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Background: The cardiotoxic effects of many chemotherapeutics are 

well reported. These effects vary from mild changes to serious 

complications. Tissue Doppler echocardiography was proposed as a 

useful diagnostic tool in patients affected by these changes. 

Aim of work: The present study aimed to evaluate left & right 

ventricles diastolic indices in patients on chemotheraputic treatment 

with doxorubicin and correlation of this parameters with some clinical, 

electrocardiographic and laboratory findings. 

Patients and Methods: The present prospective study included 75 

patients scheduled to receive doxorubicin therapy for different 

indications. They were subjected to careful history taking, thorough 

clinical examination, laboratory investigations and assessment of 

cardiac functions using ECG, PW Doppler and tissue Doppler before 

receiving chemotherapy and in two occasions after starting treatment 

(after the second cycle and the end of the treatment). 

Results:In the current study, comparison between the studied patients 

and controls regarding the conventional echocardiographic parameters 

didn't show statistically significant differences. Prolonged QT is the 

most encountered ECG abnormality in the studied patients. Other 

changes included arrhythmia, low QRS, depressed ST, flattened and 

inverted T. Moreover, we found significant deterioration of diastolic 

dysfunction over the study period either using Doppler or tissue 

Doppler. In our study, patients with diastolic dysfunction were found to 

be older than patients without. However, the difference is not 

statistically significant. Regarding systolic dysfunction, the present 

study found systolic dysfunction in 4 patients (5.3 %). 

Conclusions: Diastolic dysfunction is prevalent among patients under 

chemotherapy treatment. TDI provides a useful tool for early detection.  
 

Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Cardiotoxicity is a recognized chemotherapy-induced adverse event. As early as 1967, there were reports of heart 

failure in patients treated with doxorubicin (Tan et al., 1967).Since then the cytostatic antibiotics of the 

anthracycline class remain the most common cardiotoxic chemotherapeutic agents. There are, however, a number of 

other chemotherapeutic agents that cause cardiotoxicity which are not so well recognized by many clinicians.   
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Cardiac events associated with chemotherapy vary from mild transient blood pressure and/or electrocardiographic 

(ECG) changes to more serious arrhythmias, myocarditis, pericarditis, myocardial infarction and cardiomyopathy, 

which may end in left ventricular dysfunction (LVD) or congestive heart failure (CHF) (Gharib and Burnett, 2002).  

 

Among the imaging techniques, Doppler echocardiography offers several advantages: it can assess LV systolic and 

diastolic dysfunction, heart valve disease, pericarditis and pericardial effusion, and carotid artery lesions. LV 

fractional shortening and LVEF are the most common indexes used for LV systolic function for cardiac function 

assessment in oncology. LVEF is, however, not a very sensitive parameter in detecting early alterations in 

myocardial function. It is now recognized that the Doppler-derived diastolic indexes represent an early sign of LV 

dysfunction in cancer patients, so that evaluation of mitral diastolic flow pattern, early peak flow velocity to atrial 

peak flow velocity (E/A) ratio, deceleration time of E wave and isovolumic relaxation time can be useful to detect 

diastolic changes of LV function before systolic dysfunction occurs. Pulsed tissue Doppler may be easily performed 

during a standard Doppler echocardiographic examination; it has been successfully applied in several clinical setting 

and appears reliable in providing quantitative information on myocardial diastolic relaxation and systolic 

performance (E’ wave, A’ wave and S wave velocity). Tissue Doppler of LV lateral mitral annulus has a recognized 

prognostic role and, in combination with PW Doppler of mitral inflow, provides accurate information about the 

degree of LV filling pressure(Bovelli et al., 2010). 

 

Aim of work:- 

The present study aims to evaluate left and right ventricles diastolic indices in patients on chemotheraputic treatment 

with doxorubicin. 

 

Subjects and Methods:- 

The study was conducted on inpatients and outpatients at Mansoura Oncology Center as a prospective case control 

comparative study. The study included 75 adult patients on chemotherapy and 50 cancer patients not taking 

chemotherapy. Both groups were matched for age and sex distribution. Patients were excluded from the study if they 

had ischemic heart disease, systemic hypertension, chronic kidney disease, severe liver disease, COPD, 

cardiomyopathy or arrhythmia.  

 

All participants were subjected to careful history taking, full cardiac examination, ECG and laboratory 

investigations including CBC, ESR, liver and kidney functions. The performed imaging studies included plain chest 

X-ray, and echocardiographic using VIVID 7 GE Medical System or a Sequoia Accuson ultrasound system with 

TDI capabilities. Patients were followed up after the second cycle and at end of treatment. 

 

Data obtained from the present study were computed using SPSS versions 17 under the platform of Microsoft 

Windows 7. Continuous data were expressed in the form of mean ± SD while categorical data were expressed in the 

form of count and percent. Comparison of continuous data was performed utilizing student t test, while categorical 

data were done using Chi-square test. Relation between variables were investigation by Pearson's correlation 

coefficient. P value less than 0.05 was considered statistically significant. 

 

Results:- 
The present study included 75 patients in addition to 50 healthy controls. Comparison between patients and controls 

regarding the demographic, laboratory and echocardiographic data is shown in table-1. No statistically significant 

differences were found between the studied groups regarding age, gender distribution, laboratory data, and two 

dimensional echocardiography, Doppler echocardiography and tissue Doppler echocardiography parameters. 

 

In table-2, follow up of ECG and echocardiographic data of the studied patients is illustrated. It showed significantly 

higher frequency of some ECG changes (prolonged QT, depressed ST, and flattened T) at the second follow up 

station. Two dimensional echocardiography showed significant deterioration of EF at first and second follow up 

stations. In addition, there were significant deterioration of Doppler parameters (E and E/A ratio) at the mitral valve 

and E, A and E/A ratio at the tricuspid valve. Moreover, TDI showed significant deterioration of E, A and E/A ratio 

throughout the study period at the mitral and tricuspid annuli.  

 

As revealed in table-3, diastolic dysfunction was diagnosed in 53 (70.7%) and 57 patients at the first follow up 

station and in 60 (80.0 %) and 71 (94.7 %) patients at the second follow up station as detected by Doppler and tissue 

Doppler echocardiographic respectively.  
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Comparison between patients with diastolic dysfunction and patients without regarding the demographic, clinical 

and laboratory data didn’t reveal statistically significant differences (Table-4).  

 

Table-1:-Comparison between patients controls regarding the basic data 

 Patients      (n=75) Controls   (n=50) P value 

Demographic and Laboratory Data 

Age(years) 48.2 ± 10.6 45.1 ± 12.0 0.13 

Gender Female 57 (76.0 %) 35 (70.0 %) 0.56 

Male 18 (24.0 %) 15 (30.0 %) 

AST (IU/L) 38.9 ± 11.0 34.0 ± 7.0 0.16 

ALT (IU/L) 36.8 ± 10.9 35.4 ± 7.4 0.38 

Bilirubin (mg/dl) 0.96 ± 0.23 0.97 ± 0.24 0.8 

Creatinine (mg/dl) 0.95 ± 0.18 0.95 ± 0.18 0.69 

ESR (mm/h) 32.9 ± 10.3 0.94 ± 0.18 0.73 

RBCs (× 10
6
) 

3.57 ± 0.27 3.5 ± 0.28 0.86 

Hb gm/dl 11.86 ± 1.3 11.9 ± 1.4 0.97 

WBCs(× 10
3
) 

9.36 ± 2.2 9.61 ± 2.1 0.53 

Platelets(× 10
3
) 

279.8 ± 53.7 280.9 ± 53.6 0.9 

Two Dimensional Echocardiography 

EF(%) 115.2 ± 14.4 112.7 ± 14.6 0.34 

FS(%) 51.0 ± 5.4 49.3 ± 7.1 0.17 

EDV(mm) 62.2 ± 4.5 62.7 ± 4.6 0.57 

ESV(mm) 34.0 ± 1.7 35.0 ± 1.6 0.14 

Doppler Echocardiography 

LV mitral 

E  (m/s) 0.88 ± 0.17 0.9 ± 0.2 0.54 

A  (m/s) 0.65 ± 0.16 0.71 ± 0.28 0.19 

E/A ratio 1.41 ± 0.37 1.64 ± 1.4 0.25 

RV tricuspid 

E  (m/s) 0.68 ± 0.14 0.66 ± 0.26 0.73 

A  (m/s) 0.58 ± 0.15 0.61 ± 0.29 0.57 

E/A ratio 1.2 ± 0.25 1.42 ± 1.06 0.14 

Tissue Doppler Echocardiography 

LV mitral annulus 

E  (m/s) 0.15 ± 0.03 0.14 ± 0.04 0.27 

A  (m/s) 0.12 ± 0.03 0.12 ± 0.02 0.78 

E/A ratio 1.26 ± 0.32 1.21 ± 0.4 0.44 

RV tricuspid annulus 

E  (m/s) 0.15 ± 0.04 0.15 ± 0.03 0.79 

A  (m/s) 0.13 ± 0.03 0.13 ± 0.03 0.56 

E/A ratio 1.23 ± 0.42 1.17 ± 0.39 0.42 

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, EDV: End diastolic volume, EF: Ejection 

fraction, ESR: Erythrocyte sedimentation rate, ESV: End systolic volume. FS: Fractional shortening. 

 

Table-2:-ECG and Echocardiographic changes throughout the study 

 Pretreatment Follow up-1 Follow up-2 P value 

ECG 

Arrhythmia - - 1 (1.33 %) 0.37 

Low QRS - - 2 (2.67 %) 0.13 

Prolonged QT - 7 (9.33 %) 11 (14.67 %) 0.004* 

Depressed ST - - 4 (5.33 %) 0.017* 

Flattened T - - 5 (6.67 %) 0.006* 

Inverted T - - 2 (2.67 %) 0.13 
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Two Dimensional Echocardiography 

EF% 62.2 ± 14.5 61.5 ± 15.0 60.1 ± 15.3 0.044* 

FS% 34.0 ± 1.7 34.1 ± 1.6 34.3 ± 1.6 0.57 

EDV 115.2 ± 14.4 114.8 ± 17.3 112.1 ± 15.7 0.23 

ESV 51.0 ± 5.4 49.9 ± 7.0 50.0 ± 7.3 0.62 

Doppler Echocardiography 

LV mitral 

E m/s 0.88 ± 0.17 0.79 ± 0.17 0.72 ± 0.16 0.0001* 

A m/s 0.65 ± 0.16 0.69 ± 0.16 0.71 ± 0.16 0.066 

E/A ratio 1.41 ± 0.37 1.23 ± 0.44 1.05 ± 0.32 0.0001* 

RV tricuspid 

E m/s 0.68 ± 0.14 0.62 ± 0.1 0.61 ± 0.09 0.0001* 

A m/s 0.58 ± 0.15 0.75 ± .19 0.77 ± .19 0.0001* 

E/A ratio 1.2 ± 0.25 0.9 ± .36 0.85 ± 0.25 0.0001* 

Tissue Doppler Echocardiography 

LV mitral annulus 

E 0.15 ± 0.03 0.11 ± 0.04 0.10 ± 0.03 0.0001* 

A 0.12 ± 0.03 0.16 ± 0.03 0.20 ± 0.04 0.0001* 

E/A ratio 1.26 ± 0.32 0.75 ± 0.29 0.54 ± 0.22 0.0001* 

E/E' 6.37 ± 2.6 7.8 ± 4.1 7.7 ± 3.5 0.017* 

RV tricuspid annulus 

E 0.15 ± 0.04 0.12 ± 0.03 0.13 ± 0.03 0.0001* 

A 0.13 ± 0.03 0.17 ± 0.04 0.17 ± 0.04 0.0001* 

E/A ratio 1.23 ± 0.42 0.83 ± 0.35 0.76 ± 0.3 0.0001* 

* significant results 

 

Table-3:-Prevalence of diastolic dysfunction in the studied patients throughout the study period 

 Diastolic dysfunction  

Doppler Echocardiography P value Tissue Doppler 

Echocardiography 

P value 

+ - + - 

Pretreatment - 75 (100.0 % 0.0001* - - 0.0001* 

Follow up-1 53 (70.7 %) 22 (29.3 %) 57 (76.0 %) - 

Follow up-2 60 (80.0 %) 15 (20.0 %) 71 (94.7 %) 4 (5.3 %) 

* significant results 

 

Table-4:- Comparison between patients with and without diastolic dysfunction as detected by TDI regarding the 

demographic, clinical and laboratory data. 

 Diastolic 

Dysfunction (+) n=71 

Diastolic Dysfunction 

(-) n=4 

P value 

Age 48.4 ± 10.7 44.2 ± 6.5 0.44 

Gender Female 17 1 0.96 

Male 54 3 

Malignancy Breast cancer 54 3 0.76 

NHL 11 1 

AML 6 - 

AST 39.5 ± 10.8 29.5 ± 11.7 0.076 

ALT 37.1 ± 10.9 32.2 ± 11.2 0.38 

Bilirubin 0.96 ± 0.23 0.95 ± 0.3 0.89 

Creatinine 0.95 ± 0.18 0.95 ± 0.23 0.97 

ESR 32.8 ± 10.3 35.5 ± 11.2 0.61 

RBCs 3.58 ± 0.27 3.45 ± 0.37 0.34 

Hb 11.9 ± 1.3 11.1 ± 1.08 0.27 

WBCs 9.41 ± 2.23 8.5 ± 2.09 0.42 
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Platelets 278.0 ± 53.6 311.2 ± 50.9 0.23 

NHL: Non-Hodgkin lymphoma, AML: Acute myeloid leukemia. 

 

Discussion:- 
Cardiotoxicity is a recognized chemotherapy-induced adverse event. Since their discovery more than 50 years ago, 

anthracyclines (AC) have become the mainstay for treatment of many cancers. However, AC use is associated with a 

risk of heart failure proportionate to the cumulative exposure (Sawyer, 2013). In a meta analysis of 18 studies 

including a total of 49,017 cancer patients of whom 22,815 receiving AC, clinical and subclinical cardiotoxicity 

occurred in 6.3%  and 17.9% of patients respectively (Lotrionte et al., 2013). 

 

Cardiac events associated with chemotherapy vary from mild transient blood pressure and/or ECG changes to more 

serious arrhythmias, myocarditis, pericarditis, myocardial infarction, cardiomyopathy and CHF (Gharib and 

Burnett, 2002). 

 

Cardiac status during chemotherapy has been monitored by many diagnostic modalities including 

electrocardiography radionuclide angiocardiography and endomyocardial biopsy (Villani et al., 2006). Among 

imaging techniques, Echo-Doppler offer several advantages. It can assess LV systolic and diastolic dysfunction,  

heart valve affection and pericardial  diseases. Also, it's simple, widely available, relatively cheap and non-invasive 

technique. In addition, new modalities like tissue Doppler and stress imaging provide more accurate evaluation of 

cardiac systolic and diastolic functions (Bovelli et al.,2010) 

 

The aim of the present study was to evaluate left and right ventricular diastolic functions indices in patients treated 

with doxorubicin and correlate these parameters with some clinical, ECG and laboratory data. Comparative analysis 

of demographic data and laboratory parameters between patients and control groups before therapy revealed no 

significant difference regarding the clinical, laboratory, electrocardiographic and echocardiographic data. 

 

In our study, there was significantly higher frequency of some ECG changes (prolonged QT, depressed ST, and 

flattened T) at the second follow up station. These results are in accordance with Huang et al., (2010) who found 

increase in heart rate in 3.2 %, low voltage QRS in 4.8 %, prolonged QT in 12%, ST depression in 7 %, T-wave 

changes in 16 % of patients  Also, QT prolongation after AC treatment was reported by the studies of Schwatz et al., 

(1987) and Shan et al., (1996). 

 

Follow up analysis of LV systolic parameters in the patients group revealed a significant decrease in LVEF on 

follow up. Also, there was a significant increase in the prevalence of LV systolic dysfunction at the second follow 

up station to 5.3% of patients. Our results are similar to those of Toggweiler et al.,(2012) who found systolic 

dysfunction in 8 out of 187 patients after doxorubicin treatment and Daoud et al.,2008 who found systolic 

dysfunction in (4.8 %) of patients. 

 

Follow up of Doppler indices of left and right ventricles revealed highly significant decrease in mitral peak E-wave 

velocity and E/A ratio, a non-significant increase in a mitral A-wave velocity, highly significant decrease in 

tricuspid  peak E-wave velocity and  E/A ratio and highly significant increase in A-wave velocity. Diastolic 

dysfunction was diagnosed in 53 (70.7%) and 57 (76.0 %) patients at the first follow up station and in 60 (80.0 %) 

and 71 (94.7 %) patients at the second follow up station as detected by Doppler and tissue Doppler 

echocardiography respectively. 

 

These results are in agreement with Tassan-Mangina et al.,(2006) who found deterioration of LV diastolic 

dysfunction on follow up of 20 patients after doxorubicin therapy, Nagy et al., (2008)who found impairment of 

diastolic function in 97.5% of 40 women with breast cancer treated with doxorubicin and Daoud et al.,(2008) who 

found a highly significant deterioration of  LV diastolic function indices in 42 patients with non-Hodgkin lymphoma 

treated with doxorubicin. The better performance of TDI in detection of diastolic dysfunction was also reported by 

Sherief et al., (2012) who showed that pulsed TD indices of diastolic dysfunction are affected earlier than 

conventional Doppler parameters after AC therapy. 

 

In conclusion, the present study confirmed the value conventional pulsed Doppler and more precisely by pulsed TD 

in early detection of diastolic function after chemotherapy, before other clinical and laboratory variables and that 

diastolic dysfunction usually precedes the systolic function in this situation. 
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