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 Abstract 
  Background and purpose.  Cardiac disease and pulmonary complications are documented risk factors in tangential breast 
irradiation. Respiratory gating radiotherapy provides a possibility to substantially reduce cardiopulmonary doses. This CT 
planning study quantifi es the reduction of radiation doses to the heart and lung, using deep inspiration breath-hold (DIBH). 
 Patients and methods.  Seventeen patients with early breast cancer, referred for adjuvant radiotherapy, were included. For each 
patient two CT scans were acquired; the fi rst during free breathing (FB) and the second during DIBH. The scans were 
monitored by the Varian RPM TM  respiratory gating system. Audio coaching and visual feedback (audio-visual guidance) 
were used. The treatment planning of the two CT studies was performed with conformal tangential fi elds, focusing on good 
coverage (V 95   �  98%) of the planning target volume (PTV). Dose-volume histograms were calculated and compared. Doses 
to the heart, left anterior descending (LAD) coronary artery, ipsilateral lung and the contralateral breast were assessed. 
 Results.  Compared to FB, the DIBH-plans obtained lower cardiac and pulmonary doses, with equal coverage of PTV. The 
average mean heart dose was reduced from 3.7 to 1.7 Gy and the number of patients with  � 5% heart volume receiving 25 
Gy or more was reduced from four to one of the 17 patients. With DIBH the heart was completely out of the beam portals 
for ten patients, with FB this could not be achieved for any of the 17 patients. The average mean dose to the LAD coronary 
artery was reduced from 18.1 to 6.4 Gy. The average ipsilateral lung volume receiving more than 20 Gy was reduced from 
12.2 to 10.0%.  Conclusion.  Respiratory gating with DIBH, utilizing audio-visual guidance, reduces cardiac and pulmonary 
doses for tangentially treated left sided breast cancer patients without compromising the target coverage.    
Radiotherapy following breast conserving surgery 
signifi cantly reduces the risk of breast and axillary 
recurrence and results in long-term survival similar 
to that after mastectomy [1,2]. However, irradiating 
heart and ipsilateral lung tissue is often unavoidable. 
An increase in mortality from cardiac disease has 
been reported for left sided breast cancers, especially 
ten or more years after treatment [3 – 5]. Pulmonary 
complications may also be induced by radiotherapy 
for these patients [6]. In recent years respiratory gat-
ing has been introduced in radiotherapy as a possibil-
ity to reduce the cardiopulmonary doses. 

 During inspiration the distance between the 
breast and the heart is increased. Previously, research 
groups have presented convincing results using dif-
ferent respiratory gating systems and breathing tech-
niques [7 – 13]. By delivering the treatment during 
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inspiration, the high dose region in the heart can be 
reduced, or avoided, and the relative volume of the 
ipsilateral lung exposed to irradiation decreased. 

 We have treated breast cancer patients in our 
department since 1999 with very low incidence of 
local recurrence [14]. To further improve the quality 
of treatment, respiratory gating was implemented in 
clinical practice in 2006. With this technique, irradia-
tion is performed during deep inspiration breath hold 
(DIBH). Utilizing audio coaching and visual feed-
back, referred to as audio-visual guidance, the repro-
ducibility of the breathing amplitude is high [15,16], 
and hence the gating window can be kept narrow. 

 The purpose of this CT planning study was 
to quantify the reduction of cardiac and pulmonary 
doses for tangential left breast treatment with 
respiratory gating, utilizing DIBH with audio-visual 
 University Hospital, Pb 8100, 4068 Stavanger, Norway. Tel:  � 47 51519037. 
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guidance, compared to conventional free breathing 
(FB). For both techniques good and similar dose 
coverage of the planning target volume (PTV) was 
mandatory. 

 To our knowledge, this is the fi rst CT planning 
study utilizing DIBH with audio-visual guidance for 
tangential breast treatment where constraints regard-
ing PTV coverage are clearly defi ned.  

 Patients and methods  

 Patients 

 CT series of 17 patients who were referred for adju-
vant radiotherapy after breast conserving surgery at 
Stavanger University Hospital between January and 
October 2006 were analyzed. The inclusion of 
patients was not consecutive, but based on logistics 
availability (staff and venues). Of these patients, 12 
had left sided and fi ve had right sided breast cancer, 
but for study purposes the left breast was defi ned as 
the target in all patients. The median age was 60 
(range: 29 – 70) years, and the patients had to be able 
to hold their breath for 15 – 20 seconds. The study 
was approved by the regional ethical committee as a 
project for quality assurance in health care. The CT 
series were taken prior to the clinical implementation 
of the DIBH technique and except for one, the 
patients were not treated with respiratory gating.   

 Respiratory gating 

 The Varian RPM TM  respiratory gating system, ver-
sion 1.6, (Varian Medical Systems, Palo Alto, CA) 
was used for respiratory control. An infrared refl ect-
ing marker is placed on the patient, normally over 
  Figure 1.     The patient was positioned in a standard breast immobiliz
RPM TM -system the breathing position is visible for the patient as a ye
within the gating window (blue) the color turns green and the CT sca
the xiphoid process, and a video camera registers the 
anteroposterior motion of the marker, due to respira-
tion. The CT scanner or accelerator is then con-
trolled to acquire images or irradiate only in a 
preselected interval of the chest wall motion, i.e. the 
gating window (Figures 1, 2). In a clinical setting the 
position of the refl ecting marker is drawn on the 
patient ’ s skin to reproduce the position throughout 
the treatment course. 

 To establish a reproducible and stable breathing 
amplitude during DIBH, each patient underwent 30 
minutes breathing training with the RPM TM  system, 
prior to the CT study. The patients were placed in the 
treatment position with bilateral arm abduction above 
the head using an immobilization device (Figure 1). 
In our department all breast cancer patients undergo-
ing radiotherapy are placed in this position, indepen-
dent of laterality and lymph node involvement. 

 Audio-visual guidance was used. The operator 
told the patient when to take a deep-breath and when 
to release the breath-hold, in addition to information 
about length of breath-hold, etc. The patient con-
trolled the breathing amplitude by visual feedback on 
the binocular head mounted display. An example of 
a breathing curve is shown in Figure 2. The gating 
window was individually set to the mean amplitude 
of the stable DIBH plateau  �  1 mm. The 2 mm 
width of the gating window was chosen to be of the 
same magnitude as the minimum mean breathing 
amplitude observed during FB CT scans of 14 breast 
cancer patients prior to this study.   

 CT scanning 

 For each patient two CT scans were acquired; 
the fi rst during FB and the second during DIBH. 
ation device. The marker box was placed on the chest. With the 
llow line on the binocular head mounted display. When the line is 
n can be acquired or irradiation delivered on the accelerator.  
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Figure 2. A DIBH breathing curve from CT scanning, with gaps of free breathing between each DIBH. The CT scan was acquired during 
one DIBH (dashed area) and the gating window (solid lines) was set to the mean amplitude �1 mm.
Total patient time for each CT scan was approxi-
mately 30 minutes. The patients were positioned in 
a standard breast immobilization device (Figure 1). 
The slice thickness was 3 mm and the image acqui-
sition was in helical mode. For the DIBH scan, the 
respiration pattern of the patient was monitored by 
the table mounted RPM TM  system, and the image 
acquisition was manually started when the breathing 
amplitude marker reached the gating window. The 
scanning time was approximately 20 seconds and 
most patients managed to complete the scan during 
one DIBH cycle. For those who did not, the CT had 
to be manually stopped when the marker left the 
gating window, and restarted once it re-entered.   

 Delineation of target and organs at risk 

 Remaining mammary glandular tissue was defi ned as 
clinical target volume (CTV) for whole breast radio-
therapy after breast conserving surgery. The heart, 
LAD coronary artery, ipsilateral lung and the con-
tralateral breast were considered organs at risk. 

 For consistency the delineation of CTV and the 
contralateral breast was performed by the same oncol-
ogist for all patients using the Eclipse treatment plan-
ning system, version 8.0 (Varian Medical Systems). 
The margin from CTV to PTV was 5 mm, except for 
superfi cial areas where PTV was never closer than 5 
mm to the skin. The margins were the same for DIBH 
and FB. Due to the chosen 2 mm gating window the 
movement of the chest wall during the DIBH plateau 
was the same, or smaller, as compared to FB. Hence 
the margin to compensate for CTV motion did not 
have to be increased with the DIBH technique. 

 Heart, LAD coronary artery and lungs were delin-
eated without margin by a radiation technologist. 
LAD coronary artery was delineated in the anterior 
interventricular groove down to the apex of the heart 
under supervision from a cardiologist. The delinea-
tion of the heart was verifi ed by an oncologist.   

 Treatment planning 

 For each patient the treatment planning was per-
formed by the same radiation technologist. The fol-
lowing restrictions were given:    

1. Minimum 98% of the PTV should be covered 
by the 95% isodose line (V 95%   �  98%).

    2.  The mean dose to PTV should be close to 100% 
of the prescribed dose and not above 101.5%.    

3. Hotspots should not exceed 110% and prefer-
ably not 107%.    

4.  The dose to organs at risk should be kept as low 
as possible, without compromising the PTV 
dose, i.e. the criteria of PTV coverage should be 
fulfi lled, even if the clinical limits for doses to 
organs at risks were exceeded.    

5. For each patient only minor differences between 
the two plans, FB and DIBH, with respect to tar-
get dose coverage, dose conformity, maximum 
dose, beam energy and geometry, were accepted.   

 The prescription dose was 50 Gy in 2 Gy frac-
tions. Two opposing 6 MV tangential conformal fi elds 
with multileaf collimator and wedges were used. For 
a proportion of the patients low weighted 15 MV 
fi elds, with the same geometry as the 6 MV fi elds, 
were added. The calculation algorithm was Eclipse 
pencil beam (PB) described by Storchi et al. [17] with 
the modifi ed Batho inhomogeneity correction [18].   

 Statistical analysis 

 Dose-volume histograms (DVHs) were calculated 
and compared for the FB as well as DIBH plans. 
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Doses to CTV, PTV and organs at risk were assessed. 
Volume size, mean and maximum doses were 
obtained from the DVH statistics. The relative vol-
ume V x , irradiated to a minimum dose x (in Gy or 
%), e.g. V 25  for the heart, V 20  for the lung and V 95%  
for PTV, were registered from the DVH graph. The 
maximum heart distance (MHD) and central lung 
distance (CLD) were measured in beams eye view. 

 Paired Wilcoxon test was used for statistical anal-
ysis of the differences with computer software SPSS 
version 15.0. Data were considered statistically sig-
nifi cant for p  �  0.05.    

 Results 

 All 17 patients complied well and were able to follow 
the audio-visual guidance. 

 The mean amplitude of the refl ective marker 
movement during CT scanning, as measured with 
the RPM-system, was 3.0 mm during FB, with a 
range of 1.6 – 5 mm, and 18 mm (range 14.6 – 27 mm) 
during DIBH. With audio-visual guidance, reproduc-
ibility of the DIBH amplitude within the 2 mm gat-
ing window was feasible.  

 Volumes 

 Table I shows the mean volume ( � SD) for all delin-
eated volumes in FB and DIBH, respectively. The 
mean lung volume increased to almost double size 
during DIBH, whereas the mean heart volume 
decreased 8.8% during DIBH (p  �  0.003). CTV and 
PTV volumes were somewhat smaller in the DIBH 
studies (mean relative volume 97.8% and 98.1%, 
p  �  0.013 and p  �  0.017 respectively) as compared 
to FB. For the other delineated volumes no signifi -
cant difference in size was found.   

 Planning 

 All plans fulfi lled the criterion of dose coverage to 
the target as described in methods. A summary of 
FB
the treatment planning data is given in Table II. For 
both techniques the average mean PTV dose was 
100.5%. The mean relative V 95%  for PTV was 99.1% 
(range 98.1 – 99.7) and 98.9% (range 98.2 – 99.7) for 
FB and DIBH, respectively (no signifi cant differ-
ence). For CTV, the mean relative V 95%  was 99.6% 
(98.9 – 100.0) and 99.5% (98.7 – 99.9) for FB and 
DIBH, respectively. 

 There were only minor differences between the 
FB and DIBH plan for each patient in terms of con-
formity and beam geometry. However, the mean per-
centage weight of the 15 MV fi elds to the total fi eld 
weight was slightly different. For ten patients 15 MV 
was used with a mean weight of 19% for DIBH and 
14% for FB (p  �  0.007). 

 In Figure 3, beam ’ s eye views of the medial tan-
gential fi eld for a typical patient are shown for FB 
and DIBH, respectively. Due to the increased lung 
volume in DIBH, the breast is moved cranioventrally, 
and the heart caudally, resulting in less heart volume 
inside the beam portal, and in most cases no heart 
volume at all. The distance from PTV to LAD 
coronary artery is also increased, but due to its ana-
tomical position, the LAD coronary artery is often 
within the high dose region. The corresponding 
DVHs are shown in Figure 4, and demonstrate a 
dose reduction to the heart, the LAD coronary artery, 
and the ipsilateral lung.   

 Cardiac doses 

 All treatment plans based on FB technique included 
heart tissue within the beam portals (Table II). With 
the DIBH technique the heart was outside the beam 
portals for ten of the 17 patients (58.8%). The aver-
age MHD decreased from 1.3 cm (FB) to 0.3 cm 
(DIBH) and the average mean heart dose was 
reduced, from 3.7 Gy (range 3.2 – 20.1 Gy) to 1.7 Gy 
(range 2.2 – 10.1 Gy). Both of these differences were 
signifi cant (p  �  0.001). The median relative heart vol-
ume irradiated to 25 Gy or more (V 25 ) was 2.0% and 
0.0% for FB and DIBH, respectively (p  �  0.001). In 
Table I. Mean volume, in cm3, for target volumes and organs at risk during free breathing (FB) and deep inspiration breath-hold (DIBH) 
for all 17 patients. 
DIBH Relative†
CTV 660.2 � 294.1 [320.8�1234.7] 643.3 � 280.4 [315.5�1193.0] 97.8%∗

PTV 813.9 � 327.7 [434.1�1488.3] 795.1 � 311.7 [426.0�1436.0] 98.1%∗

Heart 616.5 � 75.5 [460.7�750.7] 559.8 � 72.2 [458.1�676.0] 91.2%∗

LAD coronary artery 1.0 � 0.6 [0.2�2.5] 1.0 � 0.4 [0.6�1.8] 132.7%
Ipsilateral lung 1178.2 � 343.2 [630.0�1978.6] 2165.1 � 509.9 [1229.3�3249.7] 189.7%∗

Contralateral lung 1457.0 � 361.6 [837.1�2268.0] 2511.2 � 513.3 [1405.4�3514.1] 176.0%∗ 
Contralateral breast 631.5 � 295.2 [252.9�1282.4] 627.4 � 303.3 [250.1�1298.1] 99.0%
Data are shown as mean values with one standard deviation, and range in brackets.
∗Signifi cant difference (p � 0.05) between FB and DB.
†Mean value of the relative volume size DIBH/FB for each patient.
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four patients (23.5%), V 25  was larger than 5% when 
using FB technique, compared to only one patient 
(5.9%) when using DIBH. Maximum V 25  was 16.8% 
for FB and 6.3% for DIBH. 

 For the LAD coronary artery there was a 
signifi cant mean dose reduction (p  �  0.001) from 
Figure 3. Beam’s eye views of the medial tangential fi eld during free b
patient. During inspiration the lung volume (light yellow) is increase
caudally. In the shown case, the heart and the LAD coronary artery
DIBH.
18.1 Gy (range 2.4 – 43.0 Gy) to 6.4 Gy (range 
1.7 – 31.0 Gy) and median V 25  was reduced from 
28.8% with FB to 0.0% (p  �  0.001) with DIBH. 
The maximum dose was reduced (p  �  0.001) from 
38.7 Gy (range 4.3 – 49.4 Gy) to 16.7 Gy (range 
2.1 – 47.8 Gy).   
Table II. Summary of treatment planning data for PTV and organs at risk, for the 17 breast cancer patients included in this study, with 
free breathing (FB) and deep inspiration breath-hold (DIBH). The prescription dose was 50 Gy in 2 Gy fractions.
FB DIBH
CTV
Mean (%) 100.8 � 0.5 [100.2�101.6] 100.7 � 0.4 [100.0�101.6]
Maximum (%) 106.8 � 1.0 [105.2�108.9] 106.8 � 0.7 [105.3�107.9]
V95% (%) 99.6 � 0.3 [98.9�100.0] 99.5 � 0.4 [98.7�99.9]

PTV
Mean (%) 100.5 � 0.4 [100.0�101.2] 100.5 � 0.4 [100.0�101.2]
Maximum (%) 107.0 � 0.9 [105.2�108.9] 107.1 � 0.7 [105.9�108.0]
V95% (%) 99.1 � 0.5 [98.1�99.7] 98.9 � 0.5 [98.2�99.7]

Heart
Mean (Gy) 3.7 � 2.3 [1.6�10.1]∗ 1.7 � 0.9 [1.1�5.1]∗

Median V25 (%) 2.0∗ 0.0∗

Number of patients with V25 >5%a 4 (23.5%) 1 (5.9%)
MHDb (cm) 1.3 � 0.7 [0.4�2.9]∗ 0.3 � 0.6 [0.0�2.3]∗

Number of patients with MHD = 0 0 (0.0%) 10 (58.8%)
Maximum (Gy) 47.9 � 1.8 [44.5�50.2]∗ 24.5 � 16.8 [3.6�49.1]∗

LAD coronary artery
Mean (Gy) 18.1 � 12.5 [2.4�43.0]∗ 6.4 � 7.6 [1.7�31.0]∗

Median V25 (%) 28.8∗ 0.0∗

Maximum (Gy) 38.7 � 14.6 [4.3�49.4]∗ 16.7 � 17.0 [2.1�47.8]∗

Ipsilateral lung
Mean (Gy) 6.9 � 1.2 [4.8�10.2 ]∗ 5.9 � 1.0 [4.0�7.9 ]∗

V20 (%) 12.2 � 2.4 [7.7�18.3]∗ 10 � 1.9 [6.1�13.7]∗

CLDc of medial fi eld (cm) 2.1 � 0.4 [1.4�2.8]∗ 2.2 � 0.5 [0.7�3.0]∗

Contralateral breast
Maximum (Gy) 6.3 � 6.4 [1.6�20.8] 5.4 � 5.4 [1.6�23.1]
V2Gy (%) 3.4 � 4.4 [0.0�13.6] 3.7 � 5.0 [0.0�14.9]
Data are shown as mean values with one standard deviation, and range in brackets.
∗Signifi cant difference (p<0.05) between FB and DB.
aMaximum value was 16.8% and 6.3% for FB and DIBH respectively.
bMaximum heart distance.
cCentral lung distance.
reathing (left) and deep inspiration breath-hold (right) for a typical 
d, the breast (red) is moved cranioventrally and the heart (brown) 
 (blue) were not included in the beam portal (yellow lines) during 
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Figure 4. Example dose-volume histograms for the heart (A), the 
LAD coronary artery (B) and ipsilateral lung (C) with free 
breathing (solid lines) and deep inspiration breath-hold (dashed 
lines).
 Pulmonary doses 

 Average ipsilateral lung volume receiving 20 Gy or 
more, V 20 , was reduced (p  �  0.002) from 12.2% (range 
7.7 – 18.3%) using FB to 10.0% (range 6.1 – 13.7%) 
using DIBH (Table II). Similarly, the average mean 
dose was reduced (p  �  0.002) with DIBH, from 6.9 
Gy (range 4.8 – 10.2 Gy) to 5.9 Gy (range 4.0 – 7.9 Gy). 
The mean CLD of the medial fi eld increased from 2.1 
cm with FB to 2.2 cm with DIBH (p  �  0.011).   
 Contralateral breast doses 

 With the DIBH technique there was a small, non-
signifi cant increase in the average contralateral breast 
volume receiving 2 Gy, V 2Gy , from 3.4% (FB) to 
3.7% (DIBH). An example dose distribution is 
shown in Figure 5.    

 Discussion 

 This study confi rms the ability of the respiratory gat-
ing technique utilizing DIBH to reduce the radiation 
dose to the heart and ipsilateral lung tissue for tan-
gential whole breast irradiation, as stated in earlier 
studies [7 – 13]. However, there are two main differ-
ences in our study as compared to the previous ones. 
The demonstrated doses to organs at risk were 
obtained with strict constraints on PTV coverage and 
the gating window was kept very narrow with the use 
of audio-visual guidance. 

 Earlier studies of improved reproducibility of the 
breathing amplitude with audio-visual guidance 
[15,16] as compared to audio coaching were con-
fi rmed. Visual feedback enables a narrower gating 
window which reduces intrafractional motion of the 
target. We used a 2mm gating window, while in other 
studies, with audio coaching only, a 4 mm gating 
window has been used [9 – 11,13]. To our knowledge 
there is no study of respiratory gating for breast can-
cer patients utilizing visual guidance only. Audio 
coaching enables direct communication with the 
patient, has a calming effect and facilitates an opti-
mum pace of the DIBHs with regard to beam-read-
iness for the treatment fi elds. This results in a high 
accuracy and high treatment time effi ciency as the 
pace is kept by the operator by audio feedback and 
the DIBH amplitude by the patient through the bin-
ocular visual feedback. Audio-visual guidance there-
fore has advantages compared to audio or visual 
guidance only. 

 For tangential treatment of the breast only, with 
respiratory gating, CTV coverage between 90% and 
110% has been reported in one study [13]. The same 
CTV coverage is reported for target volumes includ-
ing lymph nodes in addition to remaining breast tis-
sue [9,10,13]. The constraints on PTV coverage in 
our study, V 95%   �  98%, were stricter. 

 We have similar target coverage in the DIBH and 
FB plans. When comparing dose to organs at risk, it 
is essential that the target coverage is as equal as 
possible. 

 The cardiac and pulmonary doses for both FB 
and DIBH were higher than previously demon-
strated. Taylor et al. [19] showed an average mean 
dose for FB of 2.3 Gy to the heart and 7.6 Gy to the 
LAD coronary artery for 50 patients treated with 
2.67 Gy/fraction up to 40 Gy. Stranzl and Zurl [11] 
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Figure 5. Dose distribution from a FB plan (left) and a DIBH plan (right) for a typical patient. The dose in the medial and dorsolateral 
part of the irradiated volume increased when using DIBH, and a higher dose to the contralateral breast was observed.
demonstrated a mean heart dose of 2.3 Gy with FB 
vs. 1.3 Gy with DIBH for 22 patients with a pre-
scribed dose of 50 Gy in 2 Gy fractions. For lung 
tissue, Nemoto et al. [13] found a median V 20  of 
5.0% (FB) and 4.3% (DIBH) in 21 patients treated 
with 50 Gy in 2 Gy/fraction. The higher doses shown 
in our study were probably due to the stricter con-
straints on PTV coverage. Our study shows the car-
diac and pulmonary doses as they would be, with 
optimal target coverage, which is the aim in radio-
therapy, but not always achievable in clinical practice 
where compromising target dose against organs at 
risk is a common challenge. It should be noted that 
the PB algorithm overestimates the target dose as 
discussed below. However, as most previous studies 
used the same algorithm, if stated, the comparison 
of doses is relevant. 

 The volume of the heart was smaller with DIBH 
as compared to FB. When the lungs are infl ated the 
intrathoracic pressure increases and the heart is com-
pressed. 

 The CLD and hence the absolute irradiated lung 
volume increased when using DIBH as compared to 
FB. However, since the total lung volume increased 
considerably (Table I), the  relative  irradiated lung vol-
ume decreased, also indicated by the lung parameters 
in Table II. Hence the increasing risk of radiation 
induced pneumonitis with increasing CLD using FB 
[20,21] may not be valid with DIBH. A relation 
between CLD and cardiac disease has also been dem-
onstrated [22]. As shown in Table II, MHD and car-
diac doses decrease with DIBH indicating a decreased 
risk of cardiac disease despite increasing CLD. 

 There was a small, non-signifi cant increase in the 
contralateral breast dose when using DIBH. Com-
pared to FB, the lung density is decreased with 
DIBH. Furthermore, when utilizing DIBH, some tis-
sue that would normally have been inside the beam 
portals in FB, such as heart tissue, is replaced by lung 
tissue in DIBH, which has a lower density. The pho-
ton beam transmission through lung tissue is 
increased. Hence, the relative dose in the medial and 
dorsolateral part of the irradiated volume increases, 
resulting in a small increase in dose to the contralat-
eral breast (Figure 5). 

 The effect of the increased photon beam trans-
mission can be partly balanced by increasing the 
wedge angles and/or the beam energy. To limit the 
high dose in the medial and dorsolateral part of the 
irradiated volume, low weighted 15 MV fi elds were 
used in this study for both FB and DIBH plans. There 
was a small, but signifi cant, increase in 15 MV weight 
in the DIBH plans compared to the FB plans. 

 We used the Eclipse PB algorithm with modifi ed 
Batho inhomogeneity correction for dose planning. 
This algorithm has limitations in the approximation 
of lateral electron transport, especially in the border-
line between tissues with large difference in density, 
such as lung – breast [23,24]. The dose gradient cal-
culated with PB is too steep, i.e. the lung dose out-
side the fi eld border is underestimated and the target 
dose close to the fi eld border is overestimated. The 
lower the lung tissue density is, the larger is the devi-
ation. The PTV coverage obtained in this study, 
especially with the decreased lung density for DIBH, 
is hence not entirely correct. A lower target dose is 
expected. A 2.7% difference in average PTV dose has 
been reported for 6 MV with FB [23]. It would be 
preferable to apply a more advanced algorithm when 
using the DIBH technique. However, the 50% isod-
ose line has been shown to be nearly independent of 
calculation algorithm [23]. With a prescription dose 
of 50 Gy, the clinically relevant heart and lung 
parameters reported in this study, V 25  and V 20 , either 
use this isodose line or are very close to it. Reported 
doses which are not at the 50% isodose line are more 
uncertain, but can be used to demonstrate the dif-
ference between DIBH and FB. 

 The reason for the small, but signifi cant, differ-
ence in CTV and PTV size between DIBH and FB 
was not found. A similar difference was not seen for 
the contralateral breast. The CTV/PTV difference 



 Heart and lung doses with DIBH for breast cancer patients   49
between DIBH and FB was too small to infl uence 
the result. 

 Of the 17 patients included in this study, only 
12 had left sided breast cancer. With modern breast 
conserving technique very little tissue is removed 
in surgery and delineation of the left breast as 
CTV, for all patients, was therefore considered to be 
justifi ed. 

 Mean cardiac and lung doses are usually moder-
ate in low risk breast cancer patients treated with 
tangential fi elds to the left breast, featuring modern 
conformal techniques. However, the LAD coronary 
artery, due to its anatomical location, is more exposed 
and in many cases receives a considerable dose, as 
shown in this study. Considering the long expected 
survival of the majority of these patients, and the 
unknown long-term cardiac effects of adjuvant sys-
temic treatment it is important to minimize the doses 
to organs at risk. The signifi cant reduction of cardiac 
doses, especially to the LAD coronary artery, is 
therefore a major advantage of the DIBH technique 
as compared to conventional FB. An additional ben-
efi t is the dose reduction to lung tissue. Patients with 
breast cancer is one of the largest groups receiving 
radiotherapy world wide and a reduction in the risk 
of complications following treatment is of major 
importance. 

 IMRT has been favored as an alternative method 
to reduce cardiac doses. High dose regions in the 
heart can be avoided with this technique. However, 
the proximity between CTV and the heart remains, 
and the heart will be included in most of the beam 
portals. While reducing the high dose regions in the 
heart, the volume of low and medium cardiac, pul-
monary and contralateral breast doses is increased 
with IMRT. With DIBH the high cardiac doses can 
be reduced or removed without these additional low 
and medium dose regions. On the contrary, respira-
tory gating with the DIBH technique leads to a sig-
nifi cant reduction of heart volume receiving both 
high and low doses. 

 In our experience, respiratory gating with the 
DIBH technique for breast cancer patients is rela-
tively easy to implement in clinical practice com-
pared to other novel techniques in radiotherapy, e.g. 
IMRT. The dosimetry is, apart from the effect of 
decreased lung density, equivalent to conventional 
radiotherapy. At the accelerator each treatment fi eld 
is normally delivered during one DIBH, and the total 
time per patient is approximately the same as without 
respiratory gating. We have not changed any posi-
tional verifi cation after the implementation. Patient 
compliance is high, regardless of age, and the patients 
are motivated by the opportunity to improve the 
quality of their own treatment.   
 Conclusion 

 In clinical treatment planning it is often impossible 
to spare organs at risk without compromising PTV 
coverage. Respiratory gating with DIBH, utilizing 
audio-visual guidance, allows tangential treatment of 
left sided breast cancer patients with considerably 
reduced cardiopulmonary doses without compro-
mising PTV coverage.  
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