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ABSTRACT

Background: Locoregional management in
breast cancer patients includes surgery and
radiation. Radiation increases the risk of the
decreasing of cardiac ventricular performance
and known as cardiotoxicity. This study aims to
analyze the relationship between radiation
exposure in locally advanced breast cancer
patients with the left wventricular systolic
function.

Methods: The subjects in this study were
patients with locally advanced breast cancer
who underwent external radiation therapy after
surgery procedure at Dr. Soetomo General
Hospital in January 2021 - April 2021
Examination of left ventricular performance
parameters was carried out using an invasive
method, the transthoracic echocardiography.
The performance parameters examined were left
ventricular ejection fraction (LVEF) and global
longitudinal strain (GLS).

Results: A total of 45 patients were recruited in
this study. Twenty-two patients (22/45; 48.9%)
underwent radiation therapy from the left side
and 23 patients (23/45; 51.1%) from the right
side. After external radiation, the number of
patients with left ventricular dilatation were
increased. On the left side, there were 6 patients
(6/22; 27.6%) who experienced dilatation
compared to before radiation (3 patients), while
on the right side of the body there were 8
patients (8/22; 34.8%) who experienced
dilatation compared to before radiation (6

patients). There was an increase in the number
of patients who experienced a decrease in EFT
and EFB after radiation, although the
association was not significant. Almost all
patients experienced a decrease in GLS values
after radiation (44/45; 97.8%).

Conclusion: There was an increase in the
number of patients with left ventricular
dilatation and decrease in EFT and EFB values
after external radiation. Decreased GLS values
were found in almost all patients who underwent
external radiation in this study.

Keywords: Radiation, locally advanced breast
cancer, LVID, ejection fraction, GLS

INTRODUCTION

Breast cancer is the leading cause of
death in women and the second leading
cause of death from all cancer cases, with an
incidence of 11.6% of all types of cancer.
The incidence of new breast cancer in 2018
reached 2 million people globally (11.6% of
all cancer cases), with an estimated
mortality of 600,000 people (6.6%).(1)
Global Cancer Observatory data published
in 2018 showed that new cases of breast
cancer in Indonesia were estimated at 30.9%
or approximately 58,256 of 188,231 cases
per year (GLOBOCAN, https://gco.iarc.fr/).

Management of patients with breast
cancer includes locoregional and systemic
management. Locoregional  treatment
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includes surgery and radiation, while
systemic treatment includes chemotherapy,
targeted therapy and hormonal therapy.
Breast cancer therapy, either chemotherapy
or radiation increases the risk of decreased
cardiac ventricular performance due to
cardiotoxicity mechanism. One of the
commonly used marker is the changes in|
the left ventricular ejection fraction (LVEF).
The decrease in LVEF is assumed to be an
early sign of possible cardiotoxicity, but
unfortunately the threshold value for clinical
decisions varies depending on guidelines
and practicing medical practitioners.(2, 3)
To validate differences in LVEF cut-off
values in various guidelines and as an effort
to reduce intra-personal variability, global
longitudinal strain (GLS) is recommended
as a parameter of left ventricular systolic
dysfunction. In contrast to the LVEF
obtained by two and/or three-dimensional
(2D/3D  M-mode) methods, the GLS
obtained by speckle tracking of the left
ventricle is more capable of early and
accurate detection of systolic
dysfunction.(3-5)

Currently, the research on the effect
of external radiation exposure on the
incidence of cardiotoxicity in locally
advanced breast cancer patients in Indonesia
is still limited. Therefore, it is necessary to
conduct research on the effect of external
radiation exposure on the incidence of
cardiotoxicity. In this study, we aimed to
examined the association between external
radiation to the left ventricular systolic
function in locally advanced breast cancer
patients

MATERIALS & METHODS
Study participants

We recruited a total of 45 breast
cancer patients who underwent external
radiation therapy after surgery procedure at
Dr. Soetomo General Hospital (Surabaya,
Indonesia) in January 2021 — April 2021.
Patients’ information such as name, age,
address, and telephone number were
recorded. Each patient was explained about
the study and asked to sign the informed

consent as an agreement to participate in the
study. Ethical approval was obtained from
the Ethics Committee of Dr. Soetomo
General Hospital (Surabaya, Indonesia)
following the guidelines of the Declaration
of Helsinki.

Echocardiography

Echocardiography was performed to
examine the left wventricular systolic
function. The echocardiography parameters
used to determine the left ventricle function
in this study were left ventricular internal
dimension (LVID), ejection fraction (EF),
and global longitudinal strain (GLS). The
ejection fraction was measured using 2
methods: ejection fraction Teich (EFT) and
ejection fraction biplane (EFB).
Echocardiography was performed before the
external radiation and 2 — 3 weeks after
external radiation.

Statistical Analysis

The statistical analysis in this study
was performed using the IBM SPSS
Statistics version 23.0 (IBM Corp., Armonk,
NY, USA). Discrete variables were tested
using the Chi-square test. The degree of
association between to variables was
measured using Spearman rank correlation
coefficient test. Statistical significance was
determined when the P value was less than
0.05.

RESULT
Distribution of external radiation
locations by age

In this study, we analyzed the
distribution of external radiation locations
based on age group (Table 1). The total
number of patients who underwent external
radiation on the left body side of the body
was almost equal to the number of patients
who underwent external radiation on the
right body side (22/45; 48.9% vs. 23/45;
51.1%). Most of the patients were in the 40
— 49 years age group (23/45; 51.1%),
whereas there were only 3 patients in the
>60 years age group.
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Table 1. Distribution of external radiation locations by age

Age group External radiation location

n Sinistra (%) n Dextra (%)
Total 22 23
30-39 5 (22.7) 3(13.0)
40-49 12 (54.5) 11 (47.8)
50-59 4(18.2) 7 (30.4)
>60 1(4.5) 2(8.7)

Association between external radiation
location and LVID

The association between the location
of radiotherapy and the patient's LVID
before external radiation (LVID PRE) and
after external radiation (LVID POST) is
shown in Table 2. On LVID examination
the patient is classified as having left
ventricular dilatation if the results showed
more than 5 cm in internal diameter. In
patients undergoing therapy on the left side
of the body, the results of the LVID PRE
examination showed that there were 19
patients (19/22; 86.4%) with normal results
and there were 3 patients (3/22; 13.6%) with
dilatation, while in patients who underwent
therapy on the right side of the body, the
results of the LVID PRE examination

showed that there were 23 patients (17/22;
73.9%) with normal results and there were 6
patients (6/22; 26.1%) with dilatation
results.

After external radiation, the number
of patients with left ventricular dilatation
increased in patients underwent external
radiation in both left and right body side.
After radiation to the left side of the body,
there were 6 patients (6/22; 27.6%) who
experienced dilatation compared to the
previously 3 patients. Meanwhile, after
radiation to the right side of the body, there
were 8 patients (8/22; 34.8%) who had
dilatation compared to the previously 6
patients. From these results it can be
concluded that there was an increase in the
number of patients experiencing left
ventricular dilatation, however, there were
no statistically significant association
between the location of external radiation
and the LVID results of patients before and
after external radiation (P = 0.297 and P =
0.587, respectively).

Table 2. Relationship between radiotherapy location and LVID before and after radiation

Location | Totaln | LVID PRE (%) P Value | LVID POST (%) P Value
Normal | Dilated Normal | Dilated

Sinistra 22 19 (86.4) | 3(13.6) | 0.297 16 (51.6) | 6 (27.3) | 0.587

Dextra 23 17 (73.9) | 6(26.1) 15 (65.2) | 8(34.8)

LVID: left ventricle internal dimension; LVID PRE: LVID before radiation; LVID POST: LVID after radiation

Association between external radiation
location and EFT

Table 3 shows the results of the
analysis of the relationship between the
external radiation location and the EFT
before radiation (EFT PRE) and EFT after
radiation (EFT POST). In patients who
underwent radiation on the left side of the
body, the EFT PRE examination showed
that there were 5 patients who experienced a
decrease in EFT, while on the right side

there were 9 patients who experienced a

decrease in EFT. However, after external
radiation, there was an increase in the
number of patients who experienced a
decrease in EFT, consisted of 7 patients who
underwent radiation on the left body side
and 9 patients who underwent radiation on
the right body side. Chi-square analysis
showed that there was no significant
association between external radiation
location and EFT PRE and EFT POST (P =
0.235 and P = 0.608, respectively).

Table 3. Relationship between radiotherapy location and EFT before and after radiation

Location | Totaln | EFT PRE (%) P Value | EFT POST (%) P Value
Normal Decreased Normal Decreased

Sinistra | 22 17 (77.3) | 5(22.7) 0.235 15 (68.2) | 7 (31.8) 0.608

Dextra 23 14 (60.9) | 9(39.1) 14 (60.9) | 9(39.1)

EFT: ejection fraction Teich; EFT PRE: EFT before radiation; EFT POST: EFT after radiation
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Association between external radiation
location and EFB

Table 4 shows the results of the
analysis of the relationship between the
external radiation location and the EFB
before radiation (EFB PRE) and EFB after
radiation (EFB POST). In patients who
underwent radiation on the left side of the
body, EFB PRE examination showed that
there were 4 patients who experienced a
decrease in EFT, while on the right side
there were 5 patients who experienced a

decrease in EFT before radiation was given.
However, after external radiation, there was
an increase in the number of patients who
experienced a decrease in EFT, consisted of
8 patients who underwent radiation on the
left side and 10 patients who underwent
radiation on the right side of the body. Chi-
square analysis showed that there was no
significant association between external
radiation location and EFB PRE and EFB
POST (P = 0.766 and P = 0.626,
respectively).

Table 4. Relationship between radiotherapy location and EFB before and after radiation

Location | Totaln | EFB PRE (%) P Value | EFB POST (%) P Value
Normal Decreased Normal Decreased

Sinistra | 22 18 (81.8) | 4 (18.2) 0.766 14 (63.6) | 8 (36.4) 0.626

Dextra 23 18 (78.3) | 5(21.7) 13 (56.5) | 10 (43.5)

EFB: ejection fraction biplane; EFB PRE: EFB before radiation; EFB POST: EFB after radiation

Association between LVID and EFT

The association between LVID (PRE
and POST) to EFT is shown in Table 5. In
general, there is a significant relationship
between LVID and EFT POST (P <
0.0001). In the group of patients with
normal LVID PRE examination results,
there was an increase in the number of
patients with decreased EFT results after
radiation from 5 patients (5/36; 13.9%) to 7
patients (7/36; 19.4%). In the group of
patients with normal LVID results after
radiation (LVID POST), there was an
increase in the number of patients with

decreased EFT results after radiation from 2
patients (2/31; 6.5%) to 3 patients (3/31; 9).
,7%). Meanwhile, in the group of patients
with dilated LVID after radiation (LVID
POST) results, there was an increase in the
number of patients with decreased EFT
results after radiation from 12 patients
(12/14; 85.7%) to 13 patients (13/14;
92.9%). Spearman's analysis showed that
there was a significant relationship between
LVID measurement after radiation (LVID
POST) and EFT after radiation (EFT POST)
(P <0.0001, r=-0.810)

Table 5. Relationship between LVID and EFT before and after radiation

Echocardiography parameter | EFT PRE EFT POST
Total n | Normal (%) | Decreased (%) | Total n | Normal (%) | Decreased (%)
LVID PRE
Normal 36 31 (86.1) 5 (13.9) 36 29 (80.6) 7 (19.4)
Dilatasi 9 0(0.0) 9 (100) 9 0(0.0) 9 (100)
LVID POST
Normal 31 29 (93,5) 2 (6,5 31 28 (90,3) 3(9,7)
Dilatasi 14 2 (14,3) 12 (85,7) 14 1(7,1) 13 (92,9)

LVID:

left ventricle internal dimension; LVID PRE: LVID before radiation; LVID POST: LVID after radiation; EFT: ejection fraction

Teich; EFT PRE: EFT before radiation; EFT POST: EFT after radiation

Association between LVID and EFB

The association between LVID (PRE
and POST) to EFB is shown in Table 6.
There was a significant association between
LVID PRE and EFT POST (P < 0.0001). In
the group of patients with normal LVID
PRE examination results, there was an
increase in the number of patients with
decreased EFT results after radiation from 5
patients (5/36; 13.9%) to 7 patients (7/36;

19.4%). In the group of patients with normal
LVID examination results after radiation
(LVID POST), there was an increase in the
number of patients with decreased EFT
results after radiation from 3 patients (3/36;
8.3%) to 9 patients (9/36; 25 ,0%). In the
group of patients with normal LVID
examination results after radiation (LVID
POST), there was an increase in the number
of patients with decreased EFT results after
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radiation from 2 patients (2/31; 6.5%) to 5
patients (5/31; 16 ,1%). Meanwhile, in the
group of patients with dilated LVID after
radiation (LVID POST) results, there was
an increase in the number of patients with
decreased EFT results after radiation from 7
patients (7/14; 50.0%) to 13 patients (13/14;
92.9%). Spearman's analysis showed that

there was a significant relationship between
the results of the LVID measurements after
radiation (LVID POST) and the results of
the EFT measurements after radiation (EFT
POST) (P < 0.0001, r = -0.804). Table 6.
Relationship between LVID and EFB before
and after radiation

Table 6. Association between LVID and EFB

Echocardiography parameter | EFB PRE EFB POST

Total n | Normal (%) | Decreased (%) | Total n | Normal (%) | Decreased (%)
LVID PRE
Normal 36 33(91.7) 3(8.3) 36 27 (75.0) 9 (25.0)
Dilatasi 9 3(33.3) 6 (66.7) 9 0(0.0) 9 (100)
LVID POST
Normal 31 29 (93.5) 2 (6.5) 31 26 (83.9) 5(16.1)
Dilatasi 14 7 (50.0) 7 (50.0) 14 1(7.1) 13 (92.9)

LVID:

left ventricle internal dimension; LVID PRE: LVID before radiation; LVID POST: LVID after radiation; EFB: ejection fraction

biplane; EFB PRE: EFB before radiation; EFB POST: EFB after radiation

Analysis of GLS results before and after
radiation

We analyzed the distribution of
patients' GLS values before radiation (GLS
PRE) and after external radiation (GLS
POST) based on external radiation location
(Table 7). By analyzing the difference
between GLS before and after radiation, we
found that the difference in GLS values was
in the range of -8.55 — 2.00. Of 45 patients,
44 patients (97.8%) had a smaller GLS

POST value than the GLS PRE and there
was only 1 patient (2.2%) who had higher
GLS POST result than GLS PRE. This
shows that in the majority of patients had
decreased left ventricular function from the
aspect of how short the longitudinal heart
muscle is during systolic phase. There was a
significant difference in GLS between
radiation on the right and left sides with P =
0.017.

Table 7. Profile of GLS values differences based on location

Echocardiography parameter | Location | n Mean | Standard Deviation | P Value
GLS differences Sinistra 22 | -3.44 2.230 0.017
Dextra 23 | -1.36 | 1.363

GLS: global longitudinal strain

DISCUSSION

In this study, we aimed to analyze
the relationship between external radiation
exposure and left ventricular systolic
function. Previous studies reported that
patients who underwent radiation had
decreased  left  ventricular  systolic
function.(6, 7) In this study we found that in
general, the number of patients with
decreased left ventricular function was
increased after the eternal radiation therapy.
The first parameter we analyzed was the
LVID or left ventricular internal dimension.
Normal LVID is generally in the 2-5 cm
range and 5 cm was generally accepted as
cut off to determine dilatation in women.
Therefore, in this study we used a cutoff

value of 5 cm to determine the presence of
ventricular dilatation and patients with
LVID values of more than 5 cm were
defined as subjects with left ventricular
dilatation. The data we obtained show that
in general there is an increase in the number
of patients experiencing left ventricular
dilatation after external radiation, both in
the group of patients who received radiation
on the left side of the body and on the right
side of the body, although there was no
significant increase in the number. This
result was in concordance with previous
study that showed an increase LVID value
or left ventricle hypertrophy in patients after
radiation.(8, 9) Either low dose or high dose
of radiation has been reported to cause
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cardiac tissue remodeling in mice model
tissues.(10) In addition, the occurrence of
chain mechanisms in tissue can also cause
cardiotoxicity effects that have an effect on
tissue structure and increase ventricular
dimensions.(11, 12)

Another echocardiography
parameter that we analyzed in this study
was the ejection fraction (EF). Ejection
fraction is commonly calculated using 2
methods, namely ejection fraction Teich
(EFT) and ejection fraction biplane (EFB).
Both are parameters describing how big the
left ventricular ejection fraction is.
Interestingly, in this study we also obtained
results that is in concordance with previous
studies, where patients who underwent
external radiation had decreased EFT value
although not statistically significant. In total
there were only an additional 2 patients who
experienced a decrease in EFT. Both
patients with decreased EFT underwent
radiation to the left side of the body.
However, in calculating the ejection fraction
using the biplane method, it was found that
more patients had decreased ejection
fraction, where the number of patients who
experienced a decrease in the EFB value
was doubled both in the group that received
radiation on the left and right sides of the
body. This phenomenon can be caused by
the cardiotoxicity effect of radiation on the
cells or tissues in the heart. Radiation
exposure to the heart has the potential to
cause inflammation of the microvascular
endothelium in the heart so that it can cause
a decrease in heart performance, and can
even cause heart failure.(13) Statistical
analysis showed a significant relationship
between LVID values with EFT and EFB.
The LVID value, which is a direct
parameter of heart dimensions, is reported
to have an effect on the quality of the
ejection fraction of the left ventricle. In
general, an increase in the LVID value
which represents cardiac dilatation is
considered to have an effect on the non-
optimum ejection fraction, which is
indicated by a decrease in the EFT and EFB
values.(14)

In addition, in this study we also
analyzed the relationship of GLS to
radiation. Our data showed that almost all
patients who underwent radiation had
decreased GLS values. Our result was in
line with previous researches which stated
that there was a negative relationship
between radiation and GLS values.(15) The
decreased GLS values may resulted in the
decreasing ejection fraction of the left
ventricle. Therefore, it is important to
consider the effect of radiation to left
ventricle systolic function.

There are several limitations in this
study. First, the relatively small number of
samples can affect the power of statistical
analysis. Second, the sample obtained is a
sample obtained from one hospital, so that
the data presented in this study cannot be
used to generalize the situation to a larger
population. Further research considering a
larger sample size can be carried out in the
future to provide a clearer picture of the
population.

CONCLUSION

There was an increase in the number
of patients with left ventricular dilatation
and decrease in EFT and EFB values after
external radiation. Decreased GLS values
were found in almost all patients who
underwent external radiation in this study.

Acknowledgement: None
Conflict of Interest: None
Source of Funding: None
Ethical Approval: Approved

REFERENCES

1. Bray F, Ferlay J, Soerjomataram |, Siegel
RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36
cancers in 185 countries. CA: a cancer
journal for clinicians. 2018;68(6):394-424.

2. Plana JC, Galderisi M, Barac A, Ewer MS,
Ky B, Scherrer-Croshie M, et al. Expert
consensus for multimodality imaging

International Journal of Research and Review (ijrrjournal.com) 355
Vol.8; Issue: 11; November 2021



evaluation of adult patients during and after
cancer therapy: a report from the American
Society of Echocardiography and the
European Association of Cardiovascular
Imaging. Journal of the American Society of
Echocardiography : official publication of
the American Society of Echocardiography.
2014;27(9):911-39.

Mitchell C, Rahko PS, Blauwet LA,
Canaday B, Finstuen JA, Foster MC, et al.
Guidelines for Performing a Comprehensive
Transthoracic Echocardiographic
Examination in Adults: Recommendations
from  the  American  Society  of
Echocardiography. Journal of the American
Society of Echocardiography official
publication of the American Society of
Echocardiography. 2019;32(1):1-64.
Nagueh SF, Appleton CP, Gillebert TC,
Marino PN, Oh JK, Smiseth OA, et al.
Recommendations for the evaluation of left
ventricular diastolic function by
echocardiography. Journal of the American
Society of Echocardiography official
publication of the American Society of
Echocardiography. 2009;22(2):107-33.
Thomas L, Marwick TH, Popescu BA,
Donal E, Badano LP. Left Atrial Structure
and Function, and Left Ventricular Diastolic
Dysfunction: JACC State-of-the-Art
Review. Journal of the American College of
Cardiology. 2019;73(15):1961-77.

Walker V, Lairez O, Fondard O, Pathak A,
Pinel B, Chevelle C, et al. Early detection of
subclinical left ventricular dysfunction after
breast cancer radiation therapy using
speckle-tracking echocardiography:
association between cardiac exposure and
longitudinal strain reduction (BACCARAT
study). Radiation Oncology.
2019;14(1):204.

van den Bogaard VAB, van Luijk P,
Hummel YM, van der Meer P, Schuit E,
Boerman LM, et al. Cardiac Function After
Radiation Therapy for Breast Cancer.
International journal of radiation oncology,
biology, physics. 2019;104(2):392-400.
Sarkdzy M, Gaspar R, Zvara A, Kiscsatari
L, Varga Z, Kovari B, et al. Selective Heart
Irradiation Induces Cardiac Overexpression
of the Pro-hypertrophic miR-212. Frontiers
in oncology. 2019;9:598.

10.

11.

12.

13.

14.

15.

Helmy Fahada et.al. The effect of external radiotherapy to the left ventricle systolic function in locally advanced
breast cancer patients.

Monceau V, Llach A, Azria D, Bridier A,
Petit B, Mazevet M, et al. Epac contributes
to cardiac hypertrophy and amyloidosis
induced by radiotherapy but not fibrosis.
Radiotherapy and oncology : journal of the
European  Society  for  Therapeutic
Radiology and Oncology. 2014;111(1):63-
71.

Seawright JW, Sridharan V, Landes RD,
Cao M, Singh P, Koturbash 1, et al. Effects
of low-dose oxygen ions and protons on
cardiac function and structure in male
C57BL/6J mice. Life sciences in space
research. 2019;20:72-84.

Du S, Zhou L, Alexander GS, Park K, Yang
L, Wang N, et al. PD-1 Modulates
Radiation-Induced Cardiac Toxicity through
Cytotoxic T Lymphocytes. Journal of
thoracic oncology : official publication of
the International Association for the Study
of Lung Cancer. 2018;13(4):510-20.
Sridharan V, Tripathi P, Sharma SK, Moros
EG, Corry PM, Lieblong BJ, et al. Cardiac
inflammation after local irradiation is
influenced by the kallikrein-kinin system.
Cancer research. 2012;72(19):4984-92.
Saiki H, Petersen 1A, Scott CG, Bailey KR,
Dunlay SM, Finley RR, et al. Risk of Heart
Failure With Preserved Ejection Fraction in
Older Women After Contemporary
Radiotherapy for Breast Cancer.
Circulation. 2017;135(15):1388-96.
Narayanan K, Reinier K, Teodorescu C, Uy-
Evanado A, Aleong R, Chugh H, et al. Left
ventricular diameter and risk stratification
for sudden cardiac death. Journal of the
American Heart Association.
2014;3(5):e001193.

Tuohinen SS, Skytta T, Huhtala H, Virtanen
V, Kellokumpu-Lehtinen PL, Raatikainen P.
Left  Ventricular  Speckle  Tracking
Echocardiography Changes Among Early-
stage Breast Cancer Patients Three Years
After Radiotherapy. Anticancer research.
2019;39(8):4227-36.

How to cite this article: Fahada H, Suprabawati

DA, Erawati
radiotherapy to the

D. The effect of external
left ventricle systolic

function in locally advanced breast cancer
patients. International Journal of Research and
Review. 2021; 8(11): 350-356. DOI: https://doi.
0rg/10.52403/ijrr.20211143

*khkkkk

International Journal of Research and Review (ijrrjournal.com) 356
Vol.8; Issue: 11; November 2021



