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Abstract

Objective: To analyse the dosimetric benefit achieved with Deep inspiratory breath hold (DIBH) for left sided breast
irradiation and to identify the factors impacting it. Methods: Between 1% January’2023 to 31% December’ 2023, 100
consecutive patients with left sided breast cancer receiving adjuvant radiotherapy and fulfilling the inclusion/exclusion
criteria were enrolled in a prospective study conducted at Rajiv Gandhi Cancer Institute and Research Centre, New
Delhi. Two radiotherapy plans (DIBH/Free breathing (FB)) were generated and evaluated for each patient. Plans were
evaluated using dose-volume histogram (DVH). Anatomical and treatment parameters predicting cardiac sparing were
generated. Result: DIBH led to improvement in dosimetry for lung and cardiac structures for all group of patients.
Breathhold technique showed a significant increase in the circumference of the chest, separation and heart height. An
approximately 45% increase in ipsilateral lung volume was seen with DIBH. It led to a reduction in the heart volume
by 17.67%. After placement of the tangential fields, a decrease in maximum heart distance (MHD) and heart volume in
treatment field (HVIF) was seen in the DIBH phase. Conclusion: DIBH appears to be a useful tool for limiting cardiac
and pulmonary dose in all the patients with left sided breast cancer, potentially reducing long-term complications.
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Introduction

Radiotherapy forms an essential component of
multimodality management in breast cancer and has
shown improved overall survival and local control [1-5].
However, this improvement in breast cancer survival is
mitigated by an increase in cardiovascular morbidity and
mortality that is sustained even after 15 years especially
for left breast/chest wall irradiation. Incidence of ischemic
heart disease tends to linearly increase with mean heart
dose. Darby et al. [6] predicted a 7.4% increase in rate
of coronary events for every 1 Gy increase in mean heart
dose. Cardiac-morbidity may occur due to varying factors
including the volume of heart within radiation portals,
dose fractionation, dose to ventricles and left anterior
descending artery (LAD) and use of cardiotoxic agents
[7-8]. As of now, there is no threshold radiotherapy dose
for late cardiac morbidity and every effort should thus be

made to reduce the heart dose.

Advanced radiotherapy techniques aimed at decreasing
cardiac exposure have been developed including
3-dimensional conformal radiotherapy (3DCRT), intensity
modulated radiotherapy (IMRT), prone position treatment
and more recently DIBH technique [9]. Various planning
studies have shown promising results in reducing cardiac
dose without compromising target volume coverage with
DIBH when compared to FB. DIBH requires the patient
to take a deep breath during simulation and aims to ensure
an adequate and steady reproducibility for each fraction.
DIBH tends to increase the lung volume and move the
heart away from the target, thereby resulting in cardiac
sparing [10-12]. Despite published evidence, data on
factors impacting the dosimetry with DIBH are rare. We
hereby aim to analyse the dosimetric benefit achieved with
DIBH for left sided breast irradiation and to identify the
factors impacting it.
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Materials and Methods

Between 1st January’2023 to 31st December’ 2023,
100 consecutive patients with left sided breast cancer
receiving adjuvant radiotherapy and fulfilling the
inclusion/exclusion criteria were enrolled in a prospective
study conducted at Rajiv Gandhi Cancer Institute and
Research Centre, New Delhi. Inclusion criteria included
— 1) Histologically proven breast cancer, 2) Patients
undergoing breast conservative surgery (BCS) or modified
radical mastectomy (MRM), 3) Axillary lymphnodes
dissection or sentinel biopsy performed, 4) Negative
microscopic margins, 5) Age between 18 and 70 years, 6)
Karnofsky performance status >70%, 7) Written consent
taken. Those patients who 1) Refused participation in the
study, 2) Were unable to cooperate for DIBH training, 3)
Patients with history of active cardiac/lung disease and
4) Previous history of irradiation were excluded from the
present study. Institutional review board approval was
obtained for the study.

Treatment Protocol

All patients with left sided breast cancer underwent
surgery (BCS/MRM) with pathologic evaluation [13].
Systemic therapy was administered in a neoadjuvant or
adjuvant setting based on clinical stage and pathological
features. Adjuvant radiotherapy was delivered within 4
weeks of surgery and/or chemotherapy.

Regional nodal irradiation (RNI) was delivered in
case of >3 positive axillary lymphnodes. For 1-3 positive
axillary nodes, supraclavicular region was irradiated.
All patients undergoing BCS underwent sequential
lumpectomy cavity boost if any of the following features
were present - 1) Age <50 years, 2) Grade 3 and 3) Margin
positive with no further surgery feasible.

Radiotherapy Planning

Patients were immobilized in supine position using
vacloc with arms abducted above head. Radio-opaque
wires were used to delineate surgical scars and mark
tangential fields. All patients were instructed regarding
the breath hold procedure using Varian Real time Position
Management (RPM) system (Varian Medical Systems,
Palo Alto, CA, USA). RPM was used to observe the
breathing pattern and achieve a stable lung volume during
DIBH. A perspex box with infrared marker was used as
an external surrogate and was tracked using an infrared
camera. This marker was placed on the abdomen at a
midpoint between xiphisternum and umbilicus. Patient
was asked to take a deep breath and hold it for 20-30
seconds. Breathhold amplitude was analysed and threshold
adjusted to ensure maximal movement of Smm. Patients
were counselled and made to practice breath-hold for 2
consecutive days. Those patients who were not able to
do breathhold for >20 seconds were excluded from the
study and underwent a free breathing scan only. As the
patient got accustomed to the procedure, planning CT
scans (with IV contrast) of 2 mm slice thickness were
acquired in both FB and DIBH phase from the mid-neck
to 5 cm caudal to breast tissue using Siemens Somatom
CT simulator. DIBH images were attained with patient in
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maximum comfortable inspiratory phase. DICOM (Digital
Imaging and Communications in Medicine) images were
transferred to Eclipse Treatment Planning System (version
11.0 Varian Medical Systems, Palo Alto, California, USA).
Target volumes and organ at risk (OARs) were contoured
on both FB and DIBH scans.

Clinical target volume (CTV) for breast/chest wall,
lumpectomy cavity and nodal regions were contoured
as per Radiation Therapy Oncology Group (RTOG)
contouring guidelines [14]. To account for set-up errors,
a 5 mm margin was uniformly extended around CTV to
define a planning target volume (PTV). OARs including
heart, LAD, ventricles, lung, opposite breast, oesophagus
and spinal cord were contoured as per the published atlas
[15].

Forward IMRT radiotherapy plans were generated
on FB and DIBH image sets using the Eclipse Treatment
Planning System using an isotropic analytical algorithm
(AAA) for photons. Monoisocentric technique using
opposing non-divergent tangential fields along with
single anterior supraclavicular field was used. Treatment
optimization was achieved using field-in-field technique
and field weightage in order to generate homogeneity.
Gantry angles were identified to ensure adequate target
coverage, while avoiding excess irradiation of OARs.

Radiotherapy was delivered using either conventional
(50Gy/25#) or hypo-fractionation (42.5Gy/16#) depending
upon patients’ stage and physician choice. In general,
low risk patients not candidates for systemic therapy
received hypofractionated radiotherapy. High risk patients
receiving systemic therapy and who were candidates for
regional nodal irradiation (RNI) received conventional
fractionation [16]. Electron boost to lumpectomy
cavity (12Gy/4#) was planned if indicated. Treatment
was delivered using DIBH plan on Varian Rapid Arc
linear accelerator. Dose constraints were used as per
the quantitative analysis of normal tissue effect in clinic
(QUANTEC) data [17]. Dose constraints acceptable
for radiotherapy planning were as follows - Heart mean
dose <4Gy, ventricle mean dose <5Gy, LAD mean dose
<10Gy, ipsilateral lung V20Gy <35%, cord max dose
<45QGy, contralateral lung and breast mean dose <5Gy as
per institutional protocol.

Dosimetric Evaluation

In the present study, two plans (DIBH/FB) were
generated and evaluated for each patient. Plans were
quantitatively evaluated using DVH. For target volume
(PTV), D95%, D98% and D2% (dose received by 95%,
98%, and 2% volume), respectively, were reported.
Additionally, V95% and V107% (the volume receiving
at least 95% or 107% of prescribed dose) were also
calculated. Acceptable parameters for target volume
coverage included D90%>100%, V95% >95% and
V107% <15% [16]. For OARs, the following parameters
were reported and compared between the two plans —mean
dose to heart, volume of heart receiving 5Gy, 10Gy, 20Gy,
25Gy, 30 Gy, mean dose to LAD, ventricles, lungs and
opposite breast.



Anatomical Parameters

Planning CT scan of each patient was used to analyse
anatomical parameters and compared between DIBH and
FB datasets. These parameters included heart and lung
volume, height of the heart (HH), chest-wall heart contact
length (HCWL), circumference of chest (CC), chest depth
and body mass index (BMI). HH was described as the
difference between the superior and inferior contour of
the heart. Maximal contact distance between the heart
and chest wall was defined as HCWL. Thickness of the
chest at the level of maximal chest separation was termed
chest depth. Percentage change in lung volume with DIBH
when compared to FB was defined as breathhold volume
(BHV) [16].

Planning Parameters

In addition, tangential fields with half-beam block
were placed to cover the target volume while minimizing
irradiation of excess OARs for both FB and DIBH
treatment plans. This was used to devise few planning
parameters for each patient. These parameters included
maximal lung orthogonal distance (LOD), maximum heart
distance (MHD), heart volume in treatment field (HVIF)
and heart chest-wall distance (HCWD) (Figure 1(a-c)).

MHD was defined as the maximal distance between
the edge of the field and the border of heart. HCWD was
the distance between the chest wall and the apex of heart
(maximal heart point). Volume of heart encompassed by
50% isodose line was defined as HVIF. LOD was defined
as the distance between the lung-chest wall interface
and the edge of the field at the level of maximum chest
separation [16].

Treatment Modification

DIBH technique depends upon the fact that the breath-
hold position remains same during the whole treatment as
was used in radiotherapy planning. In case of variation in
patient’s respiratory pattern or change in RPM monitored
threshold amplitude of >5mm, the radiotherapy beam
was automatically terminated and thresholds had to be
adjusted accordingly.

Statistical Analysis

Data were reported as mean +/- standard deviation or
as %. Dosimetric comparison was carried between the FB
and DIBH plans. All statistical analysis was performed
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by the standard methods using SPSS computer software
(Version 23, SPSS Inc, Chicago, IL, USA). Paired t-test
and Wilcoxon signed-rank test were used for comparison
of the continuous data. Strength of correlation between
the various anatomical and dosimetric parameters was
analysed using the Pearson or Spearman correlation
coefficient. A p<0.05 was considered statistically
significant. Further, linear regression analysis was applied
to determine whether the characteristics independently
predicted for cardiac sparing.

Results

Patient and Disease characteristics (Table 1)

Between [* January’ 2023-31% December’2023,
100 consecutive patients with left sided breast cancer
undergoing radiotherapy and fulfilling the inclusion and
exclusion criteria were enrolled in the present study. Out of
these 100 patients, 53 underwent radiotherapy after BCS,
while 47 underwent MRM. Mean age of patient cohort
was 46.30+9.26years (Range, 27-66 years). Majority of
the patients (75%) received RNI (Supraclavicular/Axillary
level III irradiation).

Anatomical and Radiotherapy Treatment Planning
Parameters

DIBH led to chest wall expansion, thereby resulting
in constriction of heart volume and moving it away
from anterior chest wall and away from the tangential
radiotherapy beams. Differences in anatomical and
treatment planning features are summarized in Table 2.

Significant changes in anatomical parameters of
patient cohort were observed in the planning scans.
Breathhold technique showed a significant increase in the
circumference of the chest, separation and heart height.
An approximately 45% increase in ipsilateral lung volume
was seen with DIBH. It led to a reduction in the heart
volume by 17.67%. After placement of the tangential
fields, a decrease in MHD and HVIF was seen in the
DIBH phase. In addition, it led to an increase in LOD and
HCWD parameters.

Dosimetric Evaluation

Dosimetric parameters were evaluated for lung and
cardiac structures including heart, ventricles and left
anterior descending artery. DIBH led to improvement in

Figure 1. Anatomical and Planning Parameters during DIBH and FB planning (a). Heart-chest wall length (HCWL)
and chest depth, (b) heart-chest wall distance (HCWD) and lung orthogonal distance (LOD), and(c) Maximum heart

depth (MHD) and heart volume in field (HVIF).
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Table 1. Patient and Disease Characteristics

Patient and Disease Characteristics

n (%)

Age (Mean + SD)

BMI (kg/m2)

Quadrant (UIQ:UOQ:LIQ:LOQ:Multiple)
Pathological Tumor staging
(pTis:pT0:T1:T2:T3)

Pathological Nodal Staging
(pNx:pNO:pN1:N2:N3)

Surgery (MRM: BCS)

Chemotherapy (No Chemo: Neoadjuvant:
Adjuvant:Perioperative)

Dose Fractionation Schedule

(Conventional Fractionation: Hypofractionation)

46.30 +/- 9.26 years (Range, 27-66 years)
26.73 +/- 2.81 kg/m?
16(16%):39(39%):9(9%):12(12%):24(24%)

3(3%):5(5%):27(27%):49(49%): 16(16%)

1(1%):38(38%):38(38%):14(14%):9(9%)
47(47%):53(53%)

15(15%): 14(14%):66(66%):5(5%)

25(25%):75(75%)

— TV DIBH
+{1VfB

\

COMM(
LUNG DIBH

2(c)

Figure 2. a, b, c: Comparison of Dose Volume Histogram (DVH) between DIBH and FB Plan for Left Sided Breast

Cancer Irradiation

dosimetry for lung and cardiac structures for all group
of patients (Table 3, Figure 2). A trend towards higher
cardiac doses was seen in MRM patients for breathhold

plans. Minimal dosimetric impact of DIBH was seen on
the target volume (p>0.05).

Table 2. Comparison of Anatomical and Radiotherapy Treatment Parameters between Deep Inspiratory Breath Hold

and Free Breathing Scans

DIBH (Mean+SD) FB (Mean£SD) p-value
Anatomical Parameters
Height of Heart (HH) (cm) 8.27+0.88 7.66 £ 0.64 <0.001
Heart volume (cc) 428.13 £81.31 492.87 £ 68.21 <0.001
Common Lung Volume (cc) 3386.56 + 545 1926.81 £347.01 <0.001
Chest depth (cm) 22.24+1.93 20.67 +1.81 <0.001
HCWL (Chest wall Heart contact length) (cm) 4.63 £0.88 6.35+0.85 <0.001
Chest circumference (cm) 202.89 + 3.35 189.23 +3.07 0.434
Radiotherapy Treatment Parameters
MHD (cm) 0.67 +0.30 1.18 £0.26 <0.001
HVIF (Heart volume in Treatment field) 8.88+16.07 27.57£24.31 <0.001
HCWD (Heart chest-wall distance) 1.08£0.14 0.70£0.13 <0.001
LOD (Lung orthogonal distance) 2.29+0.29 1.85+0.22 <0.001
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Table 3. Dosimetric Comparison between Radiotherapy
Planning in Deep Inspiratory Breath Hold and Free
Breathing Phases

Dosimetric DIBH Free p-value
Parameters Breathing
Heart
Mean 2.50+0.57 4.40+0.75 0
V5Gy 5.924+3.31 12.174£3.63 0
V10Gy 2.68+2.01 7.9242.61 0
V20Gy 1.52+1.38 5.77+2.25 0.001
V25Gy 1.234+1.23 5.12+£2.25 0.002
V30Gy 0.99+1.08 4.41+2.15 0.002
V40Gy 0.460+0.72 2.57+1.88 0
Ventricle
Mean Left 3.32+1.89 6.68+1.89 0.243
Right 3.70+3.48 6.83+5.12 0
LAD
Mean 8.89+5.14 21.14+8.49 0
V5Gy 44.69+26.27 70.01+26.85 0.007
V40Gy 4.11£7.99 25.45+22.18 0
Lung
Mean Ipsilateral 10.58+3.72 11.71+4.12 0
Contralateral 0.71+0.73 0.77+0.73 0
Common 5.31+2.06 5.69+2.22 0
V5Gy Ipsilateral 43.60+19.35 45.02+19.55 0
Contralateral 0.39+1.72 0.28+1.19 0
Common 20.64+9.42 20.50+9.62 0
V13Gy Ipsilateral 23.41+8.54 25.84+9.61 0
V20Gy Ipsilateral 19.50+7.42 22.04+8.25 0
Common 9.15+3.60 10.05+4.16 0
PTV
D98% 41.41+3.17 41.70+3.43 0.135
D95% 42.6743.18 42.96+3.38 0.084
D50% 45.8243.48 46.10+£3.59 0.082
D2% 47.64+3.74 47.75+3.85 0.558
V107% 5.134+2.88 7.15+5.88 0.089
V95% 96.77+3.50 95.94+3.90 0.587
Monitor units 552.64+153.60  538.18+152.76  0.002

Correlations between OAR doses and Treatment
Parameters (Tables 4, 5)

Correlation between the difference in OAR dosimetry
and free breathing anatomical parameters is shown in Table
4. Difference in the mean heart dose correlated statistically
with the free breathing chest depth and difference in
lung volume. In addition, free breathing In-field heart
volume (HVIF) showed a significant correlation with the
difference in high-dose cardiac parameters (AV25Gy,
AV30Gy, AV40Gy). ALAD mean dose correlated with
free breathing MHD and difference in lung volume (ALV).

Correlation between free breathing anatomical and
DIBH dosimetric parameters is shown in Table 4. Free
breathing MHD and In-field heart volume (HVIF) showed
a significant correlation with DIBH cardiac dosimetric
variables. Inverse correlation between FB-HCWL
and breathhold common lung (V20Gy and Mean) and
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ipsilateral V20Gy was noted.

Linear regression analysis (Table 5) was applied to
ascertain whether the characteristics could independently
predict for sparing the heart, LAD and ventricles. All
patients undergoing regional nodal irradiation showed a
6.98% and 8.21% unit increase in the mean heart and left
ventricle dose, respectively. Every lcm increase in lung
orthogonal distance (LOD) in the FB scan led to a 13.84%
relative decrease in heart V5Gy. DIBH led to a 9.78% unit
decrease in heart V5Gy in all patients undergoing MRM.

In addition, regression models for cardiac dose
parameters and absolute/relative difference in anatomical
parameters were generated. A unit % decrease in HVIF
with DIBH led to a 0.63% and 0.26% decrease in heart
V25Gy and mean left ventricle dose, respectively. For
every unit % decrease in MHD, a relative decrease of
0.29% V5Gy was noted with breathhold technique. All
patients undergoing IMC irradiation showed a 9.62%
unit increase in cardiac V10Gy value. Breathhold led to
an increase in separation between cardiac apex and chest
wall (HCWD) with a relative decrease in mean cardiac
and left ventricular dose of 0.103% and 0.26% for every
unit % increase in HCWD respectively.

Discussion

Our results are in line with previously published data
demonstrating favourable alteration of patients’ anatomy
with DIBH that results in heart moving away from the
chest wall and outside the tangential radiotherapy fields.
It in turn permitted significant cardiac and lung sparing
[6, 18]. In women with one or more established cardiac
risk factors, both the baseline and the absolute increase
in risk of radiation-induced ischemic heart disease was
significantly higher [6]. This risk can further increase even
with the smallest of radiotherapy doses. Various studies
have noted variable mean heart dose-values; we however
accept the fact that there is no safe upper limit for the same.

In the current study, the mean dose to heart in DIBH
was 2.50Gy, which is lower than an average dose of
4.10Gy reported without breathing control in a systematic
review. A significant variability in mean doses received
by heart among other countries has been witnessed. This
reflects the difference in the RT techniques, anatomical
variations and difference in contouring techniques and
guidelines [19]. Mean cardiac dose reduction between
FB and DIBH ranged from 15.10% to 81.10% (Mean
difference 59%). Nissen et al. documented a mean heart
dose reduction of 48% compared to FB [20-21].

Breathhold implementation is a cumbersome process
creating various challenges for radiation oncology team
including the resource constraints, simulation slots,
coaching etc. Therefore, attempt was made identify the
anatomical and planning parameters which can be used
as indicators of cardiac sparing upfront. A meaningful
correlation between the change in OAR dosimetry and
FB anatomical parameters was seen (MHD and V10Gy/
Mean LAD; Chest Depth and Mean Heart/Contra-
lateral lung V5Gy/Ipsilateral lung average; HVIF and
AV25/AV30/AV40) (Table 4). In addition, significant
correlation between DIBH dosimetric variables and



anatomical factors was noted (BMI and Heart AV5Gy;
MHD and Heart AV10/AV20; HCWD and Contra-
lateral lung AV5Gy/Ipsilateral Lung Average; HVIF and
Heart AV25Gy/AV30Gy/AV40Gy). Register et al. [16]
reported the correlation between dosimetric parameters
and change in anatomical parameters. Alteration in
HCWL between FB/DIBH significantly correlated with
all cardiac dose parameters. Likewise, AHH correlated
with measured cardiac and LAD dosimetric parameters.
Mean MHD significantly correlated with majority of
the cardiac parameters including mean AHeart dose.
To summarize, Register et al. noted that changes in
anatomical parameters had meaningful correlation with
heart and LAD dosimetric parameters.

Subsequent regression analysis confirmed significance
of chest separation, LOD, type of surgery, RNI, IMC
inclusion, AHCW (Absolute/Relative), ALung volume
(Absolute/Relative), AMHD (Absolute/Relative), AHH
(Absolute/Relative) in predicting cardiac doses. MHD,
chest separation, LOD, HCW and HH denote a complex
interaction between the anatomical and radiotherapy
treatment parameters exclusively for each patient due
to breathhold. It tends to indirectly characterise the
volume of heart exposed to radiation during radiotherapy
treatment planning. Our study aims to document these
easily quantifiable surrogates of cardiac sparing with
DIBH for individual patients.

Historically, there is lack of published data with
regards to identifying a subset of patients benefiting
from DIBH. Significant dosimetric benefit with DIBH
was noted for patients undergoing MRM. In addition to
cardiac sparing, DIBH tends to decrease the lung volume
exposed to radiation; thereby leading to decrease in overall
lung dose. Published studies indicate constant cardiac
sparing with breathhold; however, results seem variable
as far as lung data is concerned. Our results showed a
significant cardiac and pulmonary sparing with DIBH
which was in line with observations made by Swanson
et al. [10] and Register et al. [16]. In contrast, Shim et
al. [12] noted a non-significant improvement in V20Gy
and mean lung dose, which may be a result of a much
smaller % increase in lung volume (approximately 45%)
as compared to 79% (Change in common lung volume)
observed in the present study.

Despite breathhold technique, some of the patients had
minimal benefit as far as OAR dosimetry is concerned.
This in turn can be attributed to favourable anatomy
or sub-optimal respiration pattern of the individual
patient. This fact highlights the need for identification
of predictive factors and formulation of a model for
documenting OAR sparing pre-treatment.

Most of the available literature focuses on cardiac and
lung sparing; while few authors have tried to correlate
between radiotherapy treatment planning and anatomical
features with cardiac doses. Majority of the studies have
focussed on MHD and HVIF. A strong linear correlation
between the mean heart dose and HVIF was noted by
Wang et al. [22] with an increment of 67cGy mean heart
dose for every 10cm3 increase in HVIF volume. Hayden
etal. [11] noted a strong correlation between heart V30Gy
and MHD/HVIF. Few studies have attempted to analyse

DOI:10.31557/APJCP.2025.26.2.631
Predictors of Cardiac Sparing Using DIBH

the individual factors predictive of benefit with DIBH and
observed HVIF/MHD as an independent factor suggestive
of cardiac sparing [16, 23]. Our results were keeping in
line with the pre-existing data.

Tanna et al. [23] analysed 134 patients selected for
DIBH using different selection approaches including - 1)
For all patients with mean heart dose >3Gy, 2) MHD>1cm,
3) Using upfront selection criteria ie. Extensive tumor
bed, inferior quadrant and all chest wall cases, 4) All
left sided breast cancer cases. Tanna et al. recommended
the upfront selection criteria for DIBH radiotherapy
treatment. In addition, in cases where MHD was >1cm
in FB scan, benefit of DIBH was seen. Breathhold was
not recommended for all left sided breast cases as it may
result in ‘over-selection’ of cases and put an extra burden
on our resources. Therefore, it is practical to calculate
MHD (Cut-off >1.1cm) and HVIF (Cut-off 27.5¢cc) on
FB scans to select cases for DIBH.

Major limitations of our study included the dosimetric
nature of the study and limited number of patients.
London cancer guidelines [24] recommended cardiac
dose interpretation to be done taking into consideration
the underlying cardiac risk factor; however, this was
not the case in our study. In addition, electron boost to
lumpectomy cavity was delivered on a free breathing
scan for all patients.

Benefits obtained with DIBH must be weighed against
the complex nature of treatment, prolonged treatment time
and more effort and expertise required for the treating
technologist and patient. Most important factor for a
successful breath-hold is patient’s ability to comply with
the breath-hold instructions, age, performance status and
comorbidities.

To summarize, DIBH appears to be a useful tool for
limiting cardiac and pulmonary dose in all the patients
with left sided breast cancer, potentially reducing
long-term complications. Ours is the first study from
Northern India attempting to identify predictive factors
for dosimetric benefit with DIBH. MHD and HVIF can be
used as surrogates for reduction in cardiac dose parameters
including heart, LAD and ventricles.
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