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Abstract

This study was planned to clarify the mechanism(s) by
which hemodialysis increases the OTc dispersion, a
marker of risk of ventricular arrhythmias. To this aim, 10
uremic patients, without any relevant heart diseases,
underwent two different types of hemodialysis sched-
ules. In the first, 1 h of isolated high rate ultrafiltration
preceded the standard diffusive procedure. In the sec-
ond, during the first hour of standard bicarbonate hemo-
dialysis, the decrease of plasma potassium concentra-
tion was prevented by increasing K+concentration in the
dialysate, according to its pre dialysis plasma levels. Dur-
ing the high rate ultrafiltration period, together with ECG
signs of increased sympathetic nervous system activity
and catecholamines secretion, the OTc dispersion did
not change significantly. Instead, an evident increment
was observed 1 h after the start of the diffusive hemodi-

alysis, then slowly progressing until the end of the dialy-
sis and finally returning to the pre dialysis values within
2 h after the end of the session. To the contrary, the
increase ofthe OTc dispersion was totally blunted during
a standard hemodialysis procedure in absence of plasma
K+decrease, but appeared again when the K+dialysate

KARGER @ 1999 S. Karger AG, Basel
0028-2766/99/0822-0122$17.50

Fax+41 61 306 1234
E-Mailkarger@karger.ch
www.karger.com

Accessible online al:

http://BioMedNet.com/karger

fluid concentration was restored to 2 mmol/I. This study
provides evidence that the increase of OTc dispersion
occurring on hemodialysis is mainly related to the diffu-
sive process, more precisely to the K+removal. This is
one more reason to focus attention on K+removal rate

especially when hemodialysis treatment is given in ure-
mics affected by cardiac diseases with high risk of
arrhythmias.

Introduction

The interlead variability ofthe QT interval in the sur-
faeeeleetroeardiogram is ealled QT dispersion, defined as
the differeneebetween maximal and minimal QT interval
duration. It refleets regional differenees in ventrieular
reeovery time [1].

Evidenee exists that hemodialysis treatment eauses an
inereased dispersion of QTe interval in a 12-1eadeleetro-
eardiogram [2-4]. This suggestsan inereased regional het-
erogeneityof repolarization times in adjaeent areas of the
myoeardium [5-7] and it is assoeiated with higher risk of
ventrieular taehyarrhythmias in various eonditions [8-
11].

The ehanges of the intra- and extraeellular eleetrolyte
eoneentrations and of the autonomie nervous system or
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catecholamines secretion have been proposed to explain
the well-known arrhythmogenic effect of the standard
hemodialysisprocedure [12, 13].In particular, the sudden
reduction of plasma potassium concentration as well as
the elevation of ionized calcium plasma levels [14-16]
can increase the susceptibility to ventricular arrhythmias.
In fact, the intra- and extracellular concentrations of
potassium, calcium and magnesium are important factors
for the electrical stability of the myocardium, since they
are involved in creating normal cellular excitability, im-
pulse propagation and regular ventricular recovery. Of
consequence, it is likely that the hemodialysis-induced
electrolyte 'disequilibrium' could be the main cause ofthe
increased QTc dispersion, but it has not been proven.

Moreover, other factors may potentially affectthe QTc
dispersion since the anatomic-functional heterogeneity
among different areas of the ventricular myocardium can
be developed by the several and complex modifications
on the electrolytic status and on the autonomic nervous
systembalance occurring during the hemodialysissession.
The present study was aimed to individually identify the
factors responsible for the increased QTc dispersion fol-
lowingthe hemodialysis procedure.

Patients and Methods

Patients

Ten chronic uremics (5 males and 5 females, aged 50 :t 13years)
on maintenance hemodialysis treatment entered the study.

Patients were maintained on thrice-weekly bicarbonate hemodi-
alysis treatment lasting 4 h. Polysulphone holIowfiber dialyzers (sur-
face 1.8 m2) were used. The standard dialysate composition was the
folIowing: potassium 2 mmol/l, calcium 1.75 mmolll, magnesium
0.37 mmolll, sodium 139 mmol/l, chloride 109 mmolll, acetate 3
mmol/l and bicarbonate 32 mmol/I.

Patients affected by diabetes, heart failure, ischemic heart dis-
ease, atrial fibrillation or conduction disturbances were exc1udedas
welI as those with proven intra dialysis cardiovascular instability.

Two dimensional echocardiography examination was performed
in alI the studied patients: the detection of global or regional defects
of contractility, or of an ejection fraction lower than 60%, were
regarded as exc1usioncriteria.

No patient was on pharmacological treatment known to affect the
QTc intervai. Informed consent from patients was obtained and the
study was conducted in accordance with the principles of the Dec1a-
ration ofHelsinki.

Study Design
To separately evaluate the possible effects of the hemodialysis-

induced changes of extracelluiar volume, of catecholamines, of auto-
nomic nervous system activity and of electrolytes (namely potas-
sium) on the QTc dispersion values, two different dialysis schedules
were planned.

QTc Dispersion and Potassium Removal

Study A. High rate isolated ultrafiltration was performed during
the first hour of the session, then the ultrafiltration rate was reduced
and a standard diffusive hemodialysis was begun and performed for
3 h.

Surface l2-lead ECG recordings were taken before and after
ultrafiltration, 1 h after the beginning of diffusive hemodialysis, at
the end and 2 h after the end of the hemodialysis session. At the same
times, arterial blood pressure was recorded and blood samples were
taken from the afferent line for determinations of electrolytes, urea
and creatinine plasma levels.

Seven days later, the same hemodialysis schedule was planned as
above specified, and a 24-hour dynamic ECG monitoring was per-
formed to assess the incidence of arrhythmias and the heart rate vari-
ability during and out of the hemodialysis session. Epinephrine and
norepinephrine plasma levelswere determined at baseline and at the
end ofthe isolated ultrafiltration periodo

Study B. During the first hour of a standard bicarbonate hemodi-
alysis, the K+ dialysate concentration was increased to obtain the
same value of K+ plasma level at the beginning of the session, then
avoiding any plasma-dialysate K+gradient to prevent plasma K+lev-
els from lowering. Then it was restored to a fixed concentration of
2 mmol/l for the folIowing3 h of hemodialysis.

Samples for plasma K+ determinations and ECG recordings for
evaluation ofQTc dispersion were taken before and at the end ofthe
hemodialysis period with high K+dialysate, then after 1 h and at the
end of the folIowing period of hemodialysis with low K+ dialysate
concentration.

Methods

The 12-lead electrocardiogram recordings were performed by
Cardiovit CS-l 00 ECG Recorder (SchillerAG, Baar, Switzerland), at
50 mm/s paper speed (gain lOmm/mV).

The measurements of QT interval in alI the possible leads were
blindly performed by a single observer. The QT interval was taken
from the onset ofthe QRS complex to the end ofthe T wave. In the
presence of a U wave the nadir between T and U was taken as final
point.

For each ECG recording we took measurements ofthree consecu-
tive QT interval from each lead and calculated the arithmetic means;
these QT values were then corrected (QTc) by the heart rate accord-
ing to the Bazett's formula. The QTc dispersion was determined as
the difference between the maximum and the minimum value of
the QTc interval in different leads (ten at least) ofthe same ECG rec-
ording.

The arithmetic mean of the QTc from the 12 leads of each ECG
recording was assumed as the QTc intervallength.

Heart rate variability provides an index of cardiac sympathetic-
vagaI balance: it was evaluated from 24 h continuous ECG record-
ings (Diagnostic Monitoring System USA), by measuring the stan-
dard deviation of alI normal R-R intervals in the time domain
(SDNN). The SDNN data during 2 h preceding the session and dur-
ing the isolated ultrafiltration period were recorded.

The samples for plasma catecholamine assays were drawn by the
afferent line, maintained on ice until refrigerated centrifugation was
performed, then plasma was stored at -70 o C until assay was per-
formed by the high-performance liquid chromatography method.
The electrolytes and the other studied parameters were determined
using the standard methods of our laboratory.
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Table 1. StudyA:changes ofthe QTc dispersion and ofthe plasma concentrations ofurea, creatinine and electrolytes,
before and at the end of isolated ultrafiltration (UF), I h after, at the end and 2 h after the end of standard hemodialy-
sis (HD)

Table 2. Study A: mean QTc length, arterial blood pressure and heart rate values before and
at the end of the isolated ultrafiltration period, 1h after and at the end of the bicarbonate
hemodia/ysis

QTc length, ms
Systolic BP, mm Hg
Diastolic BP, mm Hg
Heart rate, bpm

416:t13
130:t 24
85:t 9
76:t 8

420:t22
122:t20
8l:t 13
74:t 11

430:t21
118:t26
78:tll
78:t17

418:t17
129:t 33
84:t 16
86:t 15

Statistical Analysis
Ali the results are expressed as mean :t SD. Statistical evaluation

has been performed using the analysis of variance (ANOVA) for
repeated measurements with the Bonferroni's multiple comparison
test, and the Student's t test for paired data.

Differences were considered as statistically significant when p <
0.05.

Results

At the end ofthe hemodialysis sessionthe QTc disper-
sion invariably increased but retumed to the basaI values
within 2 h after the end ofthe hemodialysis (table 1).Dur-
ing the isolated high rate ultrafiltration (1.3 :t 0.6 kg/h)
period the QTc dispersion did not change whereas a sig-
nificant increase occurred already 1h after the beginning
ofthe hemodialysis procedure (table 1)with a lowultrafil-
tration rate (0.4 :t 0.2 kg/h). Then the QTc dispersion
more slowly increased until the end of the session when
the QTc dispersion reached the highest values, that was
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almost two times higher than at baseline. Finally, the QTc
dispersion retumed to the baseline values within 2 h after
the end ofthe hemodialysis session (table 1).

The expected changes ofthe plasma biochemistry dur-
ing the different phases of study A are shown in table 1. It
emerges that the increment of QTc dispersion is associat-
ed with the decrease of potassium and magnesium and
with the increase of ca1cium plasma levels.

Table 2 shows the values of the mean QTc length, ar-
terial blood pressure and heart rate through the study A.

Norepinephrine circulating levels increased at the end
of the high rate ultrafiltration period (fig. 1). Moreover,
the SDNN values decreased during isolated ultrafiltration
(fig. 1), reflecting a relative high sympathetic tone in this
periodo

However, study B c1ear1yshows that the QTc disper-
sion does not change when a standard hemodialysis pro-
cedure is performed, provided that the potassium plasma
concentration remains unchanged (fig. 2). Conversely,
when potassium removal is restored, a rapid increase of
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QTc dispersion, ms 30:t 7 34:t 5 47:t 9b 58:t15a 3H 11
Urea, mgldi 132:t 38 127:t 35 72 :t 20a 47:t 15a 63 :t 21"
Creatinine, mgldl 10.H 1.78 1O.0:t 1.7 6.6:t 2.0a 4.3:t I.oa 5.6:t 1.1"
Sodium, mEq/1 137:t 3 136:t 4 139:t 3 139:t 4 138:t 4
Potassium, mEq/1 5.4:t 0.5 5.6:t 0.9 4.0:t O.4a 3.4:t 0.3a 4.0:t 0.5a
Chloride, mEq/1 100:t 4 99:t 5 102:t 3 102:t 4 97:t 3
Calcium, mgldl 9.8:t0.8 10.5:t 1.1 11.0:t0.7b 11.6:t0.7a 11.2:t 0.5b
Magnesium, mEq/1 2.4:t0.7 2.5:t0.7 1.9:t 0.6 1.7:t 0.5e 2.0:t0.6
Phosphorus, mgldl 4.9:t 1.9 4.22:t 1.5 2.5:t 0.9b 2.2:t O.7a 3.6:t 1.2e

a p < 0.001, bP < 0.01, e p < 0.05 vs. before UFo



Fig. 1. Heart rate variability defined as the SD of aH normal R-R
intervals in the time domain (SDNN) values (dotted bars) and nor-
epinephrine circulating levels (empty bars) before and during the iso-
lated high rate ultrafiltration (UF) period (study A). Mean :t SD.
* p < 0.05 vs. basaI value.

the QTc dispersion invariably occurred (fig.2), similarly
to that observed since the beginning of diffusive hemodi-
alysisprocedure in study A.

No c1inically relevant arrhythmia was recorded by
ECG Holter monitoring, neither during the time of the
hemodialysis, nor during the time preceding or following
it. In the studied patients, the incidence of ventricular or
supra ventricular premature contractions was very low(as
a mean, 1 and lO per hour, respectively), and no signifi-
cant abnormality related to the hemodialysis time period
was observed.

Discussion

This study confirms that the standard bicarbonate
hemodialysis procedure increases the QTc dispersion
which seems to be independent of the technique used,
since this effect was reported also when a soft hemodia-
filtration, as it is the acetate-free biofiltration, was per-
formed [4].

The increase ofthe QTc dispersion seemsto be limited
to the hemodialysis session, because it occurs from the
first hour of dialysis, it is roughly two times greater at the
end of the session,but it returns to basaIvalues within 2 h
after the end of the treatment.

QTc Dispersion and Potassium Removal

Fig. 2. Changes ofthe QTc dispersion values (solid line) and ofthe
K+plasma levels (dotted line) in the patients given hemodialysis ses-
sion with high K+ dialysate concentration during the first hour, and
with fixed low K+ dialysate concentration during the foHowing 3 h
(study B). ***p < 0.001 vs. basaI and l-hour values.

As far as the meehanism by whieh hemodialysis eauses
the inerease of the QTe dispersion is eoneerned, the
present studyhas foeusedthe ehanges indueed by the dial-
ysis treatment on extraeellular volume, autonomie ner-
vous system aetivity, eleetrolytes and partieularly on po-
tassium extraeellulareoneentrations.

Our results demonstrate that potassium removal is the
criticaI faetor indueing the enhaneement of the QTe dis-
persion values during the hemodialysis session. This is in
keeping with the authors c1aimingthe role of potassium,
and of its removal rate, as the main arrhythmias indueing
faetor assoeiated with the hemodialysis treatment. Ae-
tually, Redaelli et al. [16] demonstrated that the arrhyth-
mogenie effeetofhemodialysis isblunted when a eonstant
plasma-dialysate K+ gradient is used instead of a fixed low
K+dialysate eoneentration. In addition, low intraeellular
K+ eoneentrations were found to be associated with an
inereased risk ofventrieular arrhythmias [15].

The present study suggests a minor role of the auto-
nomie nervous system and ofthe fluid volume ehanges in
enhaneing QTe dispersion during hemodialysis, in agree-
ment with previous observations demonstrating no rela-
tion between QT dispersion and autonomie abnormalities
in patients with left-ventrieular hypertrophy and heart
failure[17].Indeed,duringthe isolatedhighrate ultrafil-
tration period, in the presenee of strong sympathetie tone
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activation and increased catecholaminessecretion,wedid
not observea significant increment ofthe QTc dispersion.
Instead, the QTc dispersion invariably increased once
hemodialysis procedure was commenced, and its incre-
ment was maximal during the first hour of treatment
when electrolytic changes, namely potassium decrease,
were more rapido

Ventricular arrhythmias are one of the most severe
complications in hemodialysis patients, although they do
not seem to predict their overall mortality [18]. The dis-
persion of the QT interval reflects regional differences of
the myocardial repolarization [l, 6, 7] which in tUffican
favor arrhythmias due to re-entry mechanisms [5].There-
by, the increased inter-Iead QT dispersion has been pro-
posed as an indicator of arrhythmogenic risk, able to pre-
dict severe ventricular arrhythmias or sudden death in
patients with hypertrophic cardiomyopathy [8, 9], myo-
cardial infarction [lO]or chronic heart failure [Il].

Nevertheless, this study has failed to demonstrate a
direct linkage between increased QTc dispersion and
appearance of ventricular arrhythmias. It must be consid-
ered that this study was carried out in stable chronic ure-
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