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ABSTRACT

Backgrounds: Although left ventricular (LV) global strains measured by speckle-tracking 

echocardiography have been introduced as superior predictors for adverse cardiovascular 

(CV) events than ejection fraction (EF), there is limited data that it could be applied to 

patients with end-stage renal disease (ESRD).

Method: A total of 136 patients starting maintenance dialysis therapy were analyzed (age

53.2±13.2 years, male 50.7%). Using speckle-tracking method, we measured the baseline 

global longitudinal strain (GLS) in apical 4-, 2- and 3-chamber views, the global 

circumferential strain (GCS) and the global radial strain (GRS) in a parasternal short-axis 

view. CV events were defined as CV death, coronary artery disease including myocardial 

infarction, unstable angina and coronary revascularization, and heart failure requiring 

hospitalization. The association between LV global strains and CV events were evaluated.

Results: Fifty-three CV events occurred in 46 (33.8%) patients during 39±27 months of 

follow-up: 16 CV death, 13 coronary artery disease, 24 heart failure. In survival analysis 

adjusting clinical and laboratory variables, a higher GRS were independently associated with 

a lower CV event [hazard ratio (HR) 0.88, 95% confidence interval (CI) 0.77-1.00]. GLS and 

GCS, however, were not associated with CV events (HR 0.97, 95% CI 1.88-1.06 and HR 

1.01, 95% CI 0.98-1.04, respectively).

Conclusion: LV global strains measured by speckle-tracking echocardiographic imaging

could be used to CV risk stratification in ESRD patients, but further large study is needed.

Key words: cardiovascular, dialysis, echocardiography, outcome, systole, ventricle 
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Abbreviation

ESRD, end-stage renal disease 

CV, cardiovascular 

LV, Left ventricular 

GLS, global longitudinal strain 

GCS, global circumferential strain 

GRS, global radial strain 

EF, ejection fraction 

CKD, chronic kidney disease 

HD, hemodialysis 

WMSI, Wall motion scores index 

CAD, coronary artery disease 

HF, heart failure 

E/e´, ratio of early transmitral flow to early diastolic annular velocity 

Hb, hemoglobin

TC, total cholesterol
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Introduction

According to end-stage renal disease (ESRD) registry in Korea, the overall prevalence of 

ESRD in Korea is 175.9 prevalence per million people, similar with the global level. The 

prevalence is increasing in recent decade [1]. The overall 5 year-survival rate is 66% after 

dialysis initiation and the cardiovascular (CV) mortality is leading cause of death [1-3]. In 

European Renal Association-European Dialysis and Transplant Association registry, directly 

standardized CV mortality rate was 8.8 times higher and the non-CV mortality rate was 8.1 

times higher in patients starting dialysis than in the general population [4].

Left ventricular (LV) global strains assessed by 2-dimensional speckle-tracking 

echocardiography have been introduced as new markers of LV systolic function [5]. They 

compose of global longitudinal strain (GLS), global circumferential strain (GCS) and global 

radial strain (GRS). The prognostic value of LV global strains over LV ejection fraction (EF), 

especially GLS, have been demonstrated in patients with ischemic heart disease, heart failure, 

and valvular heart disease [6-11]. There are a few studies that LV strain could be applied to 

chronic kidney disease (CKD) and ESRD patients to predict all cause of death or major CV 

events, but evidence is insufficient [12-16]. We evaluated whether LV global strains (GLS, 

GCS, GRS) were associated with major CV events in ESRD patient starting maintenance 

renal replacement therapy.
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Method

Subjects

A total of 282 ESRD patients who newly started maintenance dialysis therapy from January, 

2009 to December, 2012 at our center, were screened. Patients with recent CV events (acute 

coronary syndrome including myocardial infarction and unstable angina, cerebral infarction 

or hemorrhage, and ventricular arrhythmia) within 3 months, valvular heart disease, liver 

cirrhosis, chronic obstructive pulmonary disease, malignancy, and acute or chronic 

infectious disease were excluded. The patients who died within 3 months after dialysis 

initiation were also excluded. Remained 234 patients were enrolled in the cohort. We 

followed up these patients until December 31, 2016. In the cohort, we retrospectively 

reviewed the echocardiography image. The 98 patients were excluded in case that any one of 

4 windows (apical 4-, 2- and 3-chamber, parasternal short axis at papillary muscle level) was

not present and echocardiography window quality was poor to analyze. Finally, 136 patients 

were analyzed in this study. (Fig. 1) This study was approved by local institutional review 

board. We obtained informed consent from all subjects.

Echocardiographic analysis

Comprehensive transthoracic echocardiography was performed on one day before the first 

hemodialysis (HD) session or insertion of peritoneal dialysis catheter (Vivid 7, GE or iE 33, 

Philips). All images were stored and analyzed digitally by Tomtec® software. Two 

consecutive cardiac cycles loops were recorded at end expiration. The frame rate was kept 

between 70 Hz to 100 Hz. Basic measurements included LV wall thickness by M-mode and 
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LV diameter by 2D. The LV EF and cardiac volumes were measured form standard apical 

views according to the Simpson biplane method. Wall motion scores index (WMSI) was 

measured using a 17 segment model as standard views. Segments were graded as normal

(score 1), hypokinetic (score 2), akinetic (score 3), or dyskinetic (score 4). WMSI was 

calculated as the average of the 17 segments. The ratio of early transmitral velocity (E wave 

by pulsed Doppler imaging) to mitral annular early diastolic velocity (e' by tissue Doppler 

imaging) was also calculated.

The LV GLS, GCS and GRS measurements were performed offline using 2D Cardiac 

Performance Analysis-Tomtec® software. GLS, GCS and GRS were computed using speckle 

tracking analysis. Longitudinal strains were obtained from apical 4-, 3- and 2-chamber view,

respectively and averaged to calculate GLS. GCS and GRS were obtained in a parasternal 

short-axis at mid papillary level. We traced along the LV endocardial border at the end-

systolic frame. GLS and GCS have negative value (shortening) and a less negative value 

means worse LV function. In contrast, GRS has positive value (thickening) and a less 

positive value means worse LV function. 

Outcome

The CV event composed of CV death, coronary artery disease (CAD) defined as non-fatal 

myocardial infarction, unstable angina requiring hospitalization, coronary revascularization,

and heart failure (HF) requiring hospitalization. Myocardial infarction was diagnosed on the 

basis of an increase in the creatine kinase MB fraction or troponin level greater than the 99th 

percentile of the upper normal limit with at least one of the following aspects: ischemic 

symptoms, electrocardiographic changes, and abnormal imaging findings [17]. HF was

defined as admission due to dyspnea or pulmonary edema with EF of ≤40% or E/e' >15 on
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echocardiography [18,19]. The follow-up duration was calculated as from the date of starting 

dialysis therapy to the date of the first defined CV event.

Statistical analysis

Continuous variables were presented as mean ± standard deviation (SD). Numerical data 

between 2 groups are compared by the independent sample t-test. Nominal data were

compared by the Pearson’s chi-square test. Pearson’s correlation coefficient was used to 

assess the correlation between GLS, GRS, GCS, EF and E/e'. Kaplan-Meier survival plots 

and log-rank test were used to compare CV event according to GLS, GCS and GRS. Risk of 

CV event was analyzed using a Cox regression analysis. Using baseline characteristics (age, 

sex, diabetes, dyslipidemia, history of CAD, smoking) and each echocardiographic

parameters (GLS, GCS, GRS, EF and E/e'), total 5 models were constructed to identify 

independent echocardiographic predicter for CV event. Inter-observer and intra-observer 

reliabilities were assessed for the measurement of GLS in two sets of 30 randomly selected 

participants using Bland-Altman analysis of agreement and the interclass correlation 

coefficient. The two-tailed P < 0.05 was considered statistically significant. Statistical 

analysis is performed using SPSS version 21.0 (SPSS Inc, Chicago, IL, USA)
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Results

Baseline characteristics

A total of 136 ESRD patients fulfilled inclusion and exclusion criteria. During mean 

follow-up duration of 37.6 ± 27.3 months, 53 CV events occurred in 46 (33.8%) patients: 16

(30.2%) CV deaths, 13 (24.5%) CADs, 24 (45.2%) HFs requiring hospitalization. In 16 CV 

deaths cases, 6 cases of cardiac arrests, 4 cases of fatal MI, 1 case of sustained ventricular 

tachycardia, 1 case of respiratory failure due to pulmonary edema and 4 cases of sudden 

cardiac death with undetermined cause were reported. Patients with CV event were older, 

had more dyslipidemia and previous CAD, and took more anti-platelet drugs. EF was lower, 

and LVMI, WMSI and E/e' were higher in patients with CV events. GLS, GCS and GRS 

were not significantly different between patients with and without CV events (Table 1).

Correlation between GLS, GCS, GRS, EF and E/e'

GLS and GRS were weakly correlated with EF (r = -0.42 and r = 0.34 ). GCS was poorly 

correlated with EF (r =- 0.22 ). However, all of GLS, GCS and GRS did not show any 

correlation with E/e' (Supplementary Fig. 1).
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Table 1. Clinical and echocardiographic characteristics in subjects with vs. without CV 

event

Data are presented as number(%), mean ± standard deviation

E/e´, ratio of early transmitral flow to early diastolic annular velocity 

Analyzed by Student t test, and chi-square test.

Mean age (y) 59.3 ±10.9 <0.01

Sex (male) 25 (54.3)

Past medical history

Diabetes 48 (53.3)

´ 
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Association of LV global strains with CV event

By univariable survival analysis using a Cox proportional hazards model, statistically

significant clinical and laboratory markers were age, history of CAD, dyslipidemia, use of

anti-platelet drug and total cholesterol. In echocardiographic markers, LVMI, EF, WMSI and

E/e' showed significant associations. GLS, GCS and GRS were not associated with adverse 

CV events. The hazard ratio (HR) of each variable is shown in Table 2. Kaplan-Meier 

survival plots stratified by mean of each myocardial strain (GLS, GCS, GRS) showed no 

difference between groups (Fig. 2).

Five separate models were constructed to evaluate the predictive value of 

echocardiographic indices (EF, E/e', GLS, GCS, GRS) respectively after adjusting clinical 

(age, sex, diabetes, dyslipidemia, history of CAD, smoking) and laboratory (hemoglobin, 

serum creatinine, albumin, total cholesterol) variables. In the model 1, EF was not

associated with CV event [HR 0.86, 95% confidence interval (CI) 0.72 - 1.03, P = 0.09]. In 

the model 2, E/e' was significantly associated with CV event (HR 1.10, 95% CI 1.03 - 1.17,

P < 0.01). In the model 3, GLS was not associated with CV event (HR 0.97, 95% CI 0.88 -

1.06, P = 0.49). In the model 4, GCS showed a similar result (HR 1.01 , 95% CI 0.98 - 1.04,

P = 0.45). In the model 5, however, a higher GRS was significantly associated with a lower 

risk of CV event (HR 0.88, 95% CI 0.77 - 1.00, P = 0.05) (Table 3).
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Table 2. Univariable Cox proportional hazard model

Data are presented as the hazard ratio (95% confidence interval)

E/e´; ratio of early transmitral flow to early diastolic annular velocity 

Analyzed by Cox regression analysis

Variables Hazard ratio (95%) CI) p Value

Clinical variables

Age 1.05 (1.03-1.08) <0.01

Male 1.67 (0.92-3.01) 0.09

Past medical history

Diabetes mellitus 1.62 (0.87-3.00) 0.13

Dyslipidemia 2.45 (1.26-4.79) <0.01

Coronary artery disease 4.39 (2.35-8.20) <0.01

Smoking 1.40 (0.77-2.56) 0.27

Laboratory variables

Hemoglobin (g/dL) 1.01 (0.85-1.20) 0.96

Albumin (g/dL) 0.64 (0.37-1.10) 0.11

Total cholesterol (per 10 mg/dL) 0.93 (0.87-1.00) <0.05

Creatinine( mg/dL) 0.92 (0.83-1.02) 0.13

Echocardiographic variables

Left ventricle mass index( ml/㎡) 1.01 (1.01-1.02) <0.01

Ejection fraction (%) 0.95 (0.92-0.98) <0.01

Wall motion score index 2.41 (1.16-5.00) 0.02

E/e´ 1.09 (1.04-1.15) <0.01

Global longitudinal strain 1.04 (0.96-1.13) 0.30

Global circumferential strain 1.03 (1.00-1.06) 0.06

Global radial strain 0.99 (0.98-1.00) 0.06
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Table 3. Five models using each echocardiographic parameter after adjusting clinical and laboratory variables

Model 1 Model 2 Model 3 Model4 Model5

Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.04 (1.01-1.07) <0.01 1.03(1.00-1.06) <0.01 1.04(1.01-1.08) <0.01 1.04(1.01-1.07) <0.01 1.05(1.02-1.09) <0.01

Male 1.09 (0.47-2.54) 0.84 0.74(0.28-1.92) 0.53 1.05 (0.44-2.55) 0.91 1.00(0.43-2.30) 0.98 0.93(0.41-2.08) 0.86

Diabetes mellitus 1.08 (0.48-2.45) 0.86 0.87(0.39-1.96) 0.73 1.11(0.50-2.47) 0.80 1.16(0.52-2.59) 0.71 1.25(0.57-2.76) 0.57

dyslipidemia 1.28 (0.58-2.80) 0.54 1.62(0.76-3.46) 0.21 1.67(0.78-3.58) 0.19 1.49(0.70-3.14) 0.30 1.20(0.55-2.60) 0.65

CAD 2.89 (1.31-6.37) <0.01 2.95(1.31-6.64) <0.01 3.31(1.53-7.15) <0.01 3.20(1.48-6.91) <0.01 3.30(1.54-7.10) <0.01

smoking 0.87 (0.36-2.14) 0.77 0.76(0.29-2.00) 0.58 0.90(0.35-2.31) 0.83 0.83(0.34-2.04) 0.68 0.71(0.30-1.70) 0.44

Hb(mg/dL) 1.03 (0.83-1.28) 0.81 1.02(0.81-1.28) 0.88 1.04(0.84-1.30) 0.70 1.01(0.82-1.30) 0.91 0.98(0.79-1.23) 1.00

Albumin( mg/dL) 0.56 (0.29-1.07) 0.81 0.61(0.32-1.15) 0.13 0.50(0.26-0.95) 0.03 0.56(0.29-1.06) 0.08 0.58(0.30-1.11) 0.10

TC (per 10 g/dL) 0.96 (0.89-1.04) 0.32 0.97(0.90-1.05) 0.47 0.97(0.90-1.05) 0.42 1.01(0.98-1.04) 0.41 0.97(0.90-1.05) 0.50

Creatinine(g/dL) 1.01 (0.89-1.14) 0.87 0.96(0.83-1.10) 0.53 1.00(0.88-1.06) 0.49 1.01(0.89-1.14) 0.88 1.01(0.90-1.14) 0.85

EF( %) 0.86 (0.72-1.03) 0.09

E/e´ 1.10(1.03-1.17) <0.01

GLS 0.97(0.88-1.06) 0.49

GCS 1.01(0.98-1.04) 0.45

GRS 0.88(0.77-1.00) <0.05
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Model 1; clinical/laboratory variables + EF, Model 2; clinical/laboratory variables + E/e ,́ Model 3; clinical/laboratory variables +GLS, Model 4; 

clinical/laboratory variables+ GCS, Model 5; clinical/laboratory variables + GRS

CAD, coronary artery disease; Hb, hemoglobin; TC, total cholesterol ; EF, ejection fraction ; E/e  ́, ratio of early transmitral flow to early diastolic 

annular velocity ; GLS, global longitudinal strain; GCS, global circumferential strain; GRS, global radial strain 

Analyzed by Cox regression analysis
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Inter- and intra-observer variabilities

The inter- and intra-observer correlation coefficient of the average measures for GLS were 

0.930 (95% CI 0.853 - 0.967) and 0.950 (95% CI 0.895 - 0.976), respectively. Bland-Altman 

analysis showed no systemic bias of GLS between inter- and intra-observer agreements (Fig.

3). The mean inter-observer and intra-observer differences for GLS were 0.17 ± 1.47 (95% 

limits of agreement, -2.63 to 3.05) and 0.01±1.17 (95% limits of agreement, -2.27 to 2.30).

(Fig. 3)

Discussion

This study could not show concrete evidence for a predictive value of LV global strains in 

ESRD patients. GLS, GCS and GRS were not different between subjects with vs. without 

CV events. In multivariable analysis, a higher GRS was independently associated with a 

lower risk of CV event. GLS and GCS, however, were not associated with CV event.

Both systolic and diastolic LV dysfunction are common in CKD and ESRD patients. There 

were lots of studies that explore a reliable echocardiographic parameter to predict CV

outcome in ESRD patients. E/e´ representing left atrial pressure and diastolic dysfunction 

showed significant predictive value of CV events in HD patients with preserved systolic 

function [20-22]. Systolic dysfunction was also important for CV outcome in ESRD patients 

[23-25]. EF as conventional parameter reflecting LV systolic function, however, was 

insensitive to predict CV outcome especially in population of ESRD with mild systolic 

dysfunction [26].

There were several studies which reported a predictive value of GLS in CKD and ESRD 

patients [12,14-16]. The 2 prospective studies by Liu et al demonstrated that GLS was
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predictive for poor prognosis in stable HD patients with preserved LV EF and in stable PD 

patients respectively. In the former, using a GLS cutoff value of -15%, the subjects in less 

negative GLS group (GLS ≥ -15%) showed a higher mortality rate. Survival analyses 

revealed that GLS ≥ -15% was independent predictor of all-cause mortality (HR 3.57, 95% 

CI 1.41 - 9.04, P=0.01) [12]. In the later, GLS ≥ -15% was independent predictor of major 

adverse events composed of all-cause mortality, cardiac hospitalization, stroke, and newly 

diagnosed peripheral artery disease. After comparison of the overall log likelihood chi-

square of the predictive power, GLS could add prognostic information to a model solely 

based on traditional risk factors [15]. Slovakia et al showed that GLS were significantly

associated with all-cause mortality for advanced CKD and dialysis patients [13]. The sub-

study of large randomized controlled trial in Australia demonstrated GLS was significantly 

predictive for all-cause mortality and superior than EF in advanced CKD and ESRD patients

[14].

In our study, GLS and GCS were not associated with CV event, but a higher GRS – a better 

LV function – was independently associated with a lower risk of CV event in multivariable 

analysis. The predictive power of GLS, GCS and GRS can vary with the characteristics of 

study population. Majority of our subjects had preserved LV function at baseline. We used 

composite CV events as outcome, and HF event was relatively frequent rather than CV death 

or CAD event. As a result, LV diastolic function might be more important than systolic 

dysfunction in our analyses. It might support the possibility that LVMI and E/e' was strongly 

associated with CV event. GRS might be more influenced by LV mass and end-diastolic 

filling pressure than GLS or GCS. GRS was reported as indicator of dyssynchrony in HF

with left bundle branch block and prognostic marker for response after cardiac 

resynchronization therapy [27,28]. GRS has not been well established as marker for systolic 

function like GLS and GCS. In vitro mathematical model, the stroke volume was contributed 

by two-thirds of mid wall circumferential shortening and one-third of longitudinal 
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shortening [29]. So, GLS and GCS have been dominantly evaluated as a parameter of LV 

systolic function [30-32]. In our opinion, LV global strains could be an non-invasive and 

useful parameter to evaluate LV systolic function and to stratify CV risk especially in CKD 

and ESRD patients with preserved or borderline EF. It may be insufficient to measure LV 

global strains once at baseline, serial follow-up could strengthen their predictive power.

There are several limitations in this study. First, this study is a retrospective study with all 

of the inherent limitations. Second, the number of study population and event are relatively 

small. The statistical power might not reach to demonstrate predictive value of global strains.

Third, the subjects including analyses was about half of original cohort. Selection bias might 

occur. Finally, we did not follow the echocardiography parameters serially. Baseline data 

should have a limitation for time-varying variable to predict outcome. But our study could 

give an insight how to use recent echocardiographic methods for CV risk stratification in 

ESRD patients. 

Conclusion

LV global strains estimated by speckle-tracking echocardiography could be used to CV risk 

stratification in ESRD patients. Further large multi-center study in Korea is needed to 

establish their role and to apply in clinical practice. 
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Figure legends

Figure 1. Overview of the study population. At start, 282 ESRD patients who newly 

started maintenance dialysis therapy were screened. A total of 136 ESRD patients fulfilled 

inclusion and exclusion criteria. ESRD; end-stage renal disease

Figure 2 Kaplan-Meier analysis according to GLS(A), GCS(B) and GRS(C). Kaplan-

Meier survival plots stratified by mean of each myocardial strain (GLS, GCS, GRS) showed 

no difference between groups. The cutoff value is an average of each myocardial strain (GLS,

GCS, GRS). GLS; global longitudinal strain, GCS; global circumferential strain, GRS; 

global radial strain

Figure 3 Bland-Altman analysis showed no systemic bias of left ventricular global 

longitudinal strain(GLS) inter- (A) and intra-observer (B) agreements. Bland-Altman 

analysis showed no systemic bias of GLS between inter- and intra-observer agreements. 
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Figure 1 Overview of the study population. At start, 282 ESRD patients who newly started 

maintenance dialysis therapy were screened. A total of 136 ESRD patients fulfilled inclusion 

and exclusion criteria. ESRD; end stage renal disease
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Figure 2. Kaplan-Meier analysis according to GLS(A), GCS (B) and GRS (C). Kaplan-

Meier survival plots stratified by mean of each myocardial strain (GLS, GCS, GRS) showed 

no difference between groups. The cutoff value is an average of each myocardial strain 

(GLS,GCS,GRS). GLS; global longitudinal strain, GCS; global circumferential strain, GRS; 

global radial strain 

(A) GLS

No. at risk

GLS≤-13.8 64 43 33 27 18

GLS>-13.8 70 57 41 27 15
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(B) GCS

No. at risk

GCS≤-22.8 61 48 38 29 18

GCS>22.8 73 59 36 27 15
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(C) GRS

No. at risk

GRS≥44.1 77 55 38 29 17

GRS<44.1 57 46 36 28 16
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Figure 3. Bland-Altman analysis of left ventricular global peak systolic longitudinal 

strain (GLS) between inter- (A) and intra intra-observer (B) agreements. Bland-Altman 

analysis showed no systemic bias of GLS between inter- and intra-observer agreements

(A)

(B)
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Appendix Supplementary table 1. 

Clinical and echocardiographic characteristics in ESRD patients and patients (n=38) in 

cardiology clinic 

Data are presented as number(%) and mean ± standard deviation

ESRD, end-stage renal disease; E/e´, ratio of early transmitral flow to early diastolic annular 
velocity

Analyzed by Student t test, and chi-square test. 

Age 53.2±12.8 52.5±16.6 0.95

Male 69 (51.1) 20 (51.2) 0.95

Past medical history

´ 
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Supplementary Figure 1. Correlation of GLS (A), GCS(B) and GRS(C) with EF and 

E/e .́ EF correlated weakly with GLS( r= -0.42 ), GRS ( r = 0.34 ) but poor with GCS( r= -

0.22 ) E/e  ́did not show any correlation with GLS, GCS and GRS. GLS; global longitudinal 

strain, GCS; global circumferential strain, GRS; global radial strain 

(A) GLS
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(B)GCS

(C)GRS
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국문 요약

배경 : Speckle 추적 심초음파를 이용한 좌심실 global strain 이 좌심실 구혈율

보다 심혈관계 질환 예측에 더 우수한 지표로 알려져 있지만, global strain 이

말기신부전 환자에서도 적용되는지에 대한 자료는 제한되어 있다. 

방법: 투석치료를 시작하는 136 명의 말기신부전 환자들을 분석하였다.(연령

53.2±13.2 세, 남성 50.7%). Speckle-추적 방법을 이용하여, 심첨부 4-,2-,3- 방

단면도에서 global longitudinal strain (GLS), 복장뼈 주위 긴축단면도에서 global 

circumferential strain(GCS) 와 global radial strain(GRS) 를 측정하였다. 심혈관

사건은 심혈관계 사망, 심근경색, 불안정 협심증, 관상동맥 재개술을 포함한

관상동맥질환, 그리고 입원이 필요한 심부전으로 정의 하였다. 좌심실 global 

strain 과 심혈관계 사건의 연관성을 평가하였다. 

결과: 39±27 개월 추적기간 동안에 53 건의 심혈관계 사건이 46 명 (33.8%) 

환자에서 발생했다.; 16 심혈관계 사망, 13 관상동맥질환, 24 심부전. 임상변수들과

검사변수들을 보정한 생존분석에서, 높은 GRS 가 낮은 심혈관계 사건과

독립적으로 연관되었다. (위험도 0.88, 95% 신뢰도.77-1.00) 하지만, GLS 와 GCS 는
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심혈관계 사건과 연관되지 않았다. (위험도 0.97, 95% 신뢰구간 1.88-1.06 와

위험도 1.01, 95% 신뢰구간 0.98-1.04).

결론: speckle 추적 심초음파를 이용한 좌심실 global strain 은 말기신부전

환자에서 심혈관계 위험을 평가하는데 사용할 수 있지만, 추후 더 큰 연구가

필요할 것으로 생각된다. 

중심단어: 심혈관계, 투석, 심초음파, 결과, 수축기, 심실
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