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ABSTRACT

Objective: Anthracyclines which are the main drug of chemotherapy protocols had cardiotoxicity as the most
frequent and well-known side effect. We aimed to evaluate prospectively the heart rate variability with 24-hour Holter
electrocardiography (ECG) in children with cancer who treated with anthracycline drugs.

Material and Methods: The 24-hour Holter ECG monitoring was performed at the baseline, at time of 120 mg/m? and
>240 mg/m? of cumulative anthracycline dose in patients with cancer who treated with anthracycline. The time-domain
and frequency-domain measurements of heart rate variability (HRV) were obtained. The patients were classified into
three groups as Group1:at baseline(n=54), Group 2:>120mg/m? (n=54), Group 3:>240mg/m? (n=54).

Results: The median age was 48 months (range 9-192 months). All types of cancer were 38 patients (70.4%) of
acute leukemia, two patients (3.8%) of T lymphoblastic lymphoma, and 14patients (25.8%) of other childhood cancer
who treated with anthracycline. However, all heart rate variability parameters were decreased after each increased
cumulative anthracycline dose, especially time-domain parameters such as nSDNN index, rMSSD, pNN50, frequency
parameters such as LF, HF, and Total power were significantly altered among Group1 and Group 3. LF/HF ratio was also
statistically significantly increased in Group 3. According the heart rate parameters, the mean average heart rate, mean
minimum heart rate and mean RR were statistically significantly prolonged from Group1 to Group 3.

Conclusion: Heart rate variability parameters are a noninvasive technique to demonstrate cardiac autonomic neural
dysfunction and early myocardial injury. The 24-hour Holter ECG may be used for detecting early cardiac dysautonomia
effect during anthracycline treatment with each elevated 120mg/m? anthracycline of cumulative dose.

Key Words: Cardiotoxicity, Cumulative anthracycline, Heart rate variability

0z
Amac: Kemoterapi protokollerinin temel ilaci olan antrasiklinler en sik kardiyotoksisite yan etkisine sahiptir. Antrasiklin ile

tedavi edilen kanserli cocuklarda kalp hizi degiskenligini 24 saatlik Holter elektrokardiyografi (EKG) ile prospektif olarak
degerlendirmeyi amacladik.
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Gerec ve Yontemler: Antrasiklin ile tedavi edilen kanserli hastalarda hi¢ tedavi ailmadan, 120mg/m? ve =240 mg/m? kiimUlatif antrasiklin
dozunda 24 saatlik Holter EKG monitérizasyonu yapildi. Kalp atis hizi degiskenliginin (HRV) zaman alani ve frekans alani dl¢ctimleri elde
edildi. Hastalar G¢ gruba ayrildi: hig tedavi almadan Grup 1 (n = 54), Grup 2 :>120 mg/m? (n = 54), Grup 3: =240 mg/m? (n = 54) seklinde
ayrild.

Bulgular: Ortanca yas 48 aydi (aralik 9-192 ay). 38 (% 70.4) hasta akut I6semi, iki hasta T lenfoblastik lenfoma (% 3.8) ve 14 hasta (% 25.8)
diger cocukluk ¢agdi kanserleridir. Bununla birlikte, ttim kalp hizi degiskenleri, n"SDNN indeksi, rMSSD, pNN50 gibi zaman parametreleri ve
LF, HF ve Toplam gti¢ gibi frekans parametreleri gibi her artan kiimulatif antrasiklin dozu ile azalma goéruldtgu beliflendi. LF/HF orani da
Grup 3'te istatistiksel olarak anlamli sekilde artis gosterdigi saptandi. Kalp hizi parametrelerine gére, ortalama kalp hizi, ortalama minimum
kalp hizi ve ortalama RR, kimulatif doz artik¢a istatistiksel olarak anlamli sekilde uzadigi belirlendi.

Sonug: Kalp hizi degiskenleri, kardiyak otonomik néral disfonksiyonu ve erken miyokardiyal hasarnn gosterilmesi icin invazif olmayan
bir tekniktir. 24 saatlik Holter EKG’si, her artan 120 mg/m? antrasiklin kiimilatif dozu ile antrasiklin tedavisi sirasinda erken kardiyak

dysautonomia etkisini saptamak igin kullanilabilir.

Anahtar Sozciikler: Kardiyotoksisite, Kimulatif antrasiklin, Kalp hizi degiskenligi

INTRODUCTION

Anthracycline-induced cardiotoxicity changes from subclinical
ventricular dysfunction to severe cardiomyopathy and heart
failure. These cardiotoxic events are generally categorized by
their time of onset as acute (occurring during or immediately
after treatment), early (occurring within1 year of exposure), or
late (occurring 1 or more years after initial exposure) (1-4).

It is well known that anthracycline-induced cardiotoxicity is
dose-dependent (5). The cumulative percentage of patients
who experienced an on-study cardiac event was 7% at a
cumulative doxorubicin dose of 150 mg/m?, increasing to 9%,
18%, 38%, and 65% of patients at cumulative doses of 250
mg/m?, 350 mg/m?, 450 mg/m?, and 550 mg/m?, respectively.

Although these are not an exact standard method for assessing
cardiotoxicity, 12 derivations electrocardiography (ECG), 24-
hour Holter ECG or echocardiography, can be used. The 24-
hour Holter ECG monitoring includes a continuous recording of
all electrocardiographic data for a period of 24 or 48 hours. A
typical Holter monitor report includes total heartbeats, average
heart rate, maximum and minimum heart rates, number of
premature beats (supraventricular and ventricular), episodes
of tachyarrhythmia and the etiology of the arrhythmias (eg,
supraventricular or ventricular), longest R-R interval and any
pauses greater than three seconds and etiology of the pauses
(eg, sinus pauses versus AV block), and ST-segment change
(6,7). The 24-hour Holter ECG also provides more prognostic
information apart from the detection of arrhythmias such as
heart rate variability (HRV). Therefore, the autonomic nervous
system function can be assessed when the various time
domains of HRV are measured.

To the best of our knowledge, the studies which assess
the anthracycline-induced cardiotoxicity with the 24-hour
Holter ECG, are rare. Therefore, we aim to identify important
predictors of arrhythmias, subclinical ventricular dysfunction,
acute and early cardiotoxic events, and the HRV after increased
cumulative anthracycline dose with 24-hour Holter ECG in
children with cancer who treated with anthracycline drugs.

MATERIALS and METHODS

This study was performed between September 2014 and
September 2015 at Dr. Behcget Uz Children Hospital, Turkey.
Children with cancers who were treated with any anthracycline
drugs were included in the study group. All patients were
evaluated by the 24-hour Holter ECG monitoring at the baseline,
at the time =120 mg/m? and =240 mg/m? of cumulative
anthracycline dose in the 54 patients with cancer who treated
with anthracycline, respectively. The patients were classified into
three groups according to increasing cumulative anthracycline
doses: Group 1: at baseline (n=54), Group 2: =120 mg/m?
(n=54), Group 3: =240 mg/m? (n=54). The data of 24-hour
Holter ECG monitoring which obtained at the baseline (Group
1) were accepted as the control group. From the archive files,
the following data of the patients were collected such as age,
gender, history, physical examination, and medical information.
Written informed consent was obtained from all parents.

Children with cancers who have not the administration of
anthracycline drugs, and patients whose arrhythmia was
detected in the evaluation of the 24-hour Holter ECG monitoring
at the baseline time were excluded from this study.

The study was approved by the Dokuz Eylll University Faculty
of Medicine Clinical Research Ethics Committee with the
decision number 2014 / 24-17 dated 30.10.2014.

Holter ECG

The 24-hour Holter ECG inputs were recorded with three-
channel DMS 303A V11a Holter Recording Device (DMS Inc.,
New York, NY, USA). The recordings included a complete
day and night cycle. All recordings were analyzed using DMS
Cardioscan program (DMS Cardioscan 11.0 Holter analysis
program, DMS Software Inc., ABD. First of all, all the records
were cleaned from artifacts then ectopic beats and arrhythmias
were determined. In the 24-hour records, the following data
were obtained: minimum, maximum, and mean HRs, ventricular
or supraventricular ectopic beats, ventricular tachycardia (VT)
or supraventricular tachycardia (SVT) episodes, atrioventricular
block or sinus pause. Noisy data, artifacts, ectopic, and
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arrhythmia beats, pauses were excluded from the analysis.
Holter tapes were re-evaluated by a pediatric cardiologist.

HRYV analysis

The following time-domain indices were calculated; the
standard deviation of all normal sinus R-R intervals (SDNN);
mean of the standard deviations of all normal sinus R-R intervals
for all 5-minute segments of the entire recording (SDNNi);
the standard deviation of the averages of R-R intervals in all
5-minute segments of the entire recording (SDANN); root mean
square of the successive normal sinus R-R interval difference
(rMSSD); and the percentage of successive normal sinus R-R
intervals longer than 50 milliseconds (PNN50 %). The calculated
frequency-domain indices were: Variance of all R-R intervals -
total power (TP); power in the very low-frequency range - very
low frequency (VLF, 0.003-0.04 Hz); power in the low-frequency
range-low frequency (LF, 0.04-0.15 Hz); low-frequency power in
normalized units-normalized low frequency; power in the high-
frequency range-high frequency (HF, 0.15-0.40 Hz); and high-
frequency power in normalized units-normalized high frequency
and the ratio of low frequency to high frequency (LF/HF).

Statistical analysis

Statistical analyses were performed using the SPSS package
program version 21. Kolmogorov-Smirnov test was used to
check the normality assumption. Values are expressed as
mean+SD or median (interquartile range) as appropriate. One-
way analysis of variance (ANOVA) was used to compare the
means of normally distributed parameters among the groups.
The homogeneity of variances was assessed by the Levene
test. Post hoc tests were performed using Tukey’s method
when an overall significance was observed. Kruskal-Wallis tests
were conducted to compare non-normality distributed variables
among groups. Mann-Whitney U test was performed to test the
significance of pairwise differences using Bonferroni correction
to adjust for multiple comparisons. The relationship between the
numerical data is examined by Pearson’s correlation analysis.
The point biserial correlation model was used to investigate the
association between categorical and numeric data. An overall
P value of less than 0.05 was considered to show a statistical
significance.

RESULT

Demographic and echocardiographic characteristics

The data were collected from 54 patients with cancers. There
were 33 male (61.1 %) and 21 female (38.9 %) patients in the
baseline study group. The median age was 48 months (range
from 9 to 192 months). Table | showed the type of cancer in our
study. All types of cancer were distributed for 38 patients (70.4
%) of acute leukemia, two patients (3.8 %) of T lymphoblastic
lymphoma, and 14 patients (25.8 %) of other childhood cancer
who treated with anthracycline during chemotherapy protocols.
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Table I: Distribution of type of cancer at our study.
Frequency Percent

Type of cancer

(n) (%)
Acute leukemia (ALL+ AML) 38 70.4
Lymphoma (HL+ T cell lymphoblastic 7 13.0
lymphoma+ Burkitt lymphoma)
Solid tumour 9 16.6
Total 54 100.0

ALL=acute lymphoblastic leukemia, AML=acute myeloid leukemia,
HL= Hodgkin Lymphoma, Burkitt lymphoma, Solid tumour=
Neuroblastoma+ Hepatoblastoma+ Ewing sarcoma+ Wilms tumor+
Osteosarcoma)

Two patients died due to sepsis and respiratory failure at the
first 20 days of induction therapy. One patient followed up
another center.

Fifty-four patients had not malnutrition at the diagnosis time. Any
of our patients had not received radiotherapy. Aortic coarctation,
tricuspid insufficiency, PFO, ASD, mitral insufficiency, and left
shift of intraventricular septum in the mid septal region were
detected with echocardiography at 6 of 54 patients. But EF and
FS of all patients were detected normale.

Two of 54 patients were detected ventricular extrasystole (VES),
nonsustained ventricular tachycardia (VT) at the baseline time
of 24-hour Holter ECG monitoring. Antiarrhythmic treatments
were started according to these arrhythmia findings.

The mean values of the minimum, maximum, and average heart
rates obtained from 24-hour electrocardiography recordings
are given in Table Il. According to the heart rate parameters, the
mean average heart rate, and mean minimum heart rate was
statistically prolonged while mean RR was shortened especially
from Group 1 to Group 3 (p<0.05). Although the mean
maximum heart rate was no statistically significant difference
between at baseline time, =120 mg/m?, and =240 mg/m? of
cumulative anthracycline dose, the mean maximum heart rate
was prolonged with elevated cumulative anthracycline dose.
Despite no statistically significant difference between Group 1,
Group 2, and Group 3, the mean average rate, mean minimum
heart rate, and mean maximum heart rate, were become longer,
mean RR also was shortened (Table ).

Time and frequency domain indices of HRV parameters in
the study are shown in Table Ill. Time-domain indices SDNN
index, rIMSSD, pNN50, and frequency domain indices LF, HF,
VLF, and total power in Group 3 were significantly lower than
in Group 1 (<0.05). The frequency-domain LH/HF in Group 3
was significantly higher than in Group 1. Despite no statistically
significant difference between all groups, all HRV parameters as
SDNN, SDANN, SDNN index, rMSSD, pNN50, LF, HF, VLF, total
power shortened, while only frequency parameter of LH/HF
increased during elevated cumulative anthracycline dose. The
results of the frequency domain HRV parameters in the study
Group 3 showed significant alterations in favor of sympathetic
dominance when compared with the group 1 with increased



Table II: Comparison of heart rate parametres.
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Group 1(A) Group 2 (B) Group 3 (C) p (A-B) p (B-C) p (A-C)
Mean Average Heart rate (bpm) 97.78+18.1 108.8+16.96 112.76+£23.55 p=0.039 p=0.155 p=0.001
Mean Minimum Heart rate (bpm) 55.66+9.4 60.0+10.3 59.2+7.7 p=0.172 p=0.633 p=0.019
Mean Maximum Heart rate (bpm) 174.90+24.9 172.0£15.9 180.3+23.6 p=0.701 p=0.914 p=0.528
Mean RR (ms) 630.30+108.97 569.1+82.1 559+110.5 p=0.043 p=0.279 p<0.01

Data are shown as mean + standard deviation for normally distributed
(minimum-maximum values)*. Bold values indicate statistical significance.

variables; variables without normal distribution are shown as median

Table lll: Comparison of time- and frequency-domain heart rate variability parameters.

Group 1 (A) Group 2 (B) Group 3 (C) p (A-B) p (A-C) p (B-C)
SDNN 117.41+51.62 91.4+36.1 101.8+57.76 p=0.187 p=0.086 p=0.120
SDANN 105.98+49.09 77.9+40.5 91.5+53.5 p=0.134 p=0.083 p=0.114
SDNN index 55.94+23.99 44.4+19.7 44.1+22.04 p=0.391 p=0.008 p=0.422
rMSSD 43.5+22.2 29.7+19.3 32.46+20.1 p=0.299 p=0.011 p=0.476
pNN50 18.07+14.10 9.9+12.56 11.34+12.1 p=0.409 p=0.010 p=0.489
LF 657.42+440.12 536.0+412.0 461.0+360.0 p=0.631 p=0.018 p=0.519
HF 474.0+£426.0 282.0+271.0 247.0+£226.0 p=0.237 p=0.002 p=0.318
VLF 1996.0+1570.83 1317.0+992.0 1473.0+£1342.0 p=0.274 p=0.084 p=0.252
Total Power 3169.82+2352.0 2176.0£1677.0 2241.0£1903.0 p=0.323 p=0.025 p=0.293
LH/HF 2.0+1.21 2.6+1.3 2.86+1.75 p=0.516 p=0.023 p=0.960

PNN50= The amount of adjacent R—R intervals that are greater than 50 milliseconds for the whole analysis; rMSSD= The square root of the mean
of the sum of squares of differences between adjacent R-R intervals over the length of the analysis;, SDANN= The standard deviation of the means
of all R-R intervals for all 5-minute segments of the analysis; SDNN= The standard deviation of all R-R intervals over 24 hours; SDNN index=
SDNNI, mean of the standard deviations of all normal sinus R-R intervals for all 5-minute segments of the entire recording.

the ratio of low frequency to high frequency, and decreased
normalized high frequency and low frequency. All HRV indices
in patients between Group 1 and Group 2, were not statistically
significant differences. Also, all heart rate variability between
Group 2 and Group 3 were not statistically different owing to
the low patient numbers.

DISCUSSION

Anthracyclines, which are commonly used as part of first-line
chemotherapy protocols to treat a variety of hematological
and solid tumors are known to develop significant cardiac side
effects. Cytotoxic anthracyclines and radiotherapy are known to
cause persistent and progressive damage to the cardiovascular
system. Cardiomyocytes and cardiac progenitor cells have a
limited ability to regenerate (8).

The mean values of the minimum, and average heart rates
obtained from 24-hour Holter ECG recordings of patients with
acute rheumatic fever in the study of Karacan M. et al.(9), were
significantly higher than in the healthy control group. In our
study, while the heart rate parameters, mean average heart rate,
mean minimum heart rate was statistically prolonged, mean RR
was shortened especially from Group 1 to Group 3 (p<0.05).

The mean values of heart rate parameters such as minimum,
maximum, and average were similar in patients with isolated
carditis and without carditis, with a p-value greater than 0.05
(9). In our study, the mean values of heart rate parameters
either between Group 1 and Group 2 or between Group 2 and
Group 3, were not significantly different owing to the low patient
numbers. In spite of these results, the mean values of the
minimum, maximum, and average heart rates were prolonged
and the mean RR interval was shortened with increased
cumulative anthracycline dose.

The cardiac contractions in healthy subjects are irregular,
and the change in the intervals between cardiac contractions
is a physiological phenomenon. Heart rate variability can be
measured with continuous monitoring of electrocardiography,
which provides information about the autonomic balance. The
autonomic balance can be evaluated by the analysis of heart
rate variability (10). Stachowiak Pet al.(11) detected early heart
rate variability changes during chemotherapy, assessed with
24-hour Holter ECG in breast cancer patients. 24-hour Holter
ECG and echocardiography examination were performed at
baseline, 24 h after the first cycle of drug administration, and
24 h after the last cycle of chemotherapy. This study reported
that SDNN, SDNN index, and SDANN decreased at the end
of chemotherapy. In comparison, heart rate did not change
significantly. Time-domain indices of heart rate variability,
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including pNN50 and rMSSD, were worse after drug infusion;
however, the changes were not significant difference. In our
study; the SDNN index, rMSSD, pNN50, LF, HF, VLF, and Total
power in Group 3 were significantly lower than in Group1, in
contrast to the results of Stachowiak P at el’s study. LH/HF in
Group 3 was significantly higher than in Group 1. Despite no
statistically significant difference between all groups, all heart
rate variability parameters as SDNN, SDANN, SDNN index,
rMSSD, pNN50, LF, HF, VLF, and Total power shortened, while
LH/HF increased with elevated cumulative anthracycline dose.
Our study showed decreased parasympathetic and increased
sympathetic activity. However, decreased HRV is a predictor
of adverse outcomes in myocardial infarction, sudden cardiac
death, and congestive heart failure (12). In our study, decreased
HRV was detected associated with cardiac dysfunction as
similar to given clinical scenarios. SDNN significantly correlated
with poor survival (13).

Changes in heart rate variability occurred early after thrombolysis
and may be of prognostic value. Heart rate variability measures
were improved in patients with better ejection fraction and
greater angiographic patency. These data indicate that early
heart rate variability assessment after myocardial infarction may
be useful in noninvasive risk stratification (14). Low HRV was
independently associated with a significant 2-fold increased
likelihood for early myocardial ischemia in patients with coronary
artery disease (15). Early myocardial injury may be predicted as
the result of lower SDNN index, rMSSD, pNN50 parameters in
our study.

Arrhythmias can occur after anthracycline administration. Early
complications usually occur shortly after drug administration
and are generally transient. Late effects may be visible many
years after chemotherapy cessation (16). The early complication
of life-threatening arrhythmias due to anthracyclines is quite
rare. The release of vasoactive factors into the blood soon
after doxorubicin infusion, support to sympathetic activation
and confirms the arrhythmogenic side effects of anthracyclines
(17). In our study, the results of the frequency-domain heart rate
variability parameters in the study group 3 showed significant
alterations in favor of sympathetic dominance when compared
with the group 1 increased the ratio of low frequency to high
frequency, and decreased normalized high frequency and low
frequency. In our study, the decrease in heart rate variability
parameters, suggesting the possibility of worsening/increasing
sympathetic activation after drug infusion, was similar to a
recent study (18).

Study Limitations

This study has some limitations. The major limitation is the small
patient sample in our study. During follow-up, it was difficult to
investigate 24-hour Holter ECG at the appropriate cumulative
dose time. Therefore, patients’ numbers between groups
decreased at follow-up.
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CONCLUSION

We found the correlation between the mean values of HRV
parameters at the 24-hour Holter ECG with increased
cumulative anthracycline dose at the patients with cancers.
The 24-hour Holter ECG may be good guidance for assessing
the early cardiac adverse effect during chemotherapy at the
patients with cancer because reduced HRV is a predictor of
adverse outcomes in myocardial infarction, sudden cardiac
death, and congestive heart failure. Further studies with larger
samples and longer follow-up periods are needed to support
these results.
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