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A FOCUSED REVIEW

AN ELECTROPHYSIOLOGICAL APPROACH TO THE EVALUATION OF
REGIONAL SYMPATHETIC DYSFUNCTION: A PROPOSED CLASSIFICATION

David R. Longmire, MD

Background: The importance to physi-
cians of maintaining a level of understanding
of illnesses and their treatment continues to
reveal itself in a most striking fashion when it
comes to the progressive interest recently di-
rected to disorders of the autonomic nervous
system (ANS). In particular, the relevance to
pain practitioners of disease states which di-
rectly involve the sympathetic portion of the
ANS has increased markedly following the in-
ternational renaming of reflex sympathetic
dystrophy (RSD) and causalgia to complex
regional pain syndrome (CRPS) Type | and
Type Il respectively, as well as sympatheti-
cally maintained pain (SMP).

Subsequently it has become better un-
derstood that many other forms of neuro-

pathic pain also demonstrate local abnor-
malities of the sympathetic nervous supply
to the skin within the painful territory, there-
by increasing the diagnostic value of these
(often subtle) cutaneous clinical signs.

Objectives: The objectives of this pre-
sentation include (a) a concise review of lab-
oratory tests that are currently used in the
evaluation of the autonomic nervous system,
(b) a discussion of those procedures that
were developed for the assessment of sym-
pathetic sudomotor function, (c) a review of
the anatomic pathways subserving those
electrophysiological methods for sudomotor
testing, and (d) the current diagnostic classi-
fication for regional abnormalities of sympa-
thetic sudomotor dysfunction.

Methods: Methods used in the prepa-
ration of this article have included a review
of (a) historic clinical and laboratory articles
(or translations thereof) regarding the medi-
cal importance of disorders of the autonom-
ic nervous system, dating back to more than
155 years ago (b) anatomic and electrophysi-
ological basis for electroneurodiagnostic su-
domotor testing, and (c) the author’s propos-
al for a diagnostic classification of regional
sympathetic sudomotor dysfunction.

Key words: Autonomic, sympathet-
ic, sudomotor, complex regional pain syn-
drome, sympathetically maintained pain,
selective tissue conductance, Epi-Scan, neu-
ropathic pain, Longmire classification of re-
gional sympathetic dysfunction

Four decades ago the develop-
ment of modern methods for studies of
the autonomic nervous system seemed
to represent a neglected pathway with-
in the field of clinical neurophysiologi-
cal research. However, with the advent
of new or expanded laboratory proce-
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dures, medical disorders such as dysau-
tonomia, peripheral or autonomic neu-
ropathy, and sympathetic dysfunction as-
sociated with complex regional pain syn-
dromes can now be assessed objectively
and quantitatively.

The purpose of this monograph is to
provide a brief review of relevant tests of
autonomic function, with specific atten-
tion to noninvasive electrophysiological
procedures by which sympathetic sudo-
motor disorders may be evaluated objec-
tively and quantitatively

LABORATORY ASSESSMENT OF
AuTtonomic FuncTioN

Current approaches to the clini-
cal assessment of the autonomic ner-
vous system generally involve laboratory
procedures which have been designed to
test one or more of the following subsys-
tems (1):

Parasympathetic cardiovagal in-
nervation: This evaluation (CPT 95921),
is performed predominantly by record-
ing two or more of the following subtests,
such as the heart rate response to deep
breathing (with recorded R-R interval),
the Valsalva ratio, and 30:15 ratio.

Sympathetic vasomotor (adrener-
gic) innervation: This procedure (CPT
95922) measures beat to beat blood pres-
sure and R-R interval changes during the
Valsalva maneuver and during at least 5
minutes of passive tilt.

Sympathetic sudomotor (adrenergic
/ cholinergic) innervation: This type of
autonomic test (CPT 95923) involves the
application of procedures designed to eval-
uate sympathetic nerve pathways that con-
trol regional changes in perspiration. These
are known as sudomotor fibers (sudor, Lat-
in: sweat; and motor, Latin: motion). Sev-
eral laboratory methods have been devel-
oped for the assessment of sympathetic su-
domotor function (2) in animal and hu-
man subjects, confirming longstanding but
progressive interest in this aspect of auto-
nomic testing. Consequently, the theme
of this clinical monograph is directed pri-
marily to the discussion of the application
of certain sympathetic sudomotor tests in
medical practice.

PHysioLoGIcAL BAsis oF SYMPATHETIC
SupomMoTOR EVALUATION

One of the essential roles of the sym-
pathetic portion of the autonomic ner-
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vous system is the maintenance of a rel-
atively narrow body temperature range in
which chemical reactions can occur opti-
mally within cells. This effect, known as
thermoregulation, is based upon (a) the
constant central monitoring of tempera-
ture-related sensory nerve impulses gen-
erated distally in the body, (b) the pro-
cessing thereof within cerebral (e.g. lim-
bic, hypothalamic) autonomic centers,
from whence (c) corrective or adaptive
efferent supraspinal, spinal and periph-
eral impulses are initiated and directed
to those visceral and cutaneous effectors
which can, through their individually spe-
cialized functions, return internal temper-
ature levels to a balanced state.

While there is evidence for input
from various portions of the cortex and
limbic system into the hypothalamus, it
is in the preoptic area of this latter struc-
ture where central thermoregulatory con-
trol begins. From there, efferent nerve fi-
bers descend ipsilaterally and remain un-
crossed within the brainstem, terminating
in the intermediolateral (IML) fasciculus
of the spinal cord.

Within the IML horn of the spinal
cord gray matter a separate neuronal pop-
ulation exists known as sympathetic pre-
ganglionic neurons. The axons of these
form preganglionic fibers, which leave the
spinal cord through, or along with, the an-
terior roots.

Shortly thereafter, these fibers sepa-
rate from the roots and proceed toward
the paravertebral sympathetic chain.
Their myelination gives rise to their color
and thus the segments of these pathways
between the root and the chain ganglia are
known as the white rami communicantes.
After synapsing with those neurons in the
respective ganglia that are destined to be-
come part of the final common sudomo-
tor path, the postganglionic class C fibers
exit and, due to their unmyelinated state,
are known as the gray rami communican-
tes. They return to join the anterior root
and subsequently the main (mixed) nerve
root that passes through bony canals in
the spinal column.

SYMPATHETIC EFFECTOR SYSTEMS

These fibers continue to travel in
parallel with other efferent axons until
they branch off to supply the effector or-
gans in their respective cutaneous regions.
From there they provide control of the
three specialized sets of end organs which
contribute to the control of the body’s re-
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action to changes in internal and external
temperature.

The first of these end organs are pi-
lomotor effectors which consist of small
specialized muscles at the base of each
hair root. When activated, they pull the
hair shaft upward at an angle away from
the surface of the body, allowing air to be
trapped long enough to improve insulat-
ing effect. When no hair exists, these ef-
fectors still may contract, leaving a small
mound of skin at each empty follicle, giv-
ing the appearance of goose bumps or
goose flesh. Pilomotor fibers are least ap-
plicable to the quantitative assessment of
sympathetic dysfunction and are most
difficult to measure in human subjects.

Vasomotor fibers, a second type of
sympathetic efferents, help regulate re-
gional blood flow through their neural
control over the selective constriction of
arterioles. When such changes occur in
the skin, the amount of flow permits the
transfer or conservation of heat relative to
the temperature of the surrounding air.

Sudomotor effectors, a third set of
sympathetic effectors, consist of the sweat
glands which contribute to body cooling
through the production and expulsion
of perspiration. This in turn releases heat
from the body surface through the evap-
oration of sweat. It is to the identifica-
tion and localization of lesions of the au-
tonomic nervous system that laboratory
methods of sympathetic sudomotor test-
ing have been most successfully applied.

CuinicaL Tests oF SupomoTor FuncTiON

At present there are four general cat-
egories of tests used for sudomotor evalu-
ation: iontophoretic, sweat imprint, colo-
rimetric and electrophysiologic (1). While
published data regarding such tests ap-
pear to suggest that each method is novel,
many of the current procedures are based
upon earlier research, much of which was
performed over half a century ago (2,3).

lontophoretic: Quantitative Sudomotor
Axon Reflex Test

One system of measuring sweat out-
put from discrete areas of skin has been
developed by Low and colleagues (4) for
the assessment of autonomic neuropathy.
This method, known as the Quantitative
Sudomotor Axon Reflex Test (QSART),
provides a precisely controlled microen-
vironment at individual cutaneous sites
within which sweat latencies and response
amplitudes to iontophoretic stimulation

can be calculated.

The correct application of QSART
to single-site assessment of cutaneous au-
tonomic dysfunction requires a combi-
nation of interrelated laboratory instru-
ments, including a sudorometer, a con-
stant current generator, and a sweat cell.
All of these components are essential for
the acquisition of the sensitive and physi-
ologically detailed data which are expect-
ed from this test

The QSART transducer is applied
to a predetermined site on the surface
of human skin and its mechanical sta-
bility is confirmed before testing is at-
tempted. Dry (dehumidified) nitrogen is
passed through a flow regulator at a con-
trolled rate into a temperature-controlled
humidity sensor. The nitrogen, of known
flow rate and humidity, passes through
the sweat cell and causes total evaporation
of the sweat produced within the bound-
aries of its sealed chambers. The nitrogen,
made moist by the sweat expelled, is re-
turned to the humidifier sensor where
the relative humidity change is detected
and calculated using a dedicated comput-
er system. The design of the sweat cell in-
cludes a well which is divided into three
compartments: a recording compartment,
an air gap compartment, and an acetyl-
choline (ACh) well. The basic pre-test
procedure consists of control measure-
ments of resting sweat output (RSO) be-
fore the introduction of a 10% solution of
acetylcholine into the ACh well. Next, the
ACh solution is electrophoresed through
the skin. Shortly after ACh iontophoresis,
the sweat response is measured in terms of
latency, volume, and area under the curve
produced by the measured values. While
this test is based upon solid physiological
principles, there are some instrumental
and financial limitations in terms of de-
veloping a QSART system that can pro-
vide simultaneous evaluation of multiple
areas of skin. As well, there is some mod-
est discomfort which presents itself dur-
ing the test as a stinging or burning sensa-
tion beneath each transducer.

Silastic Sweat Imprint Method

One detailed method used to doc-
ument sweat gland and sweat pore pat-
terns involves the application of certain
types of glue, plastic, or latex material to
the surface of the skin in a manner by
which the liquid agent would seep down
into the pores. When dry, the rubbery im-
print can be peeled of the skin, resulting in
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anegative impression of the ducts and their
exit foramina. The most detailed procedure
for this purpose appears to be the silastic
mold technique developed by Kennedy and
Navarro (5). By applying liquid silastic to
small regions of skin and permitting it to
dry, a cast of the sweat pore and the lim-
bus of the sweat duct can be obtained. As
it is removed from the skin, the three di-
mensional product can be examined using
a wide variety of methods, including scan-
ning electron microscopy.

This test has a much greater preci-
sion than several of its predecessors. How-
ever, the application of the silastic mate-
rial to multiple sites, and the amount of
time required for the quantitative analy-
sis of each sample, together may make the
method excessively complex for clinical
testing of large areas.

Colorimetric Assessment of Regional
Perspiration: The Thermoregulatory
Sweat Test

Most colorimetric tests of sudomo-
tor function are based on the principle
that certain combinations of liquid and
powdered chemicals have the ability to
change color when they become wet. The
underlying hypothesis for their use in su-
domotor testing is that such chemicals,
when applied to dry human skin, retain
their original pale color until the body
is sufficiently heated enough to produce
increased thermoregulatory sweating.
When such a sweat response is evoked, the
chemical powders or dyes become wet,
and consequently their colors become
much darker wherever sweating has oc-
curred. Conversely, the chemical colors do
not change in regions of cutaneous sym-
pathetic denervation (i.e., in areas where
no normal sweating can be found).

One early form of the Thermoregu-
latory Sweat Test (TST) was first used by
Minor (6) over 70 years ago and consisted
of a mixture of iodine, castor oil, and di-
luted alcohol. This was used to paint the
skin over the territory of interest until the
skin was yellow. At that point, starch pow-
der was sprinkled over the dried skin until
the appearance was white. As long as there
was little perspiration, the powder did not
change in color. When sweating was in-
duced by heating the subject, sweat drop-
lets became visible as dark spots on a ho-
mogeneous white background. As sweat-
ing increased, the spots on the skin grew
in size until the entire territory of the mix-
ture became dark.

Further chemical materials were in-
troduced for the same purpose, a com-
mon example of which included quiniz-
arin as used by Guttmann (7). However,
the most modern variation of this meth-
od appears to be that recommended by
Fealey (8) in which the chemicals used are
alizarin red mixed with corn starch and
sodium carbonate. The powder mixture
is light orange when dry and purple when
wet. Patients who are referred for TST are
prepared in a cooler environment, fol-
lowing which they are placed in a heat-
ing chamber until the desired amount of
sweating is attained.

Unfortunately, all colorimetric tech-
niques are associated with a certain degree
of inconvenience, complexity, and untidi-
ness during the application and removal
of the chemicals. As well, the interpreta-
tion of regional TST abnormalities is ex-
tremely difficult in certain painful disor-
ders since spontaneous local hyperhidro-
sis causes discoloration even before body
heating.

Electrophysiological Assessment of the
Skin: Sympathetic Skin Response and
Related Electrodermal Activity

Since the middle of the 19" centu-
ry, physicians have accepted the clinical
application of electrophysiological meth-
ods to the study of normal and abnormal
function in the human nervous system
(9). The subsequent invention of oscillo-
graphic ink; or heat writers, permitted the
creation of hard copy recordings of bio-
electric activity generated in many differ-
ent body systems. This created subspecial-
ties within the field of electrophysiology,
the names of which were created by plac-
ing the prefix electro before, and the suffix
ography after, any root word indicating the
body system being tested.

As a consequence, the term electro-
dermography (EDG) (10) is currently
used to encompass the wide range of elec-
trophysiological measurements related to
skin that were previously known as the
galvanic skin response (GSR) (11). While
the original term GSR was intended to be
used solely to represent one specific elec-
trical skin phenomenon, it eventually be-
came widely applied to all forms of elec-
trodermal measurement.

Active Electrodermographic Pheno-

mena: Sympathetic Skin Response
When variations occur in the pro-

duction or expulsion of sweat, there are

measurable physiological changes in the
skin which are classified from an electri-
cal perspective as being either predom-
inantly active (endosomatic) or passive
(exosomatic).

Active electrical changes are the re-
sult of the volume averaging of trans-
membrane electrical potential differences
generated within skin cells, and hence are
classified as endosomatic. Those which
are reasonably steady or slow to change
in a resting state, are collectively known
as the skin potential level. Large fluctua-
tions in skin potential level which occur
after the presentation of an acute stimulus
are generally categorized as skin potential
responses or, historically, as Tarchanoff’s
Effect (12,13).

In 1924, Richter (14) had one of the
earliest reported opportunities to study
the effects of a structural lesion of the
sympathetic chain on the evoked GSR.
In one patient with a painful lesion of
the cervical sympathetic chain, he not-
ed a marked difference in sweating be-
tween symptomatic and asymptomatic
sides of the face, neck, upper chest, arms,
and hands. With reference to the upper
limbs of this patient, he attempted to ob-
tain some objective measurement of this
pathological state by using contemporary
GSR methods and instrumentation. His
detailed recordings of phasic resistance
changes occurring at rest and after sen-
sory stimulation revealed a loss of the ex-
pected GSR of the hand ipsilateral to the
lesion. Responses recorded from the as-
ymptomatic arm and hand remained con-
sistent with those of normal controls. The
clinical correlation of this type of sympa-
thetic abnormality found subsequent uses
by anesthesiologists in the assessment of
the effects of regional sympathetic neu-
rolytic blockade (15-17) albeit by differ-
ent names. Current terminology (1) for
use of the skin potential response in med-
ical practice has followed the changes pro-
posed by Shahani et al (18,19) and has ad-
opted the term sympathetic skin response.
The Shahani method has been used in the
assessment of various forms of peripher-
al autonomic neuropathy and sympathet-
ic dysfunction.

Passive Electrodermographic Pheno-
mena: Sympathetic Skin Resistance
and Selective Tissue Conductance

The electrical characteristics of skin
which reflect the function of the body sur-
face by allowing or opposing the passage
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of direct electrical current, phenomena
known respectively as conductance or re-
sistance, are considered passive. Since their
assessment is based upon tissue reactions
to externally applied test current, these
types of electrodermal measurements are
also classified as exosomatic.

The medical application of exoso-
matic electrodermographic (EDG) mea-
surement is based upon one main princi-
ple: hypohidrotic or anhidrotic skin cre-
ates more resistance to the flow of exter-
nally applied electrical current than does
euhidrotic or hyperhidrotic skin.

In clinical practice this resistance oc-
curs most frequently when the sympa-
thetic nerve supply to the skin is inter-
rupted, skin moisture decreases, and skin
electrical resistance rises within the cu-
taneous territory of the damaged nerve.
This effect was first reported as early as
1879 by Vigouroux (20), senior electro-
physiologist at Charcot’s department of
neurology at the Salpetriere in Paris. He
was among the first to discover that dam-
age to distal segments of a single peripher-
al nerve increased the electrical resistance
of the region of skin originally served by
that nerve.

Unfortunately the potential clinical
applicability of passive electrical measure-
ment of this type was not to be acknowl-
edged until nearly half a century later
when Richter abandoned his use of the
evoked GSR. He, his colleagues, and stu-
dents embarked on more extensive stud-
ies using clinical correlation of electrical
skin resistance levels in patients with vari-
ous pathological or surgical lesions of in-
dividual peripheral nerves, nerve roots,
sympathetic ganglia, or spinal cord. As
such, Richter and his colleagues (21-31)
were able to map the sympathetic inner-
vation to the entire body surface, an effort
which remains historic in basic and clini-
cal neurobiology.

SeLecTIVE TissuE CONDUCTANCE

Despite the extensive use of the skin
resistance method, there were a few inher-
ent technical concerns regarding method-
ology and clinical applicability. Therefore,
in order to enhance the quantitative as-
pects of Richter’s method while improv-
ing safety and efficacy, in 1963 the author
initiated a series of projects to that end,
and in 1973 he and William E. Woodley
began collaborating on a series of projects
that eventually led to the establishment of
Selective Tissue Conductance (STC) tech-
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nology, as a painless, noninvasive method,
classified by HHS/FDA (32,34) for eval-
uating regional sympathetic sudomotor
dysfunction.

Conductance versus Resistance

The first step in the development of
STC instrumentation was the decision to
use skin conductance, instead of skin re-
sistance, as the measurement of choice.
This selection was based upon the fact
that levels of conductance are directly
proportional to the activity of sympathet-
ic sudomotor efferent fibers, whereas re-
sistance levels are inversely related to sym-
pathetic outflow. Early investigations on
the variability of skin electrical responses
created by changing parameters of stimu-
lation indicated that the measurement of
conductance levels, not responses, would
provide more stable results.

Although this type of instrumenta-
tion was originally intended for the mea-
surement of human skin conductance,
there have been suggested applications
of electrical assessment of other types of
tissue (e.g. in the fields of marine biolo-
gy and plant physiology), as well as assess-
ment of the condition of necrotic muscle
during surgery. Therefore, the term Se-
lective Tissue Conductance was recom-
mended as being more appropriate for the
broad range of biological materials that
could be evaluated with this method.

Spatial Selectivity: The Elimination of
Transcorporeal Currents

Early methods of measuring skin
resistance often consisted of passing an
electrical test current between a static ref-
erence electrode and a roving or exploring
electrode that was moved over the areas of
the skin to be assessed. If it happened that
the reference and roving electrodes were
placed on opposite sides of the body, then
electrical flow could traverse the body cre-
ating transcorporeal currents. If this cur-
rent path flowed through electrically sen-
sitive organs such as the heart, then at
least potential, if not actual, risks of ar-
rhythmia could be increased.

This effect was eliminated in 1982
when Longmire and Woodley developed
a bipolar concentric electrode that could
simply be held against the unprepared
skin surface, without the need for elec-
trode gels or creams. Its design consists
of a central disk separated from an outer
ring by an insulator. This allows a restrict-
ed passage of the test current between the

center contact and the outer ring electrode
through very superficial layers of the skin
by volume conduction, with no possibil-
ity of transcorporeal current. This aspect
of Selective Tissue Conductance technol-
ogy is known as spatial selectivity.

Temporal Selectivity: The Avoidance of
lontophoretic Effect

The usual measurement of conduc-
tance in biological tissue with direct cur-
rent test signals is associated with progres-
sively increasing values based upon the
duration of application of current. This
is known as the iontophoretic effect, and
initially represented a potential source of
variability of measurement. However, by
making conductance measurements ear-
ly in the application of current, using a
method known as temporal selectivity, it
was possible to eliminate this effect.

Selective Tissue Conductance:
Operational Definition

By combining these elements of con-
ductance, spatial selectivity and tempo-
ral selectivity, the operational definition
for Selective Tissue Conductance has
been established as “...the relative abil-
ity of biological tissue to conduct a weak
(DC) electrical signal, which is applied for
a selected period of time to a selected, lim-
ited and restricted surface area of that tis-
sue...” (32,33)

Units of Measurement

Until the introduction of a new set
of units of physical measurement in the
1970s by the Systeme Internationale (SI),
the unit for electrical conductivity was the
Mho, later changed to Siemens in honor
of the contributions of the German scien-
tist who extensively researched the electri-
cal properties of conducting and insulat-
ing materials. The normal range of con-
ductivity of human skin is wide, but ab-
solute levels are generally very low, often
running in the micro- or nano-Siemens
levels. Since the conductivity of skin is de-
pendent upon the surface area of the elec-
trodes, the standard unit of measurement
for Selective Tissue Conductance is nano-
Siemens per square centimeter (nS/cm?).

STANDARDIZATION OF SELECTIVE
Tissue ConbucTANcE METHODS I:
MEASUREMENT

The application of STC technology
to the clinical assessment of regional sudo-
motor dysfunction has been established for
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over 25 years and in over 4,600 tests within
the United States. Within the last five years,
many advances in Epi-Scan STC instru-
mentation, notably the computer-based
P100 system of M.C. Patel, PhD (Person-
al communication, 1999-present) have led
to new methods of examination, data col-
lection, quantitative analysis, and report-
ing. This has included the standardization
of each component of a comprehensive ex-
amination system for this particular type
of sympathetic sudomotor evaluation.

SINGLE SITE MEASUREMENTS

One of the earliest methods of
STC assessment consisted of measure-
ments made at a single predetermined
site, known as Type A reference studies
(34). These were most often located over
the midline of the forehead, chest, ab-
domen, or spine. Single site data of this
type shared the same spatial limitations
as QSART and the Silastic Sweat Imprint
Test. However, the strength of this tech-
nique was demonstrated when single site
measurements were repeated at equal in-
tervals over time during and after medi-
cal treatment or the induction of hyperhi-
drosis through gustatory or noxious stim-
ulation, such as the single digit cold pres-
sor method. It may also be used to assess
the dynamic STC range over certain areas
of skin. At present it is most often used as
a bioelectric test technique before and af-
ter performing a comprehensive evalua-
tion of sympathetic sudomotor function,
such as the Patel Grid.

MuLTIPLE SITE MEASUREMENTS

Comparative (Symptomatic /
Asymptomatic) Studies

Originally known as Type B stud-
ies, these methods consisted of compar-
ing the STC values of multiple sites dis-
tributed over anatomic landmarks on
both sides of the head, face, trunk, spine,
or extremities. This method was used in
the first prospective, double-blinded con-
trol trial of STC technology in assessing
the hemihypohidrosis/hemianhidrosis of
Horner’s Syndrome created by unilateral
stellate ganglion blockade (35,36).

Stage | Linear Gradient Assessment
There are conditions in which STC
values are higher or lower distally or prox-
imally along the axis of an extremity. In ad-
dition, there are disorders which are asso-
ciated with increases in conductivity at in-
termediate levels along the extremity, with

well defined proximal and distal bound-
aries. The standard method used for the
evaluation of either of these phenomena
consists of several sequential measure-
ments made along a predetermined lon-
gitudinal or transverse path. Since one of
the main goals of this technique is to de-
tect the anatomic level at which the great-
est rate of change of measured values oc-
curs, it was originally named the Type C
linear gradient method. Since the body
surface is irregular, variations in the axis
of measurement are not truly rectilinear;
therefore, some workers prefer to use the
shorter term, gradient montage, as an al-
ternate name for this technique.

Stage Il Peak/Perimeter Determination
The earliest clinical application of
STC technology was directed toward the
localization of peaks or troughs of sudo-
motor activity within a predetermined
larger territory of relative hypohidrosis,
euhidrosis, or even hyperhidrosis. This
method was performed by making sever-
al measurements along various axes spe-
cifically to determine the points at which
zones of relatively high STC levels would
drop. This type of measurement was re-
peated along vertical, horizontal, and di-
agonal axes until the perimeter of the ab-
normally high STC region had been de-
fined. By repeating measurements with-
in that territory, the site of maximum or
peak STC could be determined, and in-
terpreted clinically, relative to the spatial
distribution of the patient’s symptoms or
signs under various conditions (34-37).

Stage Il Comprehensive Sympathetic
Sudomotor Assessment: The Patel Grid

This technique involves measur-
ing sympathetic skin activity levels at
an equal number of sites along horizon-
tal and vertical axes. After theoretical and
analytical consideration, Patel was able to
determine the optimum number of mea-
surements acceptable for clinical practice
to be 36 (i.e. 6 rows and 6 columns), the
center of each point of measurement to
be located either 1 or 2 electrode diam-
eters away from the next adjacent mea-
surement site.

All measurements are divided into
quadrants, beginning to the right of the
midline. The same sequence is followed
for each of the standardized procedures
noted below (S01-S17). Since the mea-
surements are made in the same order,
this system has a generally universal ap-
plicability to most regions of the body.

Current Procedures

At present, most STC procedures
used for the assessment of regional sym-
pathetic sudomotor function related to
complex pain syndromes or structur-
al lesions consist of either standardized
(S01-S17) Patel Grid montages designed
for each body region, or the stage II Peak/
Perimeter technique. Neither of these
methods completely replaces the linear
gradient montage (S18), which is often a
close second choice to the peak/perimeter
method for establishing the boundaries
of pain-related hypohidrotic or hyperhi-
drotic regions.

STANDARDIZATION OF SELECTIVE

Tissue ConpucTaNce METHODS |2
QUANTITATIVE ANALYSIS OF SYMPATHETIC
SupomoTor DATA

Inherent within the established com-
puter measurement systems for STC eval-
uation of sympathetic sudomotor func-
tion are several analytical approaches. The
advantage of multiple mathematical anal-
yses is the objective confirmation of the
presence and general topographic distri-
bution of abnormally low or abnormally
high values over the region being tested.

Asymmetry Ratio

This mathematical expression was
originally considered to be the most sim-
ple and practical way to detect an asym-
metry in the electrophysiologic values
measured during clinical sympathetic
sudomotor testing. It consisted of a two
step process in which each homologous
data pair was first inspected to determine
which measurement was larger. The sec-
ond step was to divide the larger value by
the smaller, and express the result as a ra-
tio. Any ratio value greater than 1.5:1 was
considered to be abnormal, and the high-
er the ratio, the more severe was the asym-
metry.

Inherent within this method, how-
ever, was an error which occurred when-
ever one of the values was too low to be
measured by the STC device, such as one
might find when measuring sudomotor
function over a region of true anhidro-
sis or marked hypohidrosis. Stated sim-
ply, any result less than 1 nS/cm* would be
displayed as a zero (0). During analysis of
homologous data pairs, any value equal to,
or greater than, 1 would then be divided
by zero, which would equal infinity, a re-
sult which would be unusable for clinical
interpretation.
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There are at least three possi-
ble ways to correct this error. The first
would be to add the number 1 to all val-
ues in the measurement series. The sec-
ond would be to use instead the Asym-
metry Index, and the third would be to
use the Ratio of Individual to Mean Val-
ues to be described in the following two
paragraphs.

Asymmetry Index

One alternate method by which
asymmetric data may be expressed nu-
merically is the Asymmetry Index pro-
posed by Woodley in 1982. This technique
compared the values measured from one
site of each homologous pair with the
sum of values obtained at both sites of the
pair, for example, L/(L+ R).

Ratio of Individual to Mean Values

This method of quantitative analy-
sis has been in use since 2001 as an ex-
tension of the multiple site measure-
ment system known as the Patel Grid.

The first step in the analysis is to
obtain the mean value of all 36 sam-
ples, after which each individual value
is divided by the mean and expressed
as a ratio. If the value thus obtained is
less than 1.5, or greater than 0.5, the ra-
tio is considered to be within the nor-
mal range for that sample. The great-
er the deviation away from the mean,
the more severe is the abnormality. The
only disadvantage to this method is that
extreme individual values can contrib-
ute more to the mean, in the same way
that occurs when using an average ref-
erence electrode in clinical electroen-
cephalography. Therefore it is used only
rarely in clinical practice.

Two Dimensional Display and Analysis

Current standards of practice in-
dicate that the assessment of region-
al sympathetic sudomotor function
should be made at multiple homolo-
gous sites on both sides of the body.
Therefore the STC levels and the ratio
of individual to mean values are dis-
played in a manner consistent with the
spatial distribution of the body regions
from whence the data were measured.
The application of this basic four quad-
rant display mode gains increased clini-
cal relevance when compared to the var-
ious types of regional abnormalities of
sudomotor function outlined in the fol-
lowing sections.
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STANDARDIZATION OF SELECTIVE

Tissue ConpucTANCE METHODS

I11: CLassIFICATION OF REGIONAL
SYMPATHETIC SuDOMOTOR DYSFUNCTION

General Categories of STC Abnormality

Abnormalities of sympathetic sudo-
motor function are most often described
in terms of a) their spatial distribution,
and b) the direction of the deviation of
values away from the normal (i.e. in-
creased or decreased).

The four general categories used to
indicate the regional distribution of su-
domotor dysfunction are based upon the
degree of abnormalities present in each
of the four quadrants of the Patel Grid.
These patterns are labeled Focal, Unilater-
al, Bilateral, and Diffuse, with subcatego-
ries provided only for common variations
of the abnormality.

Each group is further subdivided rel-
ative to abnormally low function (hypo-
hidrosis / anhidrosis) or abnormally high
function (hyperhidrosis).

The interpretation of low sudomo-
tor activity has been related to the loss of
function of sympathetic efferent paths to
the affected region, often due to non-ir-
ritative, surgical, destructive (ablative) le-
sions, or regional anesthesiologic (neuro-
Iytic) blockade.

Conversely, high sudomotor activ-
ity has been related to increased excita-
tion of postganglionic sudomotor effer-
ent activity created by direct irritation
in the sympathetic chain ganglia. Di-
rect activation notwithstanding, region-
al hyperhidrosis can also be evoked in-
directly: e.g. the electrodermal changes
that are elicited through the increased
efferent sympathetic activation initiated
by noxious afferent sensory input, simi-
lar to mechanisms related to complex re-
gional pain syndrome Type I/RSD, Type
II/causalgia, and sympathetically main-
tained pain (SMP).

Clinical reports of sudomotor ab-
normalities that occur in many forms of
illness have contributed significantly to
our ability to classify sympathetic hypo-
function or hyperfunction based on top-
ographic distribution. As a result of this
type of clinicopathological correlation
with electrophysiological data obtained
from STC assessment it has been possible
to formulate the Classification of Region-
al Sympathetic Sudomotor Dysfunction
as presented in Table 1.

I. FocaL SupomoTor DYSFUNCTION

A. Focal Hypohidrosis / Anhidrosis
Focal hypohidrosis is a term indicat-
ing a very local or well circumscribed ter-
ritory of skin in which the normal func-
tions of sweating have been reduced or
destroyed. In its more severe form (i.e.,
when no sweating can occur at all) the
correct classification is focal anhidrosis.
The focus, or area of special attention, is
often small; as one might find in a healed
skin lesion or scar. When the distal por-
tion of a cutaneous nerve is transected
surgically, or blocked with a regional an-
esthetic agent, the area of hypohidrosis or
anhidrosis can still fall within one field of
examination using the Patel Grid.

Clinical Case Presentation: Focal
Hypohidrosis / Anhidrosis

A 20-year-old apprentice sheet met-
al worker sustained superficial lacera-
tions of the left hand in a work related
injury. He was transported to an emer-
gency department where the examining
physician felt that since the patient was
able to move all fingers generally well,
the major nerves, tendons, and muscles
had been spared. Two separate 1.5 cen-
timeter cuts were identified over the dis-
tal third of the hypothenar region, one
on each of the palmar and dorsal surfac-
es. Two weeks after the accident, the pa-
tient continued to demonstrate normal
hand and finger movements, but com-
plained about lost or reduced sensation
to cold, light touch, and pin, in a partial
band around the hand. Four weeks later
the skin had healed fully, but the patchy
area of reduced cutaneous sensation re-
mained. Standard methods for recording
median and ulnar motor nerve conduc-
tion velocities as well as median, ulnar,
and radial sensory nerve action poten-
tials evoked by digital nerve stimulation
were normal bilaterally. In an attempt to
determine if any of the autonomic nerve
supply to the skin was affected, sympa-
thetic skin assessment of sudomotor
function was performed with the follow-
ing results.

Application of the Selective Tissue
Conductance method to the hands
revealed medium STC levels over the
dorsal aspect of the right hand and a
mixture of medium to very high levels
over the right palm. Both these findings
were normal for the respective surfaces of
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Table 1. PROPOSED LONGMIRE CLASSIFICATION OF REGIONAL SYMPATHETIC SUDOMOTOR DYSFUNCTION

|. FOCAL SUDOMOTOR DYSFUNCTION

I.A.1: Focal Hypohidrosis
Cutaneous skin lesion (scar)
Transected cutaneous nerve

I.A.2: Focal Hypohidrosis with Hyperhidrotic Border Zone
Post-Herpetic Neuralgia (PHN)
Meralgia Paresthetica
Diabetic Peripheral Neuropathy
Autonomic Neuropathy

I.B.1: Focal Hyperhidrosis
Complex Regional Pain Syndrome
Type I Reflex Sympathetic Dystrophy (RSD)
Type II Causalgia
Sympathetically Maintained Pain (SMP)

Complex Regional Pain Syndrome

Type I Reflex Sympathetic Dystrophy (RSD)
Type II Causalgia

Sympathetically Maintained Pain (SMP)

I.B.3. Focal Hyperhidrosis with Multiple Foci of
Increased Sudomotor Levels
Fibromyalgia Syndrome
Myofascial Pain Syndrome

Il. UNILATERAL SUDOMOTOR DYSFUNCTION

I.B.2. Focal Hyperhidrosis with Contralateral (Mirror) Image

[lLA: Unilateral Hypohidrosis (Hemihypohidrosis /
Hemianhidrosis)
Migraine with aura
Horner’s Syndrome
Stellate ganglion blockade
Apical lesion of the lung
Brain stem infarction
Unilateral cerebral infarction

[1.B.1. Unilateral Hyperhidrosis: (Hemihyperhidrosis,
Primary, Ipsilateral)
Cluster headache
Irritative stellate ganglion lesion
Irritative brainstem lesion

[1.B.2: Unilateral Hyperhidrosis (Hemihyperhidrosis,
Secondary, Contralateral)
Stellate ganglion blockade
Unilateral sympathectomy

[1.C: Unilateral Hypohidrosis with Contralateral
Hyperhidrosis
Unilateral ablative brainstem lesion
Unilateral cerebral hemispheric infarction
Central post-stroke pain syndrome
Dejerine-Roussy Syndrome

I11. BILATERAL SUDOMOTOR DYSFUNCTION

I1l.A.2: Bilateral Hypohidrosis, Asymmetric
Cervical radiculopathy with ipsilateral hypoesthesia
Lumbar radiculopathy with ipsilateral hypoesthesia
Cervical sympathetic block
Thoracic sympathetic block
Lumbar sympathetic block

111.B.1: Bilateral Hyperhidrosis, Symmetric
Cervical, thoracic or lumbar disc protrusion, central
Thoracic disc protrusion, central
Lumbar disc protrusion, central
Spinal stenosis
Emotional sweating
Hyperthyroidism
Acral hyperhidrosis
Idiopathic hyperhidrosis
Peripheral vasospasm (Raynaud’s )
Peripheral arterial disease (PAD)
Peripheral ischemic neuropathy
Intermittent claudication
Diabetic neuropathy
Metatarsalgia
Plantar fasciitis

111.B.2: Bilateral Hyperhidrosis, Asymmetric
Ipsilateral Contralateral
GI Inflammatory bowel disease
Pancreatitis
Cholecystitis
Cervical radiculopathy
Thoracic radiculopathy
Lumbar radiculopathy
Contralateral > Ipsilateral
Post cervical sympathetic block
Post thoracic sympathetic block
Post lumbar sympathetic block

IV. DIFFUSE SUDOMOTOR DYSFUNCTION

I11.A.1: Bilateral Hypohidrosis, Symmetric
Midline cervical spinal cord lesion
Midline thoracic spinal cord lesion
Midline lumbar spinal cord lesion
Acral hypohidrosis due to anticholinergic medications

IV.A: Diffuse Hypohidrosis
Riley-Day Syndrome
Hypothyroidism
Parkinson’s Disease
Anticholinergic medications
GABAergic medications
Sympatholytic medications

IV.B: Diffuse Hyperhidrosis
Gustatory sweating
Thermoregulatory dysfunction
Hyperthyroidism
Syncope
Acute sympathetic crisis
Acute vertigo
Shock
Intense physical exercise
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the asymptomatic right hand. Relative to
the left hand, the medium and high levels
were interrupted by very low (anhidrotic)
levels over the region of the previous
injury.

Slightlylargerregionsofhypohidrosis
/ anhidrosis can occur when more than
three foci of reduced sudomotor function
have coalesced or are contiguous within
the area of skin being tested. As long
as the regional pattern created by this
type of abnormality remains within
one quadrant of the Patel Grid, it is
still classified as focal hypohidrosis or
anhidrosis. Abnormalities of this type
can be found in patients who have had
surgical or anesthesiologic (neurolytic
or electrical) blockade of more than one
branch of a peripheral nerve, or when the
postganglionic fibers from one or more of
the sympathetic chain ganglia have been
disrupted.

Testing for focal hypohidrosis or
anhidrosis has been one of the few ways
in which anesthesiologists and surgeons
have been able to quantitatively test for the
success of a sympathetic block or surgical
sympathectomy.

B. Focal Hyperhidrosis

Focal hyperhidrosis is a term
indicating a well circumscribed, local
increase in sweating. Like its hypohidrosis
counterpart, the size and spatial
distribution of the focal hyperhidrotic
area generally correlates well with
those of the territory of the affected
cutaneous nerve or sympathetic chain
ganglion. Abnormalities of this type are
most often found in patients who have
sustained injuries to soft tissue or nerve
trunks which have gradually developed
into a complex regional pain syndrome
Type I (reflex sympathetic dystrophy)
or Type II (causalgia) or sympathetically
maintained pain (SMP). It is most often
unilateral, and generally found within
one quadrant of the Patel Grid (Fig. 1).
However, under rare circumstances, focal
contralateral hyperhidrosis can occur as a
mirror image in the homologous territory
of the opposite (uninjured) limb.

Somewhat larger foci of
hyperhidrosis can be created when
small, well demarcated foci of increased
sudomotor function have coalesced or are
contiguous within the area of skin being
tested. Abnormalities of this type can be
found in patients who have had irritative
changes or partial pressure on a slightly
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more proximal segment of a peripheral
nerve or root. Unless the hyperhidrosis
extends widely outside its quadrant
of the Patel Grid, the abnormality is
still considered to be focal. When the
postganglionic fibers from one or more
of the sympathetic chain ganglia have
been compressed or otherwise irritated,
it is common for what begins as focal
hyperhidrosis to expand vertically into a
pattern of unilateral hyperhidrosis.
Testing for regional hyperhidrosis
also represents one of the few ways in
which physicians have been able to localize
those sympathetic abnormalities known
to be part of the diagnosis of CRPS types I
and I1, and SMP. For example, the utility of
most clinical electrodiagnostic procedures
in the assessment of patients with pain
has been in the ability to diagnose certain
neurological disorders which may be the
cause of the discomfort or suffering. It

is generally understood that there are
no electrodiagnostic tests to which can
be used reliably measure a patient’s
perception of pain on a quantitative
basis. Nevertheless, there has been a large
body of clinical and laboratory evidence
suggesting that the most accessible
pathways for assessment of this type
of regional neurologic dysfunction are
those that subserve thermoregulatory
sweating (i.e., the sympathetic sudomotor
pathways).

When abnormal patterns of nerve
impulse are directed along afferent
pathways, abnormal sensations, including
pain, may be perceived. However, when
such activity is simultaneously transmitted
from dorsal sensory pathways in the spinal
cord, via collateral or internuncial fibers,
around to the intermediolateral (IML)
fasciculus, impulses are initiated in
preganglionic sympathetic fibers. These, in

Fig. 1. Clinical Case Presentation: Focal hyperhidrosts
A 28-year-old health care worker sustained multiple soft tissue injuries to
the upper extremities during an attack by a psychiatric patient. Most notable of
these was a relatively mild nonpenetrating blunt injury to the dorsal aspect of the
right forearm. Although that specific injury was considered to be minor, it became
associated with a form of continuous, burning pain which was associated with
local hair loss and changes in the texture of the skin over the affected area. Over
a few weeks, the local pain became more severe, and the skin became progressively
so sensitive that a new form of pain was evoked whenever it was touched lightly.
The patient began to hold the arm and hand in a protected position and eventually
the mobility of the affected limb became reduced. Careful testing of sympathetic

sudomotor function revealed results diagrammed here.

Normal values for the dorsal aspect of the forearms tend to be low (white circles)
or occasionally medium (gray circles). Over the symptomatic area of the dorsal right
forearm there is focal hyperhidrosis, consistent with the overall clinical picture of

complex regional pain syndrome Type I (reflex sympathetic dystrophy).
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turn, stimulate neuronsin the paravertebral
chain ganglia, the postganglionic fibers
of which ultimately end in sympathetic
effectors, including sweat glands. As
the nociceptive activity associated with
painful tissue injury secondarily evokes
higher levels of preganglionic activity in
the IML, subsequent neural firing in the
postganglionic supply to the skin results
in local sweating in the painful area.
Because of the columnar organization of
these pathways, the increased sudomotor
activity created by this pathophysiologic
process is often well demarcated within
the area of the original injury, or within
the cutaneous territory of the affected
sympathetic ganglion. In addition, the
spatial distribution of the sudomotor
dysfunction created by this process
may be used clinically in the functional
localization of several painful neuropathic
disorders.

True  multifocal  hyperhidrosis
can be found in fibromyalgia and
myofascial pain syndromes in which
relatively discrete areas of hyperhidrosis
correspond with the location of
myofascial trigger points.

C. Focal Hypohidrosis with
Hyperhidrotic Border Zones

There are two common mechanisms
which can create a well circumscribed
focus of central hypohidrosis with
a border zone of hyperhidrosis. The
first condition is created when local
hypohidrosis or anhidrosis occurs as
a result of structural damage to the
skin, with local scar formation. Around
the edges of the scar the sudomotor
effectors, like other nerve fibers, are
hyperexcitable and create an interrupted
rim of hyperhidrosis. This is seen
commonly in patients with postherpetic
neuralgia.

A second mechanism presents itself
without any disruption of the skin from
external lesions or trauma. Instead, the
combination of an area of hypohidrosis
or anhidrosis, surrounded by a rim of
hyperhidrosis is created by a partial nerve
injury in which the fibers subserving the
central (hypohidrotic) territory are more
severely damaged. In the remaining fibers
in the same nerve, there is partial residual
function intermixed with markedly
irritated fiber activity which creates the
hyperhidrosis in the surrounding tissue.
The most clearcut example of this occurs
in patients with meralgia paresthetica,

the sensory abnormalities of which
parallel the sudomotor dysfunction, with
central hypoesthesia and dysesthesia or
paresthesias along the perimeter of the
affected nerve territory.

|. UNILATERAL SUDOMOTOR DYSFUNCTION

A. Hemihypohidrosis and
Hemianhidrosis

Unilateral sudomotor hypofunction
is currently known as hemihypohidrosis,
a term suggesting a relative, rather than
absolute, condition. Only when there is
an absolute absence of measurable sweat
on one side of the body can the term

Hemihypohidrosis can be further sub-
divided into craniofacial or somatic.
Conditions such as migraine with aura,
cerebral hemisphere infarction, and
Horner’s syndrome may show ipsilateral
reduction of sudomotor function over
the forehead or face. Unilateral disruptive
lesions of the brainstem or high spinal cord
may show decreased sweat production over
the same side of the body (Fig. 2).

B. Hemihyperhidrosis

Unilateral sudomotor hyperfunction
is more commonly known as
hemihyperhidrosis. The determination of
this state is based upon the existence of

hemi-anhidrosis be correctly applied. an asymmetry of >1.5:1 in quantitative

Fig. 2. Clinical Case Presentation: Unilateral Hypohidrosis/ Anhidrosis

with Contralateral Hyperhidrosis

A 52-year-old disabled plant foreman had developed chronic, continuous
burning pain of the left upper extremity, with frequent deep pain radiating into
the left neck and jaw. Associated symptoms included intermittent changes in color,
temperature, and sweating of theleft hand. Other than some mild scattered bilateral
osteophyte formation of the cervical spine, a diagnostic workup that included
EMG/NCYV, MRI, CT myelography, and response to therapeutic trials of a wide
range of oral analgesics, was negative. The patient was referred for anesthesiologic
consultation and, after consideration of possible alternate therapies, a sympathetic
neurolytic blockade of the stellate ganglion was performed. Within 3 minutes
after the left stellate ganglion block, the patient developed an ipsilateral Horner’s
syndrome, with ptosis of the eyelid, and meiosis of the pupil. In order to determine
the presence of hemi anhidrosis which would ordinarily be expected with this
procedure, quantitative sympathetic sudomotor assessment was performed with
the following results:

The left side of the face is anhidrotic (white circles) secondary to disruption
of the sympathetic sudomotor innervation ordinarily supplied by the stellate
ganglion. As a partial consequence of this hemi anhidrosis, found ipsilaterally
to the nerve block, there is a secondary hyperhidrosis (black circles) at most
test sites on the opposite side of the face. This combination of ipsilateral hemi
anhidrosis with contralateral hemihyperhidrosis is common with neurolytic
blockade of the stellate ganglia.

Pain Physician Vol. 9, No. 1, 2006
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sudomotor test results between the
symptomatic and asymptomatic sides
of the body respectively. Unlike its
hypofunction counterpart, there is no
upper limit to the severity of the relative
symptomatic/asymptomatic ratio.

Primary vs Secondary
Hemihyperhidrosis

Froman etiologic viewpoint it is often
convenient to classify hemihyperhidrosis
as primary or secondary:

Primary hemihyperhidrosis (Class
II.B.1) can be created by a single,
unilateral irritative lesion. It reflects
hyperactivity =~ within  those neural
pathways that subserve the affected half of
the body. Examples of the primary form
of the disorder include cluster headache,
and irritative lesions of the brainstem or
lesions high in the spinal cord (Fig.3).

Secondary hemihyperhidrosis (Class
I1.B.2) can occur as a release phenomenon,
coexisting with a contralateral (primary)

hemihypohidrosis or hemianhidrosis (e.g.,
Horner’s syndrome due to the effects of a
unilateral sympathetic neurolytic block).

A very common cause of
hemihyperhidrosis is created when a
unilateral central irritative lesion exerts
its supraspinal influence on those crossed
fibers that control sudomotor function
on the opposite side of the body. The
most well known of this type is due to
completed unilateral cerebral infarction
in which the hemihyperhidrosis occurs on
the same side of the body as the patient’s
neurological deficits, or central post-
stroke pain (Fig. 4).

[11. BiLATERAL SUDOMOTOR DYSFUNCTION

A. Bilateral Hypohidrosis

Bilateral, symmetric hypohidrosis
(Class III.A.1) can be found in severe pe-
ripheral diabetic, autonomic or ischemic
neuropathy involving the lower extremi-
ties or in chronic post-infective or struc-

referred into the midscapular region.

Fig. 3. Clinical Case Presentation: Unilateral Hyperhidrosis

A 46-year-old right handed female developed a fairly rapid onset of left
upper extremity pain and paresthesias. These symptoms were first noted upon
awakening from an uneventful sleep, and were not preceded by any trauma. The
symptoms began in the left side of the neck and radiated down the anterior,
posterior and lateral aspects of the arm into the hand. The quality of pain was
mixed, containing both sharp pains in the neck and burning dysesthetic pains

High levels of sympathetic sudomotor activity (black circles) are noted
over the left cervical paraspinal region and to the left of the midline near the
upper portions of the medial scapular border. Spatial distribution of the cervical
portion of the patient’s symptoms are indicated by the shaded areas. Further
diagnostic evaluation (EMG, MRI) revealed left cervical radiculopathy and
protruding intervertebral discs at C4-5 and C5-6, respectively.

Fig. 4. Clinical Case Presentation:

Unilateral Hyperhidrosts

A 64-year-old right handed
hypertensive female developed right
arm clumsiness and slurred speech
on awakening. According to the
medical history provided by her
husband she attempted to get out of
bed, but fell due to weakness of her
right leg. Within a few minutes she
had developed complete expressive
aphasia (without receptive aphasia)
and dense hemiplegia on the
right. Early CT scan revealed no
intracerebral hemorrhage, and no
evidence for completed infarction.
EEG revealed intermittent slow
(delta) activity over the left inferior
frontal/anterior ~ temporal region
with some rare sporadic sharp
waves interposed. After a 5-day
hospitalization, she was transferred
to a rehabilitation facility for
physical therapy and speech therapy.
Upon admission to rehab she began
to grimace, cry out, and repeatedly
vocalize whenever she was touched on
the affected right side. In an attempt
to determine if any of the autonomic
nerve supply to the skin was affected,
sympathetic skin assessment of
sudomotor function was performed
with the following results:

It is common for sympathetic su-
domotor dysfunction to be asymmet-
ric in patients with unilateral cerebral
hemisphere infarction. In more than
80% of patients monitored thus far
the hemihyperhidrosis is contralater-
al to the ischemic lesion and ipsilat-
eral to the patient’s sensory, motor,
or reflex abnormalities on clinical ex-
amination.
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tural lesions of the spinal cord, particular-
ly those disrupting function in the anteri-
or two thirds of the spinal cord gray mat-
ter. These are often associated with inter-
rupted lines of mild to moderate hyperhi-
drosis above or below the hypohidrotic /
anhidrotic zone (Fig. 5).

Bilateral, asymmetric hypohidro-
sis (Class III.A.2) is found more rarely
than its hyperactive counterpart. It can
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Fig. 5. Clinical Case Presentation:

Bilateral Hypohidrosis/ Anhidrosis

An82-year-old right handed male
patient was referred for consultation
regarding the gradual development
of a progressive pronation/supination
(“pill rolling”) tremor of both hands.
This tremor occurred mostly at
rest, was reduced during intentional
movement and increased by stress or
excitement. He had no complaints
of pain, paresthesias, or changes
in  temperature sensation. On
examination of the upper extremities
there was mild bilateral cogwheel
rigidity, and coincidentally it was
noted that the palms of both hands
were dry. In an attempt to determine
if any of the autonomic nerve supply
to the skin was affected, sympathetic
skin  assessment of sudomotor
function was performed with the
following results:

Standard assessment of the
palmar and dorsal surfaces of the
hands revealed no measurable values
at any sites. This is an unusual
finding, even in the elderly, since
some degree of sudomotor function
is expected at least over the palms.
However, it is a common result in
patients with Parkinson’s disease,
regardless of whether the patient is
currently taking medication for this
condition or not.

occur in patients with cervical, thoracic,
and lumbar radiculopathy whose symp-
toms are more likely to include numbness
and loss of sensation than do symptoms
in those individuals who demonstrate ra-
diculopathic pain. While most sympa-
thetic neurolytic blocks are likely to create
purely unilateral or regional hypohidro-
sis, there are times when the effects of cer-
vical, thoracic, or lumbar epidural blocks
create a bilateral, but often asymmetric,
pattern of reduced sudomotor activity.

B. Bilateral Hyperhidrosis

Bilateral,symmetric  hyperhidrosis
(Class III.B.1) can be found in inflam-
matory or other irritative structural le-
sions of the spinal cord, peripheral senso-
ry neuropathy, autonomic neuropathy or
idiopathic acral hyperhidrosis.

In spinal cord lesions, this bilater-
al symmetric abnormality may take the
form of a band of hyperhidrosis which
separates euhidrotic or hypohidrotic lev-
els above and below the affected spinal
level. Another pattern related to spinal
cord lesions is based upon the presenta-
tion of a band of relatively symmetric hy-
perhidrosis, above which the levels of su-
domotor activity are low or within a range
of normal. Within and below the band,
however, are often found excessive levels
of sympathetic skin activity which radi-
ate distally, often into both lower extrem-
ities. More often than not, such patterns
are created by symmetric compression of
the thecal sac or cord by central posterior
protrusion or rupture of one or more in-
tervertebral discs with subsequent stretch
of nerve roots on both sides.

Fig. 6. Clinical Case Presentation: Bilateral Hyperhidrosis: Asymmetric
A 38-year-old construction worker experienced a sudden onset of deep pain

in the middle of his low back while lifting heavy material. Initially he could
not straighten his back and within a half hour, began to notice a stiff feeling
extending up into the para-spinal muscles in the thoracolumbar region on both
sides. He was examined in the emergency department of the local hospital,
underwent spinal x-rays which were reported as normal, and treated with
nonsteroidal anti-inflammatory medications and muscle relaxant and released.
The following morning he awoke with an increase in the pain associated with the
spasm, but also felt a new type of persistent, burning pain, radiating from the
right lumbar region into the right hip and buttock, associated with a progressive
numb-ness and tingling sensation. Sympathetic sudomotor assessment of the
low back revealed the following results:

Marked and moderate hyperhidrosis are indicated with the black and gray
circles respectively, and the regional distribution of the patient’s pain is outlined
in the shade area. The patient subsequently underwent MRI evaluation which
revealed centrally protruding intervertebral discs (L4-5, L5-S1), with slight

asymmetry to the right side.
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Fig. 7. Clinical Case Presentation:

Diffuse Hyperhidrosis

A 33-year-old right handed
female was seen in consultation for
continuous fine tremor of both fingers
and hands. She described herself as
being a person with a lot of nervous
energy. She stated that the onset of the
tremor was gradual and accompanied
by intermittent weakness, but
without any symptoms of pain or
paresthesias. However, she did state
that she had weight loss of 12 pounds
over 6 weeks despite an increased
appetite. She also complained of
marked intolerance to heat. Pertinent
findings on examination revealed
a slender, tremulous female with
a blood pressure of 90/60 and a
resting pulse rate of 124. There was
mild bilateral exophthalmos but no
clearcut abnormalities of the anterior
neck. The forehead, face, anterior
chest, hands and feet were markedly
hyperhidrotic on palpation. In an
attempt to determine the degree to
which any of the autonomic nerve
supply to the skin was affected,
sympathetic skin assessment of
sudomotor function was performed
with the following results:

All sites on the forechead, face
and palmar and hands revealed
abnormally high levels of sudomotor
function, even during normal room
temperature. Distribution of this
activity in the hands is presented
here as an example: Age-adjusted
normal values for the palmar surfaces
ordinarily range from 15-200, but in
this patient the mean value for the
left palm was 1670, and for the right,
2200. While the presence of diffuse
hyperhidrosis does mnot represent
a finding that is pathognomonic
for the hyperthyroidism that was
subsequently  confirmed in this
patient, it does represent an example
of thermoregulatory dysfunction
reflected in sympathetic sudomotor
testing.
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Other than central (spinal) irrita-
tion, there is a second (and more com-
mon) type of bilateral hyperhidrotic ab-
normality which involves the upper or
lower extremities in a generally symmet-
ric manner.

Bilateral (asymmetric, Class II1.B.2)
hyperhidrosis is frequently found in pa-
tients with cervical and lumbar radiculop-
athies (Fig. 6). Such patterns may consist
of the combination of a bilateral zone of
hyperhidrosis along a horizontal path ap-
proximating the appropriate spinal sym-
pathetic sclerotomal level, with a (gener-
ally) unilateral pattern radiating into the
affected limb.

IV. DiFruse SupomoTor DYSFUNCTION

A. Diffuse Hypohidrosis / Anhidrosis

Diffuse hypohidrosis, or even anhi-
drosis, is often associated with hypomet-
abolic states and effects of medication,
rather than with specific lesions of the
CNS or ANS. Hypothyroidism, the effects
of systemic sympatholytic medications,
including anticholinergics, GABA-ergic
anti-convulsants, cooling agents and gen-
eral anesthesia can all cause hypohidro-
sis, as can certain degenerative disorders
of the nervous system, such as Parkin-
sons disease (even in its untreated state).
Most notable is the Riley-Day Syndrome
in which the diffuse hypohidrosis created
by congenital absence of functional sweat
glands is overshadowed by almost total in-
sensitivity to severe, and even life threat-
ening, painful stimuli.

B. Diffuse Hyperhidrosis

Diffuse hyperhidrosis can be found
as an episodic phenomenon in patients
with hypermetabolic disorders such as
hyperthyroidism (Fig. 7). It commonly
occurs in acute conditions which evoke a
marked sympathetic reaction such as ver-
tigo, presyncope, syncope or hypovolemic
shock. However, it is most often recog-
nized as a normal physiological response
to vigorous exercise or exposure to in-
creases in environmental temperature.

STANDARDIZATION OF SELECTIVE

Tissue ConbucTtance MeTtHobs 1V:
CLINICAL INDICATIONS FOR REFERRAL,
INTERPRETATION, AND REPORTING OF DATA

Clinical Indications for Referral
Examples of the clinical disorders
in which sympathetic sudomotor abnor-

malities can occur have been outlined in
the previous section. While these condi-
tions may be used as examples on which
to base referral for testing, the decision
to request or perform electrophysiolog-
ic or other tests of sympathetic sudomo-
tor function should also include any of
the following:

1. Clinical suspicion, based upon
medical history and findings on
general physical examination, of
autonomic nervous system dys-
function.

2. Abnormalities on neurological ex-
amination suggestive of sensory,
motor, reflex, autonomic or sympa-
thetic dysfunction.

3. Changes in nonverbal behavior
demonstrated in noncommunica-
tive (aphasic, stuporous, comatose,
elderly or infant) patients who have
risk factors for internal disease,
dysautonomia or central lesions
known to cause sympathetic sudo-
motor abnormalities (e.g. cerebral
hemispheric infarction or hemor-
rhage).

4. Local cutaneous abnormalities in
color, temperature, hair distribu-
tion or sweating in patients with
suspected complex regional pain
syndrome Types I or II (reflex
sympathetic dystrophy or causal-
gia respectively) or sympathetical-
ly maintained pain (SMP).

5. Asa procedural assessment of sym-
pathetic sudomotor abnormalities,
to be performed before and after
surgical sympathectomy or region-
al sympathetic anesthetic neuro-
lytic blocks, or placement of neu-
romodulatory devices such as spi-
nal cord stimulators or implanted
programmable intrathecal drug ad-
ministration systems.

Interpretation of Regional Sympathetic
Sudomotor Data

The first step in the interpretation of
the test results is the confirmation by the
examiner that the data obtained are ac-
tually those of the patient who has un-
dergone sympathetic sudomotor test-
ing. Stated more succinctly, the numeric
code numbers assigned to the data sheet
must match those of the patient identifi-
cation sheet before any interpretation is
initiated.

The second step is the visual inspec-
tion, by the interpreting physician, of
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both the raw data and the results of var-
ious types of quantitative analysis. It is in
this phase that the physician determines
which results (e.g. mean, range, high and
low absolute, high and low individual/
mean ratios) are normal or abnormal, as
well as the spatial distribution of the re-
sults. It is preferred, though not always
practicable, that this phase of analysis be
made without referring to any of the clin-
ical data indicating history or physical
findings. This form of blind interpreta-
tion often helps to reduce bias in the clini-
cal reporting of the data.

Next, the physician must establish the
classification of abnormalities obtained
during the analysis phase (i.e., I.x.x focal,
II.x.x unilateral, III.x.x bilateral, or IV.x.x
diffuse, and x.A.x hypohidrotic/anhidrotic,
x.B.x hyperhidrotic or x.Cx mixed and
x.x.1 symmetric or x.x.2 asymmetric).

The final step of analysis is the clini-
cal correlation with the history, and physi-
cal findings already documented in earlier
sections. It is in this phase of analysis that
the physician must determine the sever-
ity and appropriateness of spatial distri-
bution of the sympathetic sudomotor ab-
normalities as they relate to the patient’s
clinical data.

Reporting of Data
The final report must include all per-

tinent demographic and clinical data re-
lated to the patient and the procedure:
patient’s name, age and gender, date of
birth, identification number; date of the
test procedure, address of the clinic, hos-
pital, or laboratory where the test was per-
formed; the name of the referring physi-
cian, and the putative diagnoses or clini-
cal reasons for referral of the patient for
the procedure.

Next, the procedure type, and stan-
dard procedure (S01-S18) code, the re-
gion of the body assessed, as well as the
raw STC scores and quantitative comput-
er analysis of data should all appear on the
screen in the manner in which they will
appear in the final report.

The physician will then enter the
results of his or her interpretation, of-
ten beginning with the classification
of the quantitative results, any clinical
correlation with the patient’s medical
data as well as any pertinent comments.
While the interpreting physician may feel
obliged to suggest the potential benefits
of comparing the reported STC / sympa-
thetic data with results that might be ob-
tained using other technical or diagnos-
tic methods, it is essential to avoid com-
ments that could be interpreted as rec-
ommendations for treatment. In sum-
mary, it is important to remember that
this report reflects the result of a test pro-

cedure, not the interpreting physician’s
attempt to provide a potentially well in-
tentioned, but unsolicited, consultation
or treatment plan.

CONCLUSION

The material presented herein has
been prepared as an invited review of
some current concepts and practice re-
garding the assessment of autonomic dis-
orders, in particular those methods relat-
ed to electrophysiological tests of sympa-
thetic sudomotor dysfunction. Specific
detail has been directed to (a) the Clas-
sification of Regional Sympathetic Sudo-
motor Dysfunction (CRSSD) proposed
by the author and (b) the clinical labora-
tory evaluation of such abnormalities us-
ing electrophysiological methods such as
Selective Tissue Conductance (STC) tech-
nology.
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