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ABSTRACT

Introduction: Radiotherapy improves local control and overall survival of breast cancer but the dose to normal 
tissues may lead to cardiotoxic effect. Deep inspiration breath-hold (DIBH) technique is widely implemented to 
reduce the dose to heart in left breast radiotherapy.  This manuscript aimed to describe the implementation of volun-
tary-DIBH radiotherapy (vDIBH-RT) in left breast cancer patients without surface-guided imaging system. Materials 
and methods: A workflow of vDIBH-RT technique was developed and implemented at the Advanced Medical and 
Dental Institute (AMDI) by monitoring the breath-hold skin marks and laser light congruence observed on zoomed 
CCTV images during each delivery. The initial setup was verified using cone beam computed tomography (CBCT) 
during breath-hold. This CBCT imaging took only 20 seconds to tolerate patient ability to breath-hold. Planning 
target volume (PTV) margin was computed based on van Herk’s margin recipe. Results: The vDIBH technique was 
successfully implemented on 13 left breast cancer patients in this study cohort. The calculated PTV margin required 
for vDIBH-RT using CCTV/Laser monitoring technique is 7.77 mm, 10.85 mm, and 10.93 mm in the x, y, and z axes, 
respectively, which is smaller than the recommended margin for breast cancer. Conclusion: It is feasible to imple-
ment vDIBH-RT among left breast cancer patients without special equipment. The breath-hold monitoring technique 
is radiation-free, easy to implement, cost-effective and suitable for implementation in Low- and Middle-income 
Countries (LMIC) that has limited access to DIBH assisting devices. To address this gap, a study to identify current 
DIBH practice in Malaysia radiotherapy centres will be performed. In addition, a retrospective study on the dosimet-
ric accuracy of the dose delivered to the plan will be done to optimise DIBH patient selection and protocol. 
Malaysian Journal of Medicine and Health Sciences (2024) 20(SUPP8): 132-138. doi:10.47836/mjmhs20.s8.18

Keywords: vDIBH, Cone beam computed tomography, Radiotherapy, Left breast cancer, Radiotherapy imaging

Corresponding Author:  
Auwal Abubakar, PhD 
Email: a.abubakar@unimaid.edu.ng
Tel : +2347063898690

INTRODUCTION

Breast cancer remains the most common type of cancer 
in 159 of 185 countries including Malaysia, and only 
second to lung cancer in the remaining few countries.1,2 

A total of 2,261,419 new cases of breast cancer were 
diagnosed in 2020 which constitutes about 11.7 % of 
all cancer cases worldwide.3 The total number of deaths 
due to breast cancer alone in 2020 was put as 684,996 

(6.9%) worldwide.3 The statistics in Malaysia show that 
breast cancer constitutes about 32.7% and 17.3% of all 
cancer cases among women alone and in both sexes 
combined, respectively.4 The five-year overall survival 
rate for breast cancer patients in Malaysia is 49%.5 It 
remains the second leading cause of cancer death in the 
country in 2020.2 About 50% of cancer patients undergo 
radiotherapy during their treatment. Breast cancer alone 
constitutes typically over 30% of the total workload in 
radiotherapy centres with the left breast being the most 
common.1,6 Amer et. al., (2014) shows that the left breast 
cases constitute 50.9% while the right and bilateral 
cases were 46.1% and 3% respectively.6 A similar study 
reported 51.2% and 48% 0.8% for the left, right and 
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bilateral respectively.7

Left breast cancer radiotherapy is associated with 
a significant risk of heart disease. Several studies 
including a meta-analysis revealed that the left breast 
patients compared to the right, have a higher incidence 
ratio of cardiac diseases after radiotherapy. The reported 
incidence ratio of the diseases with a 95% confidence 
interval includes pericarditis (1.61 [1.06-2.43]), acute 
myocardial infarction (1.22 [1.06-1.42]), angina (1.25 
[1.05-1.49]), ischemic heart disease (1.09 [1.01-1.17]) 
and valvular heart disease (1.54 [1.11-2.13]).7–9 This is 
because the heart lies immediately to the left chest wall 
which is part of the planning target volume (PTV) when 
treating left breast cancer and thus, the heart is inevitably 
irradiated during the treatment.10,11 The amount of dose 
received by the heart was found to correlate linearly 
with the risk of cardiac disease.12 This prompted the 
development of techniques that would reduce the 
cardiac dose during left breast radiotherapy.

Several cardiac dose reduction techniques during 
left breast treatment exist. These include advanced 
treatment delivery techniques such as intensity-
modulated radiotherapy (IMRT), volumetric modulated 
arc therapy (VMAT), partial breast irradiation (PBI), 
and DIBH-RT.  DIBH-RT offers a significant cardiac 
dose reduction during left breast radiotherapy and it is 
so far the best cardiac sparing technique for left breast 
cancer as declared by the breast cancer expert panel of 
the German Society of Radiation Oncology (DEGRO).13 

In addition, DIBH-RT offers the advantage of restricted 
target motion compared to free breathing. This could 
reduce the motion uncertainty and allow a reduction in 
the PTV margin which has the advantage of decreasing 
the risk of secondary cancer among breast cancer 
patients.14 However, the success of this technique relies 
on good reproducibility and stability of the breath-hold 
during each treatment delivery. Several breath-hold 
monitoring methods are being used to ensure breath-
hold reproducibility to avoid geographical miss (Figure 
1). 

allowed to breathe through the mouth into the device 
which is uncomfortable and cannot be tolerated by some 
patients.15 The use of ABC has been discouraged recently 
because of the risk of COVID-19 infection transmission.16 
The use of optical surface imaging systems in monitoring 
DIBH is rapidly gaining popularity in recent years. The 
commercially available SIS includes AlignRT (VisionRT, 
London, UK), Catalyst (C-RAD, Uppsala, Sweden), and 
Sentinel (C-RAD, Uppsala, Sweden). However, the 
accuracy of these systems is affected by environmental 
factors such as temperature and surface reflectivity. The 
systems may not be affordable and not available in many 
radiotherapy centres. 

Some centres have developed an in-house technique 
for monitoring DIBH using the Time-of-flight (ToF) 
camera.17–21 ToF sensors provide a direct way of 
acquiring 3D surface imaging. Data rates in ToF sensor 
is higher than 15Hz, make it possible to acquire data in 
real time.22 Previously, our centre AMDI USM, Bertam, 
Malaysia performed characterisation of Argos 3D P330 
ToF camera (Bluetechnix, Austria) for application as 
motion monitoring device during DIBH-RT. A phantom 
is used to simulate the intra-patient and inter-patient 
stability of the camera. The localisation accuracy is 
compared with CBCT imaging alone and as well as with 
CBCT and ToF simultaneously. The intra-patient and 
inter-patient stability were within 0.31 mm and 0.74 
mm, respectively. The mean setup errors were 0.34 
± 0.98 mm, 0.12 ± 0.34 mm, and −0.24 ± 1.42 mm 
for ToF, CBCT and ToF-CBCT imaging, respectively. 
Results shows good stability and high accuracy of the 
ToF camera similar to sensors available in the market.20 
The accuracy is further studied with left breast cancer 
patients by evaluating patient setup verification and 
intra-fraction monitoring. The ToF imaging were 
acquired simultaneously with CBCT and electronic 
portal imaging device (EPID) during patient setup and 
treatment delivery respectively. The average correlation 
between ToF and EPID was - 0.84. The average intra-
field reproducibility for all the fields was within 2.70 
mm. The average intra-fraction reproducibility and 
stability were 3.74 mm, and 0.80 mm, respectively. 
The study shows good breath-hold reproducibility and 
stability during the treatment delivery and conclude that 
the ToF camera can be utilise as breath-hold monitoring 
in DIBH-RT.18 

This manuscript will describe the workflow of the vDIBH-
RT technique for left breast cancer implemented based 
on CCTV cameras and skin marks which are available 
in every radiotherapy centre. It does not require the use 
of additional special equipment for monitoring breath 
hold.  This recommendation is to break the barrier 
against the implementation of vDIBH-RT in many 
radiotherapy centres. This manuscript will also include 
a brief summary of the future work relevant to this DIBH 
technique.

Figure 1: CT chest image during optimal and sub-optimal breath-hold 
level.

The existing method for monitoring breath-hold during 
DIBH-RT includes Active Breathing Coordinator (ABC) 
that requires the patient’s nose to be pegged and only 
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MATERIALS AND METHODS 

Patient selection and training
This manuscript is based on a prospective study on the 
accuracy of vDIBH-RT among left breast cancer patients 
at AMDI, USM, Malaysia without the use of special 
equipment. The data presented in this manuscript 
were based on patients treated between July 2019 and 
February 2021. Ethical approval was sought and granted 
by the Universiti Sains Malaysia human ethics committee 
with approval number: USM/JEPeM/18060280. All the 
participants in the study were duly informed and signed 
written consent before the commencement of the study. 
All the patients were re-evaluated in the clinic by a 
consultant oncologist after being identified as potential 
candidates for vDIBH-RT. Only left breast/chest wall 
patients with no history of pulmonary diseases and 
who can hold their breath for at least 30 sec were 
considered. Patients who were deemed fit by the 
consultant oncologist were trained for breath-holding 
on the spot before they were given an appointment for a 
CT simulation. A breath-hold training exercise brochure 
developed in-house was given to the patients after the 
training in the clinic (Appendix 1). The breath-hold 
helps to move the heart away from the treatment field 
compared to the free-breathing technique (Figure 2). 
The brochure contains step-by-step details on how the 
training exercise should be performed. This is to serve 
as a guide to continue the breath-hold practice at home 
for one week before the CT simulation. The English 
and Malay versions of the DIBH training brochure are 
provided as Appendix. The breath-hold training was 
shown to increase setup reproducibility and stability 
during DIBH-RT.24,25 

Figure 2: Cardiac position during DIBH and standard FB technique.

within approximately 20 seconds which can be well 
tolerated by patients in breath-hold. The scans were 
performed in a supine position and head-first orientation 
with the chin extended to move the eyes further from 
the beam for radiation protection to the lens. Both arms 
were abducted and secured on the armrest attached to 
the breast board immobilisation device. 

The inclined plane of the breast board is adjusted for 
every patient to ensure the chest surface is approximately 
parallel to the couch top. The head and arm are placed 
on their respective support devices. The knee support 
was also used to ensure maximum comfort and good 
patient alignment. All the support devices were adjusted 
for each patient to suit their size and shape to ensure 
maximum comfort and reproducible position. The 
parameters for the immobilisation devices were recorded 
for use during treatment. 

The patients’ setup and monitoring during the CT 
simulation were solely based on the skin marks and room 
laser alignment observed from the CT control room. The 
BH instruction was given to the patients via intercom 
as reported in the literature.26–28 An illustration of the 
CT simulation process is demonstrated using a flowchart 
in Figure 3. A cross mark was made on the point of 
intersection between the sagittal and axial laser on the 
anterior chest surface of the patient during FB using red 
ink. This was repeated on both lateral sides of the patient 
where the coronal and axial lasers intersect (Figure 3a). 
These marks represent the FB mark (MFB). 

The patient was then instructed to perform DIBH, and 
the axial and coronal lasers occupy a relatively lower 
position as the chest surface is displaced anteriorly and 
superiorly. The corresponding points of laser intersection 
on the anterior and both lateral chest surfaces were 
marked using black ink (Figure 3b). The new cross marks 
during DIBH represent the DIBH mark (MDIBH). In total, 
six cross marks were made; two (FB and DIBH) on each 
of the three sides of the chest surface (anterior and both 
laterals). The DIBH exercise was repeated a few times 
for at least 30 secs duration each time. During each 
DIBH, the radiation therapists observe the MDIBH and 
laser coincidence to ensure the consistency and stability 
of the BH are satisfactory. A metallic ruler was used and 
measured the distance between the MFB and MDIBH 
along the vertical (Vert-DFB-DIBH) and horizontal (Hor-
DFB-DIBH) dimensions (Figure 3c). The distance from 
the MDIBH mark on the lateral side to the couch top 
(DDIBH-MC) on either side of the patient was measured 
and recorded (Figure 3d). Six radiopaque ball bearings 
were placed in the middle of every cross-mark position 
to serve as DIBH and FB references on the CT images 
for reference during treatment planning (Figure 3e).  
In addition, radiopaque wires were also used to mark 
the sternal notch, breast surgical scar when available, 
and 2.5 cm below the infra-mammary fold to provide 
additional CT reference for guidance during planning.  

CT simulation setup and breath hold monitoring 
procedure 
The CT simulation procedure follows the standard CT 
simulation for breast radiotherapy as regards the patient 
setup and scan coverage. The only notable difference 
is the scan was performed during DIBH. The CT scan 
was performed using a large bore, 16 slices Aquilion 
LB CT scanner (Toshiba Medical System, Tokyo, Japan). 
Each acquisition covers from the level of the mandible, 
superiorly and includes the whole of both lungs and 
the diaphragm inferiorly. The acquisition is completed 
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placed approximately midway between the superior and 
inferior field border just within the breast or on the chest 
wall to ensure adequate coverage of the PTV using the 
source-to-axis (SAD) setup.
 
To achieve a homogeneous isodose distribution, a 
wedge filter with heel-out orientation was employed on 
the lateral field to reduce the dose towards the thicker/
posterior part of the breast while maximising the dose 
towards the periphery. All patients that had mastectomy 
were assigned 0.5 cm bolus to compensate for the 
breast tissues. The bolus covers the entire area that falls 
within the treatment fields. Appropriate gantry angles 
were selected to avoid the heart, contralateral breast, 
and lung as much as possible. A cardiac shield using 
a multi-leaf collimator was used for patients who were 
difficult to avoid the heart due to unfavourable cardiac 
geometry. For patients who were planned to use a daily 
dose of 266/267 cGy in 15/16 fractions with a total dose 
of 4005/4256 cGy, the beam was only segmented into 
two. The aim is to ensure that each beam on time does 
not exceed 20 sec so that it can be delivered in a single 
breath hold.  

Radiotherapy treatment setup and delivery
The patients were set up on the treatment couch exactly 
as was done during CT simulation using the same 
immobilization devices and their respective parameters 
used during CT simulation. The FB tattoo previously 
marked during CT simulation was located and the patient 
was then initially, set up during FB and aligned the FB 
tattoo with the room laser. The D

FB_DIBH
   was measured 

and the MDIBH was marked in ink which corresponds 
to the DIBH tattoo. The DIBH exercise was performed 
a couple of times until the radiation therapists were 
satisfied with the stability and consistency of the BH. 
Finally, the patient was asked to perform DIBH from the 
linac control room via intercom and the laser/MDIBH 
mark alignment was monitored on the zoomed CCTV 
screen. Once the radiation therapists are satisfied with 
the breath-hold level, they start the image acquisition for 
setup verification. 

The imaging could be performed based on the available 
IGRT facility in the department such as an electronic 
portal imaging device (EPID) or CBCT. However, where 
CBCT is used, the protocol needs to be modified to 
ensure the patient can hold their breath throughout the 
acquisition period.  The CBCT projection images in this 
study were acquired during partial gantry rotation (-40° 
to 150°) at a gantry speed of 6° per sec to allow a total 
acquisition duration of approximately 32 secs (29). This 
can be tolerated by most patients in breath-hold. The total 
axial images captured per acquisition were 174 frames 
across the treatment area. The imaging parameters used 
were 100 kV, 20 mA, and 10 ms. The kV filter used was 
F

0
 and S

20
 kV, collimator gave a FOV size of 260 × 260 

mm in length and diameter. The images were registered 
to the reference CT images using automatic grey value 

CT scans during FB and DIBH were performed for each 
patient (Figure 3f). Note that the two scans were performed 
to allow for cardiac dose comparison between FB and 
DIBH techniques. Thus, only one scan in DIBH should 
be performed in practice. Before the commencement of 
the DIBH CT scan, the patient was instructed to perform 
a DIBH via intercom from the CT control room while 
being observed for compliance through the lead-glass 
window. Once the MDIBH is perfectly aligned with 
the laser, the radiation therapist starts the CT image 
acquisition. After the CT scan, the positions of the ball 
bearing were tattooed so that they could be used as a 
reference to reproduce the same patient setup during 
treatment (Figure 3g). The corresponding DDIBH-MC on 
the CT image was measured and compared. This should 
agree within 3 mm (Figure 3h).  The CT simulation 
images were exported to the treatment planning system 
(TPS).

Figure 3: Flow chart for the CT simulation procedure.

Treatment planning
The treatment planning was performed using Monaco 
TPS (Elekta Medical Systems, Crawley, UK). At first, the 
relevant normal tissues including the body, both lungs, 
and heart were contoured. Also, the PTV for the chest 
wall or breast was contoured by the oncologist based on 
the atlas for breast cancer radiotherapy planning of the 
Radiation Therapy Oncology Group (RTOG). 

A three-dimensional conformal radiotherapy (3D-CRT) 
plan for whole breast/chest wall irradiation was 
generated for all patients. Two laterals opposed to 
conformal tangential fields (Medial and lateral) were 
mostly used and occasionally, with a supplementary 
anterior field (supraclavicular fossa; SCF) using single 
isocentre half beam block technique. The medial field 
incident on the breast or chest wall medially with the 
posterior border on the sternum and the anterior border 
2.5 cm anterior to the skin surface of the breast or chest 
wall. The lateral field enters through the axillary and is 
approximately opposite to the path of the medial field. 
Each of the tangential fields extends from the level 
just below the humeral head, superiorly, to a level 2.5 
cm below the infra-mammary fold. The isocentre was 
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reproduced and has successfully been implemented on 
13 left breast cancer patients. The PTV margin calculated 
from the results of systematic errors in CBCT imaging is 
within 20 mm, this implies that the technique could be 
implemented in the clinic since the PTV margin of up 
to 20 mm is recommended for breast patients. Hence, 
vDIBH-RT monitored by skin and laser marking has 
good reproducibility and can be recommended to other 
radiotherapy centres without additional monitoring 
system.

Furthermore, selection criteria must be set to recruit only 
patients who can afford the DIBH technique. Patients 
should also be able to hold their breath for at least 20 s. 
Patients with pulmonary conditions should be exempted 
from this technique. The number of deliveries could vary 
among patients as it depends on the number of breaths 
hold that will be required. The beam weighing during the 
treatment plan should be performed in such a way that 
the selected monitor units (MU) should be short enough 
so that the beam-on time should not exceed 20 sec. 
Not more than 200 MU is recommended to achieve the 
desired results. At least 10 seconds should be allowed 
for the patient to relax between successive breath-hold/ 
beam segments. If optimal breath-hold is not achieved 
based on the laser/DIBH alignment observed on CCTV, 
the radiographers should ask the patient via intercom to 
breathe deeper or shallower. No auto field sequencer 
should be considered during treatment delivery. The 
radiographers should deliver each field separately and 
rotate the gantry manually to the next field.  Literature 
shows that the median time for the treatment session is 
18 mins while for CT simulation is 22 mins.32

No special equipment is required to monitor the 
treatment delivery or for the patient to perform breath-
hold with our recommendation technique. In other 
study, audio-visual navigation is use to guide patient for 
breath-hold. Compared with DIBH without audio-visual 
navigation, the treatment time is significantly reduced. 
This is due to less discontinuation of irradiation during 
treatment delivery.33 Dekker et. al. utilised a surface-
guided system named IDENTIFY which consists of three 
sets of stereo vision cameras to monitor the patient. 
Whole surface of the patient is monitored instead of 
only few references point. However, CBCT imaging is 
still needed to evaluate the setup error. Other surface-
guided system currently available are AlignRT and 
Catalyst system.35 These surface-guided system allow 
voluntary breath-hold but are expensive and requires 
complex setup.

Future work 
In hope to improve DIBH-RT practice in Malaysia, the 
study will be expanded into a survey to identify current 
practices of motion monitoring in Malaysia radiotherapy 
centres. The questionnaire will focus on the clinical 
application of surface-guided systems and methods of 
DIBH application practiced by each centre. In addition, 

matching (correlation coefficient algorithm) in the XVI 
software with a registration box over the entire left breast/
chest wall. The registration outcome was the setup error 
in the three translational directions. The setup errors are 
defined as the offset between the verification image and 
planning CT images.

RESULTS

The vDIBH-RT procedure was successfully implemented 
on thirteen (13) left breast cancer patients at PPUSM, 
Bertam, Malaysia. This was done without any special 
equipment but CCTV and laser. The technique allows 
real-time breath-hold monitoring as the radiation 
therapist could monitor laser and DIBH skin mark 
alignment on zoomed CCTV images during the treatment 
delivery. If the DIBH mark is moved away from the 
laser significantly, the radiation therapist can abort 
the treatment similar to a gating technique. Although 
not considered in this study, literature suggested that 
additional marks at a predefined distance (3 mm or 5 
mm) above and below the DIBH mark serve as a gating 
window. This guides the radiation therapist to shut 
down the treatment once the laser light is outside the 
predefined ‘gating window’. 

The implementation of this method was assessed in a 
previous study by calculating the systematics errors and 
the PTV margin for lateral, longitudinal and vertical 
dimensions.23 Based on the CBCT data collected 
from the 13 patients, the systematic errors were 
0.17/0.22/0.31 mm and the required PTV margin would 
be 0.71/0.92/1.28 mm in lateral/longitudinal/vertical 
dimensions. The corresponding results that would be 
obtained based on the CCTV monitoring alone, if no 
correction was applied using CBCT is 2.28/3.35/3.10 
mm and 7.77/10.85/10.93 mm for systematic error and 
PTV margin respectively.

DISCUSSION

DIBH has been proven that it can significantly reduce 
dose delivered to heart by pushing the heart away from 
radiation field during deep inspiration.30  However, 
this technique requires patient compliance and details 
procedure to monitor the breath-hold level. Not all 
patient can breath-hold adequately for the treatment. 
Even if they can, they might not be able to reproduce the 
same breath-hold level for each treatment day.31 Most of 
the systems for breathing motion monitoring available in 
the market are costly and requires complex setup. These 
are the challenges for DIBH implementation especially 
in Low- and Middle-income Countries (LMIC). In 
this study, we are describing the workflow for DIBH 
implementation in AMDI which only requires patient 
compliance and the equipment that is available in 
every radiotherapy centres. This workflow only utilised 
the available CCTV and lasers in the treatment room. 
As explain in methods section, this technique can be 
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during radiotherapy of breast cancer. Journal of 
Experimental and Clinical Cancer Research. 2013 
Dec 7;32(1):88. DOI: 10.1186/1756-9966-32-88

11.	 Kunheri B, Kotne S, Nair S, Makuny D. A dosimetric 
analysis of cardiac dose with or without active 
breath coordinator moderate deep inspiratory 
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JCRT_1414_16

12.	 Darby SC, McGale P, Taylor CW, Peto R. Long-
term mortality from heart disease and lung 
cancer after radiotherapy for early breast cancer: 
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2005 Aug;6(8):557–65. DOI: 10.1016/S1470-
2045(05)70251-5

13.	 Duma MN, Baumann R, Budach W, Dunst 
J, Feyer P, Fietkau R, et al. Heart-sparing 
radiotherapy techniques in breast cancer 
patients: a recommendation of the breast cancer 
expert panel of the German society of radiation 
oncology (DEGRO). Vol. 195, Strahlentherapie 
und Onkologie. Urban und Vogel GmbH; 2019. p. 
861–71. DOI: 10.1007/s00066-019-01495-w

14.	 Basaula D, Quinn A, Walker A, Batumalai V, 
Kumar S, Delaney GP, et al. Risks and benefits of 
reducing target volume margins in breast tangent 
radiotherapy. Australas Phys Eng Sci Med. 2017 
Jun 1;40(2):305–15. DOI: 10.1007/s13246-017-
0529-3

15.	 Eldredge-Hindy H, Lockamy V, Crawford A, 
Nettleton V, Werner-Wasik M, Siglin J, et al. Active 
Breathing Coordinator reduces radiation dose to 
the heart and preserves local control in patients 
with left breast cancer: Report of a prospective 

a retrospective study correlating the dose reduction and 
patient anatomical variations from CT scan planning 
will be carried out to guide patient selection for DIBH.  
DIBH-RT is time consuming as it involves additional 
procedure. Thus, proper selection of patient that truly 
benefits from DIBH is necessary to prevent additional 
radiation and increase in workload especially in high 
workload institution. 

CONCLUSION

It is feasible to implement vDIBH-RT among left breast 
cancer patients without special equipment that can 
be useful in centres with limited access to surface 
guided radiotherapy system. The technique is cost-
effective, easy to implement, has no potential risk from 
concomitant imaging radiation dose, and allows real-
time breath-hold monitoring through the CCTV.                                                                                                   
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