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a b s t r a c t
Introduction: Various treatment techniques as breath hold techniques have been developed to spare the
heart and lung in breast cancer patients receiving adjuvant radiotherapy.
Purpose: to compare the heart and lung dosimetric parameters of semi lateral decubitus technique with
and without deep inspiration breath hold with standard supine techniques for left-sided breast cancer
patients undergoing breast conservative surgery and adjuvant radiotherapy.
Methods: Fifty patients with left-sided breast cancer were simulated using standard supine, semi lateral
decubitus and semi lateral decubitus and deep inspiration breath hold. The three plans carried out using
two tangential opposed photon beams were compared.
Results: There was a significant reduction in heart V5Gy, V10Gy, V25Gy, V30Gy, mean dose & max dose with
semi-lateral decubitus and breath hold technique compared to supine technique & semi-lateral decubitus
technique (P < 0.001). There was also a significant reduction in the above mentioned heart DVPs with
semi-lateral decubitus (P < 0.001) compared to supine technique.
Results: There was a significant reduction in ipsilateral lung V20Gy and mean dose with semi-lateral
decubitus and breath hold technique compared to supine technique (P < 0.001) & semi-lateral decubitus
technique (P = 0.003 & 0.006) respectively. There was also a significant reduction in ipsilateral lung V20Gy
and mean dose with semi-lateral decubitus (P < 0.001 & 0.007) compared to supine technique.
Conclusion: Semi-lateral decubitus techniques with and without breath hold for left sided breast cancer
patients significantly reduce the dosimetric parameters of the heart and ipsilateral lung compared to
supine technique with comparable target dose coverage.
Ó 2016 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Abbreviations: CTV, clinical target volume; PTV, planning target volume; RTOG,
Anatomical Boundaries of Breast Cancer Atlas for Radiation Therapy Planning of
radiation therapy oncology group; 3DCRT, Three Dimensional Conformal Radiotherapy; OARs, organs at risk; DVPs, dose volume histogram parameters; CT,
computed tomography; MLCs, multi-leave collimators; DVH, dose volume histograms; HI, homogeneity index; DIBH, deep inspiration breath hold; FR, free
breath; RT, radiotherapy; RSD, Reverse semi Lateral Decubitus; ILD, Isocentric
Lateral Decubitus; IMRT, Intensity Modulated Radiotherapy; ICRU, International
commission on Radiological Units and Measurements.
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Radiotherapy to the intact breast is considered a major part of
breast cancer conservation management to prevent recurrences.
But it has been shown that radiation increases the risk of heart
and lung diseases so increases their mortality. This is more common in the left sided breast cancer patients.1,2
Various simulation and treatment techniques have been developed in order to reduce the volume of the heart and lung received
high dose in breast cancer patients underwent adjuvant radiotherapy specially when treating the left side.3,4 These techniques
include free breath hold, respiratory gating and voluntary deep
inspiration. Simulation and treating the patients in prone,5,6 lateral
and semi-decubitus positions could also improve cardiac and lung
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dosimetry.7,8 Another ways of cardiac sparing are intensity modulated radiotherapy (IMRT) and proton beam radiotherapy.9
Breath hold reduces the heart dose because the heart volume
exposed to radiation is reduced as the heart moves away from
the chest wall. Respiratory gating is an alternative technique for
cardiac sparing as the distance between the heart and the radiation
fields is enlarged during respiratory expansion of the thorax.5,6
In prone positioning technique the breast moves away from the
chest wall so the radiation beam edge is positioned away from the
heart. However the benefit of the prone technique in cardiac protection is limited to the patients with large breast.10,11
Treatment of the patient in lateral decubitus position appears to
be associated with a limited risk of heart and lung complications as
the irradiation of the heart and lungs is extremely low.8
The semi-decubitus (RSD) technique is an alternative method
for cardiac and lung sparing for patients who are unable to tolerate
breath hold.7
Computerized leaves of IMRT allow for radiation field shaping
and help dose escalation to the target with significant reductions
in the cardiac dose. IMRT is successfully used as a class solution
for cardiac protection in left sided breast cases especially for
patients with large breast.12–15 Proton beam radiotherapy allows
rapid dose fall off beyond the Bragg peak. This reduces cardiac toxicities as it causes dose reduction to the organs beyond the target
volume such as the heart.16
Purpose: to compare the heart and lung dosimetric parameters
of semi lateral decubitus technique with and without deep inspiration breath hold with standard supine techniques for left-sided
breast cancer patients undergoing breast conservative surgery
and adjuvant radiotherapy.

2. Materials and methods

In the first scan; patients underwent CT simulation in supine
position on ordinary breast board. The ipsilateral arm was
abducted above the head (Fig. 1A). In the second scan; patients
were immobilized using a special breast board with lateral angle
enabled the left side elevation by 20 cm from the couch on reveres
semi decubitus. The ipsilateral arm was abducted above the head.
Both CT simulation scans were performed free breathing (Fig. 1B).
The special board allows reproducible arm positioning and semi
lateral adjustment as the breast board provides arm supports above
the head to give unimpeded access to the treatment area. It also has
lateral angle in order to achieve semilateral decubitus with the
breast elevated up in a consistent comfortable position (Fig. 1B).
In the third scan; patient position was the same as in the second
scan with deep inspiration breath hold for 20 s. There was a training session before the simulation for each patient to ensure that
the patient is able to hold his breath for 20 s. During this session
the patient was trained to hold his breath gradually for 5 s, 10 s,
15 s then 20 s.
2.2. Target definition and organs at risk
CT slices of selected patients were transferred to Electa Xio
treatment planning system. Target volumes include clinical target
volume (CTV) and planning target volume (PTV) were outlined
according to the Anatomical Boundaries of Breast Cancer Atlas
for Radiation Therapy Planning of radiation therapy oncology
group (RTOG).17 Organs at risk (OARs) include heart, ipsilateral
and contralateral lung were also outlined. The heart was contoured
from the cardiac apex to the level of the pulmonary trunk superiorly including the myocardium (excluding pericardium and the
major vessels). Right and left lung were contoured separately with
the automatic contouring tool of the planning system (Fig. 2).

2.1. Patient selection and simulation technique

2.3. Planning process

Fifty patients with early stage left sided breast cancer who
referred to Alexandria university main hospital and Alexandria
Ayadi Al Mostakbal Oncology Center to undergo breast conservative surgery and adjuvant radiotherapy from October 2015 to April
2016 were enrolled in this study.
The patients were scanned on CT simulator in three positions
with 5 mm slices from the level of the larynx to the level of the
upper abdomen including both lungs.

To define the conventional field borders the border of medial
field was marked at mid sternum, and that of lateral field was
placed 20 mm dorsally from the lateral palpable breast. The borders of the cranial and caudal field were marked 20 mm beyond
the palpable breast.
For each patient in the three positions 3DCRT plans were carried
out using two tangential opposed wedged photon beams (6 and 15
MV). To optimize PTV dose coverage the field size was adjusted

Figure 1. Standard breast board (A) & special breast board (B).
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Figure 2. Room eye view shows PTV in yellow, ipsilateral lung in red, heart in green, contra lateral lung in brown and contra lateral breast in blue.

Table 1
Comparison of the average of PTV DVPs in cGy for left sided breast cancer patients irradiated by three different decubitus techniques. P values for the differences between the
plans are also shown.
PTV DVPs

Plan 1

Plan 2

Plan 3

Differences
Plan 1/2
P values

Differences
Plan 1/3
P values

Differences
Plan 2/3
P values

PTV D95%

4826.22

4843.58

4829.44

14.50
0.304

1.70
0.769

16.22
0.354

PTV Dmax

5466.98

5479.60

5481.12

13.20
0.561

14.40
0.108

1.20
0.939

HI

1.07

1.06

1.06

0.004
0.444

0.01
0.109

0.006
0.290

using beam eye view. Multi leaf collimator (MLCs) was used to
shape the PTV and to shield OARs to achieve maximum avoidance
of the heart and ipsilateral lung as possible. Gantry angle, wedge
angle, and beam weighting were also adjusted. A dose of 50 Gy is
prescribed to normalization point according to (ICRU) reference
point.18,19
The three plans were compared for target dose coverage, dose
homogeneity and organ at risk sparing using dose volume histogram (DVH), dose volume histogram parameters (DVPs) and
visual inspection of the dose distribution. Target coverage was
assessed using D95% (dose to 95% of the PTV) and Dmax (maximum
dose). Dose homogeneity within target volume was assessed by
homogeneity index (calculated as D5%/D95%).20 Regarding organs
at risk (OARs); lung sparing was assessed using V20Gy (volume of
the lung in% that receives 20 Gy or more) and mean dose. Heart
sparing was assessed by V5Gy, V10Gy, V25Gy, V30 Gy (volume of the
heart in% that receives 5 Gy or more, 10 Gy or more, 25 Gy or more,
and 30 Gy or more), mean and maximum heart dose.

2.4. Statistical analysis
Dose volume histograms of the PTV, lungs and heart of the three
plans were generated for the fifty patients. Relevant dose volume
parameters (DVPs) of the three plans were compared and the differences and percent of reduction of these DVPs among the plans
were calculated and tested for any statistically significant differences using Wilcoxon Signed-Ranks test of SPSS version 20 (SPSS

Inc., Chicago, IL). A P value of <0.05 was considered statistically
significant.
This study had approval of Institutional Review Board as a
prospective one in which informed consent was taken from the
patients.
3. Results
This study consisted of 50 left sided breast cancer patients.
Breast volume ranged from 367 cc to 1366c (mean 930 cc). By
reviewing the DVPs of the three treatment plans of all patients,
the followings are the results as regard the dose distribution of
the PTV and OARs (Table 1 & Fig. 3).
3.1. PTV dose coverage & dose homogeneity
Table 1 gives the statistical analysis and DVPs for the PTV comparing the three plans. The PTV coverage was adequate and comparable among the three techniques as the differences in PTV D95% &
PTV Dmax among the three techniques were not statistically significant (P = 0.304, 0.769 & 0.354) & (P = 0.561, 0.108 & 0.939) respectively. The dose homogeneity within PTV was also comparable for
the three techniques (P = 0.444, 0.109 & 0.290) respectively (Fig. 3).
3.2. Dose distribution within organs at risk
Table 2 gives the statistical analysis and DVPs for heart and both
lungs comparing the three plans.
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Figure 3. DVH for PTV in yellow, heart in green and Ipsilateral lung in red comparing the target coverage and sparing of ipsilateral lung & heart in supine (A), semi-lateral (B)
and semi-lateral decubitus + breath hold techniques (C).

3.2.1. Heart
Table 2 shows a significant reduction of (76%, 72%, 96%, 97%,
54%, 57%, P 6 0.001) & (62%, 70%, 87%, 87%, 27%, 38%, p 6 0.001)
respectively in heart V5Gy, V10Gy, V25Gy, V30Gy, mean heart dose &
max heart dose with semi-lateral decubitus and breath hold technique compared to supine technique & semi-lateral decubitus
technique. There was also a significant reduction in heart V5Gy,

V10Gy V25Gy V30Gy and mean heart dose and max heart dose with
semi-lateral decubitus (52%, 64%, 73%, 75%, 35%, 25%, P 6 0.001)
compared to supine technique (Fig. 3).
3.2.2. Ipsilateral lung
Table 2 shows a significant reduction in lung V20Gy with semilateral decubitus and breath hold technique (25%, P 6 0.001) &
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Table 2
Comparison of the average of heart and lung DVPs in cGy and in% for left sided breast cancer patients irradiated by three different decubitus techniques. P values for the
differences between the plans are also shown.
OAR DVPs

Plan 1

Plan 2

Plan 3

Reduction%
Plan 1/2
P values

Reduction%
Plan 1/3
P values

Reduction%
Plan 2/3
P values

Heart V5Gy

8.9

5.13

1.81

52
<0.001

76
<0.001

62
<0.001

Heart V10Gy

5.73

2.47

0.66

64
<0.001

72
<0.001

70
<0.001

Heart V25Gy

3.05

1.02

0.19

73
<0.001

96
<0.001

87
<0.001

Heart V30Gy

2.27

0.78

0.13

75
<0.001

97
<0.001

87
<0.001

Heart mean dose

304.45

183.34

119.8

35
<0.001

54
<0.001

27
<0.001

Heart max dose

4552

3536

2006

25
<0.001

57
<0.001

38
<0.001

Ipsilateral lung V20Gy

18.10

11.29

10.08

16
0.001

25
<0.001

13
0.003

Ipsilateral lung mean dose

718.50

628.83

569.16

15
0.007

14
<0.001

5
0.006

Contralateral lungV20Gy

0.16

0.16

0.15

12
0.972

20
0.659

11
0.700

Contralateral lung mean dose

30.5

27.39

26.23

37
0.449

17
0.572

32
0.950

Percent of reduction is calculated as new number – original number/original number  100.

(13%, P = 0.003) respectively compared to supine technique &
semi-lateral decubitus technique. There was also a significant
reduction in lung V20Gy with semi-lateral decubitus (16%,
P 6 0.001) compared to supine technique.
Table 2 also shows a significant reduction in mean lung dose
with semi-lateral decubitus and breath hold technique (14%,
P 6 0.001) & (5%, P = 0.006) respectively compared to supine technique & semi-lateral decubitus technique. There was also a significant reduction in mean lung dose with semi-lateral decubitus
(15%, P = 0.007) compared to supine technique (Fig. 3).
3.2.3. Contralateral lung
Table 2 shows a none significant reduction of (20%, P = 0.659 &
11%, P = 0.700) & (17%, P = 0.572 & 32%, P = 0.950) in lung V20Gy &
mean lung dose with semi-lateral decubitus and breath hold technique compared to supine technique & semi-lateral decubitus
technique. There was also a non significant reduction of (12%,
P = 0.972 & 37%, P = 0.449) in lung V20Gy & mean lung dose with
semi-lateral decubitus compared to supine technique. So the sparing of contra lateral lung was comparable among the three
techniques.
This study could not find any significant correlation between
the breast volume and the above mentioned heart and lung DVPs
(P values >0.05).

4. Discussion
Several treatment techniques have been developed to spare the
heart and lung and so to reduce the risk of late cardiac and pulmonary toxicities in women with cancer breast receiving adjuvant
radiotherapy.3,4
Breath hold techniques can improve cardiac sparing in the
supine treatment position. However some patients are not able
to tolerate breath-holds to allow effective treatment delivery so
these patients need another method for cardiac and pulmonary
structures sparing.21,22

In this regard the current study was undertaken to evaluate and
compare the differences in lung and heart dose volume parameters
among three simulation techniques; standard supine technique,
semi lateral decubitus and semi lateral decubitus and deep inspiration breath hold techniques for left-sided breast cancer patients
who underwent breast conservative surgery and adjuvant
radiotherapy.
As regard the target coverage; current study revealed that supine,
semi lateral decubitus and semi lateral decubitus and deep inspiration breath hold techniques achieved adequate and comparable target coverage. These results are in accordance with the results of
Capezzali et al.8 who achieved good coverage of the breast with
reduced heart and lung irradiation in the lateral position using
three dimentional isocentric technique. The results of the current
study are also in accordance with the results of Joo J H et al.4 who
found that the use of deep inspiration breath hold (DIBH) during
radiotherapy of the left-sided breast reduced the doses delivered
to the heart with similar target coverage compared to free breath.
As regard sparing of organs at risks (OARs); in the current study
semi-lateral decubitus technique showed greater heart and ipsilateral lung sparing compared to supine technique. Moreover semilateral decubitus and breath hold technique provided superior
sparing compared to both supine and semi-lateral decubitus
techniques.
As regard heart sparing; although the current study showed that
the semi-lateral decubitus techniques resulted in greater heart
sparing compared to supine technique the semi-lateral decubitus
and breath hold technique resulted in superior heart sparing compared to supine and semi-lateral decubitus techniques. Niglas M
et al.7 found that mean heart dose and heart V25Gy were significantly lower for both reverse semi lateral decubitus (RSD) and
deep inspiration breath hold (mDIBH) when compared to supine
technique (P < 0.001 to 0.006). The average values of mean heart
dose using these techniques were 10 Gy, 6 Gy and 3.0 Gy respectively. There was a significant dose reductions of (62.4% versus
40.0%, P = 0.004) & (84.9% versus 50.4%, P = 0.003) in mean heart
dose & heart V25Gy for mDIBH and RSD compared to supine dose.
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These results are matched with the results of the current study.
Even the current study showed more significant reduction in the
heart mean dose, V5Gy,V10Gy,V25Gy, and V30Gy because the semi lateral decubitus and mDIBH were combined. Bartlett F R et al.23
found that the breath-hold techniques reduced the amount of radiation received by heart during left breast radiotherapy. These
results are also in accordance with the results of the current study.
Stranzl H & Zurl B24 achieved significant reduction of 56% in the
mean heart dose for the DIBH technique compared to the normal
breathing (mean heart dose 2.3 Gy vs. 1.3 Gy; P = 0.01). These
results are in accordance with the results of the current study.
Smyth L M et al.25 carried out ten studies about the benefits of
DIBH during left breast irradiation. They found that DIBH reduced
the mean heart dose by up to 3.4 Gy when compared to a free
breathing technique. These results are in accordance with the
results of the current study where 1.8 Gy reduction in mean heart
dose was achieved with semi lateral decubitus and breath hold
technique compared to supine technique with free breathing.
In the current study the average values of mean cardiac dose
were (304.45 cGy, 183.34 cGy and 119.8 cGy) in supine, semi lateral and semilateral decubitus and breath hold techniques respectively. V5Gy, V10Gy, V25Gy and V30Gy values for supine, semi lateral,
semilateral and breath hold decubitus techniques were (V5Gy
8.9%, 5.13%, 1.81%) & (V10Gy 5.73%, 2.47%, 0.66%) & (V25Gy 3.05%,
1.02%, 0.19%) and (V30Gy 2.27%, 0.78%, and 0.13%) respectively.
The heart maximum dose was 4552 cGy, 3536 cGy and 2006 cGy
for supine, semi-lateral decubitus and semi-lateral decubitus and
breath hold techniques respectively. These results are matched
with the results achieved by Joo J H et al.4 In their study they evaluated cardiac dose reduction of tangential breast irradiation with
deep inspiration breath hold. They found that the average of heart
mean dose also decreased from 724.1 cGy in FB to 279.3 cGy in
DIBH (P < 0.001). The relative amount of heart volume irradiated
with 10 Gy–50 Gy was consistently reduced with DIBH. The
V10Gy, V20Gy, V30Gy, V40Gy, and V50Gy values for FB vs DIBH were
14.6% vs 4.0% ( 73%), 12.3% vs. 2.7% ( 78%), 10.7% vs. 2.0%
( 82%), 8.7% vs. 1.3% ( 85%), and 2.5% vs. 0.2% ( 91%) respectively.
As regard Ipsilateral Lung sparing; although the current study
showed that the semi-lateral decubitus techniques resulted in
greater ipsilateral lung sparing compared to supine technique the
semi-lateral decubitus and breath hold technique resulted in superior Ipsilateral Lung sparing compared to supine and semi-lateral
decubitus techniques.
The results of the current study are in accordance with Kirova
Y M et al.26 study who achieved excellent dosimetric profile, with
low doses to the heart and ipsilateral lung with the lateral decubitus position for patients with large breasts and early-stage breast
cancer. The results of the current study are also in accordance with
Capezzali G et al.8 who found that irradiation of the heart and lungs
is extremely low in the isocentric lateral decubitus (ILD) position
despite the good coverage of the breast. In accordance with the
results of the current study Campana, F et al.27 found that breast
radiotherapy in the lateral decubitus position reduced lung and
heart irradiation over the conventional technique with opposing
tangential fields. In contrast to the results of the current study
Niglas M et al.7 found no significant reduction for lung V20Gy or
V5Gy cardiac dose sparing using the reverse semi-decubitus technique for left breast and internal mammary chain irradiation.

5. Conclusions
Semi-lateral decubitus techniques with and without breath
hold for left sided breast cancer patients significantly reduce the
dosimertic parameters of the ipsilateral lung and heart compared
to supine technique with comparable target dose coverage.
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