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ABSTRACT

Background: Autoimmune autonomic ganglionopathy is characterized by impairment of multiple
autonomic domains of which sudomotor function is among the most common. Many patients with
this disorder have difficulties with thermoregulation and anhidrosis. Our objective was to charac-
terize the distribution and severity of sudomotor dysfunction in this disorder.

Methods: Sudomotor function was analyzed in a cohort of 21 patients with ganglionic �3 nicotinic
acetylcholine receptor (nAChR) antibody positive autoimmune autonomic ganglionopathy. Stan-
dard measurements of sudomotor function were used including the Thermoregulatory Sweat Test
and Quantitative Sudomotor Axon Reflex Test.

Results: The clinical presentation in all patients was characterized by widespread sudomotor dys-
function. Sudomotor impairment was predominantly postganglionic in 17 of the 21 patients stud-
ied. Higher ganglionic �3 nAChR antibody levels resulted in progressive postganglionic
predominant dysfunction (postganglionic, r � 0.637, p � 0.002; mixed ganglionic, r � 0.709, p �

0.001). The pattern of anhidrosis on Thermoregulatory Sweat Testing was consistent with a
ganglionopathy in the majority of patients (14 of 21) and a distal pattern in a minority of patients
(8 of 21). These patterns of anhidrosis coupled with increasing postganglionic dysfunction in a
proximal to distal pattern (foot � distal leg � proximal leg � forearm) indicate lesions at both the
ganglia and distal axon of the postganglionic sudomotor sympathetic neuron.

Conclusions: Our data characterize the unique sudomotor dysfunction in autoimmune autonomic
ganglionopathy as widespread, predominantly postganglionic, and a result of lesions at both the
ganglia and distal axon. This study provides important support to the hypothesis that this disorder
represents a ganglionic neuropathy. Neurology® 2009;73:1501–1506

GLOSSARY
AAG � autoimmune autonomic ganglionopathy; CASS � Composite Autonomic Severity Score; nAChR � nicotinic acetylcho-
line receptor; QSART � Quantitative Sudomotor Axon Reflex Testing; TST � Thermoregulatory Sweat Test.

The clinical features of autoimmune autonomic ganglionopathy (AAG) include orthostatic
hypotension, gastrointestinal hypomotility, and sudomotor dysfunction.1 Ganglionic �3 nico-
tinic acetylcholine receptor (nAChR) antibodies are found in serum of about half of reported
cases, correlate to disease severity, and have been shown to be pathogenic.2-7 Accordingly, AAG
has been shown to respond to immunotherapy with IV immunoglobulin, plasma exchange,
and immunosuppressants.8

It has been reported that 74% of �3 nAChR patients have clinically significant issues with
thermoregulation including reduced sweating and heat intolerance.4 However, the distribution and
degree of sudomotor dysfunction has not been fully quantified in AAG. Standard autonomic testing
allows for quantitation of the sweat response. The Thermoregulatory Sweat Test (TST) measures
whole body sweating and requires an intact thermoregulatory pathway from the preoptic/anterior
hypothalamus to the postganglionic sudomotor axon.9 Quantitative Sudomotor Axon Reflex Test-

From the Department of Neurology (K.K., V.I., P.S., R.D.F., P.A.L.), Mayo Clinic, Rochester, MN; and Department of Neurology (S.V.), UT
Southwestern Medical Center, Dallas, TX.

Supported in part by the NIH (NS 32352, NS 44233, NS 22352, and NS 43364), Mayo CTSA (UL1 RR24150), and Mayo Funds. The content is
solely the responsibility of the authors and does not necessarily represent the official views of the National Institute of Neurological Disorders and
Stroke or the National Institutes of Health.

Disclosure: Author disclosures are provided at the end of the article.

Supplemental data at
www.neurology.org

Address correspondence and
reprint requests to Dr. Phillip A.
Low, Mayo Clinic, 200 First
Street SW, Rochester, MN 55905
low@mayo.edu

Copyright © 2009 by AAN Enterprises, Inc. 1501



ing (QSART) measures only the integrity of the
postganglionic sudomotor axon’s contribution
to the sweat response.9 As a result, a “pregangli-
onic” lesion would be indicated by anhidrosis on
TST but an intact QSART response. Con-
versely, an abnormal QSART response would
be consistent with a “postganglionic” lesion, al-
though a preganglionic lesion cannot absolutely
be ruled out. Using both the TST and QSART,
the pattern of sudomotor dysfunction in AAG
can be determined.

In the present study, it was our objective to
characterize the deficits in sudomotor function
in ganglionic �3 antibody positive AAG pa-
tients using standard measures of autonomic
dysfunction. Specifically, our aims were to 1)
determine the distribution and degree of an-
hidrosis present in our cohort; 2) assess whether
there is an association between �3 AChR anti-
body levels and the degree of sudomotor dys-
function; and 3) assess whether there is a
correlation between �3 AChR antibody levels
and the anatomic pattern of sudomotor dys-
function (preganglionic, postganglionic, or
mixed ganglionic).

METHODS Patients. Patients with generalized or restricted
autonomic dysfunction and ganglionic �3 nAChR antibody lev-
els of �0.05 nmol/L (prior to treatment) were identified from
prior records (Mayo Clinic, Rochester, MN). Patients with in-
volvement of at least one autonomic domain (adrenergic, cardio-
vagal, or sudomotor) and a positive antibody level were
considered to have antibody positive AAG. Patients were re-
quired to have undergone QSART and TST on at least one
occasion to be included in the study. All patients had rigorous
hematologic, biochemical, and serologic investigations to rule
out other causes of autonomic dysfunction including but not
limited to multiple system atrophy, diabetes, amyloidosis, rheu-
matologic disorders, and malignancy. Patients with alternate
causes for their autonomic dysfunction were eliminated. Initially
32 patients were identified with positive �3 nAChR antibody
levels. A total of 21 patients met the above stated inclusion crite-
ria. All patients were free of any other neuronal autoantibody on
standard paraneoplastic antibody panels (Mayo Clinic).

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Mayo Clinic Institu-
tional Review Board. All patients provided written permission to
allow the use of their medical records for research purposes as per
standard institutional research authorization protocols.

Autoantibody measurements. Immunoprecipitation assays
were used to detect autoantibodies binding to the neuronal �3
nAChR as previously described.2 The normal range in serum is
�0.05 nmol/L.

Quantitative sudomotor axon reflex testing. Postgangli-
onic sympathetic sudomotor function was evaluated using the

QSART and is a measure of the postganglionic sudomotor
axon.10 The routine sweat response was recorded from standard-
ized sites comprising the left forearm, proximal leg, distal leg,
and foot. At all sites a 10% acetylcholine solution was ionto-
phoresed for 5 minutes at 2 mA using standard multi-
compartmented sweat cells. The resulting sweat response was
recorded for a total of 10 minutes. The data obtained were com-
pared to normative values derived from 223 healthy subjects
aged 10–83 years.11

Thermoregulatory sweat testing. The TST is a quantitative
measure of total body sweating and has been described previo-
usly.12 Briefly, the TST was conducted in a sweat cabinet (43°C–
46°C air temperature, 35%–40% relative humidity). Average
skin temperature was kept between 38.5 and 39.5°C. Oral tem-
perature was raised by 1.0°C or to 38.0°C (depending on which
value was higher). Sweating was demonstrated by an indicator
powder (alizarin red, cornstarch, and sodium carbonate). The
percentage of anhidrosis on the anterior body surface was calcu-
lated from the distribution of total body sweating using standard
digital imaging software (100% indicates complete anhidrosis).13

The various patterns of anhidrosis on TST were determined as
previously described.13 Distal patterns affect the distal extremities in
a length-dependent manner. Focal patterns are localized usually to
small surface areas or to select sympathetic dermatomes or periph-
eral nerve territories. Segmental patterns involve large body surface
areas, usually follow sympathetic dermatomes, and are bordered by
areas of normal sweating. Regional patterns refer to larger regions of
anhidrosis (�80%) that gradually blend into areas of normal sweat-
ing. Global anhidrosis refers to widespread anhidrosis greater than
80% of the total body surface area. Mixed patterns are a combina-
tion the above patterns. Normal patterns have no significant sweat
loss, do not follow any of the above patterns, and have less than 5%
anhidrosis based on prior normal control subjects. Segmental, re-
gional, and global patterns of anhidrosis were considered to be con-
sistent with a ganglionopathy presentation when they matched the
known sweat distribution of relevant autonomic ganglia. Mixed pat-
terns, including segmental, regional, and global patterns, were also
considered to be consistent with a ganglionopathy if the distribution
was concordant with ganglionic sudomotor distribution.

Preganglionic vs postganglionic determination. Each
QSART site (forearm, distal leg, proximal leg, foot) was com-
pared to the corresponding region on TST. If the TST site
showed anhidrosis but the associated QSART site was normal,
then the lesion was considered preganglionic. If the QSART site
was abnormal, then the lesion was considered postganglionic.
The designation “postganglionic” was used as QSART measures
the postganglionic sudomotor axon integrity only. However, an
associated “preganglionic” lesion cannot be absolutely ruled out.
In the same context, a postganglionic lesion will result in an
abnormal TST finding as this test also requires an intact post-
ganglionic sudomotor axon reflex. If both the TST and QSART
were normal, then that site was considered not to have an under-
lying neurologic lesion. The use of QSART and TST to deter-
mine whether a lesion may be preganglionic or postganglionic in
nature has been used in multiple disorders including pure auto-
nomic failure and multiple systems atrophy.9,11

With regards to the individual patient, each was character-
ized as having a preganglionic, postganglionic, or a mixed lesion.
If one or more QSART sites (forearm, distal leg, proximal leg,
foot) were designated as preganglionic, then the patient was
deemed to have a preganglionic pattern. If one or more sites were
designated as postganglionic, then the patient was deemed to
have a postganglionic pattern. If a patient had both lesion types,
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then they were designated as a mixed pattern. If all QSART and
their corresponding TST sites were normal, the patient was con-
sidered not to have a sudomotor lesion.

Composite Autonomic Severity Score. The Composite Au-
tonomic Severity Score (CASS) is derived from the autonomic reflex
screen as previously described.10 The CASS score provides a measure
of the severity and distribution of autonomic failure. The 11-point
CASS score is divided into 3 subscores: sudomotor, cardiovagal, and
adrenergic. Each score is normalized for the confounding variables
of age and gender.11 The CASS sudomotor subscore (range 0–3)
was used in this study as a composite measure to quantify sudomo-
tor dysfunction and is a direct reflection of the TST and QSART.
Both the CASS score and the CASS sudomotor subscore have been
previously validated.14

Statistical analyses. Descriptive statistics are presented as per-
centages or mean � SD. The Spearman rho (r) tested correla-
tions among continuous variables. All tests were two-tailed. p �

0.05 was considered significant. All statistical analyses were per-
formed using SPSS statistical software, version 15 for Windows
(SPSS Inc., Chicago, IL).

RESULTS Average age of our patient group was
55.1 � 13.2 years with a female to male ratio of 2 to
1. There was a slight preponderance of patients with
subacute onset vs those with more gradual disease
progression (13 vs 8). Disease duration prior to eval-
uation with TST, QSART, and antibody measure-
ments was on average 5.1 � 9.0 years (range 0.5–18
years; see table e-1 on the Neurology® Web site at
www.neurology.org).

The majority of patients had a regional, mixed,
distal, or mixed plus distal pattern of anhidrosis on
TST (table 1). Of the total 21 patients, TST re-
sults from 14 were compatible with a ganglionopa-
thy presentation (table 1). Only a single patient
had a normal TST. There was no correlation be-
tween antibody level and % anhidrosis on TST
(r � 0.403, p � 0.071; figure 1A). There was an
increase in CASS sudomotor scores with elevated
ganglionic �3 nAChR antibody levels (r � 0.508,
p � 0.019; figure 1B). Similar findings were seen
for CASS total scores, including adrenergic and

cardiovagal autonomic subdomains in addition to
the CASS sudomotor score (r � 0684, p � 0.001;
figure 1C).

Disease duration did not correlate with the type
of involvement (i.e., pre-, post-, and mixed gangli-
onic; figure 2, D–F). Higher ganglionic �3 nAChR
antibody levels did result in greater postganglionic
and mixed ganglionic but not preganglionic involve-
ment (figure 2, A–C; postganglionic, r � 0.637, p �

Table 1 Thermoregulatory Sweat Test
abnormalities by patient and those
consistent with ganglionopathy

Thermoregulatory
Sweat Test pattern

Total
patients Ganglionopathy

Normal 1 0

Distal 4 0

Mixed 5 5

Mixed � distal 4 2

Segmental 1 1

Regional 5 5

Global 1 1

Total 21 14

Figure 1 Elevated ganglionic antibody levels
result in higher Composite Autonomic
Severity Score (CASS) sudomotor
scores but not % anhidrosis

Comparison of ganglionic �3 nAChR antibody levels to % an-
hidrosis on the Thermoregulatory Sweat Test (A), the sudomo-
tor subdomain of the CASS score (B), and the CASS total
score (C). There was no correlation with % anhidrosis and gan-
glionic �3 nAChR antibody levels. Increased antibody levels
resulted in higher CASS sudomotor and CASS total scores.
Each individual data point represents a single patient.
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0.002; mixed ganglionic, r � 0.709, p � 0.001; r �
�0.262; p � 0.251). The relationship between ele-
vated ganglionic �3 nAChR antibody levels and in-
creased mixed ganglionic involvement is most
consistent with postganglionic predominant dys-
function given the lack of an interaction between an-
tibody level and preganglionic involvement (see
Discussion).

Sudomotor abnormalities in AAG patients were
most consistent with postganglionic involvement
(both postganglionic and mixed ganglionic patterns,
n � 17, table 2) compared to patients with pregan-
glionic patterns only (n � 4, table 2). The same
trend was apparent when the separate ganglionic pat-
terns were broken down by QSART site (i.e., fore-
arm, proximal leg, distal leg, and foot; table 3).
Postganglionic involvement was predominant at all 4

sites. Only a single forearm site from 1 patient was
eliminated due to technical issues related to high skin
resistance. Interestingly, there was a proximal to dis-
tal pattern with respect to postganglionic involve-
ment. An increased number of sites showing
postganglionic sudomotor dysfunction at all 4
QSART sites was observed in the following pattern:
foot � distal leg � proximal leg � forearm (table 3).

DISCUSSION In this study, we have characterized
the unique sudomotor dysfunction in patients with
AAG. The key findings are as follows: 1) sudomotor
dysfunction was generally severe and widespread; 2)
the severity of sudomotor function is directly propor-

Figure 2 Increased ganglionic antibody levels but not disease duration results in greater postganglionic sudomotor dysfunction

Higher ganglionic �3 nAChR antibody levels results in progressive postganglionic (B) and mixed ganglionic (C) patterns of sudomotor dysfunction. Con-
versely, there was no correlation with preganglionic sudomotor dysfunction (A). Preganglionic (D), postganglionic (E), and mixed ganglionic (F) sudomotor
dysfunction did not correlate with disease duration. The Y axis indicates antibody levels (nmol/L; A–C) and disease duration (years; D–F). The X axis
indicates the percentage of QSART sites (i.e., forearm, proximal leg, distal leg, foot) involved. For example, if all 4 sites were involved for a particular pattern
(preganglionic, postganglionic, or mixed ganglionic), this would be equivalent to 100% on the X axis. Each point on the graph represents a single patient.
The corresponding lines are equal to the mean ganglionic �3 nAChR antibody level (A–C) or duration in years (D–F).

Table 2 Sudomotor abnormalities by patient

Sudomotor pattern Total patients

Normal 0

Preganglionic 4

Postganglionic 11

Mixed 6

Table 3 Sudomotor abnormalities by
Quantitative Sudomotor Axon
Reflex Testing (QSART) site

QSART site Preganglionic Postganglionic Normal

Forearm* 2 10 8

Proximal leg 4 11 6

Distal leg 5 12 4

Foot 4 16 1

*A single forearm site was eliminated from evaluation due to
technical issues.
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tional to ganglionic �3 AChR antibody levels; 3)
sudomotor dysfunction was predominantly postgan-
glionic; and 4) higher ganglionic �3 AChR antibody
levels are associated with greater postganglionic su-
domotor dysfunction.

Ganglionic �3 nAChR antibody levels did not
show a correlation with % anhidrosis on TST, in
keeping with previous reports.3 However, CASS su-
domotor scores did increase with increasing gangli-
onic antibody levels. Since the CASS sudomotor
score is derived from both the TST and QSART,
these findings more likely reflect the interaction be-
tween ganglionic �3 nAChR antibody levels and
QSART as a measure of postganglionic sudomotor
function, given the lack of a correlation with gangli-
onic �3 nAChR antibodies and TST findings.
Therefore, this supports the conclusion that postgan-
glionic dysfunction is the predominant type of sudo-
motor impairment in AAG and is directly
proportional to ganglionic �3 nAChR antibody lev-
els. Additionally, the increased severity of autonomic
dysfunction as measured by the CASS total score (in-
cluding all autonomic subdomains: sudomotor, ad-
renergic, and cardiovagal) was significant when
compared to progressively elevated ganglionic �3
nAChR antibody levels as expected based on previ-
ous findings.3,15

The preganglionic impairment in a select number
of patients (n � 4) likely represents a blockade of
ganglionic transmission. Ganglionic antibodies inter-
fere with acetylcholine (ACh) binding to receptors,
crosslinking of nAChRs on the postganglionic cell
surface membrane, and subsequent receptor internal-
ization.6,16,17 This argument is supported by evidence
that the �3 nAChR subunit is abundant in auto-
nomic ganglia, located on postganglionic neurons,
and �3 nAChR antibodies block ganglionic trans-
mission in animal models.7,18

Progressive elevation in �3 nAChR antibody lev-
els resulted in increased postganglionic but not
preganglionic sudomotor dysfunction. A similar
finding with ganglionic �3 nAChR antibody levels
and progressive mixed ganglionic sudomotor dys-
function was also described. This finding was pri-
marily based on the strong relationship of elevated
antibody levels to overall postganglionic sudomotor
dysfunction. Additionally there may be a small con-
tribution due to ganglionic transmission impairment
given the slightly greater statistical correlation with
ganglionic antibodies and mixed ganglionic dysfunc-
tion vs pure postganglionic dysfunction (postgangli-
onic, r � 0.637, p � 0.002, vs mixed ganglionic, r �

0.709, p � 0.001). This finding supports the idea of
a lesion at both the ganglia and distal axon of the
postganglionic neuron.

Whether this postganglionic dysfunction is a re-
sult of physiologic disturbance of the postganglionic
neuron or a result of postganglionic neuron/fiber loss
cannot be absolutely determined based on the evi-
dence presented here. Abnormal QSART values
could represent either mechanism. Models of experi-
mental autoimmune autonomic ganglionopathy
have shown that neurons in the autonomic ganglia
are intact, arguing against neuronal/axon loss in the
human condition.6 Evidence from fluoro-L-DOPA
positron emission topography and I123 MIBG
SPECT showing intact postganglionic sympathetic
innervation to the heart in AAG patients supports
this assertion.19,20

While it is difficult to determine the resulting pa-
thology leading to postganglionic dysfunction,
strong evidence points to lesions of both the ganglia
and nerve fiber. The pattern of anhidrosis on TST
was consistent with a ganglionopathy in 14 of the 21
patients examined. A smaller number of patients re-
vealed a distal pattern of anhidrosis (8 of 21). These
TST patterns coupled with predominant postgangli-
onic dysfunction in 17 of the 21 patients studied
indicate lesions of both the ganglia and postgangli-
onic sudomotor axon at distal sites. A ganglionopa-
thy plus distal neuropathy is further supported by the
findings that the postganglionic impairment in our
patients followed a proximal to distal pattern (foot �
distal leg � proximal leg � forearm; see table 3).
Our data show lesions at both the ganglia and distal
axon and are indicative of a ganglionic neuropathy
unique to AAG.
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