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Abstract. Cont inuous  e lec t rocardiographic  (ECG)  
moni tor ing  was pe r fo rmed  over  24 h in 44 chil- 
dren at various stages of  chronic  renal failure in 
order  to determine the incidence and nature  of  
cardiac dysrhythmias.  In addi t ion the E C G  was 
fol lowed during haemodialysis  sessions and dur- 
ing dialysate exchanges in cont inuous  ambula tory  
per i toneal  dialysis (CAPD)  patients.  In contrast  
to adult  patients on haemodialys is  l i fe-threatening 
dysrhythmias  were not  observed.  The p ropor t ion  
o f  children with premature  ventr icular  complexes  
(41%) was at the uppe r  limit o f  that in heal thy 
children. A relatively high heart  rate was found  in 
chi ldren on  CAPD,  which varied dur ing the ex- 
change procedure .  In 57% of  all patients a tran- 
sient marked  pro longa t ion  of  the QT interval  up 
to 40% greater than normal  was observed without  
obvious changes in the serum electrolyte levels. 
Cont inuous  E C G  moni tor ing  is a useful tool  for  
detect ing alterations o f  cardiac  rhythm and con- 
duct ion  in at-risk chi ldren with renal failure. 
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Introduction 

Uraemic  heart  disease is a c o m m o n  and potential-  
ly lethal compl ica t ion  o f  children with chronic  re- 
nal failure (CRF) [1, 2]. The European  Dialysis 
and Transplant  Associat ion (EDTA)  repor ted  that 
out  of  326 paediatr ic  patients who died on renal 
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rep lacement  therapy  during 1981-1985, 50% had 
a cardiovascular  cause o f  death,  which was speci- 
fied as "card iac  arrest" and "hyperka laemia"  in 
14% each [3]. The current  methods  of  cardiologi-  
cal moni tor ing,  such as chest X-rays, s tandard  
e lec t rocard iography (ECG)  and echocardio-  
graphy do not  adequate ly  reflect the cardiac state 
because they usually assess only changes observed 
at rest and neglect spontaneous  variat ions o f  car- 
diac funct ion,  react ions to stress, exercise or to 
therapeut ic  procedures .  Using long-term (Holter)  
E C G  moni tor ing  [4] we have tr ied to obtain more  
in format ion  on cardiac funct ion in chi ldren with 
CRF.  We were part icular ly interested to know (1) 
the incidence and nature  of  potent ia l ly  dangerous 
cardiac dysrhythmias  and (2) the changes o f  car- 
diac conduct ion  and repolar isa t ion during the 
course of  different  forms of  dialysis. The study 
fol lowed similar investigations which have ap- 
plied long-term E C G  recording to adult  patients 
on haemodialysis  t rea tment  [5-13]. 

Patients and methods 

ECG monitoring was performed over 24 h in 44 children with 
CRF who were clinically stable and were subdivided into four 
groups according to the mode of treatment: (1) conservative 
therapy, i.e. preterminal CRF (CT); (2) maintainance haemo- 
dialysis (HD); (3) continuous ambulatory peritoneal dialysis 
(CAPD); and (4) successful transplantation (TP) (Table 1). Pa- 
tients in the HD group underwent ECG monitoring on a day 
of dialysis and in 6 eases again on a day without dialysis. Drug 
treatment included vitamin D, aluminium hydroxide, calcium 
carbonate, sodium (Na) bicarbonate and various antihyper- 
tensive drugs: propranolol (19), hydralazine (14), nifedipine 
(5), captopril (2), prazosin (1). The mean blood pressure at the 
time of ECG monitoring was 129/88 mmHg in patients on 
CT, 123/70mmHg (predialysis) on HD, 108/73 mmHg on 
CAPD and 120/85 mmHg after TP. No patient received digi- 
talis. 
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Fig. 1. Heart rate measured at 3-h intervals in children with 
chronic renal insufficiency on conservative treatment 
( C T - O - ) ,  haemodialysis ( H D - Q - ) ,  continuous ambulatory 
peritoneal dialysis (CAPD -*-) and after transplantation 
( TP-  - 0 -  -). Hb: mean haemoglobin levels 

Patients on HD were dialysed three times per week for an 
average of 4.2 + 0.5 h, usually with capillary dialysers using 
cuprophane membranes. The dialysate contained Na 
140mmol/1, potassium (K) 2.0-2.5mmol/1, calcium (Ca) 
1.5-1.75 retool/l, magnesisum 0.5-0.75 mmol/1, glucose 
1.1 g/l, and acetate 36 mmol/1. The mean duration of HD 
treatment was 13 (2-23) months. Patients on CAPD were 
slightly younger than those on HD (NS). They generally had 
four exchanges a day with a filling volume of 400-1500 ml per 
exchange. Mean duration of HD and CAPD treatment was 3 
(2-23) and 6 (1-18) months, respectively. The mean survival 
of TP patients after a successful graft was 21 (4-39) months. 

Hoher monitoring. Two bipolar leads were recorded continu- 
ously during 24 h on an ambulatory basis. High-speed analysis 
was performed using a Pathfinder II system (Reynolds). The 
data were analysed during continuous operator control [14]. In 
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order to follow diurnal ECG changes short tracings were ana- 
lysed at random every 3 h. As ECG references we used the 
data given by Davignon et al. [15] for heart rate (HR) and by 
Gutheil [16] for the other parameters. QT intervals were as- 
sessed at 3-h intervals and calculated as QTc according to Ba- 
zett's formula [17]. They were regarded as normal if their HR- 
related values were within -5% to + 10% of the standard. 

Additional investigations. Blood pressure was recorded at least 
once. Blood samples were taken in the morning for analysis of 
haemoglobin (Hb), urea, creatinine (CR) and electrolytes. In 
the HD group blood pressure and blood chemistry were as- 
sessed at the start and at the end of the session. Further metho- 
dological details have been described elsewhere [18]. 

Resul t s  

H e a r t  rate  

The  m e a n  H R  was 125000 + 23500 bea t s  2 4 / h  in  
CT,  135000 + 73400 in  H D ,  146000 + 23700 in  
C A P D  a n d  117000 ___ 17400 in  T P  pa t i en t s  (NS).  
The  24-h H R  d id  n o t  cor re la te  wi th  Hb.  The  H R  
da t a  a n a l y s e d  at 3-h in t e rva l s  s h o w e d  a phys io log -  
ical  dec rease  d u r i n g  the n i gh t  [15] in  all  t r e a t m e n t  
g r o u p s  (Fig. 1). A g a i n  H R  was h ighes t  in  the  
C A P D  pa t i en t s  f o l l owed  by  the  H D  pa t ien t s .  Six 
a g e - m a t c h e d  pa t i en t s  ( m e a n  age 14 years)  in  each 
o f  these  two g r o u p s  who  were  n o t  t r ea ted  wi th  
be t a  b l o c k i n g  agen ts  were  selected for  c o m p a r i -  
son.  D e sp i t e  h ighe r  H b  va lues  in  C A P D  pa t i en t s ,  
H R  was  s i gn i f i c a n t l y  h ighe r  in  this  g r o u p  com-  
p a r e d  wi th  H D  p a t i e n t s  at m i d n i g h t ,  3 a .m .  a n d  
6 a .m.  ( P  < 0.05). D u r i n g  H D  the  H R  i n c r e a s e d  
by  30% ( - 2 0 %  to + 55%), f o l l o w e d  by  a dec rease  
af ter  f lu id  r e p l a c e m e n t  (150 ml  o f  0.9% NaC1). 
U s u a l l y  the p a t i e n t ' s  p r e p a r a t i o n  for  r e t u r n i n g  
h o m e  i n d u c e d  a fu r the r  p e r i o d  o f  s inus  t achyca r -  

Table 1. Clinical and biochemical data in 44 paediatric patients undergoing 24-h ECG monitoring 

Patient n Age Sex Weight Height Bloodurea SCR Hb K Ca nwithbeta- 
group (years) (m/f) (kg) (cm) (mg/dl) (mg/dl) (g/dl) (mmol/l) (mmol/l) blockers 

1. Preter- 13 13.1+4.7 5/8 35.6+17 140+27 143+28 4.7_+2.1 8.9+1.6 4.5+0.6 2.1_+0.4 8 
minal (3.1- 18.2) (4.8-10.1) (3.5-5.2) (1.0-2.4) 
CRF 

2. Haemo- 11 8/3 
dialysis 

14.5+2.4 37.4+ 9 149+14 
(11.5 - 19.4) 

3. CAPD 10 10.1_+6.2 3/7 30.6___20 121+_32 
(2.1 - 17.3) 

4. Trans- 11 14,8_+3.9 6/5 44.0+18 142+24 
plan- (4.5 - 20.5) 
tation 

185_28B 11.5_2.3B 7.0_1.4B 5.0_0.7B 2.4-+0.4B 2 
(5.5-10.2) (3.9-6.3) (1.9-3.4) 

142_200A 5.3+2.0A 8.3+2.5A 3.6_0.2A 3.0+0.3A 
(3.2-4.0) (2.6-3.8) 

124___26 6.7+4.3 8.3+0.6 4.2+0.5 2.4___0.3 2 
(7.5-9.5) (3.5-4.8) (2.0-2.8) 

40_+15 1.6+0.9 13.1+1.6 4.0___0.4 2.4_+0.1 7 
(10.5-16.1) (2.8-4.4) (2.2-2.6) 

Total 44 a 

Means + SD are given; B = before dialysis; A = after dialysis; BUN = blood urea nitrogen; SCR = serum creatinine 
a One patient was examined both in group 1 and in group 3 
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Fig. 2. QT  intervals  m e a s u r e d  at 3-h intervals .  Abbrev ia t ions  
as in Fig. 1 

dia. In 3 CAPD patients HR increased during re- 
filling by 20-50 beats/min, while in another 3 it 
decreased and in 4 it was unchanged. Periods of 
sinus tachycardia (163-190 beats/min) occurred 
in 17 of 44 patients (Table 2), mainly during ex- 
ercise and in HD patients mainly following the 
dialysis session. 

PQ and QRS intervals 
The PQ time analysed at 3-h intervals showed a 
similar pattern in all groups with a slight (physio- 
logical) increase at night. Individual mean values 
remained between 0.13 and 0.16 s. A first-degree 
heart block with PQ intervals exceeding the upper 
limit of normal [15] was noted in 4 children (1 tak- 
ing a beta blocker) at night (Table 2). This is simi- 
lar to the frequency observed in healthy children. 
A single CT child was observed with an intermit- 
tent second heart block (Wenckebach type) while 
receiving small doses of propranoloi and nife- 
dipine. An atrioventricular rhythm was observed 

in only 3 children (7%) for a maximum of 5 min 
compared to 21-45% in healthy children [19, 20]. 
QRS intervals were within normal limits in all ex- 
cept 2 cases; a CT and a TP patient had an in- 
crease to a maximum of 0.14 s and 0.12 s at night, 
respectively. 

QT interval 

The QTc interval Varied greatly during the testing 
period. It was clearly increased (>20% above 
QTc) at least once in 25 of the 44 children (57%). 
Individual mean QTc was persistently high 
(+10%) in the CT patients and reached even 
higher values in the HD patients at night (Fig. 2). 
In the CT patients alarming levels of + 20% up to 
+40% were seen in 4 of 7 patients with a serum 
CR less than 5 mg/dl ,  and in 5 of 6 patients with 
a serum CR greater than 5 mg/dl.  Prolongation of  
QTc was noted in 4 of 9 CT patients despite the 
absence of hypocalcaemia (<  2.25 mmol/1). Mean 
serum K was 4.5 (3.5-5.1) mmol / l  and was not re- 
lated to the QT interval. 

QTc values greater than 20% above the stan- 
dard were found in 8 of 11 HD patients at least 
once during the 24-h period, when QTc was ana- 
lysed at 15- to 30-min intervals during the Hd ses- 
sion the mean values increased slightly but signifi- 
cantly from + 10% immediately before HD to 
+ 15% of normal after 3 h of HD, followed by a 
slight drop. In 1 case it reached + 30% during dia- 
lysis. The mean changes of serum Ca and K levels 
during HD are listed in Table 1. Changes of se- 
rum electrolyte levels and changes of QT intervals 
varied independently of each other during HD 
sessions. In the CAPD patients the mean QTc was 
lower than in the HD patients (NS) but individual 
values of  +20% were reached in 5 of  10 children. 
During a dialysate exchange QTc intervals 

Table  2. C h a n g e s  o f  hear t  r h y t h m  in 44 paedia t r ic  pa t ien ts  with ch ron ic  renal  insuf f ic iency  

C T  H D  C A P D  TP Total  

N u m b e r  o f  pa t ien ts  13 11 10 11 44 a 

Sinus  t achycard ia  4 7 5 1 17 
( > 60 b e a t s / m i n )  

Supraven t r i cu la r  extrasystoles  2 2 - 2 6 (15%) 

Ventr icular  extrasystoles  3 6 3 6 18 (41%) 
> 10/24 h - - 1 2 3 

Ar t r ioven t r i cu la r  b lock  
First  degree  1 1 1 1 4 
Second  degree  1 - - - 1 

CT  = Conserva t ive  t r ea tmen t ;  H D = in termi t ten t  haemodia lys i s ;  C A P D  = con t i nuous  a m b u l a t o r y  per i toneal  doalys is ;  TP  = 
t r ansp lan ta t ion  
" One  pat ient  was e x a m i n e d  both  in g roup  1 and  in g roup  3 
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changed only slightly. A prolonged QTc (+  20 to 
35%) was observed in 3 of 11 TP patients. 

Dysrhythmias 
Isolated supraventricular premature beats (extra- 
systoles) were noted in 6 of 44 children (15%) with 
a frequency of 1-3/24 h. Premature ventricular 
complexes (PVC) were observed in 18 of 44 pa- 
tients (41%). They all were monomorphic,  oc- 
curred mainly at night (as found in normal chil- 
dren) and were not related to exercise. We ob- 
served less than 10 PVC/24 h in 15 patients, in 1 
patient as a bigeminal rhythm. In one CAPD pa- 
tient we found 97 PVC/24 h, in a TP child 22 
PVC in the form of couplets, and in a 17-year-old 
adolescent TP patient with cystinosis 458 PVC/ 
24 h associated with a varying coupling interval. 
During exchanges in CAPD patients cardiac dys- 
rhythmias were never noted. 

Discussion 

In adult patients with CRF Holter monitoring has 
been mainly applied to detect potentially danger- 
ous dysrhythmias during dialysis treatment, with 
contradictory results [5-13]. Earlier studies 
underlined the high frequency and serious nature 
of ventricular dysrhythmias in dialysed patients 
[5, 6, 8]. Recent reports have shown a lower in- 
cidence [9-11]. The variable findings could be ex- 
plained by differences in patient's age, pre-exist- 
ing heart disease, medication, electrolyte compo- 
sition of the dialysate or by variable definitions. 
The pathogenesis of ventricular dysrhythmias in 
CRF is still debated. From two large studies in 
adult patients on HD it was concluded that pre- 
existing left ventricular dysfunction was the most 
important predictor of severe ventricular dys- 
rhythmias [12, 13]. 

In our study we compared the findings of 24-h 
ECG monitoring in four groups of paediatric pa- 
tients with CRF. Except for a slightly younger age 
in the CAPD patients the groups had comparable 
clinical characteristics. The unexpected finding of 
this study is the complete absence of cardiac dys- 
rhythmias when compared with representative in- 
vestigations in healthy children of similar age 
[19-23]. The incidence of supraventricular prema- 
ture beats was 15% in all our patients compared 
with 6-44% in normal children followed by Hol- 
ter monitoring. The proportion of children pre- 
senting with PVC was at the upper limit (41%) of 
that found in healthy children of similar age 
(16-41%), but lower than in young adults [24]. 
The rare monomorphic appearance of PVC at 
night suggests that their clinical significance is 

low. Only 3 of our" patients had more than 20 
PVC/24 h, 1 on CAPD and 2 TP patients; one as- 
sociated with couplets and one with a changing 
coupling interval. None of our HD patients 
showed abnormal ventricular dysrhythmias. This 
is in contrast to a similar series of nine children 
on HD followed by Holter monitoring reported 
by Germain et al. [25]; two of them showed above 
30 PVC/h. 

The relatively high resting HR found in our 
HD and CAPD patients contrasts with a lower 
resting HR in the CT and TP groups. Unexpec- 
tedly, a correlation between HR and the degree of 
renal anaemia was not noted. The rise in HR due 
to volume depletion during HD is a well-known 
feature in children [26] and adults [11, 12]. The 
normal circadian pattern of HR with a fall during 
night was preserved in all treatment groups, 
which is similar to adult patients on HD [11, 12]. 
In a selected group of age-matched children who 
received no beta blocking therapy we found the 
circadian pattern to be more pronounced on HD 
than on CAPD, probably as a result of an HD- 
induced rise in HR during day-time dialysis. 

The reason for the higher HR in CAPD- com- 
pared with HD-treated children is not clear. It is 
known that various vagal stimuli are associated 
with peritoneal dialysis (insertion of catheter, dis- 
tention of abdomen, peritonitis) and may lead to 
bradyarrhythmias [27]. Monitoring of HR during 
the dialysate exchange of our CAPD patients 
showed inconsistent findings. There is, however, 
no doubt that dysfunction of the autonomous 
nervous system plays an important role in 
the changes of HR observed in patients with 
CRF [281. 

A prolonged QT interval, which may be asso- 
ciated with an increased risk for life-threatening 
dysrhythmias, is a well-known alteration found in 
the ECG of adult HD patients [11, 12, 29]. In a se- 
ries of 64 children with preterminal CRF (serum 
CR > 5 mg%) investigated in our centre by a stan- 
dard ECG, 13% had a prolonged QT interval in 
the presence of hyperkalaemia and hypocal- 
caemia [30]. In the present series investigated over 
24 h we were surprised by the high proportion 
(57%) of children with transient prolongation of 
the QT interval, which was sometimes alarming, 
especially during the first hours after HD. This 
finding might be explained by a K shift from the 
intracellular to the extracellular space immedi- 
ately after dialysis, since it is known that the in- 
tracellular K concentration is an important deter- 
minant of  the QT interval. We demonstrated 
earlier that whole body K, representing mainly in- 
tracellular K, is significantly reduced in children 
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with CRF [31]. A prolonged QT interval might 
also be ascribed to hypocalcaemia; however, a 
strong correlation between the length of QT inter- 
val and serum Ca levels was not observed. QT 
prolongation in our patients might therefore be 
interpreted as a sign of imbalance in the cardiac 
sympathetic innervation [32] or of cellular electro- 
lyte shift [33]. 

In conclusion, 24-h monitoring of the ECG in 
children with CRF disclosed almost no serious al- 
terations of heart rhythm but a transient prolon- 

�9 gation of the QT interval in more than half of the 
patients, which remains unexplained. Since the 
QT changes may persist after TP together with 
other alterations of heart function [34], they may 
indicate irreversible cardiac damage. 
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