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Methods: Electrocardiography was evaluated pre- and post-dialysis in 20 patients (55%
males) aged 16.25+6.25 years. Changes in electrocardiographic parameters were compared
considering changes in weight (post-dialysis and between dialysis sessions), blood pressure
(BP) indices, and the occurrence of intra-dialysis hypotension (IDH).

Results: A significant decrease was observed in weight, systolic, diastolic, and mean arterial
BPs post-dialysis (P<0.05, for all). No substantial changes in durations of PR interval, QT
interval corrected for heart rate, and QRS complex, as well as QT dispersion, were found
post-dialysis (P>0.05 for all). Hemodynamic and electrocardiographic alternations were not
significantly different between cases with adequate versus inadequate weight gain (P>0.05
for all). Meanwhile, dialysis-induced ventricular strain patterns (ST-T segment changes) were
found in 20% of patients, including three cases with inadequate weight gain inter-dialysis. In
one case, electrocardiographic findings of hyperkalemia resolved post-dialysis. Whereas, the
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Introduction

ardiovascular diseases are the most com-
mon cause of death among dialysis patients
[1]. Chronic kidney diseases (CKDs) in-
crease the risk of coronary artery disease,
heart failure, arrhythmias, and sudden car-
diac death. Cardiovascular complications are among the
most common etiology of mortality in dialysis patients [2].

Structural and functional cardiovascular abnormali-
ties can develop in patients undergoing maintenance
hemodialysis (HD) that make them prone to myocardial
ischemia. Left ventricular hypertrophy, myocardial fi-
brosis, microvascular disease, accelerated atherosclero-
sis, and arteriosclerosis are cardiovascular changes that
have been reported in CKD cases. Non-physiologic fluid
removal, which results in hemodynamic instability and
initiation of systemic inflammation is among the adverse
effects of HD on the cardiovascular system [3]. Func-
tional and structural abnormalities of the cardiovascular
system in CKD patients predispose the myocardium to
ischemic events. Asymptomatic dynamic ST-T changes
which is an indicator of silent myocardial ischemia, have
been found in 22% of HD patients [4].

The QT dispersion (QTd) is the difference between
the maximum and minimum of the QT in different leads
(minimum 10) on the same recording [1]. Increased QTc
and QTcd have been reported in patients undergoing HD
and peritoneal dialysis [5]. Alternations in left ventricu-
lar mass and its function are common in the CKD popu-
lation [6]. Prolonged QTc is significantly more common
in CKD compared to subjects without CKD. Prolonged
QTc in CKD patients is associated with an increased risk
of mortality [7].

Few studies in the pediatric population have evaluated
the impacts of acute blood pressure (BP) and weight
changes post-HD on electrocardiogram (ECG) param-
eters. Chronic inflammation is among the factors poten-
tially affecting the function of the cardiovascular system
in HD cases [8]. An increased risk of arterial fibrillation
has been found in cases of hypokalemia, hypomagnese-
mia, and hyperphosphatemia [9]. Decreased serum po-
tassium and increased serum magnesium are important
risk factors for QTc prolongation [10]. A recent study
found that hypotensive episodes were significantly more
frequent with acetate than with citrate-based dialysis so-
lution [11]. Electrolyte imbalances, frequently seen in
HD patients account for the occurrence of arrhythmia
[12].
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Materials and Methods
Study design

A single-center cross-sectional study was performed on
HD patients. Patients with a diagnosis of CKD stage 5
undergoing HD enrolled if they were placed on dialy-
sis from >3 months before the study. The 12-lead ECGs
were performed in identical conditions for all patients 10
min before and after HD sessions. Body weight (BW)
was measured using digital weight scales, systolic and
diastolic BPs were measured using arm BP monitors and
defined as units of mm Hg, and heart rates (HRs) were
measured pre-and post-HD; moreover, the mean arterial
pressure (MAP) was calculated in pre and post-dialysis
stages. MAP was calculated using the following formu-
la: 1/3 systolic BP + 2/3 diastolic BP [13].

Intra-dialysis hypotension (IDH), a decrease in systolic
BP >20 mm Hg or MAP >10 mm Hg is a frequent find-
ing during HD, reported in 20%-55% of cases [14]. The
QT interval, which is defined as the time of ventricular
activity, including both depolarization and repolariza-
tion, is measured from the onset of the QRS complex
to the end of the T wave (the return of the terminal T
wave to the isoelectric baseline). Three successive QT
interval measurements were performed in each of the
12 leads, and the mean values were calculated [15]. The
maximum QT interval corrected for heart rate (QTC) us-
ing the Bazett formula was employed (QTC=QT/RR1/2)
[16]. One examiner who had no information about the
patients measured and reported ECG parameters.

Study participants

Patients undergoing HD in the dialysis section of an ac-
ademic children’s hospital enrolled after obtaining writ-
ten consent. Those with congestive heart failure treated
with digoxin were excluded from the study.

Exposure and outcomes

The exposure was undergoing maintenance HD for
>3 months. The primary outcome of the study was to
evaluate ECG and hemodynamic changes post-HD. The
secondary outcome was to assess the impacts of hemo-
dynamic changes, the occurrence of IDH, and inter-
dialysis weight gain (adequate vs inadequate) on ECG
parameters.
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Sample size

The sample size was determined based on the census
method, and all patients who fulfilled the inclusion crite-
ria enrolled in the study.

Data analysis

Th one-sample Kolmogorov-Smirnov test was used to
assess the normality of variables, and all variables had a
normal distribution. The paired t-test was used to com-
pare variables in pre- and post-HD. Moreover, the Fisher
exact test was used for the comparison of patients with
adequate versus inadequate weight gain inter-dialysis.
Meanwhile, a P<0.05 was considered statistically sig-
nificant.

Results

Baseline characteristics

In total, 11(55%) boys and 9(45%) girls in the age
range of 8-28.25 years (16.25+6.25 years) were enrolled.
They were placed on HD from 4 months to 14 years ago
(45.3+47.5 months). The number of dialysis sessions was
2-3 (2.7+0.45) per week, and they were dialyzed for 3-4
(3.7£0.47) h in each session. Bicarbonate-based low cal-
cium dialysate solutions (calcium concentration of 1.25
mmol/L) were applied for all patients. Dialysis sched-
ules were standard (12 h/week) in nine (45%) patients.
In seven (35%) cases, there was a history of previous
renal transplantation. The etiologies of renal failure were
vesicoureteral reflux (n=9 [45%]), neurogenic bladder
(n=4 [20%]), idiopathic causes (n=4 [20%]), nephrotic
syndrome (n=2 [10%]), and renal dysplasia (n=1 [5%]).
The dialysis machines were Gambro and Fresenius, and
different types of dialysis membranes were used based
on weight (Table 1).

Hemodynamic, body weight, and electrocardio-
gram findings in pre- and post- HD

BW, systolic and diastolic BPs, and HRs were re-
corded in pre- and post-HD (Table 1). Severe fluctua-
tions in systolic and diastolic BPs, BW, and HRs were
detected. The weights of the patients decreased from
35.3£10.8 kg in pre-HD to 33.8+10.3 kg in post-HD,
indicating a weight loss of 1.47+0.22 kg (P=0.0001).
A decrease of 22.25+15.25 mm Hg in systolic BPs
(P=0.001), 15.75%12.06 in diastolic BPs (P=0.001), and
12.45+£25.68 mm Hg in MAP (P=0.001) were found
post-HD (Table 2). The ranges of changes in systolic
and diastolic BPs, BW, and HRs post-HD were 0 to 70
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(22.25£15.25) mm Hg, 0 to 50 (-15.75+£12.06) mm Hg,
0-3 (1.47+0.22) kg, and -6 to +13 (1.5244.55) beats/
min, respectively. In total, 18(90%) patients had either
decreased (n=6 [30%]) or increased (n=12 [60%]) HRs
post-HD.

ECG demonstrated changes in ST-T segment, QTC,
and QRS complex durations, as well as PR interval.
Sinus rhythm was the predominant rhythm (95%), and
a single patient with sinus arrhythmia found a sinus
rhythm post-dialysis. Atrial or ventricular hypertrophy
was uncommon (25% and 5%, respectively).

Pre- and post-dialysis ECGs in 25% and 45% of pa-
tients demonstrated ST-T segment changes, respectively.
ECG findings related to hyperkalemia were found in
6(30%) patients before HD and were resolved in four
cases post-HD. The highest rate of changes in ECG pa-
rameters post-HD was in QTC duration (n=15 [75%)]).

The QTC durations decreased in seven (35%) cases
and increased in eight (40%) patients. PR-intervals and
QRS complex durations decreased in 5 (25%) and 3
(15%) cases, respectively. Both factors increased in two
(10%) patients, respectively. Dialysis resulted in a sig-
nificant decrease in BW, systolic and diastolic BPs, as
well as MAP.

Systolic and diastolic BPs remained constant in one
(5%) and two (10%) patients, respectively. In addition,
1 (5%) case had no weight loss with dialysis (Table 1).

Although a significant decrease was detected in BW,
as well as systolic and diastolic BPs, after HD, no sig-
nificant change was observed in PR intervals, QTC,
QTd, QRS complex durations, and HR (P>0.05 for all;
paired t-test; Table 2). A weight gain of <5% and >5%
inter-dialysis was defined as adequate and inadequate,
respectively [17]. Applying a higher ultrafiltration rate
is necessary to remove excess fluid and sodium in pa-
tients with inadequate weight gain inter-dialysis. Se-
vere weight loss (>5% of BW) after HD results in rapid
changes in systolic and diastolic BPs.

Patients with adequate versus inadequate weight
gain inter-dialysis

Alternations in hemodynamic and ECG parameters
were compared in patients with adequate versus inade-
quate weight gain inter-dialysis (P>0.05 for all variables;
Table 3). As displayed in Table 3, patients with inade-
quate weight gain inter-dialysis had significantly more
weight loss post-dialysis (2.42+0.64 kg vs 0.75+0.96 kg
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Table 1. Weigh and hemodynamic characteristics of enrolled cases pre- and post- dialysis

Weight (kg) Systolic BP (mm Hg) Diastolic BP (mm Hg)

Patients

Pre-HD Post-HD Pre-HD Post-HD Pre-HD Post-HD

Casel 62 60 170 140 120 90
Case 2 25.1 25 110 90 70 50
Case 3 41 38.5 110 90 60 50
Case 4 34 32.5 140 120 90 80
Case 5 37.7 35.6 130 100 80 60
Case 6 37 34 150 130 90 80
Case 7 25 25 100 100 60 60
Case 8 31 30 105 90 55 50
Case 9 48.4 46.5 105 100 70 70
Case 10 31.6 29.5 110 85 70 50
Case 11 24.2 23.2 140 130 90 80
Case 12 373 34.2 110 95 70 60
Case 13 36.6 34.5 160 90 100 50
Case 14 24.4 23.1 130 120 90 80
Case 15 22 219 130 110 80 70
Case 16 38.5 38.2 120 95 80 50
Case 17 47.5 46.5 150 130 90 80
Case 18 17.8 17.5 150 100 90 60
Case 19 47.5 46.3 150 130 90 80
Case 20 37.5 34.6 110 90 70 50

HD: Hemodialysis; BP: Blood pressure.

in subjects with adequate weight gain; P=0.0001). Blood
flow rates (cc/min and cc/kg/min) applied during the HD
procedure were not significantly different between the
two groups (P=0.154 and P=0.762, respectively).

Increased HR post-HD was found in 5(38.5%) cases
with adequate and 1(14.3%) patient with inadequate
weight gain (P=0.354; Fisher exact test). Moreover,
7 cases (53.8%) in the former and 5 patients (71.4%)
in the latter groups had decreased HRs after dialysis
(P=0.642). Nonetheless, 2 cases (10%) had no change
in HR. Changes in HRs, diastolic and systolic BPs, and
MAPs after dialysis were compared between cases with
adequate versus inadequate weight gain inter-dialysis
(P>0.05 for all; Table 3).

Ventricular strain patterns (ST-T segments changes)
appeared in 4(20%) patients post-HD, including 3 cases
with inadequate weight gain inter-dialysis.

Figures 1A and 1B and also Figures 2A and 2B il-
lustrate the ECGs of two patients who had the highest
increase and decrease in HRs in pre- and post-HD, re-
spectively. The weight was 37 kg, which reached 34 kg
after dialysis. The BP before HD was 150/90 mm Hg,
which decreased to 130 /80 mm Hg after HD. The QTC
duration decreased with HD (QTC duration in pre- and
post-HD were 0.43 and 0.42 s) with no changes in PR-
interval and QRS complex durations, but ST-T changes
appeared post-HD in V5-V6 leads.

Naseri M & Kouzegaran S. Hemodynamic and EKG Changes in HD. J Ped Nephrol. 2023; 11(4):193-202.
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Figure 1. Electrocardiogram of a patient with the highest increase in heart rate after dialysis
A) Pre-dialysis, B) Post-dialysis

Notes: Heart rates in pre-HD and post-HD were 107 and 140 beats/min, respectively.

Figure 2. Electrocardiograms of a 12-year-old boy with the highest decrease in heart rate with dialysis
A) Pre-dialysis, B) Post-dialysis

Notes: Heart rates in pre-HD and post-HD were 80 beats/min and 50 beats/min, respectively. His weight was 24.4 kg, which
reached 23.1 kg after dialysis. The BP before and after HD was 130/90 and 120/80 mm/Hg, respectively. The prolonged QTC
duration (0.55 s) in pre-HD reached normal levels post-HD (0.44 s). No changes in PR interval and QRS complex duration were
found after HD .
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Figure 3. The electrocardiograms of an 8-year-old boy placed on dialysis 10 months before the study

A) Pre-dialysis, B) Post-dialysis

Notes: The patient had 1 kg weight loss with HD (24.2 kg in pre-HD and 23.2 kg in post-HD), BP and heart rate in pre-dialysis
were 140/90 mm Hg and 85 beats/min, which reached 130/80 mm Hg and 100 beats/min respectively. Duration of the PR
interval, QRS complex, and QTC all decreased with dialysis (0.16, 0.12, and 0.47 s pre-HD, which reached 0.12, 0.08, and 0.45
s post-HD, respectively). Electrocardiographic evidence of hyperkalemia, including tall T waves and prolonged PR intervals

disappeared with dialysis.

Figure 3A presents the ECG of a patient with findings
suggestive of hyperkalemia before HD. These changes
were completely resolved post-dialysis (Figure 3B).
Figures 4A and 4B display the ECGs of a patient with
evidence of a left ventricular strain pattern after dialysis.

Discussion

This study found significant changes in systolic and
diastolic BPs, MAP, and BW following HD; however,
the changes in PR intervals, QTC, QTd, QRS complex
durations, and HR were not significant. The appearance
of ventricular strain pattern following HD was the main
negative effect on heart electrophysiology that was ob-
served. HD resulted in the resolution of ECG findings

of hyperkalemia in a group of the patients, thus, it seems
the HD protects the heart against hyperkalemia and ar-
rhythmia.

Nguyen et al. found prolonged QT interval pre-dialysis
in 44.3%, which increased to 77% one h after dialysis
[18]. In our series, QTC durations decreased in 7(35%)
cases and increased in 8(40%) patients after a 4-h dialysis.

In line with our findings, Astan et al. [19] reported a
prolongation of QRS complex duration post-HD and
suggested that it may be a marker for ventricular arrhyth-
mias. The etiology of CKD can affect the prevalence of
hypertension, left ventricular hypertrophy, and left atrial
enlargement [20]. In our series, the most common eti-

Naseri M & Kouzegaran S. Hemodynamic and EKG Changes in HD. J Ped Nephrol. 2023; 11(4):193-202.
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Figure 4. The electrocardiogram of a young female adult (28 years and 3 months) with a history of end-stage renal failure from
14 years ago
A) Pre-dialysis, B) Post-dialysis

Notes: Her BP and heart rate before HD were 110/70 mm Hg and 100 beats/min, respectively. She had a 2.1 kg weight loss
with dialysis (31.6 kg in pre-HD and 29.5 kg in post-HD). BP decreased to 85/50 mm Hg post-HD with no change in heart rate.
Changes in electrocardiogram after dialysis included prolongation of QRS duration (pre-HD=0.4 s that reached 0.46 s after
HD) and appearance of inverted T waves on leads V3-V4 after dialysis.

Table 2. Hemodynamic and electrocardiographic changes after HD

Variables Pre-HD Post-HD Pre- Post-HD  95% Confidence Interval P

Weight (kg) 35.3+10.8 33.8+10.3 1.47+0.22 1-1.94 0.0001
Systolic BP (mm Hg) 129+21.2 106.75+17.7 22.25+15.25 15-29.4 0.001
Diastolic BP (mm Hg) 80.75+15.6 65114 15.75+12.06 10.1-21.4 0.001
MAP (mm Hg) 95.4+18.64 77.84+15.39 17.58+13.64 11.2-13.64 0.001

Heart rate (beats/m) 98.75+22.34 100.45+22.66 -1.52+4.55 -8.9-5.56 0.63
PR interval (s) 0.13+0.03 0.13+0.03 -0.006+0.005 0.018-0.006 0.316

QTC (s) 0.41+0.037 0.41+0.046 -0.002+0.04 -0.02-0.017 0.836

QTd (s) 0.072+0.03 0.06+0.04 0.006+0.52 -0.0177-0.0297 0.604

QRS complex duration (s) 0.084+0.01 0.083+0.009 0.015+0.003 -0.006-0.008 0.772

BP: Blood pressure; HD: Hemodialysis.

Paired t-test.

Naseri M & Kouzegaran S. Hemodynamic and EKG Changes in HD. J Ped Nephrol. 2023; 11(4):193-202.
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Table 3. Hemodynamic and electrocardiogram changes in patients with adequate versus inadequate weight gain inter-dialysis

Variables Weight Gain Inter Dialysis Pre- Post- HD P
Adequate! 4.53+-0.66
Heart rates (beats/m) 0.405
Inadequate? 2.96+-2.28
. Adequate 20.38+12.49
Systolic BP (mm Hg) 0.471
Inadequate 25.71+20.08
. . Adequate 14.23+10.77
Diastolic BP (mm Hg) 0.458
Inadequate -18.57+14.6
. Adequate 15.25+12.29
Mean arterial BP (mm Hg) 0.428
Inadequate 20.99+16.32
. Adequate 0.041+-0.01
QTC duration (s) 0.357
Inadequate 0.05110.01
. Adequate 0.0015+0.017
QRS complex duration (s) 0.836
Inadequate 0.0115+0
. Adequate 0.029+-0.01
PR interval (mm) 0.276
Inadequate 0.017+0.002
Adequate 0.75+0.96
Weight loss (kg) . 0.0001
Inadequate 2.42+0.64

HD: Hemodialysis; BP: Blood pressure.

"Paired t-test, 'They included 13(65%) patients, *They included 7(35%) patients.

ology for CKD was vesicoureteral reflux (n=9 [45%)]).
In total, out of 20 enrolled cases, 5(25%) patients had
atrial hypertrophy (AH), including 4(80%) subjects
with vesicoureteral reflux and 1(20%) patient with re-
nal dysplasia. Right AH, left AH, and both AH were
found in 3(15%), 1(5%), and 1(5%) cases, respectively.
Prolonged QT intervals were reported in 34% of cases
pre-HD, and its frequency increased post-HD (46%).
We noted prolonged QT intervals in pre- and post-HD in
35% and 40% of cases, respectively.

To prevent severe hemodynamic changes during dialy-
sis, a weight gain <5% of total BW between dialysis ses-
sions is considered adequate [17]. The weight loss dur-
ing HD is due to the removal of excess sodium and fluid
accumulated in extracellular (interstitial and intravascu-
lar) spaces inter-dialysis. Rapid changes in intravascular
volume during HD can be assessed by measuring chang-
es in systolic and diastolic BPs post-HD.

The amounts of intravascular depletion can differ in
patients with similar weight loss. Rapid changes in BPs
during HD can potentially induce acute myocardial isch-
emia. In our series, evidence of myocardial ischemia
(ventricular strain pattern) appeared post-HD in 4(20%)
cases, including 3 of 7(42.8%) cases with inadequate

and one of 13(7.7%) subjects with adequate weight gain
inter-dialysis (P=0.061, Fisher exact test). Moreover, 13
(65%) cases had a decrease of >20 mm Hg in systolic
BPs and >10 mm Hg in MAP (consistent with defini-
tions of IDH).

A recent study in adults undergoing HD showed that
after compared to pre-HD, HR significantly increased,
whereas, the duration of QRS complex and QTd (ven-
tricular repolarization parameters) significantly de-
creased [21]. They excluded patients with underlying
heart diseases (heart failure, a history of coronary artery
diseases, and heart block). In contrast to this study, we
did not find any significant changes in HRs or the du-
rations of QRS complex and QTd in post compared to
pre-HD. The difference in study population may account
for different results.

The strain pattern is a marker for the presence of LVH
on ECG. It is defined by ST depression and T-wave in-
version. ECG strain is independently associated with
all-cause mortality, and adverse cardiovascular events,
[22]. Patients with CKD have high cardiovascular mor-
bidity and mortality, and CKD worsens cardiovascular
outcomes [23].

Naseri M & Kouzegaran S. Hemodynamic and EKG Changes in HD. J Ped Nephrol. 2023; 11(4):193-202.
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Control of total body volume and BP is critical in pa-
tients undergoing dialysis and impacts on cardiovascu-
lar complications [24]. We found evidence of right and
left ventricle strain patterns post-HD in 4(20%) patients,
indicating dialysis-induced myocardial ischemia. Ven-
tricular strain pattern appeared in four of 7(71.4%) cases
with inadequate and none of 13 patients with adequate
weight gain inter dialysis (P=0.058). A physiologic re-
sponse to decreased BP should be an increase in HR to
maintain optimal cardiac output and protect vital organs
against reduced perfusion. The lack of this physiologic
response potentially can result in diminished cardiac out-
put and hypo-perfusion injuries.

Conclusion

HD is associated with significant acute changes in
systolic and diastolic BP, and MAP. These changes if
repeated frequently can result in myocardial ischemia
and infarction. Resolution of ECG findings of hyper-
kalemia was a positive effect of HD that was observed.
This finding suggests that HD protects the heart against
hyperkalemia, thus arrhythmia. However, HD resulted
in ventricular strain patterns in a group of patients. This
finding is predictive of adverse cardiovascular outcomes.
Our study revealed that HD has no significant impact on
QTC, QRS complex durations, QTd, and PR interval.

Nonetheless, there has remained a significant concern
about whether repeated acute hemodynamic changes
with HD can provoke cardiac ischemia and ventricular
dysfunction.

Limitations

The main limitation of our study was the lack of mea-
suring serum potassium and calcium concentrations be-
fore and after HD. The ECG changes might be due to
the cumulative effects of electrolytes and hemodynamic
changes provoked by dialysis.

Ethical Considerations
Compliance with ethical guidelines

The Ethics Committee of Mashhad University of Med-
ical Sciences approved the study (Code: IR.MUMS.
REC.1388.200), and it conforms to the provisions of the
Declaration of Helsinki.
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