
Purpose: To determine the effect of the deep inspiration breath-hold (DIBH) technique on left anteri-
or descending coronary artery (LAD) region and heart dose in left breast cancer irradiation. 
Materials and Methods: Twenty-five left breast cancer patients who previously received breast-con-
serving surgery underwent computed tomography (CT) simulation with both free-breathing (FB) and 
DIBH techniques and four radiation treatment plans. The plan comprised the following with both the 
FB and DIBH techniques: whole breast (WB), and WB with internal mammary lymph nodes 
(WB+IMNs). The prescription dose was 50 Gy in 25 fractions. The doses to the LAD region, heart and 
lungs were compared. Moreover, in-field maximum heart distance (maxHD) and breast volume were 
analyzed for correlations with the mean heart dose (MHD). 
Results: In the WB plan with DIBH vs. FB techniques, the mean radiation doses to the LAD region, 
MHD, and the left lung V20 were 11.48 Gy vs. 19.84 Gy (p < 0.0001), 2.95 Gy vs. 5.38 Gy (p < 0.0001), 
and 19.72% vs. 22.73% (p = 0.0045), respectively. In the WB+IMNs plan, the corresponding values 
were 23.88 Gy vs. 31.98 Gy (p < 0.0001), 6.43 Gy vs. 10.24 Gy (p < 0.0001), and 29.31% vs. 32.1% (p 
= 0.0009), respectively. MHD correlated with maxHD (r = 0.925) and breast volume (r = 0.6). 
Conclusion: The use of the DIBH technique in left breast cancer irradiation effectively reduces the ra-
diation doses to the LAD region, heart and lungs. MHD is associated with maxHD and breast size. 
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Introduction 

Breast cancer is the most common female cancer among women in 

Thailand and worldwide [1,2]. With technical advancements, the 

treatment outcome, quality of life and survival of breast cancer pa-

tients have been much improved. Currently, radiotherapy remains 

an important modality in breast cancer treatment. Radiation thera-

py either after breast-conserving surgery or postmastectomy sig-

nificantly reduces recurrence risk and mortality [3,4]. Recently, in-

ternal mammary node (IMN) irradiation has been increasingly used 

after its overall survival benefit was shown [5,6]. 

Although breast irradiation improves survival in breast cancer pa-

tients, cardiac complications are of concern especially in left breast 

irradiation. Adding IMN irradiation with a wide tangential field could 

increase the radiation exposure to the heart. Darby et al. [7] reported 

that the rate of major coronary events increased by 7.4% per Gray 

(Gy) of the mean radiation dose to the heart (mean heart dose 

[MHD]) without a minimum dose threshold. MHD has been com-

monly used when evaluating the effect of radiation on the heart. Re-

cently, the radiation dose to left anterior descending coronary artery 
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(LAD) and other substructures has also been studied [8]. 

Aiming to minimize radiation doses to normal tissues in breast 

cancer patients, the deep inspiration breath-hold (DIBH) technique 

has been extensively studied [9]. The DIBH technique expands the 

lungs and moves diaphragm downward, which in turn moves the 

heart posteriorly and inferiorly. This maximizes the distance be-

tween the chest wall and the heart during or close to deep inspira-

tion; consequently, reduces radiation exposure to the heart. 

Effects of the DIBH technique in reducing the radiation dose to 

the LAD have recently been reported [10-13]; however, delineation 

of the LAD requires an injection of a contrast agent, which is not 

usually performed in our clinical practice. We contoured the ante-

rior interventricular groove from its origin down to the apex of the 

heart as the LAD region. This study intended to study the effect of 

the DIBH technique on reducing the radiation dose to the LAD re-

gion and heart in left breast cancer patients. 

Materials and Methods 

1. Patient selection and simulation 
After obtaining approval from the Institutional Review Board of the 

Faculty of Medicine, Chulalongkorn University (No. 409/60), we 

prospectively enrolled patients with left sided breast cancer who 

underwent breast-conserving surgery, had a good performance sta-

tus (Eastern Cooperative Oncology Group [ECOG] 0–1), and could 

perform breath holding. Either Philips Brilliance Big Bore or Sie-

mens SOMATOM Definition CT (computed tomography) was used 

for simulation in our division. In the CT simulation, a breast board 

was used to immobilize the patients while both arms were up. The 

patients underwent two series of CT simulation scans; free-breath-

ing (FB) and DIBH without an intravenous contrast injection (Fig. 

1A, 1B). Radiopaque markers were placed on the patient's chest to 

indicate the field borders. The medial and lateral borders were at 

the midline and mid-axillary line, respectively. The upper border 

was the lower border of the clavicular head, and the lower border 

was approximately 1–2 cm below the inframammary fold. A CT 

scan during FB was performed first, followed by a DIBH scan. For 

the DIBH scan, the patients were trained to perform a deep inspira-

tion and then hold their breath for approximately 20 seconds. We 

provided a teaching video clip to the patients so that they could 

study the concept of the DIBH and practice how to hold their 

breath during CT scans and treatments [14]. The stability of pa-

tient’s breath holding status was monitored by the Varian Re-

al-time Position Management (RPM) respiratory gating system 

during the CT simulation and by the AlignRT (VisionRT, London, UK) 

during daily treatments. The CT slice thickness was 3 mm, and the 

Fig. 1. Computed tomography (CT) simulation and treatment planning. CT simulation images of the FB technique (A) and the DIBH technique 
(B). Treatment fields and isodose distribution of the WB plan with the FB technique (C) and the DIBH technique (D). FB, free-breathing; DIBH, 
deep inspiration breath-hold; WB, whole breast.
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axial images were constructed with 3-mm spacing.  

2. Treatment planning  
Each patient underwent four treatment plans, covering the whole 

breast (WB) and WB plus IMNs of the first to third intercostal 

spaces (WB+IMNs) with both FB and DIBH techniques. To make the 

target volume coverages comparable, tangential whole breast ra-

diotherapy (WBRT) fields with both breathing techniques utilized 

the same surface markers that defined the medial, lateral, superior 

and inferior borders (Fig. 1C, 1D). In WB+IMNs plans, clinical target 

volume (CTV) was delineated according to the Radiation Therapy 

Oncology Group (RTOG) breast contouring guidelines [15]. The 

planning target volume (PTV), 5-mm expansion from the CTV, was 

used to define the treatment field (Fig. 2). The WB+IMNs plans 

were normalized until 95% of PTV receiving at least 45 Gy. Addi-

tionally, 95% of the target volume dose had to be no more than 1 

Gy different between the FB and DIBH plans, as shown in dose vol-

ume histogram in Fig. 3. Forward intensity- modulated radiothera-

py (IMRT) using an electronic compensator was applied in all plans. 

The prescription dose was 50 Gy in 25 fractions. The final dose dis-

tribution was calculated using Eclipse treatment planning system 

with inhomogeneity correction (Eclipse version 11.0.31). Normal 

structures including the heart, lungs and the LAD region were also 

contoured in both FB and DIBH images. The LAD region was con-

toured according to RADCOM atlas [16] (Fig. 4). 

The cardiac parameters were mean LAD region dose, MHD, heart 

V25, and heart V40. The lung parameters included left lung V20 and 

mean bilateral lungs. In-field maximum heart distance (maxHD), 

which was measured in centimeters on digitally reconstructed ra-

diograph from CT images, was recorded and analyzed to determine 

whether this parameter correlated with MHD. The In-field maxHD 

values from all four plans, WB plans and WB+IMNs plans with 

both FB and DIBH techniques were used to study their correlations 

with the MHD. Breast volume (measured in cm3) from FB images of 

WB and WB+IMNs plan were used to study the correlation with 

the MHD. 

Dosimetric parameters of the mean LAD region and heart and 

lung doses were compared using a two-tailed paired t-test. MaxHD 

and breast size were evaluated and analyzed using Spearman rank 

test to determine correlations with MHD. 

Results 

From March 2017 to November 2018, 25 left breast cancer pa-

tients who met the inclusion criteria were recruited. For both the 

WB and the WB+IMNs irradiation groups, compared with the FB 

Fig. 2. Planning target volumes (PTVs) of the WB+IMNs plan with the FB technique (A) and the DIBH technique (B). Treatment fields and the 
isodose distribution of the WB+IMNs plan with the FB technique (C) and the DIBH technique (D). WB, whole breast; IMN, internal mammary 
node; FB, free-breathing; DIBH, deep inspiration breath-hold.
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Fig. 3. Dose volume histogram of the planning target volume (PTV) of the WB+IMNs plan with the FB technique (A) and the DIBH technique 
(B). The WB+IMNs plans were normalized until 95% of PTV received at least 45 Gy. To be comparable, 95% of the target volume dose was no 
more than 1 Gy different between the FB and DIBH plans; this patient received 45.37 Gy and 45.96 Gy with the FB and DIBH plans, respectively. 
WB, whole breast; IMN, internal mammary node; FB, free-breathing; DIBH, deep inspiration breath-hold.

Fig. 4. The contouring method of the left anterior descending coro-
nary artery (LAD) region. The anterior interventricular groove was 
contoured from the origin of the LAD (A) down to mid heart (B) and 
continuing to the apex of the heart.

B

A

technique, the DIBH technique significantly reduced the radiation 

doses to all the heart parameters (Tables 1, 2). Reductions of the ra-

diation doses to the lung parameters using the DIBH technique were 

observed in both plans. The dose reduction was only statistically sig-

Table 1. Radiation doses to the normal tissues of the WB plans with 
the FB and DIBH techniques

Respiratory management
p-value

DIBH FB
Mean LAD region (Gy) 11.48 ±  8.1  

(2.6–29.0)
19.84 ±  10.2 

(4.0–45.0)
<0.0001

Heart parameter
 Mean heart (Gy) 2.95 ±  2.3  

(1.1–7.2)
5.38 ±  3.5  
(2.0–14.0)

<0.0001

 Heart V25 (%) 3.48 ±  4.4  
(0.0–14.7)

8.20 ±  7.1  
(1.4–25.0)

<0.0001

 Heart V40 (%) 2.48 ±  3.7  
(0.0–9.3)

6.22 ±  5.9  
(0.0–21.0)

<0.0001

Lung parameter
 Mean bilateral lungs (Gy) 5.02 ±  1.0  

(3.6–7.0)
5.45 ±  1.4  
(4.0–9.0)

0.07

 Left lung V20 (%) 19.72 ±  4.3  
(13.5–28.0)

22.73 ±  6.1  
(14.5–39.0)

0.0045

Values are presented as mean ± standard deviation (range).
WB, whole breast; FB, free-breathing; DIBH, deep inspiration breath-
hold; LAD, left anterior descending coronary artery.

FB plan
D95% = 45.37 Gy

DIBH plan
D95% = 45.96 Gy
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nificant in the left lung V20, and the mean bilateral lung doses were 

not significantly different between techniques (Tables 1, 2). 

MHD correlated with the in-field maxHD (r =  0.925, p <  0.001) 

as shown in Fig. 5A. Differences of MHD between the FB and DIBH 

techniques are also demonstrated in Fig. 5B. In addition, MHD also 

correlated with breast volume with correlation coefficients (r) of 

0.614, p =  0.001 and r =  0.642, p =  0.0005, in the WB and the 

WB+IMNs plans, respectively, as shown in Fig. 6. Notably, patients 

with larger breast sizes tended to receive a higher heart dose than 

those with smaller breast sizes. 

Discussion and Conclusion 

Advanced radiation technologies have contributed to the better 

treatment outcomes and longer survival of breast cancer patients. 

However, radiotherapy also has late treatment side effects, espe-

cially on the heart and coronary arteries in left-sided breast cancer 

patients. Therefore, recent studies have focused on techniques, es-

pecially the DIBH technique, that can reduce radiation doses to the 

heart and LAD. 

In this study, we used an electronic compensator technique for 

the adjuvant radiation of breast cancer since this technique could 

achieve better homogeneity index as well as lower dose to the or-

gans at risk [17]. Although the multileaf collimator could reduce 

cardiac dose, this study did not use it in order to assess the actual 

benefits of the DIBH technique over the FB technique. We found 

that the radiation doses to cardiac parameters were significantly 

reduced with the DIBH technique, similar to the results of previous 

A

studies [9-11,18-21]. In the WB plans, the MHD was reduced from 

5.38 Gy in FB to 2.95 Gy in DIBH (45.2% reduction) (Table 1). Simi-

larly, in the WB+IMNs plans, the MHD was also significantly re-

duced from 10.24 Gy with the FB technique to 6.43 Gy with the 

DIBH technique (37.2% reduction) (Table 2). 

In addition to MHD, volumes of the heart receiving high doses, 

heart V25 and heart V40, have been used to determine the radiation 

dose. In the Quantitative Analyses of Normal Tissue Effects in the 

Clinic (QUANTEC) study, a heart V25 of <10% led to a less than 1% 

long-term cardiac mortality rate [22]. In our study, the heart V25 

was less than 10% with both the FB and the DIBH techniques for 

the WB plans. In the WB+IMNs plans, although the heart V25 with 

both the FB and DIBH techniques were more than 10%, the value 

was reduced from 16.9% with the FB technique to 10.3% with the 

DIBH technique. 

Table 2. Radiation doses to the normal tissues of the WB + IMNs 
plans with the FB and DIBH techniques

Respiratory management
p-value

DIBH FB
Mean LAD region (Gy) 23.88±10.6  

(4.2–45)
31.98±9.4  
(9.8–50.0)

<0.0001

Heart parameter
 Mean heart (Gy) 6.43±3.8  

(1.7–12.7)
10.24±4.9  
(3.9–19.9)

<0.0001

 Heart V25 (%) 10.37±8.0  
(0.3–29.0)

16.96±9.4  
(4.6–38.0)

<0.0001

 Heart V40 (%) 7.50±6.0  
(0.0–18.0)

13.96±9.2  
(2.4–34.0)

<0.0001

Lung parameter
 Mean bilateral lungs (Gy) 7.16±1.5  

(4.3–10.1)
7.45±1.6  
(4.7–10.5)

0.1

 Left lung V20 (%) 29.31±6.0  
(20.0–42.0)

32.10±6.3  
(25.0–47.6)

0.0009

Values are presented as mean ± standard deviation (range).
WB, whole breast; IMN, internal mammary node; FB, free-breathing; 
DIBH, deep inspiration breath-hold; LAD, left anterior descending coro-
nary artery.
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Fig. 5. (A) Correlation between in-field maximum heart distance and 
MHD in both the WB and WB+IMNs plans. (B) The differences of 
MHD between the FB and DIBH techniques (MHD of the FB – MHD 
of the DIBH) in both the WB and WB+IMNs plans. The horizontal 
lines above the boxes are the 75th percentile + 1.5×IQR. The upper 
border, the line inside, and the lower border of the box represent the 
75th, 50th, and 25th percentiles, respectively. The horizontal lines 
below the boxes are the 25th percentile – 1.5×IQR. The three dots 
represent outliers (>75 percentile + 1.5×IQR). MHD, mean heart 
dose; WB, whole breast; IMN, internal mammary node; FB, 
free-breathing; DIBH, deep inspiration breath-hold; IQR, interquartile 
range.
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Although the parameters of the radiation dose to the whole 

heart, including MHD, heart V25 and heart V40, have been widely 

used, radiation doses to other sub-structures of the heart, such as 

the LAD, have been proposed to be a potentially better parameter 

of coronary events. The BACCARAT study reported that the left 

ventricle and LAD were the most radiation-exposed structures 

during left breast irradiation [8]. Therefore, the LAD dose may cor-

relate with ischemic heart disease. 

Previous studies found that the DIBH technique could reduce the 

radiation dose to the LAD [9,11,20]. Contouring of the structures 

significantly affects the calculated radiation doses. Duane et al. [23] 

developed a cardiac contouring atlas for 15 cardiac segments, in-

cluding 10 coronary arterial segments. However, the atlas needs 

contrast-enhanced images. After the contouring is standardized, 

the dose constraint to each structure can be developed. In our 

practice, we do not use radiation contrast; therefore, the LAD can-

not be precisely determined. Instead we delineated the anterior in-

terventricular groove from its origin down to the apex of the heart 

as the LAD region, according to the RADCOM study [16]. We found 

that in the WB plan, the radiation doses to the LAD region de-

creased from 19.84 Gy with the FB technique to 11.48 Gy with the 

DIBH technique (42.1% reduction) (Table 1). Similarly, in the 

WB+IMNs plans, the radiation doses also significantly reduced 

from 31.98 Gy with the FB technique to 23.88 Gy with the DIBH 

technique (25.3%) (Table 2). Currently, the dose constraint to the 

LAD region has not been determined. Some of our patients received 

mean LAD doses as high as 50 Gy (Table 2). Beaton et al. [24] re-

ported that a maximum LAD dose of less than 45.4 Gy correlated 

with lower cardiac mortality. Since our study is a dosimetric study, 

a long-term follow-up study is needed to determine the clinical 

impact of the cardiac and LAD dose reductions. 

Regarding lung doses, we found that all lung parameters were 

lower in the DIBH plans than in the FB plans (Tables 1, 2), similar to 

previous studies [10,11,20]. We did not include supraclavicular 

(SPC) field in the WB+IMNs plan in this study since the lung dose 

from SPC field would not have large differences between the FB 

and DIBH plans. The typical beam direction for the SPC field is an-

teroposterior, and the DIBH technique cannot reduce the irradiated 

lung volume. In addition, the volume and motion of the upper lobe 

are less affected by breathing than those of other lobes. However, 

in our clinical practice, we routinely irradiate the SPC field in all 

patients who receive radiation to IMNs. 

In addition, we found that the maxHD correlated with MHD (Fig. 

5A), similar to a previous study [25]. Notably, to the best of our 

knowledge, our study is the first to show that breast size signifi-

cantly correlated with MHD. Cardiac radiation exposure increased 

with larger breast sizes (Fig. 6). This is probably because large pen-

dulous breasts would fall down posteriorly, forcing the posterior 

border of the tangential field to be wider. 

In conclusion, the use of the DIBH technique in left breast cancer 

irradiation effectively reduces radiation exposure to the heart and 

LAD region in both the WB and WB+IMNs plans. MHD correlates 

with the maximum heart distance and breast size.  
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