
International Journal of Radiation Research, April 2022 Volume 20, No 2 

Deep inspiration breath hold in left sided tangential breast 
radiotherapy: Degree of lung inflation needed to compansate 

for cardiac motion 

INTRODUCTION 

Standard treatment for early breast cancer consist 
of postoperative whole breast irradiation following 
breast- conserving surgery. Prospective randomized 
trials have proven that postoperative radiotherapy 
improves locoregional control and overall survival in 
both post-lumpectomy and post-mastectomy settings 
(1,2). Radiotherapy before the 1980s led to heart 
diseases due to the use of old radiotherapy 
techniques, mostly targeting of internal mammary 
lymph nodes; therefore, an increase in overall 
survival could not be demonstrated (3,4). Additionally, 
therapeutic agents, such as anthracyclines and 
trastuzumab, which improves overall survival in 
breast cancer but have cardiotoxic side effects, are 
also frequently used at present (5,6). In patients with 
left-sided breast cancer treated with potentially 
cardiotoxic chemotherapeutic agents, radiation 
exposures to the heart should be eliminated modern 
radiotherapy techniques. For every 1 Gy of radiation, 
a woman’s risk of subsequent heart disease increases 
by 7.4% starting within 5 years after radiotherapy 
treatment and continuing for 30 years (7). Similarly, 
increased risks have been noted in women with or 
without cardiovascular risk factors during 
irradiation. The absolute increase in radiotherapy 

risk is greater in women with pre-existing cardiac 
risk factors than other women.  Correa et al. reported 
a significantly higher prevalence of left-sided breast 
abnormalities in irradiated breast cancer patients, 
with 70% occuring in the left anterior descending 
artery (LAD) region than in right-sided irradiated 
breast cancer patients at a median follow-up of 12 
years (8). In a study with long-term follow-up, 50% - 
70% of patients treated with left-sided tangents 
exhibited persistent myocardial perfusion defects 3 
to 6 years after irradiation (9). Intensity-modulated 
radiotherapy (IMRT) is an alternative method for 
reducing cardiac doses, but low and moderate cardiac 
doses as well as contralateral pulmonary and 
contralateral breast doses are increased with IMRT. 
Standard tangential fields is a safe method in early 
breast irradiation, and is recommended by the 2018 
ASTRO evidence-based guidelines (10). Previous 
studies have shown that treatment with standard 
tangential fields with deep inspiratory breath holding 
(DIBH) reduced cardiac structure doses relative to 
those for free breathing (FB) (11). Lungs inflated by 
DIBH push the diaphragm down and move the heart 
caudally from the chest wall. Presently, despite 
contemporary radiotherapy techniques with 
respiratory control part of the cardiac apex or 
ventricle wall and the remain in the tangential during 
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ABSTRACT 

Background: To determine the degree of lung inflation sufficient to compensate for 
cardiac motion in patients receiving standard tangential left-breast radiotherapy 
during deep inspiration breath hold (DIBH). Materials and Methods: Computed 
tomography (CT) scans were performed in 20 patients with left-sided early breast 
cancer during free breathing (FB) and DIBH. Standard tangential field plans were 
generated in both CT sets. Doses to the organs at risk were assessed. The margin 
between the left anterior descending artery (LAD) and posterior field edge was 
measured from the closest point. Results: The DIBH plans showed equal coverage of 
the breasts, so it was possible to obtain lower cardiac doses with DIBH. The median 
increase in the left-lung volume with DIBH was 53% (range 12.6% - 108%).  A LAD 
safety distance ≥ 5mm from field edges was not obtained in any of the patients during 
FB, whereas in 60% of the patients during DIBH the safety distance was obtained. The 
lung inflation rate and cardiac safety distance were strongly correlated. The mean 
distance between the LAD and tangential field posterior edge increased significantly 
from 0.23 cm to 0.64 cm (p=0.041) in the patients who inflated their ipsilateral lung  > 
1.5 times. Conclusion: Lung inflation of  ≥50% compensated for cardiac motion during 
treatment using DIBH. The lung inflation capacity should be considered in choosing the 
irradiation technique in left-sided breast cancer patients. 
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treatment it is possible for a person to hold their 
breath, but the heart continues to beat.  

The focus of earlier studies on respiratory gating 
in breast cancer radiotherapy has been to decrease 
cardiac and lung doses, but new studies have 
examined the movement of the LAD. A study from MD 
Anderson Cancer Center showed that the LAD should 
be at a distance of 5 mm from the posterior edge of 
the planned tangential field to eliminate heartbeat-
related movement in treatment with DIBH (12). A 
French study that used cardiac-gated CT scans with 
an intravenous contrast agent to evaluate the three-
dimensional (3D) diameter and heartbeat-related 
LAD movement showed that the average LAD 
displacement in the 3D axis was approximately 5 mm 
for all patients (13).  

The study aim was to determine the degree of 
lung inflation sufficient to compensate for cardiac 
motion in patients receiving standard tangential          
left-breast radiotherapy during DIBH.  

 
 

MATERIALS AND METHODS 
 

In this study, patients were prospectively accrued 
with the approval of the Istanbul Bilim University 
Research Ethics Committee in March 2014 
(44140529/2014-17). Twenty consecutive patients 
with left-sided early breast cancer after breast-
conserving surgery were enrolled in the study after 
providing written informed consent. For all partients, 
current international guidelines were used for 
treatment selections made by a multidisciplinary 
tumor board. None of patients received neoadjuvant 
treatment. Chemotherapy was initiated in 13 patients 
prior to initiation of radiotherapy and mostly 
consisted of an anthracycline and cyclophosphamide-
containing schedule.  

Three patients with HER2 positivity also received 
trastuzumab. Patient information such as age, height, 
weight, body mass index (BMI), and smoking history 
was obtained and recorded. None of the patients had 
a history of chronic lung disease or previous lung 
surgery, congestive heart failure, or psychiatric 
diseae. The BMI was classified according to                       
the World Health Organization categories as 
“Underweight” (<18.5 kg/m2), “Normal weight” (18.5 
kg/m2 to <25.0 kg/m2), “Pre-obese” (25.0 kg/m2 to 
<30.0 kg/m2) and “Obese” (>30.0 kg/m2). According 
to the normal upper limit of the BMI, the patients 
were assigned to one of two groups: the ≤25 kg/m2 
group and  >25 kg/m2 group. 

 

CT simulation 
Before computed tomography (CT) scanning; a 

standardized respiratory training session was given 
to each patient individually. Patients were supine on 
the breast board (Civco indexed carbon fiber MT-
IL4101; Civco, Kalona, IA, USA) with both arms 
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elevated. Radio-opaque wires were clinically placed 
to delineate the breast. The CT bore size was 80 cm 
(GE, Optima CT580). The CT scans were performed 
during FB and DIBH by using the Real-time Position 
Management (RPM)™  system  (Varian Medical 
Systems, Palo Alto, CA, USA). Patients were scanned 
from the mandible to the upper abdomen, including 
the whole breasts. The slice thickness was 2.5 mm. 
The RPM™ system was used to measure motion. An 
infrared reflecting marker was placed over the 
xiphoid process, and an infrared camera registereds 
the anterioposterior motion of the marker due to 
respiration. The CT images were transferred to a 
Varian Eclipse treatment planning Workstation 
(version 10.0.28, Varian Medical Systems). 

 
Contouring 

The contralateral breast, heart, LAD and 
ipsilateral lung are considered organs at risk (OARs). 
Body and lung contours were created by dosimetrists 
using an automatic contouring feature. For 
consistency, delineation of other structures was 
performed by the same radiation oncologist (G.A.) 
according to the  Radiation Therapy Oncology Group 
breast-contouring guidelines (14). Left breast was 
drawn as the breast clinical target volume (CTV) 
following the radio-opaque wire and 5 mm from the 
skin surface was removed. LAD contours were drawn 
from the origin off the main coronary artery to the 
apex under supervision from a radiologist (M.B.) on 
all scans. The heart contour began just inferior to the 
pulmonary artery, inclusive of all major cardiac and 
vascular structures with the pericardium at that level, 
and ended when the left and right ventricles were no 
longer discernible. Lung volumes inside the 
tangential beams were contoured after treatment 
plans were done completed following the customized 
multi-leaf collimator (MLC) blocks.   

 
Treatment planning 

Tangents were used with a using 6-MV photon 
half-beam, and plans were determined to expose 50 
Gy in 2-Gy fractions. The field in field (FiF) technique 
has been used in breast cancer treatment in our clinic 
since 2009 (15). The heart was blocked by using 
customized MLCs without compromising breast CTV 
in every segment. The calculation algorithm was 
Eclipse Analytical Anisotropic Algorithm (Version 
10.0.28). The grid size in the dose calculation matrix 
was 0.25 cm. To evaluate the target coverage, 95% of 
the breast CTV received ≥98% of the prescribed dose. 
The mean, minimum and maximum doses and 
volume sizes were obtained from the dose-volume 
histogram (DVH) statistics. The target conformity 
index (CI) was calculated by using the formula (V95/ 
Vbreast CTV), and the homogeneity index for breast 
CTV was defined as (D2% - D98% / D50%). Central 
lung distances (CLD) were measured in beam’s-eye 
view. Lung volumes inside the tangential field with 
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MLCs were contoured after treatment planning for 
each plan. The ratio of the lung volume inside the 
tangential field to the whole ipsilateral lung volume 
was calculated for each patient. The safety margin 
between the LAD and posterior field edge was 
measured from the closest point  (figure 1A and -B). 
Lung volumes were compared between patients with 
and without ideal LAD safety distance. 

 

Statistical analysis 
SPSS- 22 (Statistical Packages for Social Sciences- 

version 22) was used for statistical analysis. Dose 
analysis and volume comparisons of the heart, LAD, 
ipsilateral lung and contralateral breast in two 
breathing techniques were assessed by paired 
samples t test. The independent samples t test was 
used to assess the association between ipsilateral 
lung inflation volume and the LAD safety distance 
from the field edge. Spearman’s rank correlation 
coefficient was used for correlational analysis. Data 
were considered statistically significant for p < 0.05. 

 
 

RESULTS  
 

The median age was 56 (range: 30–79) years. The 
mean BMI in this study was 27.25 kg/m2 (range, 21–
34 kg/m2), and 35% of the patients had a BMI ≤ 25.0 
kg/m2. Only three patients had a smoking history. 
The mean volumes of breast CTV and OARs, and the 
dosimetric parameters for all 20 patients are shown 
in table 1. For FiF plans, a median of four segments 

(range: 3- 4 segments) was used. No significant 
difference in size was found for the breast CTV 
between plans. The comparison of DVH parameters 
for breast CTV were quite similar in both FB and 
DIBH plans without a significant change in CI and HI.  

The percent volumes (7.6% vs 6.8%, p = 0.148 ) of 
the ipsilateral lung within the tangential fields were 
also not significantly different between the two plans.  
The mean and maximum doses and V5 through V30 
values of the heart and LAD significantly decreased 
with DIBH.  

The mean volume of the ipsilateral lung increased 
significantly during DIBH from 1172 cc (range: 722–
1494 cc) to 1810 cc (range: 988–2559 cc) (p < 0.001). 
The median ipsilateral lung inflation volume was 677 
cc (range: 182.3–1154.3 cc), and the median 
ipsilateral lung inflation ratio was 53.3% (range: 
12.6%–108%) for DIBH. Looking at the results 
another way shows that the ipsilateral lung volume 
increased from initiation by a median 1.5 (range: 1.12
–2.08) times with DIBH. Only five (25%) patients 
were able to inflate their lungs >1.8 times. 

The LAD was closest to the posterior field edge in 
the middle 1/3 region. In FB, despite cardiac 
blocking; a ≥ 5 mm safety margin between the LAD 
and posterior field edge was not achieved in any of 
the 20 patients, and the LAD was inside of field in 18 
of the 20 patients. Using DIBH technique with 
customized cardiac blocking, a  ≥ 5 mm safety margin 
to compensate the for cardiac motion was obtained in 
60% of  (n=12) our study’s cohort.  Lung inflation 
significantly correlated with distance between the 
LAD and posterior field edge. Ten of the 20 patients 
had <677 cc lung inflation and the total margin from 
the LAD to posterior field edge was 0.23 cm, whereas 
the remaining 10 patients had >677 -cc lung inflation 
and a total margin from the LAD to the posterior field 
edge of 0.64 cm (p=0.041). In other words, the mean 
LAD and posterior field edge distances increased 
significantly from 0.23 cm to 0.64 cm (p=0.041) for 
the half of our cohort who could inflate their 
ipsilateral lung by >50% with DIBH. 

There was no correlation between the smoking 
history and ratio of ipsilateral lung inflation since 
only three patients were smokers, which is probably 
insufficient for analysis. Age and BMI distribution 
were more balanced, the BMI median value was 
found to be 27 (range: 21–34), 40% of the cases were 
underweight or normal, and 60% were overweight or 
obese. However, in the correlation analysis, there was 
no correlation between the patient-spesific factors 
(age, BMI, smoking) and neither ipsilateral lung 
inflation rate and nor the LAD distance from field 
posterior edge.  
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Figure 1. A;  Distances between tangential field posterior 
border and left anterior descending artery during                  

free-breathing. B;  Distances between tangential field                
posterior border and left anterior descending artery during 

deep-inspiration breath hold. 
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DISCUSSION 
 

Due to concerns about potential cardiotoxicity, 
methods to maximize heart protection in breast 
radiotherapy are being actively investigated. LAD 
doses cannot be reset in left-breast irradiation due to 
the proximity of the cardiac apex to the chest wall. 
Although millimeter-specific treatments can be 
performed with today’s precision technology, all 
measures should be taken to reduce LAD doses. In 
this study, we showed that not every patient can 
fulfill the breath-holding conditions necessary for 
DIBH.  In our study, we could only achieve successful 
lung inflation that could eliminate cardiac motion in 
12 (60%) of the 20 patients, and the LAD moved 0.5–
1.3 cm away from the posterior margin in their plans. 
Dosimetric parameters of the ipsilateral whole lung 
and the percent ipsilateral lung volume in the 
tangential field and contralateral breast were not 
changed with DIBH (table 1). 

It was previously shown that greater lung 

inflation resulteds lower doses to the heart and LAD 
(16-23). Some selected studies are summarized in table 
2. Compared with those studies,  our study obtained 
the lowest doses to OAR, which may be because 
cardiac blocking is performed with an MLC in the 
tangential field without compromising target 
coverage. 

 The patients’ characteristics have an important 
role in their inspiration hold capacity. The anatomical 
variations and racial characteristics of the body, age, 
obesity, exercise habits, smoking history, 
comorbidities (such as chronic obstructive 
pulmonary disease), educational level and treatment 
anxiety may affect breath-holding performance.  

Two studies from Denmark reported that lung 
volumes almost doubled with DIBH (17, 19).  In the 
cohort of a study by Register et al. DIBH resulted in a 
relative increase of 75% in the absolute left-lung 
volume (24). Similarly, in a Japanese study the mean 
volume of the lungs during DIBH increased by ~ 
160% relative to that during FB (25). Tanguturi et al. 
also showed that greater inspiratory lung volumes 
benefit from DIBH for cardiac dosimetry in left-sided 
breast cancer patients (26).  Chang et al. (27) obtained 
results similar to those for our study cohort, and they 
suggested that the difference in ipsilateral lung 
volume between DIBH and FB of 1.8 [lung volume in 
DIBH (cm³) / lung volume in FB (cm³)] indicated that 
the patients obtained more benefit from the DIBH 
technique with IMRT. Although we individually 
trained each patient in our cohort for ≥15 minutes 
with standardized respiratory training, only 25% of 
the patients were able to inflate their ipsilateral lungs 
>1.8 times. In our study, ipsilateral lung volumes 
increased by a median of 1.5 times with DIBH. The 
threshold value for lung inflation was also given in cc 
units in previous studies, and ranged from 730 – 1000 
cc versus approximately 700 cc found in our study 
(17,19,24,25) . 

Consistent with our findings, Scho necker et al. 
revealed that the heart completely moved out of the 
treatment field during DIBH in six of nine patients in 
their cohort, in another study from Canada; in 13 of 
20 patients, the LAD was completely excluded from 
the tangential field when using DIBH, and the ratio 
was similar to that in our study, but they did not 
investigate the LAD field distance (22,28). 

There are conflicting findings in previous studies 
regarding the relationship between patient-specific 
factors and effective deep breath holding (18, 25, 26, 29). 
In a Japanese cohort, they found that a relative 
reduction in the mean heart dose correlated with 
inspiratory volume (25). The mean BMI was 21.9 kg/
m2, and only a few patients were categorized as 
overweight or obese, which means that their cohort 
included many underweight patients. In our Turkish 
cohort, the median BMI was 27 kg/m2 (range, 21–34 
kg/m2), none of the patients were underweight, 65% 
of the patients were overweight, and BMI was not 
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 FB mean DIBH mean 
Paired sample  
t test (p value) 

Conformity index 0.983 0.939 0.343 
Homogeneity index 0.075 0.067 0.184 

Breast CTV 
V95 (Gy) 

   % 
Max 
Min 

Mean 

  
48.88 
97.78 
107.4 
45.53 
102.3 

  
48.83 
98.15 
107.4 
54.07 
102.3 

  
  

  0.663 
  0.082 
  0.957 
  0.228 
  0.516 

Heart 
Mean (Gy) 

Max 
V5 

V10 
V20 
V25 
V30 

1.57 
46.52 

3.4 
1.8 

1.12 
0.83 
0.73 

1.02 
25.47 
1.31 
0.36 
0.1 

0.04 
0.02 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

LAD coronary artery 
mean 
Max 
V5 

V10 
V15 
V20 
V25 
V30 

9.44 
36.88 
42.35 
23.63 

18 
14.97 
12.63 
10.53 

3.91 
17.95 
18.97 
3.61 
1.8 

1.07 
0.71 
0.5 

  
  0.001 
<0.001 
<0.001 
<0.001 
  0.002 
  0.005 
  0.009 
  0.014 

Ipsilateral lung 
Volume total (cc) 
Volume inside of  

field (%) 
Mean (Gy) 

V5 
V10 
V20 
V30 

1172 (722
-1494) 

7.6 
5.6 

18.8 
12.6 
9.3 
7.6 

1810 (988-
2559) 

6.9 
5.3 

18.7 
11.8 
8.3 
6.8 

<0.001 
  0.148 
  0.178 
  0.868 
  0.232 
  0.110 
  0.125 

Contralateral breast 
Max 

Mean 

  
4.43 
0.16 

  
1.61 
0.13 

  
  0.195 
  0.285 

CLD (cm) 1.82 1.86  >0.05 

Table 1. Comparison of dosimetric results. 
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correlated with inspiratory volume change. Our 
results concur with Wang et al. (28), who stated that 
desired and feasible cardiac protection could not be 
achieved with DIBH in all patients with the same BMI 
profile. As it is not easy to predict which patient can 
achieve the ideal benefit in DIBH, some centers 
simulate patients with left-sided breast cancer by 

using both DIBH and FB scans (26). Better                    
pre-treatment training procedures can also be 
developed to reduce patients’ anxiety. A new study 
demonstrated the advantage of educating patients 
with online materials, such as training videos, that 
increase their knowledge of radiation treatment (30). 
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Authors and 
date 

Patient 
number 

 Target volume 
prescribed dose 

and energy 
Technique 

Mean heart 
dose 

FB                DIBH 

Mean LAD 
dose 

FB             DIBH 

Mean left lung dose 
FB               DIBH 

Stranzl et al., 
2008 (16) 

22 Breast CTV 50Gy 6MV 3D-CRT RPM 2.3Gy         1.3Gy  Not reported Not reported 

Vikström et al., 
2011 (17) 

17 
Breast PTV 50Gy 6-

15MV 

V95 > 98%                    
Audiovisual guidance 

3D-CRT RPM 

3.7Gy          
1.7Gy 

18.1Gy      
6.4Gy 

  
6.9Gy         5.9Gy 

Jarvis et al., 
2012 (18) 

11 
Breast CTV or chest wall 

50.4Gy 
Max ≤ 110% 
3D-CRT RPM 

(LV*) 
2.31-2.38Gy 

1.24Gy 

8.98-11.32Gy      
3.5 Gy 

Not reported 

Hjelstuen et al., 
2012 (19) 

17 
Breast PTV and 

lymphatics 50Gy 6-15MV 
3D-CRT RPM 6.2Gy         3.1Gy 25Gy     10.9Gy 

  
21.7Gy         16.4Gy 

Swanson et al., 
2013 (20) 

87 Breast CTV 45Gy IMRT (step&shoot) ABC 
4.23Gy      
2.54Gy 

Not reported 
  

9.1Gy           7.9Gy 

Bolukbasi et al., 
2014 (21) 

10 
Breast PTV 50Gy 6 - 

18MV 

V95> %98 
Forward IMRT 
Inverse IMRT 

RPM 

1.7Gy       0.66Gy 
4.9Gy          
3.7Gy 

1.7Gy      0.8Gy 
5Gy           4Gy 

Not  reported 

Schönecker et 
al., 2016 (22) 

9 50Gy Catalysts surface 
2.73Gy      
1.31Gy 

18.9Gy     4.2Gy 8Gy          6.45Gy 

Oeschner  et al., 
2019 (23) 

31 Breast PTV 50Gy 3D-FinF RPM 4Gy         1.7Gy Not reported 10Gy            8.1Gy 

Current study 20 Breast CTV 50Gy 6MV 
3D-FinF RPM 

( heart blocked with 
MLC) 

1.57Gy      
1.02Gy 

9.44Gy    
3.91Gy 

5.63Gy           5.3Gy 

Table 2. Published doses of heart, left anterior descending artery and ipsilateral lung with breathing adapted radiotherapy.  

CONCLUSION  
 
In conclusion we demonstrated that irradiated 

heart and LAD volumes could be significantly 
reduced in left-sided breast cancer patients by using 
the DIBH technique without any change in ipsilateral 
lung and contralateral breast doses. In our study, 
despite cardiac blocking in FB;  none of our patients 
with a  ≥ 5-mm safety margin between the LAD and 
posterior field edge was achieved. Using the DIBH 
technique with cardiac MLC blocking  a ≥5mm safety 
margin to that eliminated cardiac motion was 
obtained  when the lung was inflated ≥1.5 times more 
than in FB. Although DIBH has widespread use, 
cardiac gating is uncommon, and there is no evidence 
showing that it is feasible. Therefore, we emphasize 
that it is best to ignore cardiac motion with an 
appropriate increase in lung volume. Patient 
performance to breathe effectively is the primary 
condition necessary for achieving an ideal left-breast 
treatment plan with DIBH and the best way to protect 
patients from the long-term cardiovascular effects of 
left-lateral breast irradiation. 
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