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Audio-visual navigation reduces treatment time in deep-inspiration breath hold 
radiotherapy

Martin Dolezela,b,c, Karel Odrazkab,c,d, Jaroslav Vanasekb, Igor Hartmanne, Tereza Kohlovaf, Zuzana Vlachovaa

Aims. The purpose of this study was to compare the treatment times for deep-inspiration breath hold with and without 
audio-visual (A-V) navigation.
Methods. We measured the real treatment time in 60 patients with breast cancer undergoing postoperative radio-
therapy. Thirty consecutive patients were treated without deep-inspiration breath hold (DIBH) and another 30 patients 
using deep-inspiration breath hold (10 patients with DIBH only, 10 patients with DIBH using visual feedback and 10 
patients with DIBH using visual feedback following breath training). The treatment time was relativized to number of 
fields and 100 monitor units (MU). The independent t-test was used to analyse differences between cohorts.
Results. The mean treatment time for patients without DIBH was 46.5 seconds per field and 90.9 seconds per 100 MU, 
for DIBH only 92.3 and 170.2 seconds, for DIBH with audio-visual navigation 68.1 and 133.8 seconds, and for DIBH with 
A-V feedback including breath training 66.1 and 132.5 seconds. The treatment times for patients treated using DIBH 
with visual navigation were significantly shorter in comparison with patients without visual feedback. We were not 
able to prove any significant benefit for breath training in terms of reducing the treatment time.
Conclusion. Audio-visual navigation enables to significantly reduce the treatment time in comparison with DIBH 
without A-V feedback.
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INTRODUCTION

Breast cancer is the most common cancer and the 
leading cause of cancer death among women worldwide. 
Whole breast radiotherapy as part of breast-conserving 
therapy has been shown to be an appropriate option to 
radical mastectomy for many women with early-stage 
breast cancer1-3. 

However, the old meta-analyses and registry-based 
studies reported higher mortality rates for patients un-
dergoing radiotherapy of left-sided cancers compared with 
right-sided tumors1,4-7. A prospective cohort study of about 
300,000 women in US Surveillance, Epidemiology, and 
End Results (SEER) cancer registries to evaluate the long-
term mortality from heart disease after RT for early breast 
cancer indicated a reduction in any early cardiac mortal-
ity ratios (left versus right tumor) in women diagnosed 
during 1983–92 in comparison to 1973–82 (ref.8). These 
results may reflect improvements in treatment planning 
of breast radiotherapy.

The dose-effect relationship based on the mean heart 

dose (MHD) to the whole heart was demonstrated by 
Darby et al9. The authors found a relative increase of 7.4 % 
per Gy of MHD in the rate of major acute coronary events 
(ACEs). The findings were recently validated by Bogaard 
et al. using an independent cohort of consecutive patients 
based on individual three-dimensional (3D) dose distribu-
tions derived from computed tomography (CT) planning 
scans. The authors demonstrated an increase of 16.5% in 
the cumulative incidence of AEs per Gy of radiation to 
the whole heart in the first 9 years after treatment10. There 
are several techniques to decrease cardiac dose including 
intensity modulated radiotherapy, prone positioning, and 
respiratory gating. 

At our institution, a deep-inspiration breath hold 
(DIBH) technique is used for all patients with left-sided 
breast cancer treated with whole breast radiotherapy. We 
implemented for DIBH visual navigation to maximize 
patient comfort and reduce the treatment time. The pur-
pose of this study was to compare the treatment times for 
DIBH with and without visual navigation. 
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Table 1. Treatment times for each fraction related to field.

Fr.
W/out DIBH DIBH (w/out A-V) DIBH (A-V with T) DIBH (A-V w/out T)

Mean (s) Range (s) Mean (s) Range (s) Mean (s) Range (s) Mean (s) Range (s)
1 48.1 (43.2 - 58.8) 107.5 (75.6 - 174) 89.3 (58.8- 157.8) 90.4 (64.2 - 144)
2 44.1  (33 - 55.8) 144.0 (66 - 272.4) 69.3 (56.4 - 91.8) 69.7 (58.8 - 97.8)
3 50.0 (41.4 - 67.2) 99.6 (66.6 - 162.6) 67.8 (51.6 - 95.4) 68.8 (54 - 93)
4 47.2 (42.6 - 57) 131.3 (61.8 - 194.4) 65.3 (48 - 89.4) 66.2 (51.6 - 84.6)
5 44.9 (38.4 - 55.2) 84.2 (68.4 - 106.8) 68.3 (54.6 - 81) 68.3 (54.6 - 96.6)
6 46.7 (36.6 - 57.6) 88.9 (60.6 - 141.6) 68.0 (47.4 - 87) 70.2 (59.4 - 83.1)
7 46.2 (37.2 - 58.2) 90.6 (67.2 - 129.6) 64.4 (48.6 - 84.6) 67.7 (58.2 - 93.6)
8 44.4 (33.6 - 51) 96.5 (58.8 - 123.6) 64.3 (50.4- 104.4) 67.3 (54.6 - 85.2)
9 50.4 (36.6 - 96) 88.0 (58.2 - 114.6) 62.7 (49.8 - 78) 63.3 (55.8 - 73.2)
10 47.1 (42 - 58.8) 87.5 (59.4 - 111) 68.1 (53.4 - 95.4) 69.2 (57.6 - 80.4)
11 48.1 (43.2 - 55.2) 90.3 (75 - 126.6) 59.5 (46.8 - 76.2) 66.1 (55.8 - 76.2)
12 48.1 (36.6 - 69) 101.5 (77.4 - 165.6) 62.9 (36 - 98.4) 74.6 (55.2 - 93.6)
13 45.5 (36.7 - 58.2) 83.4 (66 - 105.6) 58.3 (36.6 - 73.8) 57.8 (41.4 - 66)
14 44.5 (36 - 50.4) 93.2 (59.4 - 133.8) 65.4 (53.4 - 93) 68.5 (46.8 - 92.4)
15 45.4 (37.2 - 58.8) 84.3 (61.2 - 117.6) 76.4 (48.6- 156.6) 67.9 (54 - 103.2)
16 48.5 (36 - 76.2) 80.4 (60 - 121.8) 66.5 (49.2 - 96) 68.6 (52.2 - 103.8)
17 43.9 (33.6 - 50.4) 91.9 (34.8 - 120.6) 69.4 (52.2 - 94.8) 67.2 (50.4 - 75)
18 46.6 (38.4 - 57) 89.2 (59.4 - 168.6) 69.3 (39.6 - 120) 61.5 (56.4 - 66)
19 45.9 (38.4 - 56.4) 91.5 (67.2 - 122.4) 61.6 (46.8 - 95.4) 64.5 (52.8 - 82.8)
20 45.0 (36.6 - 56.3) 86.8 (54.6 - 143.4) 65.9 (49.2 - 99) 63.9 (54 - 87)
21 51.5 (36 - 108) 86.3 (68.4 - 125.4) 63.4 (40,2- 118,8) 64.1 (48.6 - 94.2)
22 44.3 (35.4 - 56.7) 78.2 (57 - 98.4) 63.1 (40 - 90) 74.2 (37.2 - 160.2)
23 47.5 (36.6 - 58.8) 86.0 (59.4 - 115.8) 69.5 (48 - 98.4) 67.2 (53.4 - 86.4)
24 44.8 (37.2 - 51) 82.1 (65.4 - 97.2) 62.0 (47.4 - 73.8) 66.7 (57 - 88.8)
25 44.7 (36 - 56.4) 79.1 (57.6 - 105) 61.7 (37.8 - 88.8) 68.6 (52.8 - 98.4)
26 45.3 (37.2 - 51.6) 86.3 (77.4 - 97.8) 64.0 (45 - 96.6) 67.6 (48.6 - 123)
27 46.0 (33.6 - 55.2) 84.7 (57.6 - 121.8) 59.3 (37.2 - 75) 68.1 (57.6 - 90.6)

1-27 46.5 92.3 66.1 68.1

w/out DIBH - patients without deep-inspiration breath hold technique; DIBH (w/out A-V) - patients with deep-inspiration breath hold technique 
only; DIBH (A-V with T) - patients with DIBH and visual feedback including breath training; DIBH (A-V w/out T) - patients with deep-inspiration 
breath hold technique including visual navigation; s - second

PATIENTS AND METHODS 

We measured prospectively the real treatment time in 
60 consecutive patients with breast cancer treated with 
postoperative radiotherapy. Thirty consecutive patients 
were treated without DIBH and another 30 patients us-
ing deep-inspiration breath hold (10 patients with DIBH 
only, 10 patients with DIBH using visual feedback and 10 
patients with DIBH using visual feedback including breath 
training). All patients signed informed consent.

All were scanned on a supine breast board with left 
arm extended above the head resting on supports. The 
clinical target volume (CTV) included all remaining 
breast tissue (including regional nodes when indicated), 
the margin for the planning target volume was 10 mm in 
all cases. The window amplitude was 5 mm for patients 
treated using DIBH. The patients were treated with 3D 
CRT using 4 tangential fields (6 MeV and 18 MeV) and 
mostly 1-2 additional fields to achieve homogenous plans. 
The prescribed dose was 48.6 Gy in 27 fractions (1.8 Gy 
per day). 

The patients with DIBH alone were instructed during 
the treatment only by voice. For patients with visual navi-
gation our in-house system was used. This works by split-
ting and amplifying the video output signal directly from 
the Varian Real-Time Position Management (RPM) work-
station or TrueBeam Respiratory Motion Management 
(RMM) workstation (Varian Medical Systems, Palo Alto, 
CA) into two signals. The first signal is connected to the 
monitor in the operator room. The second signal is linked 
to the video scaler to choose the visual part of naviga-
tion. The signal is converted from DVI to HDMI. This 
information is transformed to local area network using 
HDMI extender. The last step was splitting the signal to 
different displays in the treatment room according to pa-
tient’s preference. 

The last group (patients with DIBH using visual feed-
back including breath training) underwent a meeting with 
radiation therapist one week before planning CT. Patients 
were instructed to practice deep inspiration breath hold at 
home – lying on the back, one hand behind head, a deep 
breath in the chest (not in the abdomen) watching the 
chest rising, a comfortable breath holding.
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All patients underwent on-line correction of treat-
ment position using two orthogonal kV images prior to 
every fraction of radiotherapy. We monitored the actual 
time from the first kV image to the end of the treatment 
fraction. To reduce variability introduced by the human 
process of image matching we excluded time between sec-
ond kV and the shift of the table needed for evaluation 
and correction of set-up errors. The treatment time was 
relativized to number of fields and 100 MU. We com-
pared the treatment time for these four cohorts: patients 
without deep-inspiration breath hold technique, patients 
with DIBH only, patients with DIBH including visual 
navigation and patients with DIBH and visual feedback 
including breath training. 

The independent t-test was used to analyse differences 
between cohorts. All P-values are two-sided and are not 
adjusted for multiple comparisons. Comparisons with 
P-values of < 0.05 were considered significant. 

The last evaluation consisted of determining the rate 
of automatic irradiation interruption due to incorrect 
chest position of the patient. We monitored prospectively 
each treatment fraction throughout the course of radio-

therapy in all patients. Every automatic interruption of 
irradiation due to inadequate chest position was recorded. 
Subsequently, the ratio of the protracted fractions to the 
total number of fractions was determined for each cohort 
of patients treated using deep-inspiration breath hold ra-
diotherapy.

RESULTS

A total of 60 patients were included in this study, 
which represented 1 620 treatment fractions. Tables 1 
and 2 contain the treatment times for each fraction related 
to field (Table 1) and per each 100 MU (Table 2).

The mean treatment time for patients without DIBH 
was 46.5 s per field and 90.9 s per 100 MU, for DIBH 
only 92.3 and 170.2 s, for DIBH with audio-visual naviga-
tion 68.1 and 133.8 s, and for DIBH with A-V feedback 
including breath training 66.1 and 132.5 s.

The treatment times for patients treated using DIBH 
with visual navigation were significantly shorter than for 
those without visual feedback. We were not able to con-

Table 2. Treatment times for each fraction related to 100 MU. 

 

W/out DIBH DIBH (w/out AV) DIBH (AV with T) DIBH (AV w/out T)
Mean 

(s)
Range  

(s)
Mean 

(s)
Range 

(s)
Mean 

(s)
Range  

(s)
Mean  

(s)
Range  

(s)
1 94.1 (74.6 - 118.8) 205.9 (116.6 - 358.7) 179.4 (100.7 - 308.4) 159.6 (112.9 - 246)
2 86.5 (57.6 - 111.6) 250.3 (186.2 - 337.5) 140.2 (93.4 - 174.4) 135.1 (98.6 - 167.8)
3 97.7 (76.8 - 129.6) 182.7 (117.5 - 253.3) 134.7 (110.9 - 155.6) 134.2 (90.7 - 187.7)
4 93.6 (73.8 - 152.4) 225.3 (69.5 - 400.1) 129 (111.6 - 140.1) 129.7 (86.6 - 192.4)
5 87.9 (66 - 111) 161.1 (95.1 - 220.7) 137.4 (112.1 - 176.5) 131.9 (98.9 - 164.9)
6 92.2 (64.2 - 119.4) 160 (149.1 - 170.9) 137.2 (101.2 - 196.1) 137 (98.9 - 169.1)
7 90.9 (64.8 - 125.4) 166.6 (136.5 - 189.4) 130.6 (89.8 - 236) 131.3 (101.9 - 195.4)
8 87.3 (58.8 - 108) 177.6 (129.8 - 216) 132.4 (97.4 - 278.2) 131.5 (94.6 - 193.7)
9 98.4 (64.2 - 184.2) 162.6 (120.4 - 201.1) 127.5 (92.1 - 196.1) 124.3 (95.2 - 166.4)

10 91.7 (69 - 119.4) 162.5 (116.9 - 222.1) 138.4 (94.3 - 217.9) 136 (96.7 - 183.6)
11 93.1 (70.8 - 114.6) 169.1 (128.4 - 219.4) 118.8 (101.1 - 132.5) 129.1 (91.5 - 170.8)
12 93.4 (75.6 - 121.2) 195 (104.8 - 341.6) 126.5 (71.8 - 234.5) 145.1 (107.4 - 196)
13 88.9 (70.2 - 117) 155.2 (110.9 - 185.9) 116.2 (82.7 - 144.8) 113 (81.7 - 146.2)
14 87 (63 - 101.4) 173.1 (119.1 - 275.6) 131.2 (97.7 - 192.2) 132.4 (92.6 - 164.5)
15 89 (64.6 - 118.5) 154.6 (123.5 - 177.4) 151.7 (89.2 - 265) 134.1 (93.7 - 235.7)
16 94.5 (63.5 - 146.7) 146.9 (128 - 169.8) 133.8 (93.4 - 199.9) 132.8 (87.1 - 194.6)
17 85.8 (58.8 - 97.8) 171.3 (71.3 - 208.2) 139.4 (91.8 - 189.1) 135.4 (84.2 - 189)
18 91.2 (72.6 - 116.6) 157.1 (124.1 - 191.6) 137.3 (99.7 - 250) 120.2 (92.3 - 151.1)
19 89.8 (66.6 - 113) 171 (128.3 - 228) 121.9 (94 - 146.7) 127.2 (87.2 - 189.1)
20 88.3 (63.9 - 113,6) 155.2 (116 - 184.1) 131.2 (100.1 - 147.1) 125.1 (90.5 - 162.7)
21 100.3 (63.4 - 190,7) 160.3 (132.1 - 224.5) 124.8 (73.2 - 183) 125 (94.9 - 197.3)
22 86.7 (65.5 - 112.7) 145.9 (103.3 - 178) 125.5 (95.9 - 176.2) 142.4 (84.4 - 299.7)
23 92.5 (71.3 - 118.5) 161 (122 - 222.7) 139.1 (92.7 - 191.9) 133.2 (87.7 - 192.3)
24 87.9 (64.9 - 113.6) 158 (90.4 - 208.6) 124.9 (94.6 - 153.8) 129.6 (98.4 - 165.7)
25 87.4 (66.2 - 113) 146.1 (110.6 - 199.6) 124.4 (86.3 - 185) 134.9 (87.8 - 224.3)
26 88.4 (67.9 - 102,5) 167.2 (103 - 251.6) 127.3 (90.9 - 165.6) 133.1 (83.1 - 241.4)
27 90.1 (58.44 - 110) 153.6 (123.6 - 185.4) 117.5 (99.2 - 151.9) 131.6 (109.9 - 261.5)

1-27 90.9 170.2 132.5 133.8

w/out DIBH - patients without deep-inspiration breath hold technique; DIBH (w/out A-V) - patients with deep-inspiration breath hold technique 
only; DIBH (A-V with T) - patients with DIBH and visual feedback including breath training; DIBH (A-V w/out T) - patients with deep-inspiration 
breath hold technique including visual navigation; s - second; MU - monitor unit
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Fig. 1. Treatment times for each fraction converted per field.

Fig. 2. Treatment times for each fraction converted per 100 MU.

firm any significant benefit of breath training in terms of 
reducing the treatment time.

We also investigated the duration of treatment fraction 
at different phases (weeks) of radiotherapy (Fig. 1 and 2). 
There were no significant differences in any week of treat-
ment during radiotherapy without DIBH or irradiation 
with DIBH using audio-visual navigation. The treatment 

times of individual fractions were consistent throughout 
whole treatment cycle. Nevertheless, we observed the 
shortening of irradiation times with an increasing number 
of fractions in patients undergoing DIBH radiotherapy 
without audio-visual feedback. The difference between the 
first two weeks and the last two weeks of the treatment 
course were statistically significant (P=0.02). 
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Finally, we determined the rate of automatic irradia-
tion interruption due to incorrect chest position of the 
patient. The treatment session was prolonged in 9.6 % 
of fractions in patients with DIBH using visual feedback, 
in 10.7% of fractions with DIBH using visual feedback 
including breath training, and in 60.7% of treatment frac-
tions using deep-inspiration breath hold only. Moreover, 
we detected that in patients with audio-visual feedback, 
the treatment sessions were interrupted repeatedly in only 
0.7% and 1.1% of treatment fractions. Unfortunately, a 
repeated discontinuation of the irradiation was found in 
14.8% of treatment sessions without audio-visual naviga-
tion.

DISCUSSION

Cardiovascular disease and breast cancer are sig-
nificant causes of morbidity and mortality in women. 
Therefore a multidisciplinary approach is essential. The 
American Heart Association warns that cancer outcomes 
can be influenced by cardiovascular health, and cancer 
treatment itself can result in cardiovascular toxicity11.

There is growing evidence from retrospective and plan-
ning studies demonstrating a significant reduction in dose 
to the heart (MHD and left anterior descending coronary 
artery) in patients with left-sided breast cancers undergo-
ing deep-inspiration breath hold radiotherapy12-14. DIBH 
irradiation significantly reduces MHD using both IMRT 
and VMAT techniques compared with free-breathing ra-
diation15. Corradini et al. published the results of a com-
parison between 3D-CRT and VMAT with free-breathing 
or DIBH. The authors conclude that 3D-CRT plans using 
DIBH leads to the lowest risk of both major coronary 
events and secondary lung cancer16. There are significant 
problems associated with heart sparing still to be solved, 
including contouring OAR and selection of ideal treat-
ment technique (what heart sub-volumes are the most 
important and how to contour them, what are the appro-
priate dose constraints, how to select optimal treatment 
technique) (ref.15,17, 18).

There are currently a number of studies underway con-
cerning the reduction of cardiac toxicity including UK 
HeartSpare Study19.

Despite all these ambiguities, DIBH is explicitly rec-
ommended for minimizing the heart dose in the last 
Executive summary of an American Society for Radiation 
Oncology evidence-based guideline for radiation therapy 
for the whole breast20. 

Unfortunately, this technique can lead to dispropor-
tionate prolongation of treatment time for each fraction. 
To reduce the actual treatment time and to improve pa-
tient comfort, we devised an audio-visual system and 
introduced it into daily practice. This study focused on 
the evaluation of treatment times for different DIBH ap-
proaches.

To the best of our knowledge, this is the first study in-
vestigating the time factor associated with different forms 
of DIBH. We have shown that audio-visual navigation re-

duces the treatment time. However, the absolute saving 
of time using this technique is limited - on the edge of 
clinical benefit. We are convinced that the improvement 
of patients' comfort during treatment may be more im-
portant. Quantification of this benefit will be the subject 
of further research.

It is interesting that we found no difference in treat-
ment time between a group with A-V navigation with 
breath training and A-V feedback itself. A-V feedback 
allows patients to interactively change the actual chest 
position as required. We are convinced that an option 
of the interactive changes of chest position compensate 
suboptimal breathing excursion. Moreover, due to strict 
amplitude window 5 mm we can reduce PTV margins 
from 10 mm to 5-7 mm. This can lead to further sparing 
of organs at risk.

Radiation therapy is rapidly evolving and modern tech-
niques such as DIBH and stereotactic radiotherapy are 
often time consuming. Due to a rapidly changing health 
care environment, we are faced with increasing numbers 
of patients in our radiotherapy departments. We are con-
vinced that rational logistics in treatment delivery plays 
an increasing role these days. Hence significant reduction 
in treatment time and better patient convenience should 
be one of our goals. 

The simplicity of the procedure and an easy under-
standing of the principle of this innovation both for pa-
tients and staff has enabled us to rapidly implement the 
audio-visual navigation into a practical treatment protocol. 
At present, all patients with left-sided breast cancer are 
treated at our department using DIBH with A-V feedback.

CONCLUSION

Our data show that audio-visual navigation enables 
us to reduce the treatment time in comparison with deep 
inspiration breath hold without A-V feedback. 
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