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Patients with end-stage renal disease (ESRD) on long-term

dialysis therapy have very high mortality due to predom-

inantly cardiovascular causes1 (Figure 1). Sudden cardiac

death (SCD) is the single most common form of death in

dialysis patients, accounting for 20% to 30% of all deaths in

this cohort.2,3 These patients indeed have a very high burden

of coronary artery disease (CAD), and a proportion of SCD

events could be due to obstructive CAD.1,2 However, epide-

miological and observational studies have reported that the

overall incidence of SCD in this population is much greater

than the incidence of coronary events,4,5 and the risk of SCD

persists even after coronary revascularization.6 These find-

ings suggest a possibility of a primary increase in the risk of

fatal ventricular arrhythmias, which is the most common

cause of SCD. Dialysis patients with ESRD have several

factors that could predispose them to a high risk of ventricular

arrhythmias (Table 1). A large number of dialysis patients

have diabetes, and thus, autonomic neuropathy as a conse-

quence of both chronic uremia and coexisting diabetes is very

common,7 resulting in alterations in autonomic control with a

sustained increase in the sympathetic tone reported to be

proarrhythmic. Similarly, hypertension is very common, and

uremia leads to secondary hyperparathyroidism, both of

which lead to considerable left ventricular hypertrophy

(LVH).8 In addition, chronic uremia leads to endothelial

dysfunction, and the combination of endothelial dysfunction

and LVH compromises perfusion reserve and makes the

individual susceptible to arrhythmias precipitated by ische-

mia. Long-standing uremia leads to uremic cardiomyopathy,

with typical changes of diffuse myocardial fibrosis,9 which

could lead to slowing of conduction and increased dispersion

of repolarization, both of which have been shown to be

proarrhythmic.10 Significant sudden shifts in electrolytes and

fluid volume that surrounds a dialysis session acts as a trigger

and can initiate life-threatening arrhythmias in patients with a

susceptible substrate.11 Hence, it is conceivable that risk

assessment tests that evaluate these variables could be used to

identify dialysis patients at risk of SCD. In this review, we

discuss the rationale behind the use of specific risk assess-

ments to evaluate the risk of SCD in the dialysis cohort and

review the current evidence on the use of some of these tests

in dialysis patients with ESRD.

Left Ventricular Systolic Dysfunction and Risk of
SCD in Dialysis
Severe left ventricular systolic dysfunction (LVSD) is re-

ported to be a reliable indicator of high risk of SCD12 and has

been used as the single most important variable in selecting

patients for implantable cardioverter defibrillators (ICDs).

Notably, clinical trials on ICD either actively excluded or had

very few patients with ESRD.13 When patients with ESRD

received an ICD, the main parameter used to decide on the

need for an ICD was severe LVSD.1 A large number of

dialysis patients who died suddenly did not have signifi-

cant LVSD,14 and 1 prospective study of mortality in a

dialysis population reported that severe LVSD was not an

independent predictor of SCD.3 Thus, it is likely that a

significant proportion of patients with ESRD with a high

risk of SCD may have preserved left ventricular systolic

function and by using LVSD as the main risk identifier,

these patients who arguably might have lower risk of

nonarrhythmic mortality, particularly that related to pump

failure, will be missed. In that context, 1 study reported

that the current risk assessment model identifies far fewer

patients than would be expected to have a potential risk of

SCD, thus indicating a need for specific risk assessment to

address the unique features that predispose dialysis pa-

tients to SCD15 and enable appropriate intervention, such

as an ICD, to be tested in those found to be at highest risk.

ICD in Dialysis Patients: Current Evidence
Several therapeutic interventions have the potential of reduc-

ing the risk of SCD in a high-risk population of which the

most effective is an ICD.16 As yet, no prospective data are

available on the effect of ICDs in the dialysis population.

Much of the currently available data are obtained from

retrospective analysis of major ICD trials,17–19 and these

studies have raised doubts about the benefit of ICD therapy in

this subgroup of patients. However, such analyses also

confirmed that dialysis patients have a higher incidence of

appropriate ICD therapy.17 Another retrospective analysis

that compared ICD recipients within the dialysis group,

reported that those with ICD have had a better survival rate.20

These facts seem to suggest that ICD therapy is likely to be

useful in dialysis patients if appropriate risk stratification
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a reduction of systolic function, and could be quantified by 

2D strain analysis. The hemodialysis patients have better LV 

systolic function than the moderate-advanced CKD patients. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Cardiovascular disease is a major cause of mortality 
and morbidity in patients with chronic kidney disease 
(CKD)  [1] . Abnormal left ventricular (LV) geometry and 
functions are correlated with a poor cardiovascular prog-
nosis and detected frequently in CKD patients  [1, 2] . In 
CKD patients, conventional echocardiography is not sen-
sitive in detecting early deterioration of cardiac function 
 [3] . A novel imaging modality, 2-dimensional (2D) speck-
le-tracking echocardiography with myocardial deforma-
tion (strain) analysis (also named 2D strain imaging 
analysis), is a semi-automated method for operator-inde-
pendent quantification of myocardial systolic function 
 [4, 5] . Strain is a direct measurement of myocardial de-
formation in 3 directions: longitudinal, radial, and cir-
cumferential.  Several reports show that measuring glob-

 Key Words 

 Chronic kidney disease    End-stage renal disease    Heart 

function    Speckle-tracking echocardiography    Strain 

 Abstract 

  Background:  The impact of chronic kidney disease (CKD) 

and hemodialysis on heart function is not fully understood. 

We aimed to investigate the influence of different stages of 

CKD and maintenance hemodialysis on heart function. 

 Methods:  One hundred fifty-three patients were catego-

rized into 3 subgroups [56 without CKD as controls; 37 with 

moderate-advanced CKD, stages 3, 4 or 5, and 60 with end-

stage renal disease (ESRD) undergoing maintenance hemo-

dialysis]. Left ventricular (LV) function was assessed by con-

ventional echocardiography and 2-dimensional speckle-

tracking echocardiography with strain analysis (2D strain 

analysis).  Results:  There was no significant difference of gen-

der, age and LV ejection fraction among groups. Compared 

with controls, global peak systolic longitudinal strain (GS l ), 

circumferential strain and strain rate were decreased in the 

CKD group. Along with the decline of renal function, GS l  de-

teriorated. Moreover, compared with moderate-advanced 

CKD patients, GS l , circumferential strain and strain rate were 

better in ESRD group receiving maintenance hemodialysis. 

 Conclusions:  Worsening renal function was associated with 
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ables, and the    2  test/Fisher’s exact test for categorical variables. 
The relationship between continuous variables was analyzed us-
ing regression analysis. A two-sided p  !   0.05 was considered sta-
tistically significant.

  Results 

 Clinical Characteristics 
 The study included 164 patients (age: 63  8   11 years 

and male: 56%). Because of inadequate images for analy-
sis or severe mitral/aortic regurgitation, 11 patients (7%) 
were excluded. The enrolled patients were categorized 
into 3 groups: (1) 56 patients (age: 60.1  8   9.8 years) with-
out CKD as controls (eGFR: 89.8  8   19.0 ml/min/1.73 m 2  
and without any evidence of kidney injury), (2) moder-
ate-advanced CKD group (eGFR: 35.9  8   16.0 ml/min/
1.73 m 2 ), and (3) ESRD group on maintenance hemodi-
alysis (duration: 6.6  8   5.7 years). In the ESRD group, all 
patients presented with anuria and the average Kt/V was 
1.70  8   0.26. Moreover, the average level of serum hemo-
globulin was 10.2  8   1.2 mg/dl and cardiothoracic ratio 
on chest X-ray was 52  8   5%. The other participants’ 
characteristics are shown in  table 1 . Importantly, there 

was no difference in the prevalence of hypertension be-
tween the CKD and ESRD groups.

  Cardiac Function Evaluation by Different Modalities 
 The conventional and TDI echocardiographic param-

eters are summarized in  tables 2  and  3 . All patients 
showed normal LV end-diastolic volume index (EDVi). 
The patients in the CKD and ESRD groups had LV hy-
pertrophy. To evaluate LV systolic function, we measured 
left ventricular ejection fraction (LVEF), stroke volume, 
and S. These parameters were not significantly different 
among the 3 groups. The CKD and ESRD patients had 
higher mitral annular E/E  values, representing increased 
LV filling pressure compatible with diastolic dysfunc-
tion.

  Two cardiologists performed off-line 2D strain imag-
ing analysis. The results of 2D strain imaging analysis are 
shown in  table 3  and  figure 2 . The more negative the val-
ue of GS l  is, the better is the LV systolic function. Com-
pared with the controls, although LVEF and S  were not 
reduced in the CKD group, the GS l , S c , and SR c  were sig-
nificantly less negative with the decreased eGFR ( table 2 ; 
 fig. 2 ,  3 ); among the controls and moderate-advanced 
CKD group, the decline of renal  function paralleled the 

a b

  Fig. 1.  Processing and presentation of longitudinal strain.  a  Tracking quality approval screen: segments with 
adequate tracking are shown with a V mark.  b  Average values of peak systolic longitudinal strain in each seg-
ment calculated from 3 apical views were used to generate a parametric display. GLPSS = Global longitudinal 
peak systolic strain; LAX = apical long axis; A4C = apical 4-chamber; A2C = apical 2-chamber; ANT = ante-
rior; INF = inferior; LAT = lateral; POST = posterior; SEPT = septal. 
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index in patients with CKD or ESRD ( table 2 ). The aver-
age value of IVCe in all ESRD patients was 1.17 cm, show-
ing that the enrolled hemodialysis patients were not over-
hydrated. 

  Comparison of Patients on Hemodialysis Days and on 
Interdialytic Days 
 The ESRD patients received echocardiographic exam-

ination during hemodialysis. We wondered whether he-

modialysis affects LV systolic strain. We did echocar-
diography twice on 10 of these patients: during hemodi-
alysis and on an interdialytic day. There was no significant 
difference in the results of strain analysis (GS l : during 
hemodialysis vs. interdialytic day, –15.8  8   6.3 vs. –14.9 
 8   6.9%, p = 0.815).
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  Fig. 2.  Differences in LVEF ( a ), GS l  ( b ), and S c  ( c ) in the 3 groups. CKD represents stage 3 or less. 

Table 3.  Comparisons of tissue velocity and 2D strain imaging 
parameters

Controls
(n = 56)

Moderate-
advanced
CKDa (n = 37)

ESRD
(n = 60)

p
value

S, m/s 0.098 0.02 0.088 0.02 0.098 0.02 0.34

E , m/s 0.088 0.02 0.068 0.02* 0.058 0.02**, ++ <0.001

A , m/s 0.118 0.02 0.098 0.03 0.098 0.02 0.15

E/E 10.38 3.5 15.68 6.9* 17.58 9.6** <0.001

E /A 0.538 0.16 0.748 0.61 0.598 0.19 0.12
GSl, % –18.78 5.7 –15.08 4.5# –18.78 3.9 0.001
Sc, % –22.08 5.5 –17.38 6.2** –19.98 5.9+ 0.007
SRc, cm/s –2.038 0.49 –1.468 0.30** –1.818 0.64++ <0.001

D ata are mean 8  standard deviation. A  = Late diastolic mitral 
annular velocity; E  = early diastolic mitral annular velocity; E/E  = 
early transmitral velocity/tissue Doppler mitral annular early di-
astolic velocity; S  = systolic mitral annular velocity. 

* p = 0.01 vs. control group; ** p < 0.001 vs. control group;
+ p < 0.05 vs. moderate-advanced CKD group; ++ p = 0.02 vs. mod-
erate-advanced CKD group; # p < 0.001 vs. control and ESRD 
groups. 

a Moderate-advanced CKD: CKD stage 3 or less.
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  Fig. 3.  Using linear regression analysis, left ventricular GS   l  de-
creased significantly with deteriorating renal function (eGFR) in 
the controls and the moderate-advanced CKD group.        
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Table-2. Left ventricle analysis before and after HD. 

Left ventricle (LV) (n:38) Pre-hemodialysis Post-hemodialysis p value 

End diastolic volume index (EDVi) (ml/m2) 69 ± 23 57 ± 23 <0.001 

End systolic volume index (ESVi) (ml/m2) 32 ± 18 28 ± 16 0.010 

Stroke volume index (SVi) (ml/m2) 37 ± 10 28 ± 10 <0.001 

LV mass index (LVMi) (g/m2) 72 ± 10 68 ± 8 0.022 

Ejection fraction (EF) (%) 55 ± 9 52 ± 9 0.001 

Cardiac output (CO) (lt/min) 4.9 ± 1.6 3.9 ± 1.4 <0.001 

Global longitudinal strain (GLS) (%) -14.2 ± 5.2 -11.1 ± 4.6 <0.001 

Global circumferential strain (GCS) (%) -14.8 ± 4.2 -12.4 ± 5.2 0.009 

Global radial strain (GRS) (%) 41.5 ± 16 33.3 ± 16.5 0.003 

Global area strain (GAS) (%) -24.7 ± 7.2 -20.1 ± 7.6 0.001 

TWIST (degree) 4.7 ± 4.2 5.6 ± 4.9 0.413 

TORSION (degree/cm) 0.87 ± 0.61 1.25 ± 1.34 0.285 
p< 0,05 

This article is protected by copyright. All rights reserved

Table-3. Right ventricle analysis before and after HD. 

Right ventricle (RV) (n:37) Pre-Hemodialysis Post-Hemodialysis p value 

End diastolic volume index (EDVi) (ml/m2) 46 ± 15 39 ± 20 0.001 

End systolic volume index (ESVi) (ml/m2) 29 ± 10 25 ± 14 0.018 

Stroke volume index (SVi) (ml/m2) 17 ± 6 14 ± 6 <0.001 

Ejection fraction (EF) (%) 38 ± 6 35 ± 7 0.069 

Basal diameter (Dd BASE) (mm) 20.6 ± 4.4 18.1 ± 5.9 0.035 

Medium diameter (Dd MID) (mm) 30 ± 7.4 27.1 ± 7.1 0.016 

Longitudinal diameter (Ld) (mm) 67.1 ± 8 64.9 ± 10 0.163 

Septum longitudinal strain (SEPTUM LS) (%) -10.5 ± 4.9 -10.1 ± 4.2 0.675 

Freewall longitudinal strain (FREEWALL LS) (%) -15.2 ± 5.1 -13.1 ± 5.5 0.127 

Fractional area change (FAC) (%) 31.5 ± 8.8 29.2 ± 7.7 0.285 
p< 0,05 

 

Table-4. Relationship between changes in strain parameters and blood pressure. 

 Systolic tension Diastolic tension Pulse 

Left ventricle r p r p r p 

GLS 0.527 0.002 0.435 0.015 0.368 0.042 

GCS 0.410 0.022 0.310 0.089 0.287 0.117 

GRS 0.411 0.022 0.411 0.022 0.380 0.035 

AREA 0.446 0.012 0.385 0.032 0.425 0.017 

Right ventricle  r p r p r p 

SEPTUM LS 0.286 0.086 0.280 0.093 0.153 0.420 

FREEWALL LS -0.165 0.328 0.113 0.506 0.066 0.730 

FAC -0.237 0.158 -0.128 0.449 0.220 0.243 

GLS: Global longitudinal strain; GCS: Global circumferential strain; GRS: Global radial strain; AREA: 
Area strain; LS: Longitudinal strain; FAC: Fractional area change; r: Pearson and Spearman's 

correlation coefficient;  p< 0,05 
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Table-5. Correlation with hemodialysis parameters and strain analysis. 

 GLS GCS GRS AREA SEPTUM LS FREEWALL LS FAC 

Age 
r 0.020 0.105 -0.050 0.114 0.242 0.213 -0.111 

p 0.914 0.573 0.790 0.540 0.149 0.205 0.514 

HD duration 
r -0.117 -0.059 0.028 -0.093 -0.113 0.187 -0.117 

p 0.530 0.754 0.882 0.617 0.505 0.267 0.530 

UF 
r -0.319 -0.313 0.366 -0.339 -0.084 0.117 -0.179 

p 0.080 0.086 0.043 0.062 0.623 0.490 0.290 

KT/V 
r -0.279 -0.230 0.241 -0.297 -0.004 0.271 -0.388 

p 0.150 0.240 0.216 0.124 0.983 0.122 0.023 

PTH 
r 0.062 -0.052 -0.097 0.021 -0.362 -0.189 0.062 

p 0.741 0.783 0.605 0.911 0.028 0.263 0.741 

Calcium x 

phoshorus 

r 0.078 0.161 -0.080 0.172 -0.040 0.268 -0.305 

p 0.675 0.386 0.670 0.356 0.813 0.108 0.066 

LDL 
r -0.292 -0.113 0.128 -0.225 -0.180 -0.018 0.150 

p 0111 0.545 0.492 0.224 0.287 0.914 0.376 

Hb 
r -0.151 -0.165 0.168 -0.153 -0.080 -0.074 0.152 

p 0.417 0.375 0.367 0.412 0.638 0.664 0.369 

Ferritin 
r -0.071 -0.056 -0.026 -0.104 0.044 0.021 -0.210 

p 0.706 0.763 0.890 0.579 0.796 0.903 0.213 

CRP 
r -0.104 -0.032 0.071 -0.137 0.310 0.278 -0.104 

p 0.578 0.864 0.706 0.461 0.062 0.096 0.578 

GLS: Global longitudinal strain; GCS: Global circumferential strain; GRS: Global radial strain; AREA: Area strain; LS: Longitudinal strain; 

FAC: Fractional area change; UF: Ultrafiltration; PTH: Parathyroid hormone; LDL: Low density lipoprotein; Hb: Hemoglobin; CRP: C-
reactive protein; r: Pearson and Spearman's correlation coefficient;  p< 0,05 

 

Table-6. The effect of beta blocker treatment on strain parameters before and after HD. 

GLS: Global longitudinal strain; GCS: Global circumferential strain; GRS: Global radial strain; AREA: Area strain; LS: Longitudinal strain; 

FAC: Fractional area change; p< 0,05 

 

 

Beta Blocker 

Before After p Before After p 

User (n:19) Non user (n:19) 

GLS (%) -12.9 ± 5.3 -11.9 ± 5.1 0.243 -15.5 ± 5.1 -10.3 ± 4.1 <0.001 

GCS (%) -14.1 ± 4.4 -14.1 ± 5.8 0.953 -15.4 ± 4 -10.9 ± 4.2 0.001 

GRS (%) 38.3 ± 16.4 37.9 ± 19.4 0.909 44.5 ± 15.6 29.1 ± 12.6 <0.001 

AREA (%) -23 ± 7.6 -22.3 ± 8.4 0.683 -26.3 ± 6.6 -18.1 ± 6.5 <0.001 

 User (n:19) Non user (n:18) 

SEPTUM LS (%) -10.2 ± 4.8 -11.3 ± 4.4 0.453 -10.9 ± 5.2 -8.9 ± 3.8 0.160 

FREEWALL LS (%) -16.8 ± 4.9 -12 ± 6.2 0.018 -13.4 ± 4.9 -14.3 ± 4.6 0.607 

FAC (%) 34.7 ± 6.4 29.4 ± 6.9 0.043 28.2 ± 10.1 29.1 ± 8.6 0.820 

This article is protected by copyright. All rights reserved

Table-7. The effect of calcium channel blocker treatment on strain parameters before and after HD. 

GLS: Global longitudinal strain; GCS: Global circumferential strain; GRS: Global radial strain; AREA: Area strain; LS: Longitudinal strain; 

FAC: Fractional area change; p< 0,05 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1: Changes in LV strain before and after HD. 

 

 
GLS: Global longitudinal strain; GCS: Global circumferential strain; GRS: Global radial strain; GAS: 

Global area strain 

 

 

Calcium channel blocker 

Before After p Before After p 

User (n:18) Non user (n:20) 

GLS (%) -14 (-18, -4) -11 (-18, -3) 0.090 -16.2 ± 5.1 -10.8 ± 5.1 <0.001 

GCS (%) -13.7 ± 4 -13 ± 5.6 0.536 -15.9 ± 4.2 -11.9 ± 5 0.006 

GRS (%) 35.5 ± 13.6 34.8 ± 15.4 0.763 52.5 (21, 68) 27.5 (10, 80) 0.002 

AREA (%) -22 ± 6.8 -21.2 ± 7.7 0.565 -30 (-35, -16) -18 (-33, -8) 0.001 

 User (n:18) Non user (n:19) 

SEPTUM LS (%) -10.2 ± 4.3 -11.3 ± 4.4 0.433 -10.9 ± 5.6 -9.1 ± 3.9 0.259 

FREEWALL LS (%) -15.6 ± 4.8 -12.9 ± 5.6 0.095 -14.8 ± 5.6 -13.3 ± 5.7 0.505 

FAC (%) 34.6 ± 6.2 27.6 ± 7.2 0.003 28.7 ± 10.2 30.7 ± 8 0.566 

This article is protected by copyright. All rights reserved
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Figure 8 – from Left Ventricular Diastolic Function Guideline 
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Abstract

Introduct ion: The aim of this study was to investigate changes in echocardio-

graphic right ventricular (RV) indices in relation to the degree of fluid accumu-

lation between hemodialysis sessions, evaluated according to the

recommended threshold of interdialytic-weight-gain corrected for dry weight

(IDWG%).

M ethods: A post-hoc analysis was performed using data from 41 maintenance

hemodialysis patients. Patients were divided into a higher (>4.5%) and a lower

(<4.5%) IDWG% group and underwent an echocardiographic assessment at

the start and the end of the 3-day and the 2-day interdialytic interval.

Results: RV systolic pressure (RVSP) increments were more pronounced in the

higher compared to the lower IDWG%group (16.43 ± 5.37 vs. 14.11 ± 13.38 mm

Hg respectively, p = 0.015) over the 3-day interval, while changes in RV filling

pressures, did not differ significantly between the groups (p = 0.84).

Conclusions: During the 3-day interdialytic interval, pulmonary circulation is

particularly overloaded in patients with fluid accumulation higher than the

recommended thresholds, as evidenced by higher RVSP elevations.

K E Y W O R D S

echocardiography, hemodialysis, interdialytic weight gain, right ventricle

1 | I N T RODU CT I ON

End-stage kidney disease (ESKD) has been associated

with particularly high risk of cardiovascular events and

mortality [1, 2]. Hemodialysis treatment, as a form of

renal replacement therapy for ESKD, is performed most

often thrice weekly for logistical reasons. However, sev-

eral large-scale observational registry studies have shown

an excess risk for adverse events by 25%–40% at the end

of the long (3-day) interdialytic interval and the following

dialysis session [3, 4], with pronounced changes in extra-

cellular fluid volume being a potential pathophysiological
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signs and symptoms that could suggest acute myocardial

infarction (14–16). However, the pathophysiology underly-

ing these elevations is still controversial. Previous hypoth-

eses have suggested that left ventricular hypertrophy and

coronary artery disease may induce elevated troponin val-

ues in dialysis patients (20,21). How ever, subsequent

studies were not able to substantiate these assumptions

(21,22). In a prospective multicenter study enrolling 224

patients undergoing long-term HD, deFilippi et al. found

no correlation between increasing troponin T quarti les

and the frequency of left ventricular hypertrophy (21).

Similarly, Abbas and coworkers did not nd a signi cant

independent relationship between left ventricular mass

index and troponin T concentrations (22). It also seems

unlikely that coronary artery disease per se triggers ele-

vated troponin T levels in HD patients. In a study assess-

ing 194 cl inical ly indicated coronary angiographies,

Obialo and colleagues found elevated troponin T levels

in up to 50% of all dialysis patients w ithout overt coro-

nary artery disease (23). Similarly, in a study comparing

the diagnostic abilities of dobutamine stress echocardiog-

raphy and troponin T with that of coronary angiography,

troponin T did not signi cantly detect coronary artery

disease in patients w ith ESRD (24). Our results extend

Figure 2. | Receiver-operating characteristic curve displaying the potential predialytic troponin T values to detect hemodialysis-induced

myocardial stunning. AUC, area under the receiver-operating characteristic curve. Sens, sensitivity; Spec, specificity.

Table 2. Detection of hemodialysis-induced myocardial stunning in univariate and multivariable regression analyses

Predictor Odds Ratio (95% CI) P Value

Univariate analysis
age 1.05 (1.01–1.09) 0.02
male sex 1.93 (0.64–5.76) 0.24
history of coronary artery disease 2.11 (0.71–6.31) 0.18
history of diabetes mellitus 4.38 (1.40–13.76) 0.01
history of arterial hypertension 1.38 (0.51–3.74) 0.53
left ventricular ejection fraction 0.98 (0.93–1.03) 0.42
dialysis vintage 0.99 (0.98–1.01) 0.57
interdialytic hypotension (per every additional episode) 1.97 (1.05–3.69) 0.04
ultra ltration volume (for every additional liter) 2.54 (1.22–5.31) 0.01
troponin T (for every 0.1-ng/ ml increase) 16.38 (2.84–94.43) , 0.01
troponin T level . 0.06 ng/ ml 10.96 (3.11–38.62) , 0.01

Multivariable analysis
age 1.05 (0.99–1.11) 0.08
history of diabetes mellitus 2.95 (0.59–14.53) 0.18
interdialytic hypotension (per every additional episode) 1.95 (0.80–4.80) 0.14
ultra ltration volume (for every additional liter) 4.38 (1.01–18.24) 0.04
troponin T (for every 0.1-ng/ ml increase) 9.33 (1.63–53.43) 0.01

CI, con dence interval.
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