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ABSTRACT
Background The aim of this systematic review was to summarise and appraise the 

published evidence with regard to the frequency and risk factors of subclinical cardiotoxicity 

in apparently healthy survivors of childhood cancer after anthracycline therapy. 

Patients and methods A search was made in Medline for studies published between 1966 

and May 2001 that included >50 children and reported on the frequency of measures of 

subclinical cardiotoxicity. Information about the studies was abstracted by two reviewers 

and a validity score was calculated for each study.  

Results The reported frequency of subclinical cardiotoxicity varied between 0% and 57% 

in the 25 studies included. Differences in outcome definitions of subclinical cardiotoxicity 

and differences in study patients with respect to the dose of anthracycline seemed to 

explain part of the wide variance of the frequency of subclinical cardiotoxicity. Fourteen of 

the 25 studies showed serious methodological limitations. 

Conclusions The reported frequency of subclinical cardiotoxicity shows a wide variation. 

Well designed studies with accurate and precise outcome measurements in well described 

groups of patients, after a sufficiently long follow-up period, are needed to obtain more 

insight into the frequency and importance of risk factors, and the clinical consequences of 

anthracycline-related subclinical cardiotoxicity
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INTRODUCTION
The introduction of anthracyclines in the treatment of childhood cancer has improved 

the survival rate, but at the cost of myocardial damage during and after treatment. In 

addition to clinical cardiotoxicity, manifesting itself as clinical heart failure, studies 

have also reported subclinical cardiotoxicity, i.e. abnormalities measured by diagnostic 

techniques, in previously healthy survivors of childhood cancer.1 Knowledge about the 

extent of subclinical cardiotoxicity is important for the development of new treatment 

protocols that aim at reducing cardiotoxicity, and for the follow-up of patients who have 

been treated with anthracyclines. In this systematic review an evaluation is made of the 

available evidence with regard to the frequency and risk factors of subclinical cardiotoxicity 

up to many years after chemotherapeutic treatment. 

PATIENTS AND METHODS

Search for studies

The objective of the literature search was to identify all studies reporting on the frequency 

of subclinical cardiotoxicity, defined as an abnormal systolic function, after anthracycline 

treatment for childhood cancer. The selection process involved four steps. First, Medline 

was searched for potentially relevant articles published from 1966 to May 2001. The 

sensitive search strategy is presented in Table 1. Secondly, relevant articles that possibly 

met the following inclusion criteria, i.e. (i) original report, (ii) published in English, (iii) 

study population of >50 children who were treated with doxorubicin, daunorubicin or 

epirubicin, and (iv) reported subclinical cardiotoxicity as outcome, were selected on the 

basis of the title and abstract by two researchers (L.K., H.J.H.v.d.P.) and were retrieved for 

more detailed examination. Thirdly, the bibliographies of all relevant articles and reviews 

were checked for additional references to empirical studies. Finally, all retrieved articles 

were screened by the two researchers to ensure that they described original research and 

met the inclusion criteria. Inter-observer agreement was calculated for the second and 

fourth steps of the selection process. In cases of disagreement, the abstracts and articles 

were re-examined and discussed until consensus was achieved.

Selected studies and validity

From each report, information about the study population, various possible risk factors, 

such as cumulative dose of anthracyclines, dose within 1 week, age at diagnosis, sex 

distribution, radiation therapy to the heart region, duration of follow-up, method of 

detection and frequency of subclinical cardiotoxicity, were abstracted by two researchers 

Review subclinical anthracycline-induced cardiotoxicity
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(L.K., H.J.H.v.d.P.). In cases of disagreement, articles were re-examined and discussed until 

consensus was reached. 

To determine the validity of the selected studies, two researchers (L.K., H.J.H.v.d.P.) 

assessed the design and execution of each study. The validity was assessed according to 

the criteria for prognostic studies described by Laupacis et al.2 A sample was considered 

to be ‘well-defined’ if the mean, the median or the range of the cumulative anthracycline 

dose was mentioned. A sample of study patients was defined as ‘representative for the 

underlying population’ if it consisted of >95% of the whole cohort from the start of therapy, 

or the cohort of survivors or a random sample of the cohort of patients with respect to 

the cumulative dose. It was also assessed whether the original cohort could be identified 

and whether the study patients ‘entered the cohort at a similar well-defined point in the 

course of the disease’. A minimal follow-up of >1 year after the end of chemotherapeutic 

treatment, or a median follow-up of 2 years, was considered to be ‘adequate’ to determine 

the frequency of subclinical cardiotoxicity. Follow-up was considered ‘to be complete’ if 

the outcome was assessed at the end date of the study for >95% of the study population. 

It was assessed whether ‘objective and unbiased outcome criteria’, defined as outcome 

measured by one observer who was blinded for possible risk factors, were applied. It was 

also assessed whether there was ‘adjustment for important prognostic factors’. Each study 

was graded on the basis of meeting or not meeting the criteria, and a validity score was 

calculated (range 0–8). 

Definition and frequency of subclinical cardiotoxicity

The frequency of subclinical cardiotoxicity was calculated as the number of patients with 

an abnormal systolic function divided by the number in patients of the study group. The 

95% confidence interval of the frequency of subclinical cardiotoxicity was calculated by 

CIA, a statistical program.3 

Risk factors for subclinical cardiotoxicity

The risk factors for subclinical cardiotoxicity, adjusted for other possible confounders in 

multivariate analysis, were extracted from the various studies. 

RESULTS

Selection of articles

The search strategy yielded 282 potentially relevant references from the Medline search 

(Table 1). Fifty-six articles were retrieved for more detailed examination. The inter-observer 

agreement for this first selection was 98%. Two additional articles were retrieved by two 

reviewers. Twenty-five studies from the 58 retrieved articles met all the inclusion criteria, 
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with an inter-observer agreement of 96%.4–28 The other 33 articles were excluded for the 

following reasons: not original research, adult study population, impossible to differentiate 

between adults and children in the study group, <50 children or not published in English. 

Description of the selected studies

The frequency and risk factors of an abnormal systolic function were evaluated in one 

longitudinal study until the end of treatment17, and in 24 transversal studies in survivors 

only.4–16,18–28 In the transversal studies, patients were investigated at different intervals 

after the end of treatment. Table 2 presents details of the studies included, length of 

follow-up and the frequency of abnormal systolic function. Thirteen studies investigated 

a group that included patients who also manifested signs of clinical heart failure.5,6,11,13–

15,17–22,23 Eight studies described the frequency of subclinical cardiotoxicity after treatment 

with doxorubicin4,6,11–13,15,19,22, two studies after treatment with daunorubicin21,26 

and 15 studies after a combination of anthracycline therapy.5,7–10,14,16–18,20,23–25,27,28 

Eleven studies described a study group of patients treated with a mean or median 

anthracycline dose <300 mg/m2.7,11,12,17,20,21,24–28 Three studies only reported the range 

of anthracyclines.4,8,23 

Validity

Data on the validity of the studies with regard to the study groups and follow-up are 

shown in Table 3. All studies were found to have methodological limitations. Fourteen 

Table 1. Search strategy for Medline (Ovid)

1. anthracyclin$.tw. 8. exp echocardiography/

2. daunorubicin$.tw. 9. exp radionuclide angiography/

3. epirubicin$.tw. 10. exp angiography/

4. doxorubicin$.tw. 11. echocardiogr$.tw.

5. exp anthracyclines/ 12. angio$.tw.

6. exp antibiotics, anthracycline/ 13. shortening fraction.tw.

7. 1 or 2 or 3 or 4 or 5 or 14. ejection fraction.tw.

15. exp ventricular function/

16. ventricular function.tw.

17. systolic.tw.

18. exp myocardial contraction/

19. contract$.tw.

20. or/8-19

21. 7 and 20

22. limit 21 to human

23.  limit 22 to (newborn infant <birth to 1 month> or infant <1 to 23 months> or preschool child <2 to 5 years> or 
child <6 to 12 years> or adolescence <13 to 18 years>)

Review subclinical anthracycline-induced cardiotoxicity
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Table 2. Description of the study groups and follow-up period of the studies evaluating subclinical cardiotoxicity in 
the included studies

First author, 
year [ref]

Study group
Patients

Cumulative 
dose, dose in 1 

week
(mg/m2)

Age at diagnosis,
age at 

investigation
(years)

F/M , RT
(No.%)

Follow-up
(Years)

Cardiac abnormality:  definition 
abnormal
(control group)

Frequency of abnormalities Validity

No % CI

Hausdorf
1988 4

55 patients with various tumours, 
treated with doxorubicin > 2 
years after treatment (0 CHF)

31-656
nm

mean 12.1
sd 4.9

mean 16.7
sd 5.4

nm
0

2.1-10.4 SF, VCF: no difference
> ESWS for patients with higher 
dose range.
(n=30 age 18-30)

nm nm 4

Steinherz
1991 5

201 patients with various 
tumours, treated with doxorubicin 
or daunorubicin between 1967 
and 1984, minimal 4 years in 
remission, referred by their 
paediatric oncologists during 
follow-up visits (9 CHF)

200-1275 
median 450

nm

2-23
median 10.2

nm

nm
51 (25%)

4-20
median 7

SF<29%
(normal population literature)

47/201 23.4 17.5-29.2 3

Lipshultz
1991 6

115 of 281 patients (41%) 
with complete remission after 
treatment with doxorubicin for 
ALL between 1972-1987 and > 1 
year after treatment (11 CHF)

45-550
median 360

30 - 60

0.6-19.1
median 6.2

3.9-31.7
median 12.6

57/58
0

1-15
median 6.4

SF<28%
SVI < 2SD of control
ESWS > 2SD of control
abnormal SVI or ESWS
compared to control: <SF, <VCFc, 
>ESWS,<LVPW
(n=370 age 0.1-40)

32/115
22/115
60/115
66/115

27.8
19.1
52.2
57.4

19.6-36
11.9-26.3

43-61
48.4-66.4

6

Larsen
1992 7

110 patients with various tumours 
more than 3 months after the end 
of treatment with anthracyclines
(0 CHF)

84-665
mean 282

nm

nm
7-23

mean 15

nm
37 (34%)

0.3-21
mean 5

SF<28% 8/110 7.3 3.2-13.8 3

Schwartz
1993 8

53 of 57 survivors treated with 
doxorubicin or daunorubicin  for 
various tumours between 1970 
and 1987 (0 CHF)

100-550
nm

nm
nm

nm
16 (28%)

1.9-16.3
median 6.5

SF abnormal, definition: nm 3-53 5.7 1.2-15.7 3

Silber
1993 9

150 patients treated with 
anthracyclines and followed 
by pediatric oncology clinic. EF 
was assessed in 74 patients and 
exercise cardiac index in 150 
patients (CHF nm)

50-750
mean 307

nm

0.2-21.0
mean 9.1

7.0-29
mean 15.5

65/85
40 (27%)

0.1-18.0
mean 4.7

EF<55% or abnormal wall motion, or 
exercise EF: < resting EF.

28/74 37.8 26.8-49.9 5

Jakack i
1993 10

73 children treated with 
doxorubicin or daunorubicin 
for various tumours, between 
1989 and 1991, underwent 5 
diagnostic tests (0 CHF)

50-750
median 300

nm

8.7-19.3
median 9.9

9-28.9
median 15.3

29/44
23 (32%)

0.1-15.2
median 2.7

SF<28%
EF<55%
(normal values literature)
exercise EF

7-73
22/73
9-73

9.6
30.1
12.3

3.6-18.8
19.9-42.0
5.8-22.1

3

Hudson
1993 11

76 of 79 patients in remission 
of Hodgkin’s disease treated 
between 1980 and 1990 with 
doxorubicin (1 CHF)

nm-200
25

4.3-20.1
median 14

nm

37/48
nm

0.3-9
median 3.8

nm 2-76 2.6 0.3-9.2 3

Ewer
1994  12

61 patients with various tumours 
and treated with doxorubicin (0 
CHF)

50-475
mean 284

nm

nm
0.6-15.5

32/29
0

0-4.5 SF<28%
(normal values literature)

5/61 8.2 2.7-18.1 1
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Table 2. (Cont.)

First author, 
year [ref]

Study group
Patients

Cumulative 
dose, dose in 1 

week
(mg/m2)

Age at diagnosis,
age at 

investigation
(years)

F/M , RT
(No.%)

Follow-up
(Years)

Cardiac abnormality:  definition 
abnormal
(control group)

Frequency of abnormalities Validity

No % CI

Bu’Lock
1995 14

226 of 236 (96%) patients with 
various tumours treated with 
doxorubicin or daunorubicin or 
epirubicin between 1975 and 
1985 who survived > 0.5 years 
(11 CHF)

50-750
median: 300

nm – 150

2.5-12.9
3.5-33.0

median 12.1

82/144
22 (10%)

0.6-17.4
median 5.3

SF<30%
compared to control: <SF also in 
lowest dose group (<100mg/m2), 
< LVPWS, in highest dose group: 
>LVEDD, >LVESD, <LVPWD
(n=137 healthy children)

51/226 22.6 17.1-28.0 5

Lipshultz
1995 15

87 patients ALL (50%), 33 
patients osteosarcoma (51%) 
treated with doxorubicin > 2 
years previously and who had 
undergone echocardio-graphic 
evaluation 2 years or more 
after treatment  (87 patients 
subgroup of Lipshultz 1991) (12 
CHF)

224-550
median
390-395
30-90

0.6-28.9
4.6-36.9

62/58
0

2-14.6 SVI<2SD
compared to control: <SF, <SVI, 
>ESWS, <LVPWD,  >LVEDD, <LV 
mass.
(n=296 age<44)

35/120 29.2 21-37.3 6

Pikhala
1996 16

79 patients treated with 
anthracyclines of the 110 patients 
who survived treatment with 
anthracyclines and/or chest 
irradiation between 1979 and 
1990 (0 CHF)

180-750
median
360-410

nm

nm
5/24

31/48
26 (33%)

1-12.3
median 4

VCFc<2SD
ESWS>2SD
EF<50% (EF:56/79 patients)
compared to control: >LVEDD, 
<LVPWD, <VCFc, >ESWS.
(n=38 age:4-22 and literature)

30/79
15/79
12/56

38
19

21.4

27.3-49.6
11.0-29.4
11.6-34.4

6

Bu’Lock
1996 17

125 out of 138 (91%) children 
with various tumours treated with 
anthracyclines between 1989 and 
1992 (6 CHF)

45-1150
median 270

35-100

0.5-20
median 6.3

nm

59/66
4 (3.2%)

end
therapy

SF<30%
compared to control: <SF also in 
lowest dose group (<100mg/m2), 
>LVEDD, >LVEDS, >LVPWD
(n=137 healthy children)

19/125 15.2 8.9-21.5 5

Godoy
1997 18

120 children with various 
tumours treated with 
anthracyclines between 1985 
and 1994 (6 CHF)

50-1080
median >300

nm

0.-17
nm

51/69
1 (0.8%)

nm SF<29% or abnormal wall motion 26/120 21.7 14.3-29 1

Kakadekar 
1997 19

52 of the 56 patients with Ewing 
(1) sarcoma or with a soft tissue 
(2) sarcoma who were treated 
with doxorubicin between 
1978 and 1991 and who had 
completed their chemotherapy 
(6 CHF)

median
0,302083333

0,31875
60 – 75

median
1:11.9
2:4.4
nm

13/17
10/16

11 (20%)

1-8.8 SF<28%
compared to pre-treatment: <SF
(pre-treatment data)

22/56 39.2 26.5-53.2 3

Sung
1997 20

110 patients with various tumours 
treated with daunorubicin or 
doxorubicin out of 186/226 
patients (82%) who survived 
cancer after therapy with or 
without anthracyclines between 
1984-1993 (3 CHF)

19-600
mean 219

nm

mean 4.6
mean10.6

39/71
5 (4.5%)

0.1-15.5 compared to control: >LVEDS, <SF, 
>LVPWD,  <VCFc
echo after bicycle exercise:
compared to control: >LVEDS, <SF, 
>LVPWD,  <VCFc
(n=124 age 5-19)

unclear 5
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Table 2. (Cont.)

First author, 
year [ref]

Study group
Patients

Cumulative 
dose, dose in 1 

week
(mg/m2)

Age at diagnosis,
age at 

investigation
(years)

F/M , RT
(No.%)

Follow-up
(Years)

Cardiac abnormality:  definition 
abnormal
(control group)

Frequency of abnormalities Validity

Sorensen 
1997 21

A sample of 120 out of 190 
survivors (63%) of ALL with 
at least 2 years since the last 
daunorubicin dose and treated 
between 1982-1989 (1 CHF)

90/180/270
90

1.2-12.3
5.3-20.6

53/67
1 (0.8%)

2.7-10.5 SF<28%
SVI<-2SD or ESWS>2SD
compared to control: <LVPWS, 
<LVPWD, <BP,<FS, <VCFc, >ESWS
(n=50 age4-21)

16/120
27/120

13.3
22.5

7.3-19.4
15-30

7

Ewer
1998 22

113 patients with osteosarcoma 
or rhabdomyosarcoma treated 
with doxorubicin between 1979 
and 1990 (8 CHF)

113-506
mean 341

60-75

1/17
median 10.6

nm

53/60
16 (14%)

0.4-15 SF: decrease of > 15% of baseline 15/113 13.3 7-19.5 2

Nysom
1998 23

189 patients in complete 
remission of ALL treated with 
doxorubicin or daunorubicin 
between 1970 and 1990. Last 
anthracycline dose was > 2 years 
before. (104 patients sub-group 
of Lipshultz 1991)
(7 CHF)

0-550
30-60

0.5-19.1
4.6-34.2

94/95
0

2.0-23.4 compared to control:
patients with dose between 224 and 
550: > LVEDD, < SF.
(n=296 )

nm nm 6

Zalewska
1999 24

50 children in complete remission 
>1 year after leukemia treated 
with doxorubicin or daunorubicin 
(0 CHF)

120-550
mean 231

nm

1.1-12.3
mean 4.6
5.6-20.7

mean 12.9

20/30
0

1.3-18.6
mean 7.6

SF<28%
LVEF<55%
compared to control: <LVEF, >LVESD
(n=20 age 7-19)

18/50 36 22.9-50.8 2

Lanzarini
2000 25

71 patients with various tumours 
treated with doxorubicin or 
daunorubicin between 1974 and 
1994 (0 CHF)

40-585
median 240

nm

mean 5.9
sd 4.7
4/27

25/46
6/71

1-6.5 SF<29%
compared to control: <BP, <SF,
stress (dobutamine) echo: no 
differences compared to control
(n=20 age 13-26)

6/71 8.5 3.2-17.5 3

Rammeloo
2000 26

a sub-group of 50 children with 
ALL treated with daunorubicin 
between 1979 and 1984. (0 CHF)

100
25

1.3-14.9
median 3.9
14.7-31.3

median 20.1

21/29
0

12.7-17.8 
median15.3

SF<29%, ESWS>60
SVI< -2SD
compared to control no differences  
(n=40 ALL without daunorubicin)

0/50 0 0-7.1 5

Kapusta
2000 27

63 children who were treated 
with daunorubicin or doxorubicin 
more than 5 years before (0 CHF)

50-950
median 241

nm

0.9-11.2
7.8-17.3

30/33
0

3.5-13.5
median 7.1

SF<28%
compared to control: >LVEDD, 
>LVEDS, <SF
(n=160 healthy children)

4/63 6.4 1.8-15.5 4

Bossi
200128

117 children with various tumours 
treated with doxorubicin or 
daunorubicin between 1974 and 
1994 (0 CHF)

mean 214
30-50

2.7-8.3
median 4.8
11.4-18.5

median 14.8

50/67
10.3

median 7 SF<29%
compared to control: for 
patients>280 mg/m2:
>LVEDD, >LVEDS
(normal values: literature)

3/117 2.6 0.5-7.3 3

Abbreviations: F/M- Female/Male; RT- radiation therapy to the heart region; CI- 95% confidence interval; CHF- 
Clinical heart failure; Nm- not mentioned; ALL- acute lymphoblastic leukemia; SF- shortening fraction; EF-ejection 
fraction measured by radionuclide angiography; VCF- fibre-shortening velocity; SVI- stress-velocity index (load-
independent measurement of the contractility) ESWS- end-systolic wall stress (measurment of the afterload); 
LVPWD- left ventricular posterior wall thickness in diastole; LVPWS- left ventricular posterior wall thickness in systole; 
LVEDD- left ventricular end-diastolic diameter; LVESD- left ventricular end systolic diameter; LV mass- left ventricular 
mass.
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Table 2. (Cont.)

First author, 
year [ref]

Study group
Patients

Cumulative 
dose, dose in 1 

week
(mg/m2)

Age at diagnosis,
age at 

investigation
(years)

F/M , RT
(No.%)

Follow-up
(Years)

Cardiac abnormality:  definition 
abnormal
(control group)

Frequency of abnormalities Validity

Sorensen 
1997 21

A sample of 120 out of 190 
survivors (63%) of ALL with 
at least 2 years since the last 
daunorubicin dose and treated 
between 1982-1989 (1 CHF)

90/180/270
90

1.2-12.3
5.3-20.6

53/67
1 (0.8%)

2.7-10.5 SF<28%
SVI<-2SD or ESWS>2SD
compared to control: <LVPWS, 
<LVPWD, <BP,<FS, <VCFc, >ESWS
(n=50 age4-21)

16/120
27/120

13.3
22.5

7.3-19.4
15-30

7

Ewer
1998 22

113 patients with osteosarcoma 
or rhabdomyosarcoma treated 
with doxorubicin between 1979 
and 1990 (8 CHF)

113-506
mean 341

60-75

1/17
median 10.6

nm

53/60
16 (14%)

0.4-15 SF: decrease of > 15% of baseline 15/113 13.3 7-19.5 2

Nysom
1998 23

189 patients in complete 
remission of ALL treated with 
doxorubicin or daunorubicin 
between 1970 and 1990. Last 
anthracycline dose was > 2 years 
before. (104 patients sub-group 
of Lipshultz 1991)
(7 CHF)

0-550
30-60

0.5-19.1
4.6-34.2

94/95
0

2.0-23.4 compared to control:
patients with dose between 224 and 
550: > LVEDD, < SF.
(n=296 )

nm nm 6

Zalewska
1999 24

50 children in complete remission 
>1 year after leukemia treated 
with doxorubicin or daunorubicin 
(0 CHF)

120-550
mean 231

nm

1.1-12.3
mean 4.6
5.6-20.7

mean 12.9

20/30
0

1.3-18.6
mean 7.6

SF<28%
LVEF<55%
compared to control: <LVEF, >LVESD
(n=20 age 7-19)

18/50 36 22.9-50.8 2

Lanzarini
2000 25

71 patients with various tumours 
treated with doxorubicin or 
daunorubicin between 1974 and 
1994 (0 CHF)

40-585
median 240

nm

mean 5.9
sd 4.7
4/27

25/46
6/71

1-6.5 SF<29%
compared to control: <BP, <SF,
stress (dobutamine) echo: no 
differences compared to control
(n=20 age 13-26)

6/71 8.5 3.2-17.5 3

Rammeloo
2000 26

a sub-group of 50 children with 
ALL treated with daunorubicin 
between 1979 and 1984. (0 CHF)

100
25

1.3-14.9
median 3.9
14.7-31.3

median 20.1

21/29
0

12.7-17.8 
median15.3

SF<29%, ESWS>60
SVI< -2SD
compared to control no differences  
(n=40 ALL without daunorubicin)

0/50 0 0-7.1 5

Kapusta
2000 27

63 children who were treated 
with daunorubicin or doxorubicin 
more than 5 years before (0 CHF)

50-950
median 241

nm

0.9-11.2
7.8-17.3

30/33
0

3.5-13.5
median 7.1

SF<28%
compared to control: >LVEDD, 
>LVEDS, <SF
(n=160 healthy children)

4/63 6.4 1.8-15.5 4

Bossi
200128

117 children with various tumours 
treated with doxorubicin or 
daunorubicin between 1974 and 
1994 (0 CHF)

mean 214
30-50

2.7-8.3
median 4.8
11.4-18.5

median 14.8

50/67
10.3

median 7 SF<29%
compared to control: for 
patients>280 mg/m2:
>LVEDD, >LVEDS
(normal values: literature)

3/117 2.6 0.5-7.3 3

Abbreviations: F/M- Female/Male; RT- radiation therapy to the heart region; CI- 95% confidence interval; CHF- 
Clinical heart failure; Nm- not mentioned; ALL- acute lymphoblastic leukemia; SF- shortening fraction; EF-ejection 
fraction measured by radionuclide angiography; VCF- fibre-shortening velocity; SVI- stress-velocity index (load-
independent measurement of the contractility) ESWS- end-systolic wall stress (measurment of the afterload); 
LVPWD- left ventricular posterior wall thickness in diastole; LVPWS- left ventricular posterior wall thickness in systole; 
LVEDD- left ventricular end-diastolic diameter; LVESD- left ventricular end systolic diameter; LV mass- left ventricular 
mass.
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of the 25 studies showed serious limitations defined as a validity score <5. 4,5,7,8,10–

12,18,19,22,24,25,27,28 All 25 studies described the mean, median or range of the cumulative 

dose of anthracyclines. Only two of 25 studies described a study group of >95% 

of the patients of the original cohort of survivors.11,14 The other 23 studies described 

a subgroup of the original cohort. In only four of the 23 studies was this subgroup 

representative of the original cohort of the survivors with respect to the cumulative dose 

of anthracyclines.6,15,21,26 Whether ‘the study population entered the cohort at a similar 

well-defined point in their disease’ could only be assessed in those studies that reported 

the original cohort of survivors. In 15 studies the number of patients in the original cohort 

was unknown4,5,7,9,10,12,18,20,22–28; in the remaining 10 studies, patients entered the 

original cohort at a similar well-defined point in the course of their disease. Only two 

studies12,18 did not describe the length of follow-up. One study described the frequency 

at the end of therapy.17 The other 22 studies described an adequate length of follow-

up to measure the frequency of anthracycline induced clinical heart failure (A-CHF) after 

anthracycline therapy. Ten studies had a complete follow-up until the end date of the 

study.4,6,7,9,10,16,17,20,23,26 In the other studies it was not clear whether the systolic function 

was measured for all the patients at the end date of the study. Only five studies reported 

that the outcome had been assessed by one investigator who was blinded for possible 

risk factors.13,20,21,23,27 Ten studies assessed the analysis of the risk factors, adjusted for 

possible confounders in a multivariate analysis.5,6,9,13,15,16,21,23,25,28 

Definition and frequency of subclinical cardiotoxicity

The reported frequency of subclinical cardiotoxicity varied between 0% and 57.4%. 

Subclinical cardiotoxicity was defined as an abnormal systolic function measured by 

echocardiography or radionuclide angiocardiography, or an increased afterload measured 

by echocardiography. The systolic function of the left ventricle can be determined by the 

shortening fraction (SF), the ejection fraction (EF), the velocity of fibre shortening corrected 

for heart rate (VCFc) or the stress-velocity index (SVI). The SF and EF of the left ventricle 

decrease with increasing heart rate and afterload and increase with increasing preload. 

The rate-corrected velocity of circumferential fibre shortening VCFc is independent of 

the preload and heart rate, but is still affected by afterload. Afterload can be measured 

by end-systolic wall stress (ESWS), which increases with increasing blood pressure, with 

increasing cavity dimension and with decreasing wall thickness (Laplace’s law). The 

relationship between VCFc and ESWS is the SVI, an index that is independent of preload 

and heart rate, and incorporates afterload.4,6,13,15,16,20,21,26 Subclinical cardiotoxicity was 

defined as an abnormal SF, EF, VCFc, afterload (i.e. ESWS) or SVI. Fifteen studies defined 

the outcome as an abnormal SF, compared with normal values from the literature or own 

control groups.5–7,10,12–14,17,19,21,24–28 The lower limit of normal of the SF varied between 

28% and 30%. The reported frequency of an abnormal SF varied between 0% and 39.2%. 
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Six of the 15 studies, which defined an abnormal SF as <30%, <29% or <28%, showed an 

acceptable validity with a score >5. The frequency of an abnormal SF in these six studies 

varied between 0% and 27.8%. After dividing these six studies into studies that described 

patients with a mean anthracycline dose below or above 300 mg/m2, the range of the 

reported frequency became less wide: 0% to 15.2% and 15.5% to 27.8%, respectively. 

Two studies used an other definition of an abnormal SF: <29% or abnormal wall motion, or 

a decrease in the SF of >15%.18,22 Only two studies mentioned that there was a significant 

difference between the mean of the SF in the study group compared with the control 

group.20,23 One study reported no definition of an abnormal SF.8 Three studies measured 

Table 3. Validity of the included studies

Author Study group Follow-up Outcome Risk 
factors

Validity

well 
defined

repre-
sentative

similar 
point 
in the 

disease

long enouh complete objective blind multi-
variate

score

Hausdorf 4 + nm - + + + nm - 4

Steinherz 5 + - - + - nm nm + 3

Lipshultz 6 + + + + + nm nm + 6

Larsen 7 + - - + + nm nm - 3

Schwartz 8 + nm + + nm nm nm - 3

Silber 9 + - - + + + nm + 5

Jakacki 10 + - - + + nm nm - 3

Hudson 11 - + + + nm nm nm - 3

Ewer 12 + nm - nm nm nm nm - 1

Sorensen 13 + nm + + nm + + + 6

Bu’Lock 14 + + + + nm + nm - 5

Lipshultz 15 + + + + nm nm + + 6

Pikhala 16 + - + + + + nm + 6    

Bu’Lock 17 + nm + + end therapy + + nm - 5

Godoy 18 + nm - nm nm nm nm - 1

Kakadekar 19 + nm + + nm nm nm - 3

Sung 20 + nm - + + + + - 5

Sorensen 21 + + + + nm + + + 7 

Ewer 22 + nm - + nm nm nm - 2

Nysom 23 + nm - + + + + + 6 

Zalewska 24 + nm - + nm nm nm - 2

Lanzarini 25 + nm - + nm nm nm + 3

Rammeloo 26 + + nm + + + nm - 5 

Kapusta 27 + - - + nm + + - 4

Bossi 28 + nm - + nm nm nm + 3

Abbreviations: nm- not mentioned
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the EF by radionuclide angiocardiography with different definitions of abnormalities.9,10,16 

The frequency varied between 21.4% and 37.8%. An abnormal VCFc was defined as <2 

SD compared with controls in two studies, with a frequency of 13.4%13 and 38%.16 An 

abnormal SVI defined as <2 SD compared with controls was reported in four studies, 

and varied between 0% and 29.2%.6,13,15,26 Four studies reported a frequency that 

varied between 0% and 52% of an abnormal afterload, defined as >2 SD compared with 

controls.6,13,16,26 After dividing these four studies into studies that described patients 

with a mean anthracycline dose below or above 300 mg/m2, the range of the reported 

frequencies became less wide: 0% and 19% to 52%, respectively. In three studies, this 

was associated with decreased left ventricular wall thickness (LVPW),6,13,16 and in two 

of these studies it was also associated with an increase in size of the left ventricle.13,16 

Table 4. Risk factors that increase the risk of subclinical cardiotoxicity

Cardiac abnormality Significant risk factor in multivariate 
analysis

Validity

Steinherz 1991 5 ß SF  Ý cumulative dose x length of follow-up,* 
mediastinal radiation

3

Lipshultz 1991 6 ß SVI
 Ý ESWS

Ý cumulative dose
 Ý cumulative dose, ß age at diagnosis

6

Silber 1993 9 EF<55% or abnormal wall 
motion, exercise EF,  exercise 
cardiac output

 Ý anthracycline dose, ß age at treatment, 
female sex

5

Sorensen 1995 13 Ý ESWS
ß LVPWS
Ý LVEDS

Ý cumulative dose,   dose intensity
 Ý cumulative dose, female sex,
 post-pubertal

6

Lipshultz 1995 15 ß SVI
Ý ESWS

ß SF

ß LVPWD
LV mass

Ý LVEDD

female sex x  Ý cumulative dose, *
Ý  dosage in 3 weeks x diagnosis, * ß age at 
diagnosis, Ý length of follow-up.
ß age at diagnosis, Ý dosage in 3 weeks x 
diagnosis,* Ý cumulative dose.
ß age at diagnosis,  Ý years of follow-up.
female sex x diagnosis, * ß age at diagnosis.
 Ý dosage in 3 weeks x diagnosis. *
 Ý dosage in 3 weeks x diagnosis *

6

Pikhala 1996 16 ß VCFc  Ý cumulative dose 6

Sorensen 1997 21 ß FS  Ý age at treatment 7

Nysom 1998 23 Ý LVEDD
ß SF

 Ý cumulative dose
 Ý cumulative dose

6

Lanzarini 2000 25 ß LVEDD female, Ý length of follow-up 3

Bossi 2001 28 Ý LVD, Ý LVPWD, ß SVI none 3

Only results from multivariate analysis; Abbreviations: SF-shortening fraction; VCFc- fibre-shortening velocity; 
SVI- stress-velocity index (load-independent measurement of the contractility); ESWS- end-systolic wall 
stress (measurment of the afterload); LVPWD- left ventricular posterior wall thickness in diastole; LVPWS- 
left ventricular posterior wall thickness in systole; LVEDD- left ventricular end-diastolic diameter; LVESD- left 
ventricular end systolic diameter; LV mass- left ventricular mass.
* interaction between two risk factors
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Two studies described subclinical cardiotoxicity as an abnormal SVI or an abnormal ESWS. 

One study evaluated patients treated with a median anthracycline dose <300 mg/m2 

and reported a frequency of 22.5%.21 The other study evaluated patients treated with a 

median anthracycline dose >300 mg/m2 and reported a frequency of 57.4%.6 

Risk factors

Data on the risk factors included in multivariate analyses in 10 of the studies are presented 

in Table 4. A higher cumulative dose, longer follow-up time, mediastinal radiation, female 

sex, higher dose in 3 weeks, diagnosis, lower age (two studies) and older age (one study) 

at diagnosis are reported as independent risk factors for a decreased systolic function and 

for an increased afterload.

DISCUSSION
This review demonstrates that at follow-up of children treated for cancer, systolic cardiac 

dysfunction can be detected in previously asymptomatic patients. The studies that 

investigated subclinical cardiotoxicity >1 year after the end of therapy are studies with a 

transversal design and different lengths of follow-up. The reported frequency of subclinical 

cardiotoxicity, defined as abnormal systolic function and/or abnormal afterload varied 

between 0% and 57%. Variation in the definition of the outcome and variation in the 

study groups with respect to the cumulative dose seemed to explain a part of this wide 

range. The outcome was defined using different assessment methods of systolic function 

and afterload, and these measurements are based on different pathophysiological 

mechanisms. Six studies of the 15 studies that reported an abnormal SF in children treated 

with anthracyclines had an acceptable validity. In this subgroup of studies the range of 

the frequency of an abnormal SF seemed to be higher for patients treated with a mean 

or median cumulative dose >300 mg/m2 anthracyclines (15.5–27.8%) than for patients 

treated with a cumulative dose <300 mg/m2 (0–15.2%). The relation between subclinical 

cardiotoxicity and subsequent clinical heart failure is as yet unclear. 

Most studies in this systematic review have methodological limitations. Most investigated 

the cardiac function in a non-representative subgroup of the original cohort, whereas in 

some of the studies the original cohort was not even reported. Selection of a non-random 

subgroup of patients probably leads to an overestimation of the frequency. Not all studies 

reported that the outcome was measured at the end of the study; therefore, cases of 

subclinical heart failure could have been missed. The objectivity of echocardiographic 

measurements is dependent on the reproducibility of the measurement, and measurements 

performed by one observer only can improve the reproducibility. Only five studies 

mentioned that all echocardiographic measurements were performed by one observer 
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who was blinded for possible risk factors. There is debate about whether and which 

echocardiographic measurements should be adjusted for age or body surface. 

Only 10 studies applied multivariate analysis to the risk factors of a lower systolic function 

or increased afterload at follow-up. A higher cumulative dose of anthracyclines, both older 

and younger age at diagnosis, longer follow-up period, radiation therapy, female sex, a 

higher dose intensity and type of cancer have been reported as risk factors for decreased 

systolic function or increased afterload. These results must be interpreted in the light of 

the validity of the study. For example, Steinherz et al.5 reported that a longer follow-

up period increased the risk of a lower SF. However, when it is not clear whether all 

patients were monitored until the end of the study, overestimation of the relationship 

between follow-up time and a decreased SF is possible if patients with a lower SF have 

been monitored for a longer period of time than patients with a normal SF. Moreover, as 

far as the authors know, no studies have described the course of subclinical cardiotoxicity 

related to the follow-up time in individual patients. 

In conclusion, the reported frequency of subclinical cardiotoxicity after anthracycline 

therapy in studies including >50 children varied between 0% and 56%. Differences in 

outcome definition and study groups with respect to the cumulative dose of anthracyclines 

could explain a part of this wide range. Most studies showed serious methodological 

limitations. More cohort studies and randomized trials are needed to investigate the factors 

that increase the risk of subclinical or clinical cardiotoxicity after anthracycline therapy 

in children. These studies should focus on the cardiotoxic effects of different types of 

anthracyclines, cumulative dose, dose intensity and the cardiotoxic effects of co-treatment 

weighted against the benefit of anthracyclines on survival. These studies should be 

performed in well defined and representative patients groups from the start of treatment, 

or in survivors with a complete and sufficient length of follow-up period, and include 

precise and accurate outcome measures. Patients with subclinical cardiotoxicity should be 

monitored for a long period of time to obtain insight into the clinical consequences.
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