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INTRODUCTION 

3-D Conformal Parotid Gland-Sparing Irradiation Technique for 

Bilateral Neck (ConPas) is an alternative to Intensity-modulated 

radiotherapy (IMRT), and is in routine use at University Hospital Centre 

Rebro (KBC-Rebro), Zagreb. This technique includes highly asymmetric 

wedged conformal multi-leaf fields and demands very precise application.  

The aim of this paper is to present the dosimetric verification method 

of ConPas (and evaluation of ConPas applicability) as performed at KBC, 

taking into account the precision of the Treatment Planning System (TPS), 

possibilities of linear accelerator and patient set-up error. Results for two 

patients are shown in some details. 

 

MATERIALS AND METHODS 

In radiotherapy of bilateral neck, a conventional method consists of 

the irradiation with two opposed wedged lateral fields (6 MV photons, or 
60

Co 1.25 MeV photons) plus AP supraclavicular field [1,2]. After 45 Gy, 

lateral fields are reduced to avoid medulla. Spinal and retro spinal regions 

are further boosted with two opposed electron fields (8 – 10 MeV). The 

method has been widely in use for many years. One of its main 

disadvantages is that both parotid glands (PG) (as well as submandibular 

glands) receive a total tumour dose > 60 Gy. As a consequence, they cease 

to produce saliva (xerostomia), which leads to poor life quality of the 

patient. 

Modern radiotherapy uses IMRT technique (e.g. [1]) to diminish dose 

to at least one parotid gland, preserving therefore in part its functioning. 

IMRT includes 5 – 9 intensity modulated fields, sometimes with very small 
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(3  3 cm
2
) in-fields and very few monitor units (MU) per fraction. Less 

frequently used alternative to IMRT is ConPas method, details of which 

have been explained elsewhere [3]. For sake of clarity, we explain briefly 

the method on patient ESTRO B (discussed in [4]):    

Planning target volumes (PTV2 + PTV1) on Figure 1 are displayed 

(cyan and magenta) with boost (PTV1 magenta). Prescribed dose to PTV2  

+ PTV1 is 50 Gy/25 fractions. Additionally, PTV1 takes 20 Gy/10 fractions 

boost. There are four lateral half fields (Figures 2, 3) and two additional 

front (AP) half fields (Figure 4) that deliver 50 Gy/25 frac. to PTV1+2. 

Boost is given with two half fields plus (in this particular case) very small 

lateral field (Figure 5). Common isocenter is placed just in front of the 

vertebral corpus. All fields follow PTV conformaly, with safety margins. 

 

 

Figure 1. 3D view of patient ESTRO B and PTVs. PTV2+1 cyan+magenta. 

PTV1 magenta. PTV1+2 has typical U shape with medulla in the middle. 

Right PG yellow, left PG dark blue, left submandibular gland orange. 

Medulla green. Yellow stripes show 1 cm silicon bolus 

 

The aim is to keep the same V95 as in conventional method and to 

partially spare one PG (hopefully mean PG dose ≤ 32 Gy). ConPas is in 

routine use at our hospital. 

The success of this method (as well as of IMRT) depends on a very 

high precision in complete radiotherapy chain of actions.   
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To this end, patient CT scans are taken with 2 mm slices and imported 

to CMS XiO 4.60 treatment planning system (TPS) [5]. The same is done 

with IMRT Verification Matrix Phantom [6]. ConPas treatment plan is 

applied to patient scan-sets. Planning is carried out with the criterion that 

more than 90 % of Planning Target Volume (PTV) should receive at least 

95 % of the prescribed dose (PTV V95) and that parotid gland, not involved 

in PTV, should receive the dose as low as possible (possibly < 32 Gy [7,8]). 

Medulla and medulla oblongata are also organs at risk and doses to them are 

strictly scrutinized [9,8].  

 

   
Figure 2. Wedged half fields 1 and 2 Figure3. Wedged half fields 3 and 4 

 

Figure 4. Wedged half fields 5 and 6, sagital and coronal view 
 

Dose calculations are performed using the superposition algorithm and 

fine 2 mm calculation grid. The plan is fine-tuned, approved and finally 

accepted. The same treatment plan is then applied to IMRT Verification 

Matrix Phantom scan-set (i.e. using the same MLC half fields and the same 

2 Gy fractionation scheme). The construction of the phantom allows 

placement of 0.125 cm
3
 Semiflex ionization chambers (PTW) at various 
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locations inside it, with very high precision (Figure 6). We follow the 

absorbed dose to water code of practice IAEA TRS 398 [10]. For this 

particular patient, chambers are placed at P1: central position of PTV1, P2: 

central position of PTV2 and at P3: medulla. Points P1 and P2 are in regions 

with a low spatial gradient of absorbed dose. The chamber at P1 measures 

the dose to PTV (50 Gy/25) and boost dose (20 Gy/10) including very small 

(cca. 3  3 cm
2
) field. The chamber at P2 measures the dose to PTV. The 

patient ESTRO B has large portions of both PGs involved in PTV and 

consequently PGs receive high doses.  

 

  
Figure 5. Wedged half fields 7, 8 

and small field 9 

Figure 6. IMRT Verification Matrix 

Phantom with two chambers inserted. 

 

The patient X Y with similar U shaped PTV, but with more than 50 % 

of the right PG out of PTV is also considered. Prescriptions are 54 Gy/27 

fractions to whole PTV and 12 Gy/6 boost fractions to PTV2. PTV2 lies on 

the left hand side of the patient’s head and neck. The same procedure is 

applied to this patient. Ionisation chambers are placed at Pt1-central position 

of PTV2, in order to measure dose to whole PTV and boost and at Pt2-

medulla oblongata. In this case with ConPas technique we can spare a part 

of right PG.  

Positioning of the patient is an important element in radiotherapy 

process. As a routine, thermoplastic masks are used for fixation of the head 

and neck. Also, an alignment between the digitally reconstructed 

radiographs (imported from TPS) and portal images of a patient in 

radiotherapy position is checked once per week. We keep the record of 

positioning inaccuracies for further evaluation of the overall precision and 

for scrutiny of PTV margins.  
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RESULTS 

The record of the set-up errors of nine head and neck patients gives 

the results in the crossplane, inplane and up/down directions: 

x = -0.03 ± 0.034 cm; y = -0.01 ± 0.036 cm; z = 0.05 ± 0.02 cm (2SD). 

Fixation masks in the head and neck region are very reliable and, as 

expected, positioning inaccuracies are well under 1 mm. One must however 

control regularly possible shrinkage of swollen head and neck during 

treatment. If it happens, new set of CT scans and new plan are produced.   

Table 1 shows the results of measurements at defined spots and the 

doses calculated from TPS. For ESTRO B patient, at P1 there is a complete 

agreement of the calculated and measured dose for the main course with six 

fields (50 Gy/25 frac.). Three field boost course gives -1.4 % measured 

value, which is acceptable. It also shows that a very small (3  3 cm
2
) MLC 

fields are well modelled within TPS. At P2 there is good agreement for 

main course. P2 is away from boost region and difference of 2 cGy per 

fraction is acceptable. P3 lies at closer medulla region. There is considerable 

dose gradient over spinal cord and therefore 3 % higher measured dose than 

calculated can be accepted.  

For X Y patient, at the point Pt1 the measured dose from main eight 

fields (54/27) is 2 % higher than the calculated. For boost fields it is 1.4 % 

lower. "Medulla oblongata" at Pt2 receives 5 % smaller dose than predicted 

by TPS. This is also a region of a considerable dose gradient. The 5 % 

smaller measured dose may seem to be important, but keeping in mind dose 

gradients and a fact that Pt2 is placed on a healthy organ at risk, this result 

does not raise serious concern. The same stands for boost fields where there 

is 2 cGy less measured dose per fraction for Pt2.  

Dose volume histogram (DVH) for X Y patient (Figure 7) shows that 

mean dose to right parotid gland is 3273 cGy and that about 50 % of the 

gland receives less than 3200 cGy throughout the whole treatment. This 

dose should partly preserve the gland’s function [7, 8].   

DVHs for both patients show better PTV dose coverage than V95 

constraint. For ESTRO B case, 94 % of PTV1+2 receives at least 95 % of 

prescribed dose, and 95% of boost region receives at least 95 % of dose. In 

X Y case, 95 % of PTV1+2 receives at least 95 % of dose. 95 % of boost 

volume takes at least 90 % of prescribed dose. 
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Table 1. Results for two patients. All values in cGy       

ESTRO B P1 PTV Right P2 PTV Left P3 medulla 

  Main c. Boost Main c. Boost Main c. Boost 

TPS 203 219 190 11 165 30 

Measured 203 216 189 13 170 32 

 

X Y Pt1 PTV Pt2 medulla oblong. 

  Main c. Boost Main c. Boost 

TPS 203,5 201 147   15 

Measured 208   198 141,5 13 

 

 

 

 

 
Figure 7. Dose Volume Histogram for patient X Y 
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CONCLUSION 

ConPas is a rather sophisticated method and demands high precision 

in the whole radiotherapy process. Verification of ConPas using IMRT 

Verification Matrix Phantom shows good agreement between measured and 

predicted doses inside and outside PTV regions of the head and neck. 

Furthermore, a careful track of the positioning during the treatment shows 

that the overall set-up error is very small (practically negligible). When 

possible, one parotid gland may be partially spared, and therefore its 

function preserved at least to some extent. 
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