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Position Statement

Investigational and Not Medically Necessary:

The use of autonomic nervous system function testing for sudomotor function'using quantitative sudomotor axon
reflex test (QSART), the thermoregulatory sweat test (TST), silastic. sweat imprint, sympathetic skin response
(SSR), quantitative direct and indirect reflex test of sudomotor function:(QDIRT), or SudoScan are considered
investigational and not medically necessary for all'indications.

The use of autonomic nervous system function.testing for cardiovagal innervations is considered investigational
and not medically necessary for all indications.

The use of autonomic nervous system function testing for vasomotor adrenergic innervations is considered
investigational and not medically necessary for all indications.

| Summary for Members and Families

This documentdescribes clinical studies and expert recommendations, and explains whether autonomic testing is
appropriate. The following summary does not replace the medical necessity criteria or other information in this
document. The summary may not.contain all of the relevant criteria or information. This summary is not medical
advice: Please check with your healthcare provider for any advice about your health.

Key Information

Autonomic nervous system (ANS) testing looks at how well nerves that control automatic body functions are
working, including those that affect sweating, heart rate, and blood pressure. These tests include sweat tests like
quantitative sudomotor axon reflex test (QSART) and SUDOSCAN® (Impeto Medical, Inc., San Diego, CA), and
heart and blood pressure tests like the Valsalva maneuver. While these tests are sometimes used to help diagnose
conditions like diabetic nerve problems, postural tachycardia syndrome (POTS), or neurodegenerative diseases,
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they are not recommended in general use. This is because they do not consistently lead to better health outcomes or
clearly guide treatment decisions. Some professional groups note that ANS tests may be helpful in limited cases
when used by experienced specialists, but most studies have not shown strong benefits. Because of this, these tests
are considered not appropriate for general medical use.

What the Studies Show

ANS testing has been studied in people with POTS, diabetes, multiple system atrophy (MSA), Parkinson disease,
and other conditions. Some small studies suggest that these tests can find nerve problems, but they often do not
change treatment or improve health. For example, in people with POTS, sweat and heart rate tests were used, but
they did not show clear links to better treatment results. In diabetes, studies have tested tools like SUDOSCAN to
check for nerve damage. While some results suggest SUDOSCAN may help identify early issues, many studies
included only a small number of people, and the tests did not always match results from standard methods like skin
biopsy or electromyography (EMG). In neurodegenerative diseases like MSA, ANS tests may detect more severe
nerve damage, but are not needed to make a diagnosis. Experts often note that these tests show mixed results,
depend on who interprets them, and do not consistently help with diagnosis or'treatmentdecisions. Better studies
are needed to know if these tests improve health.

Is this clinically appropriate?

These tests are not appropriate because they have not been proven to improve health. Studies show that while these
tests can detect certain nerve changes, the results often do-not help guide care or change outcomes. Tests like
QSART, thermoregulatory sweat test (TST), SUDOSCAN, and others may show sweating problems or changes in
blood pressure or heart rate, but they do not consistently lead to helpful treatment changes. Because of this, these
tests are considered investigational and not medically necessary for all uses, including sweat function, heart-related
nerve function, and blood vessel nerve function.

(Return to Description/Scope)

Rationale

Summary

This document reviews autonomic nervous system (ANS) testing, including sudomotor, cardiovagal, and vasomotor
adrenergic assessments, and evaluates the evidence supporting their use across conditions associated with
autonomic dysfunction. Overall; the evidence shows variable test results and limited demonstration that these tests
consistently inform clinical decision-making or improve outcomes. Professional societies such as the American
Autonomic Society (AAS), American Academy of Neurology (AAN), International Federation of Clinical
Neurophysiology (IFCN), Heart Rhythm Society (HRS), American College of Cardiology (ACC)/American Heart
Association (AHA);and the American Diabetes Association (ADA) indicate that autonomic testing may be
considered in selected circumstances, typically when interpreted by experienced specialists, but emphasize
important limitations in diagnostic yield and clinical impact. The document reflects this guidance by maintaining a
cautious approach based on the current evidence base.

Discussion
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Sudomotor Testing

Sudomotor testing is used to evaluate the small nerve fibers associated with sweating and aid in the evaluation of
neuropathy, specifically assessing distal sympathetic polyneuropathy. A 2021 consensus statement on
electrodiagnostic assessment of the ANS endorsed by the AAS, AAN, and the IFCN (Cheshire, 2021) states:

Autonomic peripheral neuropathies are subject to investigation and quantification by
electrodiagnostic autonomic testing. Laboratory evidence of autonomic neuropathy may be found
with or without corresponding symptoms. The most common laboratory changes comprise a
concomitant involvement of distal postganglionic sudomotor and cardiovagal autonomic
neuropathy without orthostatic hypotension.

The guidance is based on expert consensus and includes the following recommendations:

Testing of the autonomic nervous system in the clinical autonomic laboratory should be performed
by healthcare professionals with comprehensive knowledge of'the neuroanatomy, physiology, and
pathological profiles of autonomic disorders. Interpretation-of autonomic test results should be
based also on a medical history and physical examination, from which autonomic testing assists in
confirming or eliminating potential conditions in a differential diagnosis.

A combination of autonomic tests in a screening battery provides a more accurate measure of
autonomic function, as a single test alone cannot distinguish the type or severity of autonomic
failure. Ideally, assessment of autonomic function should include tests of cardiovascular
adrenergic, cardiovagal, and sudomotor function. In resource limited settings the knowledge and
expertise of the person interpreting autonomic tests-is no less important. Before the results are
interpreted as normal or abnormal, consideration should be given to potentially confounding
factors, such as medications, equipment settings, room conditions, or patient factors that might
have altered the findings.

A study by Gibbons et al. (2008) describes a technique to assess sudomotor function using the quantitative direct
and indirect reflex test of sudomotor function (QDIRT). There were 10 participants who had stimulated sweat on
both forearms. Impressions were made and indicator dyes were photographed every 15 seconds for 7 minutes. The
droplets of sweat were measured by size, location and percent surface area. Each participant had the tests again
eight more times on alternating arms over a 2-month period. Another 10 participants had impressions, QDIRT, and
quantitative sudomotor axon reflex test (QSART) performed on the right foot. The percent of sweat that was
photographed correlated with the silicone impressions at 5 minutes on the forearm and foot. The number of sweat
droplets measured with QDIRT correlated with the silicone impression. While QDIRT measured the sudomotor
response with temporal resolution that is similar to QSART and spatial resolution that is similar to silicone
impressions, there are limitations to QDIRT such as ambient room temperature and lack of humidity control. There
is no information provided about the clinical utility of QDIRT and the authors state “Additional investigation is
necessary to determine the utility of QDIRT in disease states that alter sudomotor structure or function.”

Cardiovagal and Adrenergic Testing
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Cardiovagal innervations and vasomotor adrenergic innervations can be used to assess conditions such as
tachycardia and orthostatic hypotension. Postural tachycardia syndrome (POTS) is a condition defined as
orthostatic intolerance with heart rate increments greater than 30 beats/minute on head-up tilt test. Some of the
symptoms can include syncope, palpitations, and lightheadedness. A study by Kimpinski (2012a) reported on 58
individuals with POTS who received autonomic testing and were followed for 1 year. All participants received the
following autonomic testing: QSART, heart rate response to deep breathing and Valsalva ratio; blooed pressure and
heart rate responses to Valsalva maneuver; and head-up tilt. For the 1-year follow-up, 54 participants were
available. All participants were given information about conservatively treating their orthostatic symptoms at
baseline and at the 1-year follow-up. At baseline, 20 participants were taking B-blockers and 28 were taking them at
1 year. The dosages were not significantly different at 1 year when compared to baseline. The heart rate increment
during head-up tilt did not significantly differ between baseline and 1 year, but 20 of the participants no longer met
the criteria for POTS. With no significant changes in dosages in medications from baseline to 1-year follow-up, it is
unclear how autonomic testing influenced clinical management.

A 2012 retrospective review by Sukul looked at 142 children who had autonomic testing consisting of tilt table test,
Valsalva maneuver, cardiac response to deep breathing, QSART, and thermoregulatory sweat test (TST). The
relevance of the autonomic test results to clinical presentation was ranked using a 3-point scale with 1 being
unhelpful, 2 somewhat helpful and 3 very helpful. After review of clinical data, the treatments prescribed following
autonomic testing were recorded and any associated symptom benefit was ranked’on a 5-point scale with 1 = severe
worsening of symptoms, 2 = mild worsening of symptoms, 3 = no change in symptoms, 4 = mild symptom relief, 5
= excellent symptom relief. POTS was the most frequently revealed condition following autonomic testing, with
orthostatic hypertension being the least frequently revealed..The tests were normal in 4% of the participants,
Valsalva maneuver was abnormal in 15%, and deep breathing was abnormal in 13%. Treatment following
autonomic testing included B-blockers, vitamin supplements and salt supplements. B-blockers were prescribed in 30
of the 142 children. Symptom relief (rank 4 or 5) following treatment was reported in 73% of children. While this
study may show autonomic testing influenced treatment plans, the study has several limitations including:

1. aretrospective design that permits inferences about associations not causation,

2. many children whose testing was normal did not undergo follow-up in the clinics where the testing
was done so their data was unavailable for analysis,

3. the demographics of the study population were partially a product of the referral of the practice, and

4. there was a'variable length of follow-up which does not allow for determination whether symptom
benefit/detriment may have occurred in some children unrelated to treatment.

Peltier and colleagues (2010) published the results of a study aimed at determining the incidence of sudomotor
abnormalities and the relationship between QSART findings and other biochemical and physiological measures of
autonomic function in a well characterized inpatient cohort of individuals with POTS. The study involved 30
individuals who were free of medications that could alter autonomic tone for at least 5 half-lives and placed on a
controlled diet. A total of 17 (56%) participants had abnormal QSART which was typically patchy and involved the
lower extremity, while 13 (43%) participants had normal QSART results. Other autonomic tests such as
catecholamines and spectral indices did not correlate with QSART results. No differences in autonomic tests or
spectral indices'were observed between hyperadrenergic and non-hyperadrenergic POTS. The results indicate that a
subset of individuals with POTS have sudomotor abnormalities which are typically patchy in distribution that do
not correlate with other tests of autonomic function. Larger controlled studies are needed to determine the optimal
methods of endophenotyping individuals with POTS.
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Zhang and colleagues (2022) published a retrospective review of the medical records of 356 individuals with
POTS. A total of 211 (59%) of the individuals underwent QSART, 80 (22%) underwent skin biopsy, 51 (14%) had
both types of testing. The median time between QSART and skin biopsy was 4 weeks. There was poor agreement
between the results of QSART and skin biopsy among individuals who had both tests. The study found that 70
(33%) of the individuals who underwent QSART had reduced sweat output in at least one of the four testing sites.
In addition, 19 (24%) individuals who underwent skin biopsy had reduced intracpidermal nerve fiber density
(IENFD) in at least one site. Compared to individuals with normal IEFND, those with reduced IENFD were
significantly older; there were no significant differences in the two groups in terms of comorbid autoimmune
disease or frequency of reported symptoms. This study was designed to characterize a cohort of individuals with
POTS, not to evaluate the diagnostic accuracy of autonomic testing.

The ACC/AHA/HRS Guideline for the Evaluation and Management of Syncope (Shen, 2017) states referral for
autonomic evaluation “can be useful to improve diagnostic and prognostic accuracy in selected patients with
syncope and known or suspected neurodegenerative disease.”

Neurodegenerative Diseases

Multiple system atrophy (MSA) is a progressive neurodegenerative disorder which is characterized by symptoms of
ANS failure such as fainting spells, orthostatic hypotension, bladder control problems and motor control symptoms.
There is no cure for MSA and treatment is aimed at controlling symptoms. Diagnosis is made using clinical criteria
initially established by a consensus conference in 1998 and reviewed and modified by a second consensus
conference in 2007 (Gilman, 2008). While autonomic dysfunction is required to establish the diagnosis of definite,
probable, or possible MSA or MSA with predominant Parkinson or predominant cerebellar ataxia, the specific
testing described in this document is not essential for the diagnosis of MSA.

Lipp (2009) prospectively evaluated the autonomic systems differences between 52 MSA individuals and 29
Parkinson individuals noting that the autonomic deficits present at the onset of the study continued and increased
during the 1-year follow-up period.

A retrospective review by lodice (2012) sought to evaluate if premorbid autonomic testing and consensus criteria
are accurate in autopsy confirmed MSA. Ofthe 29 individuals identified, all 29 received autonomic testing and
subsequently had MSA confirmed with autopsy findings. All of the individuals had QSART; 8 had normal results,
10 had reduced widespread postganglionic sudomotor function. The remaining participants had either patchy, distal
or length dependent, or focal postganglionic sudomotor function. There were 22 individuals who had TST, 2 of
which had normal results, the other 20 individuals had anhidrosis with 18 having anhidrosis greater than 30%.
Composite Autonomic Severity Score (CASS) was 7.2 £+ 2.3 and defined as severe. The authors concluded the
presence of severe generalized autonomic failure, widespread anhidrosis, and rapid progression of autonomic
failure is highly predictive of MSA.

Researchers have explored whether autonomic testing enhances the clinical differentiation between MSA and
Parkinson disease. Kimpinski (2012b) looked at 29 individuals including 10 individuals with Parkinson disease, 9
individuals with MSA and 10 healthy controls matched for age and gender. Findings indicated differences in the
presentation of autonomic dysfunction in MSA compared to Parkinson disease. Specifically, that autonomic
dysfunction is generalized and predominantly preganglionic in MSA, and postganglionic in Parkinson disease. The
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authors conclude by acknowledging their small study sample and stating that, “further confirmatory studies using
larger patient numbers are required.”

In 2020, Indelicato and colleagues sought to evaluate the diagnostic yield of cardiovascular autonomic function
tests as an aid in the root-cause investigation of cerebellar ataxia. A series of cardiovascular autonomic tests were
administered to a cohort of individuals with neurodegenerative cerebellar ataxia, as well as matched healthy
controls. Sporadic cases were followed-up (median 15 months [range 12-33 months]) for an eventual conversion to
MSA-C (cerebellar type). A total of 42 individuals with cerebellar ataxia were recruited (n= 23 hereditary cases and
n=19 sporadic cases [2 probable MSA-C, 6 possible MSA-C, 11 sporadic adult-onset ataxia])..Sporadic and
hereditary cases showed no difference concerning ataxia severity at baseline. At head-up tilt, non-orthostatic
hypertension blood pressure-related falls were detected in 9 cases (n=7 sporadic cases and n=2 hereditary cases),
but 0 matched controls. A total of 5 of 7 sporadic cases with a non-orthostatic hypertension blood pressure-related
fall post head-up tilt test, converted to possible or probable MSA-C. Authors coneluded, in the work-up of
cerebellar ataxia, a battery of cardiovascular autonomic tests may detect early signs of blood pressure
dysregulation, potentially alluding to an underlying or developing possible/probablable MSC-C etiology. Studies
determining the clinical utility of these cardiovascular autonomic tests and their impact on net health outcomes are
warranted.

SUDOSCAN technology has been studied in the evaluation of identifying autonomic neuropathy in people with
Parkinson disease. In a 2019 study by Xu and colleagues, the authors assessed sudomotor function in individuals
with Parkinson disease using SUDOSCAN. They analyzed risk factors for autonomic neuropathy using
electrochemical skin conductance (ESC), which can be recorded with SUDOSCAN. Included in the study were 43
individuals in the later stages of Parkinson disease and 42 individuals serving as controls. The authors noted ESC of
the hands and feet was reduced lower in the SUDOSCAN group compared to the control group; 28% lower in the
hands and 19.1% lower in the feet of the individuals with Parkinson disease. Conversely, in a 2019 study by
Popescu, 67 individuals with moderate stageidiopathic Parkinson disease had evaluation of small fibers function by
ESC using SUDOSCAN technology compared to 66 age-matched controls. The authors noted no significant
reduction in ESC in the individuals with Parkinson disease compared to the control group. Popescu does note the
Xu 2019 study was conducted on individuals with later stages of Parkinson disease compared to moderate stages in
their cohort. Larger studies are necessary to evaluate efficacy.

Jerc¢inovi¢ (2025) reported on a cross-sectional study which examined sudomotor dysfunction in 75 people with
multiple sclerosis (pwMS) using individual-reported symptoms (COMPASS-31), QSART, and SUDOSCAN to
better characterize sweating abnormalities and their underlying mechanisms. Nearly one-third of participants
reported subjective sweating changes, most commonly hyperhidrosis, while objective testing identified sudomotor
dysfunetion in 17.3% by QSART and 10.7% by SUDOSCAN, indicating that laboratory abnormalities are less
frequent than self-reported symptoms. A modest but significant correlation was observed between QSART sweat
volume at the foot and SUDOSCAN ESC at the corresponding leg, supporting partial concordance between the two
objective methods in detecting hypohidrosis. QSART identified a broader range of abnormalities, including
hyperhidrosis and persistent sweating, whereas SUDOSCAN primarily detected reduced sweating, highlighting that
the two tests capture different aspects of sudomotor dysfunction. Interestingly, higher hand ESC values were
observed in individuals with cervical spinal cord lesions, suggesting that central lesions may influence sudomotor
output in complex and potentially compensatory ways. Overall, the findings indicate that sudomotor dysfunction is
common in MS and that combining complementary tools is necessary to capture its heterogeneous mechanisms.
Key limitations include the cross-sectional, single-center design, relatively small sample size, focus on early-stage
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MS, and lack of longitudinal follow-up to assess progression. In addition, SUDOSCAN cannot detect hyperhidrosis
and lacks established upper normal thresholds, limiting its ability to characterize the full spectrum of sweating
abnormalities, while discrepancies between subjective symptoms and objective measures complicate clinical
interpretation.

Diabetes

Numerous studies have explored the presence and impact of autonomic dysfunction in individuals with diabetes. A
2004 study by Low and colleagues looked at 231 participants with diabetes and 245 healthy age-matched controls
and aimed to estimate comprehensive autonomic symptom profile in diabetes using a laboratory evaluation of
autonomic function and a validated self-report. Autonomic neuropathy was found to be present in 54% of type 1
diabetics and 73% of type 2 diabetics.

A retrospective review by Chen and colleagues (2008) looked at 674 individuals with type 2 diabetes who
complained of autonomic-like symptoms or who presented with clinical manifestations of diabetic autonomic
neuropathy. These individuals underwent heart rate variation testing and postural blood pressure testing.
Participants had also completed a questionnaire in which they were asked about autonomic-like symptoms
experienced during the previous year. Of the 674 individuals in the.analysis, 562 of them complained of at least one
autonomic symptom. For the asymptomatic individuals, 47% of them were shown to have autonomic neuropathy
upon testing. The authors also noted that the more autonomic symptoms an individual complained about, the higher
their prevalence of autonomic neuropathy.

A 2008 study by Lykke and colleagues followed 39 l'type 1 diabetic individuals for 10 years to investigate the
effect of cardiovascular autonomic neuropathy on morbidity and mortality. During the follow-up period, 62
individuals died (43 of them were due to cardiovascular events). Individuals with borderline heart rate variation did
not have mortality rates significantly different from those.individuals with normal heart rate variation. For those
individuals who had decreased heart rate yariability, there was an excess overall mortality that diminished after
adjusting for conventional cardiovascular risk factors compared to individuals with normal heart rate variability.

Maguire (2007) retrospectively studied the significance of subclinical autonomic nerve test abnormalities in
adolescents. A total of 59% of the original study group who had undergone autonomic testing were available for a
12-year follow up. There was no association'between cardiovascular testing and complications related to diabetes,
however the authors suggest an association between baseline pupillometry tests and the presence of
microalbuminuria and retinopathy at 12 years of follow-up. This study is methodologically limited in part by a
retrospective design and the limited number of children available for follow up. The clinical utility of this finding is
uncertain.

A study by Eranki and colleagues (2013) reported on the use of SUDOSCAN as a screening tool for microvascular
complications in type 2 diabetes. A total of 309 participants with type 2 diabetes were included in the study. At
least one microvascular complication was found in 120 participants (79% had peripheral neuropathy, 43% had
retinopathy, and 23% had nephropathy). At least two microvascular complications were found in 46 participants.
Of the participants, 9 had all 3 microvascular complications. The sensitivity of the risk score using 35% as the cut-
off for detection of least one microvascular complication was 82% and the specificity was 61%. For detection of
peripheral neuropathy, sensitivity was 82% and specificity was 55%. Detection of retinopathy showed a sensitivity
of 74% and specificity was 63% while detection of nephropathy showed sensitivity of 76% and specificity of 68%.
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This study has limitations which include the fact that it was performed in a limited population, peripheral
neuropathy was based only on biothesiometer results, nephropathy was based only on Modification of Diet in Renal
Disease and retinopathy was based on fundoscopy. It was also a cross-sectional study which should have a follow-
up study.

Krieger and colleagues (2018) reported on a study of participants who received SUDOSCAN technology (using
skin electrochemical conductance) for diagnosing diabetic polyneuropathy which was compared to QSART. A total
of 47 participants with type 2 diabetes (20 without diabetic polyneuropathy, 27 with diabetic polyneuropathy) and
16 matched controls were examined for neuropathic symptoms and for the extent of sensory deficits. A modified
version of the clinical scoring systems Neuropathy Disability Score and Neuropathy Symptoms Score was used to
evaluate neuropathic symptoms and the severity of sensory deficits. Nerve conduction studies were used to evaluate
nerve function and to determine the presence of diabetic peripheral neuropathy. The skin electrochemical
conductance average of the feet was smaller in participants with diabetic peripheral neuropathy than the control
group. The skin electrochemical conductance average of the hands was lower in participants with diabetic
peripheral neuropathy as compared to those without neuropathy and the control group. Skin electrochemical
conductance showed a sensitivity and specificity of feet and hands for detecting diabetic peripheral neuropathy of
70/85% and 53/50% respectively while QSART could not differentiate between the three groups. The lower skin
electrochemical conductance of feet and hands was correlated with-a higher Neuropathy Disability and Neuropathy
Symptoms scores. While this study suggests that SUDOSCAN technology can be used as a screening tool for
diabetic peripheral neuropathy, it is unclear how results of this technology can affect clinical management,
treatment or notable health outcomes of the disease.

Syngle and colleagues (2021) reported on a prospective, open-label study assessing the efficacy and tolerability of
teneligliptin on autonomic and peripheral neuropathy in 20 individuals with type 2 diabetes. Efficacy parameters
included SUDOSCAN score; parasympathetic dysfunction assessment using Ewing’s criteria (heart rate response to
standing, Valsalva, and deep breath); sympathetic dysfunction assessed as blood pressure response to standing and
handgrip; ankle brachial index; vibration perception threshold (VPT); C-reactive protein; and glycemic profile.
After 12 weeks of treatment, there was improvement in heart rate response to standing and Valsalva (p<0.01), but
not to deep breath (p=0.12). Blood pressure response to standing was significantly lowered (p<0.01), but not in
response to handgrip (p=0.06). SUDOSCAN score was increased while VPT was significantly decreased (p<0.01).
The authors indicate that the increase in SUDOSCAN score observed with the decrease in VPT uncovers the
coexistence of sudemotor dysfunction.and peripheral neuropathy in individuals with diabetes and the significant
change in scores of the Ewing’s batteries of tests evident the association of autonomic dysfunction with sudomotor
dysfunction. Limitations of the study include its size, limited statistical power, lack of placebo control, and lack of
confirmation for the diagnosis of peripheral neuropathy using nerve conduction velocity or electromyography
(EMG)sstudies.

Zhao and colleagues (2022) compared findings of SUDOSCAN and EMG findings in 326 hospitalized individuals
with type-1 or type-2 diabetes. All participants underwent a SUDOSCAN sweat function test and an EMG
examination during hospitalization. A total of 176 of the 326 individuals (54%) had abnormal SUDOSCAN results
and 299 (92%) had abnormal EMG results. Consistency between SUDOSCAN and EMG results was 53%; the
consistency of findings was not statistically significant (p=0.868). The sensitivity and specificity of the
SUDOSCAN for diagnosing distal symmetric polyneuropathy (DSPN) were 53.5% and 48.2%, respectively. The
study suggests that SUDOSCAN cannot be used as a diagnostic tool for DSPN. A limitation in the study was not
exploring why the two tests were inconsistent.
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Nica and colleagues (2024) evaluated SUDOSCAN for identifying chronic kidney disease in 271 adults with type 2
diabetes. Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate (eGFR) of less than
60 mL/minute/1.73 m?. SUDOSCAN generates a score (SUDOSCAN-Nephro) that estimates risk of kidney
dysfunction. The authors found an area under the receiver operating characteristic (ROC) curveof the
SUDOSCAN-Nephro score for predicting CKD was 0.63. The SUDOSCAN-Nephro score had a 55% sensitivity
and 30.7% specificity to detect CKD in this population. This study had key limitations, including a small sample
size and being conducted at only one hospital. It also used SUDOSCAN only as a screening tool, not as a
replacement for standard blood and urine tests needed to measure kidney function.

Figueroa-Perez and colleagues (2025) reported on a retrospective cross-sectional study that evaluated whether
detecting diabetic autonomic neuropathy (DAN) using SUDOSCAN could reclassify cardiovascular risk in
individuals with type 2 diabetes mellitus (T2DM) when applying the 2023 European Society of Cardiology (ESC)
guidelines. Among 161 individuals from a single center in Northern Mexico, sudomotor dysfunction, an early
marker of DAN, was highly prevalent (67%) and its inclusion in ESC 2023 risk stratification significantly shifted
individuals toward higher cardiovascular risk categories, particularly increasing the proportion classified as very
high risk (from 3% to 16%). In contrast, commonly used risk calculators (ASCVD Plus, SCORE-2, ADVANCE,
SMART, and Globo Risk), which do not account for neuropathy, largely categorized individuals as low or
moderate risk, suggesting potential underestimation of cardiovascular risk in T2DM. While the findings support
SUDOSCAN as a practical, non-invasive tool to improve identification of microvascular complications and refine
cardiovascular risk assessment, there were numerous limitations in the study. Limitations include the retrospective,
cross-sectional design, non-probabilistic convenience sampling, relatively small sample size, and single-center
setting, which may limit generalizability and causal inference; additionally, risk calculators themselves are
population-dependent and may introduce inherent bias. Longitudinal studies are needed to confirm whether
reclassification based on DAN translates into improved clinical outcomes.

A cross-sectional study by Anghel (2025) evaluated 288 adults with type 1 or type 2 diabetes to determine whether
sudomotor dysfunction, measured non=invasively by ESC using SUDOSCAN, is associated with autonomic
neuropathy and cardiovascular risk.The authors found that reduced ESC, particularly in the feet, was common and
strongly inversely correlated with|validated cardiovascular risk scores, with the right foot showing the strongest
association (r= —0.455, p<0.001) and the best diagnostic performance for autonomic neuropathy (Area Under the
Curve [AUC], 0.750). Lower ESC values were also linked to longer diabetes duration and poorer glycemic control,
supporting sudomotor dysfunction as an early marker of small-fiber and autonomic nerve involvement that may
reflect broader systemic and cardiovascular risk. These findings suggest that SUDOSCAN could serve as a
practical screening tool for early identification and risk stratification of diabetic complications in outpatient
settings: However, interpretation is limited by the cross-sectional design, which limits the ability to establish
causality, the single-center outpatient population that may limit generalizability, and the inability of SUDOSCAN
to distinguish-diabetic neuropathy from other causes of sudomotor dysfunction. ESC measurements may also be
influenced by external factors such as skin hydration and temperature. Longitudinal studies are needed to validate
prognostic value and-Clinical impact over time.

A cross-sectional study by Cobuz (2025) evaluated 254 individuals with type 2 diabetes in northern Romania to
assess whether the SUDOSCAN nephropathy risk, derived from ESC, could support the identification of CKD.
Individuals with more advanced CKD (stages 2—3, defined by lower eGFR) had significantly lower ESC values and
lower SUDOSCAN nephropathy risk scores, along with higher serum creatinine levels. The nephropathy risk score
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showed a statistically significant but weak positive correlation with eGFR and a weak negative correlation with
creatinine, indicating an association between sudomotor dysfunction and renal impairment. In predictive analyses,
the SUDOSCAN nephropathy risk score demonstrated only modest discriminatory ability for CKD (AUC, 0.61),
and multivariable modeling showed that its usefulness depended largely on incorporating age, diabetes duration,
and body mass index, with age being the dominant contributor. Overall, the findings suggest that SUDOSCAN may
function as a supportive, non-invasive screening tool for CKD risk in individuals with type 2 diabetes, rather than a
standalone diagnostic test. Key limitations include the relatively small, single-center sample and limited
representation of advanced CKD stages, the cross-sectional design which prevents assessment of predictive or
longitudinal value, grouping of CKD into three stages instead of five, and the absence of albuminuria data, a.core
marker of diabetic kidney disease. Additionally, ESC measurements may be influenced by external factors such as
skin hydration, temperature, and neuropathy variability, underscoring the need for standardized protocols and larger
longitudinal studies to clarify clinical utility.

Much of the literature on the SUDOSCAN in diabetes is limited to small group'sizes (Calyet, 2013; Casellini, 2013;
Keet, 2014; Smith, 2014). While a study by Yajnik and colleagues(2012) compared SUDOSCAN to conventional
measures of peripheral and cardiac neuropathy in 265 individuals with type-2 diabetes, the authors of that study
noted that the SUDOSCAN is not a substitute for conventional neuropathy testing.

The HRS (Sheldon, 2015) published an expert consensus statement on the diagnosis and treatment of POTS,
inappropriate sinus tachycardia, and vasovagal syncope. The following recommendation was made on the
investigation of POTS:

e Detailed autonomic testing, transthoracic echocardiogram, tilt-table testing, and exercise stress
testing may be considered for selected patients being assessed for POTS. (Class IIb; Level E)

The same expert consensus statement included the following recommendation on the investigation of inappropriate
sinus tachycardia:

e [t might be worth considering autonomic testing. (Class IIb; Level E)
Recommendation Class 1Ib: benefit equivalent or possibly exceeding risk.
Recommendation Level E: consensus opinion in the absence of credible published evidence.

The ADA (2026) recommendations on neuropathy screening and treatment state:

12.17 All people with diabetes should be assessed for diabetic peripheral neuropathy starting at
diagnosis of type 2 diabetes and 5 years after the diagnosis of type 1 diabetes and at least
annually thereafter. (B)

12.18° Assessment for distal symmetric polyneuropathy should include a careful history and
assessment of either temperature or pinprick sensation (small fiber function) and vibration
sensation using a 128-Hz tuning fork (large fiber function). All people with diabetes should
have annual 10-g monofilament testing to identify feet at risk for ulceration and
amputation. (B)

12.19 Symptoms and signs of autonomic neuropathy should be assessed in people with diabetes
starting at diagnosis of type 2 diabetes and 5 years after the diagnosis of type 1 diabetes,
and at least annually thereafter, and with evidence of other microvascular complications,
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particularly kidney disease and diabetic peripheral neuropathy. Screening can include
asking about orthostatic dizziness, syncope, early satiety, erectile dysfunction, changes in
sweating patterns, or dry cracked skin in the extremities. Signs of autonomic neuropathy
include orthostatic hypotension, a resting tachycardia, or evidence of peripheral dryness or
cracking of skin. (E)

In summary, while some autonomic tests may be used as part of a diagnostic evaluation for select disorders
associated with a dysfunction of the ANS, there is a paucity of evidence documenting how autonomic tests change
disease management or impact treatment and health outcomes in clinical disorders associated with autonomic
nervous system dysfunction.

Background/Overview

The autonomic nervous system (ANS) controls many involuntary actions such/as blood pressure, heart rate,
thermoregulation, respiration, gastrointestinal emptying, bladder function and sexual function. Dysfunction of the
ANS can present as a primary disorder or be the secondary result of other diseases such‘as Parkinson disease or
diabetes or related to drugs or alcohol abuse. The entire ANS can be affected by disease or disease can be more
regionally limited. Treatment is directed toward the underlying disease, if known, but can also be limited to
symptom improvement.

Quantitative, non-invasive and reproducible tests are available to assist clinicians in testing autonomic function.
ANS testing can be grouped into three categories: sudomotor, cardiovagal innervation, and vasomotor adrenergic
innervation. The tests for sudomotor function can in¢lude quantitative sudomotor axon reflex test (QSART),
thermoregulatory sweat test (TST), sympathetic skin response (SSR), silastic sweat imprint, SUDOSCAN and
quantitative direct and indirect reflex test ‘'of sudomotor function (QDIRT). The SUDOSCAN is a non-invasive
method to measure sweat gland function. The device evaluates sweat gland function by assessing the
electrochemical reaction between sweat chlorides and stainless-steel electrodes. The tests for cardiovagal response
can include heart rate response to deep breathing and Valsalva ratio. The tests for adrenergic function include the
beat-to-beat blood pressure response to tilt table testing, Valsalva maneuver and standing.

Definitions

Autonomic Nervous System: The part of the nervous system which controls involuntary actions.

Quantitative Direct and Indirect Reflex Test: A technique which combines the technique of QSART measuring
sudomotor function with temporal resolution and measures spatial resolution (droplet size and number) similar to
the‘sweat imprint technique.

Quantitative Sudomotor Axon Reflex Test: A test to evaluate the integrity of the postganglionic sudomotor system
along the axon reflex to define the distribution of sweat loss. This is accomplished by the release of acetylcholine
into the skin which activates receptors on the eccrine sweat gland. The sweat response is recorded from four sites
(forearm and 3 lower extremity sites) and assessed for deficits.

Sudomotor: Relating to the nerves that stimulate the sweat glands to activity.
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Sweat imprint: Formed by the secretion of active sweat glands into a plastic imprint. The test is used to determine
the density of sweat glands, sweat droplet size and sweat volume per area.

Sympathetic Skin Response: A change of the electrical potential of the skin. The recorded skin potential comes
from the activated eccrine sweat gland. The amplitude and configuration are adjusted by sweat gland epithelium
and the overlying epidermis.

Thermoregulatory Sweat Test: A test where sweating is brought on by thermoregulatory warming which results in a
rise of core temperature. When the rise in core temperature goes beyond the thermoregulatory set point of the
hypothalamus, sweating occurs. TST can check the thermoregulatory sympathetic pathways from the hypothalamus
to the eccrine sweat gland by use of an indicator powder mixture. When the body is warmed to a core temperature
of 38°C, sweat is recognized by a change in color in the indicator powder. Digital photography is used to document
the sweat distribution which can be characteristic of neuropathy, ganglionopathy or generalized autonomic failure.

Valsalva Maneuver: The Valsalva maneuver is performed by trying to breathe out forcefully while keeping the
mouth and nose closed, creating pressure in the chest.

Coding

The following codes for treatments and procedures applicable to this document are included below for informational purposes.
Inclusion or exclusion of a procedure, diagnosis or device code(s) does not constitute or imply member coverage or provider
reimbursement policy. Please refer to the member's contract benefits in effect.atthe time of service to determine coverage or
non-coverage of these services as it applies to an individual member.

When services are Investigational and Not Medically Necessary:

CPT

95921 Testing of autonomic nervous system function; cardiovagal innervations
(parasympathetic function), including 2 or more of the following: heart rate response to
deep breathing with recorded R-R interval, Valsalva ratio, and 30:15 ratio

95923 Testing of autonomic nervous system function; sudomotor, including 1 or more of the
following: quantitative sudomotor axon reflex test (QSART), silastic sweat imprint,
thermoregulatory sweat test, and changes in sympathetic skin potential

95999 Unlisted neurological or neuromuscular diagnostic procedure [when specified as
Sudoscan testing]

ICD-10 Diagnosis
All diagnoses
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