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Introduction

Whole-body hyperthermia (WBH) or “systemic hyperthermia” — de-
fined as the controlled increase of the body-core temperature for
therapeutic purposes — is one of medical history‘s oldest therapy
forms, with traditions in most cultures and a very broad spectrum of
indications [1]. A frequently quoted saying, ascribed to Hippocrates,
states that “Fever is a healing effort of the organism against disease;
it cleanses the body like a fire.”

WBH, among other factors, is based on appreciating infectious fe-
ver as a natural mechanism occurring in all warm-blooded creatu-
res, in which an increase in the body-core temperature serves as
an essential trigger for initiating and controlling an extraordinary im-
mune response. Numerous preclinical studies have confirmed the
therapeutic potential of controlled increases in body-core tempe-
rature and have gradually examined the underlying biological me-
chanisms [2].

For some non-oncological and oncological indications, the effec-
tiveness of WBH has already been documented with clinical studies
at various levels of evidence. Mechanisms of action include incre-
ased perfusion and metabolic activity associated with the increase
in body-core temperature as well as effects on the hormonal and
immune system. The range of WBH extends from mild thermal ap-
plications that can be performed at home to actual “fever tempe-
ratures” and extreme WBH administered in intensive care settings.
This spectrum requires clear definitions and differentiations.

Objective

In full recognition of its long tradition and within the framework of
quality assurance required in modern medicine, modern WBH is
subject to the following dual commitment:

1) Definition and establishment of standards for staff qualification
as well as for patient care and monitoring, which

e guarantee a high level of safety for patients and users and

e serve as the basis for health insurance reimbursement.

LS

Examination and optimization of the therapeutic potential of
WBH in individual indications based on scientific studies. Both
the comparability of prospective studies and the combination of
data from routine applications in registry studies require standar-
dization, particularly in terms of terminology and capturing vital
parameters.

Guidelines always walk a fine line. They must balance the above-
described need for standardization with the recognition of the tradi-
tional methodological pluralism that can promote the scientific dis-
cussion to optimize therapeutic concepts and take individual patient
needs into account.

This Guideline is open to new scientific findings and was ultimately
written as a point of reference for critical debate and discussions to
be continuously reviewed, updated and further improved.

Purpose

This Guideline by the ,,German Society for Hyperthermia“ prima-
rily concerns the methodological implementation of the WBH. It is
based both on published scientific data and on extensive bodies
of experience, specifically those of the Society’s members that are
communicated and discussed at its regular conventions.

This is the first guideline to include the entire temperature range of
WBH. Previously published guidelines on partial aspects of WBH
were considered. This Guideline does not include “fever therapy,”
also referred to as “active hyperthermia,” which relies on pyrogenic
substances to increase the body temperature.

Furthermore, this Guideline does not refer to the application of mild,
short-term whole-body thermal applications, in which increasing the
body-core temperature is not defined and measured as the objec-
tive of the application, such as, for instance, sauna, infrared applica-
tions and packs (see Fig. 1, first column). This is in no way intended
to deny the medical benefit of such applications but refers to the
extensive body of existing research and professional literature, es-
pecially with regard to saunas.

Figure 1 provides a summary of WBH with its various levels of in-
tensity and requirements. Despite their fluid transitions, the three le-
vels, “mild,” “fever-range (moderate)” and “extreme” represent clear
reference points with fundamentally different characteristics. While
mild and fever-range (moderate) WBH, both of which have reference
points to traditional naturopathy, comprise temperatures in the sub-
febrile and regular fever range, extreme WBH represents a modern
intensive care measure.

The level of evidence for the medical indications of WBH listed in
this Guideline was determined based on a slightly modified recom-
mendation of the Agency for Healthcare Research and Quality [3],
which only distinguishes three main groups due to the current data
situation on WBH (see Fig. 2):

A High evidence (Level 1 + 2),
B Medium to low evidence (Level 3 + 4) and

C Low evidence (Level 5).

In the main group “Low evidence,” the Guideline also touches on
traditional indications and indication areas of traditional healing, in
which WBH frequently plays an important role as part of multi-mo-
dal, individualized therapy concepts, even though scientific proof of
efficacy is not (yet) available at a higher level of evidence.

It should be emphasized that users of WBH, in the context of thera-
peutic freedom, remain fully responsible for the indication and proce-
dure of therapy. In individual cases they can, and may have to, deviate
from this Guideline as required by the patient’s individual situation.

The recommendations of this Guideline, particularly about sedation
(see Sections 1.6.3 and 2.6.3), are subject to medical discretion and
under no circumstances confer liability.

Indication-specific guidelines by other medical professional associ-
ations have not been considered for this Guideline.
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Mild WBH Fever-range (moderate) WBH Extreme WBH
Target temperature
ge” “emperatt <38,5°CY 38,5 °C - 40,5 °C ¥ > 40,5 °C”
Body core, T(rectal)
Application time
in the specified <30 min > 30 min <180 min > 180 min generally = 60 min

temperature range

Patient stress

Perspiration,

no
thermo-regulatory
stress

Perspiration,

no
thermo-regulatory
stress

Thermo-regulatory
stress,

non-sedated /
lightly sedated

Thermo-regulatory
stress,

lightly /
heavily sedated

Thermo-regulatory
stress,

deep intravenous
anesthesia or
general anesthesia

Patient monitoring

Without nursing care

Nursing care

Nursing care under
medical supervision*

Nursing care under
medical supervision

Medically supervised
treatment

T(axillary) continuous T(rectal) ¥ | continuous T(rectal) | Intensive care
or  T(rectal) + T(axill/tymp) + T(axill) monitoring
or  T(sublingual) + HF/Sp02 + HF/Sp02
or  T(tympanic) + ECG + EKG/RESP
periodic = NIBP periodic + NIBP
(,+“ means optional)
Indication area Relaxation, Rehabilitation, Rheumatology, Oncology, Oncology,
(Selection) Wellness Physical therapy, Dermatology, Chronic infection Chronic infection

Rheumatology,
Orthopedics

Oncology,
Psychiatry
Immunology,
Environmental
medicine

Obligations of
device manufacturer

CE marking as a medical device with participation of a “Notified body” and official monitoring

x) Temperature limits between WBH levels are given for orientation only since they are subject to individual variations

xx) in Germany also under the supervision of ,Heilpraktiker”

+) if rectal temperature measurement is not an option, vesical or vaginal body temperature measurements may be used as well

Figure 1: Three levels of whole-body hyperthermia (WBH) according to “heckel medizintechnik” and

“Von Ardenne Institute of Applied Medical Research” updated 01/2018. [4]

Level of evidence
1a at least one meta-analysis based on randomized controlled trials (RCT) with high quality methodology
1b at least one sufficiently large RCT
2a at least one CT without randomization
2b at least one study of a different type, quasi-experimental study
3 more than one non-experimental study such as comparative studies, correlation studies,
case control studies or clinical pilot studies
4 expert committee opinions; descriptive studies
5 case series or one or more expert opinions

Figure 2: Levels of evidence modified according to Agency for Healthcare Research and Quality (AHRQ) [3].
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Whole-body hyperthermia -
general definition

WBH is the controlled increase of body-core temperature based on
an external energy supply in accordance with the currently preferred
categorization shown in Figure 1. It is also referred to as “passive
hyperthermia”.

1. Mild and fever-range (moderate)
whole-body hyperthermia

1.1. Definition

Mild WBH involves increasing the body-core temperature to target
temperatures up to 38.5 °C. The application time is divided into two
temporal levels of intensity, a short duration under 30 minutes and a
longer duration over 30 minutes (see Figure 1).

Fever-range (moderate) WBH involves increasing the body-core
temperature to target temperatures from 38.5 °C to 40.5 °C. The
application time of the respective target temperature again is divi-
ded into two temporal levels of intensity, a short duration under 180
minutes and a long-duration over 180 minutes (see Figure 1).

1.2. Technical specification
1.2.1. Hyperthermia technique

WBH in the mild and fever-range (moderate) temperature level com-
prises contact heat, e.g. in water baths, and heat from infrared radi-
ation. The use of water-filtered infrared A, which is particularly well
tolerated from a physical and physiological perspective, is especially
popular. A significant portion of the infrared radiation is absorbed at
the depths in which the circulating blood transports the absorbed
heat energy to all regions of the body with the blood flow [5, 6, 7].
In Germany, the most widely used hyperthermia techniques include
the method according to Heckel (using infrared A+B radiation in
older systems or a regional application of water-filtered infrared A
and infrared C radiation in current systems) [8] and the IRATHERM®
technology according to von Ardenne (exclusively based on water-
filtered infrared A radiation) [9].

An overview of WBH including the applied technology can be found in [10].

1.2.2. Temperature control / monitoring

In the case of mild WBH, temperature control is mandatory from
an application time exceeding 30 minutes. This can involve axillary,
rectal, sublingual or tympanic temperature measurements taken at
selected times. Measured values must be documented together
with the applied measuring technique. However, measuring sys-
tems with continuous temperature detection documented on a PC
are preferable (e.g. IRAcom® with IRAsoft® [9], FebroData® [8], see
annexes 2 and 3).

From the temperature level of fever-range (moderate) WBH, the in-
creasing temperature creates thermoregulatory stress for patients,
which requires nursing care under medical supervision as noted in
Figure 1. Starting from temperatures of 38.5 °C, continuous rectal
temperature measurement as well as heart rate and SpO2 monito-

ring are minimum requirements. There is broad consensus that the
rectal temperature reflects the body-core temperature. Should the
application time extend beyond 180 minutes at a temperature over
38.5 °C, periodic blood pressure measurements are required, while
ECG/RESP measurement and a second continuous temperature
measurement can be added. If rectal temperature measurement is
not an option (e.g. in the case of an artificial anus), vesical or vaginal
temperature recording can be taken into consideration. It is impor-
tant to note that the axillary and to an even larger degree, the tym-
panic temperature can differ by about 0.5 to 1 °C from the rectally
measured temperature in the late warm-up phase.

1.3. Staff specifications
1.3.1. Nursing staff

Nursing supervision is required for mild WBH with an application
time exceeding 30 minutes. Medical technicians, medical assis-
tants, physical therapists and nurses are qualified for this task.

For fever-range (moderate) WBH without or under light sedation with
an application time of 180 minutes or more, nursing care under me-
dical supervision is required according to Figure 1. At a minimum,
nursing care means permanent on-call availability with a patient call
option and guaranteed uninterrupted attention to warning or alarm
signals in a reliable patient monitoring system. Medical supervision
refers to the presence and availability of a physician in the medical
practice or clinic where the WBH is being performed.

Fever-range (moderate) WBH under sedation with an application
time exceeding 180 minutes requires the constant presence of a
person with special training in intensive care in the treatment room
as well as periodic check-ups by the supervising physician.

The nursing staff must have received training by the manufacturer,
the manufacturer’s representative or in a medical clinic/hospital
that uses the same technology and has been certified by DGHT as
a training center. The training must include at least one, preferably
2 to 3, guided procedures of WBH treatments under real-life condi-
tions. The training must be documented. The operator may desig-
nate members of the nursing staff who have received this training
“commissioned persons” within the definition of the (German) Medi-
cal Devices Operator Ordinance (Medizinprodukte-Betreiberverord-
nung - MBetreibV) who can carry out training in their own clinic/hos-
pital in the future, which must be documented as well. Training also
includes detailed information about the risks and side effects listed
in the Instructions for Use for the corresponding devices.

1.3.2. Medical staff

Fever-range (moderate) WBH without sedation/under light sedation
with an application time not exceeding 180 minutes may be super-
vised by physicians of any discipline. The procedure of fever-range
(moderate) WBH under sedation with an application time over 180
minutes requires the corresponding qualification and experience
with the procedure of sedation.

In addition, physicians responsible for the administration of WBH
must also have undergone training in the procedure described in
Section 1.3.1/last paragraph and can then function as “commissi-
oned persons” within the meaning of the Medical Devices Operator
Ordinance (MBetreibV).
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Mild and fever-range (moderate) WBH under light sedation may
also be performed or supervised by other persons authorized to
independently practice medicine (in Germany: ,Heilpraktiker). It is
presumed that such persons are qualified to perform relevant medi-
cal emergency measures as necessary. For simplification, this Gui-
deline consistently uses the terms “physician” and “medical” with
reference to all persons listed in Section 1.

1.3.3. Technical staff

No technical staff is required for the procedure of mild and fever-
range (moderate) WBH. However, the assigned medical staff must
have received training and instruction from qualified personnel or re-
presentatives of the manufacturer to reliably operate the equipment.

1.3.4. Laboratory

No special laboratory tests are needed for the ranges of mild and
fever-range (moderate) WBH. Laboratory tests prior to, during and
after hyperthermia sessions are performed at medical discretion.

1.4. Indications

Due to its impact on the immune system, fever-range (moderate)
WBH in particular can be considered a non-specific therapeutic
measure for the treatment of chronic ilinesses, which are caused by
a dysfunction of the immune system and/or restricted tissue perfu-
sion. It is indicated for a range of conditions from chronic infection,
inflammation and pain, autoimmune diseases and allergies to com-
plementary cancer treatment. The long tradition of this treatment
method and its low risks and side effects can justify the procedure
of WBH treatments in a wide range of diseases, provided the cont-
raindications were carefully considered and the individual situation
and therapeutic alternatives were weighed. The section below lists
the indications and indication areas in three main groups:

Indication Study Literature
A Indications based on at least CT or RCT (levels of evidence 1 + 2)

e Fibromyalgia syndrome RCT+CT+CT+ pilot study | [11, 12, 13, 14]
e Chronic back pain RCT+pilot study [15, 16]

* Ankylosing spondylitis RCT+pilot study [17,18,19]
¢ Axial spondyloarthritis CT [20]

e Psoriatic arthritis RCT [21]

e Arterial hypertension RCT+pilot study [22, 23]

e Major depressive disorder RCT+RCT+pilot study [24, 25, 26]
B Indications based on comparative studies, case control studies, clinical pilot studies (levels of evidence 3 + 4)

* Immune activation Pilot study [27], [28, 29, 30, 31]
e Cancer - reinforcement of standard therapies Pilot study [32]

e Cancer in the palliative stage - relief of pain and the fatigue syndrome Pilot study [32]

e Bronchial asthma Pilot study [33]

e Osteoarthritis Pilot study [34]

e Systemic scleroderma Pilot study+pilot study [23, 35, 36]
e |rritable bowel syndrome RC pilot study [87]

C Indications and indication areas based on case series or expert opinions (level of evidence 5)

e Maintenance therapy after curative cancer therapy [38, 39]

e Allergic rhinitis [40]

e Chronic prostatitis [40]

e Arthritis [34]

e Ulcerative colitis and Crohn’s disease [41]

e Lyme disease [42]

¢ Post-traumatic recovery [40]

e Detoxification [44]

for the indications listed in the highest evidence group A.

" Annex 1 specifies the corresponding treatment procedures of the WBH used in the publication with the highest level of evidence
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In the area of sports medicine, regional hyperthermia applications
have been shown to result in the accelerated regeneration of highly
stressed muscles [45].

It should be pointed out in this place that this Guideline does not
restrict the expansion of indications in any way. Indications that are
not listed in this Guideline should not be considered excluded or
unsuitable. On the contrary, traditional experiences with this therapy
form should be critically reviewed to again take hyperthermia into
consideration as a therapeutic option if necessary. An excellent his-
torical overview of applied medical indications as well as a review of
the professional literature published to date can be found in Section
2 of [1]. In addition, numerous indications allocated to various tem-
perature levels are listed in [46].

1.5. Contraindications

Contraindications depend on the level of temperature increase and
are primarily based on cardiovascular stress and the possibility of
unwanted activation of inflammations and destabilization of unba-
lanced hormonal and metabolic constellations.

Hyperthermal increases of the body-core temperature over 38 °C
are absolutely and relatively contraindicated for the diseases listed
below. These contraindications were derived from publications and
the experiences of therapists working with hyperthermia. The list
may be both expanded and reduced in the future.

Absolute contraindications:
e arteriosclerotic-cerebral states of confusion

e severe cerebral perfusion deficiency; increased intracranial
pressure from perifocal edema caused by brain tumors and
brain metastases

e uncontrolled hyperthyroidism
e acute severe infections (e.g. lungs, liver, kidneys)

¢ manifest internal organ failure due to destructive inflammatory
processes and/or obstructive or destructive neoplasia

e active cavernous pulmonary tuberculosis, late stages of liver
cirrhosis and nephrosclerosis

e acute thermal skin damage (e.g. sunburn)
® pregnancy
Relative contraindications:

e cardiac arrhythmias and heart failure (ECG monitoring
after cardiological assessment)

e acute infections

e reduced thermo-sensitivity of the skin and micro-circulation dis-
orders (e.g. diabetic neuropathy, chemotherapy)

e increased skin sensitivity (e.g. application of photosensitizers)
e susceptibility to febrile seizures

e severely weakened or heavily impaired general
physical condition

1.6. Procedure of mild / fever-range (moderate)
whole-body hyperthermia

1.6.1. Preparation

It is presumed in daily practice that therapy sessions will be prece-
ded by a conversation with the physician and that the patient will re-
ceive information about the current diagnostics and therapy options
as well as the resulting indication. Such a preparatory conversation
should also include information about side effects such as the com-
monly encountered sense of restlessness due to thermoregulatory
stress, but also the risk of thermal lesions, which are very rare, but
cannot completely be ruled out.

All practitioners must inform their patients about the cost of WBH
treatment. It is recommended to obtain the written consent of the
patient, particularly in case of future legal disputes. The patient’s
preparation for starting the therapy (clothing, positioning, hygienic
conditions) depends on the thermal dose to be applied (temperature
and exposure time) as well as the involved technology.

1.6.2. Temperature control

Temperature control is mandatory for all WBH treatments to achieve
the indication-specific target temperature (see 1.2.2). The intensity
as well as the type and scope of documentation depend on the
WBH type and the temperature level and exposure time.

1.6.3. Sedation

The thermoregulatory stress experienced by patients varies consi-
derably by individual. In the case of fever-range (moderate) WBH
not exceeding 180 minutes (as shown in Fig. 1), generally no or just
minor sedation is required, e.g. using plant-based or homeopathic
sedatives. In rare cases, a gradual sedation by oral administration of
lorazepam or as a supplement to an existing IV infusion with mida-
zolam can be applied as needed.

In the case of fever-range (moderate) WBH exceeding 180 minutes
(see Fig. 1), continuous sedation may be necessary, using midazo-
lam, fentanyl and propofol. A sedation protocol mainly based on
midazolam and fentanyl is described in [32, 47, 48, 49]

1.6.4. Chemotherapy

Any chemotherapy performed in addition to WBH may only be ap-
plied under the supervision of an experienced physician, observing
the precautionary measures and regulations for the application of
cytostatic chemotherapy. The combination of WBH and chemothe-
rapy is a complex process.

The intended mechanisms of action (increasing tumor tissue perfu-
sion and drug accumulation, increasing the metabolism, immunolo-
gical effects) must be defined with consideration for pharmacody-
namic properties to determine the timing of both applications.

1.6.5. Supportive therapy

Dehydration must be actively counteracted prior to, during and after
whole-body hyperthermia treatment. In the case of treatments with-
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out sedation, this can be achieved with drinking or infusion, while sup-
portive therapy with electrolyte infusions is mandatory for treatment
under sedation and for long-term treatments according to Fig. 1.

1.6.6. Aftercare / monitoring

The aftercare and monitoring of patients depends on the tempera-
ture level and duration of the therapy as well as on any side effects
that may have occurred during the therapy, the cool-down or the
aftercare phase. In case of fever-range (moderate) WBH treatments
not exceeding 180 minutes and stable cardiovascular parameters,
30 minutes of rest can be considered a sufficient recovery time. For
treatments over 180 minutes, longer rest and monitoring times are
required until cardiovascular stability has been achieved.

2. Extreme whole-body hyperthermia
2.1. Definition

Extreme WBH involves increasing the body-core temperature to tar-
get temperatures above 40.5 °C. The application time in the range
of the target temperatures is generally over 60 minutes (see Fig. 1).

The current specialist debate on the oncological use of extreme
WBH is reaching the conclusion that cytoreductive effects require
at least 41.5 °C and can only be achieved under metabolically opti-
mized conditions (glucose-induced lactic acidosis and hyperoxemia
/ see sCMT [50]). In addition, metabolically optimized conditions are
the prerequisite for realizing body-core temperatures over 42 °C.

In Germany, radiative systems currently use about three tempe-
rature-time regimens in practice: High-level temperatures above
41.5 °C for 90 minutes or more, above 41.8 °C for 60 to 90 minutes,
or above 42.0 °C for 30 to 60 minutes. The working group around
von Ardenne for the first time introduced high-level temperatures of
42.3 °C in the scope of systemic Cancer Multistep Therapy/sCMT
(extreme WBH + induced hyperglycemia + relative hyperoxemia)
[50]. In practice, whole-body hyperthermia treatments now use this
procedure to safely perform the therapy at a temperature level of
42.5 °C. The conductive “Heatheal method” in a hot water bath can
reach temperatures above 43 °C for a few minutes [51].

Regarding extreme WBH from 41.5 °C to 41.9 °C, we refer to the
data of Robins [52], Kerner [53], Wust [54], Hegewisch-Becker [55],
Hildebrandt [56], Bakhshandeh-Bath [57], Atmaca [58], Deja [59], Is-
mail-Zade [60] Zhao [61] and Herzog [62, 63]. Reviews with practical
information on performing extreme WBH in this temperature range
and on hyperthermia technology were published by Hildebrandt [64]
and Rowe-Horwege [10].

Documentation of extreme WBH above 42 °C can be found in the
working groups of Steinhausen [65], Krasny [66], Takeuchi [67], von
Ardenne [68], Bremer/Meyer [69], Wehner [70], von Ardenne [71]
and Suvernev [72].

2.2. Technical specification
2.2.1 Hyperthermia technique
Systems such as IRATHERM®2000, Enthermics, Aquatherm, he-

ckel-HT3000, IRATHERM®1000 as well as Heatheal-WBH-TEC-
LCC are used in extreme WBH.

2.2.2. Temperature control / monitoring

Continuous intensive care monitoring is required for extreme WBH
that is performed under deep intravenous anesthesia or general
anesthesia. Depending on the hyperthermia system, this involves
up to four temperature sensors, which can be rectal or/and vesical,
axillary and skin sensors. For local control of the skin temperature,
a manual pyrometer with adjustable emission coefficients can be
used. Temperatures, pulse oximetry and the radiation settings must
be continuously recorded by a computer, and ECG / RESP systems
must be available for monitoring. Blood pressure measurement is to
be carried out periodically and must be documented.

In the case of extreme WBH administered with contact heat in a wa-
ter bath, temperature measurement is also mandatory over multiple
channels, i.e. water temperature as well rectal or vesical, esopha-
geal or nasal measurements (see [54]).

The temperature measurements must be performed with approp-
riate equipment that is subject to the German Medical Device Act
(Medizinproduktegesetz). The accuracy of the temperature measu-
rement should be + 0.1 °C.

Proven examples of monitoring and documentation systems include
IRAcom® with IRAsoft® [9] (s. Annex 2) and FebroData® [8] (s. Annex 3).

2.3. Staff specifications

Extreme WBH requires qualified staff.

2.3.1. Nursing staff

It is recommended to have a nurse with experience in intensive care
and/or training in extreme WBH accompany the treatment. Another
staff member with the qualification of a registered nurse should be
on call in case of an emergency, i.e. this person should be available
for the nursing staff member supporting the therapy within less than
one minute. When forming new teams, it is recommended to have
two members of the nursing staff accompany the treatment.

In addition to a nurse with experience in intensive care medicine,
a second nurse is required for additional measurements in the
Heatheal® procedure. Another staff member (who can be a medical
technician/medical assistant) is responsible for the continuous do-
cumentation of the high-speed therapy. Furthermore, another qua-
lified staff member must control the water temperature at different
points and mix the water mechanically or by hand to homogenize
the water temperature. A qualified anesthesia nurse is essential to
assist the physician inducing the anesthesia.

The nursing staff must have received training by the manufacturer,
a representative of the manufacturer or in a clinic/hospital that uses
the same technology and has been certified by DGHT as a training
center. The training must include at least three, preferably more,
supervised treatments under real-life conditions. The training must
be documented. The operator may designate members of the nur-
sing staff who have received this training “commissioned persons”
within the definition of the Medical Devices Operator Ordinance
(MBetreibV) who can carry out training in their own clinic/hospital
in the future, which must also be documented. Training includes
detailed information about the risks and side effects listed in the
instructions for use of the corresponding devices.
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2.3.2. Medical staff

In the case of extreme WBH, the physician performing the hyper-
thermia treatment not only is responsible for supervision, but ac-
tively carries out the therapy and monitors all processes. An anest-
hesiologist must be present in case of intubation anesthesia. If deep
intravenous anesthesia is used (neuroleptanalgesia), the physician
introducing the anesthesia (with the appropriate experience and/or
training) may also be responsible for carrying out the hyperthermia
treatment. A second physician must be on call in case of any com-
plications, particularly if the physician introducing the anesthesia is
also responsible for the hyperthermia treatment.

In the case of the Heatheal® procedure, the presence of two physici-
ans to handle the hyperthermia treatment and anesthesia separately
is mandatory. Another physician is required in addition to the phy-
sician performing the hyperthermia treatment and the anesthesiolo-
gist. Due to the special concerns of underwater treatment (ECG lead
faults), this physician must monitor the cardiac action and pulse and
continuously report to the physician performing the therapy. In the
area of oncological indications, particularly with simultaneous appli-
cation of chemotherapy, the physician carrying out the therapy must
be familiar with the handling of cytostatic chemotherapy drugs or a
corresponding physician must be present.

In addition, physicians responsible for the procedure of WBH must
also have undergone training in the procedure described in Section
2.3.1, last paragraph and can then function as “commissioned per-
sons” within the meaning of the Medical Devices Operator Regula-
tion (MBetreibV).

2.3.3. Technical staff

It is recommended to involve in-house technicians into the therapy
briefing for extreme WBH and to have them available to quickly
address technical problems with power, water or oxygen supply to
avoid having to discontinue the therapy for a patient under anest-
hesia.

For the Heatheal® method, the presence of an in-house technician
is absolutely required in case technical operations are required for a
quick water exchange.

2.3.4. Laboratory

In-process laboratory controls are required for extreme WBH. This
involves at least a standard blood count including hematocrit, crea-
tinine, electrolytes, blood glucose levels and liver values in case of
abnormalities at the start of the therapy and at the end of the high
plateau to guarantee the safe procedure of the therapy. The respon-
sible physician must consult additional parameters, depending on
co-morbidity, starting values and clinical situation.

If extreme WBH is performed in the scope of systemic Cancer Mul-
tistep Therapy, pH measurements are recommended in addition
to frequent blood glucose and lactate controls (not mandatory but
useful in terms of monitoring tumor acidification). In addition, blood
gas analysis is advisable at the start, prior to and after the high tem-
perature plateau to monitor oxygenation. The same applies to labo-
ratory monitoring for the Heatheal® treatment.

2.4. Patient selection and confirmation of indication

Patient selection and confirmation of indication follow the previously
published indications and contraindications for extreme WBH. The
indications and contraindications described in the monograph “sys-
temic Cancer Multistep Therapy” [68] provide useful guidance. As a
prerequisite for treatment with extreme WBH, patients should be in
adequate general physical condition, Karnofsky index = 60%, (dif-
fering from [68] based on increasing experience with large patient
numbers), be between 3 and 78 years of age (differing from [68] as a
result of increasing experience). The tumor stage should be confir-
med and documented based on histology with evidence of current
stage, and the patient must have given his or her written consent.

Oncological indications for extreme whole-body hyperthermia in-
clude therapy-resistant metastatic cancer, sarcoma, malignant
melanoma, lymphoma and chronic lymphatic leukemia in need of
therapy.

In the non-oncological area, there have been some reports on the
effectiveness of extreme WBH for the treatment of chronic Lyme
disease [43].

2.5. Contraindications

Contraindications for extreme WBH:

e primary brain tumors (astrocytoma / glioblastoma) and cerebral
metastases close to vessels and/or ventricles; computed
tomography/magnetic resonance imaging absolutely necessary
prior to hyperthermia treatment

e psychoses, seizure disorders and encephalopathies with incre-
asing intracranial pressure

e all forms of clinically manifest heart failure above NYHA stage I
e coronary heart disease, angina pectoris

e pathological exercise test ECG, complex cardiac arrhythmia

e cardiac valve prostheses, fixed-rate cardiac pacemakers

e S.p. apoplexy

e therapy-resistant respiratory failure (PO2 < 64 mmHg,
PCO2 = 48 mmHg)

e select endocrinopathies
e history of or susceptibility to malignant hyperthermia
® pregnhancy

e advanced or incorrigible impairments of the fluid or
electrolyte balance

e advanced renal failure
e severe liver dysfunction
e therapy-resistant hypo- or dysproteinemia

e hematopoiesis impairments (hemoglobin reduction = 30%),
leukocytopenia, thrombocytopenia < 80,000/pl

e advanced tumor cachexia without assured nutrition

e osteolysis in the axial skeleton at high risk of fracture
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2.6. Procedure of extreme whole-body
hyperthermia

2.6.1. Preparation

Patients should have at least one day of acclimatization in the treat-
ment facility, i.e. the first contact in the treatment facility should be
48 hours prior to the start of therapy. The laboratory parameters dif-
ferential blood count, electrolytes, creatinine, urea, uric acid, choli-
nesterase, lipase, amylase, Quick value, PTT, TT, fibrinogen, LDH
and liver values must be checked and treated if applicable. Patients
should receive infusion therapy in the sense of a substitution and
supportive therapy the day before the treatment. In addition to formal
legal issues, patient information should also include comprehensive
details about the course of the therapy. It must be ensured that ECG,
lung function, chest x-ray and laboratory values are available as re-
quired for a surgical procedure. Information about the anesthesia
to be performed also is part of the preparation. Premedication the
evening before the session makes sense, and consideration for fas-
ting times up to the time of the scheduled anesthesia is mandatory.

2.6.2. Temperature control

Temperature control is performed by recording the body-core tem-
perature (rectally and/or intravesically), the axillary temperature as
well as up to two skin temperature values (ventral and dorsal). Fur-
thermore, non-contact control of the skin temperature by way of
a hand-held pyrometer is indispensable to check temperatures in
areas at risk of overheating, e.g. reddened skin areas. Long-term
thermal exposure of the skin at temperatures over 43.5 °C should
be avoided. Intra-luminal temperature measurements are an option,
but not mandatory. Rectal and intravesical temperature measure-
ments are methods recognized in the general professional discourse
for recording the body-core temperature. In the context of extreme
WBH with contact heat in a water bath, temperature measurements
should be taken as described in Section 2.2.2.

2.6.3. Anesthesia

Deep intravenous anesthesia in the form of neuroleptanalgesia while
maintaining adequate spontaneous breathing is the preferred form
of anesthesia for this special treatment process. It is imperative to
have instruments for an immediate change to assisted or controlled
ventilation with a laryngeal mask or an endotracheal tube available.
This also applies to suction equipment. Premedication in the pre-
paratory phase can consist of one tablet of Dormicum (midazolam
7.5 mg) immediately prior to positioning in the hyperthermia equip-
ment, supplemented by diazepam via infusion (30 mg on average)
during the positioning and wiring of the patient. Neuroleptanalgesia
can be started when the body-core temperature reaches 37.5 °C to
38.0 °C, e.g. with disoprivan by infusion or with an infusion pump
(propofol, e.g. 1%) and administration of rapifen (alfentanyl) via infu-
sion pump. The anesthesia demand can be individually adjusted to
the patient and therapy situation via IV syringe pumps. The involved
drug combinations include propofol, midazolam and fentanyl as well
as disoprivan and alfentanyl [73, 74, 75, 76]. In case of certain con-
stellations or necessities, the anesthesia can also be performed as
intubation anesthesia.

In the context of extreme WBH administered in a water bath, espe-
cially with the objective of exceeding 42.5 °C, intubation anesthesia,
if applicable together with jet ventilation, is required [51].

2.6.4. Chemotherapy

Any chemotherapy must be administered by an experienced physi-
cian, observing the required precautions for the application of cyto-
toxic chemotherapy. According to current knowledge, the chemo-
therapy must be applied before a temperature of 41.0 °C has been
reached. It is important to bear in mind that most cytostatic che-
motherapy drugs are significantly intensified under extreme WBH,
which means that doses must be reduced accordingly.

Particular caution is advised for the use of nephrotoxic cytostatic
drugs, especially cisplatin, since side effects, in contrast to almost
all other cytostatic drugs, will also be significantly amplified in this
case. This effect may be due to the stimulation of the antidiuretic
hormone in high temperature ranges and would increase the acti-
vity of nephrotoxic substances in the phase of temperature-related
reduced kidney output. In the worst case, this could lead to a de-
pendency on dialysis. Accordingly, reducing the dose and strict in-
dication review is required when using cisplatin in the context of
extreme WBH.

2.6.5. Supportive therapy

Required supportive therapy in particular includes electrolyte solu-
tions, glucose infusions, and inhaled oxygen application. Even if the
extreme WBH is not to be performed as part of systemic multi-step
cancer therapy [77], glucose infusions and oxygen inhalation are re-
quired to improve the tolerance for, or the therapeutic index of the
treatment. It is best to choose a glucose concentration between 10
and 40% and to significantly increase the paO2 level. The electro-
lyte substitution depends on the prior checkup at the responsibility
of the physician and must particularly take magnesium, calcium, po-
tassium and sodium levels into account.

2.6.6. Hyperthermia procedure

The process of hyperthermia must be consistently monitored with
the help of suitable monitoring equipment.

Body temperatures, pulse oximetry, ECG with multiple leads and re-
spiration as well as data associated with the radiation intensity must
be consistently acquired. In addition, the blood pressure must be
measured periodically with a cuff and recorded digitally or manually.

All incidents and special measures occurring during extreme WBH
must be recorded manually or with computer entries.

Extreme WBH can be divided into the following essential phases:
Preparation, temperature-heat-up phase, plateau phase, and cool-
down phase (therapy length = temperature-heat-up phase + plateau
phase + cool-down phase). In the preparation phase, the leads of all
monitoring equipment should be connected and an indwelling blad-
der catheter should be placed. When positioning the patient, parti-
cular attention must be paid to areas that are at risk of overheating
and/or areas where pressure is exerted on the skin (heels, sacral
bone, shoulder blades, elbows). The head should be slightly recli-
ned in positioning and the patient should have the ability to turn his
or her head. Arms should be positioned with elbow joints in a slightly
angled position, while hand and finger joints should be in a gripping
pose. Hips and knee joints should be brought to a slightly flexed
position with a knee cushion. Carefully ensure that the knee cushion
does not push against the fibular head from behind to avoid pero-
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neus injury from extreme WBH and long-term positioning. Place a
heel protector with a soft pad on the heels. At the same time, the
nursing staff or physician must introduce passive movement of the
large joints once every 40 minutes.

It has been proven successful in practice, particularly in the case of
overweight patients, to relieve the heels with a soft roll placed under
the leg at a level above the ankle joint. Patients receiving treatment
with 5-FU frequently experience deeper corneal damage, which
may lead to injury during positioning and in case of overheating. If
overheating is detected, e.g. by means of a non-contact hand-held
pyrometer, it is recommended to temporarily apply local cooling
(cold water spray).

There are no special positioning instructions for extreme WBH with
contact heat in a water bath. In this method, the patient is lifted from
the water bath when the target temperature has been reached and
receives further ventilation during the cool-down phase. It must be
taken into account that even after leaving the water bath, the achie-
ved temperature may increase by a few tenths of a degree Celsius.

2.6.7. Aftercare / monitoring

Aftercare for extreme WBH involves bedside monitoring for several
hours and depends on the individual course of the aftercare pe-
riod. The patient’s renal function requires particular attention (hourly
measurement of urine flow). Aftercare measurements must include
regular blood glucose level checks, repeated electrolyte controls
(depending on the course) as well as lactate and, if necessary, blood
count checks including hematocrit. A blood gas analysis for control
purposes is also recommended in the aftercare period. If necessary,
fluid regulation, substitution and supportive therapy, if applicable
with intravenous buffering, may need to be performed. Intensive
care monitoring may be required until the next day.

3. Documentation and quality assurance
for whole-body hyperthermia

3.1. Acquisition of the therapy and temperature
trend data

It is recommended to use special software programs to document
hyperthermia treatments, which guarantee automatic capturing,
clearly structured data presentation, and reliable storage of therapy-
related parameters. The system should allow for entering medica-
tions, side effects and other special incidents during the treatment.
After the completion of the treatment, a report including all saved
information should be available with a print-out option.

For characterization and comparative analysis of mild or fever-range
(moderate) WBH, the ,highest mean temperature of the WBH ses-
sion over 60 min®, also known as T60 (or alternatively T30, T90 or
T120) can be used.

For characterization and comparative analysis of extreme WBH, it is
recommended to use the calculation of “thermal dose in equivalent
minutes at 43 °C,” or EM43 for short, in the scope of “quality assu-
rance guidelines for ESHO protocols” [78].

Examples of the electronic recording of hyperthermia treatment in
two different WBH systems can be found in Annex 2 and Annex 3.

3.2. Acquisition and management of side effects

All side effects occurring in the context of hyperthermia treatments
(see table in Annex 4) must be documented in detail, either in writing
or via computer data recording. This includes the manifestation, the
treatment course over time and, if applicable, any necessary mea-
sures. Such side effect management makes it easier to identify the
cause and to develop preventive strategies.

The log document for follow-up and monitoring included in Annex 4
can be used for patient monitoring, evaluation and comparison with
other medical facilities and users. It is an example of a suitable tool
for side effect management in a medical facility. Side effects must
be entered prior to extreme WBH together with their maximum value
after the procedure of the hyperthermia treatment, and 4 to 6 weeks
after WBH.

Side effects that were caused by errors on the part of WBH systems
must be immediately reported to the corresponding device manu-
facturer. The applicable reporting obligations vis-a-vis the autho-
rities in accordance with the German Medical Device Safety Plan
Ordinance (Medizinprodukte-Sicherheitsplanverordnung — MPSV)
must be observed.

3.3. Follow-up examinations

The therapeutic effects of WBH treatments frequently can occur
with a time delay, which makes it necessary to perform coordinated
follow-up examinations.

3.4. Documentation of treatment results

To increase the level of evidence and the associated acceptance
of WBH, it is essential to find a better way to document the re-
sults achieved in routine applications [79]. The resulting data can
be published as case studies and retrospective evaluations or can
be used in multi-institutional registry studies. In addition, such data
can serve, among other applications, to develop study designs for
controlled prospective studies. For cancer patients taking medica-
tions associated with multiple side effects (e.g. high risk of fatigue)
as well as for patients in palliative therapy situations with significant
symptoms (e.g. tumor pain) it is recommended to measure quality of
life with validated instruments (e.g. EORTC, FACT, visual analogue
scale for pain).

4. Outlook

The long medical tradition of intentionally heating the body core to
febrile temperatures (mild and moderate/fever-range (moderate)
WBH) for treating various, typically chronic diseases guarantees the
safe application and broad therapeutic potential of this treatment
method, which is based on recognizing the healing power of natural
fever in the organism. Basic immunological research is making in-
creasing progress in exploring the complex immunological mecha-
nisms of action and provides a rationale for systemic hyperthermia
of the human organism.

New drug therapies associated with rheumatology and oncology
that aim to influence immunological processes at selected points,
which in part achieve astonishing symptom relief and healing, are
partly associated with significant risks and side effects. It is well
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worth looking (back) at a therapy that also has an extraordinary ef-
fect on the immune system, albeit with much lower risks and side
effects. A suitable combination of both approaches should be the
subject of future research.

Mild and fever-range (moderate) WBH can be used as monotherapy
or in combination with other treatment methods. Prospective stu-
dies have already yielded significant positive results for individual in-
dications. The careful documentation of treatment results achieved
in routine applications has the potential to initiate further controlled
studies that will gradually increase the evidence level of mild and
fever-range (moderate) WBH in various indication areas.

In the routine application in a limited number of hospitals, extreme
WBH has achieved a good safety standard. However, an unbiased
review of systemic Cancer Multistep Therapy/sCMT and simi-
lar concepts with chemotherapy as well as the treatment results
achieved to date is still lacking in oncological applications. There
are publications with hopeful results for using extreme WBH for the
treatment of chronic Lyme disease, which also need to be confir-
med by unbiased review. Prospective studies to increase the level
of evidence, i.e., the acceptability of methods in the area of extreme
WBH, are urgently needed.
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5. Annexes

the treatment

Indication Target Heating- | Plateau Resting Number of Moni- | Remark Literature
Tempe- Up Phase; Phase Sessions toring
rature Phase (Reten-
T(rectal) tion)
°C min min min
Arterial 8 (2 x/week) | T(axill), | | systolic by 22 mmHg, [22, 23]
hypertension 38,3 30 0 30 or pulse | diastolic by 12 mmHg,
8 (every 2 days) 10 % non-responders
Chronic back pain T(rect), | pre/post 1 year: [15, 16]
38,5 45 15 30 7 (1 x/week) | T(axill), | analgesic drug consumption
pulse <10 %
Fibromyalgia 6 (2 x/week) | T(axill), | pre/post 6 mon 20 % [11,12,
syndrome or pulse below initial pain 13, 14]
381 40 15 30 6 (every 2 days) acc to. Flbr.on:yalgla Impact
or Questionnaire” / FIQ
6 consecutive
days
Psoriatic i T(rect), | pre/post 6 mon [21]
arthritis 6 (in8days) | T(axill), | pain relief,
385 45 15 30 or pulse | DAS28 to 3 mon
’ 6 consecutive
days (DAS28 = activity and
function parameters)
Axial 120 T(axill), | pre/post 3 mon [20]
spondyloarthritis 38 80 15 in bed 6 (2 x/week) pulse pain relief
Ankylosing T(rect), | pre/post 3 mon pain relief, [17, 18,
spondylitis T(axill), | | disease activity index 19]
6 (in 8 days) pulse (BASDAI) 3 mon
or | blood sedimentation speed
38,5 45 15 30 6 consecutive 3 mon
days 1 TLR-4, IL-10
(BASDAI = Bath AS Disease
Activity Index)
Systemic 15 2 x/week) T(axill), Frequenc:y and severity pf [23, 35,
scleroderma or pulse Raynaud’s attacks consistently 36]
38,5 30 0 30 and greatly reduced in
15 (every : )
approximately 50 % of patients
2 days)
in two-year follow-up
Major Depressive T(rect), | Even a single WBH session hasa | [24, 25,
Disorder 38,5 110 60 0 1 T(axill), sngplflcant antl-degresswe effect, 26]
pulse which lasts up to six weeks after

Annex 1: Publication-based treatment procedures of whole-body hyperthermia for some non-oncological indications.
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Annex 2: Temperature and parameter monitoring as well as their automatic documentation. IRAsoft® in conjunction with IRAcom®.
Von Ardenne Institute of Applied Medical Research [9].
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Annex 3: Temperature and parameter monitoring as well as their automatic documentation. FebroData®. heckel medizintechnik [8].




© Whole-Body Hyperthermia Guideline | DGHT e.V. | Version 1.0 | October 2018

before max. | max.4-6
Side Effect Severity According to WHO sCMT | after*) | weeks
sCMT | after sCMT
0 1 2 3 4
a) | Hematology
Leukocytes >=4 3..39 2..29 1..19 <1
Platelets >=100 75...99 50...74 25...49 <25
Hb >=7 6..6,9 5..59 4..49 <4
Bleeding none petechiae Low blood loss Heavy blood Bleeding
loss: extended affecting cardio-
bruising vascular system
b) | Gastrointest.
Nausea, no Nausea Occasional Anti-emetic Life-threatening,
vomiting vomiting therapy need for infusion
Diarrhea Up to 2 days > 2 days Therapy required | Hemorrhagia
Constipation minor Moderate Subileus lleus
Stomatitis Soreness, Ulcers, can eat Liquid food only Infusion
erythema solid food
c) | Renal
Creatinine <=125N |[<=25N <=5N <=10N >=10N
Urine Prot 0 <3y <1049/ >10g/l nephr. syndrome
d) | Laboratory
Bilirubin <=125N |<=25N <=5N <=10N > 10N
Gamma GT <=125N | <=2,5N <=5N <=10N > 10N
AP <=1,25N |[<=25N <=5N <=10N > 10N
e) | Neurological
Peripheral n. 0 Paresthesia Severe p., Unbearable p., paralysis
muscle weakness | unsteady gait
Other n.
f) | Skin injury Erythema 24 Blisters, painful ulceration Surgical therapy | IRA:
hours after sCMT | induration
pressure:
g) | Phlebitis local extended necroses
h) | Hair loss minimal In patches Completely irreversible
reversible
i) | Fever 0 <38,0°C 38,0...40,0°C > 40,0 °C > 40,0 °C,
with hypotension
j) | Infection low moderate severe life-threatening:
k) | Pain low Therapy required | Morphine
required
) | Pulmon. 0 Minor symptoms | Stress dyspnea dyspnea at rest Complete bed
side effects rest required
m) | Cardiac
side effects
Heart rhythm | normal Sinus Monotopic VPBs | Multifocal VPBs | Ventricular
tachycardia < 110 tachycardia
Cardiac normal asymptomatic Symptomatic, no | Symptomatic, re- | Therapy
function therapy sponse to therapy | resistant
Arterial none No treatment Fluid intake or In-patient
hypertension required other therapy treatment
required required
n) | Allergic none Edema bronchospasms, | parenteral anaphylactic
reaction no treatment therapy required | shock
required
o) | Joint pain none Minor pain, Strong pain, Restricted Swelling,
one-sided two-sided mobility effusion

Annex 4: Example of follow-up and monitoring protocol acc. WHO classification. gisunt® Clinic Wilhelmshaven [80].
*) maximum observation time according to sCMT, if timepoint ,,4-6 wk. after sSCMT*“ is not feasible, because of unreachability of the patient.
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