
1 

 

 

 

 

Possibilities of Early Detection of Cardiotoxicity in Patients with 

Malignancy 

 

 

 

PhD thesis  

 

Dr. András Csaba NAGY 

 

 

Tutor: 

Prof. Dr. Tamás Forster MD, PhD, DsC 

 

 

2nd Department of Medicine and Cardiology Center, Medical Faculty, 

Albert Szent-Györgyi Clinical Center, 

University of Szeged 

 

Szeged 

2018 



2 

 

 

 

 

List of full papers that served as the basis of the PhD thesis 

I. Nagy ACs, Tolnay E, Nagykálnai T. et al.: Kemoterápia okozta szívizom-károsodás: a 

diagnosztika lehetőségei. Orvosi Hetilap 2004 Oct 24;145(43):2171-6. 

II. Nagy ACs, Tolnay E, Forster T et al.:  Cardiotoxicity of anthracycline in young breast 

cancer female patients: the possibility of detection of early cardiotoxicity. TDI. 

Neoplasma. 2006;53(6):511-7. 

III. Nagy ACs, Cserép Zs, Tolnay E et al.: Early diagnosis of chemotherapy induced 

cardiomyopathy: a prospective tissue Doppler imaging study. Pathol.Oncol.Res. 2008; 

14:69-77. 

IV.  Nagy ACs, Gulácsi-Bárdos P, Cserép Zs, et al.: Late cardiac effect of anthracycline 

therapy in physically active breast cancer survivors - a prospective study. Neoplasma 

2017;64(1):92-100. 

 

 

Other publications 

I. Nagy András Csaba: A cardiovascularis prevenció - a kockázat csökkentésének 

lehetőségei, 2010, LAM (Lege Artis Medicinæ) - 2010;20(08) 

II. Székely A, Cserép Z, Sápi E, Breuer T, Nagy CA, Vargha P, Hartyánszky I, Szatmári 

A, Treszl A.: Risks and predictors of blood transfusion in pediatric patients 

undergoing open heart surgery.    

Annals of Thoracic Surgery,  Ann Thorac Surg. 2009 Jan;87(1):187-97. 

III. Nagy A, Cserép Z.: Link between diabetes and diastolic dysfunction and the 

diagnostic role of echocardiography. Orv Hetil. 2009 Nov 8;150(45):2060-7. Review. 

Hungarian. 

IV. Nagy, András Csaba MD., Cserép, Zsuzsanna MD., Tolnay, Edina MD., Forster, 

Tamás MD.:  Diastolic disfunction due to chemotherapy: early diagnosis with tissue 

Doppler imaging  Poster – ESC Euroecho – 2008 Liszabon, Portugália European 

Journal of Echocardiography 8, Suppl. 1, Dec, 2007, 1525-2167. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sz%C3%A9kely%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cser%C3%A9p%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22S%C3%A1pi%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Breuer%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagy%20CA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vargha%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harty%C3%A1nszky%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Szatm%C3%A1ri%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Szatm%C3%A1ri%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Treszl%20A%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Ann%20Thorac%20Surg.');


3 

 

 

 

V. Nagy, András Csaba MD., Cserép, Zsuzsanna MD., Tolnay, Edina MD., Forster, 

Tamás MD.: Early prediction of chemotherapy induced late cardiotoxicity: the role of 

Tissue Doppler Imaging in detection of diastolic dysfunction  Poster – ESMO 

Congress, Stockholm, Sweden, 2008, 12-16 Sept. Annals of Oncology 19, 2008 

Suppl.8., 261  

 

VI. Nagy A., Tolnay E., Cserep Z., Forster T.: Chemotherápia okozta kései 

szívizomkárosodás előrejelzése: a szöveti Doppler szerepe a diasztolés diszfunkció 

kimutatásában. Poster Magyar Belgyógyász Társaság 2008 évi Nagygyűlése, Magyar 

Belorvosi Archivum, 2008. Suppl. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



4 

 

 

 

Table of contents 
 

Abbreviation ............................................................................................................................... 5 

Introduction ................................................................................................................................ 6 

Objectives ................................................................................................................................... 9 

Materials and methods ................................................................................................................ 9 

Obj. 1. Measuring early subclinical damage using traditional methods ................................. 9 

Cardiology examination .................................................................................................... 10 

Standard echocardiography ............................................................................................... 10 

Schedule of examinations.................................................................................................. 11 

Statistical analysis ............................................................................................................. 11 

Obj. 2. Measuring early subclinical damage using tissue Doppler imaging ......................... 11 

Cardiac examination and standard echocardiography ....................................................... 12 

Tissue Doppler imaging (TDI) .......................................................................................... 12 

Statistical analysis ............................................................................................................. 12 

Obj. 3. Measuring long-term subclinical damage ................................................................. 13 

Study protocol ................................................................................................................... 13 

Schedule of detailed cardiac examinations: ...................................................................... 13 

Standard echocardiography and tissue Doppler imaging (TDI) ........................................ 13 

Obj. 4. Preventive effects of physical activity ...................................................................... 13 

Schedule of examination ................................................................................................... 14 

Standard echocardiography and tissue Doppler imaging (TDI) ........................................ 14 

Statistical analysis ............................................................................................................. 14 

Results ...................................................................................................................................... 14 

Obj. 1. Measuring early subclinical damage using traditional methods ............................... 14 

Obj. 2. Measuring early subclinical damage using tissue Doppler imaging ......................... 16 

Obj. 3. Measuring long-term subclinical damage ................................................................. 19 

Obj. 4. Preventive effects of physical activity ...................................................................... 24 

Discussion ................................................................................................................................. 37 

Conclusions - Theses ................................................................................................................ 47 

Acknowledgements .................................................................................................................. 48 

References ................................................................................................................................ 49 

 



5 

 

 

 

Abbreviation 
 

A – late mitral inflow wave velocity 

AC – adriamycine and cyclophosphamide 

Ae – segmental late diastolic wave velocity 

CK – creatine kinase 

CK MB – creatine kinase Muscle/ Brain Isoenzyme 

CV – cardiovascular 

D – Pulmonaric venous D wave velocity 

DD - diastolic dysfunction 

DT - deceleration time 

E – early mitral inflow wave velocity 

E/Ea - early mitral inflow wave velocity/segmental early diastolic wave velocity ratio 

Ea – segmental early diastolic wave velocity 

Ea/Aa – Ea/Aa ratio 

E/A – E wave/ A wave ratio 

EC – epirubicin and cyclophosphamide 

ECG – electrocardiography 

EF – ejection fraction 

FS - fractional shortening 

GLS - global longitudinal strain 

LVEDd – left ventricular end diastolic diameter in systole 

LVEDs – left ventricular end diastolic diameter in systole 

LVEF – left ventricular ejection fraction 

MAV - mitral annular velocity 

PA - physically active 

PNA - physically inactive 

S – Pulmonaric venous S wave velocity 

S/D – S/D ratio 

TDI - tissue Doppler imaging 

3D – three dimension 

2D – two dimension 
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Introduction 

 

Chemotherapy-induced cardiotoxicity was first described in the literature in 1967 in children 

with leukemia treated with doxorubicin (1). Subsequently, an increasing number of studies 

have addressed this new entity (2, 3), and cardiotoxicity has received increasing attention as a 

potential chemotherapy-related adverse event. There are a growing number of publications on 

cardiotoxicity, and the protocol of the most recent international trials must include careful 

monitoring of cardiovascular parameters. Prevention became a widespread approach in this 

field as well, similarly to trends in cardiology in recent decades. Aggressive combination 

antitumour therapy may lead to remission or healing in many types of malignancies, but it 

comes with a price. A large body of literature data has been published on the myocardial side 

effects of widely used anthracyclines (4, 5, 6), such as doxorubicin and epirubicin, but these 

adverse effects corresponded mostly to acute cardiomyopathy and were associated with 

decreased ejection fraction and pump function, and manifested in the symptoms of heart 

failure. 

 Administering smaller doses at less frequent intervals helped to avoid these acute damages. 

However, the so-called late cardiotoxicity became increasingly common, most of the times 

occurred in a subclinical form, often progressive, potentially severe and sometimes causing 

fatal heart failure in children (7). There are two forms of late or chronic cardiotoxicity: the 

early-onset and the late-onset chronic progressive cardiotoxicity (8). The former develops 

within one year after the anthracycline therapy, while the latter up to decades after the 

therapy. Furthermore, the awareness of the risk factors which may be involved in 

anthracycline therapy-induced cardiomyopathy is increasing. For example, in addition to 

known cardiovascular risk factors (such as known CV condition, age, gender, genetic 

background, smoking, unhealthy eating habits, hypertension, hypercholesterinemia, diabetes 

and obesity), the type of the antitumour agent (anthracycline), higher cumulative dose, rapid 

infusion, combination therapy and concomitant chest radiotherapy also play a role (9).  

The fight against cardiotoxicity has come to the fore because survival of the patients 

significantly improved despite the underlying malignancy.  

Later complaints are caused by secondary organ impairment and cardiomyopathy (resulting 

from previous medication), as well as by progressive heart failure (resulting from 

cardiomyopathy), and these ultimately lead to fatal outcome. 
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This is the reason why both oncologists and cardiologists focus more and more on this topic. 

An independent subfield was born, that is cardio-oncology.  

 

Anthracycline-induced cardiomyopathy may develop even after many years of the treatment. 

Some signs have already been described which may be indicative of subclinical 

cardiotoxicity, even in the absence of specific symptoms or radiological signs (10), such as a 

change in fractional shortening (FS) observed using echocardiography, or a decrease of left 

ventricular function below 50%, potentially early-onset dyskinesia, akinesia or abnormal wall 

motion. Early detection of subclinical cardiotoxicity can help choosing the appropriate early 

treatment and improving the chance of long-term survival (11). The need for long-term 

monitoring and multidisciplinary care of breast cancer survivors was pointed out by Burstein 

and Winer in their publication in 2000 (12).  

Several methods can be used to detect chemotherapy-induced cardiomyopathy. Of the non-

invasive methods, the ECG, heart frequency variability, determination of ventricular 

repolarization time and echocardiography provide a basis for assessing the cardiac impairment 

(13). Of the laboratory tests, the literature highlights monitoring of the increased levels of 

myocardial biomarkers (CK, CK-MB, Troponin I and T) in case of damage, and the 

determination of natriuretic peptides, which can be used even in the early detection of 

subclinical damages (14,15). Of the imaging techniques, antimyosin (In-111-antimyosin-Fab 

antibody) and Thallium 201 perfusion scintigraphy is used as a direct procedure to detect 

myocardial damage, and the radionuclide ventriculography has long been the gold standard in 

measuring the ejection fraction (16, 17). Sequential MRI can provide better resolution than 

various isotope methods. The predominant method is the non-invasive echocardiography 

which provides valuable data and can be repeated several times and used to determine both 

left ventricular systolic and diastolic functions. Using the above-mentioned well-defined 

measurements, it is currently widely used as gold standard to measure and monitor the 

ejection capacity of the heart muscle (18). However, the measurement of the diastolic function 

provides a measure of the possible damage to the relaxation capacity only with approximate 

accuracy (19). Accurate data on this is important because, on the one hand, they provide 

preliminary information on the damage of the myocardium, and on the other hand, the systolic 
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function can remain normal for a long period of time in the case of subclinical 

cardiomyopathy, despite the late onset of heart failure symptoms. 

Though the invasive catheter technique has long been used as a standard method to measure 

diastolic function (20), as echocardiography developed, this technique has been increasingly 

replaced by the evaluation of the mitral inflow Doppler pattern (21). However, in addition to 

the diastolic properties of the left ventricle, traditional E/A inflow pattern can be influenced 

by other factors, namely preload, afterload, frequency, atrioventricular delay, ventricular 

interaction, viscoelastic properties, and pericardial limiting factors. Thus, the mitral inflow 

pattern is easy to record, but the above-mentioned factors should also be taken into account in 

the evaluation. In many cases, knowing the pulmonary venous flow or the deceleration time is 

of no avail. 

Tissue Doppler imaging (TDI), described for the first time in 1989 (22), was the new method 

which allowed not only to measure the regional myocardial function (23) and obtain a value 

comparable to global left ventricular function by measuring the systolic mitral annular 

velocity (24), but also made it possible to accurately measure the diastolic properties of a 

specific portion of the ventricular wall using pulse Doppler technique (25), regardless of the 

presence of the above-mentioned influencing factors. 

In addition to the management of the above-mentioned risk factors, there is an increasing 

body of evidence that physical activity plays a role in the prevention in patients with 

malignancies. In the case of breast cancer, regular exercise can reduce the risk of the disease 

by up to 50%. Physical activity before doxorubicin therapy can reduce the severity of 

anthracycline-induced myocardial dysfunction by maintaining fractional fibre shortening and 

preserving pressure and contractility. Exercise increases cardiovascular efficacy, improves 

cardiac output and stroke volume, reduces resting pulse rate, and improves breathing and 

oxygen transport from the lungs to the cells (26). Animal studies have confirmed the 

protective effect of one-time and regular exercise against doxorubicin-induced cardiac 

damage, which may be explained by increased antioxidant capacity and oxygen use as a result 

of this exercise (27, 28).  
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Objectives 

 

Obj. 1. This prospective study attempted to establish whether the anthracycline-containing 

treatment leads to the development of so-called subclinical myocardial damage in the early 

stages in female patients with breast cancer and without cardiovascular risk factors. 

Obj. 2. Furthermore, this study explored the extent to which tissue Doppler imaging can be 

used in the early diagnosis of subclinical cardiomyopathy in patients with mammary tumours 

treated with anthracycline. 

Obj. 3. A further objective of this study was to confirm the suitability for use of tissue 

Doppler echocardiography (TDI) in the early detection of subclinical myocardial damage 

using long-term measurements. 

Obj. 4. The extended study aimed at confirming the preventive effect of regular exercise, 

already confirmed by literature data, regarding the anthracycline-induced myocardial damage 

and possible heart failure. 

 

Materials and methods 

 

Obj. 1. Measuring early subclinical damage using traditional methods 

 

A number of 40 women, aged between 31 and 65 years of age (mean age: 50±9 years), treated 

between April 2003 and January 2006 at the Department of Radiation Oncology of the Uzsoki 

Hospital, who also received chemotherapy after surgery for malignant mammary carcinoma, 

were enrolled in this study. The patients had no cardiovascular risk factors (Table 1). From 

this population, we enrolled patients with breast cancer on the right side in order to avoid the 

radiation of the left side of the chest. Female patients with mammary carcinoma of low or 

intermediate invasivity underwent postoperative chemotherapy, which included 4 series of EC 

or AC infusions. The cumulative mean dose of doxorubicin and epirubicin was 240 mg/ m2 

and 360 mg/m2, respectively.  
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Supportive treatment for the underlying condition did not constitute an exclusion criterion 

(e.g. palliative radiation treatment in other regions, pain relief, antiemetics, and 

bisphosphonates). 

 

Table 1. Exclusion criteria 

o hypertension (severe or mild) 

o anemia 

o diabetes mellitus 

o coronary artery disease 

o left ventricular hypertrophy 

o severe aortic stenosis  

o mitral valve disease 

o cardiomyopathy 

o radiation of the left chest or mediastinum  

 

The control group included 20 women with similar age distribution, between 33 and 62 years 

of age (mean age: 49±10 years), without cardiovascular risk. Participants in the control group 

were examined according to the same protocol. 

Cardiology examination 

 

In addition to the patients’ cardiac history, their physical status was recorded, paying 

particular attention to their cardiovascular status. Resting 12-leads ECG and blood pressure 

measurements were performed. 

 

Standard echocardiography 

 

This echocardiography was performed using a Vivid 3 ultrasound machine. The 

measurements were carried out in M mode, at the parasternal longitudinal section of the left 

ventricle, below the apex of the mitral valve. Standard parameters were measured during 

systole and diastole: dimensions of the left ventricle, E-septum distance to the mitral valve, 

the width of the aorta and the diameter of the left atrium. In the apical 4-chamber view, the 
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left ventricular ejection fraction was calculated using the modified Simpson formula; atrial 

dimensions were measured; the mitral inflow curve was assumed so that the depth of the 

pulse Doppler was positioned between the mitral valves in the middle of the flow. We also 

examined the peak velocity of the early (E wave) and late (A wave) inflow, the E/A ratio and 

the deceleration time (DT). The pulmonary venous curve was obtained at the opening of the 

right upper pulmonary vein, approximately at a depth of 1 cm. We recorded the pulmonary 

venous peak systolic (S) and peak diastolic (D) flow velocities, the S/D ratio, and the velocity 

and duration of the peak reverse flow. Ideally, the diastolic function of the heart can be 

determined using these values.  

We also examined wall motions in each view, the anatomy of the valve, alterations and 

potential pericardial effusion. 

 

Schedule of examinations  

 

Examination 1: Before the initiation of the chemotherapy: data collection and recording 

cardiac status using the methods described above. 

Examination 2: 12 months after the initiation of the treatment. 

 

Statistical analysis 

 

Data were evaluated using Kolmogorov-Smirnov normality test, and different statistical tests 

and analyses were performed accordingly. Data were presented as a mean ± SD of three 

measurements. Basic data were compared using independent t-test. Heart rate, blood pressure, 

standard ultrasound values and mitral inflow velocity values were analyzed at all time points 

using t-test. These values were analyzed using a statistics software (SPSS, Version 10.0, 

SPSS Inc., Chicago, III), with a significance limit of p0.05. 

 

Obj. 2. Measuring early subclinical damage using tissue Doppler imaging 

 

The analysis included the study group and the control group detailed in section Obj. 1, and the 

schedule was developed accordingly. 
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Cardiac examination and standard echocardiography 
 

These were performed as detailed in section Obj. 1.  

 

Tissue Doppler imaging (TDI) 

 

This examination was performed using a Vivid 3 ultrasound machine in TDI mode. The 

mitral annular velocity (MAV) was measured using pulse TDI from transthoracic view. The 

velocity was measured in 4 different points of the mitral annulus from apical view. The lateral 

velocity patterns were obtained from the proximal annulus of the septal (septum) or lateral 

wall by placing the TDI cursor on the proximal mitral annulus of the septum in the apical 4-

chamber view. Similarly, the anterior and inferior velocity patterns were obtained from the 

apical 2-chamber view. The mean of velocity values recorded in 3 cycles from this position 

was used in the statistical calculations. Three high velocity peak values were obtained from 

the 4 mitral annular sites. One value is the positive systolic velocity (S) when the mitral ring 

moves toward the heart apex, as well as two negative diastolic velocities, when the ring 

moves away from the apex toward the basis. The first and the second velocity provide the 

early diastolic (Ea) wave and late diastolic (Aa) wave, respectively. Similar measurements 

were performed in the parasternal longitudinal section by placing the Doppler cursor in the 

middle of the septum and posterior wall. The ratio of the E wave of the traditional inflow and 

the early (Ea) diastolic wave of the mitral annulus measured with TDI describes the atrial 

filling pressure well, which was evaluated as a derived parameter. The Ea/Aa value measured 

during the tissue Doppler measurement (TDI) is considered abnormal below 1, which is an 

artificial limit, but it provides a good description of the essential damage to the diastolic 

function. 

 

Statistical analysis 

 

Data were analyzed using statistical calculations described in section Obj. 1. Similarly to the 

above, the annular velocity values were analyzed at all time points using the t-test. 
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Obj. 3. Measuring long-term subclinical damage 

 

Our extended study included the study group and the control group detailed in section Obj. 1.  

Study protocol  

 

Schedule of detailed cardiac examinations: 

Before the initiation of the chemotherapy (T0), at 1 month after the first chemotherapy cycle 

(T1), at 1 month after the second chemotherapy (T2), at 1 year (T3), then at two years (T4) 

after the initiation of the chemotherapy. In addition to the cardiac history of the patients, we 

also recorded their physical status with particular attention to their cardiovascular status and 

possible symptoms of circulatory insufficiency. Resting 12-leads ECG and blood pressure 

measurements were also performed. Echocardiography was carried out at each time point. 

 

Standard echocardiography and tissue Doppler imaging (TDI) 
 

 

Performed as described in sections Obj. 1 and Obj. 2.  

 

Obj. 4. Preventive effects of physical activity  

 

The extended study included 55 young women with breast cancer and without cardiovascular 

risk, treated at the Department of Radiation Oncology of the Uzsoki Hospital; most of them 

were from the study group described above (Obj. 1). We used the same anthracycline dose as 

above, while the cyclophosphamide dose was 500 mg/m2 in the study group, according to the 

standard protocol. Supportive treatment for the underlying condition did not constitute an 

exclusion criterion (e.g. analgesics, antiemetics, palliative radiation treatment in other regions, 

and bisphosphonates). 

Patients were included into two groups depending on whether they were physically active 

before their disease or not. Intensive physical activity carried out at least 4 or 5 days a week, 

for at least half an hour, including any individual or team sports, was considered exercise. 

Based on the above-mentioned definition, 36 patients and 19 patients were included in the 

physically active group (PA) and the physically inactive group (PNA), respectively. 
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Schedule of examination  
 

The cardiac examinations were carried out in four phases in this prospective study: before the 

chemotherapy (T1); at mid-term of the anthracycline therapy (T2); at one year after the first 

chemotherapy cycle (T3); at 2 years after the first chemotherapy cycle (T4). We assessed the 

occurrence of symptoms (such as breathlessness, reduced capacity, fatigue, foot swelling, 

nocturia) indicative of cardiac failure by phone 5 years after the first examination in these 

patients (T1+5 year). 

 

Standard echocardiography and tissue Doppler imaging (TDI) 

 

Performed as described in sections Obj. 1 and Obj. 2. 

 

Statistical analysis 

 

The two groups were compared using the Mann-Whitney test and the Fischer exact test. The 

results were presented as mean ± SD. 

 

Results 
 

Obj. 1. Measuring early subclinical damage using traditional methods 

 

A number of 40 female patients with breast cancer were enrolled in this study, with a control 

group of 20 persons of similar gender and with negative cardiac history and risk factors. We 

evaluated the traditional systolic and diastolic function parameters. The age distribution of the 

study group and the control group was the same. 

Table 2 shows the basic data and standard echocardiographic values of the study group and 

the control group at baseline and at 1 year.  
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Begining After 1 year

Patient (n=40) Control (n=20) p Patient (n=40) Control (n=20) p

Gender (year) 49,2 ± 10,1 50,1 ± 8,5 ns

Heart rate (1/min) 78,7 ± 12,6 72,6 ± 9,5 ns 83,0 ± 11,3 72,1 ± 15,5 0,003

Blood pressure (mmHg) 131/81 ± 16/8 128/77 ± 11/6 ns 128/78 ± 13/7 124/77 ± 10/4 ns

Aortic root (cm) 2,64 ± 0,26 2,52 ± 0,36 ns 2,58 ± 0,25 2,44 ± 0,27 ns

Left atrium (cm) 3,83 ± 0,45 3,97 ± 0,37 ns 4,89 ± 0,32 4,40 ± 0,87 0,030

LVEDd (cm) 5,11 ± 0,56 5,09 ± 0,53 ns 5,41 ± 0,43 5,06 ± 0,52 0,007

E-septum separation (cm) 0,50 ± 0,18 0,46 ± 0,12 ns 0,51 ± 0,13 0,45 ± 0,09 0,070

EF (Simpson) % 66,9 ± 5,8 64,2 ± 4,7 ns 65,7 ± 3,6 67,7 ± 2,8 0,030

Mitral E velocity (m/s) 0,78 ± 0,13 0,78 ± 0,09 ns 0,65 ± 0,11 0,76 ± 0,09 0,001*

Mitral A velocity (m/s) 0,62 ± 0,13 0,59 ± 0,12 ns 0,73 ± 0,10 0,57 ± 0,08 0,001*

E/A ratio 1,30 ± 0,29 1,35 ± 0,26 ns 0,91 ± 0,18 1,33 ± 0,23 0,001*

Deceleration time (ms) 253 ± 49 275 ± 53 ns 301 ± 42 280 ± 56 ns

Pulmonary S (m/s) 0,56 ± 0,10 0,59 ± 0,08 ns 0,43 ± 0,12 0,57 ± 0,08 0,001*

Pulmonary D (m/s) 0,36 ± 0,09 0,38 ± 0,08 ns 0,55 ± 0,14 0,36 ± 0,11 0,001*

S/D ratio 1,58 ± 0,29 1,57 ± 0,27 ns 0,87 ± 0,51 1,55 ± 0,11 0,001*

* means significant difference in values within the patient group at the end as compared to the initial status

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Basic data and standard echocardiographic parameters of patients  
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There were no differences in the basic data and standard ultrasound measurements 

between the two groups at baseline. The pulse rate at 1 year was significantly higher in 

the study group. As regards blood pressure, there was no substantial difference at 1 

year, which is important because the change in blood pressure could not cause diastolic 

dysfunction (DD) in either group. 

Based on the cardiac physical examination, the ECG and the evaluation of the 

symptoms, it can be established that there were no significant differences between the 

two groups in their circulatory status. 

After 1 year, there was a significant difference in the standard ultrasound parameters 

(aortic root, left atrium, E-septum separation, LVEDd); the heart cavities were enlarged 

in the treatment group as a result of the cardiotoxicity. However, this was not associated 

with either clinical symptoms or decreased systolic function. The EF did not decrease 

below 60%, that is, there was a clinically insignificant, but statistically measurable 

difference between the two groups. 

As regards the traditional measurements of diastolic dysfunction (mitral E velocity, 

mitral A velocity, E/A ratio, deceleration time, S/D ratio), there was a significant 

difference within the study group in the values obtained at the end of the study 

compared to the baseline, and between the study group and the control group at the last 

measurement. However, the E/A ratio and the deceleration time showed differences 

indicative of diastolic dysfunction (DD) in only 30 patients (75% of the cases), in other 

words, this is the number of patients who supposedly developed diastolic dysfunction 

within 1 year (Figure 1). 

 

Obj. 2. Measuring early subclinical damage using tissue Doppler imaging 

 

Table 3 contains TDI measurements by each segment (6 measurements) at the baseline 

and at the end of the study (at 1 year) both in the patient and the control groups (Table 

3).  
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Figure 1. Diastolic function in patients after 1 year
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Begining After 1 year

Patient (n=40) Control (n=20) p Patient (n=40) Control (n=20) p

Septal

     S velocity (cm/s) 9,96 ± 2,21 10,32 ± 1,92 ns 8,18 ± 1,67 10,28 ± 1,96 0,001

     Ea diast.vel.(cm/s) 9,97 ± 1,95 10,80 ± 1,78 ns 6,13 ± 1,33 11,18 ± 2,05 0,001

     Aa diast.vel.(cm/s) 6,11 ± 1,35 6,25 ± 1,28 ns 9,41 ± 2,23 6,50 ± 1,30 0,001

     Ea/Aa ratio 1,65 ± 0,24 1,74 ± 0,21 ns 0,70 ± 0,31 1,72 ± 0,16 0,001

Posterior

     S velocity (cm/s) 7,22 ± 1,59 7,64 ± 1,12 ns 6,54 ± 1,07 7,24 ± 0,95 0,004

     Ea diast.vel.(cm/s) 11,68 ± 2,27 11,60 ± 1,70 ns 7,09 ± 2,01 11,36 ± 1,80 0,001

     Aa diast.vel.(cm/s) 6,61 ± 1,61 6,29 ± 1,09 ns 9,07 ± 1,95 6,43 ± 1,09 0,001

     Ea/Aa ratio 1,81 ± 0,37 1,86 ± 0,26 ns 0,84 ± 0,42 1,77 ± 0,17 0,001

Septal'

     S velocity (cm/s) 9,65 ± 1,81 9,91 ± 1,84 ns 8,41 ± 1,37 9,75 ± 1,65 0,002

     Ea diast.vel.(cm/s) 12,23 ± 1,89 13,43 ± 1,95 ns 8,10 ± 1,54 13,61 ± 1,56 0,001

     Aa diast.vel.(cm/s) 9,11 ± 1,93 8,81 ± 1,56 ns 11,27 ± 2,04 8,47 ± 1,47 0,001

     Ea/Aa ratio 1,38 ± 0,27 1,54 ± 0,21 ns 0,74 ± 0,20 1,62 ± 0,19 0,000

Lateral

     S velocity (cm/s) 10,09 ± 2,14 9,88 ± 1,53 ns 8,87 ± 1,54 9,67 ± 1,66 0,070

     Ea diast.vel.(cm/s) 14,21 ± 2,21 14,34 ± 2,79 ns 10,06 ± 2,67 14,38 ± 2,55 0,001

     Aa diast.vel.(cm/s) 9,32 ± 1,53 8,92 ± 1,55 ns 11,91 ± 2,38 8,87 ± 1,45 0,001

     Ea/Aa ratio 1,54 ± 0,27 1,63 ± 0,32 ns 0,90 ± 0,41 1,63 ± 0,22 0,001

Inferior

     S velocity (cm/s) 10,16 ± 1,72 10,13 ± 1,35 ns 9,12 ± 1,28 9,94 ± 1,28 0,020

     Ea diast.vel.(cm/s) 15,12 ± 2,40 14,00 ± 1,82 ns 9,88 ± 2,96 13,93 ± 1,35 0,001

     Aa diast.vel.(cm/s) 10,03 ± 1,35 9,41 ± 1,64 ns 12,21 ± 1,91 9,11 ± 1,27 0,001

     Ea/Aa ratio 1,52 ± 0,28 1,50 ± 0,17 ns 0,84 ± 0,36 1,54 ± 0,18 0,001

Anterior

     S velocity (cm/s) 8,70 ± 1,55 9,14 ± 1,77 ns 7,98 ± 1,46 8,69 ± 1,63 0,090

     Ea diast.vel.(cm/s) 10,77 ± 1,94 11,33 ± 1,40 ns 7,58 ± 2,01 11,75 ± 1,29 0,001

     Aa diast.vel.(cm/s) 7,04 ± 1,30 6,90 ± 1,12 ns 9,90 ± 2,27 6,65 ± 1,16 0,001

     Ea/Aa ratio 1,55 ± 0,28 1,66 ± 0,23 ns 0,82 ± 0,38 1,79 ± 0,24 0,001

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. TDI measurements at the baseline vs at the end of the study both in the patient group and the control group
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This results show that there were no differences between TDI values before 

chemotherapy compared to the control group. However, values obtained at 1 year show 

a clear difference between the patient group and the control group in the fibre 

shortening velocity values in a specific segment, during both systole and diastole. The 

resulting Ea/Aa ratio showed a clear significant difference in all cases, which 

characterized the diastolic dysfunction of a specific segment. The baseline E/Ea ratio 

indicative of left ventricular filling pressure values were also similar in the groups, and 

the measurement at 1 year detected a measurable difference indicating an increase in the 

filling pressure in the study group (Table 4). 

 

Obj. 3. Measuring long-term subclinical damage 

 

There were no differences in mean age, risk factors, overall physical parameters, blood 

pressure and pulse rate between the two groups before the initiation of the 

chemotherapy (T0). Similarly, there were no significant differences in standard 

echocardiographic parameters and values obtained using tissue Doppler measurements 

in either segment. The two groups were similar based on the above-mentioned 

parameters. 

After therapies, the basic circulation parameters at different time points showed only 

slight changes (Table 5). 
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Begining After 1 year

Patient (n=40) Control (n=20) p Patient (n=40) Control (n=20) p

anterior 7,46±1,61 7,00±1,04 n.s. 9,14±2,60 6,53±1,01 0,001

inferior 5,24±1,04 5,70±1,07 n.s. 7,05±1,91 5,49±0,85 0,001

lateralis 5,61±1,20 5,68±1,34 n.s. 6,63±2,13 5,81±1,31 n.s.

posterior 6,97±1,69 6,91±1,34 n.s. 9,83±2,86 6,90±1,68 0,001

septalis 8,16±2,12 7,43±1,41 n.s. 11,06±2,70 6,96±1,28 0,001

septalis' 6,56±1,42 5,95±1,04 n.s. 8,25±1,55 5,62±0,76 0,001

 

 

 

 

 

 

 

 

Table 4. E/Ea ratio in all segments referring to the left ventricular filling pressure in the 

groups before the chemotherapy and one year later
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T0 T1 T2 T3 T4
Patient (n=40) Control (n=20) p Patient (n=40)Control (n=20) p Patient (n=40) Control (n=20) p Patient (n=40)Control (n=20) p Patient (n=40) Control (n=20) p

 Gender (year) 49.2 ± 10.1 50.1 ± 8.5 ns

Heart rate (1/min) 78.7 ± 12.6 72.6 ± 9.5 ns 79.7 ± 11.6 75.3 ± 8.7 ns 81.4 ± 11.8 79.1 ± 8.2 ns 82.8 ± 11.3* 76.6 ± 7.6 0.03 78.6 ± 11.8 73.2 ± 15.2 ns

Blood pressure (mmHg) 131/81 ± 16/8 128/77 ± 11/6 ns 133/82 ± 13/8125/76 ± 11/5 0.02 126/81 ± 12/7* 124/78 ± 11/6 ns 128/78 ± 14/7124/77 ± 10/4 ns 127/80 ± 10/6 123/80 ± 8/4 ns

Aortic root (cm) 2.64 ± 0.26 2.52 ± 0.36 ns 2.67 ± 0.27 2.63 ± 0.38 ns 2.56 ± 0.30 2.50 ± 0.40 ns 2.59 ± 0.28 2.44 ± 0.27 0.04 2.68 ± 0.26 2.61 ± 0.27 ns

Left atrium (cm) 3.83 ± 0.45 3.97 ± 0.37 ns 3.95 ± 0.51 4.16 ± 0.53 ns 4.05 ± 0.43* 4.06 ± 0.36 ns 4.21 ± 0.52* 4.40 ± 0.87 ns 4.18 ± 0.45* 4.05 ± 0.50 ns

LVEDd (cm) 5.11 ± 0.56 5.09 ± 0.53 ns 5.08 ± 0.47 5.17 ± 0.57 ns 5.08 ± 0.44 5.20 ± 0.54 ns 5.22 ± 0.42* 5.05 ± 0.51 0.05 5.27 ± 0.57* 5.17 ± 0.49 ns

E-septum separatio (cm) 0.50 ± 0.18 0.46 ± 0.12 ns 0.47 ± 0.13 0.44 ± 0.12 ns 0.46 ± 0.12 0.45 ± 0.11 ns 0.46 ± 0.09 0.45 ± 0.09 ns 0.50 ± 0.13 0.43 ± 0.11 ns

EF (Simpson) % 66.9 ± 5.8 64.2 ± 4.7 ns 65.8 ± 5.7 65.4 ± 4.2 ns 67.7 ± 5.4 64.1 ± 3.9 ns 65.9 ± 4.2 67.7 ± 2.8 ns 65.9 ± 3.7 65.3 ± 2.9 ns

Mitral E velocity (cm/s) 78 ± 13 78 ± 09 ns 72 ± 10* 78 ± 10 0.04 69 ± 12* 76 ± 12 0.03 66 ± 10* 76 ± 10 0.002 67 ± 10* 75 ± 14 0.02

Mitral A velocity (cm/s) 62 ± 13 59 ± 12 ns 68 ± 11* 60 ± 08 0.006 73 ± 12* 58 ± 08 0,000 73 ± 10* 57 ± 08 0,000 74 ± 12* 66 ± 22 0.05

E/A ratio 1.30 ± 0.29 1.35 ± 0.26 ns 1.08 ± 0.25* 1.31 ± 0.16 0.001 0.98 ± 0.28* 1.35 ± 0.25 0,000 0.93 ± 0.21* 1.33 ± 0.23 0,000 0.93 ± 0.24* 1.20 ± 0.33 0.001

Deceleration time (ms) 253 ± 49 275 ± 53 ns 267 ± 55 261 ± 44 ns 272 ± 53 298 ± 49 ns 300 ± 39* 280 ± 56 ns 280 ± 47* 302 ± 60 ns

Pulmonaric venous S (cm/s) 56 ± 10 59 ± 08 ns 48 ± 13* 55 ± 07 0.04 47 ± 12* 53 ± 08 ns 46 ± 11* 57 ± 08 0,000 50 ± 11* 57 ± .09 0.02

Pulmonaric venous D (cm/s) 36 ± 09 38 ± 08 ns 42 ± 12* 39 ± 07 ns 51 ± 16* 36 ± 08 0,000 49 ± 14* 36 ± 11 0.002 44 ± 12* 38 ± 06 ns

S/D ratio 1.58 ± 0.29 1.57 ± 0.27 ns 1.31 ± 0.77* 1.46 ± 0.25 ns 1.01 ± 0.44* 1.52 ± 0.23 0,000 1.05 ± 0.43* 2.16 ± 0.26* 0.01 1.23 ± 0.43* 1.50 ± 0.29 0.01

* means significant difference in values within the patient group at the end as compared to the initial status. P<0.05

p  means the difference between the two goups (patient and control)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Basic data and standard echocardiographic parameters of patients
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In the study group, the pulse rate increased after the first (T1) and the second (T2) 

chemotherapy cycle; this increase reached a significant level only during the one year 

follow-up period (T3), but was not clinically relevant. During the two-year follow-up 

period (T4), the pulse rate returned to normal. 

The blood pressure in the cancer study group showed a mildly significant, but still 

irrelevant decrease after the second cycle (T2), after which it normalized. In the control 

group, neither the pulse rate nor the blood pressure showed a substantial change during 

the two year follow-up period. 

We closely monitored the symptoms of circulatory insufficiency. It is clear that neither 

group had chest complaints or symptoms of circulatory insufficiency. Furthermore, 

there were no changes in the ECG in the study group. 

During the echocardiography, a slight increase was observed in the volume of the left 

atrium after the second cycle (T2) and of the left ventricle at 1 year (T3) in the study 

group, which was significant compared to the first measurements. However, there was 

no substantial change in the ejection fraction in line with the clinical status. 

The traditional ultrasound parameters characterized by the diastolic function showed 

relaxation dysfunction almost right after the first therapy (T1). The peak of the first 

mitral inflow wave (mitral E wave velocity) began to decrease gradually, and at the 

same time, the peak of the second wave (mitral A wave velocity) showed an increasing 

tendency. Accordingly, their ratio (E/A) showed a decrease with a significant change at 

time point T1. This decrease was detectable during the entire study. The other parameter 

describing the diastolic function, the two waves of the pulmonary venous curve 

(pulmonary venous S and D wave) and their mean (S/D) also provided a good measure 

of DD.  

Similarly to the values measured using the traditional method, the Ea and Aa diastolic 

velocities and their ratio (Ea/Aa), represented by the tissue Doppler echocardiography 

used to describe the diastolic function, showed a change at time point T1, which 

remained significant until the end of the study (Table 6).  
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T0 T1 T2 T3 T4

Patient (n=40) Control (n=20) p Patient (n=40) Control (n=20) p Patient (n=40) Control (n=20) p Patient (n=40)Control (n=20) p Patient (n=40) Control (n=20) p

Septal

     S velocity (cm/s) 9.96 ± 2.21 10.32 ± 1.92 ns 9.55 ± 2.29 10.63 ± 2.26 ns 9.05 ± 1.91 9.12 ± 1.70 ns 8.36 ± 1.78* 10.54 ± 2.07 0,00 9.45 ± 2.19* 10.85 ± 1.70 0.01

     Ea diast.vel.(cm/s) 9.89 ± 2.08 10.80 ± 1.78 ns 7.91 ± 2.71* 10.68 ± 2.13 0,00 6.46 ± 2.11* 9.02 ± 1.69 0,00 6.34 ± 1.59* 11.18 ± 2.05 0,00 6.37 ± 1.96* 10.11 ± 2.04 0,000

     Aa diast.vel.(cm/s) 6.19 ± 1.41 6.25 ± 1.28 ns 8.02 ± 2.39* 6.51 ± 1.66 0.01 8.87 ± 2.21* 5.28 ± 1.15 0,00 8.83 ± 2.34* 6.50 ± 1.30 0,00 10.28 ± 2.32* 7.51 ± 2.33 0,000

     Ea/Aa ratio 1.63 ± 0.29 1.74 ± 0.21 ns 1.11 ± 0.55* 1.66 ± 0.19 0,00 0.80 ± 0.42* 1.72 ± 0.16 0,00 0.79 ± 0.40* 1.72 ± 0.12 0,00 0.62 ± 0.17* 1.45 ± 0.41 0,000

Posterior

     S velocity (cm/s) 7.22 ± 1.59 7.64 ± 1.12 ns 7.22 ± 1.71 7.73 ± 1.22 ns 6.92 ± 1.33 7.24 ± 1.26 ns 6.76 ± 1.11* 7.39 ± 0.95 0.03 7.42 ± 1.76* 8.24 ± 1.04 0.05

     Ea diast.vel.(cm/s) 11.68 ± 2.27 11.60 ± 1.70 ns 9.61 ± 3.44* 10.80 ± 1.91 ns 7.91 ± 2.90* 10.08 ± 1.45 0.003 7.64 ± 2.34* 11.36 ± 1.80 0,00 7.00 ± 2.54* 11.97 ± 2.10 0,000

     Aa diast.vel.(cm/s) 6.61 ± 1.61 6.29 ± 1.09 ns 7.75 ± 2.32* 6.24 ± 1.34 0.01 8.15 ± 2.30* 5.52 ± 1.15 0,00 8.33 ± 2.35* 6.43 ± 1.09 0.001 9.58 ± 2.47* 6.68 ± 1.24 0,000

     Ea/Aa ratio 1.81 ± 0.37 1.86 ± 0.26 ns 1.36 ± 0.63* 1.77 ± 0.33 0.009 1.12 ± 0.69* 1.87 ± 0.34 0,00 1.06 ± 0.64* 1.77 ± 0.17 0,00 0.78 ± 0.40* 1.82 ± 0.33 0,000

Septal'

     S velocity (cm/s) 9.65 ± 1.81 9.91 ± 1.84 ns 9.20 ± 1.73 10.03 ± 1.37 ns 8.88 ± 1.37* 9.25 ± 1.25 ns 8.72 ± 1.34* 9.75 ± 1.65 0.01 10.13 ± 2.28* 10.12 ± 1.94 ns

     Ea diast.vel.(cm/s) 12.23 ± 1.89 13.43 ± 1.95 ns 9.88 ± 2.56* 13.42 ± 1.48 0,00 9.34 ± 2.00* 12.33 ± 1.80 0,00 8.58 ± 1.87* 13.61 ± 1.56 0,00 9.08 ± 2.39* 13.51 ± 2.78 0,000

     Aa diast.vel.(cm/s) 9.11 ± 1.93 8.81 ± 1.56 ns 10.47 ± 2.48* 9.13 ± 1.36 0.03 11.27 ± 2.64* 8.02 ± 1.38 0,00 11.01 ± 2.23* 8.47 ± 1.47 0,00 12.05 ± 2.20* 9.23 ± 1.46 0,000

     Ea/Aa ratio 1.38 ± 0.27 1.54 ± 0.21 ns 1.02 ± 0.41* 1.49 ± 0.22 0,00 0.87 ± 0.30* 1.56 ± 0.27 0,00 0.82 ± 0.30* 1.62 ± 0.19 0,00 0.78 ± 0.27* 1.51 ± 0.42 0,000

Lateral

     S velocity (cm/s) 10.09 ± 2.14 9.88 ± 1.53 ns 9.71 ± 2.01* 10.29 ± 1.86 ns 9.62 ± 2.38 10.04 ± 1.98 ns 9.09 ± 1.60* 9.67 ± 1.66 ns 9.56 ± 2.26 9.69 ± 1.19 ns

     Ea diast.vel.(cm/s) 14.21 ± 2.21 14.34 ± 2.79 ns 12.85 ± 3.30* 14.03 ± 2.73 ns 11.31 ± 3.21* 13.66 ± 2.79 0.007 10.77 ± 2.79* 14.38 ± 2.55 0,00 9.96 ± 2.96* 13.24 ± 3.34 0,000

     Aa diast.vel.(cm/s) 9.32 ± 1.53 8.92 ± 1.55 ns 10.48 ± 2.84* 9.34 ± 2.39 ns 11.23 ± 2.94* 8.26 ± 1.83 0,00 11.15 ± 2.70* 8.87 ± 1.45 0.001 12.00 ± 2.56* 8.81 ± 1.85 0,000

     Ea/Aa ratio 1.54 ± 0.27 1.63 ± 0.32 ns 1.33 ± 0.54* 1.57 ± 0.41 ns 1.10 ± 0.50* 1.71 ± 0.45 0,00 1.06 ± 0.51* 1.63 ± 0.22 0,00 0.87 ± 0.36* 1.57 ± 0.49 0,000

Inferior

     S velocity (cm/s) 10.16 ± 1.72 10.13 ± 1.35 ns 9.95 ± 1.62 10.28 ± 1.18 ns 9.78 ± 1.33 10.14 ± 1.41 ns 9.40 ± 1.31* 9.94 ± 1.28 ns 9.62 ± 1.20 9.93 ± 1.38 ns

     Ea diast.vel.(cm/s) 15.12 ± 2.40 14.00 ± 1.82 ns 12.45 ± 3.09* 14.23 ± 2.32 0.02 11.06 ± 3.56* 13.97 ± 2.33 0.002 10.23 ± 3.30* 13.93 ± 1.35 0,00 10.26 ± 2.77* 14.04 ± 3.03 0,000

     Aa diast.vel.(cm/s) 10.03 ± 1.35 9.41 ± 1.64 ns 11.51 ± 2.45* 10.81 ± 2.47 ns 12.42 ± 2.29* 9.23 ± 1.80 0,00 12.16 ± 2.02* 9.11 ± 1.27 0,00 12.78 ± 2.05* 9.45 ± 2.00 0,000

     Ea/Aa ratio 1.52 ± 0.28 1.50 ± 0.17 ns 1.15 ± 0.46* 1.38 ± 0.38 ns 0.94 ± 0.43* 1.54 ± 0.27 0,00 0.88 ± 0.40* 1.54 ± 0.18 0,00 0.83 ± 0.33* 1.55 ± 0.48 0,000

Anterior

     S velocity (cm/s) 8.70 ± 1.55 9.14 ± 1.77 ns 8.64 ± 1.89 9.78 ± 2.17 0.04 8.28 ± 1.82 8.43 ± 0.97 ns 8.18 ± 1.18 8.69 ± 1.63 ns 8.73 ± 2.10 8.99 ± 1.49 ns

     Ea diast.vel.(cm/s) 10.77 ± 1.94 11.36 ± 1.38 ns 9.70 ± 2.37* 11.75 ± 1.84 0.001 8.63 ± 2.37* 10.16 ± 1.39 0.01 7.94 ± 2.03* 11.75 ± 1.29 0,00 7.42 ± 2.38* 11.52 ± 2.81 0,000

     Aa diast.vel.(cm/s) 7.04 ± 1.30 6.90 ± 1.12 ns 8.25 ± 2.04* 7.63 ± 1.76 ns 9.19 ± 2.48* 6.29 ± 1.01 0,00 9.33 ± 2.41* 6.65 ± 1.16 0,00 10.01 ± 2.14* 7.17 ± 1.31 0,000

     Ea/Aa ratio 1.55 ± 0.28 1.66 ± 0.23 ns 1.27 ± 0.49* 1.61 ± 0.42 0.01 1.04 ± 0.51* 1.66 ± 0.43 0,00 0.93 ± 0.42* 1.79 ± 0.24 0,00 0.76 ± 0.28* 1.67 ± 0.57 0,000

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. TDI measurements of the 6 segments at different times both in patient and control groups# (septal, posterior, septal’, lateral, inferior and anterior 

indicate the sites of the mitral annulus, where the TDI cursor was placed) 
p means the difference between the two groups (study and control) 

*P<0.05, means significant difference in values within the study group at the end as compared to baseline.
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It should be noted that the velocity of systolic fibre shortening of different segments (S 

waves) also changed: they showed a decreasing trend from time point T1 through T3, 

but the values started to improve at time point T4. 

It should be noted that in addition to the above mean values, individual analysis of 

patients showed that 22 patients (55%) had normal diastolic function, and 16 patients 

(40%) had DD at time point T1 that was detected using the traditional method, while for 

18 patients (45%) tissue Doppler imaging had to be used to demonstrate DD (Figure 2). 

However, by the end of the study (T4) these ratios changed and we succeeded to detect 

late myocardial damage using some methods in all patients. At the end of the study, we 

confirmed DD in 27 patients (67.5%) using a joint analysis of the traditional mitral 

inflow pattern and the pulmonary venous pattern, while in the case of 13 patients 

(32.5%) only a TDI helped. 

The analysis of the E/Ea ratio representing the left ventricular filling pressure in the 

segments showed a significant increase of the filling pressure in all segments after the 

second chemotherapy cycle (T2) (Figure 3). 

 

Obj. 4. Preventive effects of physical activity 

 

The two groups of patients (physically active: n=36 - vs physically inactive: n=19) 

enrolled in the prospective study had a similar age distribution (49.2 vs 50.1 +/-SD) 

(Table 7). There were no differences between the two groups in the patients’ 

cardiovascular risk status due to the inclusion criteria. 

The basic data of these two groups are presented in Table 7. 
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Figure 3. Analysis of E/Ea representing the left ventricular filling pressure
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Table 7. 

Demographic data of the patients 

S: patients exercising regularly, NS: patients not exercising regularly 

p: difference between the two groups at each time point 

#: p<0.05 vs. T3 among S patients 

$: p<0.05 vs. T2 among S patients 

x: p<0.05 vs. T1 among S patients

 T1 T2 T3 T4 

 S NS p S NS p S NS p S NS p 

Mean age (years) 49.2±10.1 50.1±8.5           

Systolic blood pressure 

(mmHg) 

129±12# 129±18 ns 130±10# 135±14 ns 124±8 128±12 ns 127±10# 128±13 ns 

Diastolic blood pressure 

(mmHg) 

82±8 78±8 ns 83±7 81±7 ns 80±7$ 80±7 ns 78±7$.x 79±7 ns 

Heart rate (1/min) 78.0±13.1# 78.1±13.0 ns 78.3±11.5# 79.3±10.0 ns 82.5±10.9 81.2±14.8 ns 82.0±11.1 81.1±14.3 ns 



27 

 

 

 

There were no significant differences between the two groups at baseline (time point 

T1) or at a later time. The differences observed at various time points within each 

group, although statistically significant, cannot be considered clinically relevant because 

both the blood pressure and the pulse rate remained within normal limits. 

As regards echocardiographic parameters, there were no significant differences between 

the two groups and within each group in the aorta width, the end-diastolic diameter of 

the left atrium and the left ventricle, and the E-septum data (these parameters were 

omitted from the table). The systolic function of the left ventricle showed a significant 

change within the physically inactive group (EF T3 vs T2), but this was not clinically 

relevant either (Table 8). 

 

There were more significant and measurable changes in the diastolic function during 

this study. One of the parameters of diastolic function, the value (S/D) calculated from 

the two waves of the pulmonary inflow showed a significant decrease in both groups 

over time, which indicated an impairment of the diastolic function. The differences 

between the two groups were not significant, and this value decreased below 1 at time 

point T3 in both groups. However, the difference became significant at time point T4 

compared to time point T1 in both groups. An evaluation of the mitral inflow patterns 

showed a clear change in the diastolic function. The decrease of the E/A value was 

visible at time point T2 in both groups, which already decreased below 1 in the 

physically inactive group, though the difference between the two groups was not yet 

significant at that time. However, a significant difference was revealed at T3 both 

between the two groups and compared to time point T1. The E/A ratio in the physically 

active group decreased below 1 only at time point T4 (Figure 4). 
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Table 8. 

Echocardiographic parameters of the patients  

S: patients exercising regularly, NS: patients not exercising regularly 

p: difference between the two groups at each time point 

*: p<0.05 vs. T1, among NS patients, #: p<0.05 vs. T1 among S patients 

+: p<0.05 vs. T2 among NS patients, $: p<0.05 vs. T2 among S patients 

 

 T1 T2 T3 T4 

 S NS p S NS p S NS p S NS p 

EF (Simpson, %) 66.1±5.1 68.3±7.6 ns 64.8±7.5 65.9±5.0 ns 66.2±3.4 69.4±5.3+ ns 64.7±3.5 67.8±4.4 0.060 

Mitral E velocity (m/s) 0.76±0.16 0.82±0.08 ns 0.71±0.11 0.69±0.12 ns 0.70±0.12 0.67±0.13 ns 0.67±0.11 0.64±0.13 ns 

Mitral A velocity (m/s) 0.59±0.14 0.66±0.14 ns 0.66±0.10 0.74±0.11 0.044 0.69±0.10 0.79±0.11 0.014 0.76±0.09 0.81±0.10 ns 

E/A ratio 1.30±0.15 1.31±0.47 ns 1.10±0.25 0.95±0.22 ns 1.05±0.28# 0.86±0.25* 0.038 0.89±0.19#,$ 0.78±0.16* ns 

Deceleration time (ms) 246±56 264±43 ns 264±55 282±54 ns 287±47 264±64 ns 299±42 295±52 ns 

Pulmonaric venous S (m/s) 0.59±0.10 0.54±0.10 ns 0.47±0.14 0.49±0.15 ns 0.46±0.12 0.46±0.13 ns 0.44±0.12 0.42±0.09 ns 

Pulmonaric venous D (m/s) 0.38±0.09 0.34±0.08 ns 0.43±0.10 0.43±0.16 ns 0.51±0.14 0.56±0.21 ns 0.53±0.11 0.58±0.16 ns 

S/D ratio 1.59±0.33 1.60±0.29 ns 1.21±0.61 1.43±0.25 ns 0.98±0.40# 0.94±0.51 ns 0.87±0.36# 0.78±0.32* ns 
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The measurements in different segments of the left ventricle allow a more accurate 

evaluation of the diastolic function, but they have different sensitivity in the detection of 

the damage (Table 9). 
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Figure 4. 

The E/A ratio in the physically active and physically inactive group at different time points 

The black lines between the columns indicate significant differences (p<0.01) 



31 

 

 

 

 

 

 

 

 

 

Table 9. 

TDI parameters of the patients in different segments  

S: patients exercising regularly, NS: patients not exercising regularly 

p: difference between the two groups at each time point 

*: p<0.05 vs. T1, among NS patients 

#: p<0.05 vs. T1 among S patients 

$: p<0.05 vs. T2 among S patients 

&: p=0.059 vs. T1 among NS patients

 T1 T2 T3 T4 

 S NS p S NS p S NS p S NS p 

Ea/Aa septal 1.63±0.23 1.67±0.4 ns 1.10±0.55 0.81±0.44 ns 0.90±0.45 0,62±0.23* 0.007 0.71±0.31# 0.61±0.28* 0.065 

Ea/Aa posterior 1.82±0.28 1.81±0.53 ns 1.29±0.56 1.19±0.53 ns 1.17±0.78# 0.99±0.55* ns 0.80±0.43#,$ 0.81±0.45* ns 

Ea/Aa septal’ 1.41±0.24 1.36±0.23 ns 0.97±0.42# 0.84±0.35& ns 0.93±0.35# 0.78±0.17& ns 0.71±0.14#,$ 0.63±0.07* ns 

Ea/Aa inferior 1.52±0.32 1.49±0.26 ns 1.19±0.54 1.01±0.41 ns 1.00±0.46# 0.79±0.35* ns 0.87±0.35#,$ 0.67±0.19* ns 

Ea/Aa lateral 1.57±0.29 1.53±0.27 ns 1.39±0.61 1.12±0.49 ns 1.14±0.54# 0.96±0.44* ns 0.93±0.41# 0.81±0.31* ns 

Ea/Aa anterior 1.53±0.32 1.51±0.15 ns 1.18±0.55 1.08±0.43 ns 1.11±0.52# 0.96±0.54* ns 0.78±0.33#,$ 0.70±0.32* ns 

E/septE 7.97±2.41 8.70±2.71 ns 9.43±2.68 11.42±3.23 0.09 10.34±2.61# 12.77±3.52* 0.012 11.25±3.26# 11.00±3.03 ns 
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In this study, the most sensitive measurement in the detection of the damage to the 

diastolic function was the measurement performed in the sept and sept’ segments. In the 

physically inactive group the Ea/Aa ratio decreased below 1 at time point T2 in the sept 

segment, while in sept’ segment a value below 1 was detected at the same time point in 

both groups. At time point T3, this value was below 1 in all segments in the physically 

inactive group, while the same value decreased below 1 only in the sept’ and the sept 

segments in the physically active group. At time point T4, a value below 1 was detected 

in both groups and all segments. 

As regards the change of the parameters over time, the Ea/Aa ratio showed a decreasing 

trend in all segments in both the sporting and the physically inactive group. This 

decrease became significant at time point T3 compared to baseline (T1) in both groups, 

but this significance was confirmed at time point T4, as well. The Ea/Aa value showed a 

significant decrease at time point T4 compared to time point T2 in the inf, sept’, post 

and ant segments in the physically active groups, which indicates that the diastolic 

function remained intact for a longer period of time in the physically active group. 

A comparison of the values of the two groups showed that the Ea/Aa values were lower 

in the physically inactive group than in the physically active group in all segments 

beginning with time point T2. This difference was significant only in the septal segment 

at time point T3, while a tendency difference was detected in the same value at time 

point T4 (p=0.065) (Figure 5).  

 

The E/Ea sept value, which is a good indicator for the left atrial filling pressure 

exceeded 10 sooner in the physically inactive group, at time point T2. This limit was 

reached in both groups at time point T3 and became significant compared to time point 

T1 (Figure 6). 
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Figure 5. 

The Ea/Aa ratio in the physically active and physically inactive group at different time points 

The black lines between the columns indicate significant differences (p<0.01) 

The dashed lines between the columns indicate non-significant differences (p<0.065) 
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Figure 6. 

The E/Ea ratio in the physically active and physically inactive group in different times, which is a good indicator of left atrial filling pressure 

The black lines between the columns indicate significant differences (p<0.01) 

The dashed lines between the columns indicate non-significant differences (p<0.065) 
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This elevation was more marked in the physically inactive group and was significant 

compared to time point T2. This ratio remained above 10 in both group at time point 

T4. 

Five years after the short term tests, the patients have been asked by phone. According 

to the responses given, the symptoms of cardiac failure developed in 18.1% of 

physically active patients while in the case of physically inactive patients, this 

proportion was significantly higher, 69.2% (Figure 7). 81.2% of physically active 

patients and only 30.8% of physically inactive patients were free of symptoms. 
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Figure 7. 

Incidence of symptoms characteristic to heart failure in the physically active and physically inactive group after 5 years the completion of the 

short-term assessments, based on phone interviews. 

White column means the proportion of patients with any symptoms 

Black column means the proportion of patients free of symptoms 
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Discussion 

 

Anthracyclines have long been used as part of the adjuvant chemotherapy in the 

treatment of patients with breast cancer. The cardiotoxicity caused by these agents have 

been described for several decades (1, 2). Clinically relevant cardiotoxicities include 

congestive heart failure, malignant arrhythmias, impulse generation and conduction 

disorders, and sudden cardiac death, which can develop years or even decades after the 

treatment (29, 30, 31, 32, 7). These entities have been addressed by a number of 

synthesis studies and prior guidelines (33, 34). One of the most common and most 

investigated form of cardiotoxicities is myocardial damage (left ventricular dysfunction 

and heart failure), which received particular attention because it is associated with a far 

greater mortality than any cardiomyopathy of other etiology (35). However, it should 

also be noted that the proportion and relevance of risk factors that contribute to the 

development of cardiotoxicity is much higher in real life in tumour patients than in the 

well-defined conditions of prospective randomized studies (see the Introduction). 

Patients enrolled in the planned studies do not represent the average population of 

tumour patients because patients with severe comorbidities or cardiovascular 

conditions, as well as too young or too old patients were excluded right from the start. 

Indeed, the retrospective population data show a much higher incidence both for 

cardiomyopathy and heart failure (15.5-41.9%) (36). Anthracyclines had been long seen 

as the dominant cause of cardiotoxicity; however, these adverse events are increasingly 

observed with the newest antitumour treatments, as well. Thus, targeted molecular 

tumour therapies, including monoclonal antibodies and tyrosine kinase inhibitors, have 

also “signed up” as cardiotoxic agents (37).  

At the beginning, in the 1960s cardiotoxicities were confirmed by establishing the 

diagnosis of heart failure. Echocardiography became available for routine examination 

only in 1980s and was used to describe the severity of toxic damage on the basis of the 

change in the left ventricular EF for several decades. This non-invasive testing method 

became the gold standard in the detection of cardiotoxicities as well. Nevertheless, due 

to the heart’s substantial reserve capacity, the systolic function (LVEF) showed a 

significant decrease that can be easily detected using ultrasound scan only years or 

decades after the toxic damage caused by the treatment. These data have become 
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apparent for the first time from observations performed on survivors of childhood 

cancer (38).  

Attention has been increasingly focused on the early detection of late left ventricular 

dysfunction. We have mentioned the follow-up of FS changes in the Introduction. A 

slight decrease in EF observed during repeated LVEF measurements may already 

indicate the damage that potentially led to heart failure at the end (39).  

Early detection of subclinical cardiotoxicity and prevention of the resulting heart failure 

has always been a great challenge in oncology care. It has become increasingly obvious 

that the improvement of non-invasive diagnostic methods led to an increase in the 

incidence of asymptomatic myocardial damage caused by cumulative low doses of 

anthracycline. However, late damages show an increasing incidence, and can develop 

even decades after the treatment causing often unmanageable heart failure (40).  

The rate of subclinical cardiotoxicity detected with traditional methods is estimated by 

various papers to be between 20% and 75% (51, 30, 52, 7, 53, 54). In addition to 

limiting the dose of the anthracyclines used and amending the therapeutic protocol, the 

attempt to minimize the extent of the myocardial damage also required routine cardiac 

monitoring and detailed knowledge of the cardiovascular risk status. The incidence of 

heart failure related to the anthracycline treatment is 15-20% and 2% in patients with 

risk factors and patients without risk factors, respectively (55). These data emphasise 

not only the importance of evaluating cardiovascular status and systematic follow-up, 

but also require a method which can be used to detect cardiotoxicity as early as 

possible. 

The best method to prevent cardiotoxicity is early treatment of the subclinical 

myocardial damage confirmed in due time. The first stage of the cardiac damage is the 

diastolic damage. The most commonly used method to evaluate the diastolic function, 

available in routine clinical settings, is echocardiography. Of the traditional heart 

ultrasound parameters those suitable to evaluate the relaxation disorder using the M 

mode are as follows: the extent and rate of the volume fluctuation in the ventricular 

systolic and diastolic function, the change in the wall thickness in diastole, and the 

duration of the isovolumetric relaxation. Doppler echocardiography can be used to 

measure mitral filling velocity in early and late diastole. As noted in the Introduction, 

the detection of diastolic dysfunction using the traditional Doppler mitral inflow 



39 

 

 

 

imaging is impacted by a variety of factors. The change in velocity depends on the 

change in the preload, afterload and heart rate as well, and therefore the diagnosis of 

diastolic dysfunction and diastolic heart failure may not be based solely on the E/A 

definition. 

During recent years, new methods have been investigated in order to determine diastolic 

dysfunction more accurately. One technique that can be very easily performed and is 

becoming increasingly accessible is tissue Doppler imaging (TDI), which measures and 

represents the moving velocity of a specific segment (most commonly the septal and 

lateral segment) proximal to the mitral annulus as a function of time. The resulting 

curve is the tissue Doppler curve, where the first positive wave (S wave) shows the 

contraction rate of myocardium fibres during systole, and then, in the next phase, the 

first negative, normally greater wave (Ea wave) results from the rate of relaxation of the 

myocardium fibres during diastole. The third negative, smaller wave (Aa wave) is a 

curve of the additional relaxation caused by the atrial contraction. The underlying 

principle is the measurement of the contraction and relaxation velocity of 

subendocardial longitudinal fibres. The ratio of the two negative waves (diastolic 

waves, Ea/Aa) is a representation of the diastolic function just as the traditional mitral 

inflow curve (56). Furthermore, it is important to mention the mitral E/Ea ratio used to 

evaluate the left ventricular filling pressure, which contributes to the exploration of the 

diastolic dysfunction by measuring high filling pressure, irrespective of the systolic 

function. As far as we know, a value less than 8 excludes, while a value above 15 

confirms the presence of elevated filling pressure with certainty, which is caused by an 

impairment of the relaxation of the heart, that is, diastolic insufficiency. There is a grey 

area between the two above-mentioned values, where additional tests are needed to 

explore the cause of the difference (57). 

Several studies investigated the development of diastolic dysfunction after 

chemotherapy (51, 58). It is known that the diastolic dysfunction precedes the 

development of the systolic dysfunction. In addition, isolated diastolic dysfunction may 

also develop as a result of the cardiotoxicity, which can lead to heart failure after a long 

latency period. The above findings reflect the importance of the measurement and 

follow-up of this parameter in relation to the treatment of malignancies. 
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The tissue Doppler echocardiography has been an innovation since it made possible that 

the regional alterations be detected in an early stage, before the development of any 

change in the global function. The relaxation properties of the myocardium are complex 

and are determined by the internal processes and the structure of the heart (such as 

active and passive flexibility) and other external factors (such as right ventricular 

pressure, the filling pressure, that is, preload, afterload, heart rate, pericardial and 

pleural pressure). Contrary to the standard Dopple echocardiography, TDI can measure 

myocardial tissue velocity during both systole and diastole, which directly describe 

myocardial contractility and relaxation properties (59).  

Obj. 1. This study aimed at detecting the diastolic dysfunction to help early detection of 

subclinical cardiotoxicity using both traditional echocardiography and tissue Doppler 

imaging by comparing the accuracy of these methods.  

Most of the times, the symptoms, the possible heart failure and arrhythmias cannot help 

in the early recognition of the subclinical cardiotoxicity. In this study, none of the 

patients developed circulatory failure during the one-year follow-up.  

Based on the heart rate measurement, it can be established that the initial equivalency 

between the study group and the control group disappeared and a significantly higher 

pulse rate was measured in the study group after one year. During the last 

measurements, the higher heart rate is likely to be caused by cardiotoxicity. While the 

post-treatment tachycardia is clearly demonstrated in the acute phase (60), possible 

arrhythmias are more likely to be caused by the myocardial damage, cardiomyopathy, 

the remodelling developed (53) and the associated sympathicotonia. 

There were no differences in the blood pressure neither in the control group nor in the 

study group, and thus, blood pressure as independent risk factor cannot lead to diastolic 

dysfunction. We found no literature data on whether chemotherapy-induced chronic 

myocardial damage is associated with blood pressure. 

As expected, we detected no toxic effect that directly influences the systolic function 

during the treatment in line with the literature data. Nevertheless, compared to literature 

data, a new finding is that cardiotoxicity (diastolic dysfunction) can be confirmed using 

objective parameters 6 months after the treatment in a patient group with no other 

comorbidity. 
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In female patients treated with chemotherapy, without cardiovascular risk factors, 

changes indicative of cardiotoxicity not yet associated with clinical symptoms could be 

detected very early, after only one year after the initiation of the treatment, using TDI. 

For some parameters, objective changes can be detected even before the deterioration in 

the clinical status of the patients. 

The extended study attempted to find out whether there will be any changes in the 

above-mentioned diastolic dysfunction that can be detected only one year after 

chemotherapy, two years after the initiation of this therapy, and whether the systolic 

function deteriorates two years after the therapy. Tassan-Mangina et al. found that after 

anthracycline-containing therapy in patients with different tumours, early diastolic 

dysfunction can be detected using TDI, followed by systolic dysfunction in some cases 

after many years (41).  

The difference in the heart rate found at 1 year disappeared by the end of the second 

year, and which probably was a reversible process, that is, transient tachycardia. 

There was no clinically relevant difference in blood pressure between the two groups, 

and so blood pressure, as a separate risk factor, could not lead to diastolic dysfunction. 

However, the measurements showed a difference in the size of the left ventricle and the 

left atrium after the first year, and this significant difference remained unchanged until 

the end of the study. This is only a small change in the size, which was not associated 

with either a clinical deterioration of the circulatory status or a significant change in the 

pump function. Similarly to our study, several authors described a non-significant 

enlargement (61, 62), a process that was not followed by a substantial deterioration of 

the ejection fraction in our case. 

A comparison of the traditional method and the new method used to measure diastolic 

dysfunction showed that both methods are suitable to detect late-onset subclinical 

cardiotoxicity (diastolic dysfunction) after anthracycline-containing chemotherapy in 

young female patients without risk factors. Both methods confirmed significant changes 

in the traditional parameters (E, A, E/A, S/D) and the TDI parameters (Ea, Aa, Ea/Aa) 

used to detect diastolic dysfunction. 

Several publications (41, 63) confirmed the early decrease in the mitral annulus Ea 

velocity in patients treated with anthracycline, which remained low both during and 
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after the treatment, as also shown by the results of this study. The decrease in segmental 

Ea was heterogenous, assuming different levels of stress, apoptosis and fibrosis (64).  

The advantages of the modern TDI method were clearly revealed by the individual 

analysis of the patients. Figure 2 clearly shows that TDI is more a sensitive method for 

it could detect diastolic dysfunction in 18 patients (45%) in contrast to the 16 patients 

(40%) evaluated using the traditional method. The difference in the sensitivity of the 

two methods became even more obvious at time point T4 (27 versus 40 patients). If we 

also take into account another advantage of the TDI method that it does not depend on a 

number of factors and the measurement presents a far less technical challenge, no one 

should have problems with accepting it as part of routine diagnostics. 

As mentioned above, the detection of the diastolic dysfunction plays an important role 

in confirming cardiotoxicity. The diastolic dysfunction is an individual clinical entity, 

similarly to diastolic heart failure. 

For more than a decade, there has been a big debate about the detection and importance 

of diastolic dysfunction. A joint position of the European Association of 

Echocardiography (EAE) of the European Association of Cardiology (EAC) and the 

American Society of Echocardiography (ASE) addresses in detail the possibilities to 

analyse and detect the diastolic function. In addition to traditional methods (E/A, DT, 

S/D, left atrial volume), it emphasises the role of the tissue Doppler imaging (Ea, E/Ea), 

and considers that these methods should be used together (65). It also notes the role of 

myocardial strain in measuring regional contractility and diastolic function. A position 

published by the above-mentioned associations in 2014 addresses in detail the 

possibilities of using multimodal testing of patients with tumour (66). This position 

provides a precise definition of cardiotoxicities and the methods to be used to detect 

them. Furthermore, it emphasises the role of echocardiography which is non-invasive 

method that can be repeated in unlimited times. In the monitoring of the systolic 

function, it gives preference to 3D EF measurement, but where it is not accessible, it 

allows for the use of 2D EF measurement. However, in this case it is important which 

method is used to calculate EF for it primarily recommends the Simpson method. Due 

to high intraobserver variability, the same examiner should follow-up the left 

ventricular function of a specific patient at different time points, whenever possible. In 

this study, all above-mentioned conditions have been met. 
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According to this position, in the detection of subclinical left ventricular dysfunction, 

considered to be an early marker of cardiotoxicity, in addition to a decrease in LVEF, a 

decisive factor is the change in the global longitudinal strain. If this change exceeds 

15%, the damage caused by the antitumour therapy can be established. 

According to the current recommendations, it can be stated that in the early detection of 

cardiotoxicity is based primarily on the 3D EF measurement and the change in the 

global longitudinal strain (GLS), but these methods are barely accessible in clinical 

settings. An acceptable alternative for detecting myocardial damage caused by the 

antitumour treatment is an accurate 2D EF measurement and diastolic parameters 

measurement. Nevertheless, there is limited evidence available on whether the diastolic 

parameters have prognostic power for cardiotoxicity. 

An additional large-scale study is required in order to demonstrate the above. 

 

Obj. 4.  

This study demonstrated that the deterioration of the diastolic function could be 

detected in patients with intact heart after the initiation of chemotherapy both in the fit 

(physically active) and the unfit (physically inactive) groups; in the physically inactive 

group this deterioration occurred earlier and it could be detected after only one year, 

while in the physically active group it could be detected only after two years. The 

difference in the diastolic function between the two groups became significant after one 

year. This study evaluated the function of different segments and found that the septal 

segment is the first to be damaged in both groups. In the physically inactive patients, 

there were significantly more cases with symptoms indicative of heart failure based on 

the phone interview conducted 5 years after the completion of the short term studies. 

This study included 55 young women with breast cancer. These patients were, in part, 

patients from earlier studies, and in part, patients enrolled after these earlier studies. 

During patient enrolment, exclusion criteria were traditional cardiovascular risk factors 

and radiation of the left chest, and so the changes in the left ventricular function during 

chemotherapy were side effects of the medication. The patients were examined at 4 time 

points. The echocardiographic parameters measured before starting the treatment, at 

time point T1, were considered baseline values. Additional study time points 
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corresponded to the development of the subacute (T2), early chronic (T3) and late 

chronic (T4 and the time of the phone interview) cardiotoxic damage. 

As regards the diastolic function, the value (S/D) calculated from the two waves of the 

pulmonary inflow showed a significant decrease in both groups over time, which 

indicated an impairment of the diastolic function. The differences between the two 

groups were not significant, and this value decreased below 1 at time point T3 in both 

groups. However, the difference became significant at time point T4 compared to time 

point T1 in both groups.  

During the tissue Doppler imaging (TDI), as regards the change of the parameters over 

time, the Ea/Aa ratio showed a decreasing trend in all segments in both the physically 

active and physically inactive groups. This decrease became significant at time point T3 

compared to baseline (T1) in both groups, but this significance was confirmed at time 

point T4, as well. A study published by Lisi et al. presented similar findings, according 

to which TDI is more sensitive in the detection of diastolic dysfunction than the 

traditional E/A measurement (67).  

The Ea/Aa value showed a significant decrease at time point T4 compared to time point 

T2 in the inf, sept’, post and ant segments in the physically active groups, which 

indicates that the diastolic function remained intact for a longer period of time in the 

physically active group. 

The measurements in different segments of the left ventricle allow a more accurate 

evaluation of the diastolic function, but they have different sensitivity in the detection of 

the damage (Table 9). A comparison of the values of the two groups showed that the 

Ea/Aa values were lower in the physically inactive group than in the physically active 

group in all segments beginning with time point T2. This difference was significant 

only in the septal segment at time point T3, while a tendency difference was detected in 

the same value at time point T4 (p=0.065) (Figure 5). 

In this study, the most sensitive measurement in the detection of the damage to the 

diastolic function was the measurement performed in the sept and sept’ segments. In the 

physically inactive group the Ea/Aa ratio decreased below 1 at time point T2 in the sept 

segment, while in sept’ segment a value below 1 was detected at the same time point in 

both groups. At time point T3, this value was below 1 in all segments in the physically 

inactive group, while the same value decreased below 1 only in the sept’ and the sept 
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segments in the physically active group. At time point T4, a value below 1 was detected 

in both groups and all segments. 

The sensitivity of TDI measurements was confirmed by the fact that a decreased Ea/Aa 

ratio could be measured in a specific segment (sept’) as early as the time of the subacute 

damage in the physically active group, as well. The velocity profile of the mitral 

annulus measured by tissue Doppler imaging method is a commonly used technique in 

the determination of global left ventricular function. Due to the direction of the Doppler 

measurement, the rate of the radial shortening and dilation of the left ventricle is the 

best suitable to measure global left ventricular function, irrespective whether the 

measurement is performed in either the lateral or septal segment. Nevertheless, similar 

studies showed no differences in the shortening rate of different segments after 

treatment with medium doses of anthracycline (41).  

The E/A ratio in the physically active group decreased below 1 only at time point T4 

(Figure 4). In the physically inactive group, diastolic dysfunction could be measured as 

early as the expected time of the subacute damage (T2) (see Tables 8 and 9). In contrast, 

in the physically active group diastolic dysfunction (65) defined according to the ESC 

Guideline became apparent only in measurements performed after one year (T3-T4).  

Similar dynamics was observed in connection to the change in the left atrial filling 

pressure. The E/Ea sept value, which is a good indicator for the left atrial filling 

pressure exceeded 10 sooner in the physically inactive group, at time point T2. This 

limit was reached in both groups at time point T3 and became significant compared to 

time point T1 (Figure 6). This elevation was more marked in the physically inactive 

group and was significant compared to time point T2. This ratio remained above 10 in 

both group at time point T4. Establishing the importance of the left ventricular filling 

pressure between 8 and 15 requires further evaluation. This study measured the 

elevation of the filling pressure; however, it did not confirmed signs indicative of more 

serious damages which could have caused the elevation of the filling pressure. The 

change in the filling pressure in this patient group has not been evaluated yet. 

During the longer term follow-up (5 years after the completion of the chemotherapy), 

there were significantly more cases with symptoms of heart failure in the physically 

inactive group, which may have an impact on quality of life and life expectancy. 
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Based on the phone interview conducted 5 years after the completion of the short term 

studies, symptoms of heart failure occurred in 19.45% of physically active patients and 

68.42% of physically inactive patients, that is, in significantly more cases (Figure 7). 

Conversely, 80.55% of physically active patients were free of symptoms, while only 

31.58% of physically inactive patients remained free of symptoms. The positive 

physiological effects and function of physical activity in ameliorating the cardiovascular 

risk have been long known. Numerous epidemiological studies demonstrated the 

relationship between regular physical activity and the risk of malignancies (68). The 

studies published over the last decade provided evidence that physical activity plays an 

important role in the prevention of breast cancer (69). In addition to primary prevention, 

regular physical activity may also play an important role in the secondary prevention, 

that is, the prevention of cardiotoxicities occurring during the chemotherapy 

administered in the treatment of malignancies. Several animal models demonstrated the 

protective effect of regular aerobic physical exercise on the functional, histological and 

molecular changes caused by doxorubicin and the increase of mortality (70). The 

positive/preventive effects of physical activity are explained by several physiological 

factors (70). A number of human clinical studies also demonstrate the positive effect of 

physical activity performed during and after the antitumour treatment on the cardiac and 

pulmonary function and quality of life. Based on the results of Schneider et al., physical 

activity performed during and after chemotherapy had a positive impact on the systolic 

and diastolic tension, heart rate and pulmonary function in patient with breast cancer. In 

addition, it also had a positive effect on fatigue and exhaustion associated with the 

disease, as well as certain sensory and cognitive functions (71). Courneya et al. reached 

a similar conclusion in post-menopausal female patients in the case of physical training 

performed after chemotherapy and radiation (72).  

The Framework PEACE study distinguishes six key stages of malignancies (pre-

screening, screening, pre-treatment, treatment, post-treatment and resumption), in each 

of which the positive effect of physical activity can be demonstrated. During pre-

screening and screening, exercise can help with the diagnosis of malignancies by 

directly influencing the sensitivity and specificity of the method used to detect them, 

and by indirectly improving the adherence to cancer screening. Furthermore, one of the 

positive effects of physical activity is that it improves the physical fitness of cancer 

patients before the treatment. During the treatment, it ameliorates the side effects (such 
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as fatigue, pain, nausea and depression). After the treatment, physical activity is an 

efficient facilitator of the rehabilitation (73). This study was conducted both during and 

after the treatment, and the positive effects of physical activity were observed in both 

cases. 

 

Conclusions - Theses 
 

Ad 1. Compared to literature data, a new finding is that cardiotoxicity (diastolic 

dysfunction) can be confirmed using objective parameters 6 months after the treatment 

in a patient group with no other comorbidity or cardiovascular risk. 

 

Ad 2. In female patients treated with chemotherapy, without cardiovascular risk factors, 

changes indicative of cardiotoxicity not yet associated with clinical symptoms could be 

detected very early, after only one year after the initiation of the treatment, using TDI. 

For some parameters, objective changes can be detected even before the deterioration in 

the clinical status of the patients. 

 

Ad 3. A comparison of the traditional method and the new method used to measure 

diastolic dysfunction showed that both methods are suitable to detect late-onset 

subclinical cardiotoxicity (diastolic dysfunction) after anthracycline-containing 

chemotherapy in young female patients without risk factors. (One or more years later). 

 

Ad 4. Our additional studies confirmed the positive effects of physical activity in the 

prevention of cardiotoxic damage 
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