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Testing autonomic nervous system function is an important 
but difficult area of clinical neurophysiology but sympathetic 
skin response (SSR) is a fast, simple and obtainable test for 
possibility of evaluating autonomic system dysfunctions. [2‑7] 
SSR has been studied in the peripheral as well as central 
autonomic nervous system dysfunctions,[2,8] such as neurogenic 
bladder. There are no contra‑indications for recording of SSRs 
that is specific to SCI.[6,9] Some studies report the use of SSR 
in SCI and reported correlations with other autonomic and 
sensory disorders in these patients.[6,9]

Neurophysiologic and clinical application of SSR was first 
described by Shahani.[2] SSR is defined as the change of the 
electrical potential of the skin, showing sympathetic cholinergic 
function.[10] SSR is a somato‑sympathetic reflex with a spinal, 
a bulbar, and a suprabulbar component. Reactive sites for 
evoked SSR extend from the posterior hypothalamus through 
the ventrolateral reticular formation of the pons and medulla, 
to the spinal cord, but until now, the definite central pathways 
in humans has not been precisely defined.[4‑6]

The sympathetic innervations to the bladder neck or internal 
urethral sphincter, which modulates relaxation of the body 
of the bladder and narrowing of the bladder neck to inhibit 
voiding, are provided by the Illiohypogastric nerves, which exit 

Introduction

Injury, vascular lesions, infection, and tumors of the spinal 
cord cause the majority of suprasacral neurogenic bladder 
problems.[1] Spinal cord injury (SCI) affects both spinal 
autonomic and somatic functions.[1] Due to SCI, functions of the 
lower urinary tract are lost. This may be due to deterioration 
of the urinary autonomic system, somatic system or 
both.[1] Urinary incontinence is one of the common presenting 
symptoms of this bladder dysfunction.[1] Moreover, diseases 
of the genitourinary system are currently the cause of death in 
some patients with SCI, requiring advancement in diagnostic 
tools and urologic management in these patients.[1]
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from the spinal cord at T11‑L2 segments. Due to SCI, this spinal 
sympathetic pathway can be deteriorated, causing incompetent 
bladder neck, and urinary incontinence.[1] An assessment of the 
sympathetic reflex with Sympathetic Skin Response test (SSR) 
in patients with incomplete SCI would be one of the ways to 
know neurophysiologic basis of urinary incontinence.

To the best of our knowledge, there is no pervious study to 
record SSR from the suprapubic, as a new technique, from 
homogenous population of patients with incomplete SCI 
with urinary incontinence in the literature. This study was 
conducted to investigate the effect of incomplete SCI on 
sympathetic skin response as a clue to the sympathetic nervous 
system involvement, in urinary incontinence patients due to 
incomplete SCI.

Subjects and Methods

Twenty‑two urinary incontinence patients due to incomplete 
SCI were recruited sequentially in a 10‑month interval from 
those who referred to Urodynamic clinic. We received the 
approval of ethics committee of our University and each 
subject (both case and control groups) gave verbal and written 
informed consent prior to participation in the study.

Exclusion criteria consisted of complete SCI, spinal shock, 
spinal cord hemi‑section syndrome (Brown–Squared 
syndrome), cauda equina syndrome, traumatic brain injury, 
limb amputation, age over  60  years, positive history of 
peripheral neuropathy, diabetes mellitus, clinical depression or 
consumption of any drug affecting autonomic nervous system, 
open wounds, peripheral nerve lesions, casts, or dressings 
that could make SSR unobtainable technically or increase the 
risk of infection for the patient.[10‑12] They underwent a nerve 
conduction study for evaluation of the median and tibial 
nerves. Of these, six patients that failed to show normal nerve 
conduction were excluded from the study. The other 16 patients 
were included in the study as the case group.

The American Spinal Injury Association (ASIA) impairment 
score was utilized for neurological classification of the 
level and severity of SCI in all cases. All the patients were 
investigated for the degree of independence in bladder 
management (elimination and perineal hygiene) with 
Functional Independence Measure (FIM).[1,11] A detailed clinical 
examination of all cases, including neurological level, ASIA 
motor and sensory scores, FIM grades, and duration from the 
onset of SCI is shown in Table 1.

Thirty healthy volunteers were selected as our control group; 
they had neither positive history of SCI nor other exclusion 
criteria for this study.

SSR: The tests were carried out on both patients and controls, 
sitting or supine and relaxed on a bed in a quiet dimly lit room, 
with the eyes open so as not to fall asleep; they were invited not 
to sigh, laugh, cough, or breathe deeply as far as possible during 
the study. Environmental and skin temperatures kept at 24°C 
and 32.8°C, respectively were controlled.[10‑13] SSR was recorded 
by Synergy multi‑linker EMG machine(viasys healthcare 
manor way, old woking surrey. GU22 9JU.UK, 2007). SSR was Ta
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done for both upper limbs, both lower limbs, and suprapubic 
area, respectively and the recording was done separately for 
each recording site. For limbs SSR, active electrodes were placed 
on the palm of each hand and plantar surface of each foot, and 
the references were placed on the dorsum of the hand and foot, 
respectively. For suprapubic SSR, active electrode was placed 
in the midline just above the pubic bone and the reference was 
placed 4 cm distal (caudal) to it in the midline.

A band pass of 0.1–1 KHz, a base time of 500  ms/div and a 
sensitivity of 200 µV/div were used. The SSR was obtained 
using an electrical stimulation (the constant voltage stimulation) 
consisting of a single square‑wave pulse of 0.1 ms duration and 
with an maximal intensity (target for considering absent SSR), 
just sufficient to produce a painful sensation in the control group 
and stimulate twice as much the motor threshold in SCI patient 
and recorded SSR from all recording sites with the same target 
stimulus intensity (we slowly increased the stimulus intensity 
to recording SSR or reach the maximal intensity). The electrical 
stimulation was applied to both median nerves, tibial nerves 
for each recording site (it was applied for the upper and lower 
limbs independently on both sides). Suprapubic stimulation 
was applied with 8 cm distance with active electrode below the 
umbilical area. The ground electrode was placed around the 
forearm and the leg, respectively.[14,15] It was positioned just 1 cm 
from the active electrode at the suprapubic area.

Ten stimuli were administered at random intervals of more 
than 60 s in the absence of distractions to avoid habituation 
for each stimulation site. Only reproducible responses without 
any movement artifact, that are consistent were selected for 
analysis (because each response can vary somewhat, then only 
responses that were consistent, with some variation in each 
subject, were selected for analysis). SSR latencies were measured 
from the origin of the trace to the first deflection of the trace 
from baseline. For each recording site, the mean latencies of 30 
controls reproducible responses to each stimulation site were 
measured separately. The average of the peak‑to‑peak amplitude 
was calculated in the same manner for each recording site.[12‑15]

Data were analyzed statistically using STATA (version 10, Stata 
Corp, Texas, USA.). Mann–Whitney test was used to compare the 
variables of interest between the case and the control groups. 
Spearman correlation coefficient was used to assess the linear 
relationship of ordinal variables in two groups. P Value < 0.05 
was considered as statistically significant in this study. The values 
are presented as mean (+/‑ standard error of the mean or 95% 
confidence interval).

Results

Sixteen patients (10 males, with the mean age of 28.9 years and 
age range of 25.2-32.5 years and 6 females with the mean age of 
36.3 years and age range of 26.7-45.9 years) were included in the 
study as the case group. Ten subjects had incomplete cervical 
SCI, five had thoracic incomplete SCI, and one had lumbar 
incomplete SCI. The cause of SCI was motor vehicle accidents 
in 11 patients, surgery in 2, trauma (falling) in 2 and infection in 
1. The average time period between this investigation and the 
SCI was 33.87 (± 6.8) months, ranging from 9 to over 120 months. 
Thirty healthy volunteers (15  males, with the mean age of 
27.8 years and age range of 24.5-31 years and 15 females with the 
mean age of 30.7 years and age range of 26.95-34.5 years) were 
selected as our control group. The SSR results for both case and 
control groups are presented in Tables 1 and 2.

Control group: All the 30 healthy controls had palmar, plantar, 
and suprapubic areas SSR bilaterally. The SSR results in the 
palm’s larger amplitude and shorter latency than the sole. No 
significant difference was detected between ipsilateral and 
contralateral stimulation in SSR latencies and amplitudes from 
our controls (P value > 0.7).

Group  B ASIA (sensory incomplete, but no motor function 
was preserved below the neurological level): Four patients 
with different neurological spinal cord injury were included in 
this group. No SSR response was obtained in the plantar and 
suprapubic areas in subjects from this group. Palmar SSR to 

Table 2: Normal sympathetic skin response data

Recording Site** Stimulated site*
(Mean and 95% Conf. Interval)

Median nerve at wrist Supra pubic region Tibial nerve at ankle
Mean latency (milisecond)

Palm 1469 (1436–-1502) 1707 (1649–1765) 1626 (1588–1664)

Sole 2152 (2117–2187) 2156 (2128–2184) 2135 (2106–2164)

Supra pubic 1875 (1833–1917) 1853 (1808–1898) 1878 (1831–1925)

Mean amplitude (microvolt)

Palm 1013 (939–1087) 530 (494–566) 664 (601–727)

Sole 566 (526–606) 480 (453–507) 566 (536–596)

Supra pubic 609 (553–665) 624 (580–668) 505 (454–556)

Mean Intensity (volt)

Palm 65 (62–68) 124 (118–130) 115 (109–121)

Sole 116 (110–122) 135 (130–140) 122 (117–127)

Supra pubic 118 (112–124) 130 (128–132) 125 (118–132)

* The electrical stimulation was applied for the upper and lower limbs independently on both sides, ** No significant difference was detected between ipsilateral 
and contralateral stimulation (P value > 0.7)
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median nerve stimuli was obtained in only one patient (NO 4 
with thoracic injury) and the others had no palmar SSR in 
response to median nerve stimulation. There were no significant 
differences in intensity (85 V), latency (1620 ms) or amplitude 
between the palmar SSR obtained in‑patient NO 4 and in the 
control group (P > 0.09).

Group  C ASIA (Motor function was preserved below the 
neurological level with more than half‑key muscles grade less 
than 3): Seven patients with different spinal neurological levels 
were included in this group. No patients from group  C had 
palmar SSR to the tibial nerve or suprapubic area stimuli. Six 
patients from this group had palmar SSR in response to median 
nerve stimuli and there were no significant differences in latency 
(1473 ± 25 ms, P value > 0.8), but there were significant differences 
in amplitude (449 ± 131 µV, P  value  <  0.0007) and intensity 
(175 ± 46 V, P value < 0.001) between the palmar SSR obtained 
in group C and in the control group.

No patient had plantar SSR in response to suprapubic area stimuli 
in this group. One patient had plantar SSR after stimulation of 
the median nerve (PT NO: 11) and three had plantar SSR to the 
tibial nerve stimulation with a significant difference in amplitude 
with our controls (P value < 0.01).

Only patient no.  11 had suprapubic SSR to median N and 
suprapubic area stimulation with a significant difference in 
stimulus intensity with our control groups (P value < 0.05).

Group  D ASIA (Motor function was preserved below the 
neurological level, and at least half key muscles below 
the neurological level had grade  3 or more): Five patients 
participated in this group. Except patient no. 12 with C4 level of 
lesion that had no palmar SSR to tibial nerve stimulation and no 
suprapubic SSR to suprapubic stimulation, all the other patients 
had palmar, plantar, and suprapubic areas SSR. Palmar SSR in 
response to median nerve stimuli in this group had no significant 
difference (P value > 0.07) in latency, amplitude and intensity 
with controls. However, there were significant differences 
(P < 0.01) in latency (2303 ± 46 ms), amplitude (381 ± 28 µV), 
and stimulus intensity (147 ± 8 V) from plantar SSR after tibial 
N stimulation compared with the normal controls. Stimulation 
and recording in the suprapubic region showed a significant 
decrease in the amplitude (287 ± 62 µV, P value < 0.001) and a 
significant higher stimulus intensities were required for the SSR 
responses (P value < 0.001).

Discussion

The sympathetic skin response is a sign of the sympathetic 
innervations of the skin sweat glands involving afferent 
pathway, brain stem nuclei, and sympathetic output.[11,16] It can 
be used to assess the spinal sympathetic nervous system and the 
respective peripheral sympathetic nerve fibers connecting the 
recorded skin areas.[13‑15] This test has been utilized in a number 
of studies involving SCI; it was shown that SSR provides a good 
measure of spinal sympathetic pathways in SCI[11,16]; however, it 
is not the only means of assessing the integrity of sympathetic 
pathways following SCI due to some conflicting studies using 
this technique. In our study, it was used to control sympathetic 
pathways’ integrity in incomplete SCI patients with neurogenic 

bladder. Some of the previously tested areas are palmar, plantar, 
and perineal that are specifically assessed along with central 
sympathetic pathways of the upper thoracic segments for palmar 
SSR, and possibly all thoracic segments for plantar SSR.[14,15]

In our study, the difference in the stimulus intensity for the 
same site in the control group for recording of sympathetic skin 
response from the three sites (palm, sole, and suprapubic) may 
be due to different peripheral or central afferent sympathetic 
skin response pathways of these three sites.

The Illiohypogastric N provides sympathetic innervations to 
the bladder neck or internal urethral sphincter and the skin 
eccrine glands of the abdomen above the pubis.[1] Now as a new 
technique, suprapubic SSR can be used to detect autonomic 
system dysfunctions in incomplete SCI patients with urinary 
incontinence and peripheral injury to this nerve.

The results of this study showed significantly reduced SSR 
amplitudes (P value < 0.01) with more prominent reduction in 
the suprapubic area recording site (P value < 0.0004) in cases 
compared with the control group. In both control and patient 
groups, no significant reduction was found in amplitude over 
the 10 responses, indicating that habituation did not affect the 
results. We did not use automatic average due to possible phase 
cancellation and reduction of the amplitude. This significant 
amplitude reduction can be a clue to the involvement of the 
sympathetic nervous system or effect of injury to the sensory 
pathways of the sympathetic skin response.

SSR with significant prolonged latencies were recorded from 
palm and plantar areas in response to the suprapubic area and 
tibial N stimuli, respectively (P value  < 0.02), showing some 
deterioration of sympathetic skin response pathways in our 
cases. In this study, a significantly higher intensity (P value < 0.01) 
was needed to elicit SSR in the cases compared with the control 
group; this might be due to some injury to sympathetic afferent 
fibers or skin hypertrophic changes in these patients.

Additionally, there were no correlation between duration from 
injury and SSR results in this study (P value > 0.05), which may 
be the result of static changes after spinal shock level of spinal 
cord injury.

There were no significant differences in latency, amplitude, and 
intensity of SSR responses (from those were obtainable) between 
patients’ upper T6 level of lesion with the patients’ lower T6 level 
of lesion (P value > 0.07) that may be due to incomplete SCI. All 
the patients with thoracic lesion had palmar SSR in response to 
median N stimuli but in four patients with cervical lesion (three 
ASIA grade B, one ASIA grade C) no palmar SSR was seen. These 
findings showed that the presence or absence of SSRs might be 
explained by connections with the supraspinal connection that 
may be deteriorated in these patients.

According to the absence or presence of SSR in all recording 
sites, in‑group D ASIA patients had closer to normal response 
than other groups but they revealed a significant reduction 
in amplitude in the suprapubic area that may be a clue of the 
bladder autonomic nervous system involvement in this group. 
Absent SSR can occur due to inadequate stimulation and 
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habituation; to resolve these problems, we administered ten 
stimuli at two times the motor threshold with random intervals 
of more than 60 s to avoid habituation for each stimulation site.

In our study, the patients with lesion under C7 and patients with 
ASIA D scores had better outcomes in bladder management and 
prineal hygiene (independent intermittent catheterization by 
straight catheters). This better outcome is more likely due to the 
spinal cord lesion level and their ASIA impairment score (AIS). 
In addition, patients with upper cervical lesion and ASIA B score 
had poorer outcome in bladder management (some to total assist 
for inserting transurethral indwelling catheter, or applying an 
external catheter to penis), which might be results of poor hand 
control and impaired fine motor coordination in this patient.

Previous studies have shown that SSR recordings above the level 
of the lesion by electrical stimulation of the urethral afferents 
can objectively assess the desire to void and contribute to the 
evaluation of the afferent nerve pathways of the lower urinary 
tract.[17] Rodic et  al. have demonstrated that recording of the 
perineal sympathetic skin response as well as that of the hand 
and foot represents a sensitive diagnostic value for evaluating 
neurogenic bladder neck incompetence in spinal cord injured 
patients.[18] Reitz et al. have shown that recording of SSR below 
a complete SCI lesion after pudendal nerve stimulation is a new 
way to evaluate the integrity of sympathetic pathways in these 
patients that may help to identify spinal interactions between 
the sacral somatic afferents and the sympathetic outflow in the 
spinal cord injury.[19] However, in those previous studies, to add 
to the therapeutic or diagnostic value, even perineal SSR and 
pudendal nerve stimulation might pose social issues for some 
cases but not for suprapubic SSR.

However, for clinical management urodynamic testing, for 
instance, is of much more interest, but the results of our study 
have shown abnormal SSR in incomplete SCI patients with 
urinary incontinence as a possible sign of the clinical involvement 
of the autonomic nervous system. To better assess the value 
of this test in clinical evaluation of patients with urinary 
incontinence due to SCI, we suggest another study to evaluate 
the SSR in incomplete SCI patients but without incontinence of 
urine for comparison with the current study.

Conclusion

The results of our study have shown abolished or impaired 
sympathetic skin response in incomplete SCI patients with 
urinary incontinence as a sign of the clinical involvement of 
the autonomic nervous system. In addition, we have described 
recording abnormal SSR from the suprapubic area as another 
way to show bladder sympathetic system involvement.
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