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Objective: Investigate the association of peripheral autonomic neuropathy (PAN) symptoms and sympathetic skin response
(SSR) in the patients with diabetic polyneuropathy (DPN) as a pilot study in Thai patients.

Material and Method: Sixty-eight DPN patients’ limbs, conducted retrospectively between June 2012 and January 2014,
were included and divided into two groups, 48 abnormal SSR limbs and 20 control limbs, respectively. All clinical data,
demographic characteristics, PAN symptoms, and other associated factors were compared and analyzed.

Results: A comparison between abnormal and normal SSR groups in DPN limbs showed no significant differences of age,
gender, body mass index (BMI), comorbidity of hypertension and dyslipidemia, duration of PAN symptoms, associated
neurological signs of impaired light touch sensation, and muscle weakness or atrophy (p-value >0.05). The PAN symptoms,
either anhidrosis or hypohidrosis, and hyporemia showed significantly correlated to abnormal SSRs (p-value = 0.003 and
0.028, respectively). Among symptoms of somatic small fiber neuropathy (SFN), burning paresthesia, and reduced thermal
sensation revealed significantly correlated to abnormal SSRs (p-value = 0.032 and 0.021, respectively). Moreover, the study
showed that history of fall in six months, history of foot ulcer in three months, impaired pinprick sensation, impaired
proprioceptive sensation, decreased deep tendon reflex, burning paresthesia, reduced thermal sensation, either anhidrosis
or hypohidrosis, and hyporemia had significantly associated with the occurrence of abnormal SSRs (p-value <0.05).
Conclusion: There was the association between PAN symptoms and abnormal SSRs in DPN patients’ limbs. These data
support the recent findings of several studies that abnormal SSR has the association with history of foot ulceration in diabetic
patients. It warrants further investigation into the clinical utility of the SSR in diabetic patients.
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Peripheral sensorimotor neuropathy and
autonomic neuropathy are the most common
neuropathies in patients with diabetic mellitus (DM),
with a prevalence of 30 to 70%"-%. The diabetic
autonomic neuropathy (DAN), either clinical or
subclinical, is more difficult to diagnose or probably
undiagnosed®. Several studies demonstrated that
diabetic peripheral neuropathy (DPN) does not
necessarily coexist with DAN in diabetic patients!-=>7.
For autonomic innervation of the peripheral nervous
system (PNS), it is known that autonomic nerves
consist of small myelinated and unmyelinated
fibers®®. They are present in skin (somatic fibers and
sudomotor fibers), peripheral nerves, and organs,
which involve the autonomic nervous system (ANS)®.
Damage of theses fibers is characterized by small fiber
neuropathy (SFN)®-19,
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Peripheral autonomic neuropathy (PAN)
results in the atrophy of sweat glands and decreased
sudomotor response that may affect the skin’s
suppleness and flexibility that prevent skin cracks and
ulceration and may also reduce sweating, leading to
abnormal skin conditions, such as dryness, fissures,
and blisters"""'3, The prevalence of PAN, as determined
by the presence of two or more clinical signs, has
recently been estimated to affect about 40% of
diabetic patients aged 40 to 70 years!'*!'>, PAN is
usually evaluated through sweat function, using the
sympathetic skin response (SSR), or by quantitative
sudomotor axon reflex test (QSART)("15:19 Clinically
high-special skill and instruments, such as the QSART,
skin vasomotor reflex (SVR) test, or microneurographic
study, are performed in relatively few research
or medical centers!'*'® and this subject is still
controversial. These methods require specialized
training and are time-consuming procedures, not
widely available. Therefore, the diagnosis or assessment
of PAN is difficult and needs more specific autonomic
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markers for analysis'®2?. Moreover, this analysis lacks
areliable quantitative method for clinical practice. An
important limitation is the insufficiency of the other
standard diagnostic methods or techniques accepted to
investigate definitely autonomic SFN(6:18.21-25),

SSR is a simple, non-invasive test of skin
sympathetic activity, which can be readily performed
in most electrodiagnostic (EDX) laboratories to
explore the effector organ response involving SFN.
It is a reflex change in the sweat related electrical
potential of an area of skin as elicited by various
unexpected adrenergic stimuli, such as an electrical
shock to a somatic nerve®!'-1¢17 However, it does not
reflect a selective post-ganglionic dysfunction®2¢27,
Nevertheless, SSR is a widely available and inexpensive
method for assessing small fiber sudomotor function
in PAN®%15_ Therefore, this method is suitable to
investigate PAN. Because there is no published study
in Thai patients, the present study aimed to investigate
the association of PAN symptoms and SSR tests in the
Thai patients with DPN.

Material and Method
Participants

Twenty consecutive diabetic participants
with 80 limbs were recruited to the study. They were
obtained from the EDX laboratory of the Faculty of
Medicine at Naresuan University. The present study
was conducted retrospectively between June 2012 and
January 2014.

Study protocol

According to the study protocol, all recruited
participants’ limbs were included and divided in
two groups. Group I was the abnormal SSR group. The
patients’ limbs (n = 48 from 12 diabetic patients)
diagnosed DPN with abnormal SSR findings using
clinical assessment and EDX method. The inclusion
criteria were 1) patients’ limbs diagnosed as DPN were
enrolled by history of known diabetes, 2) there was
EDX evidence of mixed sensorimotor polyneuropathy,
3) presented at least one of clinically PAN or somatic
SFN symptoms, 4) the SSR findings were obtained from
all DPN limbs, and 5) examined by the same physiatrist.
A history of limb surgery or trauma, peripheral
nerve injury or neuropathy, plexopathy/plexitis, and
cervical or lumbosacral radiculopathy were excluded.
According to variability of polyneuropathy, diabetic
patients with EDX findings exhibiting a chronic
inflammatory demyelinating polyneuropathy (CIDP)
or other advanced DPN were excluded because these
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abnormalities may confound the association between
the PAN symptoms and SSR findings.

The second group was the control group.
They were the patients’ limbs (n =20 from 5 diabetic
patients) diagnosed as having normal SSR findings
by the EDX evidence.

Evaluation of PAN, SSR, and DPN

The clinical diagnosis of PAN was based on
one or more of the follows, 1) skin sodomotor
symptoms, including anhidrosis or hypohidrosis, and
hyperhidrosis, 2) skin vasomotor symptoms, including
hyporemia and hyperemia. In addition, the diagnosis
of somatic SFN was based on one or more of the
following: burning paresthesia, allodynia, and reduced
thermal sensation®!1%2D,

The SSR parameters were established by the
presence or absence of a SSR waveform. The absence
of a SSR waveform was determined to be abnormal ®!®).
The SSR tests were performed using a Micromed
electromyography machine in a supine position and
relax in a warm and quiet room. The skin temperature
of'the hands and feet was maintained at or above 32°C.
The room temperature was kept at 20 to 25°C. Active
surface electrodes were placed in the center of palm
and sole, and reference electrodes were placed on the
dorsum of hand and foot. The stimulus consisted of a
brief square wave electrical pulse, duration of 0.2 ms,
intensity 15 to 30 mA, filter settings of 0.6 to 60 Hz,
time interval of 1 second/division, sensitivity of 0.1
to 1.0 mV/cm, and the total analysis time was set at
10 seconds. The nerve stimulations of bilateral median
nerves at wrist and tibial nerves in the ankles were
applied to all four limbs consecutively. The SSR stimulus
was performed four repetitions per test®!>1322, The
SSR characteristics were measured and recorded.

The DPN was diagnosed by EDX evidences
of mixed sensorimotor polyneuropathy in known
diabetic patients!!*2829,

Fig. 1 showed a flow chart of all recruited
participants’ limbs. The study was approved by
the Ethics Committee of the Naresuan University
Institutional Review Board (IRB No. 229/57).

Statistical analysis

Statistical analysis was performed using
SPSS for Windows version 17.0. The data and each
EDX parameter were analyzed using descriptive
statistics, including mean and standard deviation (SD).
Numbers and percentage were also presented for
clinical and demographic characteristics. Comparison
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of demographic data and all EDX parameters
between groups of patients’ limbs were evaluated by
Mann-Whitney U, Fisher’s exact, or Chi-square test.
Spearman correlation coefficient and binary logistic
regression were applied to determine independent
correlation and association between the PAN and
SSR in DPN limbs. Crude odds ratio (crude OR) with
a 95% confidence interval (95% CI) was used to
measure strength of the association. A p-value <0.05
was considered statistically significant.

Results

Five DPN patients with normal SSR (n =20
limbs) with a mean age of 56.8+6.7 years served as
controls, and 12 DPN patients with abnormal SSR
(n = 48 limbs) with a mean age of 58.1+7.3 years,
respectively. Three DPN patients were excluded from
the study, consisted of two patients that had EDX
evidence of bilateral carpal tunnel syndrome (CTS)
and one patient that had CIDP. Compared with the
controls, there was no significant difference of age,
gender, body mass index (BMI), comorbidity of
hypertension and dyslipidemia, duration of PAN

Total of all participants’ DPN limbs
(n =80)

« Combined CTS or median neuropathy
(n=8)
«CIDP (n=4)

Control group | Abnormal SSR group

i Clinical assessment

EDX and SSR findings 1 Crmal SSR fimbs
(n=48)

| Primary outcome measurement ‘

Normal
SSR limbs
(n=20)

Associated factors: e.g., history of fall in 6 months,
history of foot ulcer in 3 months, impaired pinprick
sensation, impaired proprioceptive sensation,
decreased deep tendon reflex, burning paresthesia,
reduced thermal sensation, either anhidrosis or
hypohidrosis, and hyporemia

Fig. 1  Flow chart of all recruited participants’ limbs.
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Fig.2  Examples ofthe SSR waveforms were demonstrated
(A) Presence of SSR waveform or normal SSR, and

(B) Absence of SSR waveform or abnormal SSR.
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symptoms, associated neurological signs of impaired
light touch sensation, and muscle weakness or atrophy.
History of fall in six months®?, history of foot ulcer in
three months®?, impaired pinprick sensation, impaired
proprioceptive sensation, decreased deep tendon reflex
showed markedly significant differences (p-value =
0.005,0.001,<0.001, 0.003, and <0.001, respectively).
The comparison of these demographic and clinical
characteristics between the abnormal and normal
SSRs is summarized in Table 1.

The correlation between PAN symptoms
and SSR findings in Table 2, either anhidrosis or
hypohidrosis, and hyporemia had significantly
correlated to abnormal SSRs (p-value = 0.003 and
0.028, respectively). However, there was no significant
correlation between hyperhidrosis and abnormal SSR
(p-value =0.901). Moreover, there was no DPN limbs
presented hyperemia in both abnormal and normal
SSR groups.

Among the symptoms of somatic SFN,
Table 3 showed that burning paresthesia and reduced
thermal sensation had significantly correlated to
abnormal SSRs (p-value =0.032 and 0.021, respectively),
but the presence of allodynia showed no significant
correlation (p-value = 0.270).

The binary logistic regression analysis of the
neurological signs and symptoms related to abnormal
SSRs, these results showed that history of fall in six
months, history of foot ulcer in three months, impaired
pinprick sensation, impaired proprioceptive sensation,
decreased deep tendon reflex, burning paresthesia,
reduced thermal sensation, either anhidrosis or
hypohidrosis, and hyporemia had significantly
associated with the occurrence of the abnormal SSR
findings (p-value <0.05) as summarized in Table 4.

Discussion

PAN is one of the most common neuropathies
in diabetic patients. It is a frequently coexisting
neuropathic disorder with DPN. However, there is
controversy about the gold standard diagnostic
methods in clinical practice!®!321-29 Routine EDX
studies conventionally test function of the large
myelinated fibers and are mostly normal in the patients
with somatic or autonomic SEFN®22, Several previous
studies demonstrated that sensitivity as well as
specificity of SSR is considered to be low®3:21:222425),
However, some authors have argued that the SSR is
most usefully to investigate sweat gland dysfunction
or foot ulceration in diabetic patients!!121+19_For the
present study, the results showed that the absence of
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Table 1. Comparison of demographic and clinical characteristics between abnormal and normal sympathetic skin response

in diabetic patients (n = 17)

SSR p-value
Abnormal (n=12) Normal (n = 5)
Limbs (n) 48 20
Age (years), mean + SD 58.1+£7.3 56.8+6.7 0.830
Female, n (%) 6 (50.0) 4 (80.0) 0.338
BMI (kg/m?), mean £ SD 27.4+3.4 25.6£3.1 0.286
Comorbidity, n (%)
Known hypertension 8 (66.7) 2 (40.0) 0.593
Known dyslipidemia 7 (58.3) 4 (80.0) 0.600
Duration of PAN symptoms (months), median (range) 8 (4 to >60) 8(4t012) 0.283
History of fall in 6 months’, n (%) 10 (83.3) 3(60.0) 0.005
History of foot ulcer in 3 months?, n (%) 7 (58.3) 1 (20.0) 0.001
Associated neurological signs (limbs), n (%)
Impaired pinprick sensation (yes) 48 (100.0) 11 (55.0) <0.001
Impaired light touch sensation (yes) 35(72.9) 10 (50.0) 0.093
Impaired proprioceptive sensation (yes) 20 (41.7) 1(5.0) 0.003
Decreased deep tendon reflex (yes) 48 (100.0) 14 (70.0) <0.001
Muscle weakness or atrophy (yes) 20 (41.7) 6 (30.0) 0.422

SSR = sympathetic skin response; BMI = body mass index; PAN = peripheral autonomic neuropathy
T History of fall in 6 months was defined as at least one self-reported fall in the last six months of duration
* History of foot ulcer in 3 months was defined as at least one history of foot ulceration occurred in the last three months of duration

Table 2. Correlation between symptoms of peripheral
autonomic neuropathy and abnormal sympathetic
skin response in diabetic limbs (n = 68)

Table 3. Correlation between symptoms of somatic small
fiber neuropathy and abnormal sympathetic skin
response in diabetic limbs (n = 68)

PAN symptoms T, 95% CI p-value Somatic SFN symptoms r 95% CI p-value
Lower Upper Lower Upper
Anhidrosis or hypohidrosis  0.361  0.127 0.629  0.003 Burning paresthesia 0.261 0.020 0.514 0.032
Hyperhidrosis 0.015 -0.228 0.258 0.901 Allodynia 0.136  -0.107 0.381 0.270
Hyporemia 0.267 0.026 0.521  0.028 Reduced thermal sensation  0.279  0.039  0.534  0.021

PAN = peripheral autonomic neuropathy; r, = Spearman
correlation coefficient; 95% CI = 95% confidence interval

SSR was significant associated with the presence of
history of foot ulceration (crude OR 2.364; 95% CI
0.797-3.932; p-value = 0.003). This finding supports
the recent findings of other studies that abnormal SSR
or sudomotor dysfunction may result in dryness of
foot skin and has been significantly associated with
foot ulceration'>!9. However, some previous studies
have not used the findings to explain the association
between sudomotor dysfunction and foot ulcers in
diabetes®37,

For the control group in the present study, the
results demonstrated that all of DPN limbs were
impaired pinprick and light touch sensations, but the
results showed only about 50% of theses sensory
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SFN = small fiber neuropathy; r, = Spearman correlation
coefficient; 95% CI = 95% confidence interval

impairments (55% of impaired pinprick sensation and
50% of light touch sensation) were presented abnormal
SSRs. Because of the most common utilities of the
SSR tests, they were recommended to detect the SFN
more than large fiber neuropathy or mixed (small and
large) fiber neuropathy!!121517.1820) " According to the
recent studies, they did not have enough data to
demonstrate or identify the subtypes of peripheral
neuropathy (e.g., pure SFN, pure large myelinated
fiber neuropathy, or mixed (small and large) fiber
neuropathy) involved with the risk factor of foot
ulceration in diabetes!"1520, Although sudomotor
dysfunction is common in many subtypes of neuropathy
(pure somatic or autonomic SFN and mixed fiber
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Table 4. Binary logistic regression of associated factors related to abnormal sympathetic skin response in diabetic limbs

(n=068)
Crude OR 95% CI p-value
Lower Upper

History of fall in 6 months 1.618 0.499 2.738 0.005
History of foot ulcer in 3 months 2.364 0.797 3.932 0.003
Impaired pinprick sensation 3.850 1.684 6.016 <0.001
Impaired proprioceptive sensation 2.608 0.517 4.699 0.015
Decreased deep tendon reflex 3.649 1.482 5.817 0.001
Burning paresthesia 1.327 0.071 2.582 0.038
Reduced thermal sensation 1.362 0.161 2.563 0.026
Anhidrosis or hypohidrosis 1.902 0.549 3.254 0.006
Hyporemia 1.266 0.105 2.426 0.033

Crude OR = crude odds ratio; 95% CI = 95% confidence interval

neuropathy), SSR is not the only the method to detect
the sudomotor dysfunction or abnormality in peripheral
SFN. Other techniques, such as the QSART, the
thermoregulatory sweat test (TST), and the quantitative
direct and indirect reflex test (QDIRT)®8!11:12.162D gre
more accurate diagnostic techniques for assessment
of sudomotor function or SFN. Compared with the
definitive diagnostic method, such as a skin biopsy,
some previous studies of these techniques had
demonstrated that QSART was capable of detecting
peripheral SFN with both high sensitivity and
specificity1821-29  However, they had not yet been
assessed in epidemiological or in randomized
controlled trials (RCTs). These results should be
considered a reference method for the detection of
sudomotor dysfunction or SEN in further clinical and
research studies!!6-1821-2532384D T the present study,
there were excluded, two patients had EDX findings
of bilateral CTS and one patient had CIDP,
respectively. This result supported the finding that
diabetic patients can also develop CIDP. CIDP should
be considered, especially in the patients with advanced
DPN®2),

Either impaired pinprick or proprioceptive
sensation, and decreased deep tendon reflex occurred
significant differences between the abnormal and
normal SSR groups (p-value <0.001, 0.003, and <0.001,
respectively). These findings support the results of
other previous studies, implying that these neurological
signs are mostly associated with sudomotor dysfunction
or abnormal SSRs because the abnormality of large
myelinated fibers frequently coexists with small
myelinated or unmyelinated fibers in patients with
mixed fiber neuropathy(®-11-16.22-25:32.38-41)

1226

Among the PAN symptoms, either anhidrosis
or hypohidrosis, and hyporemia had significantly
correlated to abnormal SSRs (p-value = 0.003 and
0.028, respectively). However, there was no significant
correlation between the occurrence of hyperhidrosis
and abnormal SSR (p-value = 0.901). This finding is
controversial, it is suggested that the PAN symptoms
of hyperhidrosis is the least likely to be associated
with the abnormal SSR or sudomotor dysfunction.
However, these results supported the several studies
revealed that the hyperhidrosis is not characterized
clinical diagnostic criteria for SFN(821-25),

According to the results of somatic SFN
symptoms, burning paresthesia and reduced thermal
sensation had significantly correlated to abnormal
SSRs (p-value = 0.032 and 0.021, respectively), but
the presence of allodynia showed no significant
correlation to abnormal SSRs. These data imply that
most of the somatic SFN symptoms are associated
with the sudomotor abnormalities. In the present
study, allodynia significantly showed no correlation to
the abnormal SSR (p-value = 0.270). However, the
previous studies also demonstrated that SSR had low
sensitivity as well as specificity in the diagnosis of
SENUL1621-29 " They suggested that high accuracy
diagnostic tools, such as QSART, TST, and QDIRT
should be considered to diagnose SFN more than the
SSR test.

The binary logistic regression analysis of the
neurological signs and symptoms related to abnormal
SSRs, these results showed that history of fall in six
months, history of foot ulcer in three months, impaired
pinprick sensation, impaired proprioceptive sensation,
decreased deep tendon reflex, burning paresthesia,
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reduced thermal sensation, either anhidrosis or
hypohidrosis, and hyporemia had significantly
associated with the occurrence of the abnormal SSR
findings (p-value <0.05). Furthermore, this analysis
showed both PAN and somatic SFN symptoms had
significantly associated with abnormal SSRs (p-value
<0.05). It suggests that SSR should be recommended
to detect autonomic or somatic SFN.

As a limitation of the present study, there
was no comparative study of the high accuracy
diagnostic tools, as the gold standard methods to
diagnose PAN and somatic SFN symptoms. Although
the skin biopsy to determine SFN, used with the
pan-neuronal marker against the protein gene product
(PGP) 9.5 is considered the gold standard test as the
reliable method of intraepidermal nerve fibers (IENF)
density analysis, it is the extreme gold standard
technique to obtain the definitive diagnosis of both
PAN and SFN because it is a very invasive technique
and so more useful in the animal models than human
studies or clinical practice®!!:16:18.21.25-28384D) = Apnother
limitation is the small numbers for statistical analysis
in each subgroup of the DPN patients. However,
there were not enough data to support the role of
SSR to diagnose PAN or SFN in DPN. Finally,
the utility role of SSR in clinical practice is still
controversial.

Conclusion

These results demonstrated that there
was the association between PAN symptoms and
abnormal SSRs in DPN patients’ limbs. These data
support the recent findings of several studies that
SSR has the association with history of foot
ulceration in diabetic patients. It warrants further
investigation into the clinical utility of the SSR in
diabetic patients.

What is already known on this topic?

The diagnosis or assessment of PAN is more
difficult to ascertain. SSR is a simple, non-invasive test
of skin sympathetic activity to explore the effector
organ response involving SFN, but it does not
reflect a selective post-ganglionic dysfunction®26-27,
Several studies demonstrated that sensitivity as well
as specificity of SSR is considered to be low?:821:22.2425),
However, some authors have argued that the SSR is
most usefully to investigate sweat gland dysfunction
or foot ulceration in diabetic patients!!>1410 Some
previous studies have not used the findings to explain
the association between sudomotor dysfunction and
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foot ulcers in diabetes®3". To confirm and clarify
the utility role of SSR in diagnosis of the PAN and
somatic SFN are essential.

What this study adds?

Findings of the present study were in
agreement with the several previous studies that SSR
is most usefully to investigate sweat gland dysfunction
or foot ulceration in diabetic patients!!"121+19_For the
present study, the results showed that the abnormal
SSR was significantly associated with the history of
foot ulceration (crude OR 2.364; 95% C10.797-3.932;
p-value = 0.003). This finding again supports the
recent findings of several studies that abnormal SSR
or sudomotor dysfunction has significantly associated
with foot ulceration!>!9. Furthermore, the present
study showed both PAN and somatic SFN symptoms
had significantly associated with the abnormal SSRs
(p-value <0.05). It suggested that SSR should be
recommended to detect autonomic or somatic SFN
in the clinical practice.

Acknowledgements

The author thanks all members of the team
of EDX laboratory, Department of Rehabilitation
Medicine, Faculty of Medicine, Naresuan University
for their assistance.

Potential conflicts of interest
None.

References

1. Tentolouris N, Pagoni S, Tzonou A, Katsilambros
N. Peripheral neuropathy does not invariably
coexist with autonomic neuropathy in diabetes
mellitus. Eur J Intern Med 2001; 12: 20-7.

2. Tesfaye S, Boulton AJ, Dyck PJ, Freeman R,
Horowitz M, Kempler P, et al. Diabetic
neuropathies: update on definitions, diagnostic
criteria, estimation of severity, and treatments.
Diabetes Care 2010; 33: 2285-93.

3. Hastings MK, Gelber JR, Isaac EJ, Bohnert KL,
Strube MJ, Sinacore DR. Foot progression angle
and medial loading in individuals with diabetes
mellitus, peripheral neuropathy, and a foot ulcer.
Gait Posture 2010; 32: 237-41.

4. Papanas N, Ziegler D. New diagnostic tests
for diabetic distal symmetric polyneuropathy.
J Diabetes Complications 2011; 25: 44-51.

5. Partanen J, Niskanen L, Lehtinen J, Mervaala E,
Siitonen O, Uusitupa M. Natural history of

1227



10.

I1.

12.

13.

14.

15.

16.

17.

18.

1228

peripheral neuropathy in patients with non-insulin-
dependent diabetes mellitus. N Engl J Med 1995;
333: 89-94.

Toyry JP, Niskanen LK, Méntysaari MJ, Lansimies
EA, Uusitupa MI. Occurrence, predictors, and
clinical significance of autonomic neuropathy in
NIDDM. Ten-year follow-up from the diagnosis.
Diabetes 1996; 45: 308-15.

Toyry JP, Partanen JV, Niskanen LK, Lénsimies
EA, Uusitupa MI. Divergent development of
autonomic and peripheral somatic neuropathies
in NIDDM. Diabetologia 1997; 40: 953-8.
Hoitsma E, Reulen JP, de Baets M, Drent M,
Spaans F, Faber CG. Small fiber neuropathy:
a common and important clinical disorder.
J Neurol Sci 2004; 227: 119-30.

Lacomis D. Small-fiber neuropathy. Muscle Nerve
2002; 26: 173-88.

Lauria G. Small fibre neuropathies. Curr Opin
Neurol 2005; 18: 591-7.

Gin H, Baudoin R, Raffaitin CH, Rigalleau V,
Gonzalez C. Non-invasive and quantitative
assessment of sudomotor function for peripheral
diabetic neuropathy evaluation. Diabetes Metab
2011; 37: 527-32.

Sun PC, Lin HD, Jao SH, Chan RC, Kao MJ, Cheng
CK. Thermoregulatory sudomotor dysfunction
and diabetic neuropathy develop in parallel in
at-risk feet. Diabet Med 2008; 25: 413-8.

Vinik Al, Maser RE, Mitchell BD, Freeman R.
Diabetic autonomic neuropathy. Diabetes Care
2003; 26: 1553-79.

Kérvestedt L, Martensson E, Grill V, Elofsson S,
von Wendt G, Hamsten A, et al. The prevalence
of peripheral neuropathy in a population-based
study of patients with type 2 diabetes in Sweden.
J Diabetes Complications 2011; 25: 97-106.
Tentolouris N, Marinou K, Kokotis P, Karanti A,
Diakoumopoulou E, Katsilambros N. Sudomotor
dysfunction is associated with foot ulceration in
diabetes. Diabet Med 2009; 26: 302-5.

Illigens BM, Gibbons CH. Sweat testing to
evaluate autonomic function. Clin Auton Res
2009; 19: 79-87.

Low VA, Sandroni P, Fealey RD, Low PA.
Detection of small-fiber neuropathy by sudomotor
testing. Muscle Nerve 2006; 34: 57-61.

Liguori R, Giannoccaro MP, Di Stasi V, Pizza F,
Cortelli P, Baruzzi A, et al. Microneurographic
evaluation of sympathetic activity in small fiber
neuropathy. Clin Neurophysiol 2011; 122: 1854-9.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kennedy WR. Opportunities afforded by the study
of unmyelinated nerves in skin and other organs.
Muscle Nerve 2004; 29: 756-67.

Nolano M, Provitera V, Caporaso G, Stancanelli A,
Vitale DF, Santoro L. Quantification of pilomotor
nerves: a new tool to evaluate autonomic
involvement in diabetes. Neurology 2010; 75:
1089-97.

Lauria G, Hsieh ST, Johansson O, Kennedy WR,
Leger JM, Mellgren SI, et al. European Federation
of Neurological Societies/Peripheral Nerve
Society Guideline on the use of skin biopsy in
the diagnosis of small fiber neuropathy. Report of
a joint task force of the European Federation of
Neurological Societies and the Peripheral Nerve
Society. Eur J Neurol 2010; 17: 903-9.

Devigili G, Tugnoli V, Penza P, Camozzi F,
Lombardi R, Melli G, et al. The diagnostic criteria
for small fibre neuropathy: from symptoms to
neuropathology. Brain 2008; 131: 1912-25.
Namer B, Pfeffer S, Handwerker HO, Schmelz M,
Bickel A. Axon reflex flare and quantitative
sudomotor axon reflex contribute in the diagnosis
of small fiber neuropathy. Muscle Nerve 2013; 47:
357-63.

Thaisetthawatkul P, Fernandes Filho JA, Herrmann
DN. Contribution of QSART to the diagnosis of
small fiber neuropathy. Muscle Nerve 2013; 48:
883-8.

England JD, Gronseth GS, Franklin G, Carter GT,
Kinsella LJ, Cohen JA, et al. Evaluation of
distal symmetric polyneuropathy: the role of
autonomic testing, nerve biopsy, and skin biopsy
(an evidence-based review). Muscle Nerve 2009;
39: 106-15.

Kolev OI, Nilsson G, Tibbling L. Influence of
intense sound stimuli on skin microcirculation.
Clin Auton Res 1995; 5: 187-90.

Donadio V, Lenzi P, Montagna P, Falzone F,
Baruzzi A, Liguori R. Habituation of sympathetic
sudomotor and vasomotor skin responses: neural
and non-neural components in healthy subjects.
Clin Neurophysiol 2005; 116: 2542-9.

Dyck PJ, Carter RE, Litchy WJ. Modeling nerve
conduction criteria for diagnosis of diabetic
polyneuropathy. Muscle Nerve 2011; 44: 340-5.
England JD, Gronseth GS, Franklin G, Carter GT,
Kinsella LJ, Cohen JA, et al. Practice parameter:
the evaluation of distal symmetric polyneuropathy:
the role of autonomic testing, nerve biopsy, and
skin biopsy (an evidence-based review). Report

J Med Assoc Thai Vol. 98 No. 12 2015



30.

31.

32.

33.

34.

35.

of the American Academy of Neurology, the
American Association of Neuromuscular and
Electrodiagnostic Medicine, and the American
Academy of Physical Medicine and Rehabilitation.
PM R 2009; 1: 14-22.

Davis JC, Best JR, Bryan S, Li LC, Hsu CL,
Gomez C, et al. Mobility is a key predictor of
changes in wellbeing among older fallers:
Evidence from the Vancouver Falls Prevention
Cohort. Arch Phys Med Rehabil 2015 Apr 7. pii:
S0003-9993(15)00292-0. doi: 10.1016/j.apmr.
2015.02.033.

Malgrange D, Richard JL, Leymarie F. Screening
diabetic patients at risk for foot ulceration.
A multi-centre hospital-based study in France.
Diabetes Metab 2003; 29: 261-8.

Calvet JH, Dupin J, Winiecki H, Schwarz PE.
Assessment of small fiber neuropathy through
a quick, simple and non invasive method in
a German diabetes outpatient clinic. Exp Clin
Endocrinol Diabetes 2013; 121: 80-3.

Boulton AJ. The diabetic foot: from art to science.
The 18" Camillo Golgi lecture. Diabetologia 2004,
47: 1343-53.

Abbott CA, Vileikyte L, Williamson S, Carrington
AL, Boulton AJ. Multicenter study of the
incidence of and predictive risk factors for
diabetic neuropathic foot ulceration. Diabetes
Care 1998; 21: 1071-5.

Abbott CA, Carrington AL, Ashe H, Bath S, Every
LC, Griffiths J, et al. The North-West Diabetes

J Med Assoc Thai Vol. 98 No. 12 2015

36.

37.

38.

39.

40.

41.

42.

Foot Care Study: incidence of, and risk factors for,
new diabetic foot ulceration in a community-based
patient cohort. Diabet Med 2002; 19: 377-84.
Pham H, Armstrong DG, Harvey C, Harkless LB,
Giurini JM, Veves A. Screening techniques to
identify people at high risk for diabetic foot
ulceration: a prospective multicenter trial.
Diabetes Care 2000; 23: 606-11.

Fealey RD, Low PA, Thomas JE. Thermoregulatory
sweating abnormalities in diabetes mellitus. Mayo
Clin Proc 1989; 64: 617-28.

Gibbons CH, Illigens BM, Wang N, Freeman R.
Quantification of sweat gland innervation: a
clinical-pathologic correlation. Neurology 2009;
72: 1479-86.

Gibbons CH, Illigens BM, Centi J, Freeman R.
QDIRT: quantitative direct and indirect test
of sudomotor function. Neurology 2008; 70:
2299-304.

Liatis S, Marinou K, Tentolouris N, Pagoni S,
Katsilambros N. Usefulness of a new indicator
test for the diagnosis of peripheral and autonomic
neuropathy in patients with diabetes mellitus.
Diabet Med 2007; 24: 1375-80.

Bakkers M, Faber CG, Hoeijmakers JG, Lauria
G, Merkies IS. Small fibers, large impact: quality
of life in small-fiber neuropathy. Muscle Nerve
2014; 49: 329-36.

Deguchi T, Nishio Y, Takashima H. Diabetes
mellitus and autoimmune neuropathy. Brain Nerve
2014; 66: 135-47.

1229



ANUGUIUFVDI peripheral autonomic neuropathy uazuan150339 sympathetic skin response 2%5717381
unununiazaulszammasnnargdy: msanynhsedlulszmalng

o

a2 g A g
YUANT DISITNNA

Jagussasd: tedudunnuduviusvesainsved PAN uasnan1sasio SSR Tugthewmmidnmsdulszamdon
}74 I~ = o I R
nanewdy (WumsAnemisealugihelng
% ad a 's r's ) 74 4{’ j 74 1 o ;’: Qy [
JanuazIsms: IATIZHHANIATITENAUYUVIAAIzdUssmmdesmaredunnALhew . T1uuay 68 19
uiuily serandanuAandues SSR F1uau 48 919 uassersdnd SSR Un@ F1uau 20 919 (fivdeyadoundisznin
touiiguIe W.a. 2555 89 unnan w.a. 2557 lngwdeyanugiuninain dnyanaszying e1n15ved PAN uas
thiea g vnufeuiey uazinnzina
= a ' ;A = a a ' I ' o
wamsAny: wamsiseuigyszinngunduas luinnudandves SSR wudr liiinnuuandiveseny, one, Avil
waame, avszaw ldun anudulariage uazazlviuludengs, ¥vnaniensved PAN, e1msuandsiun
szvyilszam laun impaired light touch sensation waz muscle weakness %3e atrophy (p-value >0.05) d115u
4 r
9113984 PAN Wy31 1i991m3 anhidrosis 38 hypohidrosis, uag hyporemia duviusay SSR nAnyndeehsinivaren
NNAaa (p-value AAuMay 0.003 uas 0.028 Mua1y) diue1nsved somatic SEN wy71 81113 burning paresthesia
uaz reduced thermal sensation @uviusriy SSR NAnYndedlivdrdgnnana (p-value AeumaAy 0.032 uas
0.021 mueey) uenwinid dawyihvesn g laun sziamsvadumelu 6 aou, sziamsidaunainumaiu
melu 3 ou, impaired pinprick sensation, impaired proprioceptive sensation, decreased deep tendon reflex,
14
burning paresthesia, reduced thermal sensation, 19 anhidrosis W38 hypohidrosis, waz hyporemia a3
duriusiumsasanuanuAnlnAved SSR egheiisddgmeand (p-value <0.05)
agyl: danuduriussznineinsves PAN uazwamsasdn SSR Tusendvesgthewmanuiinnzduszaimaon
1% = o o = N = o A = v o o wa
nanewdy namsAnpugIaiuayunamsangannaremsane luteeuuin wamsasan SSR Aanuduiusivyssia
a 2 14 &' u.'l =) 4 d’ s F o aa R
maAauaaImNY uazlianuseiulumsavauneiumslsssleyimenainvesmsasia SSR lugihewmau

Ao lUmeni

1230 J Med Assoc Thai Vol. 98 No. 12 2015



