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Pediatrics, Gilhane Mllitary Medical Academy, Ankara, Turkey). Detection of early
anthracycline-induced cardiotoxicity In childhood cancer with dobutamine stress
echocardiography. Turk J Pediatr 1998; 40; 373-383.

Asymptomatic long-term survivors of childhood cancer treated with anthracyclines
may have latent cardiac dysfunction which is undetected by commonly used
echocardiographic methods., A more sensitive echocardiographic screening test,
dobutamines stress echocardlography, was performed on 22 patlents (mean age
9.10 = 3.79 years) treated with 75 to 450 mg/m? of anthracyclines (mean 210.45 = 127.34)
and results were compared with 22 healthy age-matched control subjects.
Echocardlographlc Doppler studles were performad after each dobutamine Infusion
of 0.5, 2.5, 5 and 10 ug/kg/min.

Although left ventricular mass was decreased and end-systolic wall stress increased
in the patilent group when compared with the control subjects (p <0.01 and p <0.05, .
reapeactively), no differences were found between shortening fraction and ejection force
In control subjects and patients, at rest and during each dobutamine infuslon,
A decrsased mitral E/A ratio (ratio of earjy-to-Iate peak filling velocity)} was demonstrated
In anthracycline-treated patlents only during dobutamina infusion (p < 0.01).

Our data showed left ventricular diastolic dysfunction during inotropic stimulation with
dobtitamine, and suggest that dobutamine stress echocardlography is a useful technique
for svaluating the cardiac status of anthmcycline-treated patients on a long-term basis.
Koy words: dobutaming stress echocardiography, anthvacyciines, cardiolaactly, childhood cancer.

The anthracycline antibiotics {doxorubicin and daunorubicin) are known to be
effective cancer chemotherapeutic agents, but their high incidence of cardiac
toxicities limits their effective usage. These side effects can occur acutely, during
or shortly after treatment; subacutely, within days or weeks of treatment;
chronically, manifesting weeks or months after drug administration, usually as
a cumulative dose response; or as late seqguelae, many years after termination
of therapy'4. To date, several noninvasive methods, including radionuclide
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concentration, dobutamine was infused for 15 minutes at each rate before the
echocardiographic study'?, and the echocardiogram was performed after the
15™ minute, within five minutes. The infusion rate of dobutamine was increased
after the completion of the echocardiographic study at each dobutamine dose.

Echocardiographic Measurements: Left ventricular cavity and thickness of
interventricular septum and posterior free wall at end-diastole (LVIDd, IVSd,
LVPWd) and end-systole (LVIDs, 1VSs, LVPWs) were measured in cm according
to standards recommended by the American Society of Echocardiography3.
Left ventricular shortening fraction (FS) was evaluated according to the method
of Gutgesell et al.’ with the equation: FS (%) = LVIDd-LVIDs/LVIDd x 100.

Left ventricular volume at end-diastole (LVEDV) and end-systole (LVESV) were calculated
according to the Teichholz method'® with the equation: V = (7.0/2.4 + D) (D)3,

The ejection ﬁacﬁon (EF) was calculated as the FS by substituting volume-derived data
for the pure dimension data using the formula: EF (%) = LVEDV-LVESV/LVEDV x 100.

. Left ventricular wall mass (LVWM) was calculated by M-mode echocardiography
using the formula described by Devereux et al.® and indexed by body surface
area'”; LVWM = 0.80 [1.04 (IVSd + LVPWd + LVIDd)3-(LVIDd)*]+0.6.

Left ventricular posterior wall percent thickening (%LPWT) was calculated by
the equation'®: %LVPWT = (LVPWs-LVPWd)/LVPWd x 100.

Left ventricular end-systolic meridional wall stress (LVESS) was calculated in g/
cm? according to the method of Grossman et al.'® by the equation:
LVESS = [(1.35)(MBP){LVIDs))/[{(4)(LVPWs)(1+LVPWSs/LVIDs})]. In this equation,
1.35 is the factor to convert pressure to g/fcm? and MBP (mean blood pressure),
as an estimate of end-systolic pressure in mm Hg, was calculated by the
equation, MBP = (2 Diastolic BP + Systolic BP)/3.

Left ventricular ejection force (F), expressed in kilodynes, was calculated from
aortic velocity curves described by Isaaz et al.?° using the principles expounded
in Newton's second law of motion (force = mass x acceleration). The accelerated
blood mass that passed through the aortic cross-section was calculated in grams
as M = p x CSA x VTl and mean acceleration in cm/s? as Mac = PkV/AT, where
M was the mass of blood, p the mass density of blood (1.06 g/cm?), CSA the
cross-sectional aortic area [r/4 x (aortic annulus diameter)?], VTI the velocity time
integral, PkV the peak velocity during acceleration and AT the acceleration time.

Diastolic Function: For the determination of left ventricular filling dynamics,
without making specific correction for the respiratory phase, only maximal
velocities were measured in all patilents, which in the steady state should
negate such a periodic variable. The following parameters were obtained from
the spectral display:
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Peak early filling velocity (peak E) and peak late (atrial) filing velocity (peak A)
were measured according to the method of Nishimura et al.??, from which a peak
E/A ratio was derived. Mitral acceleration time (AT) was measured from the onset
of diastolic flow to peak E, and deceleration time (DT) from peak E to the point
where the deceleration velocity crossed baseline. Left ventricular isovolumetric
relaxation time {IVRT) was measured from the closure of the aortic valve determined
from phonocardiogram to the first upstroke of diastolic mitral flow velocity.

Statistical Analysis : All data are reported as mean values ¢ SD. Data for the study
group are compared with those for the control group by using Student's t test.

Results

Patient data are summarized in Tables | and ll. The study group was composed

Table I: Patient Data

Patient No. Age (Year) Sex BSA (m?%) Diagnosis
1 6.5 B 0.81 ~ ALL
2 15.7 M 1.61 ALL
3 85 M 1.09 ALL
4 4.2 F 0.7 ALL
5 55 F 0.83 ALL
6 11.08 M 1.38 ALL
7 9.8 M 1.12 ' ALL
8 11.25 F 1.15 Hodgkin's lymphoma
9 15 M 1.31 Hodgkin's lymphoma
10 . 95 M 1.04 ALL
11 12 F 0.98 Leiomyosarcoma
12 3.08 M 0.7 Neuroblastoma
13 11.14 M 1.18 ALL
14 125 M 1.54 Hodgkin's lymphoma
15 10 F 1.16 ALL
16 55 M 0.79 Ewing's sarcoma
17 3.6 F 0.62 ALL
18 10.1 F 0.98 ALL
19 6.5 F 0.79 ALL
20 3.5 F 0.66 Wilms's tumor
21 13.5 F 1.1 Osteosarcoma
22 12 M 1.28 Osteosarcoma

Mean +£SD 9.10 £ 3.79 1.03 £0.28
ALL: acute lymphoblastic leukemia, BSA: body surface area, F: female, M: male.
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Table II: Patient Data (Continued)

Anthracyclines (Total Dose mg/m?)

Age During Duration of ' Time Since

Pt No. Doxorubicin Daunorubicin Total Rx (Year) Rx (Year) Rx (Year)
1 - 75 75 2 1.83 2.67
2 75 - 75 12 2.5 1.2
3 - 75 75 6 1.66 0.84
4 - 75 75 1.5 2.58 0.12
5 75 - , 75 2 2.66 0.84
6 90 - S0 2 1.08 8
7 80 - . 90 4 ) 291 2.89
8 160 - 160 8 0.08 3.17
9 160 - 160 11 1.08 2.92

10 - 170 170 4 3.66 1.84
11 180 , - 180 10 0.16 1.84
12 - 180 180 2 0.5 0.58
13 120 120 240 10 0.5 0.6
14 240 - 240 9 0.41 3.08
15 120 120 240 9 0.5 0.5
16 240. - 240 3 0.83 1.67
16 240 - 240 3 0.83 1.67
17 120 *120 240 2 0.58 "1.02
18 80 200 280 3 7.08 0.02
19 295 120 415 2 2.25 2.25
20 420 - 420 2 "0.75 .75
21 450 - 450 11 0.83 1.67
22 450 - 450 11 0.75 0.25

Pt: patient, Rx: therapy.

of 22 patients (11 boys, 11 girls) aged 3.08 to 15.7 years (mean 9.10 + 3.79,
median 9.9), who had been previously treated with anthracycline group
antibiotics. Seventeen patients received doxorubicin therapy at a mean
cumulative dose of 198.52 £ 131.32 mg/m? (range 75 to 450) and 10 patients
daunorubicin at a mean cumulative dose of 125.5 + 45.05 mg/m? (range 75 -
to 200). Five patients received both doxorubicin and daunorubicin. The total
mean cumulative dose of anthracyclines was 210.45 x 127.34 mg/m? (range 75
to 450, median 180). The time elapsed since the last dose of therapy ranged
from 0.02 to eight years (mean 1.76 + 1.72, median 1.43). The control group
consisted of 22 healthy subjects (13 boys, 9 girls) aged four to 16 years
(mean 9.13 + 3.88). Mean weight was 30.75 + 11.91 kg for the study group and
31.31 £ 13.43 kg for the control group. Mean body surface area was
1.03 £ 0.28 m?for the study group and 1.05 + 31 m2 for the control group. Age,
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weight and body surface area were not significantly different between the patient
and control groups. No arrhythmia or symptoms were cobserved with the
increasing infusion rates of dobutamine in any study or control subject.

The mean difference in left ventricular posterior wall end-systolic and end-diastolic
dimensions between anthracycline-treated patients and control subjects was only
0.2 and 0.03 cm, respectively, at rest and during each dobutamine infusion (Table 11i).
Though individual changes in percent left ventricular posterior wall thickening from
baseline to lower doses of dobutamine infusion (0.5 and 2.5 pg/kg/min) were
decreased in patient group when compared with changes in control subjects, the
difference in the mean percent left ventricular posterior wall thickening between the
two groups was not significant (p > 0.05) (Table V). However, a significant reduction
in left ventricular myocardial muscle mass was seen in the patient group (p < 0.01)
(Table Ill). The mean left ventricular shortening fraction and ejection force were not
different between the patient and control groups at rest and at each dobutamine
infusion. Mean end-systolic wall stress was significantly higher at rest and during
each dobutamine infusion in the patient group when compared with mean values
in the control group (p < 0.05) (Table V). Early (mitral E) and late (mitral A) peak
filling velocities in the anthracycline-treated subjects were not different from that in
controt subjects at rest but demonstrated significantly greater amplitudes compared
with those of control subjects during each dobutamine infusion (p < 0.05 and p < 0.01,
respectively) (Table V). The mean mitral E to mitral A ratio was significantly different
between the study and control groups only during dobutamine infusion (p < 0.01).
Although left ventricular isovolumetric relaxation time did not differ significantly
between the study and control subjects at rest and at 0.5 ug/kg/min infusion rate
of dobutamine, it was significantly decreased in the patient group at 2.5, 5 and
10 pg/kg/min infusion rates of dobutamine (p < 0.05).

Table lll: Left Ventricular Dimensions and Wall Mass

Dobutamine Dose LVIDd {cm) LVPWd (cm) LVIDs {cm) LVPWs (em} LVM (g) LVMI {g/m?)
Baseline

Patient 385+054 047 020 244 £ 044 088 +0.20 50.20 + 20.05* 46.34 x 16.53

Control 4.26 £0.38 050 £0.09 221x0.11 1.08+0.12 79.60 + 23.34 76.53 + 6.41
0.5 pgikg/min

Patient 3.84 £058 0.46 +£0.18 239 £ 047 091 £0.17 4944 £ 26.18° 46.26 £ 15.08

Control 4,28 +0.31 0.51 £ 0.08 252 +0.16 1.1120.10 80.54 + 2090 78.22 +7.33
2.5 pgkg/min

Patient 388056 048 £+ 0.20 233 +£055 088+ 0.26 4855 + 26.95" 4522 » 16.74

Control 4.2 £0.29 0.56 2 0.089 249 +0.18 1.15 2008 81.62 220.27 79.52 +6.98
5 pg/kg/min .

Patient 3.92 + 0.51 0.48 +0.28 2.23 £0.45 0.94 £ 0.22 50.38 + 3252 45.90 £ 18.53

Control 4112035 0.54 £0.08 245 +0.16 1.21 £0.06 77.81 £20.67 75.63 £ 8.48
10 ug/kg/min

Patient 392058 0.512025 2.26 £0.50 099023 51.32 £ 27.75° 47.72 % 14.22

Conlrol 433031 0.58 £ 0.08 227 £0.15 1.26 £ 0.06 87.24 £ 20.67 85.23 + 7.86

LVIDd: leit ventricular end-diastolic dimension, LVPWd: left ventricular end-diastalic posterior wall thickness,
LVIDs: left ventricular end-sysiolic dimension, LVPWSs: left ventricular end-syslolic poslenor wall lhickness,
LVM: left ventricular mass, LVMI: left ventricular mass index. ‘p < 0.01 retative to values in contral subjecls.
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Table {V: Systolic Function

Dobutamine Dose EF (%) FS (%) % LVPWT LVESS (g/en?®) Ejection Force (Kilodynes)
Baselina )

Patient 6695712 36.68 +5.43 101.22 £ 68.96 58.18 + 20.55* 24.65 + 13.65

Conlral 79.37 £ 3.82 37.42 £0.42 1217924740 - 37.69+781 24.98 + 13.45
0.5 nghg/min

Patient . 67.86 £B8.93 35.76 £ 7.53 110.00 £ 46.73 52.68 £ 17.63" 31.19+19.76

Control 71.67£495 36.89 + 347 122.87 £ 42.75 42.96 + 852 31.01 £ 1925
25 pgkg/min

Pauent 70.685+ 102 3407 2794 92.99 1+ 49.70 58.63 &£ 35.93* 33.09 + 16.06

Control 7133539 36.04 £3.24 108.30 £ 37.27 40.18 £ 6.11 33.98 + 18.55
5 pg/kg/min

Patient 74.63 £+ 6.49 33.19 +557 126.69 £ 87.26 47.78 £ 15.99° 42.29 + 19.86

Conirol 71.12+5.15 35.21 +£0.38 125.52 + 35.57 36.82 £+ 590 44 .86 £ 20.53
10 pg/kg/min

Palient 73.61+£903 36.53 x7.41 119.84 £ 90.18 47.68 £ 23.39" 43.04 »x 20.38

Control 78.78 £ 388 38.07 £3.40 121.38 £ 34.38 31.73 £587 44.59 + 20.83

EF: ejection fraction, FS: shortening fraction, %LPWT: percent left ventricular posterior wall thickening,

LVESS: left venlricular end-systolic wall stress. * p < 0.05 relative to values in conirol subjecls.

Table V: Dias'tolic Function
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Peak E (cnvs)

Dobutamine Dose Peak A (cnvs) E/A ratio IVAT (ms) BT (ms)
Baseline

Patient 84.79x 1235 45.82 £ 4.27 1.85 £0.25 49.31 £ 2145 88.40 £ 24.70

Control 81.68 £9.85 4350 £520 1.88 015 50.81 £ 1399 91.81 £ 23.65
05 pgkgimin '

Patient 90.90 £ 13.158° 62.81 % 14.29% 1.52 £0.44% 52.27 £ 2423 92.50 £ 26.53

Conlral 82.36 + 10.33 41.04 £526 2.00 £0.05 51.54 £ 1395 95.81 x 25.53
25 pgkg/min

Patient 94,10 + 12.85° 65.73 + 16,12 1.50 £ 037+ 39.75£2731" . 99.31 £+33.46

Conlrol 82.81x7.58 41,04 £399 201004 49,13 +£9.98 102.36 £ 33.12
5 ng/kg/min

Patient 97.20 x 1657* 64.40 £ 16.17¢ 1.58 £ 0,40t 30.90 + 21.58" 92.04 £ 29.94

Conirol 84.90 £ 6.61 43.58 +£503 1.96 £ 015 46.45 £9.73 99.09 £ 20.32
10 ng/kgimin :

Patiem 100.37 £ 14.50° 62.75 x 18.74% 1.71 £0.45¢% 23.00 = 16.09* 99.09.+£ 31.07

Control 91.31+664 45.09 £3.32 202 x0.10 4586 £ 13.70 102.81 £ 30.56

Peak E: peak early filling velocity, Peak A: peak late (atrial) filling velocity, E/A ratio; ratio of early-to-peak filling vefocity,
IVRT: isovolumetric relaxalion time, DT: deceleration time. “p < 0.05 and tp < 0.01 relative to valuss in control subjecls.

Discussion

The anthracyclines, doxorubicin and daunorubicin, are well-known cancer
chemotherapeutic agents with their high incidence of cardiac toxicities! 2,
The most prominent toxic effect occurs as a cardiomyopathy, resulting frem
chronic, cumulative, dose-related myocardial injury as demonstrated by abnormal
endomyocardial biopsy findings’. Endomyocardial biopsy studies have
demonstrated histologic changes in almost all patients who had received a total
dose of =240 mg/m2 of doxorubicin, and histologic damage was reported to
be directly proportional to the total cumulative dose of doxorubicin between doses
of 100 and 600 mg/m? 22, However, in accordance with the significant variability
in the degree of morphologic changes, severe damage has been reported with
cumulative doses as low as 45 mg/m?. It has also been reported that cardiac
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function is not impaired in proportion to the degree of histologic damage,
indicating that a critical threshold of myocyte injury is necessary before cardiac
function becomes abnormal®.

The global indices of systolic left ventricular function with echocardiography derived
either from M-mode measurements (the left ventricular ejection and shortening
fraction), or from the aortic velocity curves. Show that ejection force generally
decrease with higher levels of anthracycline doses. Bu'Lock et al.? reported that
patilents with a shortening fraction < 30 percent at any stage, < 32 percent at
> 200 mg/m?, or those with a fall in shortening fraction of > 2-3 absolute percent
per 100 mg/m? would have appeared to be at increased risk of significant
cardiotoxicity. However, they are reported to be in the rniormal range uniess
cardiotoxicity is severe®. Although eight of our 22 study patients had a shortening
fraction < 30 percent at > 200 mg/m?, in general they were in normal levels at rest
and during each dobutamine infusion. Left ventricular end-systolic wall stress, which
better reflects the inotropic state of the myocardium by taking the loading conditions
into account, increases in doxorubicin-treated patients'. We found this index
increased in the study group, at rest and during dobutamine infusion, but the levels
were not as high as seen in congestive heart failure secondary to cardiomyopathies®.

Lipshultz et al.? hypothesized that in younger patients, cardiac afterload was
more adversely affected by doxorubicin because more myocardial growth is
required for young children to reach adult proportions. Furthermore, loss of
cardiac myocytes during doxorubicin therapy in childhood might result in
inadequate left ventricular mass and clinically important heart disease in later
years., The resuits of our study were consistent with this work confirming the
finding of reduced myocardial mass in relation to body surface area in our
anthracycline-treated patients.

The reduction in muscle mass may be considered as a pattern of cardiac
dysfunction. As a result of reduced muscle mass, left ventricular wall stress
significantly increases. individual changes in left ventricular end-systolic wall stress
from baseline to 10 pg/ka/min dobutamine infusion were accompanied by a
reduction in myocardial muscle mass in our study group. Our patients can be
considered to be in a compensated state before the evident cardiac dysfunction.

Changes in left ventricular diastolic function with normal systolic indexes have been
reported in anthracycline-treated patients and prolonged isovolumetric relaxation
time and decreased mitral E/A ratio have been shown® Our results of diastolic
function demonstrated augmented early and late filling velocity during dobutamine
infusion. The decreased early-to-late filing ratio during dobutamine infusion in
anthracycline-treated patients when compared to the ratio in control subjects shows
diastolic dysfunction in the patient group with dobutamine stress echocardiography.
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Congestive heart failure, ventricular tachycardia and sudden death occurring
more than five years after doxorubicin treatment have been reported®. Recent
reports have focused on sex and the dosage of doxorubicin before limiting the
cumulative dose of the agent. In children, girls especially were reported to have
a greater susceptibility to anthracycline-induced cardiotoxicity?®. More than
40 percent of patients with significant abnormalities of cardiac function 2 15 years
after anthracycline treatment has been reported®. A more intensive evaluation
has identified abnormal cardiac function in up to 74 percent of patients at a
mean length of follow-up of only seven years' and with dobutamine stress
echocardiography at a mean follow-up of only 6.1 + 3.6 yearss_.

Dobutamine is a short-acting beta, agonist with primarily inotropic action at low
doses and seems an ideal drug for evaluating cardioselective responses to
catecholamines. Dobutamine stress echocardiography is reported to be a new
methodology used to identify early anthracycline toxicity®. With this technique,
we found the diastolic function minimally affected. Systolic function was preserved
in our study populatilon, and they had no clinical manifestations.

The authors could not comment on the suitability of this test for younger cancer
patients in a previous study?, as the youngest study subject was reported as nine
years old and as 10 pug/kg/min infusion rate of dobutamine is associated with a high
incidence (50%) of adverse effects. In our study, we applied dobutamine to children
with a mean age of 9.1 + 3.79 years, with the youngest being three years old, at
10 pg/kg/min dose for 15 minutes without observing any adverse effects.

Our investigation had an important limitation. As we do not have an extented
follow-up time, we cannot derive clearly significant clinical implications from the
echocardiographic findings. We believe that future evaiuation of the clinical status

of these patients is necessary.

Asymptomatic anthracycline-treated cancer patients may have cardiac
dysfunction undetected by commonly used rest echocardiography. Left
ventricular systolic function was preserved in our patient group. Mitral E, mitral
A and E/A ratio were abnormal only during inotropic stimulation by dobutamine
in our asymptomatic anthracycline-treated patients. Our data suggest that -
dobutamine stress echocardiography is a useful technique for monitoring the
cardiac functions of these patients in the follow-up period.
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