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Summary 

In our previous studies, a decreased blood pressure was reported 

in children treated by anthracycline (AC). The aim of this study 

was to assess the long-term effects of AC anticancer therapy in 

45 subjects aged 13-22 years by repeated 24-hour Holter 

monitoring of blood pressure. Sixty four aged-matched subjects 

served as controls. The differences between mean values of 

systolic (SBP) and diastolic blood pressure (DBP) in each hour of 

both groups were evaluated by Mann-Whitney test. Also the 

parameters of the least-squares fit of the sinusoidal curve in each 

subject were estimated (M – mesor, midline-estimating, a mean 

value of sinusoidal curve corresponds to 24-hours mean 

pressure; A – amplitude, double amplitude corresponds to night-

day difference; Acr – acrophase is a time of maximal value of a 

sinusoidal curve). SBP and DBP was significantly lower only 

during night hours in anthracycline patients 19-22 years old. Also 

M was lower in this age subgroup of patients comparing to age 

matched controls (SBP: 112±6 mm Hg versus 117±7 mm Hg, 

p<0.05; DBP: 67±3 mm Hg versus 69±6 mm Hg, p<0.05),  

A was not different, Acr in patients was shifted one hour earlier 

(SBP: 2.4 p.m. versus 3.6 p.m., p<0.05; DBP: 2.1 p.m. versus 

3.3 p.m., p<0.01). This corresponds to the shift of the morning 

blood-pressure increase seen on 24-hours blood pressure 

profiles. M correlated with age in controls (SBP: r=0.374, 

p<0.01; regression coefficient b=1.34 mm Hg/1 year; DBP: 

r=0.365, p<0.01; b=0.95 mm Hg/1 year), but not in patients 

(SBP: r=0.182, DBP: r=0.064). A and Acr were age-independent 

in all subjects. It is concluded that blood pressure in 19-22 years 

old AC patients is lower during night hours, the age-dependent 

increase of blood pressure seen in healthy controls between  

13 and 22 years of age does not occur in patients. This finding is 

consistent with the long-lasting impairment of the sympathetic 

nervous system caused by anthracyclines. 
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Introduction 
 

Anthracycline chemotherapeutics proved a broad 
efficiency against a variety of childhood malignancies. 
Their use in children is beneficial and has led to a 5-year 
survival rate in nearly 80 % (Jemal et al. 2006). However, 
this therapy affects the cardiovascular system in the long-
run, and it has been documented that childhood cancer 
survivors have higher rates of congestive heart failure and 
cardiac death (Mertens et al. 2001, Oeffinger et al. 2006). 
Late anthracycline cardiotoxicity is associated primarily 
with reduced left ventricular function (Lipshultz et al. 
2005, Elbl et al. 2006) or increased left ventricular 
afterload (Colan et al. 1992). The state-of-art of this 
research has been regularly reviewed (Giantris et al. 
1998, Scully and Lipshultz 2007). 
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Anthracyclines also interact with the 
autonomous nervous system: The complex changes in 
tonic and reflex heart rate regulation may be explained by 
the anthracycline-induced suppression of cholinesterase 
synthesis in the heart muscle with a subsequent increase 
in acetylcholine activity (Geršl et al. 1996). An 
interaction between the anthracyclines and the 
sympathetic nervous system was also reported (Sakai et 
al. 1998). As to systolic (SBP) and diastolic blood 
pressure (DBP) changes in long-term survivors of 
childhood cancer, remarkably few sorrow data exist. 
Merely both hypertension (Pai and Nahata 2000) and 
hypotension were uniquely noticed (Nováková et al. 
2007).  

In our previous study (Nováková et al. 2007), 
we examined blood pressure using continuous finger 
arterial blood pressure measurement by Finapres in 
children, adolescents, and young adults previously treated 
with anthracyclines and compared their blood pressure 
with healthy controls of the same age. These subjects 
were aged between 11 and 22 years and were examined 
twice in an interval between 1 and 9 years. Lower values 
of SBP and DBP were found in anthracycline treated 
patients. The age-dependent blood-pressure increase, 
which was present in healthy adolescents, was not found 
in cancer survivors in this study. Finapres has been 
validated in adults, but only few studies in paediatrics 
have been reported. The comparison of measurements of 
blood pressure by Finapres and by the auscultatory 
method was done by Tanaka et al. (1994) and Závodná et 
al. (2005a), and these measurements have similar 
accuracy as in adults. On the other hand the data of  
24-hours SBP and DBP variations in anthracycline 
treatment survivors are missing.  

The aim of this study was to compare the  
24-hour Holter blood-pressure recordings in adolescents 
and young adults after anthracyclines cancer therapy with 
age-matched healthy controls. 
 
Methods 
 
Subjects 

We examined 106 subjects (46 males). Forty-
two children and adolescents after anthracycline 
treatment for acute lymphoblastic leukaemia (18 males, 
24 females) were compared with 64 age-matched healthy 
controls (28 males, 36 females). The patients received  
a total cumulative dose of 229±33 (120–300) mg/m2 of 
anthracyclines. Cyclophosphamide, as part of the 

treatment protocol, was given to all patients in the total 
mean dose of 2829±376 mg/m2. The period between the 
end of the treatment and ambulatory blood pressure 
monitoring was 9.8±3.1 (4-16) years. One patient was 
treated with additional mediastinal radiation (dose of  
12 Gy). The main clinical characteristics of the studied 
population are shown in Table 1.  

 
 

Table 1. The main clinical characteristics of the studied groups. 
 

Parameters Group Co Group A P 

Age  
(years) 

17.8±2.4 17.3±2.3 NS 

Body weight 
(kg) 

63.8±10.9 61.2±13.8 NS 

Body height 
(cm) 

172.4±8.2 166.7±9.5 <0.
01 

BMI  
(kg/m2)  

21.4±3.0 21.9±3.6 NS 

Period after 
treatment 
(years) 

9.8±3.1   

Treatment  Anthracyclines  
(mg/m2) 

229.0± 33.8  

 Vincristine 
(mg/m2) 

14.7±6.0  

 Cyclophosphamide 
(mg/m2) 

2829.3±376.3  

 RT  
(n) 

1  

 Dexrazoxane 
(n) 

30  

 
The values are presented as mean ± standard deviation. Group 
Co – healthy controls, group A – patients treated with 
anthracyclines; BMI – body mass index; P – statistical analysis by 
Mann-Whitney test: Co versus A, NS – insignificant, n - number 
of subjects, RT - radiotherapy of mediastinum.  

 
 
All patients were diagnosed and treated at the 

First Department of Paediatric Internal Medicine, Faculty 
Hospital in Brno. Healthy subjects were recruited from 
volunteers at primary and secondary schools in Brno. All 
subjects (controls and patients), or their parents - (in 
patients under 18 years of age), gave their informed 
consent. The protocols of our study were approved by the 
ethics committee. 

The subjects were divided into 3 subgroups 
according to age: 13-15 years (9 patients, 9 controls),  
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16-18 years (19 patients, 33 controls), and 19-22 years 
(14 patients, 22 controls).  

 
Blood pressure measurement 

Twenty-four-hour monitoring of SBP and DBP 
was carried out by a Space Labs Medical-Holter recorder 
90217 (Redmond, WA, USA). The device was 
programmed to take blood pressure measurements every 
15 min from 6 to 22 h (daytime) and every 20 min from 
22 to 6 h (night-time). The monitoring cuff was applied 
around the non-dominant arm in the morning. We 
compared the mean 24-hour profile of SBP and DBP 
between anthracycline-treated patients and healthy 
controls in each age group and determined the statistical 
significance of the differences in each hour by a non-
parametric Mann-Whitney test. Also the parameters of 
the least-squares fit of the sinusoidal curve with a period 
of 24 hours (Cornélissen et al. 1990) in each subject were 
estimated: M – midline-estimation, the mean value of 
sinusoidal curve corresponds to 24-hours mean pressure; 
A – amplitude, double amplitude corresponds to night-
day difference; Acr – acrophase is the time of maximum 
value of a sinusoidal curve. The age-dependent 
development of M, A, and Acr were recorded and 
analyzed in both anthracycline-treated and control 
subjects. 

 
Statistical analysis 

Results are presented as the mean ± standard 
deviation (S.D.). Statistical analysis was performed by 
the STATISTICA software, version 6.0 (StatSoft, Inc.). 
The significance of differences between the controls and 
the patients was evaluated by the Mann-Whitney test. The 
Pearson’s correlation coefficient was used for the other 
statistical evaluations.  
 
Results 
 

A comparison of the mean 24-hour profile of 
SBP and DBP between the anthracycline-treated patients 
and the healthy controls in each age group is shown in 
Figure 1. The statistically significant difference between 
the anthracycline-treated patients and the controls was 
found during the night hours.  

Parametric indices of blood-pressure variations 
derived from 24-hour recordings using the least-squares 
fit of the cosine curve with a period of 24 hours for all 
age groups are in Table 2. A significant correlation 
between M and age was found in the controls as seen in 

Figure 2 but not in the anthracycline-treated patients 
(SBP: r = 0.182, DBP: r = 0.064). A and Acr were age-
independent. M values of SBP and DBP were lower in 
treated patients in the age group of 19-22 years in 
comparison with controls of the same age. In the group of 
19-22 years old, Acr appeared one hour earlier in treated 
patients. This finding corresponds to the shift of the 
early-morning blood-pressure increase seen on the mean 
24-hour blood pressure profile of the anthracycline-
treated patients in this age group (Fig. 1c). No significant 
differences in A between the two groups were 
ascertained. 

 
Discussion 
 

The late adverse side effects of anticancer 
therapy in children develop during decades in their later 
life (Simbre et al. 2005). Cardiac injury may occur as  
a side effect of anthracycline treatment many years after 
the initial treatment (Mott 1997), namely in patients with 
underlying risk factors, though not in all. The most 

 
 
Fig. 1. The mean 24-hour profiles of blood pressures in age 
subgroups. a): subgroup 13-15 years; b): subgroup 16-18 years; 
c): subgroup 19-22 years. Full circles - systolic blood pressure, 
squares - diastolic blood pressure, open symbols - controls, full 
symbols - patients treated with anthracyclines; *p<0.05, 
**p<0.01.   
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frequent cardiac dysfunction is characterized by 
depressed left ventricular function related to depressed 
contractility or by increased afterload. These subjects are 
at risk of late congestive heart failure and of cardiac 
mortality due to pump failure. There are also other 
deficiencies caused by anthracyclines, or other anticancer 
therapy respectively, as for example dyslipidaemia 
(Adams and Lipshultz 2005, Závodná et al. 2005b, Scully 
and Lipshultz 2007), elevated of serum cardiac  
troponin T level (Cardinale et al. 2006, Scully and  
Lipshultz 2007), electrocardiographic abnormalities 
(Mladosievičová et al. 2001), or neurohumoral activation 
(Horáček et al. 2005). 

Late effects of anticancer therapy in children, 
adolescents, and young adults from the Brno region have 
been examined for many years (Hrstková et al. 2001, 
2003, Závodná et al. 2002). Except for diastolic and 
systolic dysfunction, dyslipidaemia and decrease of 
physical activity was reported (Elbl et al. 2005, 2006, 

Balcárková et al. 2006, Balcárková et al. 2008). In our 
study (Nováková et al. 2007) we did not find any changes 
of parasympathetic functions estimated by repeated 
measurements of baroreflex sensitivity. However,  
a decrease of blood pressure was obvious. This result, 
based on repeated 5-minute continual measurement of 
blood pressure from the digital artery (Peňáz method), 
was verified in the present study by 24-hour blood 
pressure measurement: in the group of children and 
adolescents under 18 years of age the differences in blood 
pressure were not significant when comparing controls 
and survivors of anticancer therapy (i.e. no physiological 
age-related blood-pressure increase). In contrast, in the 
group of young adults, a significantly lower mesor of 
systolic blood pressure was present. Evaluation of the  
24-hour blood pressure profile indicated that the blood-
pressure decrease was present at night and was significant 
in both systolic and diastolic blood pressures. In our 
previous study (Nováková et al. 2007) we also showed 
that baroreflex heart-rate sensitivity did not differ 
between controls and survivors of anticancer therapy; 
therefore we suppose that the blood-pressure decrease 

Table 2. 24-h based parametric indices of blood pressure 
variation. 
 

Group Co Group A Age Parameters 
mean ± S.D. mean ± S.D.

P 

SBP M 109.9 10.4 108.4 8.5 NS 
 A 11.5 2.5 9.4 5.0 NS 
 Acr 1.3 3.6 2.5 1.5 NS 
DBP M 63.7 6.8 65.0 7.2 NS 
 A 12.5 8.9 9.1 3.9 NS 

13 - 15  
years 

 Acr 0.6 3.8 0.9 1.5 NS 
SBP M 111.0 8.1 109.2 8.5 NS 
 A 8.9 4.3 9.3 3.0 NS 
 Acr 1.8 4.4 3.1 1.8 NS 
DBP M 64.3 5.4 63.9 6.5 NS 
 A 9.0 4.0 10.9 11.1 NS 

16 - 18 
years 

 Acr 1.4 3.6 1.6 0.9 NS 
SBP M 117.0 7.0 112.3 5.8 < 0.05
 A 9.4 5.0 11.2 4.5 NS 
 Acr 3.6 2.3 2.4 1.3 < 0.05
DBP M 69.0 6.0 66.6 3.4 NS 
 A 9.0 3.8 10.0 3.3 NS 

19 - 22 
years 

 Acr 3.3 1.8 2.1 2.8 < 0.01

 
The values are presented as mean ± standard deviation (S.D.); 
MESOR (M) and AMPLITUDE (A) in mm Hg, ACROPHASE (Acr) in 
hours p.m. Group Co – healthy controls, group A – patients 
treated with anthracyclines; SBP, DBP – systolic and diastolic 
blood pressures, P – statistical analysis by Mann-Whitney test: 
group Co versus group A, NS - insignificant. 
 
 

 
 
Fig. 2. Correlation between MESOR values of SBP and DBP and 
age in patients and healthy controls. SBP - systolic blood 
pressure, DBP - diastolic blood pressure, open symbols - controls, 
full symbols - patients treated with anthracyclines; full lines -
significant correlation (p<0.01) in controls, dashed lines -
insignificant relationship in patients. 
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could be related to reduced sympathetic nervous activity. 
Our findings of impaired blood pressure control and 
unchanged baroreflex control of the heart are in 
agreement with the study of heart rate and blood pressure 
variability in patients after anthracycline-treated breast 
cancer, which demonstrated an unchanged vagal cardiac 
control, but altered vascular control (Ekholm et al. 2000). 
This finding is consistent with the impairment of the 
sympathetic nervous system in rat arteries caused by 
anthracycline toxicity (Sakai et al. 1998). 

It is concluded that the blood pressure in 19-22 
years old anthracycline treated patients is significantly 
lower with respect to controls during night hours and that 

increase of blood pressure characteristic for healthy 
controls between 13 and 22 years of age does not occur in 
anthracycline treated patients. This finding is consistent 
with anthracycline-induced long-lasting decay of the 
sympathetic nervous system. 
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