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ChapterChapter 8 

Abstrac t t 

Wee compared simulator images of medial tangential fields taken in two 
positions:: (1) with the ipsilateral arm abducted, holding a 'L-bar' armrest and 
(2)) with both arms extended above the head in a forearm support. The 
averagee maximum heart distance as well as the central lung distance 
decreasedd significantly, by 3.4 (SE = 0.9) and 4.7 (SE = 1.1) mm, 
respectively,, when the new forearm support was used. The estimated 
normall tissue complication probability for excess cardiac mortality 
decreasedd with on average 3.1% (SE = 1.3%). For some patients, a greater 
amountt of the axilla was included in the field. We recommend the use of the 
forearmm support during breast cancer treatment with tangential fields to 
decreasee the amount of heart and lung inside the fields. 

Introductio n n 

Inn many institutions, a 'L-bar' armrest is used to position the ipsilateral 
armm during breast cancer irradiation, typically with tangential fields. The 
amountt of heart and lung tissue inside these treatment fields can be 
substantiall and clinically relevant [5,8]. It is known that the shape of the 
breastt and thorax is influenced by the position of the arm e.g., [4]. 

However,, little is known about the influence of the arm position on the 
amountt of heart and lung inside the tangential treatment fields. In an 
interestingg study, Canney et at showed that the use of a breast board in 
combinationn with a T-grip' placed above the head resulted in a reduction of 
thee mean cardiac dose of 60% (p<0.001) for left sided breast cancer 
patientss [2]. The aim of this work is to quantify the amount of the heart and 
lungss inside tangential treatment fields using a 'L-bar' armrest compared to 
aa forearm support positioned above the head, without the use of a breast 
board.. Data for 12 left-sided breast cancer patients lying in supine position 
withh the arm in the 'L-bar' armrest and in the forearm support were 
analysed. . 

Method ss and material s 

Breastt treatment was simulated for 12 randomly selected left-sided 
breastt cancer patients in supine position. Firstly, the patient was positioned 
usingg the 'L-bar' armrest (Figure 1a). A radiation oncologist placed a lead 
wiree around the palpable breast tissue. The simulator isocentre was placed 
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att the middle of the sternum. Using fluoroscopy, the gantry angle was 
rotatedd such that the medial and lateral projections of the lead wire 
overlapped.. A simulator image was then taken (Figure 2). Secondly, the 
patientt was positioned with both arms in a forearm support (Posirest from 
Sinmedd BV, Reeuwijk, The Netherlands) above the head (Figure 1b). The 
radiationn oncologist verified the lead wire still outlined the palpable breast 
tissue.. If not, the lead wire was adjusted to the appropriate position. A 
secondd simulator image was then taken using the same procedure as 
describedd above. Treatment fields were delineated on the simulator images 
usingg a margin of 15 mm between the lead wire and the field border. The 
centrall lung distance (CLD), defined as the distance from the dorsal field 
edgee to the thoracic wall measured in the central axial plane [1], was 
measuredd in the simulator images. In addition, the maximum heart distance 
(MHD),, defined as the maximum distance of the heart contour, as seen in 
thee beam's-eye view of the medial tangential field, to the medial field edge 
[5],, was also measured in these images. The measurements were corrected 
forr the difference in magnification of the CLD and MHD in our images, 
collectedd with the beam isocentre at the sternum, compared to the 
magnificationn used in the definitions of the CLD and MHD, where the 
imagess were collected with the beam isocentre in the middle of the breast. 

TableTable 1. Measured central lung distance (CLD), maximum heart distance (MHD) and 
estimatedestimated NTCP for excess cardiac mortality in tangential field breast 
irradiationirradiation using a 'L-bar' armrest or a forearm support above the head. 

Patien t t 
numbe r r 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 

Average e 
(SEM)* * 

CLDD (mm 
'L-bar ' ' 

38 8 
32 2 
34 4 
27 7 
47 7 
19 9 
32 2 
31 1 
49 9 
23 3 
23 3 
11 1 

Fore e 
arm m 
33 3 
33 3 
22 2 
20 0 
41 1 
13 3 
32 2 
27 7 
41 1 
17 7 
23 3 
8 8 

) ) 
Diff . . 

-5 5 
1 1 

-12 2 
-7 7 
-6 6 
-6 6 
0 0 
-4 4 
-8 8 
-6 6 
0 0 
-3 3 

-4.7 7 
(1.1) ) 

MHDD (mm] 
'L-bar ''  Fore 

22 2 
36 6 
22 2 
23 3 
48 8 
21 1 
25 5 
25 5 
55 5 
23 3 
22 2 
7 7 

arm m 
23 3 
33 3 
13 3 
20 0 
43 3 
19 9 
25 5 
15 5 
50 0 
21 1 
20 0 
6 6 

Diff . . 

1 1 
-3 3 
-9 9 
-3 3 
-5 5 
-2 2 
0 0 

-10 0 
-5 5 
-2 2 
-2 2 
-1 1 

-3.4 4 
(0.9) ) 

'L-bar ' ' 

3.3 3 
14.9 9 
3.2 2 
3.8 8 

37.0 0 
2.9 9 
5.0 0 
4.8 8 
55.1 1 
4.1 1 
3.4 4 
0.3 3 

NTCPP (%) 
Fore e 
arm m 
3.8 8 
11.1 1 
0.9 9 
2.5 5 

25.4 4 
2.1 1 
5.0 0 
1.3 3 

42.2 2 
3.0 0 
2.6 6 
0.3 3 

Diff . . 

0.5 5 
-3.8 8 
-2.3 3 
-1.3 3 

-11.6 6 
-0.8 8 
0.0 0 
-3.5 5 

-12.9 9 
-1.1 1 
-0.8 8 
0.0 0 
-3.1 1 
(1.3) ) 

** SEM : standard error of the mean 
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Thee normal tissue complication probability (NTCP) for excess cardiac 
mortalityy after 10-15 years was estimated from the MHD measurements 
usingg the relation between the MHD and the NTCP presented by Hurkmans 
etet al. [5]. These NTCP values are based on the relative seriality model [6] 
withh parameter values derived by Gagliardi et al. [3]. This model is based on 
fulll 3D dose calculations using CT data. As this data were not possible to 
obtainn for both patient positions due to the limited bore size of the CT 
scannerr with respect to the 'L-bar', a direct calculation of the NTCP using 3-
DD dose data was not possible. A paired T-test was used to test whether the 
differencess in CLD, MHD and NTCP between the two patient positions were 
significant. . 

Result ss  and discussio n 

Thee CLD (8 - 49 mm) and the MHD (6 - 55 mm) varied widely (Table 1). 
Thee resulting differences in these measurements between the two arm 
positionss ranged between +1 and -12 mm for the CLD and between +1 and 
-100 mm for the MHD. The improvement in treatment, as seen in the 
decreasee of the amount of irradiated lung and heart when using the forearm 
supportt is statistically significant. The mean decrease in CLD is 4.7 mm (2.6 
-- 6.8 mm, 95% CI) and the mean decrease in MHD is 3.4 mm (1.5 - 5.3 
mm,, 95% CI). 

Thesee decreases are significantly different from 0 (CLD: p-value < 
0.001,, MHD: p-value < 0.003). 

Itt is difficult to quantitatively compare our results with the results 
presentedd by Canney et al., as they used evaluation parameters based on 
fulll 3D CT data [2]. However, our results are in agreement in showing a 
significantt reduction of irradiated heart and lung by using an arm support 
devicee that positions the arms above the head instead of besides the body. 
Otherr aspects like patient stability and patient comfort should be compared 
betweenn such arm supports to determine which support is optimal. 

Thee NTCP value for excess cardiac mortality decreased on average by 
3 .1%% (0.3 - 6.0%, 95% CI), which is significantly different from 0 (p-value < 
0.02).. However, the MHD values calculated for patients # 5 and #9 lie 
outsidee the range of the clinical data used to model the relation between the 
MHDD and the NTCP and these values should, therefore, be considered with 
caution. . 
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Mallikk et al. [7] already reported a method to measure the amount of 
heartt inside tangential fields in 1995. They measured the area of the heart 
insidee the tangential fields on a simulator-CT produced CT scan through the 
middlee of the breast. However, the contour of the heart varies considerably 

FigureFigure 1. Position of a patient using the 'L-bar' armrest (A) and the forearm support 
positionedpositioned above the head (B) during breast irradiation. The field borders 
ofof the tangential fields using the 'L-bar' are marked with a line on the 
patient.patient. The dashed line in Figure 1B is the lateral field border when the 
forearmforearm support is used. 
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inn the cranial-caudal direction and the largest part of the heart inside the 
tangentiall fields is usually not positioned in the central part of the field. 
Therefore,, this measurement method does not result in a very reliable 
predictionn of the total amount of heart inside the tangential fields. 

Thee use of the forearm support considerably reduces the amount of 
heartt inside the treatment fields in many patients. If one, for example, uses 
ann NTCP for excess cardiac mortality of 3% or higher as clinically 
unacceptable,, then 10 out of 12 patients would be considered inadequately 
treatedd with the 'L-bar'. This number is reduced to 5 patients if the forearm 
supportt is used. For these 5 patients, a different treatment technique may 
resultt in a further reduction of the NTCP. The uncertainty in the incidence of 
excesss cardiac mortality used to fit the model parameters for the NTCP 
modell is large [3]. However, the fit itself was rather accurate, i.e., the 
calculatedd NTCP values were well within confidence limits of the clinically 
observedd numbers. Therefore, the NTCP values should primarily be used to 
rankk and compare different treatment plans, with the understanding that the 
absolutee NTCP values still have a large amount of uncertainty. 

FigureFigure 2. Simulator image with overlay of mediolateral field outline. The central lung 
distancedistance (CLD), maximum heart distance (MHD) and field length (L) are 
indicated. indicated. 

Usingg the forearm support, the lateral part of the breast is shifted more 
anteriorlyy (Figure 1). This is more pronounced for the heavier patients, due 
too the greater mobility of the breast and underlying fat. The use of the 
forearmm support also leads to a small cranial shift of the breast. 
Consequently,, for some patients a larger part of the axilla, latissimus dorsi 
andd the serratius anterior muscles are included in the field. The distance of 
thee humeral head to the cranial field edge was used to quantify the shift of 
thee cranial field border towards the axilla by using a forearm support. On 
average,, this shift was 7 mm (range: -9 to +26 mm) if the forearm support 
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wass used. Thus, for a small group of patients, the possible reduction of lung 
andd heart complications has to be balanced against the possible side effects 
arisingg from the irradiation of a larger part of the axilla. For patients that 
receivee axillary region radiotherapy as part of their treatment, possible side 
effectss are armedema (0-2%) and shoulder malfunction (1%) [9]. 

Inn general, the comfort of the arm supports was judged similar by the 
patients.. Sporadically, patients cannot abduct their arms sufficiently, and the 
forearmm support is used in stead of the 'L-bar' support, which is our standard 
armm support. Preliminary portal imaging results show that the patient set-up 
accuracyy does not differ between the use of the forearm support and the 'L-
bar'' support. It is not clear yet whether these images also can be used with 
sufficientt accuracy to quantify the reproducibility of the MHD measurements. 

Inn conclusion, there are several advantages using a forearm support 
comparedd to a 'L-bar' armrest: (1) the forearm support results in an overall 
reductionn of heart and lung dose; (2) the decrease in NTCP, although small, 
isis clinically relevant as the resulting complication, cardiac mortality, is very 
serious;; (3) simulation time is not increased; (4) if needed, the patient can 
havee a CT scan in the treatment position. 
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