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Abbreviations

DGHT  Deutsche Gesellschaft für Hyperthermie (German Society for 
Hyperthermia)

ECG  Electrocardiogram
ESHO European Society for Hyperthermic Oncology
FRWBH Fever-range whole-body hyperthermia
HR  Heart rate
IR  Infrared
NIBP Non-invasive blood pressure
RESP Respiration
sCMT systemic cancer multistep therapy
SpO2  Oxyhemoglobin (HbO2) saturation (using peripheral pulse oximetry)
T  Temperature
WBH Whole-body hyperthermia

11.1  History of Whole-Body Hyperthermia (WBH)

Numerous ancient cultures already knew the beneficial effects of physical heating 
of the organism, using hot water baths, hot sand, or hot steam. In the seventeenth 
century, the English physician Sir Thomas Sydenham emphasized: “Fever itself is 
Nature’s instrument,” making a claim in the controversial discussion whether fever 
is just a troublesome symptom to be suppressed or a mechanism of the organism to 
stimulate self-healing processes. Before the introduction of anti-inflammatory drugs 
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and antibiotics, physicians deliberately triggered infections in patients suffering 
from incurable life-threatening diseases in order to induce a strong fever reaction. 
Julius Wagner-Jauregg was awarded the Nobel Prize in Physiology and Medicine in 
1927 for the injection of malarial parasites in the treatment of dementia paralytica. 
He also reported improvements in depressive disorders [1]. An association between 
febrile response and tumor regression was noted as early as 1866 by Wilhelm Busch, 
and independently by Friedrich Fehleisen, who observed cancer remission in 
patients afflicted by severe erysipelas [2]. A similar case report on a complete remis-
sion of a sarcoma encouraged the American surgeon W.B. Coley to intravenously 
inject a mixture consisting of Streptococcus erysipelas and Bacillus prodigiosus. 
“Coley’s toxins” achieved remissions in refractory progressing malignant diseases. 
Meanwhile, Coley is acknowledged as the “father of anti-cancer immunotherapy” 
[3]. Until the 1960s, “active fever therapy” using pyrogenic drugs (e.g., Pyrifer, 
Pyrexal, Vaccineurin) as well as whole-body hyperthermia, defined as physical 
warming of the organism, were widely accepted as a medical therapy. “Hot fever 
baths” were comprehensively described as a treatment for infectious and inflamma-
tory diseases [4, 5]. In 1960, Martin  Heckel [6] presented the first whole-body 
hyperthermia (WBH) device which used near-IR as an alternative to hot water baths. 
From 1965 onwards, Manfred von Ardenne [7] developed the concept of “systemic 
cancer multistep therapy” (sCMT), including extreme whole-body hyperthermia. 
Initially, using a special two-chamber water bath, he later changed to the application 
of wIRA and developed the first wIRA-WBH device. While interest in hyperther-
mia in oncology focused more and more on local forms of application, 
Klaus L. Schmidt [8] published a monograph on “Hyperthermia and Fever” in 1975 
which included a comprehensive literature review on the therapeutic application of 
WBH in infections, allergic, and rheumatic diseases.

11.2  Three Levels of Whole-Body Irradiation (WBH)

WBH, defined as physically induced elevation of body core temperature, ranges 
from short, mild heat applications that can be performed at home, up to extreme 
WBH which must be performed in an intensive care unit environment. A classifi-
cation of WBH into three levels has been published in the Guidelines of the 
“Deutsche Gesellschaft für Hyperthermie” (German Society for Hyperthermia) 
[9] (Table 11.1).

Notably, this classification is not applicable for local/regional hyperthermia, 
where “mild HT” includes temperature elevations from 39 °C to 43 °C. Even in the 
WBH literature, the term “mild” has frequently been used for temperature eleva-
tions that are classified here as moderate, resp. fever range.

Temperature limits between the three WBH levels are given just for orientation 
since they are subject to individual variations. The initial body core temperatures of 
patients differ significantly (reference range: 36.0 °C–37.5 °C), and it is not known 
whether the absolute value of the body core temperature achieved, or the relative 
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value of the temperature increase compared to the baseline temperature is more 
important for the therapeutic effect.

11.3  Practical Implementation, Mechanisms 
of Action, Indications

11.3.1  Mild WBH

During the first phase of WBH, the temperature of the body shell is elevated up to 
the level of the core temperature which is a temperature increase of several degrees 
in the extremities (Fig. 11.1). The duration of this phase is individually most hetero-
geneous, generally ranging between 10 and 20 min, in rare cases even up to 30 min. 
The same goes for the speed of the following increase in body core temperature. For 
mild WBH, the heating of the body can be stopped as soon as the patient feels 
uncomfortable due to the initiation of thermoregulatory stress. The duration of the 
following heat-retention phase—with activation of the parasympathetic system—
ranges from 30 to 120 min. Data on duration–efficacy relationships are currently not 

32°

37° 37° 38°

28°

(1) (2) (3)

Fig. 11.1 (1) Temperature fields of body shell (skin, extremities) and of body core (with radial 
and axial temperature gradients in a 20 °C environment, (2) expansion of the core temperature in a 
35 °C environment, (3) mild whole-body hyperthermia. Modified from [10]
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available. A total treatment duration of 90 min is recommended as this allows for a 
new assignment of the treatment station every 2 h.

The primary physiological effects of mild WBH are a decrease in the tone of 
skeletal and smooth musculature, and an increased perfusion in the periphery 
including the extremities. This might be especially important for bradytrophic tissue 
which has been damaged by degenerative diseases.

Indications of mild WBH include diseases of the musculoskeletal system (e.g., 
chronically raised skeletal muscle tone, especially chronic back pain, post-accident 
care, degenerative osteoarthritis, fibromyalgia (see Chap. 19, this book), arterial 
hypertension [11]), systemic scleroderma [11], and Raynaud’s syndrome [12].

11.3.2  Fever-Range Whole-Body Hyperthermia (FRWBH)

After reaching a core temperature in the fever range, most patients find the treat-
ment exhausting, but nevertheless an “interesting” body experience. The nurse will 
assist this situation by empathic communication, application of cold cloths on the 
forehead, and similar procedures. Patients can listen to music and even watch videos 
for distraction. Interestingly, the development of thermoregulatory stress is not 
directly correlated to the rise of core temperature and may suddenly increase and 
decrease in spite of steadily increasing temperature. After reaching the target tem-
perature level, the wIRA radiators can be switched off and the patient be covered by 
a blanket and remaining in the tent or wrapped into the tent fabric allowing for a 
half-sitting position (Heckel device) or the intensity of wIRA irradiation is decreased 
while the patient keeps lying on the net (Iratherm device). During this plateau phase, 
body core temperature in most patients rises for another 0.2–1 °C without further 
increase in stress. The duration of this phase is often 60 min, but can be prolonged 
as long as it is tolerable for the patient.

Clinical protocols of long-duration fever-range WBH (FRWBH, 4–6 hours above 
39 °C) require sedation of the patients. These protocols have demonstrated safety 
and suggested efficacy in combination with chemo- and immunotherapy [13–15]. In 
the latter cases, “WBH may have the great advantage of allowing treatment of 
widely disseminated tumors in metastatic patients, with the same HT” [16].

At the end of heat retention, when all insulation or further energy supply is ter-
minated and the thermoregulatory cooling mechanisms are no longer counteracted, 
most patients feel immediately well and free of stress, even if the temperature has 
not yet started to decline. The stress is obviously not caused by the increased tem-
perature itself, but by the impeded thermoregulation.

The requirements for monitoring of vital parameters and the staff specifications 
are listed in Table 11.1 and are comprehensively described in the WBH guidelines 
of DGHT [9] (Fig. 11.2).

The concept of fever-range WBH (FRWBH) is mainly based on the assessment 
of elevated body core temperature as an essential trigger for initiating a strongly 
activated immune response. While in cold-blooded animals, elevation of body core 
temperature occurs by movement to warmer environments, warm-blooded creatures 
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develop a fever. Even if fever, as a response to infection, cannot be equated with 
hyperthermia as a physical heating of the body, FRWBH can strongly activate innate 
and adaptive immune responses. Interestingly, fever temperatures can also promote 
anti-inflammatory effects in case of chronic inflammation and autoimmune diseases 
[17]. To simplify, it could be considered as a “reset of the immune system” to over-
come chronic pathologic dysfunctions correlating with too high or too low immune 
activity. Numerous preclinical studies have confirmed the therapeutic potential of 
controlled increases in body core temperature and have gradually examined the 
underlying biological mechanisms [18, 19].

Indications for FRWBH include major depression (see Chap. 12, this book), 
chronic inflammatory diseases of the muscolo-skeletal system such as ankylosing 
spondylitis and psoriasis arthritis (see Chap. 20, this book), and additive use in 
oncology (see Chap. 8, this book). FRWBH may increase the efficacy of antibiotic 
drugs in the treatment of chronic Lyme disease [20] and stimulate anti-bacterial 
immune responses.

11.3.3  Extreme Whole-Body Hyperthermia (WBH)

Extreme WBH is an intensive care application under deep intravenous anesthesia 
and requires comprehensive preparation, extensive monitoring of vital parameters, 
and a careful follow-up directly upon treatment [9, 21]. Risks of side effects are 
considerably higher than in FRWBH, since the set body core temperature is far 
beyond the range of fever which is developed in humans regarding immune reac-
tions to common infections. Moreover, specific skills and experience in visual mon-
itoring of the skin and in positioning of the patient are required to minimize the risk 
of thermal skin damage. Extreme WBH has been used to directly damage malignant 

Fig. 11.2 FRWBH treatment, documented in the software Febrodata®, Heckel Medizintechnik 
(Esslingen, Germany). Blue curve: T rectal, starting at 36.8 °C and reaching 39.4 °C after 90 min. 
Heat-retention phase (90th to 145th min). Cool-down phase (145th–170th min). Red curve: heart 
rate (min. 65/minute, max. 120/minute). Pink spots indicate sporadically measured blood pressure 
(min. 110/78 mmHg, max. 115/82 mmHg)

S. Heckel-Reusser
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cells in the oncological setting and to fight bacteria and viruses in chronic infection. 
In 1965, M. von Ardenne introduced extreme WBH as a key element of his “sys-
temic cancer multistep therapy (sCMT),” consisting of the three main steps: (a) 
extreme whole-body hyperthermia (maximum temperature of at least 42 °C), (b) 
induced hyperglycemia, and (c) respiratory hyperoxemia. Hyperglycemia was 
applied in order to render cancer cells selectively more heat sensitive, by lowering 
the pH values in the cancer tissues. In 1974, the concept was extended by including 
a chemotherapy protocol adapted to the respective tumor entity [7, 22, 23]. Since 
hyperglycemia may stimulate cancer growth [24], it must be carefully considered 
whether this growth-promoting effect is fully excluded if applied in the framework 
of sCMT.

From the mid-1990s until 2005, numerous phase I and II trials with extreme 
WBH were published, most of them with target temperatures between 41.5 °C and 
41.8 °C, combined with chemotherapy. Interest in this therapeutic schedule rapidly 
declined thereafter. A recently published review presents an excellent overview on 
these publications, concluding that “as modern oncology offers many less invasive 
treatment options, it is unlikely WBH will ever find its way in routine clinical care” 
[25]. On the other side, promising results in the above-mentioned trials may justify 
further research in this field, and extreme WBH should not completely be excluded 
as a therapy option for patients not satisfyingly responding to modern standard 
therapies.

In 2018, Douwes [26] published the concept of “antibiotically augmented ther-
mal eradication of chronic Lyme disease,” combining extreme WBH up to 41.6 °C 
and antibiotics, based on the heat sensitivity of Borrelia and the temperature- 
dependent efficacy of antibiotics [20]. Results in 601 of 809 patients treated in the 
past 3  years were “very good” or “good” (data presented at the ESHO Annual 
Meeting, Berlin 2018) [27].

11.4  Contrary Effects of WBH on Blood Flow of Inner Organs 
and Body Periphery

Regarding the impact of all WBH levels on blood flow, a widespread misunder-
standing needs to be addressed. Contrary to general assumptions, WBH does not 
necessarily increase perfusion in the whole organism. In contrast, the thermoregula-
tory response on passive heating of the body includes a shift of large blood volumes 
into the periphery in order to cool the body by increased heat transfer and subse-
quent heat release to the environment supported by evaporation/perspiration. 
Consequently, blood flow through inner organs can be decreased. Deja et al. [28] 
reported a significant decrease in liver perfusion during extreme WBH in approxi-
mately 50% of the treatments. In a self-experiment conducted in 2009 (S. Heckel- 
Reusser), these basic mechanisms were tested during FRWBH. Liver blood flow 
was measured directly before and immediately after WBH when the rectally mea-
sured body core temperature reached 39  °C. In this experiment, liver perfusion 
immediately after WBH was 70% of the baseline value measured before WBH 
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(personal communication, Dr. J. Gellermann, Charité University Hospital, Berlin). 
A few weeks later, the same measurements were repeated before injection of a pyro-
genic drug (Coley’s toxin), and 3  h later, when fever temperature had reached 
39 °C. As expected, there was no difference in liver perfusion. By administration of 
Coley’s toxin, the temperature setpoint was shifted to >39 °C and body core tem-
perature thus increased in order to achieve this elevated setpoint. Consequently, 
thermoregulation did not aim at any cooling of the organism and no blood redistri-
bution from the core to the periphery was observed. In contrast, the perfusion of 
inner organs might decrease during WBH. This must be taken into account for the 
timing of medication, e.g., in case of combined thermochemotherapy in the treat-
ment of liver metastasis.

11.5  Currently Applied WBH Techniques

Techniques applied for therapeutic WBH include extracorporeal blood heating, 
water immersion, 27 MHz short waves, long-wave IR irradiation in a chamber with 
almost 100% humidity, IR A/B (“near IR”), and wIRA irradiation [29, 30].

In 2010, Jia et al. [29] listed four commercially available medical WBH devices 
“for high-performance whole-body hyperthermia therapy”: ET Space (Energy 
Technology, Shenzhen, China), IRATHERM1000 (von Ardenne Institute of Applied 
Medical Research, Dresden, Germany), heckel-HT3000 (Hydrosun Medizintechnik, 
Müllheim, Germany), and Oncotherm WBH2000 (Oncotherm, Budaörs, Hungary). 
Currently, only the heckel-HT3000 and IRATHERM1000 (in addition, a slightly 
modified model IRATHERM800 just for mild WBH) are commercially available. 
wIRA irradiation penetrates deeply into the subcutis, followed by (mainly) convec-
tive transport of the absorbed heat energy to all regions of the body by blood flow. 
At the same time, heat dissipation to the environment is impeded by a tent tempered 
with IR-C (heckel-HT3000) or by an insulating blanket (IRATHERM). Both tech-
niques have proven high treatment tolerability and patient compliance. The main 
features of these two devices and of heckel-HT2000 (which was available until 
2006 and is still in use in many clinics) are listed in Table 11.2.

11.6  Contraindications and Side Effects

There are no general contraindications for mild hyperthermia as long as body core 
temperature is only slightly increased. However, a good general health condition is 
absolutely required for fever-range and extreme WBH. Contraindications of fever- 
range WBH depend on the level of temperature increase and are primarily based on 
cardiovascular stress and the possibility of unwanted activation of inflammatory 
processes and destabilization of unbalanced hormonal and metabolic constellations. 
Most important absolute contraindications are cardiac insufficiency (>grade 2), 
major internal organ insufficiencies, and peripheral artery diseases. Relative contra-
indications, which must be individually assessed and may require prior treatment, 
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include cardiac arrhythmias, acute infections, major lymphedemas, high risk of 
thrombosis, and erratically progressive diseases (e.g., multiple sclerosis). In case of 
inflammatory diseases manifesting in exacerbations, such as progressive primary 
chronic polyarthritis, WBH is generally applied in the subacute phase, based on the 
concern of an unintended stimulation of acute inflammatory activities. This para-
digm may be controversially discussed in view of new findings on direct anti-
inflammatory effects of FRWBH, as described by Lee [17].

A most common side effect of fever-range WBH in almost all patients is a feeling 
of restlessness due to the strain on the central thermoregulatory system. Headache 
may indicate a minor dehydration.

IR-WBH, and especially wIRA-WBH, decreases the thermal load to the skin 
surface compared with conductive HT techniques and, thus, can significantly 
improve treatment tolerability and patient compliance. Paradoxically, this intended 
effect of energy absorption in deeper skin layers increases the risk of thermal skin 
damage in areas with circulatory impediments [23]. The technical design and pro-
cedure of wIRA-WBH deliberately prevent heat dissipation to the surroundings. At 
the same time, disturbed blood perfusion can diminish the intended convective heat 
transfer from the periphery to the core, in rare cases leading to thermal skin damage. 
The heckel-HT3000 is designed in a way that the area irradiated with wIRA is free 
of any compression and fully accessible for visual inspection and countermeasures 
in case of the development of hot spots.

In detail, contraindications and side effects are listed in the WBH guidelines of 
DGHT [9]. It has to be emphasized that the performance of extreme WBH treat-
ments requires a comprehensive training in experienced centers in order to decrease 
the rate of side effects, the latter decreasing significantly with experience [31].

11.7  Conclusion and Outlook

Given the growing importance of immunotherapies in oncology, rheumatology, and 
other indications of chronic inflammation, it is worth considering the concept of 
WBH. Modern WBH techniques using wIRA have been proven to be safe, feasible, 
and well tolerated. Nevertheless, there is a general need to enhance the level of evi-
dence by documenting treatment outcome data of routine use and by conducting 
controlled clinical trials.
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