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Echocardiographic parameters can predict cardiovascular events in several clinical settings.
However, which echocardiographic parameter is most predictive of each cardiovascular or
non-cardiovascular event in patients starting hemodialysis remains unresolved.
Echocardiography was used in 189 patients at the time of starting hemodialysis. We
established primary outcomes as follows: cardiovascular events (ischemic heart disease,
cerebrovascular disease, peripheral artery disease, and acute heart failure), fatal non-
cardiovascular events, all-cause mortality, and all combined events. The most predictable
echocardiographic parameter was determined in the Cox hazard ratio model with a
backward selection after the adjustment of multiple covariates. Among several
echocardiographic parameters, the Efe’ ratio and the left ventricular end-diastolic volume
(LVEDV) were the strongest predictors of cardiovascular and non-cardiovascular events,

respectively. After the adjustment of clinical and biochemical covariates, the predictability
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of Efe' remained consistent, but LVEDV did not. When clinical events were further
analyzed, the significant echocardiographic parameters were as follows: s' for ischemic
heart disease and peripheral artery disease, LVEDV and E/e’ for acute heart failure, and Efe’
for all-cause mortality and all combined events. However, no echocardiographic parameter
independently predicted cerebrovascular disease or non-cardiovascular events. In

conclusion, Efe’, s', and LVEDV have independent predictive values for several
cardiovascular and mortality events.

Keywords: Heart Failure, Diastolic; Echocardiography; Kidney Failure, Chronic; Renal
Dialysis; Morbidity; Mortality

INTRODUCTION

End-stage renal disease (ESRD) significantly increases overall
morbidity and mortality (1), and thus, its social and economic
burden is globally large (2). Although patients with ESRD have
received intensive attention for this reason, the prevalence rate
of ESRD has not decreased but rather has continued to grow at
approximately 3% per year (3). According to the Korean ESRD
registry, the overall prevalence of ESRD in Korea is similar to
the global trend (4). Because the risks of morbidity and mortality
in Korean ESRD patients are still high, 3% of the national health
care expenditure is used to provide care for ESRD patients even
though they account for only 0.02%-0.03% of the total popula-
tion (5). Accordingly, several efforts to identify modifiable fac-
tors associated with worse outcomes in Korean ESRD patients
have been made (6), but more studies are needed.
Echocardiography is one of the modern methods used to es-
timate myocardial function quantitatively. In recent years, the
assessment of myocardial systolic and diastolic functions using
tissue Doppler imaging (TDI) has been established as a com-
mon approach to detect subclinical abnormalities because it
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can directly monitor mechanical wall function, which correlates
with hydrodynamic responses. Previous studies have revealed
that systolic velocity is a good marker of left ventricular (LV)
function, which significantly correlates with LV ejection frac-
tion or other estimates, such as LV contraction (ejection phase)
and contractility (isovolumetric contraction), obtained by inva-
sive methods (7). Diastolic velocity has also been shown to cor-
relate with the time constant of LV relaxation and to correlate
inversely with LV volumes and pressures (8). With this excellent
accuracy, TDI parameters are proposed as reliable markers for
prognosis (9).

Previous studies on ESRD patients have been conducted to
predict morbidity and mortality outcomes using both echocar-
diography and TDI measurements (10-14). All of these results
show significant correlations between certain echocardiograph-
ic parameters and outcomes. However, while these outcomes
are all considered cardiovascular events or all-cause mortality,
they have not analyzed the associations according to the cause
or subtype of cardiovascular or non-cardiovascular events. Car-
diovascular events are the most common cause for mortality in
ESRD patients because they comprise almost 20%-40% of mor-
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tality cases (15). However, each cardiovascular event, such as
ischemic heart disease, cerebrovascular disease, peripheral vas-
cular disease, or acute heart failure, may be differentially asso-
ciated with echocardiographic parameters, but this issue has
not been studied. Non-cardiovascular death is also considered
important because ESRD patients still have a high mortality risk
attributable to this event. However, there is also little knowledge
regarding the correlation between echocardiographic parame-
ters and non-cardiovascular events. Herein, we have conducted
the current study to address the correlations of echocardiograph-
ic parameters with several cardiovascular and non-cardiovas-
cular events in patients starting hemodialysis.

MATERIALS AND METHODS

Patients and data collection
The present study follows the STROBE guideline reporting (Sup-
plementary file). A total of 193 patients starting hemodialysis
from January 2009 through December 2011 were enrolled. All
patients were more than 20 yr old, did not have a history of kid-
ney transplantation or congenital heart disease, and underwent
a baseline echocardiography. Among the study subjects, 4 pa-
tients were excluded based on the unavailability of TDI data.
Consequently, 189 patients were followed and reviewed from
the day of baseline assessments until kidney transplantation or
December 2013. The need for informed consent was waived be-
cause of non-interventional study design based on collected data.
Clinical parameters, such as age, sex, weight, height, diabetes
mellitus, history of cardiovascular events, systolic/diastolic blood
pressure, type of vascular access, and the use of medications
including aspirin/other antiplatelet agents, angiotensin-con-
verting enzyme inhibitors/angiotensin II receptor blockers, cal-
cium channel blockers, beta blockers, and diuretics, were re-
corded. Body mass index was calculated as (weight [kg]/height
[m?]). Patients who were taking pills or insulin to reduce their
blood glucose levels or who were diagnosed with diabetes mel-
litus by medical doctors were identified as having diabetes mel-
litus. Blood sample parameters, such as hemoglobin, calcium,
phosphorus, uric acid, blood urea nitrogen, creatinine, choles-
terol, and albumin, were measured at baseline.

Echocardiography

After 2 or 3 sessions of dialysis, all of the study patients under-
went comprehensive echocardiographic examinations using
commercially available ultrasound equipment (Vivid E9, GE
Medical Systems, Horten, Norway) with subjects in a left lateral
position. Standard M-mode echocardiographic examination
included the following measurements: LV end-diastolic volume
(LVEDV) (mL), LV end-systolic volume (mL), LV end-diastolic
and end-systolic diameter (mm), diastolic and systolic interven-
tricular septal wall thickness (mm), diastolic and systolic LV pos-
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terior wall thickness (mm), left atrial (LA) antero-posterior di-
ameter (mm), aortic root diameter (mm), and regional wall mo-
tion abnormality (RWMA). LV mass index was determined us-
ing the method of Devereux et al. and indexed for body surface
area (16). LA volume index was assessed using the biplane ar-
ea-length method and indexed for body surface area (17). Re-
gional wall thickness was measured as follows: 2 x LV posterior
wall thickness (mm) / LV end-diastolic diameter (mm). Fraction-
al shortening was calculated with LV end-diastolic and end-sys-
tolic diameters (17). LV ejection fraction was determined by a
modified biplane Simpson’s method from the apical two-cham-
ber and four-chamber views.

A pulsed-wave Doppler for mitral inflow was further exam-
ined. The motion of the mitral annulus was recorded in the api-
cal four-chamber view. Peak early (E) and late (A) diastolic ve-
locities of the mitral inflow were measured using pulsed-wave
Doppler with the sample volume at the tip of the mitral leaflets.
Systolic (s") and early (e)/late (a") diastolic mitral annular ve-
locities were also assessed on the septal side of the mitral annu-
lus using pulsed-wave tissue Doppler imaging. The E/A and E/¢e’
ratios for the LV filling index were calculated in accordance with
the guideline (18). Tricuspid regurgitation velocity was record-
ed from a routine right ventricular inflow view using continu-
ous-wave Doppler. Right ventricular systolic pressure was cal-
culated using the modified Bernoulli equation (19).

Primary outcomes

When the patients were admitted to the hospital during the fol-
low-up period, the cause of hospitalization was determined by
a review of medical records or telephone interviews. Non-fatal
and fatal cardiovascular events included ischemic heart disease;
cerebrovascular disease, such as ischemic and hemorrhagic
stroke; peripheral vascular disease; and acute heart failure. The
mortality data were obtained from medical records and the na-
tional database of Statistics Korea. The causes of mortality were
reviewed using the code data of the International Classification
of Diseases, 10th revision (ICD-10), which was provided by the
National Statistical Office of Korea, or telephone interviews.
These causes were classified as cardiovascular (e.g., myocardial
infarction or aggravation of heart failure) and non-cardiovascu-
lar events (e.g., infection or bleeding). Accordingly, we estab-
lished the primary outcomes as follows: cardiovascular events
(ischemic heart disease, cerebrovascular disease, peripheral
artery disease, and acute heart failure), fatal non-cardiovascu-
lar events, all-cause mortality, and all combined events (all above
events).

Statistical analysis

All of the analyses and calculations were performed using SPSS
(SPSS version 21.0, IBM, Armonk, NY, USA) and STATA (STATA
version 12.0, StataCorp LP, College Station, TX, USA). The data
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are presented as means + standard deviation (SD) for continu-
ous variables and as proportions for categorical variables. The
hazard ratios (HRs) and 95% confidence intervals (Cls) for mor-
bidity and mortality rates were calculated using the Cox propor-
tional hazard models for several clinical outcomes, including
cardiovascular events (ischemic heart disease, cerebrovascular
disease, peripheral artery disease, and acute heart failure), fatal
non-cardiovascular events, all-cause mortality, and all combined
events. To prevent co-linearity among significant echocardio-
graphic parameters, the backward stepwise selection method
was used. Additionally, to find the independent echocardiogra-
phic parameters, clinical and biochemical covariates with P <

0.1 in the univariate analysis were adjusted. Important covari-
ates such as age, sex, and diabetes mellitus were adjusted in all
models to have adequate confounder control. To account for
possible nonlinear relationships between echocardiographic
parameters and outcomes, we applied the fractional polynomi-
als method and showed the relationship as a fitted curve. A P
value of less than 0.05 was considered significant.

Ethics statement

The study protocol complied with the Declaration of Helsinki
and achieved full approval from the institutional review board
at the Seoul National University Bundang Hospital (no. B-1304/
200-108). Informed consent was waived by the board.

RESULTS

Baseline characteristics of the study subjects

Table 1 shows the baseline characteristics of the study subjects.
The mean age was 63.7 yr. All of the subjects were of Asian de-
scent. More than half of the patients were diagnosed with dia-
betes mellitus. The study subjects were followed for a mean du-
ration of 33.3 + 15.3 months (maximum of 5.1 yr). Mean echo-
cardiographic measurements are shown in Table 2. The mean
value of the LV mass index was 133.4 g/m* male, 135.6 + 36.98
g/m? female, 130.4 + 40.68 g/m>. When LV hypertrophy was
defined with parameters of over 115.0 g/m?* in male and over
98.0 g/m’ in female subjects, 66.7% and 76.5% of the male and
female subjects had LV hypertrophy, respectively. The mean
velocities of E, s, and €’ were 73.1 cm/s, 7.3 cm/s, and 5.6 cm/s,
respectively. With these results, the mean of the E/e’ ratio was
15.1.

Echocardiographic parameters associated with
cardiovascular and non-cardiovascular events

Among the study subjects, 47 patients (24.9%) underwent 49
fatal and non-fatal cardiovascular events after hemodialysis. The
subtypes of cardiovascular events were as follows: ischemic heart
disease, 17 cases (34.7%); cerebrovascular disease, 9 cases (18.4%);
peripheral artery disease, 4 cases (8.2%); and acute heart failure,
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Table 1. Baseline characteristics of study subjects

Conditions Total (n = 189)
Age (y) 63.7 + 14.54
Male sex (%) 57.1
Body mass index (kg/m? 23.8 £4.21
Diabetes mellitus (%) 56.1
History of cardiovascular events (%) 36.5
Systolic blood pressure (mmHg) 140.3 £ 23.98
Diastolic blood pressure (mmHg) 73.9 £ 14.38
Type of vascular access
Native arteriovenous fistula (%) 915
Arteriovenous graft (%) 6.9
Catheter (%) 1.6
Medications
Aspirin or other antiplatelet agents (%) 65.6
ACE:i or ARB (%) 61.9
Calcium channel blocker (%) 62.4
Beta blocker (%) 571
Diuretics (%) 61.4
Vitamin D (%) 16.4
Blood laboratory findings
Hemoglobin (g/dL) 9.6 £ 1.49
Calcium (mg/dL) 8.0 £ 0.88
Phosphorus (mg/dL) 45+ 1.58
Calcium-phosphorus product (mg%/dL?) 35.3 £ 11.56
Uric acid (mg/dL) 7.8 £ 2.85
Blood urea nitrogen (mg/dL) 60.6 + 28.57
Creatinine (mg/dL) 6.7 £+ 3.61
Cholesterol (mg/dL) 159.8 £ 46.06
Albumin (g/dL) 3.3 £ 0.61

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.

19 cases (38.8%). Throughout the following period, 58 patients
(30.7%) died; 9 of the deaths had cardiovascular causes, and the
rest had non-cardiovascular causes. Among the non-cardiovas-
cular causes, infectious death was most common (n = 18). Oth-
er non-cardiovascular causes included complications of hemo-
dialysis (n = 5), cancer (n = 3), and non-cardiovascular hemor-
rhage (n = 2). Each echocardiographic parameter was included
in the univariate hazard model as a continuous variable, where-
as the RWMA was included as a categorical variable (Table 2).
Accordingly, low systolic (s") and early diastolic (e’) mitral an-
nular velocities increased the risk of cardiovascular events. Ad-
ditionally, a high E/e’ ratio was associated with the high risk of
cardiovascular events. After applying the backward selection
model, the E/e’ ratio was only a significant predictor of cardio-
vascular events. The fitted curve between the HR of cardiovas-
cular events and E/e’ is shown in Fig. 1A. Additional analysis
was conducted for non-cardiovascular events (Table 3). In the
univariate analysis, only LVEDV showed a significant correla-
tion with non-cardiovascular events. Systolic/diastolic mitral
annular velocities or E/e’ were not correlated with non-cardio-
vascular events. The fitted curve between the HR of non-cardio-
vascular events and LVEDV is shown in Fig. 1B.

Several clinical and biochemical parameters, such as age, his-
tory of cardiovascular events, diastolic blood pressure, type of
vascular access, use of antiplatelet agents and angiotensin-con-
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Table 2. Echocardiographic parameters and associations with cardiovascular events

Univariate Backward selection
Parameters Total (n = 189)
HR (95% Cl) P HR (95% CI) P
M-mode and 2D
LV end-diastolic volume (mL) 94,7 £ 31.32 1.01 (0.997-1.014) 0.214
LV end-systolic volume (mL) 41.8 £ 21.80 1.01 (1.000-1.023) 0.042
LV end-diastolic diameter (mm) 49.8 + 6.46 1.03 (0.987-1.078) 0.174
LV end-systolic diameter (mm) 334 £ 717 1.04 (1.000-1.078) 0.047
IVSd (mm) 1.7 £ 2.02 0.93 (0.798-1.079) 0.332
IVSs (mm) 14.9 £+ 2.66 0.98 (0.880-1.097) 0.750
LVPWd (mm) 112+ 1.88 0.95 (0.804-1.109) 0.486
LVPWs (mm) 16.8 £ 2.58 1.02 (0.914-1.141) 0.712
LV mass index (g/m?) 133.4 £ 38.59 1.00 (0.996-1.011) 0.371
LA AP (mm) 40.4 £ 7.33 0.99 (0.951-1.030) 0.613
LA volume index (mL/m? 45.0 £ 17.58 1.00 (0.985-1.020) 0.785
AO (mm) 323+ 425 1.00 (0.934-1.052) 0.990
RWT (x 100) 456 + 8.38 0.97 (0.938-1.006) 0.104
FS (%) 33.7 £ 8.75 0.97 (0.938-0.999) 0.042
LV ejection fraction (%) 57.8 £ 12.30 0.97 (0.955-0.993) 0.009
Mitral inflow velocity
E (cm/s) 731 £ 26.24 1.01 (1.001-1.023) 0.027
A (cm/s) 91.0 £ 24.04 1.01 (0.999-1.024) 0.080
E/A 0.8 £ 0.45 0.83 (0.391-1.745) 0.617
DT (ms) 210.0 £ 72.98 1.00 (0.996-1.004) 0.865
Tissue doppler imaging
s’ (cm/s) 7.3+233 0.75 (0.645-0.873) < 0.001
e’ (cm/s) 56 + 239 0.81 (0.691-0.948) 0.009
a’ (cm/s) 9.3+ 276 0.92 (0.818-1.035) 0.168
E/e’ 15.1 £ 8.64 1.07 (1.045-1.094) < 0.001 1.05 (1.016-1.087) 0.004
TR velocity (m/s) 2.5 + 0.46 1.18 (0.576-2.401) 0.656
RV systolic pressure (mmHg) 29.0 £ 1415 1.00 (0.979-1.023) 0.945
RWMA (vs. none) 3.83 (2.091-7.008) < 0.001

HR, hazard ratio; Cl, confidence interval; LV, left ventricle; IVSd, diastolic interventricular septal wall thickness, IVSs, systolic interventricular septal wall thickness; PWd, diastolic
left ventricular posterior wall thickness; PWs, systolic left ventricular posterior wall thickness; LA AP, left atrial antero-posterior diameter; AO, aortic root diameter; RWT, relative
wall thickness; FS, fractional shortening; E, early diastolic transmitral inflow velocity; A, late diastolic transmitral flow velocity; DT, deceleration time; s’, mitral annular systolic
velocity; e, early diastolic mitral annular velocity; @', late diastolic mitral annular velocity; RV, right ventricle; TR, tricuspid regurgitation; RWMA, regional wall motion abnormality.

Log HR of cardiovascular event

-27\ | | |

Log HR of non-cardiovascular event

40 60
E/e’

80

A

50 100 150 200
LVEDV (mL)

(5]

Fig. 1. Fitted curves between the strongest predictive echocardiographic parameters and the hazard ratios of cardiovascular (A) and non-cardiovascular (B) events. HR, hazard
ratio; E, early diastolic transmitral inflow velocity; €', early diastolic mitral annular velocity; LVEDV, left ventricular end-diastolic volume.

verting enzyme inhibitor/angiotensin II receptor blocker, he-
moglobin, calcium, creatinine, and cholesterol had a P value
< 0.10 in the univariate analysis for several clinical events (Table
4). Therefore, these parameters plus sex and diabetes mellitus
were adjusted to the multivariate Cox model throughout the
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study. Although multiple clinical and biochemical covariates
were adjusted to the cardiovascular Cox model, the E/e’ ratio
also remained significant (Table 5). However, LVEDV was not
included in the final non-cardiovascular model with the adjust-
ment of multiple covariates. Although E/e’ was included instead
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Table 3. Echocardiographic parameters and associations with the non-cardiovascular events

Univariate Backward selection
Parameters
HR (95% Cl) P HR (95% CI) P
M-mode and 2D
LV end-diastolic volume (mL) 0.99 (0.973-0.996) 0.008 0.99 (0.973-0.996) 0.008
LV end-systolic volume (mL) 0.99 (0.969-1.003) 0.096
LV end-diastolic diameter (mm) 0.97 (0.929-1.017) 0.224
LV end-systolic diameter (mm) 0.99 (0.944-1.028) 0.485
IVSd (mm) 0.87 (0.743-1.019) 0.084
IVSs (mm) 0.98 (0.871-1.092) 0.666
LVPWd (mm) 0.89 (0.754-1.041) 0.141
LVPWs (mm) 0.91 (0.816-1.019) 0.104
LV mass index (g/m?) 0.99 (0.984-1.001) 0.079
LA AP (mm) 0.98 (0.943-1.021) 0.340
LA volume index (mL/m?) 1.00 (0.977-1.014) 0.608
AO (mm) 1.00 (0.934-1.052) 0.990
RWT (x 100) 0.99 (0.920-1.054) 0.665
FS (%) 1.01 (0.972-1.041) 0.746
LV ejection fraction (%) 1.00 (0.971-1.021) 0.736
Mitral inflow velocity
E (cm/s) 1.00 (0.984-1.007) 0.462
A (cm/s) 1.00 (0.991-1.017) 0.543
E/A 0.44 (0.144-1.328) 0.144
DT (ms) 1.00 (0.998-1.006) 0.303
Tissue Doppler imaging
s’ (cm/s) 1.03 (0.912-1.170) 0.608
e’ (cm/s) 0.92 (0.804-1.049) 0.209
a’ (cm/s) 0.96 (0.856-1.082) 0.521
E/e’ 1.02 (0.981-1.062) 0.307
TR velocity (m/s) 0.75 (0.373-1.522) 0.430
RV systolic pressure (mmHg) 1.00 (0.982-1.023) 0.846
RWMA (%) 0.92 (0.389-2.152) 0.839

HR, hazard ratio; CI, confidence interval; LV, left ventricle; IVSd, interventricular septal thickness at end-diastole; IVSs, interventricular septal thickness at end-systole; PWd, pos-
terior wall thickness at end-diastole; PWs, posterior wall thickness at end-systole; LA AP, left atrial antero-posterior diameter; AQ, aortic root diameter; RWT, relative wall thick-
ness; FS, fractional shortening; E, early diastolic transmitral inflow velocity; A, late diastolic transmitral flow velocity; DT, deceleration time; ', mitral annular systolic velocity; e’,
early diastolic mitral annular velocity; a’, late diastolic mitral annular velocity; RV, right ventricle; TR, tricuspid regurgitation; RWMA, regional wall motion abnormality.

of LVEDV, E/e’ was not associated (P = 0.908) with the risk of
non-cardiovascular events; HR, 1.00 (0.959-1.049).

Echocardiographic parameters associated with each
clinical event

We further analyzed the association of echocardiographic pa-
rameters according to each outcome, including ischemic heart
disease, cerebrovascular disease, peripheral artery disease, acute
heart failure, fatal infectious disease, all-cause mortality, and all
combined events (Table 6). Among echocardiographic param-
eters, s’ was selected as the strongest predictor in the Cox mod-
els for ischemic heart disease and peripheral artery disease. Fig.
2A and B show the fitted curves between s’ and the HRs of isch-
emic heart disease and peripheral artery disease, respectively.
After the adjustment of multiple covariates, the significance of s’
remained consistent for ischemic heart disease and remained
partially significant for peripheral artery disease. Both LVEDV
and the E/¢’ ratio were significantly correlated with acute heart
failure risk. The fitted curves of acute heart failure risk with LV-
EDV or E/e’ are shown in Fig. 3. These correlations remained
significant after the adjustment of multiple covariates. Howev-
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er, neither cerebrovascular disease nor fatal infectious disease
had an association with any echocardiographic parameter. All-
cause mortality attributable to fatal cardiovascular and non-car-
diovascular events could be predicted by LVEDV, diastolic in-
terventricular septal wall thickness, and E/e. However, E/e’ re-
mained significant after the adjustment of clinical and bioche-
mical covariates. In the multivariate Cox model for all combined
events, only E/e’ was significant.

DISCUSSION

All previous studies have focused on the correlations between
echocardiographic parameters and cardiovascular events or
all-cause mortality. Additionally, the present study first deter-
mined whether the associations of echocardiographic parame-
ters were different according to each cardiovascular or non-car-
diovascular event. The E/e’ ratio, representative of LV diastolic
function, was the strongest predictor of all cardiovascular events.
We further conducted analyses after stratification by the sub-
type of cardiovascular events. As a result, s, representative of LV
systolic function, was associated with the risk of ischemic heart
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Table 4. Baseline clinical and biochemical characteristics associated with cardiovascular, non-cardiovascular, and all combined events

CV event Non-CV event All combined event
Conditions
HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Age (per 1 yr) 1.03 (1.003-1.048) 0.026 1.05(1.021-1.074) < 0.001 1.03 (1.016-1.052) < 0.001
Male (vs. female) 0.80 (0.451-1.420) 0.447 0.81 (0.462-1.419) 0.460 0.77 (0.502-1.176) 0.225
BMI (per 1 kg/m?) 0.98 (0.911-1.053) 0.571 1.04 (0.975-1.111) 0.235 1.01 (0.960-1.064) 0.687
Diabetes mellitus 1.25 (0.696-2.261) 0.451 1.24 (0.696-2.204) 0.466 1.19(0.772-1.842) 0.428
History of CV events 2.76 (1.546-4.923) 0.001 1.17 (0.656-2.072) 0.600 1.91 (1.248-2.927) 0.003
SBP (per 1 mmHg) 0.99 (0.982-1.007) 0.378 1.00 (0.983-1.008) 0.468 1.00 (0.985-1.004) 0.264
DBP (per 1 mmHg) 0.99 (0.970-1.010) 0.333 0.98 (0.955-0.996) 0.021 0.98 (0.967-0.998) 0.026
Native AVF (vs. others) 0.36 (0.166-0.765) 0.008 0.46 (0.207-1.030) 0.059 0.43 (0.230-0.785) 0.006
Medications
Antiplatelet agents 1.86 (0.946-3.658) 0.072 1.14 (0.625-2.065) 0.677 1.47 (0.917-2.363) 0.109
ACEi or ARB 0.62 (0.351-1.104) 0.105 0.80 (0.456-1.417) 0.451 0.69 (0.446-1.051) 0.083
Calcium channel blocker 0.87 (0.486-1.560) 0.643 1.15 (0.636-2.063) 0.652 1.00 (0.646-1.555) 0.991
Beta blocker 1.14 (0.630-2.044) 0.674 0.65 (0.369-1.131) 0.126 0.83 (0.539-1.266) 0.381
Diuretics 0.81(0.453-1.442) 0.472 0.84 (0.477-1.490 0.557 0.84 (0.543-1.290) 0.420
Vitamin D 0.81(0.364-1.817) 0.615 0.78(0.351-1.742) 0.547 0.84 (0.464-1.513) 0.557
Blood laboratory findings
Hemoglobin (per 1 g/dL) 1.11 (0.922-1.330) 0.277 1.09 (0.908-1.298) 0.367 1.12 (0.984-1.286) 0.086
Calcium (per 1 mg/dL) 1.46 (1.063-1.992) 0.019 1.12 (0.809-1.549) 0.496 1.36 (1.076-1.724) 0.010
Phosphorus (per 1 mg/dL) 0.94 (0.779-1.131) 0.508 1.02 (0.856-1.210) 0.843 0.97 (0.848-1.112) 0.671
Ca-P product (per 1 mg?/dL?) 1.00 (0.975-1.024) 0.969 1.01 (0.982-1.029) 0.662 1.00 (0.985-1.021) 0.770
Uric acid (per 1 mg/dL) 0.97 (0.876-1.081) 0.611 1.01 (0.916-1.112) 0.855 1.00 (0.923-1.072) 0.889
BUN (per 1 mg/dL) 0.99 (0.983-1.004) 0.235 1.00 (0.991-1.010) 0.921 1.00 (0.989-1.005) 0.441
Creatinine (per 1 mg/dL) 0.96 (0.872-1.053) 0.374 0.90 (0.800-1.010) 0.072 0.93 (0.859-1.006) 0.069
Cholesterol (per 1 mg/dL) 1.00 (0.989-1.002) 0.208 1.00 (0.922-1.005) 0.704 1.00 (0.990-1.000) 0.072
Albumin (per 1 g/dL) 1.29 (0.811-2.045) 0.284 0.84 (0.533-1.307) 0.430 1.06 (0.752-1.480) 0.755

CV, cardiovascular; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; AVF, arteriovenous fistula; ACEi,
angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; Ca-P, calcium-phosphorus.

Table 5. Multivariate Cox proportional hazard models for cardiovascular and non-cardiovascular events

Cardiovascular event Non-cardiovascular event
Parameters
HR (95% Cl) P HR (95% Cl) P

Echocardiography

E/e’ 1.05 (1.025-1.081) < 0.001 Not included

LVEDV Not included 0.99 (0.974-1.001) 0.080
Baseline

Age 1.02 (0.991-1.041) 0.223 1.04 (1.006-1.069) 0.018

Male 0.80 (0.407-1.574) 0.518 1.20 (0.572-2.532) 0.625

Diabetes mellitus 1.19 (0.637-2.216) 0.587 1.07 (0.564-2.013) 0.844

History of CV events 1.70 (0.836-3.471) 0.142 0.89 (0.446-1.792) 0.751

Diastolic blood pressure 1.00 (0.980-1.028) 0.773 0.99 (0.963-1.012) 0.315

Native AVF 0.57 (0.248-1.309) 0.185 0.57 (0.239-1.375) 0.213

Antiplatelet agents 1.21 (0.564-2.600) 0.624 1.16 (0.575-2.350) 0.675

ACEi or ARB 0.56 (0.306-1.032) 0.063 0.93 (0.486-1.767) 0.817

Hemoglobin 1.08 (0.854-1.361) 0.526 0.95 (0.725-1.242) 0.702

Calcium 1.32 (0.895-1.948) 0.161 0.80 (0.518-1.248) 0.330

Creatinine 1.03 (0.922-1.153) 0.597 0.96 (0.827-1.116) 0.600

Cholesterol 1.00 (0.988-1.003) 0.234 1.00 (0.994-1.010) 0.613

HR, hazard ratio; Cl, confidence interval; E, early diastolic transmitral inflow velocity; €', early diastolic mitral annular velocity; LVEDV, left ventricular end-diastolic volume; GV,
cardiovascular; AVF, arteriovenous fistula; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.

disease. For peripheral artery disease, there was a marginal sig-
nificance with s’ after the adjustment of multiple covariates.
Both high LVEDV and E/e’ were significantly associated with
acute heart failure risk. When considering the outcomes of all-
cause mortality or all combined events, E/e’ had only a signifi-
cant association. However, there was no independent predictor
of cerebrovascular disease or non-cardiovascular events among
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the echocardiographic parameters.

LV diastolic dysfunction has been extensively documented to
be associated with high morbidity and mortality (20). Thus far,
the E/A ratio or deceleration time using the mitral inflow pat-
tern in conventional Doppler echocardiography has been used
to evaluate LV diastolic dysfunction (21). However, these mark-
ers do not accurately reflect LV diastolic function because of the
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Table 6. Significant echocardiographic parameters related to each clinical event

Univariate Backward selection Adjusted for covariates
Significant parameters
HR (95% CI) P HR (95% Cl) P HR (95% Cl) P

Ischemic heart disease

s’ (cm/s) 0.66 (0.508-0.869) 0.003 0.66 (0.508-0.869) 0.003 0.64 (0.461-0.882) 0.007
Cerebrovascular disease

None - - -
Peripheral artery disease

FS (%) 0.90 (0.823-0.992) 0.033

LV gjection fraction (%) 0.93 (0.880-0.972) 0.002

s’ (cm/s) 0.36 (0.177-0.731) 0.005 0.46 (0.217-0.962) 0.039 0.13(0.013-1.181) 0.070

E/e’ 1.17 (1.064-1.275) 0.001

RWMA 19.52 (2.027-188.02) 0.010
Acute heart failure

LVEDV (mL) 1.02 (1.004-1.027) 0.007 1.04 (1.009-1.078) 0.012 1.02 (1.010-1.037) < 0.001

LVESV (mL) 1.02 (1.003-1.035) 0.023

LV ejection fraction (%) 0.97 (0.937-0.994) 0.018

E (cm/s) 1.03 (1.009-1.040) 0.002

E/e’ 1.09 (1.047-1.119) < 0.001 1.10 (1.053-1.141) < 0.001 1.08 (1.044-1.124) < 0.001

RWMA 3.97 (1.560-10.092) 0.004
Fatal infectious disease

None -
All-cause mortality

LVEDV (mL) 0.99 (0.979-0.999) 0.025 0.99 (0.978-0.999) 0.039 1.00 (0.984-1.006) 0.362

IVSd (mm) 0.84 (0.726-0.975) 0.021 0.84 (0.711-0.990) 0.037 0.94 (0.790-1.114) 0.466

E/e’ 1.05 (1.024-1.079) < 0.001 1.06 (1.027-1.086) < 0.001 1.04 (1.012-1.072) 0.005
All combined events

s’ (cm/s) 0.90 (0.810-0.994) 0.037

e’ (cm/s) 0.87 (0.782-0.967) 0.010

E/e’ 1.05 (1.028-1.073) < 0.001 1.05 (1.028-1.073) < 0.001 1.04 (1.020-1.066) < 0.001

RWMA 2.16 (1.295-3.599) 0.003

HR, hazard ratio; CI, confidence interval; s’, mitral annular systolic velocity; FS, fractional shortening; LV, left ventricular; E, early diastolic transmitral inflow velocity; €', early dia-
stolic mitral annular velocity; RWMA, regional wall motion abnormality; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; IVSd, interven-

tricular septal thickness at end-diastole.
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Fig. 2. Fitted curves between the mitral annular systolic velocity (s) and the hazard ratios of ischemic heart disease (A) and peripheral artery disease (B). HR, hazard ratio; s’,

mitral annular systolic velocity.

strong dependency on volume (22) and may exhibit pseudo-
normalization of the LV filling pattern where the mitral flow is
apparently normal despite the presence of chronic diastolic dys-
function (23). This phenomenon is particularly challenging in
patients undergoing hemodialysis, for whom the relatively high
preload before a dialysis session can mask a restrictive pattern
(24). Alternative echocardiographic parameters can be success-
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fully used to overcome these limitations of conventional param-
eters. One alternative is the E/e’ ratio, which is measured using
TDLI. E/¢’ is known to be the most reliable parameter of LV dia-
stolic function in hemodialysis patients (10).

Previous studies have demonstrated that the E/e’ ratio is a
strong predictor of mortality and is superior in this regard to
other clinical or echocardiographic parameters in several clini-
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Fig. 3. Fitted curves of the hazard ratios for acute heart failure with left ventricular end-diastolic volume (A) or E/e’ (B). HR, hazard ratio; LVEDV, left ventricular end-diastolic vol-

ume; E, early diastolic transmitral inflow velocity; €', early diastolic mitral annular velocity.

cal settings, such as hypertension, acute myocardial infarction,
and cardiac arrhythmia. The superiority of E/e’ has also been
documented in previous studies on patients with ESRD, where
the echocardiography was conducted during maintenance he-
modialysis or peritoneal dialysis (10, 14, 25) but not at the time
of starting dialysis. There are no previous studies on the correla-
tion between E/e’ at the start of dialysis and cardiovascular or
other events. The present study primarily confirms that E/e’ as-
sessed at the start of dialysis is most predictive for cardiovascu-
lar risk (especially acute heart failure) as well as other risks, such
as all-cause mortality and all combined events. A high E/e’ ratio
(LV diastolic dysfunction) may be prevalent in patients with
ESRD due to the conditions related to myocardial fibrosis (26).
These conditions include old age, hypertension, uremia, and
bone mineral disorders (27). The present study adjusted multi-
ple clinical and biochemical parameters as representatives of
these conditions in the multivariate analyses, but E/e’ remained
significant as the predictor of cardiovascular events. Therefore,
we suggest that the conditions aggravating E/e’ should be iden-
tified and monitored, although not much is known regarding
when and how to monitor these conditions.

The LV systolic dysfunction is evident in almost half of patients
undergoing hemodialysis and can be induced by hemodialysis
itself (28). Furthermore, this pathological condition has an as-
sociation with cardiovascular morbidity and mortality in pati-
ents with ESRD (29). To assess LV systolic function, ejection frac-
tion or fractional shortening can be measured by conventional
echocardiography. However, these parameters have some limi-
tations, such as high inter- and intra-observer variability or de-
pendency on LV loading. Instead, the mitral annular systolic
velocity (s') is more useful for assessing LV systolic function (7).
The present study also found associations of s’ with ischemic
heart disease, or partially, with peripheral artery disease in pa-
tients undergoing hemodialysis, although there was no previ-
ous knowledge of this association before the present study. The
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result is plausible, because inadequate cardiac output by sys-
tolic dysfunction increases sympathetic neurohormonal path-
ways and eventually changes either the structure or the func-
tioning of heart and peripheral vessels (29, 30).

We could not determine the independent relationship of cere-
brovascular disease with several echocardiographic parameters
including systolic and diastolic dysfunctions. Previous studies
have shown that heart failure increases the risk of cerebrovas-
cular disease (31). However, all previous studies defined heart
failure by using one echocardiographic parameter or by putting
echocardiographic and clinical parameters together. Therefore,
the objectives of these studies were not identical to ours. We aim-
ed to find the most predictive parameter for the outcome, and
thus put them into the competition in the analyses. According-
ly, any echocardiographic parameter could not hold a dominant
position over other parameters. If several parameters were con-
sidered together, the model might successfully predict cerebro-
vascular disease. This issue will be investigated in the future
studies.

All previous echocardiographic studies have reviewed either
cardiovascular events or all-cause mortality but not non-car-
diovascular events. The present study primarily addressed this
issue, and thus, LVEDV was identified as the strongest predictor
of fatal non-cardiovascular events. However, the impact of this
variable was not significant after the adjustment of multiple clin-
ical and biochemical parameters. It is well known that LVEDV
changes with age (32), and elderly ESRD patients have a greater
risk of non-cardiovascular risk (e.g., infection, frailty, and com-
plications of ESRD) than younger patients (33). However, the
independent correlation between echocardiographic parame-
ters and non-cardiovascular risk may appear in a larger popu-
lation.

Although the present results are informative, this study has
certain limitations. First, the observational study design limits
the full applicability of our conclusions to other clinical settings,
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despite the details of the outcome data. Second, we did not mea-
sure echocardiographic parameters repeatedly following he-
modialysis. However, there is no consensus regarding how to
monitor heart function in patients with ESRD. Based on these
limitations, whether reducing the E/e’ ratio or other echocar-
diographic parameters will decrease the risks of morbidity and
mortality cannot be determined by our study alone. Third, we
did not collect some valuable information, such as vascular cal-
cification, parathyroid status, and vitamin D levels. These fac-
tors could participate in the predictive models of outcomes, al-
though we gathered the use of vitamin D.

In summary, the present study has thoroughly evaluated the
prognostic value of echocardiographic parameters for several
cardiovascular and non-cardiovascular events. As a result, the
E/€’ ratio was the strongest predictor of acute heart failure, all
cardiovascular events, all-cause mortality, and all combined
events. Furthermore, s’ had a significant relationship with isch-
emic heart disease, or partially, with peripheral artery disease.
However, no echocardiographic parameter independently pre-
dicted the risk of cerebrovascular disease or non-cardiovascular
events. In conclusion, certain echocardiographic parameters,
such as E/e; s, and LVEDV can be successfully used to predict
several clinical events in patients starting hemodialysis. Accord-
ingly, the present study may be helpful to guide further surveil-
lance in patients with abnormal echocardiographic findings.
Further studies are needed to address the schedule or the im-
plication of further surveillance in those patients.
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