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Abstract

Background Patients on haemodialysis are predisposed to heart rhythm disorders, including bradyarrhythmia, atrial
fibrillation (AF)/atrial flutter, supraventricular/ventricular arrhythmias and sudden cardiac death (SCD) (Turakhia et al.
in Eur Heart J 39:2314-2325, 2018). In addition to the fact that patients on haemodialysis have a high prevalence of
underlying cardiac disease, the stress of haemodialysis itself might also contribute to increased rates of arrhythmias
and SCD (Samanta et al. in Can J Cardiol 35:1228-1240, 2019).

Methods A Holter 24-h electrocardiogram was set up immediately before the start of haemodialysis for 72 hae-
modialysis patients (dialysis vintage: 6-8734 days) to record premature ventricular contractions (PVCs) as a marker
of arrhythmogenesis for 24 h. Blood samples were also collected every hour during haemodialysis treatment. Each
patient was dialyzed against a dialysate consisting of Na*140 mEq/L, K™ 2.0 mEg/L, Ca™ 3.0 mEq/L, Mg*™ 1.0 mEq/L,
CI7 110 mEg/L, CH;COO™ 8 mmol/L and HCO;™ 30 mEg/L.

Results The frequency of PVCs significantly increased in the 4th (80 & 34 beats/hour, mean £ S.E), 5th (79431 beats/
hour) and 6th (105 4 36 beats/hour) hours (F=5.24, p<0.00001, n=72). The lowest left ventricular ejection fraction
(LVEF, p=0.001) and the highest b-type natriuretic peptide (BNP) levels (o =0.049) were found in patients with the
highest PVC counts. There was an association of positive changes in both serum K™ (34 S.E, 9.7 £ 2.4, p=0.0002),
Mg?* (43.2410.3, p=0.0001) and HCO;™ (5.3+ 1.8, p=0.005) with the frequency of PVCs for 4 h immediately after
dialysis. During the same period, there was an association of lower serum K (—8.3742.16, p=0.0003) and higher
Ca’* (7344180, p=0.0002) with the frequency of PVCs.

Conclusions Haemodialysis stimulated PVC generation, and this effect was especially prominent during the period
immediately after haemodialysis. Some serum electrolyte changes affected this PVC stimulation. A positive change in
serum K or Mg?* and a negative change in serum Ca?* during dialysis are risk factors for stimulating PVCs, particu-
larly in patients with lower serum KT or higher serum Ca”* levels at the start of dialysis.
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the fact that patients on haemodialysis have a high preva-
lence of underlying cardiac disease, the stress of haemo-
dialysis itself might also contribute to increased rates of
arrhythmias and SCD [2].

In fact, haemodialysis is associated with rapid fluid and
electrolyte shifts. A number of cohort studies suggested
that arrhythmias are dependent not only on low dialysate
K" concentrations but also on the slope of K™ changes
during haemodialysis sessions, although this slope was
not directly observed in any of the studies [3—6]. K™ may
not be the only electrolyte with concentration changes
during haemodialysis that would cause arrhythmias and
SCD, either [7].

Among arrhythmias, our preliminary observation as
well as the previous report showed that haemodialysis
directly triggered or increased number of PVCs as com-
pared to the interdialysis period [6, 8]. VPCs may trigger
fatal cardiac arrhythmias in patients with underlining
heart disease [9, 10]. Both supraventricular premature
contractions (SVPCs) or bradyarrhythmia increased dur-
ing interdialysis period before next haemodialysis session
[6]. Thus, we hypothesized that haemodialysis directly
stimulates generation of PVCs in certain condition of
patients and/or dialysis prescription. In order to answer
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this hypothesis, we investigated an association of intra-
dialytic changes in serum electrolytes (slope) as well as
haemodynamic parameters during haemodialysis with
the increment of PVCs by using 24-h electrocardiogram
monitoring.

Methods

Study population

Five hundred and sixty-seven patients underwent main-
tenance haemodialysis between April 2017 and Decem-
ber 2018 in our hospital. Four hundred and fifty patients
were eligible for the study after the exclusion of patients
with continuous atrial fibrillation, those equipped with
a permanent pacemaker, those taking any medication
with the risk of prolonging the QT interval and those
taking antiarrhythmic drugs other than beta block-
ers (Fig. 1). Among the eligible patients, seventy-two
patients agreed to participate in this study and under-
went Holter electrocardiography. Finally, a complete set
of data was obtained for 52 patients for analysis. The
duration of haemodialysis therapy ranged from 6 to
8734 days, and the age of the patients ranged from 46 to
87 (69.7£9.4) years. The aetiologies of chronic kidney
disease (CKD) were diabetic kidney disease (N=32),
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Fig. 1 Change in PVC frequency after the beginning of dialysis. Each column represents mean value of PVC counts in an hour, and each bar

represents a standard error of mean. PVC premature ventricular contraction
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hypertensive nephrosclerosis (N=14), glomerulonephri-
tis (N=4) and unknown (N=2). The type of vascular
access was arteriovenous (AV) fistula (N=36), AV graft
(N=6), catheter (N=5) and subcutaneously fixed super-
ficial artery (N=5). Fourteen patients had a previous
history of ischaemic heart disease. Two patients showed
an apparent valvular heart disease. Ten patients were
prescribed B-blockers. The antihypertensive drugs used
were calcium antagonists (N'=26), angiotensin receptor
antagonists (N=23) and a-blockers (N=6). Thirty-nine
patients were given erythropoiesis-stimulating agents.

Informed consent was obtained from all individual par-
ticipants included in the study. This study was approved
by the ethics committee of Itabashi Chuo Medical Hos-
pital and conformed to the Declaration of Helsinki, as
revised in 2013 (Approval number: #20161227).

Haemodialysis prescription

Haemodialysis was performed three times a week for
3h (N=2),3.5h (N=1), or 4 h (N=49) per session. The
blood flow rate was 150-250 ml/min, and the dialysate
flow rate was maintained at 500 ml/min. The mean ultra-
filtration rate (UFR) was 2.48 L/session. The dialysate
consisted of Nat140 mEq/L, K 2.0 mEq/L, Ca*"
3.0 mEq/L, Mg** 1.0 mEq/L, CI” 110 mEq/L, CH;COO~
8 mmol/L and HCO;~ 30 mEq/L.

Protocol

Holter 24-h ECG (RAC-3103, Nihon Kohden Co., Tokyo)
was set up by an electrocardiogram (ECG) laboratory
technician before the start of haemodialysis (first ses-
sion of the week), and the frequencies of arrhythmia and
the QT interval were continuously recorded for 24 h.
Measurements were obtained from three consecutive
complexes in each lead, and the mean value was used,
according to the literature [11]. PVCs were automatically
counted, and cardiologists reviewed the precision of the
mechanical counts.

Blood samples were withdrawn from the arterial side
of the vascular access every hour of haemodialysis treat-
ment, and Na*, K, CI7, Ca®" and HCO,~ were meas-
ured immediately using a blood gas analyser (RAPID Lab
348EX, Siemens Healthcare Diagnostics Manufacturing
Ltd, Tokyo). The Mg®" concentration and other blood
biochemical parameters were analysed by an automatic
analyser (DxC 700 AU, BECKMAN COULTER, Tokyo).

Statistical analyses

Baseline demographics, dialysis parameters and labora-
tory characteristics are presented as the mean +stand-
ard deviation (SD) or standard error (SE) or the median
and interquartile range (IQR) for continuous variables;
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per cent (n/N) is used for categorical variables. Time-
averaged laboratory or prescription values were ana-
lysed using the mean or median value of all sessions. The
Friedman test for nonparametric data was employed to
examine the significance of the time-dependent change
in PVC frequency. ANOVA and the Kruskal-Wallis test
were used to analyse baseline characteristics and pre-
dialysis laboratory data according to quantiles of the
observed number of PVC counts during haemodialysis
for continuous variables, and the chi-squared test was
used for categorical variables. Multiple regression analy-
sis was used to analyse associations of electrolytes and
intradialytic changes in fluid or electrolytes with hae-
modialysis-related PVC. The number of dependent vari-
ables in a single model was limited to four or five, and
automatic weighted regression was applied to correct
for heteroscedasticity. Combinations of the independent
variables with a high variance inflation factor (VIF>10)
were excluded from the model to avoid multicollinear-
ity among the independent variables. All analyses were
computed using MedCalc® ver. 19.5.1 (MedCalc Soft-
ware Ltd, Belgium) with p<0.05 considered indicative of
significance.

Results

Frequency of PVCs during and after haemodialysis sessions
The frequency of PVCs significantly increased in the
4th (mean=+S.E., 80434 beats/hour), 5th (79+31
beats/hour) and 6th (105=+36 beats/hour) hours after
starting dialysis compared with the starting base-
line (22 £9 beats/hour) and then stayed continuously
low until the 24th hour (F=5.24, p<0.00001, n=72,
Fig. 1). Fifteen patients (20.8%) showed PVCs below 10
count/24 h.

Patient characteristics among tertiles of total 24-h PVC
counts

Multiple parameters were compared among the ter-
tiles of total 24-h PVC counts (Table 1). As a result, the
youngest age (p=0.016), lowest LVEF (p=0.001) and
highest BNP levels (p=0.049) were found in the highest
PVC count tertiles.

Effect of serum electrolyte changes and PVC frequency
during (period I) or immediately after (period II)
haemodialysis

To examine which serum electrolyte change during
dialysis stimulates PVCs, multiple regression analysis
was used to assess the association between intradia-
lytic changes in serum KT, Ca?*, Mg*™ and HCO,™ as
independent variables and the percent increase in PVC
frequency every 4 h as a dependent variable (Table 2).
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Table 1 Comparisons of patient characteristics among tertiles of total 24-h PVC count

Low PVC (0.18 < counts/

Middle PVC (0.18-4.8 High PVC (> 4.8 counts/min), P

min),n=17 counts/min),n=18 n=17
Age (years) 68.24+10.54 7461741 65.94 £859*% 0.016
Sex (F:M) (%) 47.1 278 11.8 0.08
Dialysis vintage (days) 1800 (310, 2947) 811 (63, 2286) 2509 (731,3124) 0.09
Diabetes (%) 706 61.1 58.8 0.75
BMI 215435 208+3.1 228442 0.29
ACS history (%) 235 222 412 0.39
LAD (mm) 42.1+65 435+£5.10 458+7.1 0.27
LVEF (%) 660+73 67.6+10.1 53.0+ 14.8% 0.001
VST 11.0+14 10.54+09 106+1.8 0.27
LvDd 459442 495+£6.0 51177 0.07
Basal QTc (msec) 413 (402, 437) 429 (381, 450) 411 (397,423) 0.36
BUN (mg/dL) 5004180 5094172 499+158 0.98
Predialysis sHCO;™ (mEa/L) 21427 214432 221£24 0.70
Dialysis change in sHCO;™ (mEg/L) 42425 40+19 34419 0.64
Predialysis sNa™ (mEq/L) 1342+39 1329444 133.1£50 0.64
Dialysis change in sNa™ (mEg/L) 03+22 —0.02£26 2.14£35% 0.045
Predialysis sk* (mEg/L) 4434092 412+£074 4244076 0.51
Dialysis change in sK* (mEq/L) —1.14£0.69 —0.96£0.54 —1.05£053 0.65
Predialysis sCa?t (mmol/L) 1.16+0.10 1.134+0.09 1.194+0.09 0.19
Dialysis change in sCa”* (mmol/L) 0.074+0.07 0.084+0.07 0.08+0.04 0.19
Predialysis sMg?* (mg/dL) 240 (2.30, 2.60) 2.50(2.25, 2.60) 2.50(2.40,2.73) 0.65
Dialysis change in Sl\/lg2+ (mg/dL) —0.30(—0.53,—0.20) —0.30(—0.50,—0.15) —0.35(—040,—0.25) 0.68
Haemoglobin (g/dL) 103£13 10.1£1.6 11.0+£22 032
MAP (mmHg) 130(122,133) 125(114,131) 117 (103, 123) 0.08
UFR (mL/kg/hour) 114+£54 126+£4.6 98+36 0.18
BNP (pg/mL) 1915 (70.5,377.5) 191.0 (98.8,390.3) 411.0% (262.5, 1099.8) 0.049
Mean dialysate temperature (°C) 36.2 (36.1,36.3) 36.2 (36.1,36.4) 36.2 (36.1, 36.5) 0.71

Each value is presented as the mean = standard deviation (SD) for parametric data or median with interquartile range for nonparametric continuous variables.

Categorical variables are presented as per cent (n/N)
*p<0.05.

This analysis was performed for two separate periods,
during the 4 h of dialysis (period I) and the 4 h right
after dialysis (period II), because the slope of serum
electrolytes changes reciprocally before and after the
end of the dialysis session. During period I, none of the
independent variables showed a significant associa-
tion with the per cent increase in the number of PVCs.
Then, the correlation became significant during period
II (multiple correlation coefficient=0.914). During
period I, the more positive changes there were in both
serum K* (9.74+2.4, p=0.0002), Mg>" (43.24+10.3,
p=0.0001) and HCO;~ (5.3+£1.8, p=0.005) from
the start to the end of dialysis, the higher the num-
ber of resulting PVCs. There was also a weak cor-
relation between a negative Ca’>" change in model 1
(—60.3+28.6, p=0.04) or in model 3 (—83.9+32.5,
p=0.013) and an increase in the number of PVCs.

Effect of predialysis serum electrolyte levels and PVC
frequency during (period 1) orimmediately after (period Il)
haemodialysis

To examine how serum electrolyte levels at the start of
dialysis affect the generation of PVCs, multiple regres-
sion analysis was performed to analyse the association
between predialysis serum K, Ca®*, Mg*" and HCO;~
levels as independent variables and the per cent increase
in PVC frequency as a dependent variable (Table 3).
This analysis was also conducted for two separate peri-
ods, during the 4 h of dialysis (period I) and the 4 h right
after dialysis (period II). During period I, none of the
independent variables showed a significant correlation
with per cent increase in the number of PVCs. Then, the
correlation became significant during period II (mul-
tiple coefficient=0.911). During period II, the lower
the serum K (—8.37+2.16, p=0.0003) and higher the
Ca* (73.4+18.0, p=0.0002) levels were, the higher the
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Table 2 Associations of serum electrolyte change with % increase in PVCs during (period 1) and immediately after haemodialysis

(period Il)

Correlation coefficient (period I: during the first

4 h of dialysis)

Correlation coefficient (period II: during the 4 h right
after dialysis)

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
(mean=£SD or median value of (3=£SE. (P) BESE. (P) B£SE (P B£SE (P B£SE (P BESE (P
change)
Dialysis change in sK+ -34+58(ns) 4846.3(ns) —314+49(ns) 9.7£24(0.0002) 10.943.5(0.034) 18.7455(0.0013)
(—1.054+0.58 mEg/L)
Dialysis change in sCa’t 15.6+60.1 (ns) —421£709 (ns) 238+592(ns) —603+286(0.04) —178+351(ns) —83.94325(0.013)

(0.0840.06 mmol/L)

Dialysis change in S.l\/lg2+ —155416.1 (ns) 1.09+16.4 (ns) —9.2416.6(ns) 43.24103(0.0001) 268+11.5(0.02) 289411.5(0.016)
(—0.30 mg/dL (95%Cl: 0.40 to

—0.20))

Dialysis change in sSHCO;~ NA NA —24£13(s) NA NA 53£1.8(0.005)
(3.94+2.10 mEg/L)

Postdialysis BNP NA 0.007 £0.005 (ns) NA NA 0.004+0.003 (ns) NA

A per cent increase in the number of PVCs was defined as the sum of PVCs every 4 h from the start of dialysis divided by the 24— h total. The “dialysis change in
electrolyte”is the value at 240 min minus the predialysis value. Model 2 was adjusted by serum BNP level to avoid confounding by volume overload (n=52). Model
1 =dialysis change in serum K*, Ca** and Mg?*; Model 2 =Model 1+ postdialysis BNP level; Model 3 =Model 1+ dialysis change in serum HCO; ™. B, correlation
coefficient; S.E., standard error, P, p value; ns, not significant; NA, not available; and Cl, confidence interval

Table 3 Associations of basal serum electrolyte levels with per cent increase in the number of PVCs during (period I) and immediately

after (period Il) haemodialysis

Correlation coefficient (period I: during the first 4 h of

Correlation coefficient (period Il: during the 4 h right after

dialysis) dialysis)

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

B+LS.E(P) B+LS.E(P) BLS.E(P) BLS.E(P) B+LS.E(P) B+LS.E(P)
Predialysis KT —50442(ns) — 574365 (ns) —254+48(ns) —8374£2.16(00003) 6.224281(0.033) —7.854+2.79(0.0072)
Predialysis Ca’t —870+£344(ns) —0.15£368(ns) —109+£342(ns) 7344180 (0.0002) 56.44205 (0.009) 86.3417.4(<0.0001)
Predialysis !\/\g2+ 11.7+£115 (ns) —036£894 (ns) —9544+109(ns) —164=£9.1(ns) —16.1£94 (ns) —15.8£9.30 (ns)
Predialysis HCO;~  NA NA —141£133(ns)  NA NA 0.16+1.36 (ns)
Post dialysis BNP NA 0.00540.005(ns)  NA NA 0.003+0.004 (ns)  NA

A percent increase in the number of PVCs was defined as the sum of PVCs every 4 h from the start of dialysis divided by the 24-h total. Model 2 was adjusted by serum
BNP level to avoid confounding by volume overload (n = 52). Model 1 = dialysis change in serum K*, Ca?* and Mg?*; Model 2 =Model 1 + postdialysis BNP level;

Model 3=Model 1 +dialysis change in serum HCO;~

B, correlation coefficient; S.E., standard error; P, p value; and ns, not significant

frequency of PVCs. These associations remained after
adjustment for postdialysis BNP levels.

Risk factors for/predictors of PVCs during or directly

after haemodialysis

Since the highest PVC tertiles group showed the low-
est ejection fraction measured by UCG (Table 1), mul-
tiple regression analysis was performed to examine
the correlation between cardiac parameters and per-
cent increase in PVC frequency (Table 4). As a result,
a larger LAD (1.19+£0.34, p=0.001) caused more
PVCs during period I (multiple coefficient=0.523),

and a lower IVST (—1.694+0.78, p=0.037) or LVEF
(—0.61+0.26, p=0.023) caused more PVCs during
period II (multiple coefficient = 0.646).

Relationship between predialysis serum electrolytes

and the degree of change during dialysis

Figure 2 illustrates the regression analysis of the associ-
ation of predialysis levels of serum K*, Ca>" and Mg*"
with the degree of postdialysis change in each electro-
lyte. Every predialysis electrolyte level showed a signifi-
cant linear correlation with postdialysis changes. The
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Table 4 Associations of UCG parameters with percent increase in the number of PVCs during haemodialysis

Period | (4 h during dialysis) Period Il (4 h
immediately after
dialysis)

UCG parameters 34+SE (P) R+S.E. (P)

mean = SD or median value

VST —2.6041.66 (ns) —1.6940.78 (0.037)
10714

LVEF 0.0240.20 (ns) —0.6140.26 (0.023)
66.0% (95% Cl 64.0-70.7)

LAD 1.19+0.34 (0.001) —0.6140.36 (ns)
43.0 mm (95% Cl 41.4-44.7)

LvDd —0.264+0.37 (ns) —0.8640.53 (ns)
488464

IVST, interventricular septum thickness; LVEF, left ventricular ejection fraction; LAD, left atrial dimension; LVDd, left ventricular end-diastolic dimension; 3, correlation
coefficient; S.E., standard error; P, p value; ns, not significant; and Cl, confidence interval
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serum K* level decreased if the predialysis level was
above 2.7 mEq/L. The serum Ca?* level increased if the
predialysis level was below 1.27 mEq/L and decreased if
the predialysis level was above 1.27 mEq/L. The serum
Mg?* level decreased if the predialysis level was above
1.95 mg/dL.

Discussion

We studied 72 haemodialysis patients with a Holter elec-
trocardiogram recorder to count PVCs and their asso-
ciation with the dialysis procedure. We found that the
PVC frequency reached its peak immediately after the
termination of dialysis and continued for 2 h. This was
dangerous timing because most of the patients were on
their way back home and sudden ambulation may also
stimulate a generation of PVCs. A few studies have inves-
tigated the frequency of arrhythmias during haemodialy-
sis by using continuous ECG recording. The oldest one
was a study of 127 haemodialysis patients in 1988 and
demonstrated that the frequency of ventricular arrhyth-
mias rose significantly during the third hour of HD, and
this effect lasted for at least 5 h after dialysis [8]. Recently,
two studies of 66 and 152 patients showed that tachyar-
rhythmia increased during 8 h after starting dialysis [12,
13]. Despite the 30-yr progress of haemodialysis therapy,
arrhythmogenicity related to the haemodialysis proce-
dure has not been improved.

When we examined the background of patients accord-
ing to the tertiles of 24-h PVC frequency, patients in the
highest PVC tertiles showed the lowest LVEF and the
highest serum BNP level. Since a high serum level of BNP
usually indicates excess volume gain in haemodialysis
patients [14], these results suggest that left heart failure
and volume overload are predisposing risk factors for the
generation of PVCs immediately after dialysis. However,
left heart failure may not be the cause but could be the
result of frequent PVCs [15].

To assess which cardiac conditions are vulnerable to
PVCs, multiple regression analysis of UCG parameters
was performed. As a result, a larger LAD was found to
be associated with PVC frequency during dialysis, and
a lower LVEF or thinner IVST was associated with PVC
frequency during the 4 h immediately after dialysis.
These results indicate that dilated cardiomyopathy with
volume overload may be the cardiac condition with the
highest risk of PVCs.

The most important finding of this study is that an
increase in the number of PVCs, particularly immedi-
ately after dialysis, was associated with an intradialytic
positive K™ change when patients were dialyzed against
2 mEq/L of K dialysate. In addition, predialysis serum
K" levels were negatively associated with an increase
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in PVC frequency. Since the serum K* levels are usu-
ally decreased when the predialysis level is over the
threshold (2.46 mEq/L) against 2.0 mEq/L of dialysate
K* (Fig. 2), these 2 sets of results mean that a very low
predialysis Kt level is a high risk factor for generat-
ing PVCs. Although none of the studies employed the
frequency of PVCs during dialysis as a marker, there
have been similar findings for SCD in several cohort
studies. These studies reported that a low Kt dialysate
concentration (<2 mEq/L) was associated with a higher
incidence of sudden death, especially when predialysis
patient serum levels were<5 mEq/L [3-5]. The slope
of the decreasing K* curve may also be important. One
crossover single-blind study compared the effect of dif-
ferent profiles of dialysate K™ concentrations on the
frequency of PVCs and found that a milder K* decline
curve during the first two hours caused fewer PVCs [6].
This study did not examine the effect of the magnitude
of K* change during dialysis or the effect of predialysis
K" levels.

Potassium is not the only electrolyte that shows con-
centration changes during haemodialysis that would
cause arrhythmias and SCD. The serum concentra-
tion of magnesium is also recognized in the general
population as a risk factor for arrhythmias, but it has
been largely ignored in haemodialysis patients. A ret-
rospective cohort study of 142,555 Japanese patients
on haemodialysis determined that there was a J-shaped
relationship between serum magnesium concentrations
and one-year mortality, with a “sweet spot” of approxi-
mately 1.2 mmol/L (2.8 mg/dl) [7]. We found that there
was a positive association between the Mg*" concen-
tration change and the frequency of PVCs immediately
after dialysis. Since the threshold of serum Mg*" which
decreased during dialysis, was 1.95 mg/dL (0.8 mmol/L),
most patients showed a decrease in the Mg?" concentra-
tion during dialysis. Since no association was found dur-
ing dialysis, a rebound of serum electrolyte concentration
immediately after dialysis sessions could cause PVCs.
There was also no association between predialysis Mg"
concentration and PVCs.

Either a higher predialysis Ca®* concentration or a neg-
ative change in Ca®* concentration was associated with
PVCs immediately after dialysis. Since the threshold of
the serum Ca*" change during dialysis was 1.27 mEq/L,
serum Ca®' decreased during dialysis if predialysis Ca*"
was above 1.27 mEq/L, and the risk of PVCs immediately
after dialysis increased.

The weakness of this study was that this was not a con-
trolled study that compared the effect between dialysates
with different concentrations of electrolytes. Thus, this
study cannot provide evidence that proves the cause—
effect relationship. Therefore, this study can provide
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Fig. 3 Conceptual model to illustrate an association of each
electrolyte and PVCs

effective data only when dialysates with the same com-
position are used. Another weakness exists in an uncer-
tainty of PVC frequency as a marker of cardiac outcome
in haemodialysis patients, although the significance of
VPCs in patients with existing coronary disease as well
as in a general population is relatively well understood [9,
10].

The advantage of this study is that this is the first report
to successfully show a direct association of the predialy-
sis level of electrolytes and the generation of PVCs. This
study suggests that low predialysis K and Mg?" and high
Cat may be corrected and prevent volume overload,
especially for patients with dilated myocardiopathy, to
prevent PVCs.

In summary, Fig. 3 illustrates the associations between
electrolyte changes during dialysis and increasing PVC
frequency. Every significant association was found only
between increases in the number of PVCs immediately
after dialysis and positive K* or Mg*" change or nega-
tive Ca®t change during dialysis. Since these associa-
tions were significant for 4 h immediately after dialysis,
rebound of these electrolyte concentrations could be a
risk factor for generating PVCs in patients with lower
predialysis K" (and Mg*") and Ca®*' levels when dia-
lyzed against dialysate consisting of Nat140 mEq/L,
K* 2.0 mEq/L, Ca™ 3.0 mEq/L, Mg*" 1.0 mEq/L, CI~
110 mEq/L, CH;COO™ 8 mmol/L and HCO3~ 30 mEq/L.

Abbreviations
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AV Arteriovenous

BNP B-type natriuretic peptide
cl Confidence interval
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VST Interventricular septum thickness
IQR Interquartile range

LAD Left atrial dimension

LvDd Left ventricular end-diastolic dimension
LVEF Left ventricular ejection fraction
PVCs Premature ventricular contractions
SD Standard deviation

SE Standard error

SCD Sudden cardiac death
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