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A) Preliminary remarks concerning EMF-hypersensitivity and its clinical portrait:

EMF-hypersensitivity or electromagnetic hypersensitivity (E. H.) is an increasing problem in modern industrial societies. Thus a new category of EMF-hypersensitivity-related health problems has been depicted in the literature often involving dermatologic symptoms like pain, tingling or heat sensations, itch, redness, papules, and pustules (Johansson and Liu 1994). More systemic complaints like dorsalgias, tiredness, headache, vomiting, cardiac pains, tachycardia, arterial hypertension, general undefined fear, aggression, and depression also have been described (Reißenweber et al. 1994 and 1995). States of illness attributed to E. H. comprise anything from neurological disturbances to severe health problems. Many E. H. persons report crawling sensations and other kinds of dysesthesias. In the field of research into the electromagnetic hypersensitivity issue provocation studies are performed and discussed to an increasing extent in the scientific community. The issue first arose in the 1980’s in the area of occupational health and medicine in Scandinavian countries. Provocation studies were and are performed foremost because they are believed to provide new insights into the development of the hypothetical phenomenon of electromagnetic hypersensitivity.
Although preexisting technical threshold values are beyond the limit of human sensibility, persons convinced that they are E.H. claim a perception far below thresholds.

Therefore, electrotechnical and medical experts as well as psychologists and even social scientists are confronted with the hypothetical effects of low and high frequency fields to a growing extent. Until now, E. H. has been defined as the capacity to perceive electric and magnetic fields causing bodily complaints. Thus E. H. is characterized by descriptions of the concerned persons themselves. Frequently E. H. persons suffer from the lack of comprehension by their relatives and/or colleagues and are often isolated from society. That is why the phenomenon of E. H. could not yet be investigated to a sufficient extent. Until now no objective screening test for self-reported E. H. and the correlated subjective symptoms could be established.

In this presentation treatment protocols in a broader sense for people affected by EMF shall be demonstrated. What we can do medically until now is rather poor because – to date - we must rely foremost on empirical data and not yet on a proven disease or disease entity. In this context we cannot really speak of electromagnetic hypersensitivity as a misdiagnosed illness in general. For - rather frequently – a cocktail of environmental factors might be involved in the development of this phenomenon including misdiagnosed health disorders and problems known from conventional medicine like hypertension, vegetative dystonia etc.

B) Diagnostic approaches

As an example for a diagnostic trial to identify an objective biological or medical or biomedical indicator „proving“ the existence of electromagnetic hypersensitivity the following attempt shall be presented:

As crawling sensations are frequently mentioned by E. H. patients we wondered whether alterations in cutaneous microcirculation possibly linked to exposure in magnetic fields might be involved in the development of crawling sensations and further dysesthesias. Therefore we investigated microcirculation of the thumb in seven healthy volunteers under and without exposure to weak circularly polarized 50 Hz magnetic flux densities of 96 (T and compared the results with those obtained in three patients convinced to suffer from E. H. (see appendix 3)

C) Therapeutic approaches (= treatment protocols for people affected by EMF)

Therapeutic approaches are only just beginning in several countries. For example during the Second Copenhagen Conference on Electromagnetic Hypersensitivity in 1995 there was only one contribution dealing with therapeutic approaches in connection with electromagnetic hypersensitivity from Dr. Monro (UK).

Examples for current therapies of electromagnetic hypersensitivity:

-
Liden (Sweden): Psychological treatment: more than half of 

           the patients were able to return to work;

-
Smith (UK): holistic nursing, complementary therapy;

-
Monro (UK):

· Graded normal exposure

· Incremental injections

· Neutralising therapy

· Pulse steroid therapy

· Enzyme-potentiated desensitisation

-
Hillert et al. (Sweden): intervention programs

-
Andersson et al. (Sweden): cognitive-behavioral treatment;

- The preliminary therapy (in statu nascendi) at Witten/Herdecke University (Reissenweber, David, Wojtysiak) consists of the following items:

-
Extensive narrative interviews with the patients including the Witten/Herdecke University QUESTIONNAIRE CONCERNING EMF-HYPERSENSITIVITY (see appendix) explicitly using the placebo effect („the doctor as a drug“);

-
Special Witten test for electromagnetic hypersensitivity (see below)

-
Taking people seriously - often for the first time after an Odyssey from one doctor to the next;

-
Deflection;

-
Distraction;

-
Sports;

-
Movement as far as compatible with health status like a walk in a park or in a forest, leaving the house or the building (= analogy to the Sick-Building-Syndrome (SBS) might be constructed here;

· Caring for patients by telephone often over long periods of time;

· Being present for them;

· Providing for them an atmosphere of understanding in order to prevent the feeling of being misunderstood by society;

(Individual remedies - sometimes seeming rather strange - are recommended by several patients like gargling with salad oil for about half an hour every morning. We are of course collecting and registering those empirical data)

D) Special Witten Test for E. H.
In addition, since medical or psychological questionnaires described in literature normally do not provide sound data concerning special sensitivities, we ask patients and healthy control persons (probands), to guess in several consecutive periods whether or not ELF (50 Hz) fields or perhaps even radiofrequency (RF) fields typically emitted by handheld mobile phones are switched on (duration: 5 minutes). The fields are switched on or off at random on a stochastic basis ten times during one session. The probability of fields being activated is 50 %. After a break this procedure is repeated once in order to obtain statistically more reliable data and average guess probabilities (scores of correct answers) will be calculated.

This method is normally used in sensory physiology in order to detect subliminal sensory excitations. Additionally patients and controls are asked to describe their individual subjective symptoms. Their social situation, internal and neurological status and behaviour are adequately documented. In this context questions about allergic reactions in connection with occupational or residential chemical loads or electromagnetic field exposures are carefully asked and answers evaluated.

In detail: Patients included in the preliminary studies have a documented sensitive nature, an enhanced reactivity to environmental stressors including electromagnetic fields.  Electromagnetic fields may act as co-factors in causing health problems among the EMF-hypersensitive population. Our hypothesis that EMFs act in conjunction with other cellular stimuli to elicit a response is applicable here. However, in this context it must not be neglected that there might be a link between self-reported E. H. and chemical or environmental causes for symptoms. Accordingly, patients were prescreened for conditions such as multiple chemical sensitivity syndrome (MCS), idiopathic environmental intolerance (IEI), and sick building syndrome (SBS) through environmental medicine blood chemistry evaluation and medical interview. A thorough patient history was obtained with special detail in areas such as occupation, chemical or physical exposure to stressors, telephone and appliance use and exposure, patient and/or family history of depression, schizophrenia or neurosis. A thorough neurological and internal medicine examination also was made and where an organic cause for health problems was identified, some patients were excluded from the study. A questionnaire was used to generate a pool of information about each EMF-hypersensitive patient. Patients included in the study were found to have neither hypochondria nor to meet any criteria of psychiatric diagnoses.

Patients and controls underwent a screening test especially developed for detection of EMF-hypersensitivity by testing their capacity to detect a well-defined field situation: subjects were exposed to a series of field situations in which they were exposed to 50 Hz magnetic flux densities of 10 µT, generated by a coil or to a control (field off). The magnetic field was activated for 2 minutes or deactivated, and the succession of the intervals was determined on a stochastic basis by computer program (intermittent exposure). The probability of 50 Hz  magnetic fields being switched on was 50 %. Hereafter patients were informed that fields were shut off for another 3 minutes. After that they were again confronted with the possibility that fields might be activated. The probability of fields being activated was 50 %. These 5-minute-experiments were repeated 10 times. Confronted with the possibility that fields were activated, subjects were invited to give their opinion on whether or not fields had been switched on. On the basis of the information obtained, hit frequency scores could be deduced for each person. This procedure was carried out twice.

Before the first set of exposures (real experiment) participants were acclimated to the test procedures by applying three times a field on/field off situation and telling participants simultaneously the status ”field on” or ”field off”.

The investigation was accompanied by an anamnesis and:

· clinical examinations,

· the above mentioned questionnaire concerning symptoms (WITTEN/HERDECKE UNIVERSITY QUESTIONNAIRE CONCERNING EMF-HYPERSENSITIVITY, see appendix 2) and another one Hypochondria-Hystery-Inventary (HHI) by Prof. Dr. Fritz Süllwold focussing on hypochondriac tendencies.

· In the framework of this procedure a blood sample was taken at 3:00 p.m. by antecubital venipuncture. Radioimmunoassay kits (IBL, Hamburg) were used to determine plasma melatonin levels.

A NEW HYPOTHESIS

Our new hypothesis implies that E. H. patients show a tendency of increased susceptibility toward environmental stressors perhaps similar to patients suffering from allergies. If electromagnetic field exposure is added in addition to other allergic burden, the effect is a synergism between the hypersensitivity phenomena in those predisposed patients, triggering disease.  Electromagnetic field exposure might cause E. H. patients to cross the threshold between health and disease or uneasiness.

E) CONCLUSIONS:

- The phenomenon of E. H. is very difficult to treat;

- Therapeutic outcomes are rater poor;

- Patients have a heavy burden of suffering;

- Authorities, the public and scientific bodies must be informed about the subject to an increasing extent;

- Interdisciplinary research must be strengthened;
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APPENDIX 2: WITTEN/HERDECKE UNIVERSITY QUESTIONNAIRE CONCERNING EMF-HYPERSENSITIVITY

- Name:.............................; Address:........................; Phone:................................

- Date:....................... ( Proband     ( Patient

Patient-Number............

(Please tick the corresponding boxes)

1. Family and social anamnesis---------------------------------------------------------------

- Sex:

( male

( female

- Date of birth.......................

- Children:

( yes, number of children:...............

( no

- Number of inhabitants of residence:

( 0 to 99


inhabitants





( 100 to 999


inhabitants





( 1 000 to 9 999

inhabitants





( 10 000 to 99 999

inhabitants





( 100 000 to 499 999
inhabitants





( 500 000 to 999 999
inhabitants





( more than 1 000 000
inhabitants

- grown up in:


( rural area

( municipal area

- own job/profession:

............................................

- parents´ job/profession:
............................................

2. Occupational anamnesis---------------------------------------------------------------------

- Electromagnetic fields at the workplace:

( yes


( no

if yes, please specify which field strength:...................................

- daily work at VDT/VDU:

( up to 1 hour

( 1 to 5 hours

( more than 5 hours

- daily use of other electric equipment/appliances
( yes


( no

if yes, please specify which

........................................................

........................................................

· bad work climate (mobbing,

few contact among colleagues)



( yes


( no

3. EMF-hypersensitivity--------------------------------------------------------------------------

- Are you EMF-hypersensitive to your own opinion?
( yes


( no

if yes, please specify since when:....................

especially when you use TV or radio?

( yes


( no

using electrical household appliances?

( yes


( no

at your workplace?



( yes


( no

- Are you exposed to electromagnetic fields at night?
( yes


( no

if yes, please specify from which field sources:

.....................................







        
......................................

- Are you a timid person to your own opinion?

( yes


( no

- Do you show interest in technical questions?

( yes


( no

if no, please specify, do you have a negative

attitude towards technical aspects of life?

( yes


( no

· Do you already have background information?

concerning EMF-hypersensitivity


( none

( a few

( much

· Where is your background information concerning

EMF-hypersensitivity from?

.................................................................................................................................

.................................................................................................................................

- Did you already consult your general practitioner or other physicians because of electromagnetic fields and their health impacts?
( yes


( no

- Did you already consult a psychologist because of electromagnetic fields and their health impacts?




( yes


( no

- Did you already consult a building expert (including field measurements)

because of electromagnetic fields and their health impacts?

( yes


( no

if yes, please specify if field exposures

could be measured:





( yes


( no

if yes, please specify which field strengths:..........................

- Did you already consult another expert because of electromagnetic fields and their health impacts?




( yes


( no

if yes, please specify which expert:...........................

4. Internal medical examination---------------------------------------------------------------

- Do you suffer from:

( diabetes 

( leukemia 

( cancer

( hypertension

( hypotension

( gout


( rhumatism

( eczemas

( redness of the skin

( brain tumor

( other tumor species

- Do you suffer from allergies?



( yes


( no

if yes, please specify which allergies:................................

- Did these diseases already occur in your family?
( yes


( no

if yes, please specify which diseases:................................

- Did other diseases occur rather frequently

in your family?




( yes


( no

if yes, please specify which diseases:................................

- Did psychiatric diseases occur in your family?

( yes


( no

if yes, please specify which diseases:...............................

- Do you regularly take drugs?



( yes


( no

if yes, please specify which drugs:...............................

5. Vegetative Dystonia----------------------------------------------------------------------------

- Do you often feel tired/exhausted?

( yes


( no

- Do you suffer from concentration failure?
( yes


( no

- Do you suffer from sleep disorders?

( yes


( no

- Do you suffer from fast mental defatigation?
( yes


( no

- Do you suffer from fast irritability/erethism?
( yes


( no

- Do you suffer from mental obnubilation?
( yes


( no

- Do you suffer from the feelings of

  an inflated head



( yes


( no

- Do you suffer from imaginations of

  “dancing pictures”



( yes


( no

- Do you suffer from cephalea?


( yes


( no

- Do you suffer from ophthalmic pain?

( yes


( no

- Do you suffer from aching back/dorsalgia?
( yes


( no

- Do you attribute these complaints to

  EMF-hypersensitivity?



( yes


( no

if yes, please specify

which complaints or pain:...............................

6. Psychiatric anamnesis------------------------------------------------------------------------

- Do you suffer from a depression?
( never

( rarely

( frequently

- Do you suffer from nightmares

or hallucinations?


( never

( rarely

( frequently

- Do you suffer from neurosis?

( never

( rarely

( frequently

Thank you very much for your assistance!

APPENDIX 3: MICROCIRCULATION OF THE SKIN AND ELECTROMAGNETIC HYPERSENSITIVITY

The major aim of this trial was to answer the question if skin microcirculation may be influenced by weak alternating magnetic fields in the magnitude of everyday life. As literature provides complex contradictory findings in this respect using various flux densities and exposure patterns as well as static magnetic fields and time-varying magnetic fields it deemed us useful to drive investigations into this matter. Low-frequency electric and magnetic fields and high-frequency electromagnetic fields are intensively discussed both in the scientific community and in mass media to provoke a variety of symptoms in some few percent of the population. Therefore it was the aim of the present study to investigate microcirculation in healthy volunteers and in E. H. persons under and without the influence of weak alternating magnetic flux densities. A new category of patients has been depicted in literature who claim to suffer from subjective often skin-related symptoms (see also next section "background and clinical portrait of electromagnetic hypersensitivity") like pain, heat sensations etc. (Johansson and Liu 1994). In modern societies these and related impairments of well-being like crawling sensations, feelings of oppression, dizziness, vertigo etc. are associated with exposure to residential or occupational or environmental electric and magnetic fields by an increasing part of the general population. Concerned persons are convinced to suffer from these fields without presenting objective symptoms. Science therefore speak of subjective symptoms and of self-reported electromagnetic hypersensitivity (E. H.). For, up to now, no objective biological or medical parameter could be identified reproducibly producing the above mentioned patterns of symptoms. A diagnostic tool for E. H. is not yet available and scientists speak of concerned persons and not yet of patients. It is conceivable that some symptoms of E. H. like crawling sensations might be interrelated with alterations in microcirculation. Results obtained recently in rodent experiments suggest that static magnetic fields influence the regulation of the vascular tone (Ichioka et al. 1998 and 2000).

So it was the objective of this preliminary study to examine the effect of a weak circularly polarized 50 Hz magnetic field on the cutaneous blood flow in healthy volunteers and, additionally, in some persons concerned with the phenomenon of E. H. Microcirculation of the skin as an easily accessible organ was chosen as a quickly and simply applicable method which - if deemed necessary - could even be established as a screening method for E. H. in future.

MATERIALS AND METHODS:

a) Magnetic field

During experiments all participants were lying in a bed placed within three magnetic coils of 180 centimeter diameter each (100 copper wires each). Circularly polarized 50 Hz magnetic flux densities and total body exposure were selected because they are known to produce a maximum biological activity (David et al.1997, Kato et al. 1993 and 1994). Additionally, the flux density of 96 (T corresponds well to the new German threshold value of 100 (T (for the frequency of 50 Hz) concerning extremely low frequency (ELF) electric and magnetic fields implemented in the 26th Ordinance of the Federal Immission Control Act put into force in January 1997. Thus a further aim of this study was to test if the above mentioned threshold value might produce any changes in microcirculation of the skin. Fig. 1 displays the field distribution within the applied field exposure system: in the very center of the three coils (diameters: 180 cm each) which are situated on the surface of an equilateral triangle magnetic flux densities of exactly 96 (T are given. Of course, in the edges of this triangle near the magnetic coils higher flux densities can be measured. For comparison the 50 Hz magnetic flux density applied in this experiment is  two  to  three  times higher than the Earth´s static magnetic field the flux density of which is 35 to 45 (T depending on geographical condition. Between single experiments with single participants magnetic flux densities were measured by a magnetic field probe for verification (field probe system EM 100; manufacturer: Symann-Trebbau, Lippstadt, Germany) in order to guarantee a constant magnetic flux density of 96 (T throughout the experiments.
Figure 1: Distribution of flux densities of a 50 Hz circularly polarized magnetic field in a height of 130 cm above ground produced by three magnetic coils situated on the surface of an equilateral triangle.
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b) Cutaneous blood flow

As measurement of microcirculation of the thumb is a well-established method (van Adrichem et al. 1992) we decided to use an infrared laser Doppler blood flow instrument for our diagnostic purposes. Laser (Light Amplification by Stimulated Emission of Radiation) in connection with the use of the Doppler effect is a well-established method of measuring cutaneous microcirculation by recording erythrocyte velocity.
For the present measurements of the microvascular blood flow we used the following laser Doppler flowmeter: Moor Instruments MBF 3D, the first commercial dual-channel laser Doppler instrument. This method registers continuously relative changes in cutaneous blood flow calculated from laser light backscattered from skin tissue. Values are evaluated in percent [%]. The tissue from which backscattered light is sampled is assumed to have a volume of approximately 1 mm3 (Nilsson et al. (1980), Obeid et al. 1988). The light source is a 3 mW semiconductor laser diode  system  operating  at a wavelength between 780 and 810 nm. The laser radiation power at the probe tip is 1 mW. For a precise description see Barnett et al. (1990) and Vongsavan and Matthews (1993). Glass optical fibers of the laser Doppler Flowmeter did not interfere with the applied magnetic flux densities.
c) Experimental procedure

- Seven nonsmoking healthy volunteers (3 females, 4 males, mean age = 25) participated in the study.

- Additionally, 3 nonsmoking persons typically concerned by E. H. (3 males, mean age = 37,3) could be examined:

- Patient 1 suffers presumably from burning in the air breathing passages and related phenomena especially when working with a video display unit (VDU).

- Patient 2 subjectively suffers from fatigue, concentration failure, dizziness and digestive problems associated with VDUs.

- Patient 3 reports increasing sleeplessness, physical weakness and tinnitus in connection with power lines and VDUs.
Before starting the experiments all participants gave their informed consent. Following acclimatisation to the environment for 30 min at an air temperature of 25 °C and a humidity of the air of 70% each participant laid on a bed standing in the triangle of magnetic coils described above. In order to minimize further external influences on the microcirculation only nonsmokers were included into the study. The right arm was placed at heart level, and the thumb was positioned in the very center of the magnetic field by putting the hand on a special splint the forearm being in pronation. The laser Doppler probe was attached to the volar skin of the distal phalanx of the thumb by a double-adhesive tape. The finger-print tissue of the thumb was chosen for experiments because it is rather homogeneous.

The laser Doppler flow (LDF) was continuously recorded for 50 minutes. Every 5 minutes the magnetic field was switched on or off in a double blinded manner. The sampling frequency was 0.5 Hz. Then the magnetic field was switched on or off for a period of 5 min, and, at the end of this interval, the participants were instructed to take ten deep breaths in order to generate hypocapnia. Afterwards cutaneous microcirculation was recorded for 30 seconds. Before starting a following test sequence recovery phases of ten minutes each were conceded. Subsequently two tests of hyperemia were conducted one after fields being switched on and one after fields being switched off. Ischemia was produced by arterial congestion for 3 minutes and LDF was recorded during the first 60 seconds of reperfusion. During any test sequence blood pressure was taken non-invasively. Additionally, heart rate was registered as well as peripheral arterial oxygen saturation was measured by pulse oximetry.

d) Statistics

Statistical comparison for differences of mean values was performed by unpaired Mann-Whitney-test. A P-value < 0.05 was considered statistically significant. All data are presented as mean value ± SD.

CONCLUSIONS:

· In result LDF measurements in healthy volunteers did not provide significant differences between status field on/off.

· In the very moment of switching field on no significant change of LDF between status field on/off could be identified during single measurements.

· However, it was possible to produce significant alterations of LDF by both reactive hyperemia and  hyperventilation independently from field status.

· Even in three E. H. persons LDF measurements did not result in significant differences between status field on/off.
· Thus, circularly polarized 50 Hz magnetic flux densities of 96 (T do not influence cutaneous microcirculation of the thumb in healthy human volunteers and in persons suffering from self-reported E. H.
-
Further investigations including up to 1000 times higher magnetic flux densities are recommended in order to elucidate some contradictory findings in literature mentioned above.

· The findings of the present ongoing study are in line with manyfold results found in bioelectromagnetics research concerning various biological markers which similarly cannot be influenced to a significant extent by weak alternating magnetic fields. In upcoming studies it is recommended to invite and to integrate larger numbers of E. H. persons and of healthy volunteers in order to obtain statistically more reliable data.
· The expectation that LDF might serve as a diagnostic tool or scientific basis for a screening test in order to identify E. H and other health disorders possibly related to environmental factors did not come true until now. In any case the clinical portrait of electromagnetic hypersensitivity and related phenomena of environmental medicine need further elucidation in upcoming research projects.

-
The German threshold value of 100 (T (at a frequency of 50 Hz) concerning extremely low frequency (ELF) electric and magnetic fields and integrated in the 26th Ordinance of the Federal Immission Control Act seems to be sufficient. Because this flux density was at least not able to produce any alterations in cutaneous microcirculation.
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