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Introduction: Hyperthermia Treatment Planning (HTP) is a useful tool for improvement of
clinical hyperthermia treatments. Aim of this study was to determine the correlation between
HTP and measurements during hyperthermia treatments. We compared the calculated Spe-
cific Absorption Rate (SAR) with clinically measured SAR-values, from AT-measurements,
in cervix carcinoma patients. General difficulties for such clinical verifications are changes in
the anatomy during the different steps and possible movement of the catheters. We used one
fixed invasive catheter in the tumour additional to the usual non-invasive catheters in the va-
gina, bladder and rectum, for insertion of multisensor thermocouple probes. A special CT-
scan with the patient in treatment position and the catheters in situ was made for the HTP. We
performed these verifications in a total of 11 treatments in 7 patients.

Materials and Methods:
Treatment: The hyperthermia (HT) treatment was carried out at the Academic Medical Center
Amsterdam, using the 70 MHz AMC-4 waveguide system. The procedure was as follows:
• Placement of two vaginal and one intratumoral (~l-2 cm in the tumour) 'umbrella'-catheters

with expandable tip (Ella-CS), a bladder and a rectal catheter, and an intravaginal E-field
probe (near the tumour).

• Insertion of a gynaecological tampon for optimal tissue contact and fixation of the catheters.
For better thermal contact, the tampon was moisturized with distilled water (4 treatments),
or with 0.3% NaCl solution (6 treatments). In 1 treatment no tampon was used.

• A CT-scan was made of the patient in treatment position, i.e. in supine position on a water-
bolus ('w' in fig. lb, 2b) and mattresses, with the catheters in situ ('c' in fig. lb, 2b).

• The position of the catheters was verified by taking a dorsoventral and a lateral X-ray image
on the HT treatment table of the AMC-4 system.

• Multisensor thermocouple probes were inserted in the catheters.
• Clinical experience led to standard power ratios for the top, bottom, left and right antenna of

3:3:2:2. Phases were optimized by maximizing the E-field measured by the E-field probe.
• AT-measurement1: At the beginning of every treatment we performed a measurement of the

temperature rise (AT) during a 30sec power pulse of 800W. The AT is proportional to the
SAR, so these measurements provided the measured SAR profiles along the thermocouple
tracks (ATmcas).

Planning: For the planning we used HTP software developed at the Department of Radiother-
apy of the University Medical Center Utrecht, based on the Finite Difference Time Domain
calculation method. The procedure was as follows:
• We used the aforementioned CT-scan. The tumour, tampon and catheters were outlined

manually; the catheters were removed from the dataset.
• The rest of the dataset was automatically segmented into muscle, fat, bone and air.
• The dataset was downscaled to high (HR, 2x2x5 mm3) and low resolution (LR, lxlxl cm3).
• The LR dataset was used to calculate the E-field distribution for each antenna of the AMC-4

system separately. The SAR distribution at HR according to the clinical power/phase-
settings was calculated using quasistatic zooming2.
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Verification: For the verification, the catheter tracks were reconstructed using the CT dataset
and the X-ray images. The SAR along the catheter tracks was extracted from the calculated
SAR distribution (SAR^) and compared with the clinically measured AT profiles (ATmcas).

Results: The correlation between ATmcas (symbols, fig. la, 2a) and SARcaic (solid lines) was
on average R = 0.53 + 0.23 (mean ± STD), and was slightly better for the non-invasive left
and right vaginal tracks (R = 0.59 ± 0.30) than for the intratumoral catheter tracks (R = 0.46 ±
0.21). These correlations were highly dependent on the wetness of the tampon (preferably
with NaCl solution) and the tissue contact of the catheters. When the tampon was fully wet
with NaCl, the thermal contact of the vaginal catheters was good (fig. lb) and the correlations
were strong (R = 0.90 ± 0.04, fig. la). In this case the relation was SAR^ic « 62-ATmcas.
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• - Vagina left (R=0.90)

Vagina right (R=0.93)

0.1 -I

0 1 2 3 4 5 6 7

Distance from tip [cm]

In some cases the tampon was too dry, thus some air was still present in the vagina ('a' in fig.
2b), and the tissue contact of the catheters was not good, resulting in bad thermal contact,
especially in the top of the vagina near the tumour. Here ATmcas was extremely high, and the
correlations were weak (R = 0.41 ± 0.19, fig. 2a). In this case SARca|C « 98ATmcas.
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fig. 2a Intratumoral (R=0.20)
Vagina left (R=0.56)
Vagina right (R=0.48)
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Conclusion: The main difficulties for accurate verification were of clinical nature: difficulties
arising from the use of gynaecological tampon and the limited number of measurements in
tissue. Remaining air in the vagina and sub-optimal tissue contact of the catheters resulted in
bad thermal contact between thermocouples and tissue, causing measurement artefacts that
are difficult to correlate with calculations. These artefacts are probably not specific for ther-
mocouple measurements, but more general for intraluminal temperature and SAR measure-
ments.
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