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conducted according to the recommendations of Dec-
laration of Helsinki on Biomedical Research involving 
human subjects and was approved by the local Ethics 
Committee. Written informed consent was obtained from 
each participant. Inclusion criteria were disease of breast 
cancer with confirmed by histological cancer and left 
ventricular ejection fraction (LVEF) of more than 50% at 
baseline. We did not involve patients with a history of car-
diac disease, diabetes mellitus, renal failure, arrhythmia 
on electrocardiography (ECG) and hypertension. Patients 
who had left or right ventricle dysfunction, pulmonary 
arterial hypertension or known varvular disease were ex-
cluded. Patients who had abnormal TAPSE values, RV 
dilatation and patients who had inadequate echocardio-
graphic view since some of the patients have limited ac-
cess after left-sided breast surgery were also excluded. 
All participants received FUFA chemotherapy protocol 
for colorectal, gastric and pancreatic cancer (fluorouracil 
400-425 mg/m2 intravenous day 1-5 + folinic acid 20-
25 mg/m2 intravenous day 1-5 every 28 days x6 cycles) 
with or without radiation therapy according to the cancer 
and patient status. All participants have undergone com-
plete physical examination before the beginning of the 
chemotherapeutic regimen. Blood samples were obtained 
before the each cycle for complete blood count and bio-
chemistry. 

Echocardiographic analysis
Echocardiography (ECG) and electrocardiogra-

phy were performed in all patients before the onset of 
chemotherapy and 6 months after the start of treatment. 
All echocardiographic examinations were performed us-
ing a General Electric Vivid-7 Echocardiography (GE-
Vingmed Ultrasound AS, Horten, Norway) with a 2.5-
3.5 MHz transducer in the left lateral decubitus position. 
Each examination was performed and recorded by the 
same expertise cardiologists, blinded to the chemothera-
peutic status of the patients. Parasternal and apical pro-
jections were obtained according to the recommendations 
of the American Society of Echocardiography. Standard 
two-dimensional echocardiographic evaluation for left 
and right ventricular size and function was performed. 
Parameters of conventional echocardiography were inte-
grated with tissue Doppler parameters.

Echocardiographic evaluation considered LVEF, ear-
ly to late ventricular filling velocities (Ε/Α), and tissue 
Doppler imaging (TDI) as Em/Am ratio [ratio between 
myocardial early diastolic velocity (Em) and myocardial 
atrial velocity (Am)] and total ejection isovolumic (Tei) 
index. LVEF was measured from the apical four-chamber 
view.  To determine the TAPSE, an M-Mode cursor was 
placed at the junction of the tricuspid valve plane with the 
RV free wall, using the images of the apical four-cham-
ber view. To measure the pulmonary acceleration time, 
pulsed Doppler was used to record the RV outflow tract 
systolic spectral signal, and time-to-peak duration of the 
spectral signal across the pulmonic valve was measured 
from the short-axis view. TDI values of the right and left 

ventricles were obtained from the apical four-chamber 
view using a sample volume placed at the lateral corner 
of the tricuspid annulus; and anterior, inferior, medial, 
and lateral sections of the mitral annulus.

Statistical analysis
Data analysis was performed by using Statistical 

Package for Social Sciences (SPSS) software, version 
17 (SPSS Inc., Chicago, IL, USA). For the continuous 
variables, parametric test conditions were first tested. 
The Shapiro-Wilk test was used to determine whether the 
continuous variables were normally distributed. Descrip-
tive statistics were shown as mean and standard deviation 
or median and interquartile range (IR) (minimum–maxi-
mum) where appropriate. Degrees of association between 
continuous variables were calculated by Spearman’s cor-
relation analysis. Parameters were considered to be sig-
nificant if p value was less than 0.05.

Results 
Baseline characteristics of the study population (34 

patients) showed in Table 1. There were no statically sig-
nificant differences between the baseline and end of the 
treatment results according to the general characteristics. 
The mean age of the participants was 52.9 ± 5 years. All 
patients had surgery before the chemotherapy. Eighteen 
patients had rectal cancer, 11 patients had gastric cancer 
and the remaining 5 patients had pancreatic cancer. Four-
teen patients received radiation therapy with the second 
or third chemotherapy cycles. Twenty five patients (74%) 

Table 1: There is no significant change in baseline charac-
teristics of the study population (34 gastrointestinal cancer 
patients), before and end of the chemotherapy with folinic 
acid and fluorouracil (FUFA regimen) chemotherapy, on 
right ventricle (RV) functions.

Baseline End of the 
treatment

p value

Age (years) 52.9 ± 5
Systolic BP (mmHg)

Diastolic BP (mmHg)

BMI

WBC(10³)

PLT (10³)

129 ± 9

82 ± 7

23 ± 3.5

6.8 ± 1.2

210 ± 45

127 ± 12

83 ± 10

21 ± 2.5

7 ± 0,9

225 ± 40

0.6

0.75

0.4

0.9

0.7
Hb (g/dL)

AST (gr/dl)

ALT (gr/dl)

CK (IU/)

CK-MB (IU/L)

11.5 ± 0.6

37 ± 10

29 ± 8

68 ± 12

15 ± 6

10.5 ± 0.8

41 ± 5

30 ± 9

75 ± 10

20 ± 8

0.6

0.3

0.45

0.85

0.7
Values are shown as means ± standard deviation, BP: blood pres-
sure, BMI: body mass index, WBC: white blood cell, Hb: hemo-
globin, AST: Aspartate transaminase, ALT: Alanine transaminase, 
CK: creatine kinase.


