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Early detection of mitral regurgitation in asymptomatic 
patients with normal left ventricular systolic function 
may be a predictor of cardiomyopathy after 
anthracycline treatment for childhood malignancy. 
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Abstract 

Background: Anthracycline antibiotics (doxorubicin, daunorubicin or epirubicin) rank among the 
most potent and clinically important anticancer drugs ever developed. However, their clinical utility 
is markedly hampered by a significant risk of cardiotoxicity, especially that of a chronic and delayed 
type[1]. 
Objective: T  o assess the incidence of new onset mitral regurgitation after treatment with 
anthracycline, , and to compare the prevalence of mitral regurgitation in these patients with a normal 
nerdlihc of similar age.  

Methods: Prospective echocardiograms study in tertiary pediatric oncology centre. Ninety one 
patients, aged 3 months –16 years (median 5 years), treated with anthracycline for childhood 
malignancy.  Color flow Doppler detection of mitral regurgitation and its relation to changes in 
echocardiograms indices of left ventricular function (systolic and diastolic dimensions, fractional 
shortening); and the prevalence of mitral regurgitation in the anthracycline treated patients in 
comparison with normal children of similar age.  
Results: Twenty patients (21.98%) developed mitral regurgitation, which was not apparent 
clinically, during or after anthracycline treatment, compared with only 2.4% of a normal children of 
similar age (p < 0.0001). All 20 patients had normal systolic function at the time of initial detection of 
mitral regurgitation, but two later developed impaired left ventricular function (  after the first 
detection of mitral regurgitation).  
Conclusion: Patients treated with anthracycline developed mitral regurgitation much more often 
than in the normal children. Echocardiograms detection of new mitral regurgitation may be an early 
predictor of anthracycline cardiomyopathy.  
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Introduction 

Cancer patients who are undergoing 
chemotherapy have an increased risk of 
developing cardiovascular complications, and 
the risk is even greater if there is a known 
history of heart disease. Among the serious 
clinical cardiac complications that have been 
reported are: arrhythmias, myocardial necrosis 
causing dilated cardiomyopathy, and 
vasoocclusion or vasospasm resulting in angina 
 

or myocardial infarction. A wide range of 
chemotherapy agents have been associated 
with cardio toxicity [2,3]. Innovative anticancer 
strategies have contributed to an improved 
survival of patients suffering from 
malignancies, and in some cases, have turned 
cancer into a chronic disease. Therefore, the 
early and particularly late onsets of adverse 
cardiovascular effects of systemic anticancer 
treatments are of increasing interest. Among a 
rapidly increasing variety of anticancer drugs, 
the anthracycline [4]. 
Echocardiograms are the most frequently used 
modality in the screening for cardiac disease 
during or after therapy. Echocardiograms are 
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noninvasive and readily available. They provide 
means to evaluate the left ventricular ejection 
fraction (LVEF) along with systolic and 
diastolic cardiac function [5]. Many studies also 
use the measurement of fractional shortening 
(FS). In the only published guidelines for 
monitoring therapy during anthracycline 
treatment in pediatric population [6].  
 
Mitral regurgitation in normal children and 
adolescents is rare [7]. My aim was to 
investigate the new onset of mitral 
regurgitation in patients with otherwise 
normal echocardiograms after anthracycline 
treatment, and to compare the prevalence of 
mitral regurgitation in these patients with a 
normal children of similar age.  
 

Methods 

in this prospective study, transthoracic 
echocardiograms data collected over 12 
months (August 2010 –August 2011). The 
study was carried out at echocardiograms 
laboratory in Basra specialist Hospital for 
children. We investigate 91 patients (37 male, 
54 female) following treatment with 
anthracycline chemotherapy for childhood 
malignancy. They were aged between 3 months  
and 16  years (median  5  years). All patients 
were assessed before starting chemotherapy. 
Patients who were on active treatment were 
assessed before each course of treatment . On 
follow up, these patients had assessments after 
completion of each chemotherapy regimen or 
earlier if there was any deterioration in their 
clinical status..At each visit a cross sectional, M 
mode, and color flow Doppler echocardiograms 
examinations were performed  and the results 
analyzed by a pediatric cardiologist. The 
ultrasound study was performed in the left 
lateral position, with a single lead ECG 
recorded simultaneously. Sedation was not 
used. A Philips  Sonos  ultrasound imaging 
system (USA) was used.. The highest frequency 
transducer (7.5/5.5 MHz, 3.5/2.7 MHz, or 
2.5/2.0 MHz) which gave adequate penetration 
was used. New onset mitral regurgitation was 
defined as a high velocity color jet detectable 
after mitral valve closure, occurring in a patient 
with a previously normal echocardiogram. 
Patients with mitral regurgitation secondary to 
established cardiomyopathy were not included 
in the analysis.   The control group included 
123  normal children and adolescent  between 
3 month to 16  years of age without any 
exclusion criteria as mentioned above and any 
previous history of cardiac disorder. 
  

The  data was analyzed using SPSS version 17 
software. 
 

Results 

Baseline echocardiography was normal in all 
patients without mitral regurgitation, twenty 
patients (21.98%) developed recent trivial 
mitral regurgitation with normal other 
echocardiograms systolic and diastolic 
functions. 13 of these were female and 7 male, 
and they were aged between 4 months to 15 
years (median 5 years). Cumulative 
anthracycline dosage received was calculated 
from chemotherapy protocols, and the 
maximum ranged from 150–450 mg/m2 
(median 225 mg/m2). Tow patients—aged  7 
and  15  years at time of first detection of mitral 
regurgitation—developed impaired left 
ventricular function (fractional shortening  
22%,  20%,  respectively), between four 
months and 12 months after their first course 
of anthracycline.  
 
  
Table 1: The percentage of mitral 
regurgitation between patients and control.  

 
Mitral regurgitation 

 

Total Negative Positive 

91 71  (78.02%) 20 (21.98%) Patients 

123 120 (97.6%) 3 (2.4%) Control 

214 191 23 Total 

 
 
Fisher's exact probability test: 
The two-tailed P value equals 0.0001   is 
considered to be extremely statistically 
significant. 
 
 
Table 2: sex distribution of the patients. 

  
Mitral regurgitation 

positive negative Total 

sex female 13 (24.04%) 41 (75.93%) 54 

male 7 (18.92%) 30 (81.08%) 37 

Total 20 (21.98%) 71 (78.02%) 91 

 
 
Fisher's exact probability test: 
The two-tailed P value equals 0.6151.  
The one- tailed p value equals 0.37.  
The result is considered to be not statistically 
significant. 
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Discussion 

Anthracycline-induced cardiotoxicity has been 
categorized into acute, early-onset chronic 
progressive, and late-onset chronic progressive 
[8,9]. Acute cardiotoxicity occurs in <1% of 

patients immediately after infusion of the 
anthracycline and manifests as an acute, 
transient decline in myocardial contractility, 

which is usually reversible [10]. The early-
onset chronic progressive form occurs in 1.6% 
to 2.1% of patients, during therapy or within 

the first year after treatment [10]. Late-onset 
chronic progressive anthracycline-induced 
cardiotoxicity occurs at least 1 year after 
completion of therapy in 1.6% to 5% of 
patients [9]. Early- and late-onset chronic 
progressive cardiotoxicity typically presents as 
dilated CMP in adults, which can be progressive 

[10]. Late-occurring cardiotoxicity may not 
become clinically evident until 10 to 20 years 
after the first dose of cancer treatment. In 
addition, the Childhood Cancer Survivor study 

demonstrated that 30 years after therapy, 73% 
of pediatric cancer survivors will develop at 
least 1 chronic physical health condition and 
42% a severe, life-threatening or disabling 
condition, or die of a chronic condition [11]. 
The risk of clinical cardiotoxicity increases with 
a cumulative dose of anthracycline. Studies that 

have looked at the cumulative probability of 
doxorubicin-induced HF have found that it 
occurs in 3% to 5% with 400 mg/m2, 7% to 
26% at 550 mg/m2, and 18% to 48% at 700 
mg/m2 [10,12]. However, in a retrospective 
review of 3 trials, the incidence of HF was found 
to be 26% with cumulative doses of 550 mg/m2 
[13]. For this reason, the maximum lifetime 
cumulative dose for doxorubicin is 400 to 550 
mg/m2 [10]. However, epirubicin or idarubicin 
appears to have less incidence of HF [14-16]. 
Risk factors for anthracycline toxicity include 
cumulative dose; intravenous bolus 
administration; higher single doses; history of 
prior irradiation; the use of other concomitant 
agents known to have cardiotoxic effects such 
as cyclophosphamide, trastuzumab, and 

paclitaxel; female gender; underlying 
cardiovascular disease; age (young and old 
age); and increased length of time since 

anthracycline completion [8,9,13]. 
 
Cancer therapy has shown terrific progress 
leading to important reduction of morbidity 
and mortality of several kinds of cancer. The 
therapeutic management of these patients 
includes combinations of drugs, radiation 
therapy and surgery. Many of these therapies 
produce adverse cardiovascular complications 

which may negatively affect the quality of life 
and the prognosis of the oncologic patients[17]. 
Biomarkers include B-type natriuretic peptide 
(BNP), N-terminal pro-BNP (NT-pro-BNP), 
cardiac troponin T (cTnT), and cardiac 
troponin I (cTnI). Mavinkurve-Groothuis wrote 
a review regarding biomarkers in the detection 
of pediatric anthracycline cardiotoxicity, it was 
concluded that there was a significant relation 
between elevated biomarkers and cardiac 
dysfunction [18]. 
 
Endomyocardial biopsy is the most sensitive 
and specific investigation available for 
assessment of anthracycline induced 
cardiotoxicity, but the invasive nature of this 
test limits routine use [19]. 
 
Today, the widely used non-invasive method of 
monitoring cardiotoxicity of cancer therapy is, 
however, represented by Doppler-echo 
ultrasound which allows to identify the main 
forms of cardiac involvement in cancer patient: 
left ventricular (systolic and diastolic) 
dysfunction, valve heart disease, pericarditis 
and pericardial effusion, carotid artery lesions. 
Serial Doppler echocardiographic evaluation 
can be helpful for early, subclinical diagnosis of 
cardiac involvement and to be encouraged in 
the oncologic patients, before, during and even 
late after therapy completion. This is crucial 
when using anthracycline, which have early 
but, most importantly, late, cumulative cardiac 
toxicity [17]. The question of whether decline 
in cardiac function during therapy correlates 
with long-term development of cardiac 
impairment still remains [20]. 
 
Mitral regurgitation in normal children and 
adolescents is rare [7]. We found mitral 
regurgitation in three of 123 control group 
(2.4%),  in contrast to the 21.98% in 
anthracycline treated patients (p < 0.0001 
using the χ2 test).  We found mitral 
regurgitation in two of 91 patients (2.17%) 
before the start of chemotherapy, suggesting 
that in children with malignant disease who 
have not been treated with anthracycline it is 
also very uncommon.  
 
The main hypothesis for the underlying 
mechanism of anthracycline associated 
cardiotoxicity is the generation of reactive free 
radical species that interact and damage 
cellular membranes. Other possible 
mechanisms are the induction of apoptosis, 
mitochondrial DNA damage, changes in ATP 
production, down regulation of mRNA 
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expression for sarcoplasmic reticulum calcium 
ATPase [21].  
 
A minor degree of papillary muscle dysfunction 
related to anthracycline  mediated free radicals, 
too subtle to be detected by changes in 
fractional shortening, seems a reasonable 
explanation of the mild degrees of mitral 
regurgitation seen in our patients. 
Tow patients—aged  7 and  15  years at time of 
first detection of mitral regurgitation—
developed impaired left ventricular function 
(fractional shortening  22%,  20%,  
respectively) 4, and 10 months later, between 
four months and 12 months   after their first 
course of anthracycline long term follow up 
studies will be needed to assess the 
implications of these findings , but our results 
suggest that an isolated finding of new onset 
mitral regurgitation may be an early predictor 
of anthracycline cardio toxicity.  
 
In our study  we found mitral regurgitation in 
24.04% of female patients and 18.92% of 
males(The two-tailed P value equals 0.6151) 
suggest that female sex is not a risk factor for 
anthracycline cardio toxicity, in contrast to the 
study that done by Green et al. Found the 
correlation between female sex and 
development of cardio toxicity in their case 
control study of 2,710 treated for Wilms tumor. 
In this study “the risk for girls was estimated to 
be approximately four times that for boys with 
the same level of cumulative doxorubicin 
exposure and radiation to the lung and the left 
abdomen (P,  .005)” [22]. 
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