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Effect of Hemodialysis on Corrected QT Interval and QTc Dispersion

Abstract

Hemodialysis patients are at higher risk of cardiovascular disease due to traditional and dialysis-related
risk factors. Our aim was to study the effects of hemodialysis on the corrected QT interval (QTc)
and QTc dispersion in chronic kidney disease (CKD) without clinically manifest heart disease. Two
hundred cases of CKD on chronic intermittent hemodialysis of >3 months’ duration were included
in the study. Twelve-lead electrocardiography and samples for serum creatinine, potassium, calcium,
and magnesium were taken before and after dialysis. The mean age of patients was 52.4 + 17 years
with male-to-female ratio of 3:1. QTc interval and QTc dispersion were prolonged in 47% and 59%
before and 50% and 89% of patients after hemodialysis, respectively. The mean values of QTc were
433.4 + 36.9 ms before and 451.4 + 39.6 ms after hemodialysis (»p = 0.001) and the mean values
of QTc dispersion were 60.5 + 19.3 ms before and 81.5 + 24.4 ms after hemodialysis (p = 0.001).
Similar pattern was observed in all etiological groups of CKD, except for QTc dispersion in
malignancy-related CKD (p = 0.216). After hemodialysis, there was a significant fall in the mean
values of serum potassium (p = 0.001), rise in serum calcium (p = 0.001), and no change in
magnesium (p = 0.424). Patients with post hemodialysis QTc dispersion >74 ms had significantly
low mean values of serum potassium and calcium as compared to <74 ms group. Large numbers of
hemodialysis patients have a prolonged QTc interval and QTc dispersion with a significant increase
in the mean values after hemodialysis. There is a significant fall in serum potassium and rise in
serum calcium after dialysis.
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Introduction a predictor of ventricular arrhythmia and
cardiovascular mortality in chronic kidney
disease (CKD) and dialysis patients.”’ Most
of the earlier reported studies had smaller
number of patients, and the cardiovascular
comorbidities due to uremia were not

excluded.

Cardiovascular disease is the major cause
of death, accounting for 43% of all-cause
mortality among hemodialysis patients. In
addition to increased traditional risk factors,
hemodialysis patients also have a number of
nontraditional cardiovascular risk factors.!!!

The QT interval is a measure of ventricular
depolarization and repolarization. Prolonged
QT interval is a predictor of cardiovascular
death in healthy population.®

QTc dispersion is defined as the
difference between the longest and
shortest QTc  interval on  surface
electrocardiography (ECG). It has been
proposed as a noninvasive ECG parameter
that might predict an increased risk
of malignant arrhythmias.®!  Dialysis
patients have prolonged QTc interval
and QTc dispersion.®? A single session
of hemodialysis might further increase
QTc dispersion in both children and
adults.58) Moreover, QTc interval may be
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The aim of our study was to determine the
effects of hemodialysis on the corrected QT
interval and QTc dispersion in patients of
CKD without any clinically manifest heart
disease in a large cohort.

Materials and Methods

This prospective study was conducted
in the dialysis unit of the department of
nephrology of our tertiary care hospital.
The study was cleared by the institutional
ethics committee on human research. Two
hundred, randomly selected, dry weight,
stable CKD patients on chronic intermittent
hemodialysis of at least 3-month duration
were included in the study. All patients
received 4-h thrice-a-week hemodialysis
with identical parameters using polysulfone
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dialyzers and bicarbonate dialysate containing sodium
136 mEq/L, potassium 2.6 mEq/L, calcium 6.01 mg/dl,
magnesium 2.43 mg/dl, acetate 3.0 mEq/L, and bicarbonate
35 mEqg/L. The exclusion criteria included patients with
known heart disease (ischemic, valvular, or hypertensive
heart disease or cardiomyopathy), atrial fibrillation,
supraventricular or ventricular ectopics, paroxysmal
supraventricular tachycardia, and left bundle branch block;
patients on antiarrhythmic drugs known to prolong the QT
interval (e.g., quinidine and amiodarone) and beta blockers;
and those where end of T wave was not clear in more than
three leads. All our patients had negative history of chest
pain, absence of regional wall motion abnormalities, and
gross left ventricular hypertrophy on echocardiography and
had a normal left ventricular ejection fraction of >50%.

After taking written informed consent, a detailed history into
duration and etiology of CKD and drug intake was taken and
detailed examination was done in each case. Demographic
characteristics including age, sex, weight, height, body mass
index, body surface area, duration on chronic intermittent
hemodialysis, and interdialytic weight gain were recorded in
each patient. Blood pressure was recorded before and after
hemodialysis. Twelve-lead ECG performed at 10 mm/mv
and 25 mm/s was recorded before and after hemodialysis
session. The QT interval was measured from the onset of the
QRS complex to the end of T wave. When the T wave was
inverted, the endpoint was taken where the trace returned to
the T P baseline, and when U waves were present, the end
of the T wave was not clear in a particular lead and then it
was excluded from the analysis.

Three successive QT interval measurements were done in
each of the 12 leads and the mean value was calculated.
The maximum QT interval was corrected for heart rate
(QTc max) using Bazett’s formula: QTc = QT/V(RR).I%
Serum potassium, serum calcium, and serum magnesium
were measured in each patient before starting and after
closing the hemodialysis.

Statistical analysis

Results were expressed as mean + standard deviation
for continuous variables and percentages for categorical
data. The difference between the mean values between
pre- and post dialysis was analyzed using ANOVA.
Analysis employed the Student’s #-test for the paired data
to determine the significance of differences. Univariate
correlation coefficients were examined to assess the effects
of electrolyte and blood pressure changes on the QT
dispersion. p < 0.05 was considered statistically significant.
All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) for windows,
Version 16.0 (SPSS, Inc., Chicago, IL, USA).

Results

The study included 200 patients (141 males) with a
mean age of 52.4 + 17 and age range of 20-82 years.

Predominant  etiologies of CKD were diabetic
nephropathy (37%), chronic glomerulonephritis (24%),
and hypertensive nephrosclerosis (12%). Exact etiology
could not be ascertained in 9% of patients. Seven cases of
malignancy-related CKD included five cases of myeloma
cast nephropathy and one case each of renal cell carcinoma
and carcinoma cervix [Figures 1 and 2].

Prolonged corrected QT interval (QTc >440 ms in males
and >460 ms in females) was seen in 93 (46.5%) before and
99 (49.5%) after hemodialysis. Prolonged QTc dispersion
(>60 ms) was observed in 118 (59%) before and 177 (88.5%)
after hemodialysis. On comparing the mean values of
various clinical, biochemical, and ECG parameters before
and after hemodialysis, there was a significant increase
in systolic blood pressure, heart rate, serum calcium, QTc
interval, QTc maximum, and QTc dispersion and decrease
in serum potassium after hemodialysis [Table 1].

On comparing the mean values of ECG parameters, there
was a significant rise in QTc and QTc dispersion after
hemodialysis in all etiological groups of CKD, except for
an insignificant rise in QTc dispersion in malignancy-related
CKD [Table 2].

On comparing the mean values of various -clinical,
biochemical, and ECG parameters post hemodialysis in
patients with QTc dispersion >74 ms with those with QTc
dispersion <74 ms, the mean values of serum potassium
and serum calcium were found to be significantly
low [Table 3].

Discussion

Our study showed a marked variability in QTc interval and
QTc dispersion. Approximately half of our patients had
prolonged QTc interval before and after the hemodialysis.
Prolonged QTc dispersion was seen even more commonly,
i.e., 59% before and 88% after hemodialysis. Hemodialysis
patients carry a large burden of cardiovascular disease,
the most onerous being the high risk of sudden cardiac
death. In addition to the traditional cardiac risks present
in patients with end-stage kidney disease, dialysis-related
arrthythmic triggers may also be significant.!'!
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Figure 1: Patient characteristics — age and sex
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Table 1: Clinical, biochemical, and electrocardiographic parameters before and after hemodialysis (»=200)

Variable Mean+SD t D
Prehemodialysis Posthemodialysis
Clinical
Systolic BP (mm of Hg) 134+19.41 138.49+18.18 —-3.108 0.002*
Diastolic BP (mm of Hg) 81.43+12.47 82.71+£9.51 —1.737 0.084
Heart rate/min 94.67+9.52 96.59+7.96 —-3.030 0.003*
Temperature (F) 98.03+0.29 98.03+0.13 0.498 0.619
SpO, 96.80+0.98 96.78+1.27 0.200 0.842
Respiratory rate/min 17.934£2.13 16.95+2.55 4.450 0.5
Biochemical
Serum potassium (mEq/L) 5.24+0.76 4.58+0.57 25.968 0.001*
Serum magnesium (mg/dl) 2.06+0.52 2.08+0.31 —0.801 0.424
Serum calcium (mg/dl) 8.53+0.92 8.89+0.51 6.0 0.001*
QTc (ms)
QTc interval 433.35+36.87 451.36+39.61 —15.373 0.001%*
QTc minimum 401.70+51.38 400.41+52.82 0.608 0.544
QTc maximum 462.16+52.82 481.94+29.85 —7.212 0.001*
QTec dispersion 60.47+19.34 81.54+24.40 10.6 0.001*
*Significant. BP: Blood pressure, SpO,: Room air oxygen saturation, QTc: Corrected QT interval, SD: Standard deviation
Table 2: Corrected QT interval and corrected QT dispersion in relation to etiology of chronic kidney disease
Etiology of CKD QTc before HD  QTc after HD P QTec-d before HD  QTe-d after HD P
Diabetic nephropathy (n=74) 432.8437.7 450.1+£39.7 0.001* 59.5+18.2 81.1+24.5 0.001*
CGN (n=48) 433.8+35.8 451.6+38.1 0.001* 56.6+21.3 80.6+24.1 0.001*
Hypertensive nephropathy (#=23) 445+35.7 470.1£37.7 0.001* 69.2+15.1 82.8425.6 0.003*
Obstructive nephropathy (n=19) 431.5440.8 443.4+42.6 0.012* 66.2+17.4 83.2425.7 0.008*
Chronic (n=13) 431.94+33.4 461.8+40.8 0.001* 51.74£24.2 82.6+22.6 0.011*
ADPKD (n=7) 419.4442.1 438+45.6 0.001* 714£22.9 101.7+£30.7 0.050*
Malignancy related (n=7) 433.6+35.0 447.3+31.7 0.018%* 56.1+12.1 66.6+:13.9 0.216

*Significant. QTc-d: Corrected QT dispersion, CGN: Chronic glomerulonephritis, TIN: Tubulointerstitial nephritis, ADPKD: Autosomal
dominant polycystic kidney disease, CKD: Chronic kidney disease, QTc: Corrected QT interval, HD: Hemodialysis

Table 3: Comparison of various variables with corrected ADEKD
QT interval dispersion <74 ms versus >74 ms after ——
hemodialysis GLOMERULONEPHRITIS
Variable Mean+SD t p = CHRONIC INTERSTITIAL
NEPHRITIS
QTe-d <74 ms QTe-d >74 ms W HTN NEPHROSCLEROSIS
(n=93) (n=107)
Systolic BP 136.6+16.5 139.8+19.3 —1.238 0.217 § MALIGNANCY
Diastolic BP 83.4+8.3 82.3£10.3  0.800 0.425
Heart rate 96.1+7.5 96.9+83  —0.738 0.461 * OBSTRUCTIVE DROPATHY
Temperature 98.0+0.2 98.0+0.1 1.078 0.282 5 TYPE 2 DM
SpO, 96.7+1.3 96.8£1.3  —0.827 0.409
Respiratory rate 17.142.9 16.8+2.3 0933 0.352 UNKNOWN
Serum potassium 4.940.6 4.4+0.5 6.531 0.001%*
Serum magnesium 2.1£0.2 2.1£04 —0.486 0.627 - : . -
Serum calcium 9,040 4 8.840.6 3169 0.002% Figure 2: Etiology of chronic kidney disease

*Significant. BP: Blood pressure, SpO,: Room air oxygen saturation,

o . 4 Covic et all' reported that hemodialysis increases QTc
SD: Standard deviation, QTc-d: Corrected QT dispersion vie et @ P y Q

interval, but not QTc dispersion in end-stage renal disease

Prolonged QTc interval is a risk factor for sudden cardiac without manifest cardiac discase.

death. Our study, as also reported by others,>3!2 has shown
a highly significant increase in the mean values of both
QTc interval and QTc dispersion after hemodialysis in CKD
patients without significant heart disease. On the contrary,

Our results indicate that the nonhomogeneity of regional
ventricular repolarization increases during hemodialysis,
which is suggested by increased QTc maximum interval
and QTec interval dispersion.
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The mechanism of QTc dispersion prolongation in CKD
patients during hemodialysis is a matter of speculation.
Interstitial myocardial fibrosis and calcium deposition in
uremic hearts which increases myocardial nonhomogeneity
have been shown on autopsy!™ and quantitative
echocardiography. Patients with chronic renal failure had
a greater QTc interval and QTc dispersion compared with
healthy controls.[

Dialysis patients with QTc dispersion longer than 74 ms
were shown to be at risk of serious ventricular arrhythmias
or sudden death.”’ More than half (54%) of our patients
had QTc dispersion >74 ms, and the mean values of serum
potassium and calcium in these patients were significantly
low when compared with those with QTc dispersion <74 ms.
These findings have been substantiated in many earlier
reports,!'>!71 demonstrating that QTc dispersion inversely
correlated with serum potassium and calcium. Genovesi
et al™® compared the effect of six dialysis baths with
different ion compositions on the QTc interval duration and
observed that the longest QTc interval duration occurred
with the low-potassium/low-calcium dialysate, whereas the
shortest occurred with the high-potassium/high-calcium
dialysate. Interestingly, like the findings of our study, they
reported an inverse correlation between the QT interval
changes and serum potassium and calcium levels, but not
with serum magnesium.

A large cohort of 200 hemodialysis patients of CKD
without clinically manifest heart disease is the strength of
our study.

Conclusion

The results of this study have shown that a significant
number of patients of CKD on chronic maintenance
hemodialysis have prolonged QTc interval and QTc
interval dispersion with highly significant increase after
hemodialysis. The prolonged QTc dispersion was inversely
correlated with serum potassium and calcium. Post
hemodialysis ECG would effectively identify patients whose
repolarization surrogates increase after dialysis sessions. In
these individuals, a dialysis regimen can be adopted which
is less likely to affect ventricular repolarization.
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