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Abstract

The paper discusses one physicians approach to  patients who present with complaints attributed to low levels of exposure to electromagnetic fields (EMF). Selected case studies are presented to illustrate the diversity of patients seen with a view to refining the diagnosis of the condition and  improving the management of these patients. It is suggested differential diagnosis needs to consider a spectrum of illness ranging from localised sensitivity to fields through more generalised symptoms, to phobic states and psychiatric disorder, each with an appropriate management. The importance of history taking to assess the pattern of symptoms in relation to the exposure to EMF and to exclude other medical disorders is noted. Various aspects of provocation testing are discussed including type of tests, exposure and washout times, and type1&2 errors in statistical analysis. Because the sensitivity and specificity of provocation tests is unknown  the results of such tests should be interpreted in conjunction with the total clinical picture. Finally it is suggested the term “Electromagnetic Hyper-sensitivity” is meaningless and the term “EMF Sensitivity” or similar would be preferable.
Introduction

“EMF Hypersensitivity” is a poorly defined condition.  It is said to include various symptoms, such as fatigue, headaches, skin rashes, insomnia, etc which occur in association with exposure to low levels of electromagnetic fields (EMF/RF/ELF) (refer Stenberg in this seminar) . It is appears to have its origins in a contentious syndrome called "microwave sickness" which was originally described in the 1960s in Russian technicians but has been recently described in western radio-frequency radiation workers.  The syndrome involves the nervous system and includes fatigue, headaches, dysaesthesia and various autonomic effects (Hocking 2001). In 1991 Rea etal described electromagnetic field sensitivity in American patients who also had diverse symptoms including neurological (tingling, sleepiness, headache), musculoskeletal, cardiovascular and dermal symptoms  (Rea etal 1991). 

This paper discusses one physicians approach to  patients who present with complaints attributed to low levels of exposure to electromagnetic fields. Selected case studies are presented to illustrate the diversity of patients seen with a view to refining the diagnosis of the condition and  improving the management of these patients. (Management of patients who have been overexposed to high levels has been discussed elsewhere.  Hocking  2001).

Case Studies 

Case 1. Hocking (1998)  reported a case series of 40 persons who complained of symptoms  associated with use of a mobile phone. A burning sensation or dull ache (quite distinct from an ordinary headache) was felt ipsilateral to the side of use of the phone. It occurred minutes after use and  lasted minutes or hours. Some cases also reported visual symptoms or not thinking clearly (like being ‘hung over’). The mechanism was speculated to be neurological. 

Hocking and Westerman (2002) studied a  34 year old journalist who complained  of  similar symptoms associated with use of a digital mobile phone. She agreed to a provocation study with her phone. Current perception threshold testing before and after  exposure showed marked changes in the C-fibre nerves of the affected area compared to the opposite side. She was advised the phone was causing her symptoms and to try use of a hands free kit which was important to her work. Equally importantly she was reassured that she was not ‘imaging’ symptoms or having onset of a mental illness or developing a brain tumor. The case is supportive of  a neurological basis for some cases of dysaesthesiae  associated with mobile phone use.
Case 2. A 30yr old man presented requesting testing “to see if  I am electrosensitive because all my friends think I am mad”. Previously he was a mobile phone salesman. In 1993, when using analogue phones he felt warmth on the side of the head and developed a hot ear. In 1995, associated with demonstrating digital  mobile phones, he developed increasing symptoms of headache and earache on the ipsilateral side of his head. In 1997 he ceased saleswork and moved house as a result of which he lived close to powerlines (with exposures of  upto ~8mG in his house). He developed diffuse symptoms  including  palpitations and breathlessness,  lines in his vision in both eyes and floaters and coloured lights when he closed his eyes,  tightness in the throat, and dizziness. Around 2001, associated with use of digital mobile phones his symptoms became more intense. He felt dull pain at the top of his head and  bilateral throbbing of the temples, saw lines in his vision in both eyes and floaters and coloured lights when he closed eyes,  felt bilateral earaches, noticed tingling of the nose and upper lip, felt upper abdominal and groin pains,  itchiness on the body, and had low energy levels. 

Because of his concerns about sensitivity to EMF in April 2003 he moved from Sydney to a semi-rural area to minimise his exposures to EMF. The electricity supply on the new housing estate was underground and the house was fitted with demand switches on the circuits so there was minimisation of fields in the house (up to 0.3mG as measured by the patient). He ceased use of mobile phones and the house was some km from any mobile phone tower. He ate a vegetarian diet and took regular exercise. He began to feel better. There is no past history of head injury or epilepsy and no other health condition such as an anxiety-state was present. The family relationships were good.

In Dec 2003 he was first seen. A single blind test was conducted to assess if he recognised when a specially designed mobile phone was “on or off” as judged by onset of his symptoms. He was correct for 10/12 tests which was statistically significant. He was advised he was probably sensitive to digital mobile phone fields. He continued to live in a semi-rural area and continued to improve. 8 months later (Aug 2004) he returned for double-blind testing of recognition of mobile phone fields  (20 test/d over 2 days, with less washout time between tests than previously). Prior to testing he commented that  he felt well and may be less sensitive to fields.  On day 1 of testing he was not able to detect whether the phone was on or off (approx. 50% accuracy).  He said he felt poorly overnight with recurrence of his symptoms which he attributed to the test exposures. He was more accurate on day 2 (approx. 70%). A Current Perception Threshold test showed no differences between sides of the head after sham and real mobile phone exposure. This was not surprising in view of the lack of localised symptoms (unlike Case1).  
He has serendipitously had an n=1 trial of exposure to, and exclusion from, EMF.  He has an overall pattern of worsening when exposed to digital mobile phone fields. This is shown by his symptoms originally developing when exposed to mobile phones in Sydney and a positive provocation test in Dec 2003, and on repeat testing in Aug 2004 he worsened after being  exposed to 10 (on) challenges on Day 1 saying he felt poorly overnight and had  increased sensitivity (accuracy) to the fields on Day 2. Conversely he had improvement  when avoiding mobile phones and minimising 50Hz fields in his home, particularly between his first challenge (Dec 2003) and 8 months later (Aug 2004) when he said he felt better and on Day 1 of testing did not show sensitivity (accuracy) to the fields. The overall clinical picture is consistent with EMF sensitivity even though the second round of provocation test data (after he had improved) is equivocal. The case indicates that in selected cases a change of life style to EMF avoidance may be beneficial. 

The mechanism of his sensitivity to EMF is not known. Also it is not clear if his likely sensitivity is to the RF carrier wave &/or ELF from power line (50Hz) and mobile phone generated (8 and 217Hz) fields. He was not tested with 50Hz fields.

Case 3. A 32 yr old electronics-technician  complained of a persistent cramp like feeling on the scalp above his right ear for the previous 3-4 years. It worsened when  near a mobile phone in use including polling, but not an ordinary handset. The pain became piercing after several minutes exposure then became a dull ache and lasted for 1-2 hours. If exposure was prolonged he felt nausea, palpitations and chest constriction. His doctor had diagnosed tension headaches. 

He was well until Oct 1995 when he was testing mobile phones. He made some 30-40 test calls /d. In the period 1995-97 he had onset of  his symptoms and in 1997-8 he had severe symptoms and time off work. He felt sensitive around a metal crown to a tooth; this was removed and he improved. He was extensively investigated and no neurological abnormality found. From 1998 onward he improved. He attributed this to reducing his exposure to mobile phones and 3 phase electricity at home. For example, the stove and hot water services were replaced by gas. 

He was tested 10 times for sensitivity to RFR using a double blind study of exposure to GSM (polling) from a mobile phone. The phone was held near his head in a harness and driven at maximum output. Exposures lasted ½ hour in morning and afternoon allowing a washout period of 2-3 hours. His sensations were recorded on an agreed  10 point scale every 5 mins, and 5 mins after cessation when he was also asked if the phone had been on or off. He accurately judged the field to be on in 7/10 tests which is not statistically significant (binomial test, 11.7 %). His flicker test EEG showed some increased  responsiveness in the right occipital area. 

He was advised he was not  hypersensitive to RFR at present on the basis of the test to exposures and somatic symptoms. He lies at the upper limit of normal for detection of flicker suggesting his nervous system is innately sensitive to some stimuli but not abnormally so. I advised he should consider rebuilding his life and job knowing he was not hypersensitive to these fields. The working diagnosis remains tension-vascular headaches probably associated with job and relationship stresses. With hindsight there was probably a role for a behavioural therapist to help rebuild his career and relationships.

Case 4. A 22 yr old male complained of pain over the back of his head and difficulty in concentrating which he attributed to EMF. He also felt distant to events, for example floating above his bed or outside a room looking in. He had the onset of his symptoms when studying at an overseas religious college when he noticed facial symptoms from a mobile phone and later from a computer and power lines. On returning to Australia he was initially able to use phones and other electronic devices without ill effects but months later his symptoms occurred when using them. His mother described him as an intense young man who wanted to right the wrongs of the world.


He has an inconsistent exposure pattern as shown by his initial symptoms occurring only when overseas but not  when first exposed to the same equipment in Australia although he did later. He also has evidence of  psychotic symptoms as shown by his out of body experiences. He was advised it was unlikely he had sensitivity to EMF causing his symptoms. He was reluctant to accept this diagnosis. His GP was contacted and advised that he was unlikely to be sensitive to EMF and  his delusional state warranted psychiatric assessment regarding psychotic illness.

DISCUSSION

The Spectrum of EMF Sensitivity. 

The table summarises some of the aspects of diagnosis and treatment of patients with EMF sensitivity as illustrated by the previous case studies. The table shows a spectrum of illness ranging from localised sensitivity to fields through more generalised symptoms, to phobic states and psychiatric disorder. The concept of a spectrum of EMF sensitivity has implications not only in the clinic but also for research and epidemiology since case definition is also critical in these areas. However several  aspects of diagnosis and treatment are problematic and warrant discussion.

Table: DIAGNOSIS & TREATMENT OF EMF SENSITIVITY

Type
Symptoms
Provocation Test
Treatment

1.
Localised symptoms after low level exposure(s)
+

(peripheral nerve)


Selected field minimisation

2.
Generalised symptoms after low level exposure(s)
+

(CNS)
General field 

avoidance

3.
Generalised symptoms associated with EMF/equipment (phobia).
-
Reassure; 

De-condition (Cognitive Behaviour Techniques)

4.
Generalised symptoms attributed to EMF/equipment, with delusional/psychotic features.
(-)
Refer for psychiatric assessment

After exposure to low level of EMF some patients, such as Cases 1&2, have symptoms which are distressing, disrupt daily living and work, have a consistent history and findings on provocation testing.  These patients need to managed appropriately regarding attenuation of their exposures to EMF, for example by use of a “hands-free” mobile phone kit or even major life-style changes in carefully selected cases. Reassurance regarding fears of cancer or mental illness are important benefits to the patient from accurate diagnosis. The usefulness  of ‘support’ groups for these patients is unclear. 

Some patients, such as Cases 3&4, have distressing symptoms associated with low level EMF exposures or proximity to electrical/electronic equipment, but on clinical and/or laboratory grounds, the symptoms cannot be attributed to EMF.  These patients need to be diagnosed, their fears of EMF managed, and other diagnoses considered and treated. Some cases perceive a strong association between their symptoms and using or being near equipment (such as computers) that may emit fields. Their symptoms are analogous to a Pavlovian conditioned reflex or an acquired phobia to the equipment (Berg etal 1992). Berg etal studied 47 workers, 19 of whom complained of skin symptoms when working with visual display units (VDU), which was attributed to hypersensitivity to electricity. They found affected workers showed greater stress hormone changes and other responses in relation to their work and this could cause an increased dermal blood flow. The authors suggest the stressful VDU environment acted as a conditioned stimulus to cause physiological and  thence the dermal changes. Once the conditioned response has been learned, the psychophysiological responses are elicited purely by exposure to the VDU environment but are incorrectly attributed to alleged EMF from the VDU. A similar learned or conditioned mechanism has been described by van den Burgh etal  (1999) in some patients with the related condition of “multiple chemical sensitvity”. This mechanism is possibly important in management since patients who consider themselves sensitive to EMF may have made extensive life-style changes and simple reassurance may not suffice. Referral to a cognitive behaviour therapist to help ‘decondition’ them as well as assist in readjusting to work and relationships, including embarrassment at their ‘false’ belief, may be appropriate (see Hillert this seminar). However in the event of patients showing delusional or related symptoms urgent referral for psychiatric assessment is required. Ruling out EMF sensitivity is an important role for the specialist physician although it may be counter-productive to do a provocation test in such patients. 

The deliberate falsification of symptoms for secondary gain (malingering) is also a possibility, although such a case has not yet been seen by myself.

History taking is the key to diagnosis. It is critical to listen to the patient to ascertain the pattern of their symptoms and the relationship to EMF exposures. A good general knowledge of medicine is required since symptoms may occur in diverse parts of the body depending on the exposure and raise a range of differential diagnoses. Also an understanding of the way ELF or RF fields may interact with the body and the way equipment emits fields is important.  However most physicians have very limited knowledge of this which lessens their diagnostic capacity. For example, a patient may complain of symptoms after a neighbour has had a microwave ‘dish’ erected facing the patients house, but it is more likely that the ‘dish’  is only for receiving pay-TV than for transmitting. Unless a doctor understands the difference an erroneous diagnosis may be made. Careful clinical examination is necessary to look for subtle signs such as altered sensation to cotton wool, and to exclude alternative pathology. Patients sometimes enquire of a blood or other test regarding EMF in their body but no such tests are validated. The main help in diagnosis is provocation testing.

Provocation testing. 

The importance of provocation testing is shown by the report from Rea etal (1991) who studied 100 patients presenting with EMF sensitivity to their environmental clinic. They assessed them using  a sweep of frequencies from 0.1 Hz to 5MHz, with nT exposures to their torso and head for 3min, using active and blank challenges. Of the 100 patients tested 34 had no reaction to the  active challenges and 50  reacted to several blanks, leaving only 16 (16%) for detailed study. Of the 21 frequencies used in exposure most responded to about 11. More detailed studies were then done on these 16 using several measures of pupil reaction and other physiological changes. Positive findings were claimed in the 179/336 (53%) of active challenges. However the detailed results are not tabulated and since multiple testing was involved it is possible the results occurred by chance. Responses to the  blank exposures occurred 6/60 (10%) of challenges. Perhaps the major finding from the whole study was that the large majority of patients (84%) who considered themselves to be EMF sensitive were found not to be so on provocation testing. 

Provocation tests are potentially important to help diagnosis in selected patients and internationally recognised protocols would be helpful. However several aspects of  provocation tests warrant careful consideration including the following: 

· Type of test. The type of test needs to be chosen appropriate to the complaint, eg simple field perception, symptom scale reporting, EEG changes, current perception threshold, etc. (NB: Current perception threshold testing should only be undertaken by practitioners experienced with the technique and interpretation of the results). No electrophysiological change has been proven to be a definitive marker of EMF sensitivity and so negative studies cannot be taken as evidence that a patient is not sensitive. The number of electro-physiological end-points measured in a test need to be carefully considered. Given there is no specific marker of EMF sensitivity differing end-points may be valid and arbitrary exclusion of some may disadvantage particular patients, but if numerous end-points are used then a few are likely to be ‘positive’ by chance causing a false positive result.

· Duration of test exposure. The duration of exposure in a test needs to be adjusted to the person rather than an arbitary time imposed. For example, Case 1 had to read for about 9 min to onset of her symptoms  which would have been overlooked if a time limit of say, 5min was imposed on the test. Croft etal (2002) have shown the importance of adequate exposure time in the induction of EEG changes after mobile phone exposure. Exposures for 20min bought about consistent changes compared to the standard protocol of ~5min. An open trial of time to onset of symptoms may be helpful to establish this parameter at the outset of testing.

· Washout times. The time allowed between tests is important to allow recovery (‘washout time’). Otherwise there may be a carry-over effect from a real exposure into a sham exposure giving a false result. There is a trade-off between the time available to conduct the number of tests required for statistical power and the need for an adequate wash-out time between tests. There is little guidance on this key issue which is possibly the greatest problem in designing accurate provocation tests. 

· Statistical power. The durations of exposure and the washout times have practical implications for the number of tests that can be conducted in a reasonable time say, over a day or a week. The number of tests should be sufficient to avoid both Type1 (false positive) & Type2 (false negative) errors. But the number of tests needed for these statistical purposes must balance the need for a high level of statistical confidence with the need to treat the patient with consideration from the harm imposed by multiple tests. For example, it is possible that if Case3 had more than the 10 provocation tests a statistically significant result may have been achieved, whereas Case 2 who was recovering felt poorly after the first day of testing. Related to this is the problem of the statistical level which is to be set for a result to be termed “significant”. Given there is no ‘gold standard’ for diagnosis should significance be set at p= 0.01 or 0.05 or 0.1, because too stringent or too lax a value may lead to respectively under- or over-diagnosis in patients?

· Ethics. The ethics of provocation tests needs consideration. They may induce unpleasant symptoms, as in Case2 – yet there is a subtle  implication that if a patient refuses a test they are a fraud.

· Availability. Provocation tests require special facilities and experienced staff for their  proper conduct. For example test rooms must be shielded against a wide spectrum of EMF, or mobile phones which are designed to emit silently at full power may be needed. These requirements often are not readily available which limits the application of diagnostic criteria requiring these tests. 

Provocation tests need to balance standardisation of a protocol with personalising the test to the patient’s specific symptoms. Because there is no gold standard for diagnosis the sensitivity and specificity of provocation tests is unknown and therefore the results of tests should be interpreted in conjunction with the total clinical picture (see Case2). 

General comments regarding EMF sensitivity. 

Based on the above Cases (1-4) and other clinical experience some more general observations are made regarding  EMF sensitivity:

· Noting the spectrum of EMF sensitivity shown in the Table the case definition of “sensitivity to EMF” needs to be refined so only agreed cases are entered into research or epidemiological studies.  Inclusion and exclusion criteria are critical in the design of future studies. Patients should be carefully assessed by an experienced physician and relevant laboratory studies used to confirm a diagnosis of sensitivity.  Relying on symptom complexes or self-reported cases is not likely to be useful. If patients with uncertain diagnoses are entered into studies then inconclusive results are to be expected. 

· Peripheral nerve mechanisms as well as central nervous system mechanisms should be considered when studying EMF sensitivity. Case 1 shows that low level exposures to RF can affect peripheral nerves, and other cases of dysaesthesia have been described after RF exposure (Hocking and Westerman 2003). Wilen etal (2003) have shown a dose-response for similar cranial symptoms in mobile phone users. Leitgeb and Schrottner (2003) have shown that electromagnetic field sensitive persons as a group differ significantly from the general population with regard to peripheral electric current perception thresholds. Peripheral nerves are more exposed than the brain since many are subcutaneous. They could be affected by exposure to EMF and so contribute to the totality of symptoms experienced by some patients such as tingling, itchiness and fatigue (Case2). Peripheral and central mechanisms of effects of EMF are not mutually exclusive. Also studies of peripheral nerves may give insights into the effects of EMF on the neurones of the central nervous system. 

· The term Electromagnetic HYPER-Sensitivity (EHS) is medically meaningless and should be replaced by terms such as “EMF sensitive” or “EMF susceptible” or “symptoms at low level EMF exposures”. The term “Hyper Sensitivity” is likely to create scepticism within the medical profession to such patients.  Sensitivity is a well recognised term implying a reaction to an exposure well outside the normal range, often due to an immune (eg asthma and pollens) or genetic (eg phenylketonuria and milk) mechanism. However the addition of the term “Hyper” adds nothing meaningful to the diagnosis and simply invites mockery for an unjustified exaggeration. A change in terminology is recommended. 
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