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22 The measurement of fringin g fields in a radiofrequency hyperthermia array with 
emphasiss on bolus size 

Thiss chapter has been published as: 
Thee measurement of fringing fields in a radio-frequency hyperthermia array with emphasis 
onn bolus size 
1998.. J. Wiersma. J.D.P. van Dijk. J. Sijbrands and CJ. Schneider 
Internationall  Journal of Hyperthermia, 14:535-551 

Abstract t 
Thee limited aperture size through which the EM-field of the applicator is emanated and the 
constrainingg of this EM-field near the bolus' edge is related to the appearance of superficial 
'hott spot*  phenomena in radiative hyperthermia. Regarding systems based on the concept 
off  the annular phased array two questions arise: 1) what is the relative strength of the radial 
componentt present in the incident field of the radiators and 2) in what way are fringing 
fieldss related to the bolus size. 
Too address both of the above questions, the spatial distribution of the EM-field emanated 
throughh the aperture of an applicator of the Amsterdam four waveguide-array system has 
beenn investigated for a long bolus and a short bolus. The EM vector field emanated by the 
applicatorr has been characterised in two perpendicular planes, i.e. the aperture midplane 
andd the sagittal midplane. It should be noted that this distribution depends on the 
propagationn conditions throughout the coupling bolus, the phantom and other volumes 
attached,, such as other applicators. Therefore two sets of propagation conditions have been 
measured:: 1) the minimum number of parameters determining the propagation of the EM-
fieldd namely one single waveguide, one bolus and a homogeneous phantom and. 2) the 
propagationn conditions as for the clinical setting. It is stressed that the study concerns one 
specificc radiative hyperthermia system, namely the AMC four-waveguide array, but that 
basedd on the similarities discussed above results may be extrapolated towards other 
radiativee hyperthermia systems. 
Accordingg to the current study, bolus prolongation might lead to a clear clinical 
improvement,, which is due to a decrease of the fringing field amplitude compared to the 
fieldfield amplitude in the centre of the aperture midplane. Bolus prolongation will lead to an 
extendedd heating area, the field lines being more aligned to the patient's main axis. 

KevKev words: RV deep heating, fringing fields, amplitude and phase measurement, bolus 
length. . 
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2.11 lntroduclioii. 

Thee current eünieal radiative hyperthermia systems for the treatment of deep-seated 
tumourss emerged from the development and improvement o\" the BSD 'annular phased 
array'' (APA) system (BSD Medical Corporation. Utah). Main property of the APA system 
iss its capacity to realise a significant SAR level in the central part of a hodv by interference 
off  the radiative, electromagnetic (EM) field (Turner ]984b. Turner 1984a). The APA 
utilisess a waterboius for the l£M coupling between applicator array and patient and a patient 
supportt system. 
Clinicall  experience with the APA system started in 1980 and revealed several severe 
treatmentt limiting problems such as (1) pain. (2) general discomfort of the patient and (3) 
systemicc healing (Gibbs et al. 1984. Sapozink el al. 1984. Gibbs et al. 1985. Sapozink et al. 
1985.. Sapo/ink et al. 19K6b. Sapozink et al. 1986a). The reasons for the clinical problems 
weree identified as (1) experience of pressure by the waterbolus. (2) limited control on the 
interferencee pattern, i.e. a distribution of the heat production different from intended and (3) 
hott spots at the patient's surface due to fringing fields at the edge of the coupling waterboli. 
Takingg into account this experience, new systems were designed of which the Utrecht 
Coaxiall  TFM applicator (Lagendijk 1983). BSD2000 Sigma-60 (Turner et al. 1989. Turner 
ett al. 1988) and the AMC four-waveguide array (Van Dijk et al. 1989. Van Dijk et al. 1990) 
weree brought into clinical application. The Utrecht system applies a large open vvaterbolus 
too avoid the feeling of pressure and fringing fields. The BSD2000. Sigma-60 was designed 
too feature a compact looking system with four applicators of which the amplitude, phase 
andd frequency can continuously be manipulated. This improved the general steering 
capability.. On the other hand, applying four waveguide applicators with an individual 
bolus,, together vvith amplitude and phase adjustment, the Amsterdam system is meant to 
combinee steering capability with the freedom of attaching any number of applicators 
betweenn one and four to the patient. The experience gathered with the new systems 
describedd above can be summarised as follows: (1) Because of the open bolus design the 
Utrechtt system heats a 'long" volume. This may result in high systemic temperatures, and 
thereforee systemic stress is an important limiting factor. Uocal pain, however, is less 
frequentlyy noticed during hyperthermia sessions compared to sessions administered by the 
APAA or BSD2000 open vvaterbolus systems (Van Es et al. 1995). (2) The BSD2000 Sigma-
600 adjusts the amplitude and phase setting of the amplifiers by means of treatment 
software.. This has been shown to be not sufficient (Hornsleth et al. 1997. Wust et al. 1995) 
andd therefore additional quality assurance procedures as presented by Hornsleih et al. 1997 
havee been recommended. (3) The Amsterdam system was equipped with both a phase and 
amplitudee locked loop. This feature stabilises the RF voltage fed to each individual 
applicatorr and realises a predictive interference pattern (Schneider et al. 1995). Although 
(hee clinical relevance of the above mentioned radiative systems have been proven in a 
recentlyy closed randomised phase III trial (Dutch Trial: Van der Zee et al. 1996) further 
improvementss can be realised. In this paper data is presented on limitations due to fringing 
fieldsfields in a radio frequency hyperthermia array in relation to the bolus si/e. 
Thee mentioned radiative systems appear to have similar field distributions in the aperture 
midplanee (Schneider et al. 1994b). although applicator and bolus design is different. It can 
bee argued that outside this midplane. they also behave similar in the sense that as a result o\~ 
aa fringing field due to a limited aperture si/e they all exhibit radial field components, i.e. 
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componentss thai are perpendicular to the patient's body axis. The orientation of the radial 
fieldd components and the boundary conditions for the Maxwell equations at a tissue 
interfacee explains how excessive heating of the fai layer may occur (Heinzl et al. 1990. 
Lagendijkk 19K3). Kor both the waveguide array and the L'lreeht system iliese radial field 
componentss are expected to be located close to the aperture edges" (Andersen 19X7). This 
hass been con tinned by a numerical analysis of the Coaxial TF.M by Van Putten et al. 19X6. 
showw ing a radial Held component near the aperture's edge. Also for the BSD-2O00 Sigma-
()00 applicator the existence of such a radial Held component litis been encountered. Bused 
onn FFM simulation of Sigma-60 heating in the Utah phantom. Jia et al. 1994 states that 
"highh electric Held magnitudes result from circulation o\~ the Held lines around the EM 
antennas""  and. that "as a result o\' field lines exiting the phantom, the Held polarisation is 
normall  to the phantom surface al the locations corresponding to 'hot spots' ". Additionally, 
especiallyy the closed-bolus systems, they suffer from fringing Helds induced by the limited 
extensionn and shape of the waterboius. Again Jia el al. 1994 state: " the bolus contributes to 
thesee high field strengths by constraining the Held lines near the bolus ends ". Thus, the 
systemss mentioned above all may have a disadvantageous LM-fiel d in relation to 
subcutaneouss fat-muscle interfaces (Guy 1971) and superficial "hot spot' phenomena may 
occur.. An approach in suppressing these phenomena, is attachment of an extra bolus at 
pointss where they diverge on a routine basis (Mella et al. 1996. Myerson et al. 1991). The 
latterr bolus prolongation is inherently present in the Coaxial TF.M because of its open bolus 
system. . 

Besidess the clinical evidence already mentioned, systematic studies on the influence of the 
boluss (Chen et al. 1992. De Leeuw 1993. Flornsleth 1997) clearly demonstrate a 
relationshipp between bolus size and SAR pattern. De Leeuw 1993 shows that the size of the 
boluss in the coaxial TFM has a significant effect on the SAR distribution by measuring the 
\E/~\E/~ profile quantitatively over the central axis and qualitatively in a number of planes. 
Variationss of the bolus size induce a small secondary maximum and shift the local SAR 
maximumm out of the aperture midplane along the central axis. In model simulations a more 
prolongedd central axial Held for a fiat bolus than for a tapered bolus (Chen el al. 1992) and 
reducedd bolus edge effects as a result of a prolonged bolus could be shown (Hornsleth 
1997).. From the above it is clear that the limited aperture size through which the FM-field 
iss emanated and the constraining of this FM-field near the bolus" edge is related to the 
appearancee of superficial "hot spot' phenomena in radiative hyperthermia. 
Regardingg systems based on the concept of the annular phased array two questions arise: 1) 
Whatt is the relative strength of the radial component present in the incident field of the 
radiatorss and 2) in what way are fringing fields related to the bolus size. To address both of 
thee above questions, the spatial distribution of the LM-fiel d emanated through the 
applicatorr aperture must be investigated. It should be noted that this distribution depends on 
thee propagation conditions throughout the coupling bolus, the phantom and other volumes 
attached,, like other applicators. Scanning both amplitude and phase in a single plane, i.e. 
thee aperture midplane, is the minimal effort in the investigation oï the interference 
propertiess of annular phased arrays (Schneider et al. 1995). The characterisation of the 
spatiall  distribution of the F.M-fieid however, at least requires additional scanning in a plane 
perpendicularr to this single plane. Furthermore, these two planes represent the minimal 
requirementt in characterising the three dimensional propagation of the LM-field . The field 
directionn and also the field strencth are clearly defined re card ing the LM-fiel d as a three-
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dimensionall  vector field. In this representation the field direction is represented by the 
directionn of a vector in three dimensions whilst its absolute value represents the field 
strength. . 
Adoptingg the above, the EM vector field o\' an applicator o( the four-waveguide array 
systemm has been characterised in two perpendicular planes, i.e. the aperture midplane and 
thee sagittal midplane. Two sets of propagation conditions have been selected: I) the 
minimumm number of parameters determining the propagation of the EM-field namely one 
singlee waveguide, one bolus and a homogeneous phantom and 2) the propagation 
conditionss as for the clinical setting, i.e. tour applicators attached by four boli. It is stressed 
thatt the study concerns one specific radiative hyperthermia system, namely the AMC four-
waveguidee array, but that, based on the similarities discussed above, results may be 
extrapolatedd towards other radiative hyperthermia systems. 

2.22 Materials and Methods. 

2.2.11 The Phantom. 

AA rectangular phantom with a length of 78.5 cm and a square cross section, of 30 x 30 cm. 
iss applied. The phantom is made of a 2-mm outer wall of PVC and is tilled with a salted 
solutionn of 3 g N ad I. During experiments the temperature of the solution is kept at 22  2 
°C.. This results in a conductivity a of 0.51 S/m and a relative dielectric permittivity er 

equall  to 77 (Schneider et al. 1994a). 

Transversall  (XY-) plane Centrall  sagittal (YZ-) plane 

:: v.' 

Transversall  IXY- I plane Overvieww (short bolus) 

: : 

Waveeuide e 
>agjtla|| [Man, 

Waveeuide e 

figurefigure I Schematic overview of the measurement set-up. Top row: the 'Simplified set-up' XY-plane and YZ-
planee with a short and a long bolus. Bottom row: the 'Arra\ set-up' XY-plane and the geometn of the set-up for 
thee short bolus. 
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Materialss and Methods. 

2.2.22 Experimental Setup. 

Inn the phantom, the radio frequent electromagnetic field of one single waveguide oï the 
hyperthermiaa system is determined. The influence of bolus lengthening in the Z-direetion is 
investigatedd in two waveguide sel-ups: 1) a simplified set-up having only a single radiating 
waveguidee applicator attached to the phantom and 2) the complete four waveguide array 
set-up.. A schematic view of the two set-ups is given in figure t. 
Inn both sel-ups dielectric coupling has been arranged by a 4-cm thick bolus with a length of 
300 cm or 50 em. respectively denoted as 'short' and 'long'. In the simplified set-up only the 
phantom,, one bolus and one waveguide determine the propagation conditions. In the array 
set-upp one single waveguide is powered while the other three waveguides are connected to 
aa 50 Q dummy load in order to avoid reflection from the. otherwise open-ended, antennae 
off  these applicators. The waterbolus now encloses the phantom and metallic structures, i.e. 
non-poweredd waveguides, become dielectric coupled by this waterbolus. 

2.2.33 The RF-dipole antenna. 

Alongg a number of tracks in the aperture midplane, i.e. the *XY* plane at Z=0, and the 'YZ' 
planee at X^O (figure 1) the Ri'-fteld has been scanned by the dipole antenna developed at 
TNO-FELL laboratory1. In the 'XY ' plane the E-field probe has been aligned with the long 
axiss of the phantom, which is the direction oï the Z- or main component of the E-field as 
foundd in earlier experiments and reported by Paulsen et at. 1990. In the 'YZ' plane the EM-
fieldd has been determined by an orthogonal decomposition in an axial or Z- and a radial or 
Y-component.. These two components have been obtained by successively aligning the 
dipolee in the Z- and Y-direetion. Experiments to determine the relative contribution of the 
X-.. Y- and Z-eomponents of the emanated electric field in the 'YZ' plane revealed that the 
X-componentt is less than 10% of the local Z- component. A home built scanner and a 
frequencyy of data acquisition high enough to realise at least one sample point per millimetre 
havee been utilised to perform scanning. The mutual scan track spacing is 5 em and 3 cm. 
respectivelyy for the Z-component and Y-component. 
Thee dipole antenna (0 5 mm. length 5 mm) is capable of measuring the amplitude and 
phasee oi' the EM-field simultaneously. After appropriate signal processing, a pair of DC 
voltagess is available which represent amplitude and phase of the electric field at the current 
spatiall  position of the dipole (Schneider et al. 1995). There is some anisotropy behaviour of 
thee probe, i.e. the probe amplitude reading varies if the probe is rotated around its axis. This 
effectt is determined to be less than 5% in amplitude. A variation oï the phase readout in 
relationn to this behaviour has not been detected. 
Forr both the simplified and the array set-up and for both bolus lengths, the reading in the 
centree of the aperture midplane was chosen as a normalisation value. Hence for both Z- and 
Y-componentt the amplitude will be given as a fraction of the amplitude of the Z-component 
att the centre of the aperture midplane. The phase is given as a difference to the phase of the 
Z-componentt at this location. 

11 Netherlands Organisauon tor Applied Scientific Research: Physics and Lkvircnics Laboratory (TNO-i-'hl.i. 
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2.33 Results. 

Thee EM-field has been measured in the aperture''transversal midplane or 'XY' plane and 
thee lateral midplane or 'YZ' plane. The amplitude and phase of each component in both 
planesplanes are presented as an iso-value pattern derived from the scanned data by a minimal 
curvaturee algorithm. Note that the active waveguide radiator is always chosen to be on the 
negativee Y-axis, i.e. the bottom applicator (figure 2). The waveguides attached to the 
phantomm are symbolically depicted by a grey bar designating the coupling bolus. The space 
betweenn the two black markers indicates the aperture size. According to this, figure 2a and 
figuree 2b represent the "Simplified set-up', whereas figure 2c and figure 2d represent the 
'Arrayy set-up'. 
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figurefigure 2: Iso-amplitude patterns in the XY-plane as measured for the Z-component in the two setups: a) short 
bolus.. Simplified set-up', b) long bolus, "Simplified set-up', c) shon bolus, 'Arraj set-up', d) long bolus. 'Array 
set-up' ' 

2.3.11 EM-field in the Transversal- or Aperture Midplane. 

Thee iso-amplitude pattern in the aperture midplane for both set-ups is shown for both the 
shortt bolus and for the long bolus in figure 2. It can be seen that for each set-up an 
enlargementt of the bolus in the Z-direction does not significantly change the amplitude 
distributionn in the aperture midplane (figure 2a compared to figure 2b. figure 2c compared 
too figure 2d). However, a variation of the propagation conditions from the 'Simplified set-
up'' to the 'Array set-up' does induce differences in the amplitude pattern (figure 2a 
comparedd to figure 2c. figure 2b compared to figure 2d). These differences are pronounced 
closee to the opposite non-powered waveguide radiator and thus where propagation 
conditionss are altered. In figure 3 the iso-phase distribution in the aperture midplane is 
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plotted.. With the exception of the strong curvature of the zero-degrees iso-line in figure 3a, 
alll  phase distributions appear to be qualitatively similar. Independent of bolus size, the 
phasee profile along the y-axis for the 'simplified set-up' is less steep than for the 'Array set-
up'.. For both amplitude and phase the described results are summarised in figure 4. In the 
'Arrayy set-up' the amplitude profile flattens along the y-axis in contrast to the "Simplified 
set-up'' where this profile monotonically decreases (figure 4a). The phase pattern lor the 
'Arrayy set-up' clearly flattens close to the non-powered applicator whereas this flattening is 
notnot observed for the 'Simplified set-up" (figure 4b). 
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figuree 3: Iso-phase patterns in the XY-plane as measured for the Z-component in the two setups: a) short bolus. 
Simplifiedd set-up', b) long bolus. 'Simplified set-up', c) short bolus. 'Arras set-up', d) long bolus. 'Array set-up' 

2.3.22 EM-field in the Sagittal Midplane. 

Inn figure 5 and figure 7 the amplitude patterns of the Z-component and the Y-component 
aree displayed as measured in the "YZ' plane. An effect of the bolus enlargement can be 
observed.. The 100% iso-amplitude line of the Z-component widens in the Z-direction and 
thee region in which the amplitude is larger than 100% increases (figure 5). From the 60% 
amplitudee level for both Y-component and Z-component it can be seen that in the 
"Simplifiedd set-up' the region for which the Y-component amplitude is higher than the Z-
componentt amplitude decreases as a result of the bolus prolongation. This implies that the 
fieldfield direction is clearly affected by a bolus prolongation. By plotting the amplitude ratio 
(A-ratio)) of the radial versus the axial component along a scan line in axial direction at Y=-
133 cm which is close to the radiating applicator (figure 6) this effect can be further 
analysed.. In the "Simplified set-up' the field lines show less bending when the bolus is 
prolongedd as being expressed by a decreased radial- versus axial amplitude ratio. In all the 
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otherr cases it may be concluded that the field direction does not exceed an angle of 61 
degreess (A-ralio < 1.8) with the phantom's main axis and generally slays below 45 degrees 
(A-ratio<< 1.0). 
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figuree 4: Radial amplitude and radial phase profile along the y-axis in the XY-plane. i.e. along (he central axis' 
direction.. No distinction between short- and long bolus has been made. 
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figuree 5: Z-component iso-amplitude patterns in the YZ-plane as measured in the different setups: a) short bolus. 
"Simplifiedd set-up', b) long bolus. 'Simplified set-up', c) short bolus. -Array set-up", dl long bolus. -.Array set-up'. 
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Amplitudee Ratio of Radial versus Axial Component 

Scann at Y=-13 cm 
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figuree 6: Amplitude ratio (A-ratio) of the Radial versus the Axial Component along the Z-axis at 2 cm penetration 
depth,, i.e. at y—I 3 cm. 
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figuree 1: Y-component iso-amplitude patterns In the YZ-plane as measured in the different setups: a) short bolus, 
'Simplifiedd set-up", b.i long bolus. 'Simplified set-up", c) short bolus. 'Array set-up', d) long bolus. 'Arraj set-up'. 

Inn the "Simplified set-up" the 100% iso-amplitude line of the Y-component is found closer 
too the waveguide when the bolus is enlarged (figure 7a and figure 7b) while the 60% iso-
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amplitudee line widens. This is more clearly illustrated in figure 8a: the amplitude along a 
scanningg track in the 'YZ' plane at X=0 cm and Y=-13 em is smaller and less peaked with a 
longg bolus than it is with a short bolus. From this it is concluded that, relative to the Z-
componentt amplitude in the centre of the aperture midplane, i.e. the normalisation point, 
thee Y-component amplitude, is clearly weakened in this set-up. 

'Simplifiedd setup' 'Arrayy set-up 
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figurefigure 8: Radial amplitude along the Z-axis at 2 cm penetration depth, i.e. at y=-l3 cm. in a) the 'Simplified set-
up'' and b) the "Array set-up' supported by either the clinical - or a wooden construction. 
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figuree 9: No-phase patterns in the YZ-plane as measured for the Z-component in the two setups: a) short bolus. 
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Forr the "Array set-up', this widening of the relative amplitude pattern has also been found 
(figuree 7c and figure 7d). However, this is not accompanied by a shift of the 100% iso-
amplitudee contour towards the active applicator. Furthermore, the amplitude pattern is not 
distributedd symmetrically around the Z=() axis, whereas this is the case in the "Simplified 
set-up'.. The explanation for this phenomenon is sought in the patient phantom supporting 
structuree of the set-up. In case of the "Simplified set-up' this is a wooden construction, 
hencee no scattering by this object is expected. In the ease of the "Array set-up', a metal 
constructionn supporting the tabletop is suspected to induce the asymmetry phenomenon. 
Thiss has been verified by performing an additional scan in the "Array set-up' in the 'YZ' 
planee at X=() cm and Y=-13 cm replacing the metal construction by a wooden construction. 
Inn figure 8b the distribution of the Y-component along this scanning track for both clinical 
andd wooden 'Array set-up" is given. The distribution of the Y-component for the wooden 
'Arrayy set-up' is now symmetric and the amplitude along this track is slightly more peaked 
forr a set-up with a short bolus than it is with a long bolus. Furthermore, the distribution at 
negativee Z-Axis values correspond to the distribution measured in the Clinical 'Array set-
up'. . 

Shortt Bolus Long Bolus 

figuree 10: Iso-phase patterns in the YZ-plane as measured for the Y-component in the two setups: ai short bolus. 
"Simplifiedd set-up', h) long bolus. "Simplified set-up', c) short bolus. \\rra> set-up', d) long bolus. "Array set-up'. 

Inn figure 9 and figure 10 the corresponding phase patterns are presented of the axial and 

radiall  component. In the setups with a short bolus a more concave phase pattern around the 
activee waveguide is shown than in the setups with the long bolus (figure 9). In the short 
boluss set-up. particularly in the "Simplified set-up' (figure 9a). there is a steep phase 
gradient.. In the long bolus set-up (figure 9b.d) this effect is not noticed. Also the 
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differencess in the phase pattern between the 'Array set-up" and the 'Simplified set-up' 
reappear:: ihe phase profile in front of the powered waveguide (or proximal) in the 
'Simplifiedd set-up' is less steep and the phase pattern close to the opposite non-powered 
waveguidee in the 'Array set-up' flattens. 
Thee phase of the Y-componenl has been found to shift roughly ISO degrees in the 'XY ' 
planee at Z~0 (figure 10). This shift means a steep step in phase from the positive Z-axis to 
thee negative Z-axis. 

2.44 Discussion 

Thee amplitude of the Y-eomponent in the 'YZ* plane is asymmetric along the Z-0 axis in 
thee clinical 'Array set-up\ whereas this distribution is symmetrically in the 'Simplified set-
up'.. The explanation for this phenomenon is sought in the patient'phantom supporting 
structuree of the set-up. The results presented in figure 8 are in favour of this hypothesis and 
suggestt that a large metallic structure might influence the propagation of the emanated EM-
field.. A possible similar effect has also been detected in the BSD-2000. Sigma-60 system 
(Wustt el al. 1995). Il was noticed that interaction between antennae of the Sigma-60 and 
metallicc constructions could cause asymmetries in symmetrically intended transversal SAR 
patterns. . 
Thee BSD-2000. Sigma-60 system only operates in an array set-up and the characteristics of 
aa single system element cannot be studied. By design, the AMC four-waveguide array 
includess the possibility of selecting any number of waveguides, from one up to four. By 
thiss the number of parameters determining an array set-up could be reduced in a simplified 
set-up.. As a consequence of altered propagation conditions the EM-field is reshaped in 
proximityy of the non-powered applicators, and mainly the opposing one. Close to the 
poweredd applicator the influence of the bolus changes due to the altered propagation 
conditions. . 
Inn both set-ups the extension of the bolus from 'short*  to 'long' clearly increases the axial 
extensionn of the main EM-field component (figure 5). which corresponds with the results 
fromm earlier reports (Chen et al. 1992. De Leeuw 1993). The decrease of the radial 
componentt (figure Ha) as a result of the bolus prolongation means that the relative 
magnitudee of the fringing fields and their related clinical problem of superficial 'hot spots', 
iss clearly reduced while heating capability in depth is maintained. This result corresponds 
withh the clinical experience of utilising extra prolongation boh (Myerson et al. 1991. 
llornslethh 1997. Mclla et al. 1996) on a routine basis in order to reduce pain related to a 
limitedd bolus size. However, at different propagation conditions, i.e. the 'Array set-up', 
onlyy a small, decrease of fringing field can be realised. 
Inn areas where the radial field amplitude is larger than the axial field amplitude the resultant 
fieldfield direction consequently has an angle of more than 45 degrees with the phantom's main 
axis.. This effect is only observed in the 'Simplified set-up" with a short bolus as being 
expressedd bv a decreased radial- versus axial amplitude quotient (figure 6). In all the other 
casess it may be concluded that the field direction generally stays below 45 degrees (A-ratio 
<< 1.0). Erom figure 8 it is shown that the distribution in the wooden 'Array set-up' at 
negativee Z-Axis values correspond to the distribution measured in the clinical 'Array set-
up'.. Extrapolating this result to the data presented in figure 6 and neglecting the data at 
positivee Z-Axis values, it may be argued that also for the 'Array set-up' bolus prolongation 
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resultss in a decreased radial- versus axial amplitude quotient. Hence the field lines become 
moree aligned to the patient's axis, when the bolus is prolonged. 
Inn the "YZ" plane a significant contribution of a radial component to the total FVJ-field is 
measured.. The locations with these high radial components are related to the location of the 
waveguidee edges (figure 7). and are independent of the selected set-up or bolus size. In 
figurefigure S the location of the maximal radial amplitude is found along the Z-a\is at 0 cm 
whichh coincides with the location of the aperture edge. This result agrees with the 
numericall  analyses of the Utrecht system by Van Putten and Van den Berg < 19S6) 
simulatingg a singular behaviour of the radial component of the electric field near the 
system'ss aperture rim. 
Closee to the bolus edge a rapid variation of the phase distribution is observed (figure °-a.c ) 
suggestingg a change in field propagation direction. This points to a fringing field effect, due 
too confinement ot the field to the bolus size as a result of the propagation conditions 
enforcedd by this bolus. These rapid variations disappear for the long bolus set-ups (figure 
9b.d). . 
Thee 180 degrees phase step found in figure 10 can be easily interpreted by considering the 
fieldfield lines to be a curve running from one aperture rim to the other. At a certain point in 
time,, the tangent to this curve close to one edge is directed in the positive Y-direetion 
while,, following the field line, it is directed in the negative Y-directton at the opposite edge. 
Althoughh conclusions have been drawn from the obtained data the interpretation oi' the 
propagationn of the EM-field by a representation in cartesian coordinates is troublesome. 

2.55 Conclusion. 

Twoo clear questions have been discussed which are of importance in the field of radiative 
hyperthermiaa systems based on the concept of the annular phased array, namely 1) what is 
thee relative strength of the radial component present in the incident field of radiators and 2) 
inn what way are fringing fields related to the bolus size. In answering these two questions a 
generall  applicable approach based on direct EM-field measurements has been presented. 
Thee em vector field, in both amplitude and phase, emanated by the applicator of a radiative 
hyperthermiaa system has been measured in two perpendicular planes i.e. the aperture 
midplanee and the sagittal midplane. This approach is regarded to be the minimal effort 
necessaryy in determining the true three dimensional propagation characteristics oi' the 
radiativee hyperthermia system. 
Onn the basis of our results the application of a bolus significantly larger than the aperture 
dimensionn is recommended. According to this study a bolus prolongation from 30. cm to 
50.. cm might lead to a clinical improvement as the fringing field amplitude compared to the 
fieldfield amplitude in the centre of the aperture midplane decreases. Our results indicate that 
thiss strongly depends on the propagation conditions, 'simplified set-up' or "Array set-up". 
Thee presented data provides insight towards the applicator description in hyperthermia 
treatmentt planning computation. Analogue to most hyperthermia treatment planning 
systems,, which compute the em vector field on a cartesian coordinate system, our data is 
alsoo based on this coordinate system. It culminates in a large number of amplitude and 
phasee distributions, which are however crucial for an evaluation regarding the numerical 
determinationn of the em vector field. This evaluation is a subject of further investigation. 
Boluss prolongation will lead to a prolonged heating area with field lines being more aligned 
too the patient's main axis. The pressure induced on the patient by a large bolus restricts 
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clinicall  implementation of a large bolus in the closed waterbolus systems. A bolus si/e oï 
400 cm has been shown to be clinically feasible tor our AMC-4 waveguide phased array. In 
thiss case the bolus is twice the aperture size of 20 cm. Actual application of this prolonged 
boluss indicates a decrease of complains and an increase of the applicable total power level. 
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