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Abstract

Introduction: Radiation exposure to the heart in women with left-sided breast cancer can lead to cardiac disease
and increased mortality. Several techniques, including deep inspiration breath hold (DIBH), have been used to reduce
cardiac exposure during radiotherapy. DIBH coaching prior to radiation planning can further reduce cardiac doses.
This study aims to compare heart and lung dosimetric parameters between coached and non-coached patients using
the DIBH technique for left-sided breast cancer treatment. Methods: All patients with left-sided breast cancer who
received adjuvant radiotherapy (RT) using the DIBH were included. The first cohort, designated as the non-coached
group, received verbal guidance on the breath hold technique but did not undergo formal coaching. The second cohort
involved a comprehensive coaching protocol, which began in January 2022. This protocol, led by a physician, included
demonstrations and instructions for performing the DIBH technique in the clinic and encouraged patients to practice at
home before and during RT to optimize cardiac protection. Results: A total of 40 patients met the inclusion criteria for
the study, with a mean age of 45.7 = 8.38 years. Most patients had IDC and Stage 11 disease, and radiation was primarily
delivered using 3DCRT with 4256 cGy in 16 fractions regimes. In terms of cardiac dose exposure, coached patients had
slightly lower mean and maximum point cardiac doses, but these differences were not statistically significant. Coached
patients also had a significantly lower mean V17 for left lung volume exposure compared to non-coached patients (18.3
vs. 21.6, p <0.05). Conclusion: DIBH coaching and home practice prior to RT planning can further reduce cardiac and
lung doses, offering a cost-effective intervention, particularly in resource-limited settings, though further controlled
studies with larger sample sizes and longer follow-up are needed to assess its clinical impact.
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Introduction

Radiation therapy (RT) is a major component of breast
cancer treatment, providing effective tumor control but
posing significant risks to adjacent organs, especially the
heart. The heart’s proximity to the left breast increases
the likelihood of cardiac radiation exposure during RT,
leading to a higher incidence of cardiovascular diseases
(CVD) in long-term survivors.

Studies have consistently shown that postmastectomy
irradiated patients face an elevated risk of cardiac
morbidity and mortality, with radiation doses to the heart
contributing to this burden. A meta-analysis revealed an
increased rate of cardiac deaths in irradiated breast cancer
patients, emphasizing the need for strategies to reduce

heart exposure during RT [1]. Furthermore, research by
Darby et al. demonstrated that coronary events increased
by 7.4% per Gray (Gy) of radiation, reinforcing the
dose-dependent relationship between RT and cardiac
risk [2]. Therefore, to improve cardiac outcomes, several
techniques have been used such as deep inspiration breath
hold (DIBH), respiratory gating, prone positioning, and
modern radiation planning techniques (e.g., intensity-
modulated RT) [3]. During deep inspiration, the
diaphragm moves downward, expanding the lungs and
effectively pulling the heart away from the chest wall,
thereby reducing radiation exposure to the heart and
other surrounding tissues [4]. This technique has shown
substantial promise in improving dosimetric outcomes in
left-sided breast cancer RT.
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Despite the proven effectiveness of DIBH in reducing
cardiac dose, its implementation can be challenging.
Consistent and accurate breath-holding is critical for
maximizing the technique’s benefits. Recent studies
suggest that coaching patients to achieve optimal breath
hold can improve the accuracy and consistency of DIBH,
leading to even greater reductions in cardiac exposure.
For instance, Kim et al. found that coached patients
had significantly lower cardiac doses compared to non-
coached patients [5]. This suggests that patient coaching
may be a crucial factor in enhancing the effectiveness of
DIBH.

However, despite these findings, there remains a gap in
the literature regarding a direct comparison of dosimetric
outcomes between coached and non-coached patients
using DIBH for left-sided breast cancer RT. Although
DIBH itself has been well studied, few studies have
specifically evaluated how patient coaching influences
the dosimetric results, especially in terms of heart and
lung dose reduction. Our study aims to fill this gap by
comparing the dosimetric parameters of heart and lung
doses in coached and non-coached patients using DIBH
during left-sided breast cancer RT.

Materials and Methods

Sample

This study included patients with left-sided breast
cancer who received adjuvant radiation therapy (RT)
using the deep inspiration breath hold (DIBH) technique,
following approval from the ethical review committee at
our institution. The patients were divided into two groups:
the coached group and the non-coached group.

Patients who did not undergo the DIBH technique were
excluded from the study.

Non-Coached Group

Patients in this group did not receive any formal
coaching. While they were given verbal guidance on the
breath-hold technique during the simulation day, they
did not receive any structured or ongoing training to
improve their technique. This group served as a baseline
for comparison to evaluate the impact of coaching on
breath-hold consistency and dosimetric outcomes.

Coached Group
Patients in this group received structured coaching to
ensure proper breath-hold technique.

Coaching Protocol

The coaching protocol for the deep inspiration breath
hold (DIBH) technique was implemented by a physician
in the clinic from January to June 2022. The primary goal
was to enhance patients’ understanding and execution
of the technique to optimize cardiac protection during
radiation therapy.

Initial Coaching Session

During the initial Radiation Oncology clinic visit,
the physician demonstrated the DIBH technique using
online images and videos for visual aid. Patients were then
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guided to perform the technique in the supine position on
the examination couch. They were instructed to hold their
breath for at least 10 seconds in the treatment position.

Session Duration

Each coaching session lasted approximately 10-15
minutes, allowing time for demonstration, practice, and
addressing any patient questions.

Breath-Hold Practice

Patients were encouraged to practice the breath-hold
technique at home for a minimum of 5 days before the
simulation and throughout the entire course of radiation
therapy. The goal was to ensure that patients could
consistently hold their breath for the recommended
duration.

Follow-Up and Compliance

During Radiation Oncology department visits, patients
were asked about their practice at home, by radiation
therapy technologists (RTTs).

Radiation Planning

All booked patients underwent CT-based RT planning
using the DIBH technique. Target volume delineation
for the breast, chest wall and nodal regions was done by
residents based on RTOG guidelines [6]. RT volumes
were approved by attending physician and then discussed
in departmental daily peer review meeting before RT
planning by a clinical medical physicist on the Aria-15
planning system using Eclipse workstation [7].

Dosimetric parameters

The prescribed RT doses were 4005 centi-gray (cGy)
in 15 fractions for breast or chest wall alone radiation
and 4256 cGy in 16 fractions for breast or chest wall with
regional nodal irradiation (RNI) based on published data
[8]. The acceptance rate of the DIBH plan was assessed
based on several parameters, including the maximum and
mean doses, along with the percentage cardiac volume
exposures receiving 5 Gy (V5), 10 Gy (V10) and 30
Gy (V30), as well as the percentage left lung volume
exposures receiving 17 Gy (V17) and 20 Gy (V20 Gy)
from both patient cohorts. These parameters were analyzed
using Dose Volume Histograms (DVH), as part of the
routine plan evaluation and approval process for radiation
treatment plans.

Data analysis
Data analysis and management were performed using
Stata V15.0.

Descriptive statistics were reported for quantitative
variables as median [IQR] and mean (SD), while
categorical variables were described as frequencies and
percentages. Univariate analysis for quantitative variables
in comparison to coaching was performed using the
Mann-Whitney U-test and the two-samples independent
T-test where applicable, following evaluation of skew and
kurtosis. For categorical variables, y? test of independence
and the fisher exact test were used for univariate analysis
based on the number of observations.



Results

Patient and treatment related characteristics

A total of 40 patients (20 in coached group and 20
in non-coached group) met the inclusion criteria and
were included in the final analysis. The mean age of the
cohort was 45.7 + 8.38 years, with most patients being
diagnosed with Infiltrating Ductal Carcinoma (IDC)
(90.0%) and Stage II disease (n = 32). Radiation therapy
was delivered via 3DCRT (65.0%) with 4256 cGy regimes
(67.50%). Most patients were managed surgically via
breast conserving surgery (n = 23). Compared with non-
coached patients, coached patients were significantly more
likely to have received 4256 cGy RT regimes (85.0% vs
50.0%; p < 0.05). Other patient factors, including age,
diagnosis, stage of disease, surgery and RT technique
were not significant between the two cohorts.

The overall patient and treatment related characteristics
have been summarized in Table 1.

Cardiac dose exposure

The mean cardiac dose of the overall sample was
3.68 £ 1.65 Gy with a maximum point dose of 34.3 + 6.85
Gy (Table 2). Compared to non-coached patients, coached
patientss had lower mean (3.65 vs 3.72 Gy) and maximum
point (33.7 vs 34.8 Gy) cardiac doses, however, these were
not statistically significant.

Percentage cardiac and Left lung volume exposure
The median V5, V10, and V30 of the percentage

Table 1. Patient and Treatment Related Characteristics
(n=40)

Variable Group* P-value
Coached  Non-coached
(n=20) (n=20)
Age 44.1(8.75)  47.3(7.91) 0.2396
Diagnosis
IDC 16 (80.0) 20 (100.0) 0.106
ILC 1(5.0) 0(0.0)
Metaplastic Ca 3(15.0) 0(0.0)
Stage
I 14 (70.0) 18 (90.0) 0.235
I 6(30.0) 2(10.0)
Surgery
MRM 11 (55.0) 6 (30.0) 0.2
BCS 9 (45.0) 14 (70.0)
Radiation Technique
3DCRT 10 (50.0) 16 (80.0) 0.096
IMRT/VMAT 10 (50.0) 4 (20.0)
Radiation Dose
4005 cGy 3 (15.0) 10 (50.0) 0.041
4256 cGy 17 (85.0) 10 (50.0)

Key: * Values for age denoted as Mean (Standard Deviation); all other
values denoted as Counts. (Percentages). P-values denoted for two-
sampled T-test test for quantitative values. P-values denoted for Fisher
exact test for categorical values. Significant p-values denoted in bold.
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cardiac volume exposures of the overall sample was 12.2
[13.3],4.95[4.48], and 0.015[0.75], respectively (Table 2).
No significant differences were noted when comparing
percentage cardiac volume exposure and the V20 of the
percentage lung volume exposure between the coached
and non-coached groups. Coached patients were, however,
found to have a significantly lower mean V17 (18.3 [5.69]
vs 21.6 [5.93]; p <0.05) when comparing percentage lung
volume exposures.

Discussion

Several studies have demonstrated that larger volumes
of the heart irradiated are associated with higher cardiac
mortality, while increased lung irradiation leads to
functional lung damage [9-11]. The DIBH technique is
widely accepted and has been reported to reduce both
cardiac and lung doses in left-sided breast cancer patients
[12, 13]. In a meta-analysis, lower doses to the heart, left
anterior descending coronary artery (LADCA) and left
lung were found in left-sided breast cancer patients treated
with DIBH technique as compared to those treated with
free breathing (FB) [14]. However, there is still a lack of
standardization in DIBH protocols [15].

Performing DIBH is challenging for patients and may
increase their anxiety levels, as the success of DIBH is
mainly dependent on patients’ ability to hold their breath
effectively, which can be improved through patient
training and education [16, 17]. There is limited data
on patient education regarding radiation planning that
incorporates patients’ perspectives. Much of the existing
literature on patient education lacks detailed descriptions
of its design and is typically created solely by radiation
oncology healthcare professionals that may not always
be easily comprehended by patients [18, 19]. Patient
instructions for DIBH are provided on the same day as
CT simulation in most of the centers, while only a few
institutions initiate patient training and education prior to
RT planning procedures [5, 20].

Table 2. Cardiac Dose and Percentage Volume Exposure
by Coaching Group (n = 40)

Variable Group * P-value
Coached  Non-coached
(n=20) (n=20)
Cardiac dose (Gy) a
Maximum 33.7(7.30)  34.8(6.48) 0.5991
Mean 3.65(1.36)  3.72(1.94) 0.9059
Cardiac volume exposed (%) b
V5 14 [15.2] 9.45[12.6] 0.3302
V10 4.97[3.1] 4.23[7.17] 1
V30 0.006 [0.75]  0.03[0.66] 0.9888
Lung volume exposed (%)
Vi17® 18.3(5.69)  21.6(5.93) 0.04
V20° 16.01[6.21] 17.65[10.25] 0.2339

Key: *, Values denoted as Mean (Standard Deviation) or Median
[Interquartile Range]. ?, P-values denoted for two-sampled T-test test. °,
P-values denoted for Mann-Whitney U-test of Medians. Significant
p-values denoted in bold.
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In our study, the results suggest that DIBH coaching
and home practice help in reducing cardiac and lung doses.
We found that the mean and maximum cardiac doses
for coached patients were 3.65 Gy and 33.7 Gy, which
were lower than the 3.72 Gy and 34.8 Gy observed in
the non-coached group, although the difference was not
statistically significant. This finding is consistent with
published data showing reduced cardiac doses with patient
coaching and education for DIBH [5, 20, 21]. However,
the V5 and V10 of the heart were slightly higher in the
coached group as compared to the non-coached group
i.e.,14% and 4.97% vs 9.45% vs 4.23% (Figure 1). This
finding is also not statistically significant and is probably
explained by more patients in coached group receiving
chest wall RT with RNI and a higher RT dose 0f 4256 cGy
(Table 1). The V30 of the heart was similar between both
groups due to the negligible portion of the heart receiving
30 Gy (<0.1%) using DIBH.

Although several studies have reported reduced lung
doses using DIBH, but impact of patient coaching in
reducing ipsilateral lung volume exposures is unclear
[22, 23]. Interestingly, we observed reduced left lung
volume exposures in coached patients. The V17 of the
left lung was 18.3% in the coached group and 21.6% in
the non-coached group, which was statistically significant
(p=0.04). This finding contrasts with Kim et al., where
no such significant difference in lung doses between
the coached and non-coached groups was found [5].
The V20 of the left lung was also reduced in coached
vs non-coached group (16% vs 17.3%, not statistically
significant).

Despite these findings, our study has several
limitations that include small sample size and its non-
randomized nature. Factors such as patient characteristics
including age, obesity, pre-existing medical conditions
may have impacted the results. No formal instruction sheet
mentioning home practice plan was provided to patients,
therefore compliance with the coaching program could not
be assessed. Since patients from both cohorts were able
to perform DIBH, it is difficult to ascertain whether the
reduced cardiac and lung doses observed in coached group
were solely due to coaching or influenced by other factors.

Considering this was a dosimetric analysis, we did not
record patient feedback or assess the impact of coaching
on other factors such as simulation and treatment time,
patient setup variations etc. which may have provided
valuable insights.

In conclusion, our study suggests that DIBH coaching
and home practice prior to RT planning can further reduce
cardiac and lung doses. Coached patients had lower
mean cardiac doses (3.65 vs. 3.72 Gy). Additionally,
coached patients were found to have a significantly
lower mean V17 value (18.3% vs. 21.6%, p < 0.05)
when comparing percentage lung volume exposures. This
no-cost intervention is especially helpful in resource-
limited settings where health literacy is a major concern.
However, additional controlled studies with larger sample
sizes, longer follow-up, and more in-depth dosimetric
analyses are required to fully assess the clinical impact
of DIBH coaching.

1812 Asian Pacific Journal of Cancer Prevention, Vol 26

Author Contribution Statement

Laraib Khan: Manuscript writing, Data Collection.
Maham Khan: Manuscript writing. Fabiha Shakeel:
Drafting. Tooba Ali: Data Collection. Mariam Hina:
Manuscript writing. Aahan Arif: Data Analysis.
Firza Rahim Sarfaraz: Data Collection. Maria Tariq:
Review. Asim Hafiz: Review. Bilal Mazhar Qureshi:
Review. Ahmed Nadeem Abbasi: Review. Nasir Ali:
Conceptualization.

Acknowledgements

None.

Conflict of interest

The author(s) declare that they have no conflict of
interest.

The study was conducted after institutional Ethics
Review Committee (ERC)

References

1. Cuzick J, Stewart H, Rutqvist L, Houghton J, Edwards R,
Redmond C, et al. Cause-specific mortality in long-term
survivors of breast cancer who participated in trials of
radiotherapy. J Clin Oncol. 1994;12(3):447-53. https://doi.
0rg/10.1200/jc0.1994.12.3.447.

2. Darby SC, Ewertz M, McGale P, Bennet AM, Blom-
Goldman U, Brennum D, et al. Risk of ischemic heart
disease in women after radiotherapy for breast cancer. N
Engl J Med. 2013;368(11):987-98. https://doi.org/10.1056/
NEJMoal209825.

3. Yeboa DN, Evans SB. Contemporary Breast Radiotherapy
and Cardiac Toxicity. Semin Radiat Oncol. 2016;26(1):71-8.
https://doi.org/10.1016/j.semradonc.2015.09.003.

4. Bergom C, Currey A, Desai N, Tai A, Strauss JB. Deep
inspiration breath hold: Techniques and advantages for
cardiac sparing during breast cancer irradiation. Front Oncol.
2018;8:87. https://doi.org/10.3389/fonc.2018.00087.

5. Kim A, Kalet AM, Cao N, Hippe DS, Fang LC, Young
L, et al. Effects of preparatory coaching and home
practice for deep inspiration breath hold on cardiac dose
for left breast radiation therapy. Clin Oncol (R Coll
Radiol). 2018;30(9):571-7. https://doi.org/10.1016/;.
clon.2018.04.009.

6. Gentile MS, Usman AA, Neuschler EI, Sathiaseelan V, Hayes
JP, Small W, Jr. Contouring guidelines for the axillary lymph
nodes for the delivery of radiation therapy in breast cancer:
Evaluation of the rtog breast cancer atlas. Int J Radiat Oncol
Biol Phys. 2015;93(2):257-65. https://doi.org/10.1016/].
ijrobp.2015.07.002.

7. Qureshi BM, Khan L, Abbasi AN, Ali N, Hafiz A, Abrar S,
Tarig M, Khan M. 637: Frequency of changes in treatment
plans during daily peer review meetings in radiation
oncology. Radiother Oncol. 2024;194:52664-7.

8. Gupta A, Ohri N, Haffty BG. Hypofractionated radiation
treatment in the management of breast cancer. Expert Rev
Anticancer Ther. 2018;18(8):793-803. https://doi.org/10.1
080/14737140.2018.1489245.

9. Gyenes G, Rutqvist LE, Liedberg A, Fornander T. Long-term
cardiac morbidity and mortality in a randomized trial of pre-
and postoperative radiation therapy versus surgery alone in
primary breast cancer. Radiother Oncol. 1998;48(2):185-90.
https://doi.org/10.1016/s0167-8140(98)00062-0



10.

11.

12.

Gagliardi G, Bjohle J, Lax I, Ottolenghi A, Eriksson F,
Liedberg A, et al. Radiation pneumonitis after breast
cancer irradiation: Analysis of the complication probability
using the relative seriality model. Int J Radiat Oncol Biol
Phys. 2000;46(2):373-81. https://doi.org/10.1016/s0360-
3016(99)00420-4.

Ooi GC, Kwong DL, Chan KN, Ngan H, Lock DT, Lam
WK, et al. Serial hrct lung changes after 3-field radiation
treatment of breast cancer. Clin Radiol. 2000;55(11):817-24.
https://doi.org/10.1053/crad.2000.0542.

Duma MN, Miinch S, Oechsner M, Combs SE. Heart-
sparing radiotherapy in patients with breast cancer: What
are the techniques used in the clinical routine?: A pattern of
practice survey in the German-speaking countries. Medical
Dosim. 2017;42(3):197-202. https://doi.org/10.1016/j.
meddos.2017.03.002

13. Nissen HD, Appelt AL. Improved heart, lung and target dose

14.

15.

16.

with deep inspiration breath hold in a large clinical series of
breast cancer patients. Radiother Oncol. 2013;106(1):28-32.
https://doi.org/10.1016/j.radonc.2012.10.016.

LaiJ, Hu S, Luo Y, Zheng R, Zhu Q, Chen P, et al. Meta-
analysis of deep inspiration breath hold (dibh) versus free
breathing (fb) in postoperative radiotherapy for left-side
breast cancer. Breast Cancer. 2020;27(2):299-307. https://
doi.org/10.1007/s12282-019-01023-9.

Boda-Heggemann J, Knopf AC, Simeonova-Chergou
A, Wertz H, Stieler F, Jahnke A, et al. Deep inspiration
breath hold-based radiation therapy: A clinical review. Int
J Radiat Oncol Biol Phys. 2016;94(3):478-92. https://doi.
org/10.1016/j.ijrobp.2015.11.049.

Mayr NA, Borm KJ, Kalet AM, Wootton LS, Chadderdon
AL, Combs SE, et al. Reducing cardiac radiation dose
from breast cancer radiation therapy with breath hold
training and cognitive behavioral therapy. Top Magn Reson
Imaging. 2020;29(3):135-48. https://doi.org/10.1097/
rmr.0000000000000241.

17. Hanczyk E, Piecuch D, Kopcial S, Jonska-Gmyrek J. Factors

affecting the effectiveness of dibh (deep inspiratory breath
hold) in patients with left breast cancer: A narrative review.
Applied Sciences. 2024;14:7287. https://doi.org/10.3390/
app14167287.

18. Brady GC, Goodrich J, Roe JWG. Using experience-based

co-design to improve the pre-treatment care pathway for
people diagnosed with head and neck cancer. Support Care
Cancer. 2020;28(2):739-45. https://doi.org/10.1007/s00520-
019-04877-z.

19. Dower K, Halkett GKB, Dhillon H, Naehrig D, O’Connor M.

20.

Eliciting the views of left breast cancer patients’ receiving
deep inspiration breath hold radiation therapy to inform
the design of multimedia education and improve patient-
centred care for prospective patients. ] Med Radiat Sci.
2024;71(3):384-95. https://doi.org/10.1002/jmrs.790.
Oonsiri P, Wisetrinthong M, Chitnok M, Saksornchai K,
Suriyapee S. An effective patient training for deep inspiration
breath hold technique of left-sided breast on computed
tomography simulation procedure at king chulalongkorn
memorial hospital. Radiat Oncol J. 2019;37(3):201-6. https://
doi.org/10.3857/10j.2019.00290.

21.Zhao F, ShenJ, Lu Z, Luo Y, Yao G, Bu L, et al. Abdominal

22.

dibh reduces the cardiac dose even further: A prospective
analysis. Radiat Oncol. 2018;13(1):116. https://doi.
org/10.1186/513014-018-1062-6.

Oechsner M, Diisberg M, Borm KJ, Combs SE, Wilkens
JJ, Duma MN. Deep inspiration breath-hold for left-sided
breast irradiation: Analysis of dose-mass histograms and the
impact of lung expansion. Radiat Oncol. 2019;14(1):109.
https://doi.org/10.1186/s13014-019-1293-1.

DOI:10.31557/APJCP.2025.26.5.1809
DIBH Coaching in Radiotherapy for Left Breast Cancer

23. Bruzzaniti V, Abate A, Pinnaro P, D’ Andrea M, Infusino E,
Landoni V, et al. Dosimetric and clinical advantages of deep
inspiration breath-hold (dibh) during radiotherapy of breast
cancer. J Exp Clin Cancer Res. 2013;32(1):88. https://doi.
org/10.1186/1756-9966-32-88.

Golsl

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Asian Pacific Journal of Cancer Prevention, Vol 26 1813



