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Sympathetic skin responses in hemiplegic patients with and
without complex regional pain syndrome

Barin Selcuk, Murat Ersoz, Murat Inanir, Aydan Kurtaran, Mufit Akyuz
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Background and Aims: To investigate whether there were
changes in the sympathetic skin responses (SSR) in the
limbs with complex regional pain syndrome (CRPS) type |
in hemiplegic patients. Setting: A physical medicine and
rehabilitation center in Turkey. Materials and Methods:
Sympathetic skin responses were evaluated in 69 stroke
patients (41 with CRPS and 28 without CRPS) and 20 healthy
volunteers. SSR were recorded on the paretic and healthy
hands after stimulation of the ipsilateral median nerve.
Patients’ ages ranged from 33 to 77 years, with a mean of
60.0 £ 12.9 years. Results: The SSR were obtained in all
patients with CRPS, whereas SSR was absent in 9 of 28
patients with hemiplegia who did not have CRPS after
stimulation of the plegic side and the difference was
statistically significant (P=0.023). SSR amplitudes were
increased at the hemiplegic limbs in patients affected by
CRPS compared to individuals unaffected; this group
difference was statistically significant (P=0.014). The mean
amplitude of the SSR in the advanced stage of CRPS was
greater than lower stage and the difference was statistically
significant (P=0.035). Conclusion: Our results suggest that
SSR can be obtained in stroke patients with CRPS even in
the early stages of CRPS. SSR acquirability and amplitude
increase as the stage of the disease advances. As an
electrophysiologic technique, SSR may be used in the
evaluation of the sympathetic function in hemiplegic patients
and also in the diagnosis of CRPS and in monitoring of its
treatment.
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Introduction

Complex regional pain syndrome (CRPS) type I, a persistent
painful shoulder disability with homolateral pain and swelling of
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the hand, is not a rare complication in patients with hemiplegia
and often presents a serious barrier to successful stroke
rehabilitation because of patient discouragement.'" It is
characterized by a chronic painful condition of the upper limb
associated with neurovascular disturbance and dystrophic changes
of the skin and bone. It is believed to involve longstanding
autonomic nervous system disturbance caused by brain damage.”!
However, there is no one unifying theory of the pathophysiology
of CRPS that adequately explains all of its features.

The disease process ordinarily progresses through different
stages. Stage Lis characterized by significant pain and increased
blood flow, with resultant pitting edema, redness and warmth.
Reduced range of motion of wrist, hand and shoulder often begins
to develop at this stage. The skin can be hyperesthetic and tender.
In stage I, the edema is often less prominent; however, pain and
further impairment in range of motion are prominent features.
Blood flow is decreased and the temperature of the extremity
falls. Stage IIT is characterized by less pain, progression to
irreversible changes of atrophic soft tissue, muscle atrophy, severe
loss of motion and excessive osteoporosis.!?!

The diagnosis is ordinarily made on a clinical basis, primarily
with the use of history and observation and the physical signs.
Technetium diphosphonate bone sean has been used as a sensitive
and specific test to objectively ascertain the presence of CRPS. !
This technique may become the gold standard for diagnosing
CRPS but has several disadvantages, which include radiation
exposure to relative invasiveness and high cost.

Sympathetic skin response (SSR) studies are frequently used
in clinical electrophysiology laboratories to evaluate autonomic
nervous system functions.” This technique records changes in
skin conductance after activation of sweat glands in skin areas
rich in ecrine glands under the neural control of sympathetic
sudomotor fibers.'! Potentials generated by the SSR can be
recorded in response to various stimuli; these include electrical
peripheral nerve stimulation, acoustic stimuli or magnetic
stimulation of nerves of the brain.™®!

If CRPS is a result of sympathetic overactivity, then we would
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expect the SSR to be increased in the affected limbs. So this test
may serve as an objective measure of the presence of CRPS and
may be more practical than bone scans as an initial diagnostic
procedure. !

The aim of the study was to investigate whether there were
changes in SSRin the limbs with CRPS. We also looked for any
relationship between different stages of CRPS and SSR. The
final goal was to decide whether this test was used in the evaluation
of the sympathetic function in hemiplegic patients and also in the
diagnosis and monitoring of the treatment of CRPS.

Materials and Methods

The ethics committee of our hospital approved the study
protocol and informed consent was obtained from the subjects.
This prospective study was performed on 69 hemiplegic or
hemiparetic stroke patients (43 males and 26 females with an
average age of 60.0 % 12.9 years) and 20 healthy volunteers (13
males and 7 females with an average age of 57.9 = 15.6 years) at
our hospital between 2000 and 2005. Patients with manifestations
of other central or peripheral nervous system lesions and patients
and healthy subjects with any other diseases known to affect the
autonomic nervous system (e.g., diabetes, alcoholism) or those
receiving medications that affect autonomic nervous system
function were excluded. Disease duration was 161 days in the
patients with CRPS and 139 days in the patients without CRPS.
Computed tomography revealed ischemic infarcts in 56 patients
(81%), hemorrhagic infarcts in 13 patients (19%). Thirty-two
patients had left hemiplegia, whereas 37 patients had right
hemiplegia.

atients diagnosed with CRPS in upper limb using Kozin’s
clinical eriteria were recruited.'”’ Forty-one of them had CRPS,
whereas 28 of them did not. None of the patients with CRPS had
prior treatment of the disease and all had sustained cerebrovascular
accident that was presumed causal to the development of CRPS.
All patients were informed about the aim and method of the study
and informed consent was obtained from the patients or their
legal guardian.

The experiment was performed under standard condition in an
illuminated and silent room with the temperature kept at 24 to
25°C. Limbs were covered during the test with blankets in order
to maintain palmar temperature between 34 and 36°C. During
the testing, all patients were kept awake and relaxed in the supine
position.

Recordings were carried out using a 4-channel Dantec keypoint
electromyographic device. SSR were recorded from paretic hands
using disc electrodes, 6 mm in diameter, positioned on the volar
and dorsal surfaces. To evoke the SSR, the median nerve was
stimulated at the wrist. SSR were recorded on the paretic and
healthy hands after stimulation of the ipsilateral median nerve in
hemiplegic patients. To avoid any habituation, stimulations were
made with randomized intervals of various intensities. The
duration of the stimulus was between 0.1 and 0.3 ms and the
stimulus intensity ranged from 20 to 50 mA. Sensitivity was set

at 500 V/div and time at 500 ms/div. Low frequency filter was set
at 0.2 Hz and high frequency filter at 500 Hz. At least five
responses from both hands were recorded after stimulation and
were superimposed. If a response to 10 consecutive stimuli was
not evident, SSR were presumed absent. Onset latency, amplitude
and the number of the phases were recorded for all responses in
each limb. Latencies were measured from onset of the first deflection
of the signal from baseline and amplitudes were measured from
peak to peak. Statistical analyses were performed with student’s
t-test, %2 test and Kruskal Wallis test by using statistical package
for social sciences (SPSS).

Results

Forty-one patients had CRPS, whereas 28 did not. All patients
had normal median and ulnar nerve conduction studies. SSR
were obtained in all patients with CRPS, whereas SSR was absent
9 (32%) of the 28 without CRPS after stimulation of the plegic
side and the difference was statistically significant (P=0.023).
Also, SSR was absent in 7 of the 69 (10%) hemiplegic patients
after stimulation of the healthy side and there was no significant
difference between the SSR amplitudes (P=0.078) and latencies
(P=0.094) recorded at plegic and healthy sides of the patients
[Table 1].

The comparison of SSR obtained from the hemiplegic patients
with CRPS and without CRPS showed that the amplitude of
SSR in patients with CRPS was significantly higher than in
patients without CRPS (P=0.014), but there was no
significant difference between the SSR latencies recorded in
patients with CRPS and without CRPS (P=0.089). Table 2
shows the results of the SSR recording in patients with and
without CRPS [Figure 1].

The amplitude of the SSR in hemiplegic patients with CRPS
increased as the stage of the disease advanced. In other words, the
amplitudes of SSR in CRPS stage ITI was higher than in CRPS
stage T and IT; and in CRPS stage I1, it was higher than stage I
and the difference was statistically significant (P=0.035), but
there was no significant difference between the SSR latencies
recorded in patients with CRPS stages. Table 3 shows the results
of SSR recordings of patients with CRPS in each stage.

Table 1: Comparison of sympathetic skin response
amplitude and latency values in plegic and healthy sides
of the hemiplegic patients

Hemiplegic Healthy P
side (n = 69) side (n = 69)
Amplitude (uV) 1024 + 574 1179 £ 690 0.078
Latency (sec) 1.67 + 0.51 1.58 + 0.44 0.094

Table 2: Comparison of sympathetic skin response
amplitude and latency values in hemiplegic patients with
CRPS and without CRPS

Hemiplegic Hemiplegic P
patients with patients without
CRPS (n = 41) CRPS (n = 28)
Amplitude (uV) 1046 + 550 695 + 640 0.014
Latency (sec) 1.70 + 0.38 1.82 + 0.41 0.089
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Table 3: Comparison of sympathetic skin response amplitude and latency values in hemiplegic patients with
CRPS in each stage

Hemiplegic patients without CRPS (n:28)
No CRPS (n:28)

Hemiplegic patients with CRPS (n:41) P
Stage | (n:19) Stage Il (n:12)  Stage Il (n:10)
897 + 301 1001 + 324 1296 + 350 0.035
1.78 £ 0.30 1.55 + 0.23 1.73+0.28 0.077

Amplitude (uV) 695 + 640
Latency (sec) 1.82 + 0.41
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Figure 1: Sympathetic skin responses recorded in patients with CRPS
stage Il (lower) and without CRPS (upper)

There was no significant difference between the SSR amplitudes
(P=0.125) and latencies (P=0.145) recorded in patients with
hemorrhagic and ischemic stroke.

The comparison of SSR obtained from the patients and healthy
subjects showed that the amplitude of SSRin plegic side of patients
was significantly lower (P=0.015) and the latencies of SSR were
significantly shorter than healthy subjects (P=0.021) [Table 4].

Discussion

We found that the amplitude of SSR in patients with CRPS
was significantly higher than in patients without CRPS, but there
was no significant difference between the SSR latencies recorded
in patients with CRPS and without CRPS. SSR were obtained in
all patients with CRPS, whereas SSR was absent in 32% of the
patients without CRPS after stimulation of the plegic side. Similar
to our findings, many studies have reported amplitude
abnormalities of SSR in hemiparetic extremities during different
stages of stroke.>*1%11 Overactivity of the sympathetic system,
as seen in CRPS, would be expected to alter skin resistance through
its effect on sudomotor fibers, thereby effecting the amplitude of

Table 4: Comparison of sympathetic skin response
amplitude and latency values in plegic side of patients and
healthy volunteers

Plegic side of Healthy P
patients (n = 69) volunteers (n = 20)
1024 + 574 2006 + 972
1.67 £ 0.51 1.31+0.31

Amplitude (uV)
Latency (sec)

0.015
0.021

the SSR. Due to the complex and multisynaptic nature of SSR, it
can be affected by CRPS independent of its pathogenesis,
However, very few studies have compared the responses in patients
with and without CRPS. In the study by Clinchot et al, in four
patients with CRPS comparing the SSR amplitude and latency
in the same subject between the hemiplegic side and healthy side,
the amplitudes of the hemiplegic sides significantly increased and
the latencies significantly shortened. In their study; they used the
uninvolved extremities as the control. The authors speculated
that the higher amplitude and the shorter latencey response from
the hemiplegic side after stimulating the extremity with CRPS is
because the stimulus given is not appropriately transferred
centrally as a result of the cerebrovascular accident that the patient
had experienced and that leads to lower contralateral response.”!
We also revealed that the amplitude of the SSR in hemiplegic
patients with CRPS increased as the stage of the disease advanced.
In other words, the amplitude of SSR in CRPS stage IIT was
highest and the amplitude of the SSR in stage I was lowest and
there was no significant difference between the SSR latencies in
patients with different CRPS stages. Increased sympathetic
activity, which is claimed for the etiology of CRPS, may be present
from the onset of cerebrovascular accident and as a result, SSR
responses may be obtained from patients with CRPS; more
advanced investigation is warranted on this topie. In early stage
of the stroke, sympathetic sudomotor dysfunction may be related
to the absent or diminished excitatory or modification effect of
cortical structures on the sympathetic nervous system, which
increased in CRPS| especially in the advanced stages secondary
to increased sympathetic overactivity. In this study, although the
number of the patients in stage II and III was small (12, 10
respectively), the fact that the SSR amplitudes increased with
inereasing CRPS stage lead us to speculate that SSR may be used
in the early diagnosis of CRPS, in determining the efficacy of
treatment modalities and in the follow-up of treatment.
Alterations of sympathetic outflow is a well-known consequence
of hemispheric or brainstem damage."?! The central localization
of SSR is not well known. It is thought that the mesencephalie
reticular formation and posterior hypothalamus play an
important role in the formation of this reflex. The cerebral cortex
plays an important role in the modification of the response. This
arrangement is claimed to be made through the corticoreticular
tracts."!l Tt is thought that the cerebral cortex demonstrates its
inhibitory and excitatory effects on the sudomotor sympathetic
activity on the contralateral side of the body. But the exact
mechanism and the localization of the effective cortical areas are
not known. It is thought that the increase in sweating and
conductivity of the skin in patients with a cortical lesion is due to
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the disappearance of the cortical inhibitory effect on the sudomotor
sympathetic system. !

Today an SSR evaluation as ‘the response is present or absent’
is accepted as sufficient because of large variations in latencies
and amplitudes."* Our study design controlled some factors,
such as temperature, habituation. Recently, opinions emphasizing
the necessity to take into consideration the amplitudes and the
latency differences between contralateral sides and between the
upper and lower extremities have become more important.!
However, abnormalities of SSR latencies and amplitudes or
asynchrony of the response has been sugeested as a eriterion for
abnormalities."™ "I Although there are difficulties in
standardization of SSR studies, especially in amplitudes of the
responses, it seems possible to use this method in the early diagnosis
of CRPS, in determining an effective treatment and in the
evaluation of treatment efficacy.

It is possible that after cerebrovascular aceident, especially in
the presence of CRPS, sympathetic hyperactivity appears and as
a result, SSR could be obtained from these patients even in each
stage of CRPS. SSR amplitude inereased as the stage of the disease
advanced. As an electrophysiologic technique, SSR may be used
in the evaluation of the sympathetic function in hemiplegic patients.
It is particularly important in post-stroke patients because the
differentiation of CRPS from the other peripheral causes for
regional pain (such as periarthritis, arterial occlusion, ete.) is not
easy. And this technique may also be useful in the diagnosis of
CRPS and in evaluation of the efficacy of the treatment.
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