajniji 

faktori rizika za razvoj hipertrofije leve komore su: hiper-

tenzija, arterioskleroza, sekundarna aortna stenoza, ane-

mija, povećan volumen ekstracelularne tečnosti i povećan 

protok krvi kroz vaskularni pristup za hemodijalizu. Hip-

ertrofija leve komore je prisutna ako je na ehokardiograf-

skom pregledu indeks mase leve komore veći od 131 g/m2 

kod muškaraca i veći od 100 g/m2 kod žena. Hipertrofija 

leve komore je faktor rizika za nepovoljan ishod bolesnika 

koji se leče hemodijalizom. Izdvajanje bolesnika koji im-

aju povećan rizik za razvoj hipertrofije leve komore, pra-

vovremena primena odgovarajućeg lečenja, ostvarivanje 

i održavanje ciljnih vrednosti faktora rizika usporavaju 

razvoj i dovode do regresije postojeće hipertrofije leve ko-

more, do smanjenja stope kardiovaskularnog morbiditeta 

i mortaliteta, i poboljšanja kvaliteta života bolesnika koji 

se leče hemodijalizom.

Ključne reči: faktori rizika, hipertrofi ja leve komore, ehokar-

diografi ja, hemodijaliza

ABSTRACT

Cardiovascular diseases present a leading cause of death 

in patients treated with haemodialysis. Th e rate of cardiovas-

cular mortality in this population is approximately 9% on an 

annual basis, with left ventricular hypertrophy, ischemic heart 

diseases and heart failure having the highest rates of mortality. 

Left ventricular hypertrophy is present in 75-80 % of haemo-

dialysis-treated patients. Th e most important risk factors for 

the progression of left ventricular hypertrophy are: hyperten-

sion, arteriosclerosis, secondary aortic stenosis, anaemia, in-

creased volume of extracellular fl uid and increased blood fl ow 

through the vascular access for haemodialysis. Left ventricular 

hypertrophy is present when the left ventricular mass index on 

echocardiography exceeds 131 g/m2 in males and 100 g/m2 in 

females. Left ventricular hypertrophy is a risk factor of unfa-

vourable outcome in patients treated with haemodialysis. Th e 

identifi cation of patients with increased risk of progression 

of left ventricular hypertrophy, the timely implementation of 

adequate treatment, and the realisation and maintenance of 

targeted values of risk factors decelerates the progression of the 

hypertrophy and leads to the regression of existing left ventric-

ular hypertrophy, the reduction of cardiovascular morbidity 

and mortality rates and the improvement of the quality of life 

of patients treated with haemodialysis.

Key words: risk factors, left ventricular hypertrophy, 

echocardiography, haemodialysis
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Diagnostics of left ventricular hypertrophy 

Morphological and functional disorders of the left 

ventricle in haemodialysis patients include systolic disor-

der, concentric hypertrophy, eccentric hypertrophy, left 

ventricle dilation and diastolic dysfunction. The systolic 

function of the left ventricle is disturbed when echocar-

diography reveals that the fractional shortening of the left 

ventricle (FSLV) is ≤ 25% and that the ejection fraction 

of the left ventricle (EFLV) is ≤ 50% [12-14]. Concentric 

hypertrophy of the left ventricle is defined by a left ven-

tricle mass index– (LVMi) > 131 g/m2 in males and >100 

g/m2 in females and a relative wall thickness of the left 

ventricle (RWT) > 45% [12-14]. Eccentric hypertrophy of 

the left ventricle is characterised by an increased left ven-

tricle mass index (LVMi > 131 g/m2 in males and >100 g/

m2 in females) and an RWT ≤ 45% [12-14]. An echochar-

diographic estimation of the left ventricle function in di-

astole is based upon the measurement of the velocity of 

early (E) and late (A) components of blood flow through 

the mitral valve and their relative ratio E/A. There are 

three types of left ventricle diastolic dysfunction: relax-

ation disorder [VmaxE/VmaxA < 1,0; E wave deceleration 

time (DT
E
) > 250 ms; and isovolumetric relaxation of the 

left ventricle (IVRT) > 100 ms]; pseudonormalisation and 

restriction disturbance [VmaxE/VmaxA > 1,6; DT
E
 < 150 

ms; and IVRT < 60 ms] [15]. Cardiac Magnetic Resonance 

Imaging (CMRI) is the golden standard for remodelling 

of the left ventricle and for the estimation of myocardial 

interstitium fibrosis in haemodialysis patients [16].

Clinical importance of left ventricular hypertrophy 

Left ventricle hypertrophy is accompanied by disordered 

diastolic function (50-60% of haemodialysis patients), by 

ventricle arrhythmias (dispersion interval (QTd) > 50 ms), 

by de novo ischemic heart disease (in patients with LVMi > 

160 g/m2) and by unfavourable outcomes in haemodialysis 

patients [17-19]. A high left ventricle mass index (LVMi > 

120 g/m2 ) and an LV mass/volume ratio (LVMi/iEDV) > 2,2 

g/ml are predictors of a poor outcome in dialysis patients 

with a normal LV volume (iEDV ≤ 90 ml/m2) and a normal 

systolic function (FS > 25%, EF > 50%) [20, 21].

Therapy of left ventricular hypertrophy 

Well-timed risk factor detection and adequate therapy 

help regression of left ventricle hypertrophy in haemodialy-

sis patients [22-25]. Results of large, well-controlled clini-

cal trials stress that the management of anaemia and blood 

pressure control, the correction of metabolic disorders of 

calcium, phosphate, vitamin D and parathormone (parathy-

roid hormone), as well as the individualisation of treatment 

of haemodialysis as the most important factors in the suc-

cessful management of left ventricle hypertrophy [22-25]. 

Anaemia is an important cause of left ventricle hy-

pertrophy, and a decrease in haemoglobin of 10 g/l is 

INTRODUCTION 

Cardiovascular diseases present a leading cause of 

death in patients treated with haemodialysis [1, 2]. The 

rate of cardiovascular mortality in this population is ap-

proximately 9% on an annual basis, with left ventricular 

hypertrophy, ischemic heart diseases and heart failure hav-

ing the highest rates of mortality [1, 2]. 

METHODS

For this study, the Medline database was used. The fol-

lowing key words were used for searching: risk factors, left 

ventricular hypertrophy, echocardiography, and haemo-

dialysis. About 40.000 references were found dealing with 

these types of problems. Systematic review articles and 

well-controlled clinical studies were singled out. Editor’s 

letters and uncontrolled clinical studies were not used. 

Systematic review articles were used and analysed by the 

National Kidney Foundation Kidney Disease Outcome 

Quality Initiative (NKF KDOQI), which confirmed the va-

lidity and quality of the selected references.

RESULTS

Aetiopathogenesis of left ventricle hypertrophy 

The most important risk factors of left ventricle hyper-

trophy in haemodialysis patients are hypertension, arterio-

sclerosis, adult aortic stenosis, anaemia, increased blood flow 

through the vascular access for haemodialysis and increased 

volume of extracellular fluid [3, 4]. Pressure overloads of the 

left ventricle due to hypertension, aortic stenosis and ar-

teriosclerosis of blood vessels can cause thickening of the 

left ventricle wall without the enlargement of the ventricle 

diameter (concentric left ventricle hypertrophy) [5, 6]. Vol-

ume overloads of the left ventricle due to increased sodium 

and water intake, anaemia and increased blood flow through 

the vascular access for haemodialysis (Q
AV

 ≥ 1000 ml/min) 

cause the ventricle wall to become thickened and cause an 

enlargement of ventricle diameter (eccentric left ventricle 

hypertrophy) [5, 6]. The development of left ventricle hyper-

trophy and fibrosis of the myocardial interstitium can also 

be affected by factors that do not depend on the afterload 

and preload, such as microinflammation, oxidative stress, 

the activation of the intracardial renin-angiotensin system-

RAS, the vitamin D deficiency and uncontrolled secondary 

hyperparathyroidism, scheme 1 [7-10]. Left ventricle hyper-

trophy goes through two phases. Adaptive hypertrophy is 

actually the response to increased tension stress to the left 

ventricle wall and has a protective function. When volume 

and pressure overload the left ventricle to the point of car-

diac muscle failure, adaptive hypertrophy becomes mal-

adaptive left ventricle hypertrophy, with myocyte loss, heart 

failure and, eventually, death [11].
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trix proteins in the myocardial interstitium) in haemo-

dialysis patients [29-31]. Hygienic and diet regimens, 

phosphate binders, active vitamin D3 metabolites, and 

calcimimetics should maintain the phosphate concen-

tration at < 1,6 mmol/l, the solubility product ([Ca2+]

x[PO43-]) at ≤ 4,4 mmol2/l2, the concentration of 25(OH)

D
3
 at > 30 ng/ml and the concentration of iPTH od at 

100-300 pg/ml (iPTH < 500 pg/ml) [29-34]. 

Haemodialysis treatment significantly reduces left ven-

tricle hypertrophy. Every-day short-term haemodialysis (6 

times weekly, 3h) for 12 months decreases left ventricle 

hypertrophy by 30%, as compared to conventional haemo-

dialysis (3 times weekly, 4h) [24]. Clinical trial results show 

that night-time haemodialysis (3 times weekly, 6-8h) dur-

ing the six-month period significantly reduces left ventri-

cle hypertrophy compared to conventional haemodialysis 

(3 times weekly, 4h) [25]. 

Recognising patients with an increased risk for the de-

velopment of left ventricular hypertrophy and implement-

ing adequate treatment to achieve target values of risk fac-

tors decreases cardiovascular morbidity and mortality and 

improves the quality of life in patients receiving regular 

haemodialysis treatments.
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associated with an increase in the LVMi of 10 g/m2 [25, 

26]. Erythropoietin treatment and iron supplementa-

tion should maintain the haemoglobin levels at 110 - 

120 g/l (Hct = 33 -36%) and feritin levels at 200-500 

ng/ml [25, 26]. Hypertension is an important risk fac-

tor for the development of left ventricle hypertrophy, 

and an increase in the mean arterial blood pressure of 

10 mmHg increases the left ventricle mass index by 7,2 

g/m2 [27]. In haemodialysis patients, before haemodi-

alysis, the arterial blood pressure should be ≤ 140/90 

mmHg and should be ≤ 130/80 mmHg afterwards. An-

giotensin I convertase blockers, angiotensin II receptor 

blockers and ß-blockers should be used in the treat-

ment of hypertension [27]. 

Arteriosclerosis increases peripheral vascular resis-

tance, overloads the left ventricle because of increased 

blood pressure and acts as a stimulus for left ventricle 

remodelling [28]. The most important risk factors for 

the development of arteriosclerosis (media calcifica-

tion) and for heart valve calcification in haemodialysis 

patients are hyperphosphatemia, increased solubility 

products and secondary hyperparathyroidism [29-31]. 

Calcification of the arterial medial wall, increased artery 

stiffness, heart valve calcification and decreased opening 

of the aortic valve leaflets leads to the development of 

left ventricle concentric hypertrophy, and an increased 

serum parathormone level also leads to a significant 

myocardial interstitial fibrosis (fibroblast proliferation, 

increased creation and deposition of extracellular ma-

Shema 1. Impact of calcium and phosphate metabolism dosorder on progression of

cardiovascular morbidity and mortality in hemodialysis patients
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