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Introduction
Each year, breast cancer is diagnosed in over one million 

women worldwide [1]. In Iraq BC accounts for 18.96% 
of all types of cancer registered in 2011 and it is the most 
common cancer between females [2]. In the early stage BC, 
BCS followed by RT is equivalent to mastectomy; also RT 
improves local control and survival for node positive women 
after mastectomy or BCS [1].

In locally advanced disease, usually the management 
starts with chemotherapy or hormonal therapy as systemic 
therapy, and then mastectomy and loco regional RT should 
follow systemic therapy [1]. There are studies conducted by 
many institutions around the world to show the effect of RT on 
the heart in BC patients, of those one had been conducted by 
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Abstract
Background: Globally, breast cancer (BC) is the most common malignancy affecting women and is the foremost contributor 
to cancer-related deaths among the female population in both developed and developing regions. In Iraq BC constitute 
18.96% of all other types of cancers up to 2011.

Aim of study: To shade the light on the radiation therapy effect on the ejection fraction of the heart in BC patients.

Methods: This is a prospective observational study that was conducted in Radiotherapy and nuclear medicine center 
of the oncology teaching hospital/medical city complex using Echo cardiograph for following up the patients. Data 
recruitment included patients received Adjuvant 3D conformal radiotherapy as a whole breast irradiation or as a chest 
wall irradiation from August/2016 to January/2017 and followed with Echo study four months later until January/2017.

Results: In our registry 50 patients were recorded; patient’s age was between 32 and 70 years old female gender. We 
found that there was a significant effect of radiation on the ejection fraction percentage of pre radiotherapy and post 
radiotherapy of both radiotherapy doses (P=0.001). We noticed that patients with left sided breast whom received 4260 
cG had the highest significant result of a mean difference of pre-radiation =66%, and post radiotherapy =65.5%. Also we 
noticed that patients whom had received 5000 cG of either left or right sided BC, have substantial difference between 
pre-radiotherapy of 66.3% and 66.8% to 64.3% and 65.2% for right and left side respectively.

Conclusion: In patients with BC treated with adjuvant 3D conformal radiotherapy as a whole breast irradiation or as a 
chest wall irradiation, an evaluation for the cardiac ejection fraction after four months of completing their radiotherapy, 
to either right sided or left sided breast, there was a marked difference in the ejection fraction size between the left sided 
treated BC and right sided BC, and between different doses mainly due to scattered and transmitted irradiation to the 
coronary arteries.
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following exposure to low doses of radiation [13]. However, 
studies on human smooth muscle cells suggest they are 
monoclonal by nature, potentially indicating clonal expansion 
of pre-existing cells rather than radiation-induced mutations 
[14]. Genomic instability, observed in both radiation exposure 
and atherosclerosis, may represent a shared underlying 
mechanism linking the two conditions [15]. Early randomized 
trials of radiotherapy (RT), along with meta-analyses by the 
Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), 
demonstrated reductions in breast cancer mortality, though 
these were offset by increased cardiovascular deaths [16]. 
Notably, patients with left-sided breast cancer have been 
shown to experience a higher incidence of ischemic heart 
disease (IHD)-related mortality compared to those with right-
sided disease [17-19].

Regional perfusion defects corresponding to the radiation 
fields in the anterior part of the left ventricle of the heart 
were  found and this was considered as an indicator  of 
microangiopathy. The perfusion defects may persist or 
may  appear 3-6 years post RT. The  clinical significance of 
this finding is unclear, since the perfusion defects were not 
associated with changes in regional wall motion or EF [20-22].

In the context of RT optimization, 3DCRT frequently 
achieves adequate target volume coverage while maintaining 
tolerable dose levels to OARs. However, in certain cases, a 
clear compromise arises between achieving optimal target 
coverage and limiting exposure to adjacent critical structures. 
In these instances, other considerations with both pros and 
cons may be taken into account like mastectomy instead of 
BCS plus RT [23], omitting RT after BCS [24], partial breast 
irradiation when using [25], respiratory   gating [26], prone 
position [27], intensity modulated RT 3DCRT [28], and proton 
RT [29]. Various strategies exist to reduce radiation exposure 
to the heart and coronary arteries; however, some of these 
techniques can be costly, time-intensive, and may not be 
accessible to the potentially large population of women 
undergoing breast cancer treatment. Therefore, studies 
employing a risk-benefit and cost-effectiveness approach 
are necessary to identify patients who would benefit from 
alternatives to 3DCRT. In our study, we aimed to evaluate the 
changes in ejection fraction before and after radiotherapy, 
in order to assess the cardiac impact of 3DCRT in patients 
treated at the Nuclear and Radiotherapy Center of Baghdad 
Medical City.

Patients and methods
The study is a prospective observation study, which was 

done in August 2016 till January 2017(i.e. four months after 
finishing RT).

The study was conducted in The Nuclear and RT Center 
of the Oncology Teaching Hospital in Baghdad Medical City.

We collected the data from the files of fifty female patients 
of BC whom underwent surgery then systemic treatment 
followed by 3D conformal RT.

The inclusion criteria was female patients with age was 
between (30- 79) years old, with good performance status 
(ECOG=0-1), positive lymph nodes. Patients who were HER2-

Oxford University in 2013 that shows Exposure of the heart to 
ionizing radiation during RT for BC increases the subsequent 
rate of ischemic heart disease. The risk increases in proportion 
to the average radiation dose received by the heart, typically 
emerging within a few years post-exposure and persisting for 
at least two decades. Women with existing cardiovascular 
risk factors experience a higher absolute increase in risk from 
radiotherapy compared to those without such conditions [3]. 
Another recently published study by mayo clinic shows the 
relative risk of heart failure and pathological ejection fraction 
increases with increasing cardiac radiation exposure during 
contemporary conformal BC RT [4].

It was traditionally thought that any loss of myocytes would 
be offset by fibrosis or hypertrophy of remaining myocytes. 
However, this perspective-based on the assumption that the 
heart is a post-mitotic organ-has been challenged by studies 
identifying cardiac stem cells capable of regeneration in the 
adult heart [5].   Cells critical to cardiac function, such as 
endothelial and connective tissue cells, exhibit very limited 
proliferative capacity. Based on the theory that radiation 
primarily affects rapidly dividing tissues, the heart was long 
believed to be relatively resistant to therapeutic levels of 
radiation. However, beginning in the late 1960s, experimental 
work by Fajardo and Stewart provided evidence that both the 
heart and its vasculature are indeed radiosensitive structures 
[6]. Pericarditis was initially recognized as the most frequent 
clinical manifestation, particularly when large portions of the 
heart-specifically the pericardium-were exposed to radiation 
doses exceeding 40 Gy [7]. Early research identified only a 
small number of coronary artery disease cases directly linked 
to radiation exposure. However, it is now understood that 
radiation-induced heart disease (RIHD) encompasses a broad 
range of cardiac complications. These include pericarditis, 
cardiomyopathy, myocardial and coronary artery disease, 
pericardial effusion or constrictive pericarditis, valvular 
dysfunction, and various arrhythmias [8]. Although most 
extensively investigated in patients with Hodgkin lymphoma 
and breast cancer, this phenomenon can arise following 
radiation therapy for any thoracic malignancy, including 
lung cancer, esophageal carcinoma, and thymoma [9]. 
Radiation can affect all anatomical components of the heart. 
In the pericardium, it may lead to pericarditis accompanied 
by effusion, with or without progression to constrictive 
pericarditis [10]. Involvement of the myocardium can result 
in cardiomyopathy, often driven by radiation-induced 
macroangiopathy and fibrosis, which may ultimately lead to 
heart failure. Vascular damage includes radiation-induced 
acceleration of atherosclerosis, increasing the risk of coronary 
artery disease and carotid artery disease, and thereby raising 
the likelihood of ischemic heart disease (IHD) and ischemic 
stroke, respectively [11].

Radiation has been identified as an independent risk factor 
in the development of atherosclerosis, acting synergistically 
with established cardiovascular risk factors [12]. One 
hypothesis proposes that atherosclerosis is a monoclonal 
process-similar to cancer-originating from a single mutated 
cell triggered by an external factor such as radiation. This may 
help explain the elevated risk of cardiovascular events even 
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negative or had a history of IHD, HTN, or DM were excluded 
from the study.

The study depends on the size of the Ejection fraction 
measured by ECHO study before and four months after RT.

The EF: is the percentage representing the ratio of the 
volume of blood the heart pumps out during systole to the 
total volume of blood in the heart at the end of diastole, 
typically ranging between 50-80%.

Statistical analysis
SPSS version 20 was used for data entry and analysis and 

results were expressed as mean and SD. Paired sample and 
independent student t test were used to confirm significance, 
p<0.05 was considered significant.

Results
A total of 50 patients with age ranged from 32-72 years 

(mean age=53±11.3 SD) were enrolled in this study. The 
highest percentage (28%) of cases were in age group of 40-
49 years, 26% were in age group of 60-90 years, 24% were 
in age group of 50-59% and the remainders of cases were 
distributed in different percentages to others age groups.  
The finding of current study revealed that52% of cases were 
involved the right breast and 56% of cases were underwent 
conservative surgery (Table 1).

The findings of current study revealed there was statistical 
significant difference with regards to mean value of ejection 
fraction pre and post radiation with 4260cGY and 5000cGY 
(p=0.001). On further analysis of data according to site of 
involvement the significant difference was reported with 
5000 Gy dose in both sites (Table 2).

The results demonstrated there was no significant 
difference (p=0.2) in mean value of ejection fraction (post 
radiation) of patients who were irradiated by 4260 or 5000 
Gy (Table 3).

The results of analysis of mean value of post radiations 
ejection fraction according to age of the patients whatever 
the dose of radiation who were received showed there was 
no significant difference in mean value of ejection fraction 
between the age category of the patients (p≥0.1) (Figure 1).

Discussion
The earliest evidence of radiation-induced cardiac toxicity 

came from the Stockholm breast cancer trial, which delivered 
45 Gy at 1.8 Gy per fraction and reported a 15-year excess 
cardiac mortality of 6.8% attributed to radiation exposure. A 
subsequent review of patients from this trial estimated that, 
on average, 25% of the heart volume received at least 22.5 Gy 
(V22.5 < 25%). One of the pioneering studies demonstrating 
a method to reduce heart dose involved analyzing treatment 
plans of 100 women with left-sided T1N0M0 breast cancer 
who underwent lumpectomy followed by three-dimensional 
conformal radiation therapy (3DCRT) at 50 Gy in 2 Gy fractions. 
This review found that the volume of the heart receiving 50% 
of the prescribed dose was reduced to approximately 5.7%, 
or around 33 cc. The substantial decrease in cardiac radiation 
dose contributed to the widespread adoption of 3D conformal 
radiation planning in breast cancer treatment [30].

Seddon, et al., compared radiation-induced myocardial 
perfusion defects using SPECT imaging in patients with 
early-stage left- versus right-sided breast cancer treated 
with modern radiotherapy techniques. They found that left-
sided breast cancer was associated with a significantly higher 
number of myocardial perfusion abnormalities compared to 
right-sided cases. These defects included both reversible and 
irreversible changes, indicating that radiotherapy can cause 
myocardial injury as well as epicardial coronary disease. 
However, after a minimum follow-up of five years post-

Age category/year No. %
30-39 8 16
40-49 14 28
50-59 12 24
60-69 13 26
70-79 3 6
Site of 
malignancy

Right 26 52
Left 24 48

Type of 
surgery

Modified radical 
mastectomy 22 44

Conservative  
surgery 28 56

Table 1: Demography of studied group.

Dose of 
RT

Site of 
malignancy Mean No. SD p-value

4260 cGy
Right pre 67.2 10 4.6 0.1post 66.3 10 4.9

Left pre 66.0 12 2.3 0.09post 65.6 12 2.7

5000 cGy
Right pre 66.3 16 4.3 0.01post 64.3 16 4.3

Left pre 66.8 12 2.2 0.02post 65.2 12 3.1

Table 2: Mean difference of ejection fraction (pre and post)
according to site of malignancy.

Type of surgery No. Mean of EF SD p-value
MRM (4260cGY) 22 65.95 3.798 0.2BCS (5000cGY) 28 64.71 3.848

Table 3: Mean of ejection fraction (post radiation).

Figure 1: Mean difference of EF (post RT) according to age 
groups.
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treatment, none of the detected abnormalities were deemed 
clinically significant [31].

Darby, et al., demonstrated that exposure of the heart to 
ionizing radiation during breast cancer radiotherapy increases 
the risk of ischemic heart disease. This risk rises proportionally 
with the mean heart dose, becoming evident within a few 
years after treatment and persisting for at least two decades. 
Women with existing cardiac risk factors experience a greater 
absolute increase in risk compared to those without such 
factors [32].

Conversely, Dr. Harris highlighted that despite this dose-
response relationship, the absolute risk increase remains 
small. For instance, in 50-year-old women without preexisting 
cardiac conditions, the lifetime risk increases were estimated 
at 0.5% after a 0.5 G dose, 0.2% after 1 G, and 0.5% after 3 G to 
the heart. Currently, most node-negative women undergoing 
breast-conserving therapy receive a mean heart dose of 
approximately 1 G, while slightly higher doses (around 2 G) are 
more common in left-sided post-mastectomy radiotherapy. 
He emphasized that these contemporary heart doses confer 
a relatively minor mortality risk when weighed against the 
substantial survival benefits provided by RT [33].

In our study we had reviewed 50 patients with BC ,whom 
were in need for RT as part of their management, with 
48% have left sided BC, 52% have right sided BC ,and 44% 
have chest wall irradiation (4260 cG/16F), while other 56% 
underwent whole breast irradiation (5000 cG/25F). The RT 
technique was in 3D conformal planning for both modalities.

Conclusions
The RT affects the ejection fraction in both dose arms by 

reducing the percentage of the EF, and it was statistically 
significant. There was no significant value between patients 
age groups. There was a different in the effect of RT on the 
EF% between left and right sided arms, especially with the 
left side (p-value=0.01) with the 4260 cG, while with 5000 cG 
both arms show significant changes.
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