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Abstract

Background. Although decreased heart rate variabi-
lity (HRV) is an independent predictor of death in
various populations, its prognostic value in patients
with end-stage renal disease on chronic haemodialysis
is unknown.

Methods. We prospectively studied 120 chronic haemo-
dialysis patients (age 61411 years; males 51%;
diabetics 38%; duration of haemodialysis therapy 50 +
114 months) who underwent 24 h electrocardiography
at baseline for analysis of time- and frequency-domain
HRV.

Results. All HRV measures in the patients were sig-
nificantly reduced compared with those obtained from
62 age-matched healthy subjects. During a follow-up
period of 26 + 10 months, 21 patients died (17.5%); 10
from cardiac causes and 11 from non-cardiac causes
(seven fatal strokes and four other causes). A Cox
proportional hazards model revealed that, of the
HRYV measures, decreases in the triangular index (TI),
very-low-frequency (0.0033-0.04 Hz) power, ultra-low-
frequency (<0.0033 Hz) power (ULF) and the ratio
of low-frequency (0.04-0.15 Hz) power to high-
frequency (0.15-0.4 Hz) power had significant pre-
dictive value for cardiac death. None of the HRV
measures, however, had predictive value for non-
cardiac death, including stroke death. Even after
adjustment for other univariate predictors including
age, diabetes, serum albumin and coronary artery
disease, the predictive value of decreased T1 and ULF
remained significant—adjusted relative risk (95% con-
fidence interval) per 1 SD decrement of TI and ULF,
3.28 (1.08-9.95) and 1.92 (1.01-3.67), respectively.
Conclusions. Decreases in some HRYV measures,
particularly those reflecting long-term variability, are
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independent predictors of cardiac death in chronic
haemodialysis patients.
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Introduction

Despite recent progress in haemodialysis, mortality is
still high in patients with end-stage renal disease on
chronic haemodialysis. Recent studies have reported
that this is due to an increasing prevalence of cardiac
complications in this population [1,2]. Identification of
high-risk individuals, particularly those susceptible to
cardiac death, is of clinical importance.

In various populations, decreased heart rate varia-
bility (HRYV) identifies patients at an increased risk of
death, particularly that of cardiac death [3-8]. HRV
refers to a measure of the beat-to-beat variations of
heartbeat interval. For the purpose of survival/risk
prediction, HRV is analysed using 24 h ambulatory
Holter recordings of electrocardiogram (ECG), and it
is expressed as two different kinds of measures; those
reflecting statistical or geometric range of the varia-
tions within certain periods of time (time-domain
measures) and those reflecting magnitude (power) of
cyclic components of variations within specific ranges
of frequency (frequency-domain measures). Recently,
we reported that decreased HRV predicts an increased
risk of death in a small cohort of chronic haemo-
dialysis patients with angiographically proven coro-
nary artery disease [9]. It is unknown, however, whether
this finding can be extended to general populations of
chronic haemodialysis patients. In this study, we exa-
mined the independent prognostic value of analysing
HRV in patients with end-stage renal disease on
chronic haemodialysis.
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Subjects and methods

Patients

We studied outpatients with end-stage renal disease who
were on regular chronic haemodialysis therapy for at least
>3 months (a 4 h session, three times a week) at the
Hemodialysis Center of Clinic Tsushima between 1997 and
1999. Patients were eligible if they were between 20 and
80 years of age. Patients were excluded from this study if they
had a history of any of the followings at baseline: myocardial
infarction, stroke, a major surgical procedure within the
previous 2 months, haemodynamically significant valvular or
congenital heart disease, atrial fibrillation or flutter, high
grade heart block or a permanent pacemaker, chronic obstruc-
tive lung disease, severe hepatic disease, malignant neoplasms,
or other physical or mental problems that limited their normal
daily activities.

Protocols

No more than 1 month before the index 24 h Holter ECG for
this study, blood chemistry, 12-lead ECG, chest roentgeno-
gram and variables related to haemodialysis were obtained
for assessing baseline clinical features, then each patient
underwent a 24 h Holter ECG with a portable ECG recorder
(RAC-1202, Nihon Koden, Tokyo, Japan) between haemo-
dialysis sessions while following their usual daily activities.
The patients were subsequently followed up as part of their
regular haemodialysis at the Hemodialysis Center of Clinic
Tsushima.

Control subjects

To compare HRV between chronic haemodialysis patients
and healthy individuals, we recruited age-matched healthy
controls. The control subjects were selected after undergoing
a thorough medical evaluation for latent disorders. The
evaluations included medical history, physical examination,
blood cell count, blood biochemistry and 12-lead ECG.
Elderly subjects (65 years or older) were also screened for
occult cardiovascular disease by exercise tolerance testing.
The healthy controls underwent a 24 h Holter ECG while
following their usual daily activities, but they were not
subjected to follow-up studies.

All the patients and healthy subjects gave informed
consents to participate in the study, and the study protocols
were approved by Institutional Review Board of Nagoya
City University Medical School.

Data analysis

Cut-off points for the clinical variables in haemodialysis
patients were determined according to the earlier study [10]
that reported predictors of the risk of death among chronic
haemodialysis patients in Japan. Kt/V (an index of fractional
urea clearance) and protein catabolic rates were determined
by Shinzato’s method [10]. Diabetes was defined as any of
the followings: presence of diabetic nephropathy, use of
insulin or oral hypoglycaemic agents or random plasma
blood glucose >200 mg/dl. Hypertension was defined as
regular use of anti-hypertensive drugs. Abnormal ECG
was defined as one that had at least one of the following:
(1) ST-segment depression or T-wave inversion (>0.1 mV),
(it) high voltage (R in V5 or V¢ plus S in V; >3.5mV)
accompanied by either flat (< 10% of R) or biphasic T-wave,
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(iii) left bundle branch block, (iv) abnormal Q-wave (>0.03 s
in duration) except for that in ,Vg. Coronary artery disease
was defined as angiographically demonstrated coronary
artery disease (major epicardial artery with 75% or more
stenosis on angiogram) or a history of myocardial infarc-
tion that was confirmed by enzymatic and/or electrocardio-
graphic changes. Cerebrovascular disease was defined as
clinical signs of stroke that was confirmed by computed
tomography.

The endpoint of the follow-up study was death, which was
classified into cardiac death (acute myocardial infarction,
progression of cardiac failure and sudden cardiac death) and
non-cardiac death. Sudden cardiac death was defined as
unexpected death within 1 h after the onset of a new
symptom, or unexpected, unobserved death.

Analysis of HRV

In both haemodialysis patients and controls, recorded Holter
ECGs were analysed with a Holter ECG scanner (DSC-3100,
Nihon Koden, Tokyo, Japan), which detected and labeled
QRS complexes automatically. Results of the automatic
analysis were reviewed, and any errors in R-wave detection
and in QRS labelling were edited manually. Only recordings
with a total analysable length for >23.5h were used.
According to the results of QRS labelling, those who had
frequent ectopic beats, which were defined as ventricular and
supra-ventricular ectopic beats >10% of total recorded
beats, were excluded from the study.

Normal-to-normal R-R interval data obtained from the
edited time sequence of R-wave and QRS labelling were trans-
ferred to a computer workstation (S-7/7000U, Fujitsu). For
time-domain HRV measures, the mean normal-to-normal
R-R intervals (NN) and the standard deviation of normal-
to-normal R-R intervals during 24 h (SDNN) were calculated.
Triangular index (TI), a time-domain geometric measure,
was also computed as described in a previous report [3].

For analysing frequency-domain HRV measures, spectral
power was quantified by fast Fourier transformation for the
following frequency bands: 0.15-0.4 Hz (high frequency),
0.04-0.15 Hz (low frequency), 0.0033-0.04 Hz (very-low
frequency) and <0.0033 Hz (ultra-low frequency) [11]. These
values were transformed into natural logarithmic values to
obtain a normal distribution.

Statistical analysis

We used a SAS program package (SAS Institute, Cary, NC)
for all statistical analysis. Differences in quantitative and
categorical data at baseline between the study groups were
compared, respectively, by the Student’s #-test and the Fisher
exact probability test. Relative risks of various HRV mea-
sures for cardiac and non-cardiac death were determined by a
Cox proportional hazards regression model. To assess the
independent predictive value of HRV measures for death,
Cox hazards analysis was performed including the baseline
clinical variables that showed significant univariate predictive
value. To obtain the best predictive model for death,
multivariate Cox hazards analysis with step-wise model
building was performed by including all clinical variables
(listed in Table 1) and HRV measures as candidates.
Survival curves of patient groups stratified by HRV
measures were calculated by the Kaplan—Meier method
with log-rank test. Data is presented as the mean+SD
[median (range)]. Risk of death is presented as relative risk
(RR) with its 95% confidence interval (CI). For all
statistical analysis, P<0.05 was considered significant.
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Results

We evaluated 137 haemodialysis patients, of whom
17 were excluded due to either atrial fibrillation or
frequent ectopic beats. The remaining 120 patients,
aged 61 +11 years [61 (21-79)], were enrolled in our
study. During a follow-up period of 26 + 10 [28 (3-39)]
months, 21 died (17.5%)—10 from cardiac causes (four
acute myocardial infarctions, four progression of
cardiac failure and two sudden cardiac death) and 11
from non-cardiac causes (seven fatal strokes, two
malignant neoplasms and two haemorrhagic shock).
The non-survivors lived 27 +9 [31 (3-36)] months after

Table 1. Clinical features of patients grouped by survival status
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being enrolled in the study. No patient underwent
renal transplantation during the follow-up period.

Baseline characteristics

Baseline characteristics of patients grouped by survi-
val status are shown in Table 1. Compared with the
patients who survived during follow-up, those who
died of cardiac causes were older and had lower levels
of serum albumin. There was no significant difference
between the patients who died of non-cardiac causes
and those who survived during follow-up.

Survivor (n=99)

Cardiac death (n=10) Non-cardiac death (n=11)

Baseline
Age, years 61+11 70+ 8% 61+12
Male, n (%) 51(52) 5 (50) 5 (45)
Duration of haemodialysis, months 524129 50458 31422
Diabetes mellitus, n (%) 36 (36) 5 (50) 4 (36)
Coronary artery disease, n (%) 5(5 2 (20) 0 (0)
Cerebrovascular disease, n (%) 909 2 (20) 3(24)
Current smoking, n (%) 41 (41) 7 (70) 4 (36)
Total cholesterol (mg/dl) 169 £37 163 +43 184 +41
Hypertension, n (%) 54 (55) 4 (40) 6 (55)
Abnormal ECG, n (%) 17 (17) 3 (30) 4 (36)
Ventricular ectopic beats >30/h, n (%) 19 (19) 2 (20) 0 (0)
Haematocrit (%) 30.6+3.7 31.5+£5.5 28.5+2.9
Serum albumin (g/dl) 3.70+0.26 3.4940.30% 3.65+0.24
Cardio-thoracic ratio > 50%, n (%) 32 (32) 5(50) 6 (55)
% Body weight increase across weekend >8%, n (%) 4 (4) 0 (0) 0 (0)
% Body weight increase across weekend < 2%, n (%) 8 (8) 1 (10) 0 (0)
Kt/V 1.37+0.23 1.4240.19 1.44+0.16
Protein catabolic rate <0.9, n (%) 25 (25) 4 (40) 4 (36)

Medication
Calcium channel antagonists, n (%) 54 (55) 4 (40) 6 (55)
Angiotensin-converting enzyme inhibitors, n (%) 10 (10) 0 (0) 19
Beta-blockers, n (%) 2(2) 0 (0) 0 (0)

Data represent mean+ SD or n (%).
4P <0.05 vs survivor.

Table 2. Heart rate variability measures in patients grouped by survival status and in healthy control subjects

Survivor (n=99)

Cardiac death (n=10)

Non-cardiac death (n=11) Healthy control (n=062)

Time-domain measures

Mean NN during 24 h (ms) 748 +98 7184120
Day time (ms) 663499 659+131
Night time (ms) 832+ 115 778 £123
Day-night difference (ms) 169 + 89 119482
SDNN (ms) 96.8+32.3 71.5+35.0
TI 2544389 17.9+£6.2°

Frequency-domain measures
HF power [In(ms>)] 4.39+1.11 4.50+1.23
LF power [ln(msz)l 4.73+1.28 4.04+1.68
VLF power [In(ms”)] 6.22+1.17 5.3441.58*
ULF power [In(ms?)] 8.9940.92 8.23+0.85%
LF/HF 1.82+1.34 0.77 +£0.44*

750+ 57 839+101°
654+ 82 708 +95°
846 +98 970+132°
192+ 141 263+110°
104.7+48.1 144.4+40.3°
30.2+13.8 38.249.4°
4.57+1.06 5.07+0.88°
4.67+1.39 5.90+0.84°
6.15+1.02 7.30+0.64°
9.15+1.07 9.70 +0.74°
1.60+1.81 2.85+221°

Data represent mean +SD. In, logarithmic transformation of power spectral measures.

4P <0.05 vs survivor.
®P <0.05 vs all three patient groups by survival status.

220z ¥snbny 91 uojsanb Aq 1.6z 181/81.€/2/8L/2101E/APU/WOoD dno dlWepede//:sdiy Woly papeojumoq



Heart rate variability in dialysis patients
HRYV measures

Time- and frequency-domain HRV measures in haemo-
dialysis patients grouped by survival status and in
healthy control subjects are shown in Table 2. Data on
the healthy controls were obtained from 62 subjects
aged 60+ 13 [61 (21-80)] years. In all three groups
of patients, all time- and frequency-domain HRV
measures, including low-frequency power and ratio of
low-frequency power to high-frequency power (LF/HF),
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were reduced compared with those in healthy controls.
Within patient groups, compared with the patients
who survived during the follow-up, those who died of
cardiac causes had lower TI, very-low-frequency power
(VLF), ultra-low-frequency power (ULF) and LF/HF.
There was no significant difference between the
patients who died of non-cardiac causes and those
who survived during the follow-up. Trendgrams,
histograms and power spectra of NN during 24 h
are shown for representative patients in Figure 1.
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Fig. 1. Trendgrams, histograms and power spectra of 24 h normal-to-normal R-R intervals for a male patient who survived during a
follow-up of 34 months (left) and a male patient who died from progression of cardiac failure 23 months after this measurement (right).
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Table 3. Univariate and adjusted relative risk (RR) of heart rate variability measures by Cox proportional hazards regression analysis

Cardiac death

Univariate

Adjusted®

Non-cardiac death

Univariate

Adjusted®

Mean NN during 24 h

During day
During night

Day-night difference

1.41 (0.71-2.80)
1.04 (0.56-1.92)
1.77 (0.86-3.64)
2.03 (0.92-4.48)

SDNN 2.11 (0.96-4.66)
TI 4.32 (1.36-13.7
In HF 0.93 (0.51-1.70)
In LF 1.65 (0.89-3.05)
In VLF 1.87 (1.09-3.20)°
In ULF 2.21 (1.20-4.07)°
LF/HF 6.47 (1.29-32.4)°

1.13 (0.52-2.44)
0.90 (0.43-1.89)
1.36 (0.62-3.00)
1.69 (0.72-3.97)
1.68 (0.69-4.08)
3.28 (1.08-9.95)°
0.91 (0.48-1.72)
1.32 (0.68-2.55)
1.54 (0.80-2.96)
1.92 (1.01-3.67)°
3.68 (0.73-18.5)

1.05 (0.57-1.96)
1.04 (0.56-1.94)
1.05 (0.57-1.93)
1.02 (0.56-1.83)
0.98 (0.55-1.75)
0.72 (0.41-1.29)
0.87 (0.45-1.51)
1.06 (0.58-1.96)
1.09 (0.59-2.02)
1.04 (0.56-1.90)
1.22 (0.61-2.44)

1.07 (0.54-2.13)
0.95 (0.50-1.80)
1.14 (0.62-2.12)
1.14 (0.70-1.87)
1.18 (0.67-2.06)
1.06 (0.80-2.26)
1.06 (0.58-1.94)
1.20 (0.62-2.33)
1.13 (0.57-2.24)
1.06 (0.60-1.88)
1.08 (0.57-2.01)

Data represent RR (95% CI) corresponding to 1 SD decrement in each HRV measure. In, logarithmic transformation of power spectral

measures.
?Adjusted for age, serum albumin and coronary artery disease.
®Adjusted for haematocrit and cerebrovascular disease.
°P<0.05.

Survival analysis

Cox proportional hazards regression analysis showed
that among time- and frequency-domain HRV
measures, decreased TI, VLF, ULF and LF/HF were
significant predictors of cardiac death. None of these
HRYV measures, however, predicted non-cardiac death
(Table 3).

Cox proportional hazards regression analysis showed
that, among clinical variables age [RR (95% CI),
1.11 (1.03-1.21)], serum albumin [2.40 (1.25-4.61)
per 1 SD decrement] and coronary artery disease [5.95
(1.26-28.1)] were significant predictors of cardiac
death and haematocrit [1.19 (1.01-1.39) per 1% decre-
ment] and cerebrovascular disease [4.73 (1.22-18.3)]
were significant predictors of non-cardiac death. Even
after adjustment for these clinical variables with sig-
nificant univariate predictive value, the predictive
value of decreased TI and ULF for cardiac death
remained significant [adjusted RR (95% CI) of 1 SD
decrement of TI and ULF for cardiac death, 3.28
(1.08-9.95) and 1.92 (1.01-3.67), respectively; Table 3].
Multivariate Cox regression analysis with step-wise
model building including as candidates all clinical
variables listed in Table 1 and HRV measures revealed
that the risk of cardiac death was best predicted by
serum albumin [2.38 (1.23-5.49) per 1 SD decrement]
and TI [4.29 (1.41-13.0) per 1 SD decrement] and that
of non-cardiac death was best predicted by cerebro-
vascular disease [4.73 (1.22-18.3)]. Additionally, con-
sidering the reported adverse prognostic influence of
diabetes, we added the presence of diabetes into the
Cox regression model. The predictive value of decreased
TI for cardiac death remained significant [4.24
(1.37-13.1)] even after adjustment for diabetes.

When the patients were dichotomized by the median
values of TI and ULF, cardiac mortality rates during
the follow-up in the high TI and ULF groups were 3.3
and 3.3%, respectively, and those for low TI and ULF

groups were 13.3 and 13.3%, respectively. Survival
curves of those two patient groups are shown in
Figure 2.
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Fig. 2. Kaplan—Meier survival curves for cardiac death in patients

dichotomized by the median values of triangular index (TI) and
ultra-low-frequency power (ULF).
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Discussion

Major findings

In this study, we examined the prognostic value of time-
and frequency-domain HRV measures in 120 patients
with end-stage renal disease on chronic haemo-
dialysis, who were followed for 26+ 10 months. We
observed that decreases in TI (a time-domain geome-
tric measure) and ULF (a frequency-domain measure)
are significant predictors of cardiac death and that
their predictive value is independent of both estab-
lished cardiovascular risks and other known risks for
death among chronic haemodialysis patients. We also
observed that none of the HRV measures has predic-
tive value for non-cardiac death, including stroke.
These results indicate that decreased HRV assessed as
TI and ULF poses an increased risk for cardiac death
during long-term follow-up in chronic haemodialysis
patients.

HRYV of haemodialysis patients

HRYV is reduced substantially in chronic haemodialysis
patients compared with healthy individuals. Recent
studies have reported that SDNN [12] and TI [13],
analysed from 24 h ECG recordings, are reduced
significantly in chronic haemodialysis patients com-
pared with age-matched healthy subjects. Our study
confirms and extends those findings, demonstrating
that both time-domain and frequency-domain HRV
measures are decreased substantially in haemo-
dialysis patients compared with age-matched healthy
individuals.

Although decreased HRV has prognostic value in
various populations [3-8], to our knowledge this is the
first study to show its value in a general population of
chronic haemodialysis patients. In our previous study
[9], we showed that decreased TI is a significant pre-
dictor of death in chronic haemodialysis patients with
angiographically proven coronary artery disease, and
that the predictive value is independent of established
cardiovascular risks, including angiographic findings
and other known risks for death in chronic haemo-
dialysis patients. The present study is significant in
demonstrating the prognostic value of decreased TI in
general populations of chronic haemodialysis patients.

Our observations indicate that the predictive value
of decreased HRYV is independent of diabetes in chro-
nic haemodialysis patients. Diabetes is a possible cause
of decreased HRV in chronic haemodialysis patients [12].
Diabetes also is an established risk factor for death in
chronic haemodialysis patients [10]. In this study,
however, we observed that the predictive value of
decreased TI for cardiac death remained substantially
unchanged even after adjustment for diabetes. This
suggests that, in this population, a substantial part of
the prognostic association of decreased HRV may not
be mediated by diabetes, and that each may adversely
affect prognosis in additional ways.

323
Possible mechanisms

The prognostic information in decreased HRV seems
to reside in reductions of long-term fluctuations caused
by many factors. Consistent with earlier studies on
the prognostic value of HRV in other populations
[4,5], we observed larger predictive values in HRV
measures reflecting long-term or global fluctuations
(TI and ULF). The frequency range covered by these
measures is wide—specifically, ULF ranges from
0.00001 to 0.003 Hz (period from 5 min to 24 h).
Circadian variation of heart rate could be a major
factor and, in fact, ULF power generally correlates
with day-night difference in NN (for our data,
correlation coefficient between square root of ULF
and day-night difference in NN, 0.80, P=0.0001). We
observed, however, that the day-night difference in
NN itself has no significant predictive value. The
foregoing suggest that many sources of fluctuation
may be involved in determining the prognostic value of
HRYV; they may include: circadian and ultradian
rhythms, neurohumoral and temperature regulatory
activities, physical and mental activities—including
postural changes, food intake, exercise, social stimuli
and wake-sleep cycles.

Although autonomic dysfunction has been reported
to be a potential mechanism underling the relationship
between decreased HRV and adverse prognosis, the
results of our study are unlikely to provide evidence for
this hypothesis. Experimental studies have indicated
the importance of vagal functions in protecting the
heart from serious ventricular arrhythmias, particu-
larly in the presence of exaggerated sympathetic activity
[14]. In this study, however, neither the HF compo-
nent of HRV, an index of cardiac vagal function, nor
LF/HF, a putative marker of sympathetic predomi-
nance [11], had significant predictive value. The latter
was particularly reduced in the cardiac death patients
compared with the survivors and, even, the healthy
controls. The foregoing may be attributable to the
fact that in contrast to its measurements under labo-
ratory conditions, HRV obtained by ambulatory
ECG is not an appropriate measure of autonomic
function because of many confounding variables, such
as daily activities, environment, circadian changes and
medications used [11].

Clinical implications

This study shows the potential value of decreased
HRV in predicting death in patients on chronic
haemodialysis. Despite progress in haemodialysis, the
mortality rate of patients on chronic haemodialysis has
not changed substantially during the last decade
because of an increasing prevalence of cardiac com-
plications [1,2]. Establishing new clinical tools for
identifying high-risk patients, particularly those with
an increased risk for cardiac death, is important.
Decreased HRV may provide unique and clinically
useful information for identifying in this population
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high-risk patients with an adverse prognosis, particu-
larly those with an increased risk of cardiac death.
Additionally, its prognostic value may be independent
of the presence of diabetes.

Analysis of HRV may identify the patients who
require further and more precise evaluations of cardiac
status and careful haemodialysis treatment. Decreased
HRYV has been recognized to precipitate serious ventri-
cular arrhythmias by modulating arrhythmogenic
substrates such as myocardial infarction and cardio-
myopathy, particularly under ischaemia [14]. Patients
with decreased HRV should be examined for the
presence of these cardiac problems and patients with
such conditions should be treated to prevent myocar-
dial ischaemia. It is important to note that haemo-
dialysis sessions themselves aggravate myocardial
ischaemia—hypotension induced by haemodialysis
decreases myocardial perfusion pressure and alterations
in haemoglobin—oxygen affinity reduce myocardial
oxygen supply [15]. To prevent haemodialysis-related
myocardial ischaemia, prolonged dialysis sessions with
low ultrafiltration rates, careful titration of target weight
and administration of oxygen during dialysis are recom-
mended. A recent study reported that isolated high-
rate ultrafiltration decreases HRV, whereas diffusive
haemodialysis with a low ultrafiltration rate increases
HRV during haemodialysis session [16]. The study
suggested that low interdialytic weight gain and a low
ultrafiltration rate together with adequate haemo-
dialysis should be the preferred strategy in patients
with reduced HRV. Additionally, beta-blockers tend
to be seldom prescribed to haemodialysis patients in
Japan. In fact, only two patients among the survivors
and none of cardiac death patients were on beta-
blockers at baseline in our study. Increased use of
beta-blockers seems an important therapeutic option
in high-risk patients.

It is plausible, also, that therapeutic interven-
tions that normalize HRV could improve the prog-
nosis of chronic haemodialysis patients. Recent studies
report that HRV can be improved in chronic haemo-
dialysis patients by some interventions, such as
exercise training [13] and renal transplantation [17,
18]. Further studies are necessary, however, not only
to establish effective therapeutic interventions for
modulating HRV, but also to determine whether the
improvement of HRV by such interventions improves
the prognosis in this population.

Limitations

We have to point out several limitations in this study.
First, this is an observational study performed in the
setting of general outpatient chronic haemodialysis
therapy for end-stage renal disease. Only a part of our
subjects underwent precise evaluations of their cardiac
status by coronary and left ventricular angiography.
Thus, in the present study, we were unable to examine
the prognostic value of decreased HRV in relation to
specific cardiac conditions in the patients. However, we
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have reported previously that the predictive value of
decreased HRYV in chronic haemodialysis patients with
coronary artery disease is independent of angiographic
findings such as left ventricular ejection fraction and
the number of diseased coronary arteries [9]. Secondly,
although this study was performed on a relatively large
number of patients, the occurrence of cardiac death
was low (8.3%). Thus, the predictive value of decreased
HRYV (13.3%) was not high enough to predict cardiac
outcome. Also, the low event rate did not allow us to
evaluate the association of decreased HRV with speci-
fic causes of cardiac death. Thirdly, it is unclear whether
HRYV is a stable measure in haemodialysis patients,
because HRV may be affected by the haemodialysis
session itself. Earlier studies have reported that HRV
analysed from short-term ECG recordings improves
immediately after a single haemodialysis session, due
to an improvement of hypervolaemia [19] and a remo-
val of uraemic toxins [20]. However, in this study, we
measured HRV from 24 h Holter ECGs performed
between haemodialysis sessions. Finally, we cannot
exclude the possibility that abnormal electrolytes
triggered fatal arrhythmia and caused sudden cardiac
death. However, routine laboratory data obtained
from the patients who died of sudden cardiac death
showed no evidence of abnormal electrolytes.

Conclusion

We conclude that decreases in some HRV measures,
particularly those reflecting long-term variability, are
independent predictors of cardiac death during long-
term follow-up in patients with end-stage renal disease
on chronic haemodialysis.
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