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neuropathy have a fivefold increased risk of falling®-13.

In Denmark the patients, especially the elderly, who fall can be
referred to the fall clinic, a specialized geriatric clinic, to identify and treat
risk factors for falling, including screening for peripheral neuropathy
with the monofilament and the tuning fork.

The potential increase in fall risk due to peripheral polyneuropathy
may be a result of both large fibre and small fibre dysfunction. The
symptoms of large fibre neuropathy mainly affect light touch, vibration
sense, and proprioception possibly causing impaired balance, gait and
muscle weakness, whereas the small fibre dysfunction can result in
abnormal pain and temperature sensation causing impaired balance,
and autonomic deficit causing postural hypotension'*'’.

One of the clinical features of distal sympathetic small fibre
neuropathy is orthostatic hypotension, which is a common symptom in
the elderly and associated with increased fall risk'®-2°.

The veno-arteriolar reflex is a local cutaneous reflex in the peripheral
autonomic nervous system, associated with postural changes and
orthostatic hypotension?-?2, Previous studies indicate that the veno-
arteriolar reflex is impaired in type 2 diabetics with neuropathy, when
estimated with the laser Doppler flowmetry and the heat-washout
method?*-%.

It is essential to diagnose peripheral neuropathy as it is often
associated with treatable systemic disorders, furthermore, early
identification of peripheral neuropathy may be an important element
in preventing falls, but the clinical evaluation of peripheral neuropathy
in the elderly can be very challenging?’?8, among others because the
cognitively impaired patients may have difficulties understanding and
responding verbally to the examination tests, and thus indicating if
the perception is perceived. Furthermore, the common symptoms of
peripheral neuropathy may not be as straightforward in older patients®®.
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The most commonly used, routine clinical diagnostic
tools for assessing peripheral nerve dysfunction in
diabetic patients and fall patients are examination of
vibration perception threshold with the tuning fork,
and sensory perception with the monofilament, while
the vibration perception threshold measured by the
biothesiometer is often used as a gold standard for
peripheral neuropathy>!%1529-3, The validation of these
tests is, however, challenged by a number of factors related
to both the patient and the clinician, furthermore, they are
only useable for assessing large fibre neuropathy>1534,

The evaluation of the orthostatic blood pressure is fairly
straightforward and is readily done in clinical practice as
part of the fall assessment®2,

The aim of this present study was to evaluate the routine
clinical modalities for examine peripheral neuropathy
in the geriatrician fall assessment, and to compare these
methods to an objective method, the heat-washout method,
which may be a better option when assessing peripheral
neuropathy in older, fall patients:

e Examine elderly fall patients diagnosed with
peripheral neuropathy with the heat-washout
method for assessing the veno-arteriolar reflex.

e Compare the results from the heat-washout method
with three commonly used simple neurological
screening methods:

e Themonofilament for assessingloss of protective
sensation.

e The tuning fork for assessing impaired vibratory
sensation.

e The biothesiometer for assessing impaired
vibratory sensation.

e Compare the result from the heat-washout method
with the orthostatic blood pressure for assessing
the peripheral autonomic nervous system.

Methods

Fifteen patients diagnosed with peripheral neuropathy
according to the ICD10 codes® in relation to the fall
assessment were enrolled in the study in the Fall clinic
at department of Internal Medicine, Geriatric section at
Copenhagen University Hospital, Herlev, Denmark. The
patients were diagnosed with peripheral neuropathy by
medical doctors in the fall clinic based on the patient’s
clinical history, examination, and diagnostic assessment
with the routine clinical bedside tests in the fall assessment:
The monofilament and the tuning fork.

Mean age was 76.2 years (range 62-86 years), 7 males,
and 8 females. One patient was diagnosed with type 2
diabetes and treated with Insulin.

All patients included in this study were tested for
peripheral neuropathy with the monofilament, the
biothesiometer, the tuning fork, and the heat-washout
method in the Fall clinic. Additionally, all the patients were
tested with orthostatic blood pressure corresponding to
the fall assessment. Generally, the examination with the
monofilament and the tuning fork were achieved in relation
to standardized clinical evaluation according to the visit at
the Fall clinic. The other tests, including any absent above-
mentioned neurologic test, were performed at a second
visit in the Fall clinic by a clinician.

The study protocol was approved by the Ethical
Committee (H-15002239), and the Danish Health and
Medicines Authority. All the participants provided written
informed consent.

The biothesiometer, the tuning fork, the monofilament,
and the orthostatic blood pressure

The biothesiometer: Vibration perception threshold
was measured with the biothesiometer. The probe was
bilaterally applied perpendicularly to the apex of hallux.
The voltage was gradually increased by the clinician, and
vibration perception threshold was defined as the voltage
level, when the patient first felt the vibration. The test was
repeated three times on each foot, and a mean was taken.
A mean vibration perception threshold value equal to or
above 25 mV was considered abnormal, and an indication
of peripheral neuropathy3%%,

The tuning fork: The vibration perception was,
furthermore, tested with the 128 Hz tuning fork. The tuning
fork was applied bilaterally with the on-off method to the
medial malleolus. Absent or reduced perception on either
malleolus was considered abnormal, and an indication of
peripheral neuropathy?®.

The monofilament: The pressure perception was
examined with the monofilament. The monofilament was
applied bilaterally on the sole of the foot on three standard
points (plantar surface of distal hallux, 1%*tand 5™ metatarsal
heads). The patient was prevented from seeing when and
where the clinician applied the monofilament. The patient
was instructed to indicate, when the perception of the
monofilament was recognised, and subsequently identify
on which foot the perception was perceived. Inability
to perceive the sensation at any sites was considered
abnormal and an indication of peripheral neuropathy?®’.

The orthostatic blood pressure: The patients’ blood
pressure was measured initially with the patient in supine
position, afterwards the patient was changing position
from supine to up-right posture and blood pressure was
measured immediately and every minute for at least five
minutes. A reduction of systolic blood pressure of at least
20 mm Hg or diastolic blood pressure of at least 10 mm Hg
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within 3 minutes of standing was considered abnormal and
an indication of orthostatic hypotension3#3°,

The heat-washout method: The heat-washout method
is an objective, non-invasive method measuring the blood
flow rate in ml (100 g - min)'in the 2-3 mm superficial
layer of the skin (the cutis) to examine the presence of the
veno-arteriolar reflex, a cutaneous sympathicus reflex.

The patient was covered with blankets during the
examination to ensure warm hands and feet and thus
dilated arterioles to achieve a maximal cutaneous blood
flow rate.

The probe was attached on the skin in the first toe
interstice of the forefoot avoiding visible veins. The foot was
placed at heart level during the first measurement, and 50
cm below heart level at the second measurement, resulting
in an increase in the toe blood pressure of approximately
40 mm Hg. A reduction in the blood flow rate of more than
30% with the foot placed below heart level indicated that
the veno-arteriolar reflex was present. Lack of the veno-
arteriolar reflex indicates that the peripheral sympathetic

nervous system may be damaged due to neuropathy?®. For
detailed information of the heat-washout method, please
see Midttun et al. 2013 and 19962%%,

All the patients tolerated the heat-washout method
without any discomfort.

Results

We found that eleven of the fifteen patients had impaired
veno-arteriolar reflex in both legs. In three patients the
veno-arteriolar reflex was only impaired in one leg (table
1).

The result of the heat-washout method was consistent
with the results of the biothesiometer in 50%, with the
tuning fork in 73%, and with the monofilament in 70%
(figure 1-3).

The result of the monofilament was consistent with the
result ofthe tuning forkin 63%, and with the biothesiometer
in 67%. The tuning fork and the biothesiometer
correspondingly evaluated the vibrotactile perception, but
there were only similar results in 63% (figure 4).

No Foot Monofilament Tuning fork Biothesiometer Heat-washout method = Orthostatic Blood Pressure
Right: Normal Abnormal Normal Normal

1 Normal
Left: Normal Abnormal Abnormal Normal
Right: Normal Abnormal Normal Abnormal

2 Abnormal
Left: Normal Abnormal Normal Abnormal
Right: Normal Abnormal Abnormal Normal

3 Abnormal
Left: Normal Abnormal Normal Abnormal
Right: Abnormal Abnormal Abnormal Abnormal

4 Abnormal
Left: Abnormal Abnormal Abnormal Abnormal
Right: Abnormal Abnormal Normal Abnormal

5 Normal
Left: Abnormal Abnormal Normal Abnormal
Right: Normal Abnormal Normal Abnormal

6 Normal
Left: Normal Abnormal Normal Abnormal
Right: Abnormal Abnormal Normal Abnormal

7 Abnormal
Left: Abnormal Normal Normal Abnormal
Right: Abnormal Abnormal Abnormal Normal

8 Normal
Left: Abnormal Abnormal Abnormal Abnormal
Right: Abnormal Abnormal Abnormal Abnormal

9 Normal
Left: Abnormal Abnormal Abnormal Abnormal
Right: Abnormal Abnormal Abnormal Normal

10 Abnormal
Left: Abnormal Abnormal Abnormal Abnormal
Right: Abnormal Abnormal Abnormal Abnormal

11 Normal
Left: Abnormal Abnormal Abnormal Abnormal
Right: Abnormal Abnormal Abnormal Abnormal

12 Normal
Left: Abnormal Abnormal Abnormal Abnormal
Right: Abnormal Normal Normal Abnormal

13 Abnormal
Left: Abnormal Abnormal Abnormal Abnormal
Right: Normal Normal Abnormal Abnormal

14 Abnormal
Left: Normal Abnormal Abnormal Abnormal
Right: Abnormal Abnormal Abnormal Abnormal

15 Abnormal
Left: Abnormal Abnormal Normal Abnormal

Table 1: The observations in patients with peripheral neuropathy.
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Heat-washout
method

Biothesio-
meter

Figure 1: Venn diagram showing overlap between results for the
heat-washout method, the tuning fork, and the biothesiometer.
The heat-washout method overlapped with the tuning fork in
nine cases and with the biothesiometer in two cases, overlap
between the biothesiometer and the tuning fork in six cases. All
three methods overlapped in thirteen cases.

Biothesiometer

Monofila-
ment

Figure 4: Venn diagram showing overlap between results for
the biothesiometer, the monofilament, and the tuning fork. The
biothesiometer overlapped with the monofilament in six cases,
and with the tuning fork in five cases, overlap between the
monofilament and the tuning fork in five cases. All three methods
overlapped in fourteen cases.

Heat-washout
method

Monofila-
ment

Figure 2: Venn diagram showing overlap between results for the
Heat-washout method, the monofilament, and the tuning fork.
The heat-washout method overlapped with the monofilament in
five cases, and with the tuning fork in six cases, overlap between
the monofilament and the tuning fork in three cases. All three
methods overlapped in sixteen cases.

Heat-washout
method

Biothesio-
meter

Monofila-
ment

Figure 3: Venn diagram showing overlap between results for the
heat-washout method, the monofilament, and the biothesiometer.
The heat-washout method overlapped with the monofilament in
eight cases, and with the biothesiometer in two cases, overlap
between the monofilament and the biothesiometer in seven
cases. All three methods overlapped in thirteen cases.

We observed a similarity in the results between the
heat-washout method and atleast two of the three methods
in 60% of the cases. We found full consistency between

all four tests in 40% of the cases. In 47% we found full
consistency between the monofilament, the tuning fork,
and the biothesiometer.

We only observed disagreements between the results
for the heat-washout method and the three other tests in
7% of the cases.

All the patients had abnormal results in at least one
of the tests, with 90% abnormal result in the tuning fork,
67% abnormal in the monofilament, 60% abnormal in the
biothesiometer, and 83% abnormal in the heat-washout
method.

We found that eight patients had orthostatic
hypotension measured by orthostatic blood pressure, and
we found correlation between the heat-washout method
and the orthostatic blood pressure result in nine patients
(60%) assuming that lack of the veno-arteriolar reflex in
one leg was an indication of autonomic neuropathy:.

Discussion

In the present study we evaluated the use of the heat-
washout method for identifying peripheral neuropathy
by examining the veno-arteriolar reflex and compared the
results with the most commonly used bedside methods to
diagnose peripheral neuropathy in the fall assessment. We
found impaired veno-arteriolar reflex in 93% of the elderly
fall patients diagnosed with peripheral neuropathy, and
found a relatively good correlation between impaired veno-
arteriolar reflex and orthostatic hypotension. Furthermore,
in the six remaining patients with diverse result in the
heat-washout method and the orthostatic blood pressure,
we observed that the veno-arteriolar reflex was impaired
without the orthostatic blood pressure was affected. This
may indicate that an impaired veno-arteriolar reflex is
present earlier than the orthostatic blood pressure is
affected in peripheral neuropathy, but this needs to be
studied in a larger follow up study.
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We found impaired vibration perception in all fifteen
patients (three patients had only abnormal vibration
perception in one leg), when tested with the tuning fork.
We found consistency between the result of the tuning
fork and the biothesiometer in 63%, both tests evaluating
vibrotactile perception. Furthermore, we only found
consensus in 63% of the three simple methods to evaluate
large fibre neuropathy. This concordance is similar to a
cross-sectional study comparing the routine clinical tools
for distal symmetric polyneuropathy, comprising the
tuning fork and the monofilament with the biothesiometer
and the skin biopsy?.

This discrepancy may reflect the concern that the
biothesiometer, the monofilament, and the tuning fork
are potentially challenged by variation in the clinical
examination comprising testing technique, for instance
disagreements about exact pressure applied and testing
anatomicsite selection, furthermore, varying interpretation
of the findings, for instance, if loss of the vibrotactile
perception may be a normal physical finding in the very old
subjects or indicates peripheral neuropathy?’#!. Moreover,
cognitively impaired patients may have difficulties
understand and respond verbally to the test, and thus
indicating if the perception of the monofilament, the
biothesiometer, or the tuning fork is perceived.

We found impaired veno-arteriolar reflex in fourteen
of the fifteen elderly fall patients (93%) diagnosed
with peripheral neuropathy at the Fall clinic indicating
peripheral autonomic neuropathy?%42,

The heat-washout method is an objective, non-
invasive test, which is easy to perform and without any
discomfort for the patient. Furthermore, the method is
age-independent and can be used without considering the
patient’s cognitive or physical performance.

The heat-washout method examines the small,
unmyelated C fibre in the peripheral autonomic
nervous system, which may be associated with postural
hypotension?*2. A previous study found that the veno-
arteriolar reflex seems to be reduced in patients with distal
peripheral neuropathy causing postural hypotension, when
examined with the laser Doppler Flowmetry*.

Small fibre neuropathy can be difficult to identify,
because the clinical signs of small fibre neuropathy are
usually minimal**, The consequence can be disabling
though, therefore, the use of a reliable, objective method
to increase the sensitivity of the peripheral autonomic
neuropathy diagnosis may be valuable. Furthermore,
previous studies primarily concerning diabetic neuropathy
have proposed that small fibre neuropathy might be
the first sign of neuropathy, and therefore tests which
predominantly assess the status of the small fibre may be
valuable to establish preventive care!®184546,

It is essential to consider that the monofilament, the
biothesiometer, and the tuning fork evaluate the presence
of large fibre sensory neuropathy, whereas the heat-
washout method assess the small, unmyelated C fibre®.
However, in many conditions, peripheral neuropathy is
probably a mixture of small and large fibres neuropathy*®.
Consequently we could notidentify a substantial association
between the results of the heat-washout method and the
results from the monofilament, the tuning fork, and the
biothesiometer, but the result is consistent with previous
studies combining the routine clinical tools>3*3°

However, the clinical evaluation of peripheral
neuropathy is challenged by depending on unavailable
and time-consuming test as the nerve conduction study, or
be dependent of tests that rely primarily on the subjects’
verbal response as the monofilament, the tuning fork, and
the biothesiometer. Additionally, the most commonly used
routine clinical tools for assessing peripheral neuropathy
primarily assess the large fibre and may not be effective in
detecting peripheral autonomic neuropathy®*’. Therefore,
the heat-washout method may be a valuable supplement
for assessing peripheral neuropathy, particularly in the
elderly, fall patients, considering that peripheral autonomic
neuropathy is an important element in the causal pathway
to falls among the elderly*?, and the test is independent of
the patients cognitive status. Especially given that a decline
in cognitive performance is associated with increased risk
of falls, and many fall patients are cognitive impaired**°.

This study indicates that the heat-washout method may
be useful for assessing peripheral autonomic neuropathy in
the elderly, but more studies of larger well-defined groups of
elderly patients with and without peripheral neuropathy, as
well as comparable studies with the heat-washout method
and other methods testing the sympathetic response, for
instance, the sudomotor axon reflex test, the cardiovagal
and adrenergic autonomic testing, the Valsalva manoeuvre
and the skin biopsy are recommendable.

This study has some limitations. Firstly, we included a
relatively small number of patients, and we did not assess if
the orthostatic hypotension could be due to other diseases
or drugs.

Furthermore, in this study we did not apply any
amnestic neurological symptoms or score system
for evaluating neuropathy, for instance, the Diabetic
Neuropathy Examination score system or the Diabetic
Neuropathy Symptom score system, because the evidence
are sparse, and the score systems are developed and tested
on diabetics®®. Furthermore, the selected cut-off value for
the different tests may be debatable, and thus result in
inaccurate evaluation, but the most common evaluations
were used. Additionally, the clinical history may be
unreliable, and testing methods to examine peripheral
sensory neuropathy such as the monofilament, the tuning

Page 5 of 7



Gjerum LE, Midttun M. J Neurol Neuromedicine (2017) 2(6): 1-7

Journal of Neurology & Neuromedicine

fork, and the biothesiometer depend entirely on the
patient’s statements®®.

The most commonly used methods to assess peripheral
neuropathy have primarily been made to evaluate diabetic
neuropathy among relatively young subjects, therefore,
more studies on the elderly fall patients is relevant,
especially assessment of the peripheral autonomic
dysfunction, since it can be subclinical, might precede large
fibre neuropathy, and it is an important risk factor for falls
and overall mortality!618:19.27:28:44:45,

Conclusion

The prevalence of peripheral neuropathy is increasing
with age, and associated with increased fall risk. The routine
clinical tools to diagnose peripheral nerve dysfunction may
be inaccurate and inapplicable to the elderly patients.

The aim of this study was to compare the heat-
washout method with the three commonly used routine
clinical tools, the monofilament, the tuning fork, and the
biothesiometer in fifteen fall patients diagnosed with
peripheral neuropathy. Furthermore, we compared the
result of the heat-washout method with the results of the
orthostatic blood pressure.

The result of the heat-washout method was consistent with
the results of the biothesiometer in 50%, with the tuning fork
in 73%, and with the monofilament in 70%. We only found
consensus between the three routine clinical tests in 63%,
although all tests evaluate peripheral large fibre neuropathy.

We found impaired veno-arteriolar reflex in 93% of
the patients diagnosed with peripheral neuropathy, and
found a relative good correlation between impaired veno-
arteriolar reflex and orthostatic hypotension.

Theheat-washoutmethod maybe avaluable supplement
for examining peripheral neuropathy, especially in elderly
patients, who might be cognitively impaired, given that
the heat-washout method is an objective, non-invasive,
age independent method without any discomfort for the
patient. Furthermore, the method evaluate the peripheral
small fibre nervous system, which may be the first
indication of peripheral neuropathy, but difficult to identify
with non-invasive methods.

We therefore conclude that the heat-washout method
may be useful for assessing peripheral autonomic
neuropathy in elderly patients.
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