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ABSTRACT

Objective: Cardiac troponin T (cTnT) is an important marker in patients with chronic renal failure (CRF) in the pre-
diction of cardiovascular outcomes. We aimed to evaluate whether cTnT levels will provide further information 
about left ventricular geometric pattern in CRF as the result of patient’s volume status and efficacy of hemodialysis. 
Method: Sixty-one patients who underwent hemodialysis three times a week for more than 3 months (mean 19 
months) were included the study. One day before the mid-dialysis session, blood samples were taken from the 
patients in the hemodialysis program and cTnT was studied. All patients underwent echocardiographic examinati-
on one day before the second hemodialysis session of the week by the same cardiologist. 
Results: When the groups were compared in terms of echocardiographic volume parameters; left atrium diameter, 
left ventricle (LV) mass, LV mass index were found to be higher in the cTnT positive group. The eccentric LV hypert-
rophy pattern was significantly more frequent in the cTnT-positive group (p:0.04).
Conclusion: cTnT levels increase in hemodialysis patients with eccentric LV hypertrophy as the result of hypervole-
mia. In conclusion, cTnT could be used as a marker of LV geometric pattern and as a method for planning the tre-
atment modalities in hemodialysis patients.
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ÖZ

Amaç: Kronik böbrek yetmezliği (KBY) olan hastalarda kardiyak troponin T (cTnT), kardiyovasküler sonuçları öngör-
mede önemli bir belirteçtir. cTnT düzeylerinin, hemodiyalizin etkinliği ve hastanın volüm durumunun bir sonucu 
olarak; KBY’ deki sol ventrikül geometrik paterni hakkında daha fazla bilgi sağlayıp sağlamadığını değerlendirmeyi 
amaçladık.
Yöntem: Çalışmaya 3 aydan fazla (haftada 19 ay), haftada üç kez hemodiyaliz yapılan, altmış bir hasta dahil edildi. 
Hemodiyaliz programındaki hastalardan orta diyaliz seansından bir gün önce kan örnekleri alındı ve cTnT çalışıldı. 
Tüm hastalara aynı kardiyolog tarafından haftanın ikinci hemodiyaliz seansından bir gün önce ekokardiyografik 
inceleme yapıldı.
Bulgular: Gruplar ekokardiyografik volüm parametreleri açısından karşılaştırıldığında; cTnT pozitif grupta sol atri-
yum çapı, sol ventrikül (SV) kitlesi, SV kitle indeksi daha yüksek bulundu. Egzantrik SV hipertrofi paterni, cTnT-pozitif 
grupta anlamlı olarak daha sıktı (p:0,04).
Sonuç: Hipervolemiye sekonder gelişen egzantrik sol ventrikül hipertrofisi olan hemodiyaliz hastalarında cTnT art-
maktadır. Sonuç olarak, cTnT hemodiyaliz hastalarında LV geometrik paterninin bir yol göstericisi ve tedavi yöntem-
lerinin planlanması için bir yöntem olarak kullanılabilir. 

Anahtar kelimeler: cTnT, hemodiyaliz, ekokardiyografik volüm parametreleri, egzantrik sol ventrikül hipertrofisi
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INTRODUCTION

Cardiac troponin T (cTnT) is an important parameter 
to predict outcomes of myocardial diseases (1). The 
use of troponins in patients with chronic renal failure 
(CRF) is steadily increasing and it is thought to be a 
powerful guide in terms of predicting cardiovascular 
outcomes in this population (2). Echocardiography 
together with measurement of cTnT in dialysis pati-
ents increases the importance of these markers. Left 
ventricular (LV) hypertrophy is considered an impor-
tant predictor of cardiovascular outcome, indepen-
dent of patient’s characteristics and risk factors (3). All 
hemodialysis patients were divided into four groups 
according to left ventricular mass (LVM) patterns. 
Increased LVM is subdivided into concentric left 
ventricular hypertrophy (cLVH) and eccentric left 
ventricular hypertrophy (eLVH). In contrast to eLVH, 
relative wall thickness (RWT) is increased in compa-
rison with dimensions of left ventricular cavity in 
cLVH. Both eLVH and cLVH are associated with a 2-to 
3-fold increased CVD risk, if compared to hemodialy-
sis patients without LVH. From the pathophysiologic 
view, an increase in afterload like increased arterial 
stiffness could induce cLVH, whereas volume overlo-
ad (anemia and hypervolemic states) leads to eLVH 
(4). In hemodialysis patients the simultaneous coexis-
tence of different risk factors like hypertension, 
hypervolemia, and anemia may alter LV geometry. 
The risk of sudden death in hemodialysis patients is 
5-fold greater in patients with eLVH than with cLVH. 
Early recognition of an unfavorable LV type and 
timely intervention may have a beneficial effect on 
clinical outcomes in these patients with risk of sud-
den death. In this study, the relationships among 
cTnT levels, clinical, laboratory findings, and echo-
cardiographic volume parameters in chronic hemo-
dialysis (HD) patients without acute coronary syndro-
me were evaluated. We investigated whether cTnT 
levels will provide further information about LV 
remodeling in hemodialysis patients dependent on 
patient’s volume status and efficacy of hemodialy-
sis. 

MATERIAL and METHODS

Sixty-one hemodialysis patients who were admitted 
to our Internal Medicine Department Division of 
Nephrology for follow-up and treatment were enrol-
led in the study. All patients included in the study 
attended hemodialysis sessions three times a week 
for at least 3 months (median 19 months). Patients 
who had been treated with hemodialysis for less 
than 3 months, those with acute coronary syndrome 
(ACS), cardiomyopathy (CMP), chronic liver disease, 
and marked history of heart valve disease were exc-
luded from the study. Acute coronary syndrome was 
defined as anginal chest pain accompanied by ische-
mic findings on electrocardiography and wall motion 
abnormalities in echocardiography. Blood samples 
were taken 1 day before the mid-dialysis session in a 
week from patients in the hemodialysis program, 
and levels of hemoglobin (Hgb), hematocrit (Htc), 
creatinine, LDL-cholesterol (LDL-C), HDL-cholesterol 
(HDL-C), total cholesterol (TC), triglyceride (TG) and 
cTnT were measured. cTnT was studied with elect-
rochemiluminescence method using Roche cTnT stat 
kit (Roche Diagnostics GmbH Mannheim, Germany) 
in Roche Elecsys 1010.device. The measurement 
range of the device was 0.01-25 μg/L or ng/ml with 
analytical sensitivity of 0,01 μg/L or ng/ml, and CV 
10% of 0.01 μg/L or ng/ml. Patients were divided 
into cTnT-positive (≥ 0.1 μg/L) and cTnT-negative 
(<0.1 μg/L) groups. Following these evaluations, all 
patients underwent echocardiographic evaluation by 
the same person using the same device one day 
before the 2nd HD session of the week according to 
the recommendations of the American Society of 
Echocardiography (5). Echocardiography was perfor-
med with Vivid-3 Image Point echocardiography 
device using 1.7 MHz cardiac probe. Left ventricular 
end-systolic diameter (LVESD), left ventricular end-
diastolic diameter (LVEDD), left atrial diameter (LAD), 
and thickness of interventricular septum (IVS) and 
left ventricular posterior wall (LVPW) were measured 
using two-dimensional echocardiography (6). Left 
ventricular ejection fraction (LVEF) was calculated 
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from the apical four cavity using the Simpson met-
hod (7). LVM was calculated using the thick-wall 
prolate-ellipsoidal model (8). LVM was normalized by 
calculating the LVM index (LVMI). LVMI was calcula-
ted by dividing LVM with body surface area (BSA) 
according to the following formula: 
LVMI (g/m2)=(BSA)/(BSA=0.007184x[weight (kg)]0.425 x 
[height (cm) }0.725

(9,10). Upper limits of LVMI were accepted as 131 g/m2 
in men and 100 g/m2 in women (11). The Relative Wall 
Thickness (RWT) of the left ventricle was calculated 
using the [RWT = 2 x (LVPWT / LVEDD]) formula and 
the upper limit of RWT was calculated as 0.44. The 
geometric pattern of the left ventricle was estimated 
according to the method of Ghanau et al. (12) normal 
geometry (NG): was divided into groups as follows: 
normal LVMI, normal RWT, concentric remodeling 
(CR): normal LVMI; increased RWT, cLVH: increased 
LWMI, increased RWT and eLVH: increased LVMI, 
and normal RWT. Diameter of vena cava Inferior 
(VCI) was measured with the patient lying in the 
supine position for 10 minutes after resting, and one 
day after the mid-week HD session. All vasoactive 
drugs were discontinued within 24 hours before the 
initiation of the study. 
 
During the measurements, the VCI diameter was 
measured during maximal inspiration and expiration 
by taking into account of the patient’s avoidance of 
the Valsalva maneuver (13). Collapsibility index of VCI 
was calculated as follows: (maximum diameter of 
VCI on expiration-minimal diameter of VCI in deep 
inspiration/maximum diameter of VCI on expiration) 
The left atrial diameter was measured in the paras-
ternal long axis at the end of the systole in the expi-
rium with the line M perpendicular to the aortic 
root. The data were analyzed using SPSS 11.0 com-
puter statistics package program. Descriptive statis-
tics, Mann-Whitney U test, Spearman correlation 
test, Kruskal-Wallis test and chi-square t test were 
used in all statistical analyzes. The p value < 0.05  
was considered as statistically significant. 

RESULTS

The mean ages of the cTnT-positive, and negative 
groups were 58.4±13.8 and 56.2±15.9 years, respec-
tively. There was no significant difference between 
the two groups in terms of demographic and clinical 
data except for DM (diabetes mellitus) and cardiot-
horacic index (Table 1). When the groups were com-
pared in terms of echocardiographic volume para-
meters, LV end-diastolic diameter, LA diameter, LVM, 
LVMI and VCI diameters on inspiration were higher 

Table 1. Demographic and laboratory features.

Age (year)
Male
Hypertension
Diabetes mellitus
BMI (kg/m²)
Creatinine (mg/dl)
LDL-C (mg/dl)
HDL-C (mg/dl)
TG (mg/dl)
TC (mg/dl)
Hb (gr/dl)
Htc (%)
CTI

cTnT positive 
(n:22)

58.4±13.8
11

16 (72.7%)
11 (50.0%)
23.3±4.8
6.6±2.3

99.7±35.8
36.1±11.1

161.8±77.4
161.5±53.6

10.072±1.053
30.045±3.499

0.562±346 

cTnT: Cardiac Troponin T, BMI: Body Mass Index, LDL-C: Low-Density 
Lipoprotein-Cholesterol, HDL-C: High-Density Lipoprotein-Cholesterol, 
TG: Triglyceride, TC: Total Cholesterol, Hb: Hemoglobin, Htc: Hematocrit, 
CTI: Cardiothoracic Index.

cTnT negative 
(n:39)

56.2±15.9
17

22 (56.4%)
8 (20.5%)
22.7±4.7
6.6±2.4

104.7±42.7
41.1±12.1

180.2±96.3
177.7±49.6

10.1±1.7
30.4±5.6

0.509±313

p 
value

0.60
0.62
0.20
0.01
0.64
0.99
0.64
0.11
0.44
0.23
0.91
0.76
0.02

Table 2. Echocardiographic volume parameters.

LA (cm)
IVS (cm)
LVPW (cm)
IVS/LVPW
LVEDD (cm)
LVESD (cm)
LVEF (%)
LVM (gr)
LVMI (gr/m²)
VCI expiratory diameter (cm)
VCI inspiratory diameter (cm)
CI (%)
VCI INDEX  (cm/m²)
LA INDEX  (cm/m²)
RWT

cTnT positive 
(n:22)

3.8±0.8
1.2±0.2
1.2±0.2
1.0±0.6
4.6±0.5
3.0±0.6

52.8±8.1
237.3±69.0
137.8±29.8

1.8±0.4
1.1±0.3

0.37±0.22
1.08±0.24
2.29±0.50
0.50±0.51

cTnT negative 
(n:39)

3.4±0.6
1.1±0.2
1.1±0.1
1.0±0.9
4.4±0.4
2.8±0.5

54.4±7.4
198.1±44.6
122.3±26.4

1.7±0.2
0.93±0.27
0.45±0.10
1.04±0.17
2.13±0.40
0.61±0.49

p 
value

0.02
0.10
0.06
0.31
0.04
0.12
0.44

0.009
0.03
0.13

0.006
0.002
0.52
0.19
0.39

LA: Left Atrium, IVS: Interventricular Septum, LVPW: Left Ventricular Pos-
terior Wall, LVEDD: Left Ventricular End-Diastolic Diameters, LVESD: Left 
Ventricular End-Systolic Diameters, LVEF: Left Ventricular Ejection Fracti-
on, LVM: Left Ventricul Mass, LVMI: Left Ventricul Mass Index, VCI: Vena 
Cava Inferior, CI: Collapsibility Index, RWT: Relative Wall Thickness.
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in the cTnT-positive group, while VCI collapsibility 
index was lower. These results were statistically sig-
nificant (Table 2). HD sessions were maintained for 
an average of 19 months. Etiologies of primary kid-
ney disease were chronic glomerulonephritis in 7 
(11.5%), hypertensive nephrosclerosis in 11 (18%), 
diabetic nephropathy in 19 (31%) cases, while other 
causes were detected in 24 (39.3%) patients. 
 
The frequency of changes in the left ventricular geo-
metric pattern detected by echocardiography in 
patients enrolled in the study was 53/61 86% based 
on the following formula (K+eLVH+cLVH/whole pati-
ent population), while the frequency of LVH was 
43/61 70%, as estimated according to the following 
formula (eLVH+cLVH/whole patient population) 
When the groups were compared in terms of left 
ventricular geometric patterns, a significant intergro-
up difference was detected. That is, changes in the 
left ventricular geometry pattern were observed 
more frequently in the cTnT- positive group (Table 3). 
Subgroup analysis of the significant difference in left 
ventricular geometric pattern was performed betwe-
en the groups. The eccentric left ventricular hypert-
rophy pattern was significantly more frequent in the 
cTnT-positive group (Table 4). Another subgroup 
analysis performed to detect significant differences 
in the pattern of left ventricular geometry, demons-

trated statistically insignificant differences between 
cTnT-negative, and cTnT-positive groups in terms of left 
ventricular concentric pattern (Table 4) (Figure 1).

DISCUSSION
 
We have reported that elevated cTnT levels could pre-
dict eLVH in hemodialysis patients as a result of hyper-
volemia. In a recent study, Myhre et al. (14) reported 
the relationship of cTnT concentrations with both LV 
mass and reversible myocardial ischemia in patients 
with suspected stable CAD. However, this is the first 
study that indicates the relationship of cTnT levels and 
LV geometric patterns in hemodialysis patients. 
Hypertension and atherosclerosis could cause an inc-
rease in left ventricular systolic pressure and consequ-
ently cLVH in these patients. On the other hand, 
eccentric hypertrophy, which is defined by the increa-
se in the length of myocardial fibers and left ventricu-
lar volume, develops secondary to hypervolemia and 
anemia resulting from accumulation of water and salt 
in CRF. While the pressure load in dialysis patients 
primarily causes an increase in LV Mass, LV dilatation 
is frequently observed in the case of chronic volume 
burden (15). According to Laplace’s law; wall stress is 
directly proportional to internal diameter of LV and 
pressure, and inversely proportional to LV wall thick-
ness. Volumetric load increases the wall thickness in 
equal proportion with increasing diameter, and expan-
ding ventricular cavities, so the ratio between the 

Table 3. Left ventricular geometric  patterns.

Geometric patterns 

cLVH
eLVH
CR
Total

cTnT negative 
(n:39)

14 (35.9%)
8 (20.5%)

10 (25.6%)
32/39 (82%)

cTnT positive 
(n:22)

11 (50%)
10 (45.5%)

21/22 (95.4%)

p 
value

0.011

cLVH: Concentric Left Ventricular Hypertrophy, eLVH: Eccentric Left Vent-
ricular Hypertrophy, CR: Concentric Remodeling.

Table 4. Subgroup analysis of change in left ventricular geometric pat-
terns.

Geometric patterns 

cLVH
eLVH

cTnT negative 
(n:39)

14 (35.8%)
8 (20.5%)

cTnT positive 
(n:22)

11 (50.0%)
10 (45.4%)

p 
value

0.10
0.04

CLVH: Concentric left ventricle hypertrophy
ELVH: Eccentric left ventricle hypertrophy

Figure 1. Subgroup analysis of change in left ventricular geometry pat-
tern.

p: NS p: 0.04

Percent of patients (%)
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diameter and the wall thickness remains within nor-
mal limits. In case of the pressure load, increase in 
wall tension is manifested by a disproportionate incre-
ase in the LV wall thickness of the normal diameter of 
the ventricular cavity. This condition is reflected as 
cLVH on echocardiograms. Accurate volumetric evalu-
ation of fluid status in dialysis patients can be demons-
trated by measurement of the diameter of VCI by 
echocardiography and reduction of its diameter in 
deep inspiration (16). Echocardiographic measurement 
of VCI is a simple, rapid and noninvasive method for 
evaluating the intravascular volume status. In accor-
dance with these reports our study has shown that 
the fluid load in dialysis patients resulted in inadequ-
ate volume and blood pressure control ensuing in 
eccentric and concentric ventricular hypertrophy. 
Hypervolemia is an important, and frequently enco-
untered problem in hemodialysis patients because of 
non-compliance with dietary recommendations and 
inaccurate calculation of dry weight. For the determi-
nation of this clinical entity; it has been reported that 
the increase in diameters of VCI and LA in echocardi-
ography can be used to evaluate the volume status in 
dialysis patients (17). Similarly, it was stated that hyper-
volemia contributes to increase in left ventricular 
mass index in uncontrolled hypertensive patients (18). 
In the light of these literature, and based on the 
results of our study, it can be easily said that hypervo-
lemia is a factor that induces dilatation of the left 
atrium, decrease in collapsibility index and increase in 
the left ventricular mass. Detection of deterioration in 
these parameters in the cTnT-positive group, is pos-
sibly associated with poor volume control and hyper-
volemia. As is known, gradually increasing derange-
ment of volume balance leads to cTnT elevation. CTI 
was significantly higher in the cTnT-positive group. 
LVH, LV dilatation and pericardial effusion, which was 
shown to be associated with CTI is also thought to be 
correlated with hypervolemia. Increased volume bur-
den in chronic HD patients was significantly associa-
ted with cTnT positivity. Increased levels of cTnT, 
which are known to be associated with poor progno-
sis in end-stage renal disease, are found to be higher 

in patients with high volume burden, suggesting that 
tight volume control in this group of patients may 
decrease cardiac mortality. cTnT can be used as a mar-
ker for the evaluation of hypervolemia in hemodialysis 
patients and as a method for modifying treatment 
modalities. In the study of Foley et al. (19), increased 
cavity volume (120 ml/m2) was found to be indepen-
dently related to long-term mortality in dialysis pati-
ents with normal systolic function and LV dilatation 
according to the echocardiographic classification 
system of prognosis. Cheriex et al. (15) found a signifi-
cant correlation between central venous pressure and 
both VCI and CI, and also between total blood volume 
and VCI index. In many studies hypervolemia was eva-
luated based on the measurements of the left ventri-
cular end-systolic, end-diastolic, and atrial diameters, 
left atrial volume index, CI, VCI, and its decrease in 
deep inspiration (20). Insulin resistance in DM induces 
macrovascular disease due to hypertension, and hype-
rinsulinemia caused by microvascular sclerosis (21). 
Hyperinsulinemia induces water and salt retention, 
leading to greater volume load in ESRD patients with 
diabetic nephropathy. As hypervolemia may be asso-
ciated with troponin positivity, it is concluded that 
decreased coronary collateral vessel opening capacity 
and frequency of silent coronary artery disease may 
lead to elevation of cTnT (18). Consistent with the afo-
rementioned literature, in our study the significantly 
greater number of DM patients were detected in the 
cTnT-positive group. 
 
In our study, although lower hemoglobin values 
were detected in cTnT-positive patients, any statisti-
cally significant intergroup difference was not found. 
This finding supported that cTnT positivity in pati-
ents with chronic HD rather than anemia was the 
primary problem with volume overload causing 
eLVH. In addition, lack of any statistically significant 
difference between cTnT-positive and negative gro-
ups in the subgroup analyses related to left ventricu-
lar geometry as for cLVH have demonstrated the 
presence of volume load rather than pressure load in 
chronic HD. In our study, although high cTnT levels 
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were associated with poor cardiovascular outcomes, 
inability both to monitor patients for longer periods, 
and to gather adequate information about patients’ 
prognosis due to cross-sectional design of the study 
was seen as a deficiency of the study. On the other 
hand, limited number of patients may also lead to 
questioning the power of statistics used in the study. 

There are few studies on the prognostic power of echo-
cardiographic abnormalities in ESRD patients. In a land-
mark observation of Foley and Parfrey, it has been 
shown that LVM and LV systolic functions are frequ-
ently impaired in ESRD patients (18). Nowadays, it is 
firmly established that in the dialysis population LVH is 
a valuable prognostic factor. Especially in the presence 
of impaired LV systolic function and increased LVMI, 
maximum increase in cardiovascular risks is observed. 
As a result, hypervolemia may be a mechanism to exp-
lain the relationship between cTnT positivity and incre-
ased cardiovascular morbidity, and mortality in chronic 
hemodialysis patients. As is known in patients with high 
levels of cTnT, poor cardiovascular outcomes can be 
attributed to these patients. Therefore, cTnT may be a 
practical marker in terms of demonstrating cardiovas-
cular adverse outcomes due to volume burden.

In conclusion, we think that increased volume bur-
den in chronic HD patients may be closely related to 
cTnT-positivity. Higher levels of cTnT, known to be 
associated with poor prognosis, and detected in 
patients with cardiovascular diseases, suggest that 
strict volume control may decrease cardiac mortality 
and improve prognosis in this group of patients. 
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