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Current Perception Threshold and Sympathetic Skin Response
in Diabetic and Alcoholic Polyneuropathies

Minoru Oishi, Yoko Mochizuki, Yutaka Suzuki, Katsuhiko Ogawa, Tomoka Naganuma,
Yoshie Nishijo* and Tomohiko Mizutani

Abstract

Objective Correlation between current perception
threshold and sympathetic skin response was investigated
in patients with diabetic or alcoholic polyneuropathy.
Methods Current perception threshold was measured
using Neurometer CPT/C, and the sympathetic skin re-
sponse was measured using Neuropack X.
Patients Fourteen patients with diabetic polyneuropa-
thy and 10 patients with alcoholic polyneuropathy were
studied.

Results There was a significant negative correlation
between the current perception threshold to 5 Hz stimula-
tion and the amplitude of sympathetic skin response.
Conclusion Since both current perception threshold to
5 Hz stimulation and sympathetic skin response are related
to C fibers, these two are considered to be impaired con-
currently in diabetic and alcoholic polyneuropathies.
(Internal Medicine 41: 819-822, 2002)
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Introduction

In the current perception threshold (CPT) examination, 5
Hz, 250 Hz, and 2,000 Hz stimulation has been considered to
stimulate C fibers, A-8 fibers, and A-(3 fibers, respectively (1-
6). The CPTexamination has been reported to be useful for the
detection, screening, diagnosis, and management of diseases
of the peripheral nervous system (5, 7-9).
On the other hand, the sympathetic skin response (SSR) in-
volves C fibers (10-13). Our hypothesis is that CPT to 5 Hz
stimulation and SSR are impaired concurrently in diabetic and
alcoholic polyneuropathies. In order to verify this hypothesis,
we measured CPTand SSR in patients with diabetic or alco-

holic polyneuropathy.

Materials and Methods

Westudied 14 patients with diabetic polyneuropathy (mean
age 51+6 years, 6 males, 8 females), 10 patients with alcoholic
polyneuropathy (mean age 53±7 years, 8 males, 2 females)
and 24 age-matched healthy controls (mean age 52+6 years,
14 males, 10 females) with their informed consent. Wediag-
nosed polyneuropathy when a patient had glove and stocking
type sensory disturbance and/or decreased nerve conduction
velocities in the four extremities. Wediagnosed diabetic poly-
neuropathy when a patient with polyneuropathy had diabetes
mellitus and did not have other causes of polyneuropathy. We
diagnosed alcoholic polyneuropathy when a patient with poly-
neuropathy had chronic alcoholism and did not have other
causes of polyneuropathy. The patients whoalso had other neu-
rological diseases were excluded.
All of the patients with diabetic or alcoholic polyneuropa-
thy in the Neurology Clinic of the Nihon University Nerima
Hikarigaoka Hospital were asked for informed consent. The
mean value of hemoglobin A1Cin the diabetic polyneuropathy
group was 8.4% and none of them received insulin therapy.
The meanamount of alcohol consumption in the alcoholic poly-
neuropathy group was 97 ml pure alcohol equivalent per day
for 23 years. Disturbance in pain and/or temperature senses
was present in 57% in the diabetic polyneuropathy group and
50%in the alcoholic polyneuropathy group. Disturbance in
touch sense was present in 86%in the diabetic polyneuropathy
group and 80%in the alcoholic polyneuropathy group. Ortho-
static hypotension (more than 20 mmHgdecrease in systolic
blood pressure and/or more than 10 mmHgdecrease in dias-
tolic blood pressure by standing from supine position) was
present in 36% in the diabetic polyneuropathy group and 30%
in the alcoholic polyneuropathy group.
Weused the Neurometer® CPT/C (Neurotron Inc., Balti-
more, MD, USA) to measure CPT (5). The device delivers si-
nusoidal electrical stimuli at frequencies of 5 Hz, 250 Hz, and
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2,000 Hz. CPTwas measured at the index fingers and near the
external malleolus on both sides. Patients were asked to iden-
tify the presence or absence of the stimulus through a forced
choice protocol. After an initial tentative threshold was deter-
mined, we gave stimuli that varied around the presumed thresh-
old to confirm threshold stability and replicability. To prevent
guessing, results were verified with placebo stimulation. The
placebo stimulation was given by turning off all current with-
out informing the subject and presenting absent stimuli. The
threshold of perception was the measured response.
We examined SSR using Neuropack X (Nihon Kohden, To-
kyo). Skin temperature was maintained at >32°Cand the sub-
jects were kept awake and relaxed. The light of the examining
room was dimmed. Exploring electrodes were placed on bilat-
eral palms and soles, and reference electrodes were placed on
the back of the hand and the back of the foot. Electrical stimu-
lation with the intensity of at least 20 mAwas applied to the
frontal head (bilateral supraorbital nerves) at irregular inter-
vals and at a frequency of approximately 1/min to avoid ha-
bituation. Twenty recordings were stored and the recording with
the largest amplitude was chosen for measurement (1 1). The
latencies and amplitudes of sympathetic skin response to elec-
trical stimulation were measured.
Wemeasured the sensory nerve conduction velocity of the
median nerve and the sural nerve on both sides. Weexamined
the correlation between the nerve conduction velocity and the

CPT or the amplitude of SSR in each limb.
Statistical analysis was performed using Mann-Whitney's

U test for comparison among the three groups, using Spear-
man's correlation coefficients for correlation amongthe CPT,
the amplitude of SSR, the nerve conduction velocity and the
clinical symptoms, and using %2 test for comparison between
the right-left difference in the appearance rate of SSRand the
right-left difference in the clinical symptoms.

Results

Figure 1 shows actual records of the sympathetic skin re-
sponse in a patient with diabetic polyneuropathy and a healthy
control. The amplitude of sympathetic skin response was
smaller in the patient with diabetic polyneuropathy than in the
healthy control.
Table 1 shows the comparison among the diabetic polyneur-
opathy group, the alcoholic polyneuropathy group and the
healthy control group. The CPT to 5 Hz stimulation and the
CPT to 2,000 Hz stimulation were significantly higher in the
diabetic polyneuropathy group and the alcoholic polyneuropa-
thy group than in the healthy control group. The amplitude of
SSRwas significantly smaller in the diabetic polyneuropathy
group and the alcoholic polyneuropathy group than in the
healthy control group.The appearance rate of SSRin the diabetic polyneuropathy

           Polyneuropathy                     Healthy control

    : i i >-U^; : !1mV     I \ \1\\ '
: \ \ \
 Leftpalm ^^å iV»'V.'r'i*"'"irf*' à" à" à"^T-^sc^^,^^-       : ; : y. \. : : : :
       : j : \ \ \ \ \ 0.5S         : : :/: « : : : :
      : : : : : : \ : :       \ \ './: \ \ : :1mV

         : : : \s<**^< : :1mV   Leftpalm -~~~~*^j-< '
à" \-\ å  'à"^r :"^     : ;. ;.^^j...J^^: :       : ; à"/:\;\;^ 0.5s
 Rightpalm ^q^^|^^p^"y""""| : ;..^-^      ^ ._.......^.^ ^.V^... ^ ^
     M i I ; à" ; ;°-bs      ; ; ;/; \ ! i !1mv

      : à"; \ \ à" :à" \ \ \   Rightpalm 'à"^rr-.^J.. L :1: i...^;^^^^^

     : : : : : : : :1mV      : : : : :\\y: \0-5s

     ToffoaIq å  . ,|,,, .' ,,*  ,.I..., n»* '-I* 'iiilil>i^,,,|,,,l,,,.                 .  .  .  .  "-pL.'  å  ..'  ' ...    : : M : ; : :0.5s!    \ \ \\/\\\ \XmN

      : : : : : : : : :   Leftsole j.-4-^-+^ : :\: :^-^"-"
       : : : : : \"-\ \ :          : : : : : : V^T0.5S"

       : : : : : : : :1mV        : : : : /"N^ : :1mV
 Rightsole \ \ \ -H--: r r-:I   Rightsole --: ^.^-^.j^...: :.\~ : :_.-

     ; : : : I :: i I°-5s      ; ; ; ; ; ; ^~T^
       : : : : : : .0.5s/div        : : : : : :  q5s/div

Figure 1. Actual records of sympathetic skin response in a patient with diabetic polyneuropathy and a healthy control.
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Table 1. Mean and Standard Deviation of Current Perception Threshold (CPT) and Latency and Amplitude
of Sympathetic Skin Response (SSR)

CPT (CPT unit) SSR

5Hz 250Hz 2,000Hz Latency(msec) Amplitude(mV)

Diabetic polyneuropathy group
Lefthand 97±24* 107±26 371±60* 1,361+198 1.8+1.0*
Righthand 99±25* 109+29 346171** 1,348±192 1.9+1.0*

Left foot 76±24* 80±26 319153* 1,853±287 1.0±0.7*
Right foot 75±22* 78±25 316155* 1,869±298 1.0±0.6*

Alcoholic polyneuropathy groupLefthand 95123* 104±25 343158** 1,352±192 1.9+1.1*

Righthand 93124* 105±28 338+64** 1,333+186 1.911.1*

Left foot 72+22* 79123 308154* 1,8381288 1.210.8*

Right foot 72121* 75125 309152* 1,8541287 1.110.8*

Healthy control groupLefthand 70121 100125 285153 1,2771179 3.111.3
Righthand 72123 103128 294159 1,2901185 2.911.2

Left foot 49120 76122 230151 1,7451291 2.111.0
Right foot 48121 74124 233150 1,7211273 2.010.9

*p<0.01 compared to the healthy control group. **p<0.05 compared to the healthy control group.
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Figure 2. Correlation between current perception threshold
(CPT) to 5 Hz stimulation and the amplitude of sympathetic skin
response in the right hand in patients with diabetic or alcoholic
polyneuropathy. Black circles indicate diabetic polyneuropathy
(r=-0.65, p<0.01) and white circles indicate alcoholic polyneu-
ropathy (r=-0.58, p<0.01).
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Figure 3. Correlation between current perception threshold
(CPT) to 5 Hz stimulation and the amplitude of sympathetic skin
response in the right foot in patients with diabetic or alcoholic
polyneuropathy. Black circles indicate diabetic polyneuropathy
(r=-0.66, p<0.01) and white circles indicate alcoholic polyneu-
ropathy (r=-0.63, p<0.01).

group and the alcoholic polyneuropathy group was 79%, 80%
in the left hand, 86%, 90% in the right hand, 71%, 70% in the
left foot and 79%, 80% in the right foot, respectively. The ap-
pearance rate of SSR in the healthy control group was 100% in
all the extremities. The appearance rate of SSR was signifi-

cantly lower in the diabetic polyneuropathy group and the al-
coholic polyneuropathy group than in the healthy control group.
Figure 2 shows the correlation between the CPTto 5 Hz
stimulation and the amplitude of SSRin the right hand, and
Fig. 3 shows the same correlation in the right foot in the dia-
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betic polyneuropathy group and the alcoholic polyneuropathy
group. There were significant negative correlations between
the CPT to 5 Hz stimulation and the amplitude of SSR in all
the extremities in the diabetic polyneuropathy group and the
alcoholic polyneuropathy group. There were no significant
correlations between the CPT to 250 Hz or 2,000 Hz stimula-
tion and the amplitude of SSR in the diabetic polyneuropathy
group and the alcoholic polyneuropathy group.
There were no significant correlations between the nerve
conduction velocity and the CPTor the amplitude of SSR al-
though the nerve conduction velocity showed a tendency to
negatively correlate (r=-0.42, p<0. 1) with the CPT to 2,000
Hzstimulation. There were no significant correlations between
the CPTand the clinical symptoms although the CPTto 5 Hz
stimulation showed a tendency to correlate (r=0.38, p<0. 1 ) with
the degree of the disturbance in pain and/or temperature senses
in diabetic and alcoholic polyneuropathy groups. There were
no significant correlations between the amplitude of SSRand
the clinical symptoms although the SSR was absent in 3 out of
5 patients with orthostatic hypotension in the diabetic poly-
neuropathy group and in 2 out of 3 patients with orthostatic
hypotension in the alcoholic polyneuropathy group. The right-
left difference in the appearance rate of SSR did not show any
significant correlation with the right-left difference in the clini-
cal symptoms.

Discussion

The CPTexamination has been reported to be useful in the
detection of diabetic polyneuropathy and alcoholic polyneu-
ropathy (1, 2, 7, 8).

The SSRhas been used to assess the sympathetic sudomo-
tor function (1 1, 14-19) and may be abnormal in diabetic poly-
neuropathy (19) and alcoholic polyneuropathy (14, 16, 17). The
SSRwas initially regarded as an all-or-none phenomenonbut
currently amplitude criteria have been defined since SSR tech-
niques were refined (1 1). Therefore, the amplitude of SSR has
been used to assess the sympathetic sudomotor function (1 1,
15-18) in addition to the appearance rate of SSR.
Peripheral small caliber fibers and C fibers maybe involved
in diabetic polyneuropathy and alcoholic polyneuropathy ( 14,
16, 19, 20). The significant negative correlation between the
CPTto 5 Hz stimulation and the amplitude of SSR in the present
study suggests that somatic C fibers and sympathetic C fibers
may be impaired concurrently in diabetic and alcoholic poly-
neuropathies. Wehope that these examinations will also be
performed in other types of polyneuropathy.
In the present study, the nerve conduction velocity showed
a tendency to negatively correlate with the CPTto 2,000 Hz
stimulation. This may be related to the fact that both the nerve
conduction velocity and the CPTto 2,000 Hz stimulation shows
the function ofA(3 fibers (1-6). Pain and temperature senses
are related to somatic C fibers. In the present study, the CPTto
5 Hz stimulation showeda tendency to correlate with the de-
gree of the disturbance in pain and/or temperature senses. A

large number of patients should be examined to determine the
significance of this correlation.
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