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Guideline for the clinical 
application, documentation and 
analysis of clinical studies for 
regional deep hyperthermia

Quality management in regional 
deep hyperthermia

1 Use of the guidelines

These guidelines were developed by 
the Atzelsberg Research Group of the 
IAH (http://www.hyperthermie.org) of 
the German Cancer Society (“Deutsche 
Krebsgesellschaft”) to specifically ensure 
that the multi-institutional studies initiat-
ed by the Atzelsberg Research Group are 
executed following a single, uniform level 
of quality. They are recognized by the Eu-
ropean Society for Hyperthermic Oncol-
ogy (ESHO) and as such serve as the cur-
rent (pre)standard to ensure that the ap-
plication and registration of the deep hy-
perthermia treatment is according cur-

rent knowledge and experience both from 
technological and clinical considerations. 
ESHO notes that to enhance uniformity 
of quality in hyperthermia application at 
an international level, a commitment ex-
ists with their sister hyperthermia organi-
zation in the USA (STM) to design quali-
ty assurance guidelines valid for all types 
of hyperthermia and recognized by both 
STM and ESHO.

Quality guidelines are essential for 
physicians, physicists and technical per-
sonnel performing and supervising hy-
perthermia treatments.

These guidelines contain standards for 
implementing quality assurance measures 
as part of a quality management in hyper-
thermia [39].

The guidelines presented here are 
based on practical experience from sev-
eral hyperthermia centres in Europe. The 
advantage of this coordinated procedure 
is in applying jointly coordinated and 
specified standards and a quality con-

trol in hyperthermia for the studies that 
were developed as part of the Atzelsberg 
Research Group of the Interdisciplinary 
Working Group Hyperthermia (IAH) in 
the German Cancer Society. The objective 
in producing these guidelines is to guar-
antee a comparable and traceable method 
of procedure when applying hyperther-
mia and conducting the relevant tests.

The proven effectiveness of hyper-
thermia in clinical studies relies exclu-
sively on its thermal effect on tumours 
[30, 31, 32, 57, 60, 61]. For this reason hy-
perthermia treatments must be conduct-
ed using hyperthermia devices that are 
technically capable of controlled heating 
of a specific target volume defined by 
imaging (CT, MRT) while sparing nor-
mal tissue at the same time. Technical-
ly this can only be achieved by radiating 
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and focusing electromagnetic waves on 
the target volume. Recording the tem-
perature directly in the target volume 
or surrounding tissue is pivotal to treat-
ment quality. Hyperthermia systems that 
are not able to achieve a temperature rise 
in the target volume up to between 40 
and 43 °C, or devices that do not intend 
to measure temperatures, cannot be re-

garded as hyperthermia devices in terms 
of this recommendation.

These guidelines describes the “re-
gional deep hyperthermia” (RHT) and 
the “MR-controlled partial body hyper-
thermia” (PBH) in children, adolescents 
and adult patients performed as a com-
bined treatment using chemotherapy 
and/or radiation therapy [2, 13, 25, 42, 
43, 44, 50, 57].

2 Responsibilities for diagnosis, 
planning, treatment and 
documentation of hyperthermia

Hyperthermia treatment is a multi-dis-
ciplinary method based on medical and 
technical aspects. It involves various pro-
fessional groups, including radiation on-
cologists, medical oncologists and med-
ical physicists, as well as engineers and 
technical personnel. In addition to the 
diagnosis, planning, treatment and doc-
umentation of hyperthermia, personnel 
may also be required for other responsi-
bilities, e.g., for MR thermometry or an-
aesthesia.

For the patient, the benefit of the treat-
ment must outweigh the possible risks and 
take other therapy modalities into consid-
eration. Finally, it is emphasised that the 
recommendations given in the five web-
sites below must be observed:
F	�Guidelines of WHO 

(http://www.who.int),
F	�Guidelines of DEGRO 

(http://www.degro.org),
F	�Guidelines of ESHO 

(http://www.esho.info),
F	�Declaration of Helsinki 

(http://www.wma.net) and
F	�Guideline for Good Clinical Practice 

(GCP) (http://www.emea.eu.int.com).

2.1 Physicians

Hyperthermia treatments are performed 
under the supervision and responsibility 
of a physician, e.g. a radiation oncologist, 
internal medicine specialist or a physician 
trained accordingly. During the applica-
tion the hyperthermia, the physician is re-
sponsible for the following:
F	�past medical history,
F	�diagnosis and assessment of inclusion 

and exclusion criteria,

F	�creating an overall oncology plan that 
includes the hyperthermia treatment,

F	�imaging for preparation of the treat-
ment (e.g. CT, MRI, PET and PET-
CT),

F	�the clinical part of the hyperthermia 
planning, i.e. defining target volume, 
outlining the target volume, outlin-
ing of the organs at risk, planning ap-
proval,

F	�fractionation, i.e. the number, fre-
quency and duration of hyperthermia 
treatments,

F	�medication,
F	�documenting the medical part of the 

treatment/intervention in case of 
complaints and

F	�decision on the ongoing quality of a 
hyperthermia application. Namely, is 
the thermal dose sufficient to contin-
ue the treatment, or does it need to 
be stopped or whether it is possible to 
adapt the treatment strategy.

It is emphasised that a qualified physician 
must supervise the hyperthermia treat-
ments. It is also remarked that in addi-
tion to the mentioned qualification, prac-
tical training in form of active participat-
ing in at least 20 new patients at an estab-
lished hyperthermia centre is required un-
til an additional qualification in hyperther-
mia has been gained. Practical training in-
cludes treatment indication, therapy plan-
ning and setting-up of the initial and all 
following treatments. In case of a treat-
ment of sedated patients there is a need of 
permanent physical presence of a physi-
cian with experience in intensive care.

2.2 Physicists/engineers

A qualified physicist or engineer (e.g. 
medical physics experts or physicists and 
engineers trained accordingly) is respon-
sible for the physical and technical aspects 
of the hyperthermia system. This area of 
responsibility includes the following:
F	�checking the control software,
F	�calibrating the probes,
F	�quality assurance and consistency 

checks on the hyperthermia system,
F	�documenting the device checks, fail-

ures and repairs,
F	�specifying the technical treatment pa-

rameters, i.e. frequency, target, power 

Abbreviations
CEM43T90 Equivalent minutes at 43 °C

CR Complete tumour response

CT Computer tomography

CTCAE 
v4.03

Common toxicity criteria adverse 
events

DEGRO Deutsche Gesellschaft für Ra-
dioonkologie

DFS Disease-free survival

E-field Electric field

ESHO European Society of Hyperther-
mic Oncology

FE Finite element

Gy Gray

http Hypertext transfer protocol

HTP Computer hyperthermia plan-
ning

IAH Interdisciplinary working group

LEFS Local event-free survival

LP Local tumour progression

MPG German Medizinprodukte Gesetz

MR Magnetic resonance

MRI Magnetic resonance imaging

MRT Magnetic resonance tomography

MTRA Technician in radiology (“Medi
zinisch Technischer Radiologie 
Assistant”)

OS Overall survival

P Power

PBH Partial body hyperthermia

PET Positron emission tomography

PRFS Proton resonance frequency

PTV Planning target volume

QMHT Quality management in hy-
perthermia (defined in this 
guideline)

RECIST Response evaluation criteria in 
solid tumors

RHT Regional hyperthermia

RHyThM Rotterdam Hyperthermia Ther-
mal Modulator

RTOG Radiation Therapy Oncology 
Group

SAR Specific absorption rate

TTP Time to progression
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distribution on different channels, 
maximum power, phase distribution,

F	�positioning the applicator, in cooper-
ation with the physician or radiology 
assistant or nurse,

F	�thermal dosimetry and
F	�intervention in case of technical fail-

ures.

If the hyperthermia equipment is operat-
ed by a MTRA, the responsible physicist/
engineer must be on-call in order to take 
action within 5 min, in case of technical 
difficulties. A physicist/engineer must al-
ways be on-site during the initial setting.

Furthermore, the physicist or engineer 
is responsible for the phantom measure-
ments or the physical–technical portion 
of the computer-supported planning of 
the hyperthermia. However, this task may 
be delegated to another trained employ-
ee, such as a medical technical assistant or 
a physician. The result is then optimised 
and accepted together with the physicist/
engineer and the responsible physician.

In addition to the physicist/engineer 
being qualified, as already mentioned, 
practical training in the form of actively 
participating in the work involving at least 
20 new patients, including planning and 
first setting of the treatment, at an estab-
lished hyperthermia centre is required un-
til an additional qualification in hyperther-
mia has been gained.

2.3 Technical assistants

The hyperthermia treatment can be as-
signed to a trained assistant for example 
an assistant in medical–technical radiolo-
gy under the direct supervision of a phy-
sician. The technical assistant should be 
subjected to a training programme in the 
application of hyperthermia covering the 
points listed below. The individual points 
in the training schedule must be docu-
mented:
F	�instruction in the physical aspects of 

heating using electromagnetic radia-
tion,

F	�general training in the equipment 
technology of the hyperthermia sys-
tem, e.g. training according to the 
German Medizinprodukte Gesetz 
(MPG),
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Abstract
Objectives.  These guidelines contain recom-
mendations for the implementation of qual-
ity-assured hyperthermia treatments. The 
objective is to guarantee an internationally 
comparable and easily understandable meth-
od for hyperthermia treatment and for the 
subsequent scientific analysis of the treat-
ment results. The guidelines describe “region-
al deep hyperthermia” (RHT) and MR-con-
trolled “partial body hyperthermia” (PBH) of 
children, adolescents and adult patients. Hy-
perthermia in terms of these guidelines is de-
fined as a treatment combining chemothera-
py and/or radiation therapy.
Methods.  These guidelines are based on 
practical experience from several hyperther-
mia centres in Europe. Our collaborative ef-
fort has ensured coordinated standards and 
quality control procedures in regional deep 
and partial body hyperthermia. The guide-
lines were developed by the Atzelsberg Re-

search Group of the IAH (http://www.hyper-
thermie.org) of the German Cancer Society 
(“Deutsche Krebsgesellschaft”) to specifical-
ly ensure that the multi-institutional studies 
initiated by the Atzelsberg Research Group 
are executed following a single, uniform lev-
el of quality.
Results.  The guidelines contain recommen-
dations for procedural methods for treat-
ment using hyperthermia. They commence 
with diagnosis, which is followed by prepara-
tion and treatment and concludes with stan-
dardised analysis for the reporting of results. 
The German full-text version of this article 
is available at SpringerLink under „Supple-
mental“.
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Leitlinie für die klinische Applikation, die Dokumentation und die 
Analyse klinischer Studien bei der regionalen Tiefenhyperthermie. 
Qualitätsmanagement bei der regionalen Tiefenhyperthermie

Zusammenfassung

Hintergrund.  Diese Leitlinie enthält 
Empfehlungen zur Durchführung von quali
tätsgesicherten Hyperthermiebehandlun-
gen. Ziel ist, ein vergleichbares und nachvoll-
ziehbares Vorgehen bei der Behandlung und 
der wissenschaftlichen Auswertung der Hy-
perthermie zu gewährleisten. Die Leitlinie be
schreibt die „Regionale Tiefenhyperthermie“ 
(RHT) und die „MR-kontrollierte Teilkörper-
hyperthermie“ (PBH) von Kindern, Jugendli-
chen und erwachsenen Patienten. Die Hy-
perthermie im Sinne dieser Leitlinie wird als 
Kombinationsbehandlung mit einer Chemo- 
und/oder Strahlentherapie durchgeführt.
Methodik.  Die vorgestellte Leitlinie basiert 
auf praktischen Erfahrungen von mehreren 
Hyperthermiezentren. Dieses Vorgehens er-
laubt gemeinsam abgestimmte Standards in 
der Anwendung und der Qualitätskontrolle 
in der Hyperthermie für Studien, die im Rah-
men des Atzelsberger Arbeitskreises in der In-
terdisziplinären Arbeitsgruppe Hyperthermie 
(http://www.hyperthermie.org) in der 

Deutschen Krebsgesellschaft und dem Tech-
nischen Komitee der „European Society for 
Hyperthermic Oncology“ (ESHO) entwickelt 
wurden, um sicher zu stellen, dass multizen-
trische Studien, die vom Atzelsberger Arbeits
kreis entwickelt wurden, nach einem stan-
dardisierten, einheitlichen Qualitätsmaßstab 
durchgeführt werden.
Ergebnisse.  Diese Leitlinie enthält Empfeh
lungen für das Vorgehen bei Hyperther-
miebehandlungen von der Indikationsstel-
lung, der Vorbereitung, der Durchführung bis 
zur standardisierten Auswertung. 
Die deutschsprachige Version des Beitrags 
ist auf SpringerLink unter „Supplemental“ zu 
finden.

Schlüsselwörter
Hyperthermie · Bestrahlung · Chemotherapie · 
Hyperthermienebenwirkungen
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F	�special training with instructions 
about normal and also error func-
tions of the hyperthermia systems. 
This will include high reflection per-
formance with poor cable connec-
tions or faulty antennas, as well as in-
dications of faulty temperature mea-
surements,

F	�assistance in first setting and then ap-
plying deep hyperthermia treatments 
for at least 20 new patients under the 
instruction of a qualified physician or 
physicist or engineer or technical/ra-
diology assistant. A training period of 
at least 3 months is recommended in 
order to successfully guarantee assis-
tance in different body regions and

F	�localising and documenting the posi-
tion of the catheters, e.g. for diagnos-
tic X-ray imaging.

2.4 Nurses

Nurses can support medical technician to 
perform hyperthermia treatments after 
joining a training programme. Further-
more, nurses are involved in the prepa-
ration of patients for the hyperthermia 
treatment, i.e. placement of intralumenal 
catheters as instructed by the prescrip-
tion of the physician. The nurses are al-
so responsible for monitoring the patient 
during therapy and may need to initiate 
any appropriate measures should the need 
arise because of a problem.

2.5 Arranging substitutes

Two responsible persons of any of the 
previously mentioned professions must 
be present during treatment (see 2.1, 2.2, 
2.3) in order to take care of the patients 
and to control the hyperthermia device. It 

must be guaranteed that in case of illness 
or vacation of the designated pair of spe-
cialists, an adequate number of qualified 
and trained staff of all professional groups 
are available to act as substitute.

3 Hyperthermia quantities 
and their units

Measuring temperature is of great signifi
cance, in order to verify therapeutically 
necessary temperatures in the target vol-
ume and to avoid unwanted hot spots in 
the surrounding normal tissue. This must 
be achieved using suitable measuring 
probes. The probes must be placed in the 
area of the treatment volume and in risk 
areas for monitoring temperature in the 
normal tissue. Defining the risk areas is 
the task of the responsible physician and 
must be defined before treatment.

One of these probes must be placed in 
the target volume or in the vicinity of the 
target volume in order to obtain the tu-
mour-related temperature. To preserve 
healthy tissue and possible risk organs, 
other probes are placed appropriately [3, 
4, 15, 39]. It is also necessary to regularly 
record the systemic temperature, e.g. by 
measuring temperature orally. Relevant 
parameters for determining the quality 
of the hyperthermia in the target volumes 
are as follows [51]:
F	�TD43(T90) or CEM43 T90 (min),
F	�TD43(T50) or CEM43 T50 (min),
F	�Tmean, Tmin, Tmax, T90, T50, T20, T10 

(°C) and
F	�the therapeutic time (in min; defini-

tion given in the Section 4.2.9),

Whereas the relevant parameter for pre-
serving healthy tissue is:
F	�Tmax in normal tissue (°C).

Relevant features for repeating treatments 
are as follows:
F	�power, phase, offset and frequency,
F	�position of the patient,
F	�applicator and applicator type and
F	�position of the applicator.

Finally, it should also be noted that ev-
ery applicator has individual technical 
features regarding effectiveness and SAR 
control, (see Appendix 7.1).

4 Hyperthermia treatment

Only devices technically capable of 
achieving targeted and controlled heating 
in a target volume defined by a qualified 
physician, while simultaneously preserv-
ing normal tissue, may be used for hyper-
thermia treatments. Technically this goal 
can only be achieved using a regionally 
based performance check that is based on 
adequate thermometry. This guideline for 
deep regional hyperthermia is limited to 

“phased array” hyperthermia systems as 
the authors feel that patients in the west-
ern world are more adequately treated 
with “phased array” systems because the 
surface fat layer thickness in the relevant 
body region is often more than 2 cm (see 
also appendix 7.1). This category of sys-
tems is thus generally used in the active 
academic hyperthermia centres and this 
is reflected in the examples shown in this 
document.

For hyperthermia treatment intralu-
menally/intratumourally measured tar-
get temperatures must be reached as pre-
scribed in the treatment plan. At the same 
time, areas at risk must be defined and 
protected according to the instructions 
of the responsible physician [15]. A pro-
cedure must be specified by the physician 
as to how to act in any case of complaints, 
e.g. if hot spots occur during therapy.

Relative to the treatment volume, the 
patient must be placed before treatment 
in a reproducible manner in the applica-
tor [4]. Three-dimensional (3D) images 
(MRI, CT, US) or orthogonal X-rays must 
be taken to prepare the treatment. These 
examinations also serve to localise metal-
lic implants (e.g. hips, stents, clips) inside 
and outside the treatment volume [40].

The presence of metallic implants is in 
principle a contraindication, but accord-

Tab. 1  Catheter positions for hyperthermia treatment for instance in the pelvis region

Organ/volumes Type Depth

Bladder Bladder catheter with extra lumen  

Rectum Measurement catheter 10–12 cma

Vagina Measurement catheter 10–12 cma

Groin Measurement catheter Left and right

Skin Measurement catheter e.g. Surgical scars near the target area

Rima ani Measurement catheter  

Oral One probe, measurement every  
10-15 min

 

aFor children and toddlers shorter depths apply.
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ing to the experience from Rotterdam, 
several distributed smaller clips (max-
imum 1 cm length) are no problem for 
deep hyperthermia. However increased 
caution is recommended during treat-
ment and supervision of a physician, and 
treatment planning is suggested to veri-
fy whether the implants cause tempera-
ture elevations. MR compatibility must 
be ascertained for treatment in a hybrid 
system, e.g. a hyperthermia system com-
bined with MRT. Lateral laser lines and 
crosses must be installed in the treatment 
room in order to obtain exact reproduc-
ible alignment of the patient in the appli-
cator.

4.1 Preparation

Similar to 3D treatment planning in ra-
diation therapy, a 3D image in the dorsal 
position is performed to define the treat-
ment volume. A qualified physician must 
specify the extent of the examination vol-
ume [4, 16]. The 3D imaging should be 
made with an empty bladder, since most 
patients will be attached to a urethral cath-

eter. Also, during the examination, mea-
surement catheters such as rectal probes 
may be positioned in advance.

Alternatively (but not essentially), pre-
planning using a hyperthermia planning 
system (HTP) may be used. In this case, 
the planning system requirements for the 
imaging must be followed. As a further al-
ternative, if the patient is treated in a hy-
brid system, the planning data can be ac-
quired when the patient is positioned in 
the hyperthermia applicator to prepare 
the magnetic resonance tomography 
(MRT).

Example of necessary 
individual steps
The following is an example of the neces-
sary individual preparation steps for spec-
ifying a target point (similar to the isocen-
tre in radiation therapy) for setting up the 
patient in the hyperthermia applicator 
(. Fig. 1):
F	�The first step for a combined radio-

thermo therapy is defining the plan-
ning target volume (PTV) in the indi-
vidual sections. Thereafter at the cen-

tre of the PTV, a hyperthermia target 
volume is determined, to define the 
hyperthermia target point. It is used 
to optimally position the patient rel-
ative to the centre of the applicator. 
For this purpose, the distance of this 
point in the cranio-caudal, lateral and 
dorso-ventral directions from a point 
marked on a patient that will also be 
identifiable in the radiation plan, is 
defined. From the shift a new hyper-
thermia target point is determined.

F	�For patients who will not be receiv-
ing radiotherapy a reference point is 
marked the same manner as in the 
3D imaging and the shift relative to 
this point is calculated.

F	�The hyperthermia target point is de-
fined dorso-ventrally and laterally in 
the 3D data set and if relevant togeth-
er with the positioned measurement 
probe (intralumenal/intratumoural).

4.2 Treatment

Reproducibilty of the position of the pa-
tient with respect to the applicator is of 

Fig. 1 8 Imaging required for the positioning of the patient in the hyperthermia applicator. The target volume (PTV) is con-
toured in magenta. For the position, the distance of the reference point, which is marked on the patient during imaging, and 
the midpoint of the target volume must be obtained from the images. Sagittal slice upper left: Hyperthermia target point 
(intersection of the blue dorso-ventral line and the red cranio-caudal line), Reference point (intersection of the red dorso-ven-
tral line and the red cranio-caudal line). Frontal slice lower left: Hyperthermia target point (intersection of the blue lateral 
line and the red cranio-caudal line). Transversal slice right: Hyperthermia target point (intersection of the blue lateral line and 
the red dorso-ventral line)
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great significance in hyperthermia treat-
ment. It is a basic requirement for us-
ing the optimised control parameters of 
phase and power. The patient must always 
be positioned identically for all treatment 
fractions. The hyperthermia target point 
especially should always be at the same 
spot: a position within the active area of 
the applicator which can easily be heat-
ed [4].

4.2.1 Positioning the patient
For treatments using “phased array” ap-
plicators, the anterior–posterior diameter 
of the patient should not exceed 25 cm. 
Furthermore, the surface–applicator dis-
tance should be ≥5 cm for all applications. 
The applicator edges should be marked 
on the patient. Practical examples of pro-
cedures at the hyperthermia centres in 
Tübingen, Munich, Rotterdam and Am-
sterdam are given below.

Cranio-caudal positioning
F	�Mark a reference point for the imag-

ing
F	�Position the patient relative to the ref-

erence point on the side laser
F	�Mark of the cranio-caudal shift from 

the reference point—the hyperther-
mia target point, defined by the value 
previously specified in the imaging

F	�Adjust the side laser to the hyperther-
mia target point

F	�Position the applicator centre to the 
laser

F	�Mark the applicator edges on the pa-
tient

Vertical positioning
Example from the Hyperthermia Centre, 
Tübingen:
F	�Patient vertical position for the Sig-

ma Eye applicator: with a filled bolus 
the patient must be lying in the cen-
tre of the applicator (measuring the 
distance ventral and dorsal at the cra-
nial and caudal applicator edge), doc-
umentation of the measured values 
and the height of the head and foot 
bases of the Sigma Base (the latter fa-
cilitates adjusting the position for a 
second therapy fraction).

F	�Patient vertical position for the Sig-
ma-60 applicator: the patient is posi-
tioned horizontally in the applicator 

centre with an empty bolus. The ap-
plicator is then filled. With the uplift 
the patient will be positioned high-
er in the bolus, and therefore must 
sustain less pressure and is there-
fore able to tolerate the therapy bet-
ter then when positioned in the appli-
cator centre with a filled bolus. Mea-
surement is made with a ruler on-
ly dorsally, on the cranial and cau-
dal edge of applicator. Finally there is 
documentation of the measured val-
ues and applicable heights.

Example from the Hyperthermia Centre, 
Rotterdam:
F	�An ultrasound distance meter is in-

tegrated in the ventral and dorsal an-
tenna pair of the Sigma 60 applica-
tor. This option is relevant for hyper-
thermia planning with pre-calculat-
ed SAR control, because the exact dis-
tance of the patient position relative 
to the applicator is required.

Example from the Hyperthermia Centre, 
Amsterdam:
F	�The water bolus is filled. The patient 

is positioned with the os pubis in the 
centre of the AMC-4 applicator. This 
is in order to minimize the toxicity of 
the normal tissue.

4.2.2 Cooling
Cold packs may be applied to particularly 
sensitive or at-risk areas of the body sur-
face, e.g. rectal bag.

4.2.3 Bolus control
If technically possible, the water in the 
bolus should be kept at room tempera-
ture. Adequate cooling of the surface, e.g. 
25 °C (range 21–28 °C), must be guaran-
teed. This can be achieved with water cir-
culation. For target areas on the surface, 
cooling may not be necessary.

Exceptions:
F	�For sedated children the bolus tem-

perature should be 33 °C at the begin 
of the treatment.

F	�For the hybrid system with bolus cir-
culation the thermometry measure-
ments are stopped at least 2 min be-
fore MR thermometry. This is in or-
der to avoid imaging artefacts.

4.2.4 Temperature measurement

Measurements using probes
The accuracy of the thermometry must be 
checked every day before treatment. For 
measuring temperature, probes which do 
not interfere with the HF field should be 
used, e.g. Bowman probes or fibre optic 
sensors. For other sensors the HF on/off 
cycle must be adjusted [41]. Usually mea-
surements are taken at various specific 
predefined positions by applying a map-
ping method, or by using multiple sensors 
[53, 55, 58].

Probes are placed under the control 
of an imaging device (CT, US or MRI) in 
case an invasive measurement will be nec-
essary.

Measurement using 
MR thermometry
When applying MR thermometry, at least 
one thermometry measurement must be 
carried out at regular intervals, e.g. every 
10 min in the volume to be treated.

For the pelvic and thigh regions, pro-
ton resonance frequency shift (PRFS) 
measurement by means of uncorrected 
phase images of a gradient-echo sequence 
with two echoes and subsequent drift 
compensation is often suitable. However, 
another MR thermometry method must 
be used especially if high fat content re-
gions are to be measured. This is because 
the PRFS does not display the tempera-
ture in fat tissue. For example a T1-mea-
surement or a spectroscopic method may 
be used. For moving organs, use suitable 
triggering, or reduce the measurement 
to a smaller volume, in order to measure 
during a breath-hold cycle [9, 20, 21, 22, 
29, 34, 46, 47, 49, 52].

The measurement T2-fat saturated, 
high resolution imaging in different sec-
tions before and after the therapy is help-
ful when the patient may have suffered 
subcutaneous burns. Other measure-
ment techniques such as flow, perfusion 
or spectroscopy can be used as alterna-
tive methods if the study requires such 
methods.

The MR imaging must be checked for 
quality during the therapy, since move-
ment artefacts and compatibility prob-
lems may occur. In the case of failure of 
the MR thermometry during therapy 
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(e.g. due to unwanted intermediate shim 
or patient shift), the thermometry must 
also be performed with the same meth-
ods and time intervals and must be doc-
umented in the same way as with docu-
mentation of regional hyperthermia with-
out MR control.

4.2.5 Application control 
with E-field probes
E-field probes may also be used for con-
trol but when using these probes it is nec-
essary to be particularly exact when po-
sitioning the patient and probes. For the 
Sigma-Eye, Sigma-60 and AMC appli-
cator it is important to align the E-field 
probes with the longitudinal axis of the 
applicator [10].

For example, when applying the AMC 
hyperthermia system at the Amsterdam 
Hyperthermia Centre, the phase settings 
that are needed to obtain an optimum 
heating of the target volume, are deter-
mined at the start of the application us-
ing an E-field probe, positioned in or near 
the target area. The optimum phase dif-
ference for each relevant pair of anten-
nas pair is automatically measured. The 
settings determined in this way are com-
pared to the specification from the CT-
based hyperthermia planning. They are 
then used as the starting setting, so long 
as they do not significantly deviate from 
the planning based values.

4.2.6 Attaching the catheter
Invasive temperature measurement cathe-
ters are placed by the physician, for exam-
ple under CT control. All other measure-
ment catheters (e.g. probes on the skin 
and/or endolumenal probes) are placed 
by the physician and/or the nursing staff. 
At least one probe must be positioned ei-
ther within or close to the tumour. It is 
noted that usually there is no control us-
ing X-ray imaging and also that the Am-
sterdam Centre uses a pelotte for cervical 
measurements in order to increase repro-
ducibility.

4.2.7 Temperature measurement 
rules: mapping method for 
pelvic hyperthermia
Temperature measurement assisted by 
use of the so-called mapping method, 
in which the probe is moved in a cath-

eter through a treatment volume, must 
be completed using specified conditions 
which are as follows:
F	�firstly map before starting treatment 

with the power OFF in order to de-
termine the intralumenal path and to 
check whether all probes are moving 
correctly,

F	�then map only with the power ON 
condition,

F	�mapping interval: 5–10 min and
F	�mapping length: up to 16 cm.

Remark: Detailed temperature measure-
ment regulation can be seen in the rele-
vant study protocol which is to be used.

Remark: It is also noted that in the Berlin 
Charité Hyperthermia Centre the map-
ping procedure is performed for example, 
once before and once after switching the 
power OFF” at the end of the section.

4.2.8 Temperature performance 
characteristics
Temperature performance characteristics 
for hyperthermia treatment are specified 
for normal tissue for the maximum tem-
perature and for the hyperthermia tar-
get volume the maximum and minimum 
temperatures are specified.

The maximum tolerable temperatures 
of normal tissue are assessed on the one 
hand by hyperthermia effects and on the 
other hand by the position of the target 
volume of the tumour, or by any ancillary 
medication. An important aspect is the 
sensitivity to pain which in normal tissue 
should not occur when undergoing thera-
py. Generally in normal tissue the temper-
ature should not exceed 43 °C. Within hy-
perthermia target volumes 44 °C should 
not be exceeded for a prolonged period. 
A detailed specification of the maximum 
and minimum temperatures for the indi-
vidual volumes/organs will be provided in 
the relevant study protocol.

As an example, the bladder can be the 
target organ for urothelial carcinoma and 
should receive a far greater tolerance tem-
perature than for cervical or rectal carci-
noma therapy. Alternatively, when apply-
ing toxic chemotherapy to the bladder, a 
far lower tolerance threshold should be 
applied.

4.2.9 Treatment period
The treatment period consists of the heat-
ing-up period and therapy period:
F	�the heating-up period is until the tar-

get temperature is reached, or alterna-
tively is a maximum of 30 min when 
the temperature is not reached and

F	�the therapy period is 60 min.

4.2.10 Applicator control
With specific settings for frequency, phase 
and amplitude, the hyperthermia field is 
focussed within the treatment volume. 
This will result in selective heating while 
simultaneously preserving the surround-
ing normal tissue.

Hyperthermia planning.  For comput-
er supported planning, the plans must be 
documented. Planning must meet mini-
mum requirements, as indicated in Ap-
pendix 7.2.

Examples for the setting of applica-
tors. Sigma 60 and Sigma-Eye applicator 
type.  Offset setting for a focused field in 
the applicator centre (e.g. by using a lamp 
phantom); this setting is generally used 
for all the following therapies. Target set-
ting is provided according to 3D imaging 
(e.g. planning CT or MRI). It is noted that 
if the target volume is far above the na-
vel, then the applicator may be positioned, 
with limitations, through the axilla, which 
is generally not exactly in the target vol-
ume. The resulting difference can gener-
ally be corrected using the Sigma Eye or 
Sigma-Eye MR applicator by means of a 
field shift.

Amsterdam AMC system.  The target is 
set by E-field probes or by planning CT 
imaging.

4.2.11 Starting procedure for 
hyperthermia treatment
F	�For the start of the first treatment it 

is recommended to start with about 
one-third to two-thirds of the re-
quired power for the specific tumour 
localisation and applicator alignment. 
Then from the second treatment on-
wards, data for the positioning and 
the power set are adapted from the 
settings used during the prior treat-
ment.
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F	�Temperature increases of more than 
2 °C in 5 min should be avoided. A 
temperature increase of 1 °C in 5 min 
is optimal.

F	�Power should be increased in the case 
of a temperature increase of less than 
0.6 °C in 5 min.

F	�The objective is for efficient heating 
using the required power still tolera-
ble for the patient.

4.2.12 Complaints caused 
by treatment
In the case of complaints caused by treat-
ment, such as pressure pain or hot spots, 
the power must be shut off immediate-
ly, in order to determine whether the 
pain is caused by the radiated power. If 
after a short period (about 30 s) an im-
provement can be seen (for HF power 
dependent complaints), the control pa-
rameter (e.g. focus, amplitude, power) is 
changed. For pain caused by the tumour 
or positioning, pain medication may be 
given or the patient must be moved. Wa-
ter bags with de-ionized water should be 
applied for complaints that occur inside 
the treatment region and bags filled with 
0.9% NaCl outside the treatment region. 
Under inconvenient conditions hot spots 
can occur at the edge or even outside of 
the applicator creating enhanced oede-
mas. In such cases besides water bags or 
reduction of the amplitude a hyperther-
mia planning procedure can be carried 
out.

Detailed instructions that are applied 
in Rotterdam for complaints caused by the 
treatment have been reported [56]. Also, 
for example, the Amsterdam (AMC) Hy-
perthermia Centre has a strategy to pre-
vent pain complaints by instructing pa-
tients to indicate normal tissue locations 
of high temperature before these reach the 
level of real pain. Power or phase settings 
for individual antennae are then altered to 
substantially reduce power at the indicat-
ed location without reducing or interrupt-
ing total power.

5 Documentation, 
analysis and audits

The following points should be consid-
ered for evaluating clinically relevant hy-
perthermia studies [3, 14, 15]. The exact 

evaluation procedure can be obtained 
from the particular study protocols. 

Examples of evaluation procedures are 
given below:
F	�tumour response according to RE-

CIST [Response Evaluation Criteria 
In Solid Tumors (http://www.RECIST.
com)] evaluated after 6 weeks of com-
bined radiothermotherapy. For hy-
perthermia combined with chemo-
therapy evaluation after at least three 
chemotherapy cycles.

F	�tumour response (CR, PR, SD, PD) 
evaluated after 6 weeks with assis-
tance from clinical examinations and/
or imaging, 

F	�local tumour control, i.e. percentage 
of tumours in CR at specified time in-
tervals (1, 2, 3 years),

F	�time to progression (TTP),
F	�overall survival (OS) at specified time 

intervals,
F	�local event-free survival (LEFS) and
F	�disease-free survival (DFS).
F	�Toxicity:

1	� Grade 3–4 acute toxicity (acute means 
treatment related toxicity occurring 
during treatment and/or continued 
up to six weeks after completing the 
treatment).

1�Grade 3–4 late toxicity (late means 
treatment related toxicity that lasted 
≥6 months after completing the treat-
ment).

The following statement concerning this 
guideline has to be included in each pro-
tocol:
F	�Step 1:

1�	 Audit of the institution on the base of 
the documentation after ¼ of the pro-
posed study period.

1�	 The visit of the institution depends 
on the quality of the presented data.

F	�Step 2: Visit of the institution, in case 
of a need after the examination of the 
documents.

1�	 The institution will be visited by a 
member of the ESHO Technical 
Committee, in case of a insufficiency 
in the adherence of this guideline.

1�	 The institution is responsible for the 
support of the auditor.

5.1 Procedures

Before therapy, the responsible qualified 
physician must define the indications for 
the hyperthermia treatment, taking into 
account inclusion and exclusion criteria. 
This is followed by obtaining the past 
medical history and patient information 
(see Appendix 7.3) and is completed us-
ing the study or therapy logs.

Moreover, the decision on indications 
for treatment should be made by a quali-
fied physician taking any special precau-
tionary measures into account. For ex-
ample the physician should ensure that 
the patient is without any fever when 
starting the treatment. Also, there should 
not be any open wounds (e.g. burn, ab-
scess, skin defect, recent surgery scar) 
that could possibly be in the area of the 
applicator during treatment. In the case 
when treatment is actually indicated and 
performed in the presence of healing/
healed wounds, it is documented with 
pictures before and after treatment. Fur-
thermore, skin defects, paresthesia in the 
target volume are monitored with tem-
perature measurement probes.

The patient must be able to com-
municate during the treatment or is 
still responsive after an analgesic seda-
tion (choice and dosage of the adequate 
drug must fulfil these requirements; 
when children are treated, only a phy-
sician with acceptable experience in in-
tensive care is allowed to prescribe the 
drugs [45]). It is also noted that because 
of claustrophobia, very few patients can 
tolerate the therapy when being posi-
tioned in the ring applicator for one 
hour or longer. The feasibility of hyper-
thermia treatment can be determined in 
advance by assessing the effect of posi-
tioning the patient. A mild sedative may 
be very helpful. Finally, any adhesive 
bandages must be replaced with a sim-
ple band-aid in consultation with the 
nursing staff.

5.1.1 Determining the indication 
for hyperthermia treatment
Appendix 7.2 includes an example with 
the relevant information that should be 
obtained for the medical history and 
which must be taken into account when 
determining the indication for the hy-
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Tab. 2  Classification of hyperthermia-specific side effects according to Common Toxicity Criteria Adverse Events (CTCAE) v.403 and Quality 
Management in Hyperthermia (QMHT)

  Degree          

  I II III IV V  

a. Acute side effects (during therapy)

Skin pain Slight pain Moderate pain, limits every-
day activities

Severe pain, which limits neces-
sary activities of self-sufficiency 
of everyday life

– – CTCAE 
v4.03

Abdominal 
pain

Slight pain Moderate pain, limits every-
day activities

Severe pain, which limits neces-
sary activities of self-sufficiency 
of everyday life

– – CTCAE 
v4.03

Hot spots/heat 
build up

Simple removable, 
therapy can be com-
pleted as planned

Power reduction necessary, 
continuation of therapy is 
possible

Early termination of therapy, 
limitation of therapy time and 
temperature reached

Refusal/impossi-
bility of continu-
ing the therapy

Death QMHT

Bolus pressure Simple removable, 
therapy can be com-
pleted as planned

Power reduction necessary, 
continuation of therapy is 
possible

Early termination of therapy, 
limitation of therapy time and 
temperature reached

Refusal/impossi-
bility of continu-
ing the therapy

Death QMHT

Claustropho-
bia

Simple removable, 
therapy can be com-
pleted as planned

Power reduction necessary, 
continuation of therapy is 
possible

Early termination of therapy, 
limitation of therapy time and 
temperature reached

Refusal/impossi-
bility of continu-
ing the therapy

Death QMHT

b. Subacute side effects (up to 6 months after therapy)

Skin pain Slight pain Moderate pain, limits every-
day activities

Severe pain, which limits neces-
sary activities of self-sufficiency 
of everyday life

– – CTCAE 
v4.03

Abdominal 
pain

Slight pain Moderate pain, limits every-
day activities

Severe pain, which limits neces-
sary activities of self-sufficiency 
of everyday life

– – CTCAE 
v4.03

Oedema Swelling, identified 
upon close inspection

Immediately recognizable 
swelling and deviation from 
the normal anatomical con-
tour; limitation of activities 
of everyday life

Distinct deviation from the 
normal anatomical contour; 
the activities necessary for self- 
sufficiency of everyday life are 
limited

– – CTCAE 
v4.03

Burn Minimum symptoms, 
no intervention indi-
cated

Medical intervention neces-
sary, minimum debridement 
indicated

Moderate up to greater de-
bridement necessary or recon-
struction required

Life-threatening 
consequences

Death CTCAE 
v4.03

c. Late side effects (>6 months after therapy)

Skin pain Slight pain Moderate pain, limits every-
day activities

Severe pain, which limits neces-
sary activities of self-sufficiency 
of everyday life

– – CTCAE 
v4.03

Abdominal 
pain

Slight pain Moderate pain, limits every-
day activities

Severe pain, which limits neces-
sary activities of self-sufficiency 
of everyday life

– – CTCAE 
v4.03

Oedema Swelling, identified 
upon close inspection

Immediately recognizable 
swelling and deviation from 
the normal anatomical con-
tour; limitation of activities 
of everyday life

Distinct deviation from the 
normal anatomical contour; 
the activities necessary for self-
sufficiency of everyday life are 
limited

– – CTCAE 
v4.03

Burn conse-
quences

Minimum symptoms, 
no intervention indi-
cated

Medical intervention neces-
sary, minimum debridement 
indicated

Moderate up to greater de-
bridement necessary or recon-
struction required

Life-threatening 
consequences

Death CTCAE 
v4.03
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perthermia treatment. Additional infor-
mation is defined in the treatment logs.

5.1.2 CT imaging
As already described in Section 4.1 Prepa-
ration, the patient will receive a CT exam-
ination. This examination is used to pre-
pare the patient for treatment: delinea-
tion of the target volume, documentation 
of the catheters and conduct (but not es-
sentially) computer-supported hyperther-
mia treatment planning (HTP). The ex-
amination is performed with the patient 
in the dorsal position where they are po-
sitioned in the same way as in the applica-
tor. It is also important that they have an 
empty bladder.

5.2 Documentation

The complete documentation of the hy-
perthermia treatment consists of a physi-
cal–technical and a clinical portion.

For patient-related medical data, the 
general data protection regulations and 
doctor–patient confidentiality apply: for 
example see Section 203 in the German 

regulations. Furthermore, the national 
hospital laws are applicable for processing 
and using patient data. Recording the pa-
tient data electronically with text and im-
age information as well as with device da-
ta would be preferred. However, the na-
tional data protections laws must be met. 
Availability and readability of the treat-
ment-relevant data must be ensured for a 
period of 30 years.

5.2.1 Physical–technical 
documentation
All treatment relevant system control pa-
rameters of the system (e.g. power and 
phase position) and all temperature mea-
surement values must be stored. Chang-
es to the control parameters must be doc-
umented with chronological and clinical 
reference. Temperatures must be docu-
mented in a manner that they can chron-
ologically be related to the respective mea-
surement location or catheter.

Data log of the course of treatment.  Log-
ging all temperature deviations, power or 
water dependent pain, pain caused by po-

sition in the applicator, treatment inter-
ruptions or stopping treatment.

Data log of the hyperthermia sys-
tem.  All hyperthermia device-related da-
ta must be documented in the device log-
book. The recordings must be compared 
to the relevant national law, e.g. the Ger-
man Medizinprodukte Gesetz (MPG).

5.2.2 Clinical documentation
The clinical documentation describes the 
patient positioning, the medication in-
cluding cytotoxic drugs and all other clin-
ical parameters of the patient, including 
any changes and side effects caused by the 
therapy. All such changes and events must 
be documented with a chronological ref-
erence to the hyperthermia treatment.

5.2.3 Patient positioning 
documentation
Patient positioning should be document-
ed in case of special movements necessary 
for the treatment with all relevant mark-
ings by means of photographs or MR im-
ages. Possible skin changes (e.g. those 
caused by hot spots) should be docu-
mented, if possible during, but at least af-
ter ending/terminating the treatment.

5.2.4 Side effects
The hyperthermia (in terms of these 
guidelines) is not a separate therapy mode 
but supplements systemic chemotherapy 
or radiation therapy. The unwanted ef-
fects of the combined treatment therefore 
correspond primarily to the spectrum of 
side effects of the chemotherapy or radi-
ation therapy, although the side effects of 
the primary therapy can be intensified by 
tissue heating during hyperthermia. Clas-
sifying the degree of severity should fol-
low the internationally established scor-
ing systems.
F	�CTCAE version 4.03 for chemothera-

py-associated side effects and
F	�RTOG version 2.0 for radiation-spe-

cific side effects.

Hyperthermia-specific side effects
Additionally, side effects that are specif-
ically caused by the hyperthermia treat-
ment should be recorded. Unwanted 
higher temperature in the skin or the 
healthy tissue is the main risk, which is 

Tab. 3  Example of data recording for the hyperthermia treatment of a rectal carcinoma. 
Selected codes for different termination criteria, e.g., 0: none, 1: hot spot, 2: bolus pressure, 
3: exhaustion of patient, 4: circulatory decomposition, 5: other medical reason, 6: equipment 
failure/defect

Name & address  

Date of birth  

Patient ID  

Fraction number  

Therapy date  

Applicator  

Treatment period (min)  

Therapeutic treatment period (min)  

Pmax (W)  

Pmean (W)  

Tumour probe
(In an example for a rectal probe)

Tumour Tmean (°C)

Tumour Tmin (°C)

Tumour Tmax (°C)

Mean values Tumour T20 (°C)

Tumour T50 (°C)

Tumour T90 (°C)

CEM43T90 (min)

Bladder Tmax (°C)  

Rectum Tmax (°C)  

Vagina Tmax (°C)  

Groin Tmax (°C)  

Termination criterion (This is documented in the patient folder)  

Comment (In free text for patient folder)  
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increased in patients with disturbed tem-
perature sensitivity, for example in poly-
neuropathy. Low grade high temperatures 
are accompanied with false sensations or 
pain and skin irritation and/or local oede-
ma. In the case of sustained overheating 
of tissue, depending on the severity, tis-
sue damage and necrosis may result. The 
temperature threshold for such irrevers-
ible damage is 44–46 °C depending on the 
tissue type [24, 59]. The specific side ef-
fects are given in . Tab. 2.

5.3 Analysis of the physical/
technical data of the treatment

5.3.1 Standardization
In order to create comparable analyses 
for all study participants, the relevant da-
ta are extracted from the stored values 
and, as far as possible, analysed using the 
standard software (e.g. RHyThM Rotter-
dam Hyperthermia Thermal Modulator; 
d.fatehi@erasmusmc.nl) [14]. A signif-
icant feature of the software to be used 
is the allocation of treated organs/tissue 
and the normal tissue to the determined 
thermal data. The programme calculates 
and documents all necessary thermal 
dose parameters (e.g. Tmax, Tmean, T20/50/90, 
CEM43T90), the applicator control pa-
rameters and the therapy period. 

If temperature is measured only on 
the skin’s surface, then only Tmin and Tmax 
must be stated. Alternative assessment 
modules must be based on identical cal-
culation principles and define the same 
thermal dose parameters, e.g. the mod-
ule used in the Amsterdam Hyperther-
mia Centre.

5.3.2 Example of data 
recording and analysis
The relevant values for the analysis (e.g. 
using RHyThM) must be specified in the 
study log which is used. An example of 
the data recording for a rectal carcinoma 
is shown in . Tab. 3.
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7 Appendix

7.1 Applicator requirements

7.1.1 Minimum requirements
An applicator for deep hyperthermia has 
to meet certain requirements with regard 
to the characteristics of the energy distri-
bution in order to have the basic ability to 
provide preferential heat to tumours lo-
cated centrally in the human body. Ide-
ally, the energy deposition in the target 
volume is higher than the energy deposi-
tion in healthy tissue. To obtain this fea-
ture, focusing of the energy distribution 
is essential as well as the ability to steer 
the focus. Based on phantom results a 
minimum ratio of energy deposition in 
the target (SARtarget) and energy deposi-
tion in the healthy tissue (SARnon-target) is 
defined [5].

A proposal for three conditions for a 
standardised hyperthermia test phantom 
for the checking of applicator characteris-
tics in the range 75–140 MHz is as follows:
F	�phantom of diameter 20 cm and 

length 60 cm,
F	�abdomen-equivalent tissue material 

(2 g/l NaCl in distilled water), i.e. ef-
fective conductivity (σ) 0.32 S/m at 
20 °C and relative dielectric permit-
tivity (εr) 80 and

F	�definition of a centrally located cylin-
drical target volume of diameter 5 cm 
and length 10 cm, with the axial ori-
entation of the target similar to that of 
the phantom.

Each applicator used in deep hyperther-
mia must be able to reach an average 
SAR level inside the target volume that is 
higher than the average SAR level in the 
whole phantom. Hence, for any applica-
tor the ratio of SARtarget and SARnontarget 
in the phantom must be minimally above 
1.5 in order to be considered as an applica-
tor feasible to induce deep heating in the 
pelvic and abdominal regions. Wheth-
er an applicator fulfils this minimum cri-
terion can be checked by measurements 
and simulations using the standardised 
hyperthermia test phantom, appropri-
ate measuring devices and a QA proto-
col such as defined by the European Soci-
ety for Hyperthermic Oncology (ESHO). 
The Rotterdam group calculated the ratio 

of SARtarget and SARnontarget in the phan-
tom for the Sigma 60 and Sigma Eye ap-
plicators and found values of 3.0 and 4.3, 
respectively.

7.1.2 Requirements for clinical 
hyperthermia treatments

It is not possible to extract guidelines 
for hot spot levels from phantom mea-
surements. To set a minimum require-
ment, the authors have therefore cho-
sen a requirement based on current prac-
tice with the most frequently used device 
for deep hyperthermia, i.e. the Sigma 60, 
with which more than 5,000 patients 
have been treated with deep hyperther-
mia in Europe. For this device, the Rot-
terdam group has analysed their exten-
sive modelling in 10 patients with local-
ly advanced cervical cancer. This analysis 
provides sufficient data to select a maxi
mum permitted SAR level for hot spots 
in healthy tissue in order to apply deep 
hyperthermia at an acceptable level of 
quality, i.e. to measure therapeutic tem-
peratures in the target region. For these 
10 patients1 these values are SARtumor =74 
±32 W/kg (mean ±1 standard deviation) 
and for hot spots SARmax=290 ±100 W/
kg (mean ±1 standard deviation), with an 
input power to the Sigma 60 applicator of 
700 W. In this analysis hot spots are de-
fined as all hot spots with a total volume 
of 0.1% of the tissue volume (V0.1) with the 
highest SAR. This leads to the conclusion 
that hot spot SAR levels (in the 0.1th per-
centile) should generally not exceed the 
SARtarget by a factor of 4. Applicators that 
meet both criteria: SARtarget>1.5•SARnon-

target and SAR0.1<4•SARtarget are general-
ly able to heat a patient up to therapeutic 
temperatures.

7.2 Minimum requirements for 
hyperthermia treatment planning

Treatment positions are required to coin-
cide with the position modelled in plan-
ning (maximum deviation 1 cm) in or-

1	� Manufacturers of new deep hyperthermia 
equipment are expected to obtain the 
patients models through proper procedures 
and to make sure that these models are 
representative for the average dimensions of 
their patient population

der to reliably simulate optimum treat-
ment parameters using computer sup-
ported hyperthermia planning (HTP) [1, 
7, 33]. The positioning of the patient is 
described in more detail in Section 4.2.1. 
Furthermore, control of the radio fre-
quency emitted from the antenna is es-
sential with an amplitude and phase ac-
curacy better than 5%/5° in order to guar-
antee reliable modelling of the power dis-
tribution with HTP. Preferably, the SAR 
measurement sensors or the temperature 
measurement using non-invasive ther-
mometry (NIT) for feedback of the cur-
rent SAR or the temperature distribution 
calculated with the planning system can 
be used.

The image of a 3D dataset for the hy-
perthermia planning using a CT or MRT 
scan must be performed, as far as possi-
ble, in the treatment position during hy-
perthermia. This means that the imaging 
must be completed for example, in the pa-
tient position grid. The layer thickness of 
the planning data must be selected opti-
mally for the E-field calculation method 
to be used later. For example, 5 mm for fi-
nite elements (FE) with tetraedral grids, or 
higher resolution for FDTD.

Hyperthermia planning is started by 
segmenting the different tissue types. Two 
levels of segmentation are distinguished: 
1.	� Hounsfield unit (HU) based auto-

matic segmentation. This is based on 
the Hounsfield values of raw CT da-
ta records. The tissue types lung, fat, 
muscle and bone can be automatical-
ly segmented. The bowel volume and 
the organs are usually segmented as 
muscle.

2.	� Full organ segmentation. Additionally 
for the HU based automatic segmen-
tation, the bowel and organs of the 
pelvis are segmented separately.

If using the FE method on tetrahedron 
grids, it must be guaranteed that the side 
length of the tetrahedrons are smaller 
than 1/10th of the wavelength in the tis-
sue, e.g. 90 MHz, muscle and smaller than 
3 cm. The dielectric and temperature rel-
evant tissue properties needed for the cal-
culations can be obtained from well doc-
umented literature sources [6, 8, 11, 12, 17, 
18, 19, 23, 26, 27, 28, 37, 38] or from indi-
vidual measurements (http://www.brooks.
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af.mil/AFRL/HED/hedr/reports/dielec-
tric/home.html; [53, 54, 55]).

In the case of sole SAR modelling, af-
ter segmenting and calculating the elec-
tromagnetic fields, a patient-specific op-
timisation routine should be implement-
ed, which maximises the SAR coverage of 
the target area and minimises the energy 
deposit in the healthy tissue. Furthermore, 
it should be possible to define regions in 
which additional specific limit values can 
be specified for the optimisation.

An equivalent approach is necessary 
for temperature modelling, which maxi-
mises the temperature in the target area 
and limits it in the healthy tissue to ab-
solute maximum temperature values [27]. 
That is, 44 °C in healthy tissue and 42 °C 
in bone marrow for 30 min. Thermal and 
perfusion properties can be found in the 
literature [37, 38, 53, 54, 55]. The impact of 
blood flow can be incorporated using ei-
ther the bioheat equation or by modelling 
discrete vessels [6, 12, 35, 48].

The transfer of the optimum therapy 
parameter for the power control should 
preferably occur automatically/online, in 
order to minimise errors. The treatment 
position of the patient and the therapy pa-
rameters must be adequately document-
ed for the patient documentation (see Sec-
tion 5.2).

7.3 Documentation of 
medical history

Example: information about 
disease, previous history 
and treatment planning
General information:
F	�patient identification
F	�date of birth
F	�patient identification number

Disease information:
F	�current disease

1	 date of diagnosis: DDMMYYYY
1	 examining physician
1	 histology

F	 medical history of current disease
1	 first symptoms
1	 date of first symptoms
1	 duration of symptoms
1	� Karnofsky status at time of diagnosis
1	 previous diseases

1	 other information
F	�family medical history (if relevant)

1	� diseases suffered by family members 
(parents and siblings)

F	�co-existing diseases
1	 diabetes mellitus: yes/no
1	 heart disease: yes/no
1	 if yes, heart failure: yes/no
1�	 thrombosis <3 months (embolism 

risk)
1�	 Oedema in the therapy region or di-

rectly bordering it: yes/no

Personal information:
F	�occupation(s)
F	�social history

1	 living situation
1	 number of children

F	�alcohol consumption
F	�nicotine consumption (cigarettes, ci-

gars, pipe smoking)
F	�height (m)
F	�weight (kg)
F	�pregnant: yes/no
F	�currently claustrophobic: yes/no

Clinical examination results:
F	�general condition
F	�external examination
F	�internal examination
F	�neurology

Previous therapies:
F	�pre-treatments

1	 radiation therapy
1	 chemotherapy

Justification for therapy:
F	�curative or palliative
F	�neoadjuvant: yes/no

Contraindications:
F	�pacemaker/defibrillator/neurostimu-

lator: yes/no
F	�metal implants: yes/no
F	�other possible contraindications

1	 burning: yes/no
1	 abscess: yes/no
1	 skin damage: yes/no
1	 recent operation scar: yes/no

Consent form:
F	�written consent provided: yes/no

Objective of the treatment:
F	�treatment as part of a study or series 

of case studies: yes/no
1	� description of the study or case stud-

ies
F	�information about the treatment vol-

ume based on the 3D imaging
1	 target volume
1	 risk volume

Treatment plan:
F	�radiation therapy

1	 CT supported 3D planning
1	 planned reference dose: xx.x Gy
1	 fractionation: x times per week
1	 fractionation dose: x.x Gy/week

F	�chemotherapy
1	 details

F	�hyperthermia
1�	 information about the treatment vol-

ume
1	 planning target volume (PTV)
1	� positioning of the patient in 

the applicator (longitudinal, 
vertical)

1	 volume at risk
1	 verification

1	� probe thermometry, 
MR thermometry
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