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SUMMARY

Clinical Evaluation of a Sample of Participants in the SHAPE Survey of Heath and
Pesticides Exposure

A survey was commissioned by the Department of Environment, Farming and Rural Affairs
(DEFRA) to provide a descriptive overview of the health status and exposure history, based on
information collected systematically by telephone interview and questionnaire, of farmers and
others identified from those contacting or members of three support groups (OPIN, PEX, OPUS,
NIOPSA). The population of approximately 400 had exposure to organophosphates (OPs) and
most of them reported exposure to sheep dip during the course of their work. Within this survey
a smaller population (target 50) was sampled and invited to undergo detailed clinical assessment
of peripheral neuropathy. The objectives of this study were to provide, in a sub-sample of the
population a detailed clinical assessment by specialist neurologists and thereby to validate self-
reported health status.

47 people attended clinical examination at the West London Regional Neuroscience Centre,
Central Middlesex Hospital London. The clinical examination included structured history,
bedside neurological examination, electrodiagnostics (nerve conduction studies) and quantitative
sensory tests (thermal, both cold and hot, and vibration thresholds).

The sub-sample for clinical examinations was selected at random from participants in the
questionnaire survey. After exclusions of individuals with medical or therapeutic risk factors for
neurological damage, they were stratified into those who had or had not reported an acute
reaction to OPs in the past, with a target to have similar numbers in each category. Four of the 47
examined were identified as having medical or therapeutic risk factors for neurological damage
therefore analyses have focused on the remaining 43. These comprised 36 male and 7 female
participants, of which 28 and 15 were with and without reported acute reaction to OPs,
respectively. Of the 43 subjects examined, 28 were classified as neuropathy positive. The results
suggest that positive clinical evidence of nerve damage does not depend on reported acute
responses to OPs in the past. However, the numbers are too small to infer any firm deduction.

Overall, the evidence in this study confirms that there is an established and widespread distal
symmetrical polyneuropathy in the sample of the study population seen at the WLRNC. It is a
unique distal symmetrical polyneuropathy in that the overwhelming clinical presentations are
autonomic symptoms, where dysfunctions of cardiovascular and thermal regulations are the
predominant complaints. Sexual dysfunctions and gut symptoms are also common. The somatic
components of this polyneuropathy are largely sensory, presenting mainly with symptoms of
acquired abnormal sensations of which pins and needles are predominant, while aches and pain
are rare. The results provide compelling evidence for further research into the autonomic status
in people with chronic exposure to sub-clinical doses of OPs or suffering from chronic illnesses
associated with exposure to OPs.



1 INTRODUCTION

A survey was commissioned by the Department of Environment, Farming and Rural Affairs
(DEFRA) to provide a descriptive overview of the health status and exposure history, based on
information collected systematically by telephone interview and questionnaire, of farmers and
others identified from those contacting or members of a number of support groups (OPIN, PEX,
OPUS, NIOPSA). The population of approximately 400 had exposure to organophosphates
(OPs) and most of them reported exposure to sheep dip during the course of their work. Within
this survey a smaller population (target 50) was sampled and invited to undergo detailed clinical
assessment of peripheral neuropathy. This latter survey is reported here, and complements the
report of the main survey (Fletcher et al 2005).

The objectives for the clinical component in the sub-sample of the population were:

e To provide an overview of their health status by detailed clinical and neurological
assessment.

e To validate self-reported health status in relation to their clinical assessments.

There is not a simple one to one correspondence between each objective test and symptoms as
reported, thus the validation is more general: is the poor health status in neurological and related
symptoms, reflected in a poorer neurological status measured by objective clinical signs?

We thus set out to establish the extent of neuropathy, particularly peripheral neuropathy, among
this group of people (mainly farmers) who have been exposed to (in most cases) repeated doses
of organophosphates. Participants both with and without reports of experiencing noticeable
acute episodes (characteristic of cholinergic crises) following OP exposure were included.

We focussed on peripheral neuropathy as it is a frequent locus of reaction to assaults of toxic
chemicals which target the nervous system (Berger & Schaumburg 1996;Schaumburg, Byck, &
Weller 1970). The actual pathology within the peripheral nerves varies. It can be just a simple
malfunction without structural damage in the nerve cells or their fibres, or frank degenerations of
nerve fibres, or loss of nerve cells, all of which are collectively referred to as neuropathy
(Schaumburg & Berger 1993). There can also be a dying-back reaction of nerve fibres starting
from the nerve cells and this is known as axonopathy. This tends to affect the very long
peripheral nerves in the extremities. Alternatively, the covering coat of the nerve fibres may be
selectively affected, and this is known as myelinopathy. It should be noted that in most cases a
toxic neuropathy following exposure to a toxic chemical does not show specific pathology for
each toxic chemical, except in some rare cases such as lesions caused by carbon tetrachloride.
Thus the strategy here is not to identify which chemical may be responsible but to investigate
whether overall this population shows evidence of higher than normal levels of neuropathy and if
possible will try and characterise the type of neuropathy (Schaumburg & Spencer 1987).

Schaumburg and Spencer ( 1987) have published criteria that involve verification of exposure to

the suspect toxic chemical and further verification that the symptoms of the neuropathy must

have started during or shortly after exposur
symptoms must also be objective and in addition to appropriate neurological signs that can be

elicited by an examining doctor, or alternatively in addition to abnormal electrodiagnostic

studies, or in addition to both clinical signs and abnormal electrodiagnostic studies. Fulfilling all

these, if we can then rule out any coincidental natural cause of the neuropathy symptoms and

signs, and if we can also show that removal of the suspect toxic chemical from the patient arrests
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progression of the neuropathy and leads to improvement, then according to Schaumburg and
Spencer, a causal link to the suspect toxic chemical is established.

It is evident that the Schaumburg and Spencer criteria involves both simple procedures like
hospital investigations including electrodiagnostic studies and some more difficult procedures
such as environmental manipulation and long-term follow up of the patient which may pause
difficulties. A big drawback is that if the patient sustained axonopathy, then the symptoms and
signs may get worse even after withdrawing the patient from the suspect toxic chemical making
it difficult to draw a reasonable conclusion that will establish a causal link. These are features
that must be considered carefully during investigations of possible toxic neuropathies.

There is a body of evidence suggesting that chronic repeated exposure to organophosphates in
sheep dip can cause peripheral neuropathy that is largely sensory in character (Jamal et al.
2002;Kaplan et al. 1993b;Miranda et al. 2002;Stokes et al. 1995). We have in this study carried
out clinical assessment of a sample of subjects to establish the health status of their peripheral
nerves. All these subjects reported exposure to organophosphates, mainly in sheep dip. The
clinical evaluation we have followed was largely according to Schaumburg and Spencer criteria,
but we did not fulfil all of them. In particular, we did not manipulate the environment to remove
a suspect toxic chemical and we also did not carry out a longitudinal clinical study of each
subject.



2 METHODS

The objectives of this study were to provide, in a sub-sample of the population a detailed clinical
assessment by specialist neurologists and thereby to validate only in general terms self-reported
health status.

The SHAPE population comprised only individuals who reported having been exposed to OPs.
When subdivided into those with and without or without reported histories of acute health effects
following OP exposure, the latter group was much smaller. There would have been few subjects
in the category without histories of acute reaction if a simple random sample were selected. This
subgroup is of particular interest, a) as an indicator of lower exposure than the others, b) because
there is concern as to whether there may be health effects of OPs at levels too low to induce a
cholinergic episode. We therefore decided to stratify the selection of participants in the clinical
component by this criterion. The target was to recruit 25 subjects from each category, with and
without a history of acute episodes, randomly sampled within eligible members of each group.
This sampling was carried out after excluding those with diagnoses that might have neurological
sequelae and restricting the sampling frame to people with a reasonable probability of OP
exposure.

We had resources for clinically examination of 50 individuals. The clinical tests were held at the
West London Regional Neuroscience Centre (WLRNC) at the Central Middlesex Hospital in
London. The recruitment criteria were agreed at the March 2002 Advisory Group meeting held at
the London School of Hygiene and Tropical Medicine (LSHTM).

Individuals were excluded if they reported any of the following conditions: cancer, diabetes,

thyroid problems, Par ki nson’ s di sease, multiple scl

injury with loss of consciousness and those who have suffered meningitis. In addition, they had
to have completed one or more of the following tasks; sheep dipping, handling recently dipped
sheep fleeces, treated or handled recently treated cattle for warble fly, applied insecticide to
crops, treated or worked with treated grain, worked in orchards or had used pesticides for other
purposes.

For practical reasons the sampling was done from those who had had telephone interviews, as it
would have been difficult to arrange the interviews in time for those who submitted written
responses. Individuals who met the above criteria were subdivided into two groups, acute and
non-acute, meaning those who had acute cholinergic crises and those who did not respectively.
These groups were defined by respondent s
had any i mmedi ate health effect s Itchouldbeo wi
noted that there was no medical confirmation of this response, but we assume that in general this
would have been a cholinergic crisis in response to OP exposure. In the report below this is
referred to as both a reported acute event and a cholinergic episode but it is referring to the same
classification: a positive answer to the above question. Individuals were randomly selected,

using the random select function in SPSS, and invited to participate in the clinical study.

Refusals were replaced by further random selection until the target numbers were achieved.

Table 1 summarises the eligible population before and after the exclusions. There were 43
without and 222 with histories of acute episodes of cholinergic responses. Participants were
randomly sampled from each of these strata and contacted. Equal numbers from each stratum
were invited first, and replaced with others who could not be contacted or declined. A total of 50
individuals accepted the invitation to participate in the study. However, 2 subjects subsequently
withdrew and 1 failed to attend, leaving a total of 47 subjects in the clinical study. The
individual who failed to attend was due to attend on the last day of the study and so it was
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impossible to replace him with another individual at such short notice. The final number
examined was 47, and then 4 further exclusions were made on medical grounds. Of the 43
presented in this report, the 15 without reported acute episode of cholinergic crises represented
35% on those initially considered eligible in this category, and 28 with acute episodes
represented 11% of those eligible in this category. Individuals who were successfully contacted
and refused participation consisted of 17 from those with no acute and 22 from those with acute
episodes of cholinergic crises.

Table 1
Numbers and reasons for exclusion from eligibility in Phase 11

MAIN | PILOT | TOTAL
Total in main dataset 446 25 471
Cancer 24 0 24
Diabetes 14 1 15
Thyroid disorders 38 4 42
Par kinson’' s 7 0 7
Multiple sclerosis 18 0 18
Dementia 6 0 6
Head injury with loss of
consciousness 44 1 45
Meningitis 7 0 7
Rheumatoid arthritis 29 0 29
Did not undertake any of the eligible
tasks 49 2 51
Total eligible 248 17 265
Acute episode 206 16 222
No acute episode 42 1 43

Selected individuals were sent a standard letter of invitation and an information sheet about the
clinical study. Contact telephone numbers were provided at WLNRC and LSHTM should
potential participants have had any questions. A consent form was also included for completion
along with a stamped addressed envelope. Once the consent form had been returned to the
LSHTM, details were forwarded to the WLRNC where the participant was contacted to make an
appointment. A letter was sent by the WLRNC confirming the date and time of appointment. In
addition a letter was sent at the same time by the LSHTM with travel and accommodation
details. Reminder letters were sent after 3 weeks to individuals who had not replied. Individuals
who had been randomly selected replaced individuals who did not wish to participate.

Selected individuals were told that accommodation and travel expenses would be provided for
participants and a carer for each participant to travel to attend the clinical tests. A number of
individuals also expressed concern that they would not be able to attend if costs for a carer could
not be covered.

From a target number of 50, a total of 47 subjects were successfully examined in the West
London Regional Neuroscience Centre at Central Middlesex Hospital London.



2.1 Clinical evaluation of subjects
Structured history in a questionnaire (see Appendix 1)

History suggestive of muscle weakness: subjects were asked questions to establish if there were
objective muscle weaknesses in the hands and feet for distal weaknesses and to establish whether
only one or both sides of the body were affected. Effort was made to exclude pain as the primary
cause of any reported weakness to make sure it was only true neuropathy weaknesses that were
recorded. For proximal weaknesses, similar questions were asked covering the upper arm, legs
shoulders and hips. Again we established whether only one or both sides of the body were
affected and pain was ruled out as the primary cause of the weaknesses reported (Appendix 1).

History suggestive of reduction or loss of natural sensations in the extremities: Subjects were
asked questions to ascertain either reduction or loss of touch, tactile or thermal sensations in the
hands and feet (see Appendix 1). We also tried to establish the severity and extent of the
disturbances in these natural sensations by asking how far proximal the symptoms have spread
and whether it affected only one or both sides of the body. The structured inquiry was restricted
to the extremities only because we were focused on evidence of peripheral neuropathy in these
subjects. We explained the following to the subjects: That touch could be crude for example
digging a finger into the skin, or very fine like brushing lightly against a soft garment. We were
therefore interested in both types of touches. Tactile sensation was whether they could recognise
a smooth or rugged surface, or whether they could recognise wood, metal or plastic by touching
them without looking. For thermal sensation, we explained to the subjects to tell us whether they
could carry a hot object that other persons find unbearable to touch, or whether they can
recognise hot and warm water by touch alone with their feet or hands.

History suggestive of abnormal, acquired sensations in the extremities: We explained to the
subjects what abnormal and acquired sensations were. These are pins and needles sensations,
aches that may come and go and could be dull or fleeting, sharp pains resembling injuries to the
extremities when in reality there were no injuries and these could come and go. There is also
altered threshold to pain in which a benign touch or ordinary movement of the extremities causes
pain that was not arising from the joints. We asked for these acquired sensations if at all they
were present and whether they were coming from the hands or feet and we tried to establish if
only one or both sides of the body was affected (see Appendix 1).

History suggestive of dysfunction of the autonomic nervous system: Previous studies of
subjects who had repeated chronic exposure to low doses of organophosphates in sheep dip
strongly suggest dysfunction of the autonomic nervous system (Jamal, Hansen, Pilkington,
Buchanan, Gillham, Abdel-Azis, Julu, Al Rawas, Hurley, & Ballantyne 2002;Pilkington et al.
1999). We have therefore included questions to establish or eliminate the following autonomic
disturbances in our subjects (see Appendix 1): Orthostatic hypotension, dysfunctions of the gut
and bowel movements, abnormal bladder function including frequency of voiding and sphincter
control, abnormal sexual functions including low libido and problems with ejaculation and
erection and abnormal sudomotor function in the skin.

History to exclude natural causes of neuropathy in our subjects: The Schaumburg and Spencer
criteria require that natural causes of peripheral neuropathy should be excluded before

suggesting a toxic cause. The initial process of achieving this was by excluding subjects with the
following diseases known to be associated with peripheral nerve damage: Diabetes mellitus,
renal failure and other causes of wuraemia,
who were eventually referred to WLRNC for clinical evaluation were also asked questions to



exclude family history associated with neuropathy and past medical history of neuropathy
diagnosed in a hospital (see Appendix 1). We also included questions to establish or eliminate
social habits that are associated with neuropathy, for example heavy smoking and alcohol abuse.

History to exclude possible iatrogenic neuropathy: There are many common medications that
can damage peripheral nerves and therefore cause peripheral neuropathy (see Appendix 2). We
were concerned about these common medications and therefore asked questions to establish a
detailed history of all the medications the subjects were put under to the best of their memory
(see Appendix 1 for the questions asked). We went backwards as for as the beginning of the
neuropathy symptoms when establishing the history of medications.

2.2 The process of isolating subjects with objective symptoms of peripheral neuropathy.

We define a status of positive neuropathy symptoms in this study as follows: A person with
history of distal and bilateral muscle weaknesses, or distal and bilateral abnormal acquired
sensations, or distal and bilateral reduced or absent sensations, or any combination of all of these
(Fig 1). It is possible if required, to exclude natural and iatrogenic causes of symptoms as
described above among the neuropathy symptoms positive subjects in this study. We must
emphasise here that all distal and unilateral neuropathy symptoms, all proximal neuropathy
symptoms both bilateral and unilateral, and all autonomic symptoms were ignored in this
process. That means a subject with a negative status of neuropathy symptoms in this study does
not necessarily imply that the person has no symptoms of neuropathy at all, nor does it mean that
the person is without any evidence of nerve damage. A subject may have a fulminating
autonomic neuropathy and still have a negative status of neuropathy symptoms in this study if he
or she does not have any of the three distal and bilateral symptoms listed above.
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Figure 1: A flow chart showing the process of designating a status of neuropathy symptom
positive in this study (see text for definitions of sensations and weaknesses).

Structured Bedside Neurological Examination Using a Fixed Protocol (see Appendix 3)

Examination of cranial nerves: The cranial nerves Ill, IV, V, VI, VII, X and XII were examined
first. The eye movements up, down and sideways were used to examine the motor functions of
cranial nerves 111, 1V, and VI. The pupils were then examined for their roundness, equality in
sizes and reactions to light for the autonomic function of cranial nerve 11l in conjunction with the
cervical sympathetic ganglion. Cranial nerve V was examined using crude and light touch on the
face for sensory abnormality, and clenching of the teeth for motor abnormality. Cranial nerve
VIl was examined for motor abnormality using movements around the eyes and the lips. Cranial
nerve X was examined for motor abnormality using movements of the palate and uvula. Cranial
nerve X1l was examined for motor abnormality using movements of the tongue. The results of
the cranial nerve examination were of no consequence to the classification of our subjects to
either neuropathy signs positive or negative.

Examination of tendon reflexes: We examined five tendon reflexes in selected muscles like
Biceps in the arm, Triceps in arm, supinator in the arm, Quadriceps and Gastrocnemius muscles
in the leg. The reflex in each muscle was scored for abnormality as zero points for normal reflex,
a score of one point if the reflex could only be elicited on reinforcement and a score of two
points if the reflex is absent even on reinforcement. The total abnormality score for tendon reflex
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was therefore ten points if all reflexes tested were absent (see Appendix 3). A subject will reach
status of abnormal tendon reflex if the total abnormality score is above zero points. It is therefore
possible for a subject to reach a status of abnormal tendon reflex with abnormality in only one
muscle.

Examination of sensations: Four modalities of sensations were tested on the right side of the
body only using pinprick, a tuning fork vibrating at 128 Hz, fine touch with cotton wool and
joint positions by moving the index finger, big toe, wrist, ankle, elbow and knee joints.
Abnormality in the perception of noxious stimulus was examined using pinprick. Abnormality in
pallesthesia was examined using the vibrating tuning fork. Abnormality in touch sensation was
examined using soft cotton wool and abnormality in propioception was examined using the

s ubj e c ttocsrrectlybidertifly theydirection of displacement of this or her joints. Each
sensory modality was scored for abnormality as follows: Zero point was given for a normal
sensation, abnormality score of one point was given if the sensation was reduced below the ankle
in the lower limb only, abnormality score of two points was given if the sensation was reduced
below the knee in the lower limb only, abnormality score of three points was given if the
sensation is reduced in both the hand and below the knee in the leg. A maximum abnormality
score of four points was given if the sensation was reduced extending proximally above the wrist
but was below the elbow in the arm and also extending proximally above the ankle but remains
below the knee in the leg. The maximum total score for sensory abnormality in one subject was
therefore sixteen (16) points. A subject would reach a status of abnormal sensation if the total
sensory abnormality score was two or more points. It is therefore possible for a subject to
achieve an abnormal sensation status during our assessment if only one sensory modality has
abnormality extending above the ankle in the leg. It should also be pointed out that much
emphasis was put on the abnormality in the lower limb with regards to achievement of abnormal
sensation status in this study.

Examination to exclude muscle weaknesses: We used six movements, three in the lower limb
and three in the upper limb on the right side of the body only, for the examination of muscle
power as follows (see Appendix 3); Dorsiflexion of the big toe, dorsiflexion at the ankle and
extension of the knee at the lower limb and dorsiflexion of the index finger, dorsiflexion at the
wrist and extension of the elbow at the upper limb. Weakness scores for each movement were
made as follows. A weakness score of zero point was given for normal power, a score of one
point was given if movement can be achieved against resistance applied by the examining
doctor, a weakness score of two points was given if movement can only be achieved against
gravity, a weakness score of three points was given if movement can only be achieved when
gravity was eliminated by the support of the examining doctor, a weakness score of four points
was given if only a flicker of contraction could be seen after the elimination of gravity and a
maximum weakness score of five was given if no muscle contraction could be achieved in any
circumstances. A subject reached a status of positive muscle weakness if the total weakness
score was two or more. It was therefore possible for a subject to reach a positive weakness status
if he or she could achieve movement against gravity only in just one of the six movements we
examined. The maximum possible total muscle weakness score in a subject is thirty (30).

2.3 The process of isolating a subject with a positive clinical sign

For the sake of the present study, we will define a positive clinical sign as having fulfilled the
following criteria (see Fig 2). A subject will have achieved a positive clinical sign status if he or
she has evidence of any distal muscle weakness alone due to a positive muscle weakness status
as defined above and nothing else. A subject will also have achieved a positive clinical sign
status if he or she has evidence of distal sensory abnormality alone due to a status of abnormal
sensation as explained above and nothing else. A subject can also achieve a positive clinical sign
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status if he or she has evidence of abnormal tendon reflexes in the distal extremities and nothing
else. A status of abnormal tendon reflex as described above is sufficient evidence of abnormal
tendon reflexes in our subjects. In addition to these three criteria, any combination of
abnormalities of tendon reflex, sensation or muscles weaknesses will also give a subject a
positive clinical neurological signs status.

Touch || Pallesthesia || Propioception | Noxious

L

Reduced or Abnormal tendon Inability to perform

absent sensation reflexes specific tasks

v

Muscle weaknesses
Distal

\ 4

Neuropathy Signs

Positive

Figure 2: A flow chart showing the process of designating a positive neurological clinical signs
status in this study (see text for how weaknesses, sensations and tendon reflexes were examined).

2.3.1 Electrodiagnostic Studies (see Appendix 4)

We performed two types of electrodiagnostic studies: nerve conduction study to assess non-
specific function of thickly myelinated peripheral nerve fibres and gross electromyography using
concentric needle electrodes for qualitative and semi-quantitative assessment of the motor units
action potentials in selected muscles of the lower limb. Both electrodiagnostic studies were done
only on the limbs of the right side of the body (see Appendix 4).

Nerve Conduction Studies

Measurement of motor nerve conduction velocity: Surface recording electrodes (Medelec type
16934) are placed over the muscles (Abductor Pollicis Brevis in the hand and Extensor
Digitorium Brevis in the foot). The nerves enervating the muscles (Median nerve in the hand and
Deep peroneal nerve in the leg) are stimulated at two sites with short duration electrical current
pulses of supra-maximal amplitude using surface stimulating electrodes (Medelec type 16893).
The latency (delay from the start of the stimulus to the first deflection of the compound muscle
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action potential) is recorded for the two stimulating sites, but only the peak-to-peak compound
muscle action potential amplitude from the stimulation site closest to the muscle was measured.
The nerve conduction velocity is calculated as the distance between the two stimulation sites
divided by the difference in the two latencies. The F wave (a monosynaptic reflex response) was
elicited at a lower stimulus current and its latency was then measured. The number of times the F
wave was elicited during ten consecutive stimulations (F wave persistence) was noted and
expressed as a percentage of ten stimulations and used to quantify F wave persistence.

Outcomes of these measurements: Nerve conduction latencies (only for the distal stimulation
sites), compound muscle action potential amplitudes (only for the distal stimulation sites), nerve
conduction velocities, F wave latencies and F wave persistence (in %) in the extremities of both
upper and lower limbs were noted down into our record forms (see Appendix 4).

Measurement of sensory nerve conduction velocity: Surface recording electrodes (Medelec type
16934) were placed over the nerve at the wrist for median nerve and below the knee for sural
nerve. Stimulating ring electrodes were placed on first index finger (digital ring, Medelec type
16639) for prodromic recording in the median nerve and the Medelec type 16893 recording
electrodes were placed over the sural nerve at ankle for antidromic impulses. The responses to
eight short duration electrical current pulses of supra-maximal amplitudes were averaged. The
sensory conduction latency (delay from the start of the stimulus to the first deflection of the
compound nerve action potential) and the peak-to-peak amplitude were measured. The sensory
nerve conduction velocity was calculated as the distance between the stimulation and recording
sites divided by the sensory conduction latency.

Outcomes of these measurements: Sensory conduction latencies, sensory compound action
potential amplitudes and sensory nerve conduction velocities in the extremities of both upper and
lower limbs were noted down into our nerve conduction record form (see Appendix 4).

Gross Electromyography

Needle electromyography was performed in the extensor digitorum brevis and tibialis anterior
muscles in lower limb only. However, the electromyography study was not included during our
classification (Fig 3) because we considered it too sensitive and it would also not exclude nerve
root and trunks and motor neurone problems situated proximally. We were focused on peripheral
nerve damage at the extremities only. However, electromyography (EMG) results were still
entered into our nerve conduction and EMG record forms (see Appendix 4).

The process of isolating a subject with a positive Electrodiagnostic status
We defined a positive electrodiagnostic status as follows: A subject who has slower than normal
sensory or motor nerve conduction velocity in the peripheral nerves of either lower or upper

extremities (Fig 3). It is sufficient for a subject to achieve a positive electrodiagnostic status with
a conduction velocity that is slower than normal in a single nerve trunk in just one extremity.
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Figure 3: A flow chart showing the process of designating a positive Electrodiagnostic status in
this study (see text for how Motor and Sensory nerve conduction velocities were measured).

2.3.2 Quantitative Sensory Tests (QST)

Thermal perception threshold tests: A small thermode was strapped to the dorsum of the

patients’ foot at the L5 der matome area.

subject was asked to indicate when he or she noted any changes in temperature during the course
of the test. The thermode would generate heat at a specific rate during a test of hot threshold, and
it would cool down at a specific rate during a test of cold threshold, starting from a
predetermined reference temperature in both tests. The reference temperature is usually close to
thesubject ' s s ki n t e mp4éa (setFig 4).6A pdmed lightveoeldilluBidate
alternately against the numbers 1 and then 2 written on the panel. The subject was then asked to
identify when the change in temperature occurred in relation to the panel illumination. It is a
forced choice; therefore the subject was forced to guess when not sure. The change in
temperature was randomly tagged to either panel light 1 or 2 at each episode. The machine
automatically adjusted the temperature and the rate of change of heat appropriately whenever the
subject got the sensation right or wrong and the test was continued for two changes in directions
for both decreases and increases in temperature (Fig 4). The threshold was calculated as the
mean of peaks and troughs at the changes in direction (Fig 4) and the results were noted down
into the QST record form (see Appendix 5). The hot threshold tests the integrity of the
unmyelinated C-fibres and the cold threshold tests the thinly myelinated As- sensory nerve
fibres. We developed this test at the Institute of Neurological Sciences in Glasgow and the
method is now used in many centres and separate validation and repeatability studies have now

The

been carried out. The normal hot and cold thresholds are logarithmic functionsof t he subj ec

age (Jamal et al. 1985), therefore has to be worked out individually.
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A 55 year-old man with normal thermal perception thresholds, both hot and cold
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Figure 4: Sample traces obtained while measuring hot and cold thresholds during thermal

perception threshold tests (see text for how thermal perception thresholds were measured). Note
the changes in directions marking the last point of consistent correct sensations during decreases
in temperature at A and C, and during increases in temperature at B and D forming peaks and
troughs.

Vibration perception threshold test: A somadic Vibrameter was used to measure the Vibration
Perception Threshold at the protuberance of first metarso-phalangeal joint of the right foot (L5

dermatome area) and the protuberance of the second metacarpo-phalangeal joint of the right

hand (C6 der matome area). Results from
positive QST status. The equipment follows physiological principles by indicating the stimulus
strength as the amplitude of vibration and not the voltage input to the vibration transducer. The

physiological stimulus to the mechanoreceptors is the amplitude of displacement of the receptor
membrane. The vibrameter was placed at the stimulating site weighted down by a constant
weight. The amplitude of vibration was increased from zero slowly until the subject can feel the

Vi

bration and this threshold was not

ed

increased a little and then turned down very slowly until the subjected felt no vibration and this
threshold was noted down under “no”

was repeated four times. The vibrat:i
The Somedic Vibrameter is applied widely in numerous centres and Departments of Neurology

and has been used in several clinical trials involving neurological investigations. The vibration
threshold tests the integrity of the thickly myelinated AB- sensory fibres. The normal vibration
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threshold value is a | ogarithmic functi
individually.

Th

e process of isolating a subject with a positive QST status

A subject would have a positive QST status if either he or she has an abnormally high threshold
of perceiving temperature (increased thermal perception threshold) or a high threshold of
perceiving vibration (abnormal pallesthesia) (see Fig 5). Evidence of increased thermal threshold
above normal limit would have been obtained during thermal threshold test as described above.
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Evidence of increased vibration perception threshold above normal limit would have been
obtained during vibration threshold test in the lower limb only; details are described above. It is
therefore possible for a subject to achieve a positive QST status with an increase in only one of
the following thresholds: cold, hot or vibration perception in only one limb.

Increased cold
threshold
(Foot)

Increased hot
threshold
(Foot)

\ 4

Increased vibration
perception threshold
(Foot only)

v

Distal thermal threshold

abnormality

v

Distal pallesthesia

abnormality

QST Positive

Figure 5: A flow chart showing the process of designating a positive QST status in this study
(see text for how thermal and vibration perception thresholds were measured).

2.3.3 ldentification of subjects with objective clinical evidence of peripheral neuropathy

We defined a subject with peripheral neuropathy in this study as someone with objective and
appropriate bilateral symptoms of distal peripheral nerve damage in addition to sufficient clinical
evidence of the damaged peripheral nerves. We obtained clinical evidence of damaged nerves
from three independent investigations, bedside neurological examination to elicit clinical signs
of neuropathy, QST, and electrodiagnostics as described in details above. Our measure of
sufficient clinical evidence of nerve damage was if any two of the three investigations were
positive, that means two independent sources of clinical evidence, both suggesting peripheral
nerve damage was required. We therefore had three possible routes through which our subjects
could be classified clinically as neuropathy positive, meaning they have peripheral neuropathy
(Fig 6). All the three routes must begin with objective and appropriate bilateral symptoms of
peripheral nerve damage. In route A (Fig 6), the additional positive clinical investigations were
QST and bedside clinical signs. In route B, the positive investigations were bedside clinical signs
and electrodiagnostics and in route C, the positive investigations were electrodiagnostics and
QST (Fig 6).
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Neuropathy Neuropathy Neuropathy
symptoms positive symptoms positive symptoms positive

A 4 A 4
\4 \4 \ 4 v

QST positive Clinical signs positive Electrodiagnostics QST positive

positive

v \ 4 v

Clinical Peripheral Neuropathy

Figure 6: A flow chart showing the process of identifying a subject with objective clinical
evidence of peripheral neuropathy (see text for how subjects were designated with positive
statuses for neuropathy symptoms, QST, clinical signs and electrodiagnostic). There are three
possible routes; A, B, and C through which a subject can be classified as having peripheral
neuropathy, which means he or she is Neuropathy Positive (see text for details).

2.4 Data Collection

Appointment lists for clinical examinations were sent from LSHTM to WLRNC every week.
The subjects were identified by names, date of births, and home addresses. A study number was
assigned to each subject serially at WLRNC. Dr Peter Julu examined all the subjects by
administering the structured clinical questionnaire (Appendix 1) and carrying out the bedside
neurological examinations and recording his findings into the appropriate forms (Appendix 3).
Dr Julu also performed the quantitative sensory tests, both vibration and thermal perception
threshold measurements and recorded his findings into the QST record forms (Appendix 5).
After Dr Julu had carried out nerve conduction studies, Dr Goran Jamal then finally performed
the needle electromyography in every subject. Results of all these clinical investigations were
entered into the respective forms (see Appendices 1 and 3-5). These were:

Neuropathy Questionnaire form for structured and detailed history (Appendix 1)
Neuropathy signs record sheet for bedside examination (Appendix 3)

Nerve conduction and electromyography record form for electrodiagnostics (Appendix 4)
Quantitative sensory tests record form (Appendix 5)
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2.5 Database and retrieval of information

The information in each record form (Appendices 1 and 3-5) was transferred into Microsoft
Excel spreadsheet and two files were generated. A spreadsheet containing all the neuropathy
symptoms information was generated for use as symptoms database. Another spreadsheet file
containing all the neuropathy clinical signs, electrodiagnostic results and QST results was
generated for use as neuropathy signs database. Codes were then written into these two
spreadsheet files to collate all the subjects with objective and appropriate peripheral neuropathy
symptoms using the steps and decisions shown in Figure 1, to collate all the subjects with
bedside clinical signs of peripheral neuropathy using the steps and decisions shown in Figure 2,
to calculate the logarithmic age-related normal limits in each subject for thermal and vibration
perception thresholds, to collate the QST positive subjects using steps and decisions shown in
Figure 5, and to collate the electrodiagnostic positive subjects using steps and decisions shown in
Figure 3, the lower 95% confidence limits for the respective sensory and motor nerve conduction
velocities were provided in the codes for the identification of subjects with slower than normal
conduction velocities. In all, the databases in two spreadsheet files can collate and provide the
following information:
1. Subjects with symptoms of proximal muscle weaknesses (unilateral or
bilateral)
2. Subjects with symptoms of distal muscle weaknesses (unilateral or bilateral)
3. Subjects with symptoms of reduced natural sensations in the extremities
(unilateral or bilateral)
4. Subjects feeling abnormal sensations in their extremities (unilateral or
bilateral)
5. Subjects with symptoms suggestive of autonomic dysfunctions (orthostatic,
gut function, bladder function, sexual function, or sudomotor function)
6. Subjects with clinical evidence of cranial nerve lesions
7. Subjects with clinical evidence of abnormal tendon reflexes in the upper or
lower limbs or both
8. Subjects with clinical evidence of abnormal sensations in their extremities
9. Subjects with clinical evidence of weaknesses in the proximal muscles of their
upper or lower limbs or both
10. Subjects with clinical evidence of weaknesses in the distal muscles of their
upper or lower limbs or both
11. Subjects who have lower than normal distal sensory nerve conduction
velocities in either upper or lower limbs or both
12. Subjects who have lower than normal distal motor nerve conduction velocities
in either upper or lower limbs or both
13. Subjects who have evidence of denervation and re-enervation in the
electromyography of distal muscles in the lower limbs
14. Subjects who have abnormal pallesthesia in the upper or lower extremities or
both
15. Subjects who have abnormal thermal sensations in the distal lower limbs (hot
or cold thresholds)
16. Subjects who have objective and appropriate symptoms of peripheral
neuropathy (Neuropathy Symptoms Positive statuses)
17. Subjects who have neurological evidence of peripheral nerve damage
(Neuropathy Signs Positive statuses)
18. Subjects whose distal peripheral nerve conduction velocities are slower than
normal (Electrodiagnostics Positive statuses)
19. Subjects who have abnormal results of quantitative sensory tests (QST
Positive statuses)
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20. Subjects who have clinically proven peripheral neuropathy (Neuropathy
Positive statuses)

The two databases were also used to generate a spreadsheet with all the information necessary

for writing reports using the mail merge facility of Microsoft Words. These reports were sent to
participants and their General Practitioners.
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3 RESULTS

3.1 Characteristics of the subjects seen at WLRNC

Gender: 13% (47) of the total participants (367) in the SHAPE-study were examined at
WLRNC. Of these, 43 were included in the analysis for this part of the study. There were 75%
males among the total study participants, and 84% of subjects seen at the WLRNC were males, a
discrepancy of 9% compared with the overall study population.
Age: The age range of clinical participants was 27-76, with a mean of 52 years (n=43). The
mean age for men was 53 years (n=36); whilst for women it was slightly lower at 46.1 (range 27-

62 years, n=7).

The age and gender characteristics of the subjects seen at the WLRNC were not significantly
different from the original population of participants in the SHAPE-study from which they were

sampled.

Questionnaire data from the main telephone survey was available for 45 of these 47 subjects —
two subjects participated in the pilot telephone questionnaire survey, and not the main survey.
Although health data were collected in the pilot survey, the questionnaire used was worded
slightly differently to that in the main survey. However, we consider that these differences are
not large enough to warrant excluding these two subjects from the analysis, therefore these two
subjects are included for all the summary results. A total of 4 subjects were excluded from this
analysis because of underlying medical conditions (high arches (3)) and inappropriate
medications (1), both established during the clinical examinations. The following results are
therefore restricted to a population of 43, excluding the four subjects who did not qualify.

Table 2. Neuropathy diagnoses by age and sex in 43 subjects

Sex Age groupings
Clinical Male (%)  Female <45 (%) 45-55 years >55 Total (%)
neuropathy (%) (%) (%)
diagnosis
Positive 25 3 7 9 12 28
(%) (89) (11) (25) (27) (26) (100)
Negative 11 4 4 6 5 15
(%) (73) (27) (32) (40) (35) (100)
Total 36 7 11 15 17 43
(%) (84) (16) (43) (33) (40) (100)

Of the 43 individuals included in the analysis, 28 were neuropathy positive and 15 were
neuropathy negative according to the study criteria. A total of 28 subjects had experienced an
acute episode of cholinergic crisis out of which 68% were clinically neuropathy positive. This
compared with the 15 subjects who had no episodes of acute cholinergic crises and 60% of them
were neuropathy positive. This difference was not statistically significant (OR=1.4, Cl: 0.34,
5.76, p=0.64), and did not change when adjusted for age and sex. NB: Among the 4 individuals
excluded in the analysis, 3 were neuropathy positive and 1 was neuropathy negative using the
same study criteria.
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Table 3. Neuropathy diagnosis and experience of an acute cholinergic episode

Acute cholinergic episode
Clinical neuropathy Yes No Total
diagnosis
Positive 19 9 28
(%) (68) (60) (65)
Negative 9 6 15
(%) (32) (40) (35)
Total 28 15 43
(%) (100) (100) (100)

3.2 Subjects who had objective and appropriate symptoms of neuropathy:

A total of 35 subjects (81%) had bilateral distal symptoms of neuropathy. These comprised of
muscle weakness (18 subjects); loss of natural sensations (touch, tactile, thermal) or acquired
abnormal sensations (burning, prickling, pins & needles, pain) (34 subjects), all were in the
hands or feet.

Most symptom positive subjects experienced both sensory and motor symptoms; very few
symptoms positives were motor symptoms only. Touch was the most frequently lost modality of
all the natural sensations, and pins and needles were most frequently reported among the
acquired abnormal sensations in neuropathy positive subjects. Autonomic symptoms, though not
included for analysis in this study, were among the most frequent of all the symptoms.

3.2.1 Subjects who had symptoms of nerve damage

Symptoms of muscle weaknesses attributable to nerve damage: A total of 28 subjects, 65% had
symptoms of muscle weaknesses due to nerve damage in their extremities (unilateral or
bilateral). Only those subjects with symptoms of bilateral distal weaknesses were considered to
have appropriate neuropathy symptoms in this study making up 42% of the subjects, 18 subjects
in all. Muscle weakness in the hands was most common.

3.2.2 Symptoms of reduced natural sensations:

A total of 26 subjects, 60% of the subjects examined had symptoms of reduced natural
sensations distributed in their extremities, the majority in the hands. Only those subjects who
complained of bilateral reduction of natural sensations in their extremities were considered to
have appropriate neuropathy symptoms in this study making up 56% of the subjects, 24 subjects
in total. The most commonly reported modality was touch, followed by tactile sense. Some
subjects reported losses of sensations associated with pain. None of our subjects reported any
loss of thermal sensation in the hands, although a handful was reported in the feet.
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3.2.3 Symptoms of abnormal acquired sensations attributable to nerve damage:

A total of 35 subjects, 81% of all those examined at the WLRNC had symptoms of acquired
abnormal sensations distributed in their extremities. Pins and needles in both feet or both hands
were the most commonly reported sensations. Only those subjects with bilateral distribution of
symptoms at their extremities were considered to have appropriate neuropathy symptoms making
up 72% of all subjects, 31subjects in total.

Table 4. Neuropathy symptoms: bilateral sensory (numbness or tingling/burning etc),
motor (bilateral and distal weakness in both hands or both feet) and summary (either
sensory, motor or both) by age and sex.

Sex Age groupings
Type of Level of Male (%)  Female <45 (%)  45-55 years >55 Total
symptom sensation (%) (%) (%) (%)
Sensory Normal 7 2 2 4 3 9
(%) (78) (22) (22) (44) (33) (100)
Abnormal 29 5 9 11 14 34
(%) (85) (15) (26) (32) (41) (100)
Motor Normal 23 1 4 10 10 24
(%) (96) (4) (17) (42) (42) (100)
Abnormal 13 6 7 5 7 19
(%) (68) (32) (37) (26) (37) (100)
Summary  Normal 7 1 1 4 3 8
(either) (%) (88) (13) (13) (50) (38) (100)
Abnormal 29 6 10 11 14 35
(%) (83) (17) (29) (31) (40) (100)
Total 36 7 11 15 17 43
(%) (84) (16) (26) (35) (40) (100)

Table 4 shows how the individual symptom groups are strongly associated with the neuropathy
classification (partly based on symptoms).
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Table 5. Neuropathy symptoms: sensory, motor and summary by clinical diagnosis and
acute episode of cholinergic response

Clinical neuropathy

Acute cholinergic

diagnosis episode
Type of Level of Positive Negative Yes (%) No (%) Total (%)
Sensory Normal 1 8 6 3 9
(%) 4 53 21 20 21
Abnormal 27 7 22 12 34
(%) 96 47 79 80 79
Motor Normal 13 11 15 9 24
(%) 46 73 54 60 56
Abnormal 15 4 13 6 19
(%) 54 27 46 40 44
Summary 1 7 6 2 8
(either) ~ Normal
(%) 4 47 21 13 19
Abnormal 27 8 22 13 35
(%) 96 53 79 87 61
OR (p, CDH* 0.75 (0.76, C1 0.12, 4.80)
Total 28 15 28 15 43
(%) 100 100 100 100 100

Neither the sensory nor motor symptoms category was associated with acute cholinergic episode.
* OR Adjusted for age and sex

3.3 CLINICAL SIGNS

3.3.1 Subjects who had signs of nerve damage during bedside clinical examination

Bedside evidence of abnormal tendon reflex: A total of 19 subjects, 46% of the subjects
included in this part of the analysis had evidence of reduced or absent tendon reflexes in either
upper or lower limbs as shown in tables 6 and 7 below. Abnormal tendon reflex in any one of the
five muscles we examined would immediately qualify the subject to be classified as neuropathy
signs positive (see Fig 2) because all the muscles we examined were innervated by distal
peripheral nerves. The muscle with the highest frequency of abnormal tendon reflex was the
Gastrocnemius (37%) while the other four muscles had relatively similar frequencies of
abnormalities (10-15%) in their tendon reflexes. Biceps, Triceps and Supinator muscles are in
the upper limb but Quadriceps and the Gastrocnemius are muscles of the lower limb. Summary
results of the distribution of normal and abnormal tendon reflex are given by sex, age, clinical

diagnosis of neuropathy and acute cholinergic episode in table 6 and table 7 below.
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Table 6. Motor reflexes: tendon reflex by age and sex

Sex Age groupings
Level of reflex Male  Female (%) | <45 (%) 45-55 years (%) >55 (%) Total (%)
(%)
Normal reflex (%) | 20 (83) 4 (17) 9 (38) 11 (46) 4(17) 24 (100)
@ngrmal reflex | 1684y  3(16) | 2@11) 4 (21) 13(68) 19 (100)
Total 36 (84) 7 (16) 11 (26) 15 (35) 17 (40) 43 (100)
Note: Normal tendon reflex, score =0 Abnormal tendon reflex, score =1 or 2

Table 7 Motor reflexes: tendon reflex by clinical diagnosis and acute cholinergic episode

Clinical neuropathy

Acute cholinergic episode

diagnosis

Level of reflex Positive Yes (%) No (%) Total (%)

(%) Negative (%)
Normal reflex (%) 14 (50) 10 (67) 16 (57) 8 (53) 24 (100)
Abnormal reflex
(%) 14 (50) 5 (33) 12 (43) 7 (47) 19 (100)
Total (%) 28 (100) 15 (100) 28 (100) 15 (100) 43 (100)
OR* 2.29 (ns) 0.29 (ns)
Note: Normal tendon reflex, score =0 Abnormal tendon reflex, score =1 or 2

*OR adjusted for age and sex, ns = not statistically significant

The proportion of abnormal reflexes was higher in the older age grouping, but showed little
association with clinical neuropathy diagnosis or acute cholinergic episode.

Bedside evidence of abnormal sensations: A total of 21 subjects, 51% of all the subjects

included in this analysis had evidence of abnormal sensations of various modalities shown in
Table 8 below. Abnormality of any one of the four modalities tested (noxious (pain), pallesthesia
(vibration), kinaesthesia (touch and propioception (awareness of position and movement)) would
immediately qualify the subject to be classified as neuropathy signs positive (see Table 9)

because we examined only the distal extremities at the bedside (see Appendix 3). Kinaesthesia

(mostly accounted for by touch element) and vibration (pallesthesia) were the two most frequent
sensory abnormalities (39% and 34% respectively) while propioception (sensation of joint
positions) and nociception or noxious sensations (sensation of pin pricks) were relatively normal
among our subjects. Summary results of the distribution of normal and abnormal sensations are

given by sex, age, clinical diagnosis of neuropathy and history of acute cholinergic episode in
table 8 and table 9 below.
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Table 8. Sensations: noxious, pallesthesia and kinaesthesia by age and sex

Sex Age groupings
Type of Level of Male  Female | <45 (%) 45-55years >55 (%) Total (%)
sensation sensation | (%) (%) (%)
kinaesthesia  Normal 20 6 7 11 8 26
(%) 77 23 27 42 31 100
Abnormal | 16 1 4 4 9 17
(%) 94 6 24 24 53 100
pallesthesia ~ Normal 22 7 9 12 8 29
(%) 76 24 31 41 28 100
Abnormal | 14 0 2 3 9 14
(%) 100 0 14 21 64 100
noxious Normal 30 7 10 14 13 37
(%) 81 19 27 38 35 100
Abnormal | 6 0 1 1 4 6
(%) 100 0 17 17 67 100
Total 36 7 11 15 17 43
(%) 84 16 26 35 40 100

Note: Normal sensation, score =0 Abnormal sensation, score =1 or 2
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Table 9. Sensations: noxious, pallesthesia and kinaesthesia by clinical diagnosis and history
of acute cholinergic episode

Clinical neuropathy Acute cholinergic
diagnosis episode
Type of Level of | Positive Negative 0 0 0
sensation sensation (%) (%) Yes (%) No (%) Total (%)
kinaesthes Normal 13 13 14 12 26
(%) 46 87 50 80 61
Abnorma 15 2 14 3 17
(%) 54 13 50 20 39
OR (p, ChH* 7.68 (0.018, 1.42, 41.5)
OR ** 7.43 (0.023, 1.32, 3.83 (0.093, 0.80, 18.37)
pallesthesia Normal 17 12 17 12 29
(%) 61 80 61 80 67
Abnorma 11 3 11 3 14
(%) 39 20 39 20 33
OR** 2.84 (ns) 1.71 (ns)
noxious Normal 22 15 23 14 37
(%) 79 100 82 93 86
Abnorma 6 0 5 1 6
(%) 21 0 18 7 14
OR** 1.05 (ns) 2.42 (ns)
Total 28 15 28 15 43
(%) 100 100 100 100 100
Note: Normal sensation, score =0 Abnormal sensation, score =1 or 2

*OR adjusted for age
**OR adjusted for age and sex, ns = not statistically significant

The proportion of abnormal sensations was higher in the older age grouping, and showed some
association with clinical neuropathy diagnosis or history of acute cholinergic episode. This
reached statistical significance for kinaesthesia and clinical neuropathy diagnosis (see table
above).

Beside evidence of muscle weaknesses: Muscle weakness was not a prominent feature of the
abnormalities found among the subjects we examined at the WLRNC. A total of 5 subjects, 12%
of all the subjects included in this analysis had evidence of muscle weaknesses during
movements at the various sites tested (big toe, ankle, knee, thumb, wrist, elbow). Weakness at
any one site would immediately qualify the subject to be classified as neuropathy signs positive
(see Fig 2) because all the movements we examined at the bedside were effected by distal
peripheral nerves. The frequency of weaknesses decreased proximally in both upper and lower
limbs, particularly in the lower limb (results not shown).
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Table 10. Muscle power by age and sex

Sex Age groupings
Muscle  Muscle Male Female (%) | <45 (%) 45-55 years (%) >55 (%) Total (%)
power (%)
Distal Normal 32 6 10 14 14 38
(Hand) (%) 84 16 26 37 37 100
Abnormal 4 1 1 1 3 5
(%) 80 20 20 20 60 100
Distal Normal 34 6 10 14 16 40
(Foot) (%) 85 15 25 35 40 100
Abnormal 2 1 1 1 1 3
(%) 67 33 33 33 33 100
Total 36 7 11 15 17 43
(%) | 84 16 26 35 40 100
Note: Normal power, score =0 Abnormal power (weakness), score =1 or 2
Table 11. Muscle power by clinical diagnosis and history of acute cholinergic episode
Clinical neuropathy Acute cholinergic episode
diagnosis
Muscle Muscle Positive  Negative (%) Yes (%) No (%) Total (%)
Distal Normal 25 13 25 13 38
(Hand) (%) 89 87 89 87 88
Abnormal 3 2 3 2 5
(%) 11 13 11 13 12
OR* 0.77 (ns) 0.47 (ns)
Distal Normal 25 15 26 14 40
(Foot) (%) 89 100 93 93 93
Abnormal 3 0 2 1 3
(%) 11 0 7 7 7
OR* 0.98 (ns) 1.12 (ns)
Total 28 15 28 15 43
(%) 100 100 100 100 100

Note: Normal sensation, score=0 Abnormal sensation, score = 1 or 2
*OR adjusted for age and sex, ns = not statistically significant

The proportion of muscle weakness was slightly higher in the older age grouping, and showed no
evidence of association with clinical diagnosis of neuropathy or history of acute cholinergic
episode, although the numbers are very small.

Summary of clinical signs: subjects who had appropriate bedside signs of peripheral
neuropathy. A total of 29 subjects, 67% of the subjects included in the analysis had objective
signs of peripheral neuropathy that could be elicited at the bedside. Kinaesthesia is a term
describing both touch and propioception. Tendon reflex was the most frequent abnormality
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followed by abnormalities in kinaesthesia and pallesthesia. Abnormalities of muscle power and
noxious sensation were relatively rare among those subjects we classified as neuropathy signs
positive. No relationship with history of acute cholinergic episode was observed.

The relationship between neuropathy diagnosis and summary clinical signs was statistically
significant (see table below). This is perhaps to be expected, as abnormal clinical signs were part
of the criteria for the diagnosis of neuropathy.

Table 12. Summary clinical signs by age and sex

Sex Age groupings
Clinical signs Male  Female (%) | <45 (%) 45-55 years (%) >55 (%) Total (%)
(%)
Normal 11 3 5 8 1 14
(%) 79 21 36 57 7 100
Abnormal 25 4 6 7 16 29
(%) 86 14 21 24 55 100
Total 36 7 11 15 17 43
(%) | 84 16 26 35 40 100

Table 13 Summary clinical signs by clinical diagnosis and history of acute cholinergic
episode

Clinical neuropathy Acute cholinergic episode
diagnosis
Clinical signs Positive  Negative (%) Yes (%) No (%) Total (%)

Normal 5 9 8 6 14
(%) 18 60 29 40 33
Abnormal 23 6 20 9 29
(%) 82 40 71 60 67
Total 28 15 28 15 43

(%) 100 100 100 100 100

OR* 9.13 (0.008, 1.80, 46.47) 1.12 (ns)

*OR adjusted for age and sex, ns = not statistically significant

3.3.2 Subjects who had abnormal peripheral electrophysiology

A total of 46 subjects out of the 47 sent to us, 98% of the total subjects seen at the WLRNC had
abnormal peripheral electrophysiology in various parts of their limbs (results not shown).

Only those subjects with either abnormally slow sensory or motor nerve conduction velocities
did qualify to be classified as electrodiagnostic positive in this study. Results of the needle
electromyography were not considered during the classification of subjects into electrodiagnostic
positive because it cannot distinguish between proximal and distal nerve abnormalities. A
minimum requirement for both SNCV and MNCYV to be abnormal was the least sensitive
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electrodiagnostic criteria. We found the frequency of electrophysiological abnormalities
increases from motor through sensory nerves to EMG (electromyography), then from hand to
leg. Nerve conduction velocity (NCV) results are reported below.

Of 47 participants who had clinical assessment, 4 were excluded on grounds of medication, 2
were in the pilot study but have been included here giving n=43. A total of 8 participants had
unexcitable sural nerves indicating outright nerve damage, of which 2 were excluded on grounds
of medication.

Those participants with scores below the clinical cut-off points were classified as abnormal for
NCV. The results show that sensory nerves are affected nearly twice as frequently as motor
nerves both in the upper and lower limbs. The long nerves in the lower limbs originating from
spinal segment S1 are frequently affected and the most sensitive NCV test in the whole study
was sural nerve CV.
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Table 14. Nerve conduction velocity summary results

Nerve type (spinal segment) Range Clinical  Number % Mean of 4 No

(units o)f/r?neasuremer?ts) Mean  SD (Min i ?nax) n cut-off below below excluded N below
value cut-off  cut-off participants (SD) cut-off

Sensory nerves

median nerve (C6) Amp (uV) 781 477 1.4-27.2 43 5.6 (3.42) 4

median nerve (C6) CV (m/s) 5303 777 33.0-690 43 <48 8 17 58.78 (6.88) 4 0

(sensory arm)

sural nerve (S1) Amp (uV) 5.01 3.65 0-145 42 9.85 (0.49) 2

sural nerve (S1) CV' (m/s) 305 1802 0-69.0 43 <46 26 60 48.7 (7.50) 2 1

(sensory leg)

Motor nerves

'(\S\e/(;'a” Nerve APB (T1) Amp 1091 425 25-196 43 14.48 (4.87) 4

Median Nerve APB (T1) CV-(W/S) | 5437 487  452-657 43 <48 4 9 55.75 (4.11) 4 0

(motor arm)

Deep Peroneal Nerve EDB (L5,

S1) Amp (uV) 463  3.33 0.1-143 43 3.55 (2.97) 4

Deep Peroneal Nerve EDB (L5,

S1) CV (m/s) 4243 6.82 26.3-55.0 43 <41 13 30 43.15 (8.88) 4 2

(motor leg)
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Table 15. Summary elecrodiagnostics (equivalent to summary NCV) by age and sex

Sex Age groupings
Electrodiagnostics | Male (%)  Female <45 45-55 >55 Total
(%) (%)  years (%) (%) (%)
Normal 5 4 4 2 3 9
(%) 56 44 44 22 33 100
Abnormal 31 3 7 13 14 34
(%) 91 9 21 38 41 100
Total 36 7 11 15 17 43
(%) | 84 16 26 35 40 100

Table 16. Summary elecrodiagnostics (equivalent to summary NCV) by clinical diagnosis
and history of acute cholinergic episode

Clinical neuropathy Acute cholinergic
diagnosis episode
Electrodiagnostics | Positive  Negative 0 0 0
(o0 o8 Yes (%) No (%) Total (%)
Normal 4 5 7 2 9
(%) 14 33 25 13 21
Abnormal 24 10 21 13 34
(%) 86 67 75 87 79
Total 28 15 28 15 43
(%) 100 100 100 100 100
OR* 2.34 (ns) 0.29 (ns)

*OR adjusted for age and sex, ns = not statistically significant

Results for the individual nerve conduction velocity tests are presented in the tables below.
Generally the motor results show higher rates of abnormality than sensory and legs higher than

arms.



Table 17. Nerve conduction velocity: sensory arm, sensory leg, motor arm, motor leg by

age and sex
Sex Age groupings
Type of velocity Male  Female | <45 (%) 45-55 >55 Total
nerve (%) (%) years (%) (%) (%)
Sensory Normal 29 6 11 14 10 35
arm (%) 83 17 31 40 29 100
Abnormal 7 1 0 1 7 8
(%) 88 13 0 13 88 100
Sensory Normal 12 5 6 4 7 17
leg (%) 71 29 35 24 41 100
Abnormal 24 2 5 11 10 26
(%) 92 8 19 42 38 100
Motor Normal 32 7 11 15 13 39
arm (%) 82 18 28 38 33 100
Abnormal 4 0 0 0 4 4
(%) 100 0 0 0 100 100
Motor leg  Normal 23 7 9 10 11 30
(%) 77 23 30 33 37 100
Abnormal 13 0 2 5 6 13
(%) 100 0 15 38 46 100
Total 36 7 11 15 17 43
(%) 84 16 26 35 40 100

Note: Normal or abnormal threshold, score based on individually age dependent clinic derived

algorithm
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Table 18. Nerve conduction velocity: sensory arm, sensory leg, motor arm, motor leg by

clinical diagnosis and history of acute cholinergic episode

Clinical neuropathy Acute cholinergic
diagnosis episode
Type of velocity Positive (%) Negative Yes (%) No (%) Total (%)
Sensory Normal 21 14 23 12 35
(%) 75 93 82 80 81
Abnormal 7 1 5 3 8
(%) 25 7 18 20 19
OR* 5.58 (ns) 0.33 (ns)
Sensory Normal 12 5 12 5 17
(%) 43 33 43 33 40
Abnormal 16 10 16 10 26
(%) 57 67 57 67 60
OR* 0.45 (ns) 0.56 (ns)
Motor Normal 25 14 24 15 39
(%) 89 93 86 100 91
Abnormal 3 1 4 0 4
(%) 11 7 14 0 9
OR* 1.97 (ns) 1.1 (ns)
Motor leg Normal 15 15 20 10 30
(%) 54 100 71 67 70
Abnormal 13 0 8 5 13
(%) 46 0 29 33 30
OR* 1.05 (ns) 0.53 (ns)
Total 28 15 28 15 43
(%) 100 100 100 100 100
Note: Normal or abnormal threshold, score based on individually age dependent clinic derived

algorithm

*OR adjusted for age and sex, ns = not statistically significant
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3.3.3 Subjects who had abnormal results of the quantitative sensory tests (QST)

A total of 31 subjects, 72% of those included in the analysis had abnormal QST results as shown
in table 19. Of these 31 QST-positive subjects, 28 of them, that is 90% of all the QST-positive
subjects had increased cold perception threshold. Only the abnormality of pallesthesia and
thermal sensations in the lower limbs were considered during the classification of our subjects
into QST-positive statuses.

Table 19. Summary quantitative sensory tests (QST) by age and sex

Sex Age groupings

QST status | Male (%)  Female <45 (%) 45-55 years >55 Total
(%) (%) (%) (%)

Normal 8 4 3 5 4 12
(%) 67 33 25 42 33 100

Abnormal 28 3 8 10 13 31
(%) 90 10 26 32 42 100

Total 36 7 11 15 17 43
(%) 84 16 26 35 40 100

Table 20. Summary quantitative sensory tests (QST) by clinical diagnosis and history of
acute cholinergic episode

Clinical neuropathy Acute cholinergic
diagnosis episode
QST status | Positive (%)  Negative (%) Yes (%) No (%) Total (%)
Normal 3 9 6 6 12
(%) 11 60 21 40 28
Abnormal 25 6 22 9 31
(%) 89 40 79 60 72
Total 28 15 28 15 43
(%) 100 100 100 100 100
OR~* 11.53 (p=0.003, Cl 2.27, 2.39 (ns)

*OR adjusted for age and sex, ns = not statistically significant

Results for the individual component sensations/perceptions measured in the quantitative sensory
tests are given in the table below.
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Table 21. QST perception thresholds: vibration, hot and cold by age and sex

Sex Age groupings

Type of Level of Male Female <45 45-55 >55 Total
perception threshold (%) (%) (%) years (%) (%) (%)

vibration Normal 28 6 10 12 12 34
(%) 82 18 29 35 35 100

Abnormal 8 1 1 3 5 9
(%) 89 11 11 33 56 100

Hot Normal 21 5 6 10 10 26
(%) 81 19 23 38 38 100

Abnormal 15 2 5 5 7 17
(%) 88 12 29 29 41 100

Cold Normal 9 4 3 5 5 13
(%) 69 31 23 38 38 100

Abnormal 27 3 8 10 12 30
(%) 90 10 27 33 40 100

Total 36 7 11 15 17 43
(%) 84 16 26 35 40 100

Note: Normal or abnormal threshold, score based on individually age dependent clinic derived

algorithm

Table 22. QST perception thresholds: vibration, hot and cold by clinical diagnosis and

history of acute cholinergic episode

Clinical neuropathy

Acute cholinergic

diagnosis episode
Type of Level of Positive  Negative  Yes (%)  No (%) Total (%)
vibration Normal 19 15 22 12 34
(%) 68 100 79 80 79
Abnormal 9 0 6 3 9
(%) 32 0 21 20 21
OR (p, 1.03 (ns) 0.87 (ns)
hot Normal 16 10 16 10 26
(%) 57 67 57 67 60
Abnormal 12 5 12 5 17
(%) 43 33 43 33 40
OR* 1.40 (ns) 1.51 (ns)
cold Normal 3 10 6 7 13
(%) 11 67 21 47 30
Abnormal 25 5 22 8 30
(%) 89 33 79 53 70
OR* 15.46 (p=0.001, CI 3.53 (p=0.106, CI
Total 28 15 28 15 43
(%) 100 100 100 100 100

Note: Normal or abnormal threshold, score based on individually age dependent clinic derived

algorithm; *OR adjusted for age and sex, ns = not statistically significant
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The most frequently affected sensation was the cold perception mediated by the thinly
myelinated Ad-fibres in the peripheral nerves. Nearly all the subjects we classified as QST-
positive had increased cold perception threshold. No relationship between acute cholinergic
episode or clinical neuropathy diagnosis and any of the quantitative sensory tests was observed,
with the exception of cold threshold and neuropathy diagnosis (OR 26.01 (p=0.001, CI 3.58,
189.08).
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4  DISCUSSION

Appropriateness of the Clinical Procedures Used

The general guideline for investigating neuropathies suspected to be caused by chemical
neurotoxins was outlined by Schaumburg and Spencer ( 1987) and the extent to which this
guideline was followed in this present study was given in the Introduction. Sufficient clinical
history was obtained from each subject to establish objective neuropathy symptoms and the
duration of these (see Appendix 1). All clinical tests performed here are standard procedures.
The batteries of neurological tests we used have all been clinically validated and all the tests
have been used before in previous un-related neurological studies published in the literature
(Jamal et al. 1986; Jamal et al. 2001; Jamal & Carmichael 1990; Jamal, Hansen, & Julu 2002).
These tests are in current use in most neurological centres for routine clinical evaluation of nerve
functions in normal medical practice. The battery of investigations is based on the Mayo Clinic
Methodology (Dyck et al. 1985), but were later modified and validated for the study of the
organophosphate-related neuropathies (Buchanan et al. 2002; Jamal, Hansen, Pilkington,
Buchanan, Gillham, Abdel-Azis, Julu, Al Rawas, Hurley, & Ballantyne 2002; Pilkington et al.
2001). These tests are designed to examine the functional integrity of the whole population of
peripheral nerve fibres. Thermal threshold examines the integrity of the small fibres, both thinly
myelinated and unmyelinated, which constitutes 80% of the total fibre population in peripheral
nerves. Vibration threshold, sensory and motor nerve conduction velocities examine the integrity
of large myelinated fibres that make up the minority 20% of the total fibre population in the
nerves.

Clinical Examiner Bias

This was not a controlled and blind clinical study of a random sample from a general population.
However, the clinical examiners had no prior knowledge of what each subject was exposed to or
suffering from. The clinical procedures were rigidly structured and predetermined by the
Steering Committee of the project. Moreover, the protocols were faithfully administered to every
subject indiscriminately. The clinical measurements we used are objective and quantitative with
known normal values that are in current use for routine diagnostics in the National Health
Service hospitals in the United Kingdom. These stringent procedures are sufficient to
counterbalance any tendency of examiner bias.

The Rationale for Neuropathy Examination in our Subjects

Neurotoxic effects of organophosphate substances (OP) have been reported before and were
categorised as acute, intermediate or delayed (Jamal 1995). The acute cholinergic effects
occurring within 24 hours are well documented (Taylor 1980). An intermediate neurotoxic
syndrome of OP poisoning has also been described (Senanayake & Karalliedde 1987). This may
have a different underlying pathophysiological mechanism. It tends to involve only the proximal
parts of limbs associated with neck flexor muscle weaknesses. It is also known that some OP
compounds may induce a "delayed™ polyneuropathy unrelated to inhibition of acetylcholinesterase
(Davis & Richardson 1980). This may often pass unrecognised in humans since the clinical
features can be easily overlooked (Lotti, Becker, & Aminoff 1984). This delayed neuropathy is
associated with phosphorylation of serum neuropathy target esterase leading to "ageing" of the
enzyme complex (Lotti, Becker, & Aminoff 1984). Many different OP compounds can cause
Organophosphate induced delayed neuropathy (Baker et al. 1980;Bouldin & Cavanagh
1979a;Bouldin & Cavanagh 1979b). There is additional evidence of central neurotoxicity too in
experimental animals (Abou-Donia 1979;Ahmed & Glees 1971;Davis & Richardson 1980), in
animals with accidental poisoning (Davis & Richardson 1980) and in humans (Lotti, Becker, &
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Aminoff 1984). These effects may be reversible but can persist for many years (Cherniak 1988).
There is evidence from epidemiological and other studies that OP pesticides can have other
chronic effects in both the peripheral and central nervous system either after acute intoxication or
following low-level long-term exposure (Jamal 1995; Steenland 1996). There is therefore
sufficient published evidence to suggest that the OP in pesticides is neurotoxic.

Why look for symmetrical distal polyneuropathy?

As explained in the Introduction, toxic neuropathies often affect peripheral nerves. The long-term
sequel ae of exposure to the organophosphate
symmetrical distal sensory neuropathy (Kaplan et al. 1993a). Exposure to other organophosphate
compounds including diazinon was also associated with long-term sequelae associated with
symmetrical distal polyneuropathy (Dahlgren et al. 2004). Neurological, neurophysiological and
neuropsychological study of sheep farmers and dippers exposed to organophosphate pesticides
showed a predominance of symmetrical distal polyneuropathy where small fibres were more
affected than large nerve fibres (Jamal, Hansen, Pilkington, Buchanan, Gillham, Abdel-Azis, Julu,
Al Rawas, Hurley, & Ballantyne 2002). It was therefore reasonable to direct our clinical
investigation towards establishing whether or not our subjects had evidence of symmetrical distal
polyneuropathy. The International Consensus for Clinical Investigation of Symmetrical Distal
Polyneuropathies (England et al. 2005) recommends a combination of at least one objective
symptom and either one electrodiagnostic sign or one objective clinical sign for a firm diagnosis
of this condition. This recommendation was followed in this study and here we regarded
quantitative sensory test as one of the objective clinical signs.

Clinical Symptoms

Sensory: These were largely sensory symptoms although sensorymotor symptoms were also
present. The acquired abnormal sensory symptoms were the commonest in the clinical
presentation. The acquired sensations were found in 81% of the subjects and were bilaterally
distributed. Of these acquired sensations, Pins and needles were the commonest complains. Aches
and burning sensations were less common. The natural sensation most affected was touch, which
was reduced bilaterally in the hands twice as frequently as in the feet. Loss of tactile and thermal
sensations were infrequent complains. Diminution or frank loss of the natural sensations was
found in 62% of our subjects. Since 81% of our subjects had acquired abnormal sensations, it
shows a clear dominance of the acquired abnormal sensations in these subjects. It implies that
although sensory losses do occur, the disorder of sensory processing giving rise to acquired
abnormal sensation is predominant in our subjects.

Motor: Just more than 50% of our subjects had objective motor symptoms of bilateral weaknesses
in the extremities, which shows the relative low preponderance of motor complains in our
subjects.

Autonomic: Nearly all our subjects had autonomic symptoms (about 90%). Orthostatic dizziness
was the most frequent autonomic symptom. Disorders of sweating and sexual functions were
common, but gut and bladder dysfunctions were infrequent complains. Disorders of the regulation
of cardiovascular function and thermoregulation appear to be the major presenting autonomic
symptoms in these subjects.
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Clinical Signs

Sensory losses: The sensory deficits discernable at the bedside were mainly for touch and
vibration (or pallesthesia). More than 30% of our subjects had these deficits, which was consistent
with the appropriate clinical symptoms. Abnormalities of propioception and pinprick sensations
were infrequent. These findings give firm clinical evidence of sensory losses in more than one
third of our subjects. Although the clinical symptoms suggest that touch was more frequently
affected than other sensory modalities, the bedside evidence shows that both touch and vibration
were affected with nearly equal frequencies. Very small and usually unmyelinated nerve fibres
innervating nociceptors mediate noxious sensations like pinprick, while large, thickly myelinated
nerve fibres mediate propioception. It therefore appears that the functions of nerve fibres of
extreme sizes in peripheral nerves, both the very large and the very small, are less frequently
affected in our subjects. However, light touch is mediated by superficial skin receptors called the
Mei ssener’s Corpuscles and Basket Cell s
sized myelinated AB- and thinly myelinated Ad-fibres. Vibration sensation tested using the tuning
fork in this study is mediated by Pacinian Corpuscles situated deep in the tendons and ligaments at
the joints and innervated by medium sized myelinated AB-fibres. Since the two types of sensations
are involved with about equal frequencies, it suggests that both superficial and deep sensations
were affected relatively in equal proportions. The immediate notable similarity between these two
types of sensations is that encapsulated sensory corpuscles innervated by small myelinated nerve
fibres mediate them both. Therefore, these bedside signs suggest that the neuropathy in our
subjects affects the functions of small myelinated sensory nerve fibres in peripheral nerves more
frequently than the functions mediated by unmyelinated and other larger types of myelinated nerve
fibres within the same nerve trunks. Although we have evidence of sensory losses, it cannot be
deduced from the results whether the affected nerve fibres are loss from the peripheral nerves or
their encapsulated sensory corpuscles are dysfunctional or loss. Moreover, only about one third of
the subjects have evidence of sensory losses, but 81% have symptoms of acquired abnormal
sensations. This suggests that there is an additional dysfunction of sensory processing, either at the
spinal level or higher up in the central nervous system.

Loss of tendon reflex: Abnormal tendon reflex was the commonest bedside sign, found in 45% of
our subjects. However, tendon reflex is a mixture of both sensory and motor functions and cannot
be used to exclusively assess either of these two functions. Nevertheless, it can indicate nerve
damage. Tendon reflex was most frequently affected in the Gastrocnemius muscles, which
suggests that nerve fibres in the long peripheral nerves were more vulnerable in our subjects. The
groups of muscles we used for assessing tendon reflexes; Biceps, Triceps and Supinators in the
upper limb and Quadriceps and Gastrocnemius in the lower limb, were purposely selected to
investigate the effects of the length of nerve fibre on the frequency of abnormal results. The nerve
to the Triceps in the upper limb and Quadriceps in the lower limb were the shortest in the
respective groups. The overall longest peripheral nerve in the whole group was the nerve to the
Gastrocnemius muscle. The tendon reflex in the Gastrocnemius muscle was also most frequently
affected in our subjects. We should however point out that less than 50% of our subjects had
abnormal tendon reflex, smaller than the overall proportion of our subjects with other evidence of
distal symmetrical peripheral neuropathy.

Loss of muscle power: Muscle weakness was a rare bedside sign, found in less than 20% of our
subjects. Again the long peripheral nerves were more vulnerable, where muscle power in the big
toe and the thumb were affected with equal frequencies. Considering that nearly 55% of our
subjects complained of symptoms of weaknesses, alternative explanations of these weaknesses
must be sought. Since nearly all our subjects had autonomic symptoms, of which more than 70%
was of abnormal cardiovascular regulation, it is reasonable to suggest that symptoms of muscle
fatigue of autonomic origin could be the additional problem in these subjects. Extensive
examination of various autonomic functions in a group of farmers exposed to organophosphates in
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sheep dip in the United Kingdom revealed that 73% of them had failure of cardioaccelerator
function (Julu, Hansen, & Jamal 2005). Increase in cardiac output during exercise is essential and
must happen to sustain the skeletal muscles during such physical exercises. Failure of this leads
rapidly to muscle fatigue. It is reasonable to suggest that this type of muscle fatigue is what some
of our subjects have mistakenly interpreted as losses of muscle power.

Arguments for further study of autonomic functions: The most reported complaint among our
subjects here is that of autonomic dysfunction, similarly in sheep farmers and dippers in previous
studies (Jamal, Hansen, Pilkington, Buchanan, Gillham, Abdel-Azis, Julu, Al Rawas, Hurley, &
Ballantyne 2002). It is therefore of utmost urgency now that appropriate study of the autonomic
function in suspected cases of chronic organophosphate neurotoxicity must be done. Dr Peter Julu
presented evidence of autonomic damage in chronic organophosphate neurotoxicity to the
Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment (COTYS)
in 1999, and even at that time, the committee expressed the need for a rigorous and appropriate
examination of the autonomic nervous system in a large sample of subjects (Committee on
Toxicity of Chemicals in Food 1999). This recommendation is now overdue. Further evidence in
our subjects here was in the functions of the cranial nerves. These were relatively unaffected in
our subjects similarly to what was previously observed (Jamal, Hansen, Pilkington, Buchanan,
Gillham, Abdel-Azis, Julu, Al Rawas, Hurley, & Ballantyne 2002) except that in our subject here,
the autonomic cranial nerves were rather more frequently involved than other non-autonomic
cranial nerves. For example, the iris being an autonomic organ was the most affected. The
function of the iris that is wholly controlled by the autonomic nervous system is papillary light
reflex and this was most affected among all functions of the cranial nerves with a 50% frequency
of abnormality. Other functions of the iris not controlled wholly by the autonomic nervous system,
for example the shape and the equality of the pupils in both eyes were either not affected at all or
was very rarely abnormal. Characterisation of the autonomic abnormality in chronic
organophosphate neurotoxicity remains a necessity to date.

Electrodiagnostic abnormalities: Electrodiagnostic procedure is recommended as the most
specific laboratory investigation in the diagnosis of distal symmetrical polyneuropathy (England,
Gronseth, Franklin, Miller, Asbury, Carter, Cohen, Fisher, Howard, Kinsella, Latov, Lewis, Low,
& Sumner 2005). Both nerve conduction studies (NCS) and electromyography (EMG) are
recommended, but NCS is regarded as the most specific in the diagnosis of distal symmetrical
polyneuropathy, as such, it has been incorporated into the definition of this neuropathy (England,
Gronseth, Franklin, Miller, Asbury, Carter, Cohen, Fisher, Howard, Kinsella, Latov, Lewis, Low,
& Sumner 2005). The minimum criterion recommended for the electrodiagnostic confirmation of
distal symmetrical polyneuropathy is an abnormality of just one of the attributes of nerve
conduction in two nerves, one of which must be sural nerve (England, Gronseth, Franklin, Miller,
Asbury, Carter, Cohen, Fisher, Howard, Kinsella, Latov, Lewis, Low, & Sumner 2005). Although
we have measured other attributes of NCS like compound muscle action potentials (CMAP), F-
wave latency, F-wave persistence, sensory and motor distal latencies, we have only used the
sensory and motor nerve conduction velocities for the confirmation of distal symmetrical
polyneuropathy in our subjects. This is less sensitive than EMG. Our minimum criterion for the
electrodiagnostic confirmation of neuropathy was an abnormality of either sensory or motor nerve
conduction velocity in any one of the long distal peripheral nerves we examined. It may therefore
look as if we have used a less sensitive electrodiagnostic tool purposely to reduce the overall
number of neuropathy positive subjects in our study, but our primary objective was to achieve the
maximum possible specificity in our diagnosis. Nevertheless, only a very small minority of 12%
of the subjects classified as neuropathy positive here had normal nerve conduction studies in the
long peripheral nerves we examined. The multiple abnormalities in our subjects meant that more
than 60% of the neuropathy positive subjects had abnormality of all the neurological parameters
we examined in the clinic.
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Abnormalities of quantitative sensory tests: Quantitative sensory test (QST) was not
recommended for the diagnosis of distal symmetrical polyneuropathy (England, Gronseth,
Franklin, Miller, Asbury, Carter, Cohen, Fisher, Howard, Kinsella, Latov, Lewis, Low, & Sumner
2005), but we have used it on the basis of our own experience. The only reason for not
recommending QST was that the results were very variable among different studies reviewed by
the expert panel in the Polyneuropathy Task Force (England, Gronseth, Franklin, Miller, Asbury,
Carter, Cohen, Fisher, Howard, Kinsella, Latov, Lewis, Low, & Sumner 2005). This may be due
to the variable designs of the machines used in the different studies reviewed by the panel. We
have validated our methods of QST specifically for use in the study of the organophosphate
associated neuropathies (Buchanan, Jamal, Pilkington, & Hansen 2002). The technical
improvements in our methods of QST compared with other methods currently in use has been
discussed at length elsewhere (Jamal, Hansen, Weir, & Ballantyne 1985). The strong argument in
favour of QST in the investigation of peripheral neuropathy is that it is the only objective clinical
assessment available for the majority 80% of peripheral nerve fibres. Nerve conduction studies
and EMG only assess the function of the minority 20% of nerve fibres in peripheral nerves. A
combination of QST and NCS gives a more comprehensive clinical assessment of peripheral nerve
function. We have therefore decided to include QST primarily in order to carry out a
comprehensive clinical examination of peripheral nerve functions in our subjects.

Majority of our subjects (74%) had abnormal QST and most of these (97%) had increase threshold
of cold sensation. Encapsul ated receptors <ca
myelinated Ad-fibres mediate the cold sensation in the skin areas we tested. Very small
unmyelinated nerve fibres mediate the hot sensation in the same skin area and these were less
frequently affected in our subjects. The functions of the thinly myelinated Ad-fibres were affected
nearly twice as frequently as the functions of the very small unmyelinated nerve fibres in the same
area of the skin. Situated deeper underneath in the same area of the skin of the foot, vibration
threshold mediated by relatively thickly myelinated A-fibres was least frequently affected.
Vibration sensation measured at the bedside using a tuning fork was abnormal in more than 30%
of our subjects, but when we measured accurately using the Somadic Vibrameter, it was abnormal
in just less than 20% of the subjects. This discrepancy is likely to be due to the crudeness of the
tuning fork as a clinical tool where the pressure of application on the skin is not controlled and the
damping effect of the examinenmetwacduracpaftter s on
test is poor. The Somadic Vibrameter is a well-controlled method that delivers appropriate
physiological stimuli; therefore, the results are more reliable than that of the tuning fork.
However, the results of the QST are still consistent with those of the clinical signs we obtained at
the bedside. The two sets of results both suggest that although all types of peripheral nerve fibres
are affected in our subjects, the nerve fibres of extreme sizes in peripheral nerves, that is, the very
small unmyelinated and the large myelinated fibres are less vulnerable to the neuropathy in our
subjects than the thinly myelinated Ad-fibres. Nearly all the preganglionic autonomic nerve fibres
are thinly myelinated Ad-fibres. It is therefore consistent and in deed reasonable that autonomic
symptoms are predominant in our subjects.
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5 CONCLUSIONS

We set out from the beginning of this study to look for evidence of distal symmetrical
polyneuropathy in our subjects and we have justified in the Discussion why we have focused our
investigation in this direction. All the evidence in this study confirms that there is an established
and widespread distal symmetrical polyneuropathy in the sample of the study population sent to
the WLRNC. It is a unique distal symmetrical polyneuropathy in that the overwhelming clinical
presentations are autonomic symptoms, where dysfunctions of cardiovascular and thermal
regulations are the predominant complaints. Sexual dysfunctions and gut symptoms are also
common. The somatic components of this polyneuropathy are largely sensory, presenting mainly
with symptoms of acquired abnormal sensations of which pins and needles are predominant, while
aches and pain are rare. Deficits of the natural sensations do also occur, of which touch is the main
modality affected, although vibration sensation can be affected too. This polyneuropathy has very
little motor components restricted to the distal extremities. Although there are frequent complaints
of muscle weaknesses, there is no convincing clinical evidence of this. The perceived weaknesses
are probably of autonomic origin caused by disorders of cardiovascular regulation. The long distal
peripheral nerves are the main targets in this polyneuropathy. The exact type of nerve damage in
these peripheral nerves is not clear, but the electrodiagnostic evidence, particularly from the EMG
shows a chronic neuropathy with nerve fibre losses. There are re-innervation and re-organisation
of muscle units that compensates for the nerve fibre losses and prevents muscle weakness. Nerve
fibre losses alone cannot explain the major autonomic and sensory complaints in this
polyneuropathy. Therefore, additional dysfunctions of signal processing in the central nervous
system must be considered as a possibility. Functions of the encapsulated sensory corpuscles in
the skin are rather more vulnerable than other types of sensory receptors in this polyneuropathy. It
is uncertain whether this is a special feature of this polyneuropathy. However, it was very clear
that thinly myelinated Ad-fibres were specific targets in this polyneuropathy. This can also explain
why autonomic symptoms are predominant in our subjects. The appropriate clinical investigations
for this type of distal symmetrical polyneuropathy can be worked out, judging from the most
frequently abnormal test among the battery of tests we have used. Among the bedside tests, tendon
reflex in Gastrocnemius muscle was the most sensitive test. Of the electrodiagnostic tests,
although needle EMG of the extensor digitorum brevis was the most sensitive, we instead
recommend sural sensory nerve conduction velocity because it was nearly just as sensitive, but it
is much more specific for the diagnosis of distal polyneuropathy than EMG. Of the QST, cold
sensation threshold was the most sensitive.
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APPENDIX 1

Structured Questionnaire for Detailed Clinical History
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Name: DoB: I Study no:
Date: [/ [
Investigator:

Neuropathy symptoms questionnaire
administered at the WLRNC

Muscle weakness

| am going to ask you questions about any weakness in your muscles. Weakness means loss of
power or strength right from the beginning of attempting to do something. It should not be
confused with fatigue or tiredness. (Fatigue is used to describe inability to sustain muscle
activity, which initially was of normal strength

Hands: Yes No

la Do you have a muscle weakness in the hands? A A
(Have you noticed any difficulty with the strength of your haimol?)

1b Do you have difficulty unscrewing tops of jars

due to finger or hand weakness? A A
1c Do you have difficulty buttoning or unbuttoning shirts/clothes? A A
If yes to any above:
1d Do you have your difficulty with weakness in both hands? A A
le Have the problems been there for the last month? A A
1f How long have you had this weakness? [in months]
1g Do you have pain in the hands? A A
If yes,
1h Do you think your weakness is caused by the pain alone? A A
Shoulders: Yes No
2a Do you have a muscle weakness in the upper arms or shoulders? A A
2b Do you have difficulty lifting your arms to reach objects on high shelves? A A
2c Do you have difficulty brushing your hair? A A
2d Do you have difficulty putting on your jacket? A A
If yes to any above:
2e Do you have your difficulty with weakness in both sides? A A
2f Have the problems been there for the last month? A A
29 How long have you had this weakness? [in months]
2h Do you have pain in the arms or shoulders? A A
If yes,
2i Do you think your weakness is caused by the pain alone? A A
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Feet:

3a Do you have a muscle weakness in the toes or feet?
3b Are you unable to walk on tiptoes?

3c Are you unable to walk on your heels?

If yes to any above:

3d Do you have your difficulty with weakness in both feet?
3e Have the problems been there for the last month?
3f How long have you had this weakness? [in months]
39 Do you have pain in the feet?

If yes,
3h Do you think your weakness is caused by the pain alone?
Legs/hips:

4a Do you have a muscle weakness in the legs or hips?

4b Do you have difficulty in climbing stairs?

4c Do you have difficulty in rising from a low chair?
Do you have difficulty in getting in to or out of a bath without help because of
muscle weakness (not because of loss of balance or pain) ?

If yes to any above:

de Do you have your difficulty with weakness in both sides?
4f Have the problems been there for the last month?
49 How long have you had this weakness? [in months]
4h Do you have pain in the legs or hips?
If yes,
4i Do you think your weakness is caused by the pain alone?

Negative sensory symptoms

| am going to ask you about numbness which you might call loss of feeling,
insensitivity or deadness. | will start with the hands.

Hands:

5a Do you have numbness of the hands?

5b Do have you difficulty feeling objects with your hands?

5¢ Are you unable to distinguish hot from cold water with your hands?
If yes to any above:

5d Do any of these come only occasionally and only last a few minutes?
5e Do you have this problem in both hands?

5f Have the problems been there for the last month?

59 How long have you had this abnormal sensation? [in months]

5h Are any of the problems associated with discomfort or pain?

5i Do any of the problems extend up the forearm?
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I am going to ask you about numbness which you might call loss of feeling,
insensitivity or deadness affecting your feet

Feet:

6a Do you have numbness of the feet?

6b Are you unable to feel your feet or the ground when walking?

6c Are you unable to distinguish hot from cold when taking a bath?
If yes to any above:

6d Do any of these come only occasionally and only last a few minutes?
6e Do you have this problem in both feet?

6f Have the problems been there for the last month?

69 How long have you had this abnormal sensation? [in months]

6h Are any of the problems associated with discomfort or pain?

6i Do any of the problems extend up the leg?

Positive sensory symptoms

| am going to ask you about any pain or other pecular or unusual
sensations you might have. I will start with the hands.

Hands:

72 Do you have fAburning discomforto

7b Do you have prickling sensation in the hands?

7c¢ Do you have pins and needles or tingling in the hands?

7d Do you have spontaneous pain in the hands (jabbing, stabbing,
burning, dull, sharp, toothache-like)?

7e Do you have painful unpleasant sensations in the hands for example
when touching non-painful things?

7f if yes is the pain continuous rather than occurring in intermittently?

79 if intermittently how long do they last? [in hours]

7h 1 am going to read out a list of types of pain or other strange sensations
you may have in your hands: Please say yes to any that apply to you.
(Operator: Please circle the symptoms present)

jabbing or stabbing pain  tingling/prickling aching or hurting

burning/excessively warm excessively cold tight/tightly wrapped
too sensitive pain
If yes to any of the above (Fa :
7i Do any of these problems come only occasionally
and only last a few minutes?
7] Do you have the problems in both hands?
7k Have the problems been there for the last month?
7 How long have you had this type of discomfort [in months]?
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Feet:
8a Doyou have Aburning discomforto of
8b Do you have prickling sensation of the feet?
8c Do you have pins and needles or tingling of the feet?
8d Do you have spontaneous pain in the feet (jabbing, stabbing,
burning, dull, sharp, toothache-like)?
8e Do you have painful unpleasant sensations in the feet for example
when touching non-painful things?
8f if yes is the pain continuous rather than occurring in attacks?
89 if attacks how long do they last? [in hours]

PPl - e

>
> p]

8h 1 am going to read out a list of types of pain or other strange sensations
you may have in your feet: Please say yes to any that apply to you.
(Operator: Pleas circle the symptoms present)
jabbing or stabbing pain  tingling/prickling aching or hurting
burning/excessively warm excessively cold tight/tightly wrapped
too sensitive pain

>t
p]

If yes to any of the above (@4 :
8i Do any of these problems come only occasionally
and only last a few minutes?
8j Do you have the problems in both legs?
8k Have the problems been there for the last month?
8l How long have you had this type of discomfort [in months]?

P22 gl
I >

Autonomic

I am going to ask you a number of questions; some may be difficult or embarrassing to
answer. They include questions about bowel, bladder and sexual function. They are
important and | would be grateful if you can answer them. If you feel some are too
private then you can say that you prefer not to answers.

Postural hypotension/fainting:
First some questions about fainting or light headedness.
Yes No

>
p!

9a Do you feel light headed when you suddenly change your position
(from lying to sitting position or from lying/sitting position to standing)
9b Do you faint when you suddenly change your position
(from lying to sitting position or from lying/sitting position to standing)
If yes to any of the above:

>
p]

9c Have the problem been there for the last month? A A
ad Have you fainted/felt light headed more than once during the last year? A A
%e Often while standing? A A
of Often while seated? A A
9g Often while lying? A A
9h How often [number of times per week]?

9i How long have you had these attacks of fainting/light headedness [in months]

e
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Night diarrhoea
Now some questions about diarrhoea (passing watery or loose stool).

10a Do you have night diarrhoea?
If yesto the above:
10b  Have the problem been there for the last month?
10c  Does this occur frequently (every night)?
10d  How many nights during the week?
10e  How long have you had this problem? [in months]

Loss of urinary control
Now some questions about water works/bladder function.

11a Do you have loss of control of bladder function?
(Alternative question: Do you have problem with your water works?)
If yes to the above:
11b  Have the problem been there for the last month?
11c  (For females)
Does the problem only occur when you cough, sneeze, strain or push?
11d  How long have you had this problem [in months]

1le  Can you feel yourself passing urine?

11f  Can you feel wiping yourself?

11g Do you leak without knowing it?

11h Do you feel your bladder is empty after you have passed urine?
11i Do you have difficulty starting to pass urine?

11j Do you wet the bed at night?

11k  Can you pass or hold urine when you want to?

Impotence
Now some question about sexual function.

12a (For males) Are you able to have an erection of the penis?
12b (For males) Are you able to ejaculate or come
(emission of fluid with sexual climax)?
12c Do you have loss of sexual desire?
If yes to any of the above:
12d  Have the problem been there for the last month?
12e  How long have you had this problem [in months]
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Sweating

Now some question about sweating.

Yes No
13a Have you noticed lack of sweating in your hands? A A
13b Have you noticed lack of sweating in your feet? A A
13c Do you feel you overheat because you sweat insufficiently? A A
13d Do you sweat too much in your hands? A A
13e Do you sweat too much in your feet? A A
If yes to any of the above: o
13f Do you have this problem on both sides A A
13g  Have the problem been there for the last month? A A

13h  How long have you had this problem [in months]
Other information
Yes No

14, Do you have to stop for breath when walking at your own pace N 5

on level ground? A A

15a. Do you smoke? A A

If yes,
How many manufactured cigarettes/cigars do you smoke each day?
How many ounces of tobacco do you smoke each week? Pipe/roll-ups
If no, 3 3
15b Have you ever smoked? A A
If yes, in what year did you stop
16. Do you drink alcohol? A A
If yes, number of pints beer or lager  /week
number of glasses wine or spirits /week
17. Are you on medication? A A

If yes, please complete below

name of medicationsize of tablet(mg) number of tablets/day since which date
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18.

19.

20.

21.

22.

Yes No
Does anyone in your family have muscle weakness or sensory loss? A A

Do any of your relatives have excessively high arches
of the feet with or without curled toes?

>t
p>]

If yes, which of the following are affected? (Operator: please circle)

grandparents, uncles or aunts, parents, brothers or sisters, children, #
nephews or nieces, grandchildren

Yes No
Has a Doctor ever told you that you have a neurological disease? A A
If yes ,please complete:
Name of disease:
Duration:
Hospital
GP
Who diagnosed the condition? A A
Do you have any other disease? A A

If yes, please complete:
Type Duration
Diabetes
Thyroid
Other
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APPENDIX 2

Common Medications That Can Cause Peripheral Neuropathy
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Drugs known to cause neuropathy consistently

These drugs are known to cause sensory neuropathy with distal axonopathy (abnormality of
nerve fibres) consistently and often these are sensorymotor disorders, therefore could be
confused with the neuropathy we are investigating in the SHAPE-study.

Drugs used in the treatment of cancer

Cis-platinum
Suramin
Taxol
Vincristine

Drugs used in treatment of infections

Chloroquine (also used in rheumatoid arthritis)
Dapsone (also used in other skin conditions)

Isoniazid (anti-tuberculous)

Metronidazole (used in bowel infections)
Nitrofurantoin (used in kidney infections)
Dideoxycytidine (ddC) (Anti-viral drug used in AIDS)

Drugs used in heart conditions and treatment of high blood pressure
Amiodarone (used in arrhythmias)
Hydralazine (used in high blood pressure)
Perhexiline (used to treat angina)
Drugs used to manipulate the central nervous system
Nitrous oxide (a general anaesthetics)
Thalidomide (also used to treat some skin conditions)
Phenytoin (used to treat epilepsy)
Drugs used in miscellaneous treatments
Colchicine (for treatment of gout)
Disulfiram (for treatment of alcohol addiction)
Pyridoxine (vitamin B6, must be very large doses)
L-Tryptophan (food supplement of dubious preparations)
Drugs that are often abused

Heroin
Amphetamine (ecstasy)
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APPENDIX 3

Fixed Protocol for Bedside Neurological Examination
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Name:

Neuropathy (signs) Record Sheet
administered at the WLRNC

Study no:

Date: [/ [
Investigator:

R L
Cranial Nerves Yes No Yes No
111, IV, VI Extra-ocular weakness A A A A
l11 Pupils sizes normal A A A A
Pupils’ reaction to |ifhtAnor mal A
Comment on pupils (large or small) ( ) ( )
V Sensory & motor weakness A A A A
VIl Facial weakness A A A A
X Palate weakness A A A A
X1l Tongue weakness A A A A
Score Key
Reflexes (0-2) Biceps _
(right side) Triceps _
Supinator _ 0: normal
Knee - 1: present only on
Ankle _ reinforcement
Sum of scores (0 - 10) _ 2: absent,
Sensation (0-4) Pin prick _
(right side) Vibration - 0: normal
Fine touch _ 1: reduced below
Position ankle

Sum of scores (0 - 16)

: reduced below knee,
: reduced in hand and

below knee

: reduced below

elbow and below
knee.

Muscle Power (0-5)
(right side)

LL dist (big toe)

LL intrm (foot dorsiflexion)
LL prox (knee extension)
UL dist (FDI)

UL intrm (wrist dorsiflexion)
UL prox (elbow extension)
Sum of scores (0 - 30)

0:
1:

2:

3:

4:

5:

Inverse MRC scale

normal power
active movement
against resistance
active movement
against gravity
active movement,
gravity eliminated
flicker of
contraction

no contraction
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APPENDIX 4

Records of the Electrodiagnostic Studies
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Name:

Study no:

Nerve conduction

Date: [/ [
Investigator:

Nerve Conduction & EMG Record Sheet
administered at the WLRNC

(Right side) Com. Per. nerve Median nerve Sural Median
Motor Motor Sensory| Sensory
Stimulation site Ankle Knee Wrist Elbow Ankle Finger
Latency [ms]
Amplitude mV mV Y4 \Y4
Conduction distance
Cond. velocity [m/s]

F wave latency

LEE B B B R I DR R L K R K N O K O K
* F FFEFEEFEEEFEEFEFEEFEFEEEE

F wave persistence (%)

* ¥ F FFEFEFEFEEFEFEFEEFEEFEEFEFEEEE
LEE B L B BE L N R R L K R K BN R K K R R K
L A E R R EEEEEEEEEEREE RN ]

EMG Needle No:
Right Right Right
Ext Dig Tib Ant Ext Dig
Brev Com

Fibril
Spontaneous Pw/Atrof
activity Fasc

HFD
Motor unit Amp
potentials Dur

%

Polyph
Interference Density
pattern Amp Sum of
Stability (yes- no) scores (0-6)
Score

(Score 0 0 - 15% polyphasic and no spontaneous activity
1 15 - 35% polyphasic and/or spontaneous activity
2 >35% polyphasic and prosuse spontaneous activity
EMG Investigator:
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APPENDIX 5

Results form for Quantitative Sensory Tests (QST)

59



Name:

I/ Studyno:
Date: [/ |/

Investigator:

Sensory Test Record Sheet
administered at the WLRNC

Thermal Sensation Test

Dorsum right foot

Vibration Sensation Test (Somedic)

Heat threshold °C

Cold threshold °C

(Vibration threshold = average of last three means showing < 10 % variation)

Right 1st metatarsal bone

nYeso ANoO [ Testmean

um

Right index metacarpal bone

iYesoO fiNoo L Testmean
um

Vibration threshold

Vibration threshold
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