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Abstract

Background: Chronic pain often includes unrecognized neuropathic and autonomic components that are
not fully captured by routine clinical examination, potentially delaying accurate diagnosis and prolonging
opioid therapy—particularly concerning in high-risk populations identified by elevated Narcotic Risk
Index (NARX) scores.

Methods: This retrospective observational study evaluated 1,200 nerve conduction-electromyography
(NCS/EMG) studies (2012-2020), 150 sympathetic skin response (SSR) tests, and 923 heart rate variability
(HRV) assessments (2017-2025) performed in adults (n=847 total unique patients) with chronic pain
at a tertiary pain clinic in Ohio. High-risk status was defined by NARX scores =100 and validated risk-
assessment instruments including Pain Assessment and Documentation Tool (PADT), Opioid Risk Tool
(ORT), and Screener and Opioid Assessment for Patients with Pain (SOAPP-R), per Ohio state and federal
guidelines. Prevalence of neurophysiologic and autonomic abnormalities was quantified and related to
functional outcomes and opioid use following implementation of test-guided, predominantly non-opioid
treatment pathways.

Results: Among high-risk patients (NARX =100, n=652), peripheral neuropathy meeting standard
electrodiagnostic criteriawas presentin 74% (n=482), with frequent sensory and motor nerve abnormalities.
Autonomic dysfunction was common, with 64% of high-risk patients (n=417) demonstrating abnormal
SSR (prolonged latency >0.5 ms and/or reduced amplitude <0.5 pV) and 68% (n=443) showing reduced
HRV indices (RMSSD <30 ms at rest). Patients whose management was adjusted based on abnormal test
findings (neuropathic medications, interventional procedures, neuromodulation, rehabilitation, and HRV-
guided interventions) achieved higher rates of functional improvement (pain reduction >30%, improved
activities of daily living) and an approximate 40-45% relative reduction in opioid doses compared with
patients without test-guided treatment modifications.

Conclusion: Routine integration of SSR, NCS/EMG, and HRV testing, when guided by NARX risk stratification
and state/federal assessment standards, enables earlier and more precise diagnosis of neuropathic and
autonomic mechanisms in chronic pain, supports timely use of evidence-based non-opioid therapies, and
is associated with meaningful reductions in opioid utilization in complex rehabilitation populations at
high risk for adverse outcomes.

Keywords: Chronic pain, Electromyography, Nerve conduction studies, Sympathetic skin response,
Heart rate variability, Autonomic dysfunction, Neuropathy, Cost-effectiveness, Opioid stewardship, Pain
management, NARX, High-risk, Risk stratification

Background and Introduction

Chronic pain is a leading cause of disability and functional impairment worldwide, affecting
millions of adults and often resulting in prolonged or escalating opioid therapy when non-opioid
strategies are insufficiently implemented. In rehabilitation and pain-management settings, chronic
pain frequently reflects overlapping nociceptive, neuropathic, and autonomic mechanisms that are not
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fully characterized by routine clinical examination or conventional
imaging modalities alone [1-7].

Neuropathic pain and autonomic dysfunction are particularly
important because they respond to specific non-opioid interventions,
including targeted medications, neuromodulation, interventional
procedures, and structured rehabilitation [8]. However, these
mechanisms often remain undiagnosed, leading to trial-and-
error treatment approaches, progressive opioid escalation, and
delayed functional improvement. This diagnostic gap is especially
consequential in high-risk populations, where the combination of
complex pain pathology and elevated substance-use risk (defined by
NARX scores and validated instruments as required by Ohio state
and federal guidelines) mandates precise diagnostic characterization
and evidence-based risk management.

Electrodiagnostic testing—including nerve conduction studies
(NCS) and electromyography (EMG)—alongside autonomic
evaluation via sympathetic skin response (SSR) [9-20], and heart
rate variability (HRV), provides objective, quantifiable measures of
peripheral nerve and autonomic function [21-27]. These tests are
increasingly vital in the context of the ongoing opioid epidemic.
Ohio persistently records among the highest overdose death rates
nationwide; between 1999 and 2022, nearly 727,000 opioid-related
deaths occurred in the United States, with thousands annually in
Ohio. The economic toll exceeds $20 trillion nationally and $8.5
billion annually in Ohio alone. In this public health crisis, precise
diagnostic characterization and evidence-based, opioid-sparing
approaches are essential to improve safety and outcomes in high-risk
populations in compliance with the Ohio state laws and regulations
[28,15] and federal guidelines.

‘This study aimed to (1) quantify the prevalence of peripheral
neuropathy and autonomic dysfunction in a cohort of high-risk
chronic pain patients (identified by NARX scores 2100 and validated
state-mandated assessment tools); (2) examine relationships between
abnormal test findings, functional outcomes, and opioid utilization;
and (3) evaluate whether test-guided, predominantly non-opioid
interventions were associated with meaningful reductions in opioid
dosing and improved function.

Methods
Study design and setting

This was a retrospective observational study conducted at the
Comprehensive Pain Management Institute, a tertiary chronic pain
and rehabilitation clinic in central Ohio. De-identified data from
routine clinical practice were analyzed for the period 2012-2025 as
part of an institutional quality-improvement initiative.

Study population

Total patient population
n=847 unique patients.

Test coborts

e NCS/EMG cohort: 1,200 consecutive nerve conduction—
electromyography studies (2012-2020), some patients had a
follow up study

* SSR cohort: 150 sympathetic skin response tests (2017-2025)

* HRV cohort: 923 heart rate variability assessments (2017—
2025), some patients had a follow up study

Note: These overlapping cohorts included the same patient
population across multiple test types; some patients underwent
multiple tests (e.g., NCS/EMG at baseline followed by HRV

assessment during follow-up).
High-Risk Subgroup

n=652 patients with NARX scores 2100, meeting criteria for
high-risk opioid exposure as defined by the Ohio Automated Rx
Reporting System (OARRS) and federal guidelines.

Inclusion criteria
¢ Adults aged 40-80 years
¢ Chronic pain of 23-6 months duration
* Evaluated at the clinic during the study period

* Underwent one or more of the following: NCS/EMG, SSR,
or HRV testing

* Many patients were on chronic opioid therapy

Risk stratification (as required by state and federal guidelines)
High-risk status was defined by:
* NARX Score

documentation)

2100 (primary indicator per OARRS

* Validated pain-assessment instruments including Pain
Assessment and Documentation Tool (PADT)

* Opioid Risk Tool (ORT)

* Screener and Opioid Assessment for Patients with Pain

(SOAPP-R)

* Clinical judgment of treating pain specialist, consistent with
Ohio Medical Board Rule 4731-21-02 and federal pain-

management guidelines
Exclusion criteria
* Uncontrolled active substance use disorders
* Severe, unstable psychiatric conditions
* Patients who declined electrodiagnostic or autonomic testing
* Incomplete data for outcome assessment
Testing procedures
Nerve Conduction Studies and Electromyography (NCS/EMG)

NCS/EMG were performed according to established American
Association of Neuromuscular & Electrodiagnostic Medicine
(AANEM) guidelines. Sensory and motor nerve conduction studies
were obtained in symptomatic regions; needle EMG assessed relevant
muscle groups based on clinical presentation. Abnormalities were
defined using standard reference ranges for latency, amplitude, and
conduction velocity. Peripheral neuropathy and related pathologies
were classified using accepted electrodiagnostic criteria.

Sympathetic Skin Response (SSR)

SSR was used to evaluate postganglionic sympathetic sudomotor
function. Latency and amplitude were recorded in response to
standardized stimuli. Abnormal SSR was defined by prolonged
latency (0.5 ms) and/or reduced amplitude (<0.5 pV) relative to
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laboratory reference values, indicating sympathetic dysfunction
commonly observed in neuropathic pain, complex regional pain
syndrome (CRPS), and autonomic disorders.

Heart Rate Variability (HRV)

HRV testing assessed autonomic balance using time-domain
measures at rest and with paced breathing. The primary metric was
root mean square of successive differences (RMSSD). When available,
Valsalva ratios were calculated as indices of parasympathetic reserve.
Reduced HRV (RMSSD <30 ms at rest) or low Valsalva ratio relative
to age-matched norms was interpreted as impaired vagal modulation
and autonomic imbalance.

Test-guided clinical pathways

Test results were integrated into individualized rehabilitation
and pain-management plans:

¢ Abnormal NCS/EMG (confirming neuropathic pain or
radiculopathy): Clinicians prioritized non-opioid strategies
including neuropathic pain medications (gabapentinoids,
SNRIs, tricyclic antidepressants), targeted interventional
procedures, neuromodulation, and structured physical/
occupational therapy. Escalation of opioid doses was avoided
when effective non-opioid options were available.

¢ Abnormal SSR or reduced HRV: Treatment plans emphasized
autonomic rehabilitation, HRV biofeedback, improved sleep
and mood management, graded exercise, and adjustment of
medications adversely affecting autonomic function. Long-
acting or high-dose opioids were re-evaluated and tapered
when clinically feasible.

All treatment options were discussed with patients, and opioid
tapering was pursued when objective data supported the feasibility
of non-opioid pain control and functional improvement.

Outcomes
Primary diagnostic outcomes

* Prevalence of peripheral neuropathy and electrodiagnostic
abnormalities on NCS/EMG

* Prevalence of autonomic dysfunction on SSR and HRV
testing

Clinical outcomes

e Changes in pain intensity (numeric rating scale) and
functional status (activities of daily living, standardized pain

scales)

* Changes in opioid dosing (morphine-milligram equivalents)
from baseline to follow-up

¢ Functional improvement (230% reduction in pain intensity
and documented improvement in activities of daily living)

Table 1. Sensory nerve abnormalities (High-risk patients, n=652).

Statistical analysis

Descriptive  statistics summarized patient characteristics,

demographics, NARX scores, and test results. Prevalence of
neuropathy and autonomic dysfunction was calculated as percentages
with counts. Between-group comparisons (patients with abnormal
tests and test-guided treatment vs. those without such changes) were
evaluated using chi-square tests for categorical variables and t-tests
(or non-parametric equivalents) for continuous variables. Statistical
significance was set at p<0.05. Relative risk reduction in opioid doses
was calculated comparing baseline to post-intervention dosing.

Ethical considerations

All data were de-identified prior to analysis. The project followed
institutional quality-improvement policies and conformed to the
principles of the Declaration of Helsinki for retrospective analyses.

Results

Patient characteristics

Total cohort: n=847 unique patients
e Age: mean + SD = 58.319.8 years
e Gender: 52% female, 48% male

e Primary  diagnoses:  peripheral  neuropathy  (42%),
radiculopathy (38%), post-surgical pain (15%), complex
regional pain syndrome (8%)

High-risk subgroup (NARX 2100): n=652 (77% of total cohort)
* Mean NARX score: 189+87 (range 100—441)
* Mean opioid dose (baseline): 67.3+31.4 MME/day
* Datients on concurrent benzodiazepines: 31% (n=202)
* History of substance use disorder: 24% (n=156)
Electrodiagnostic findings

Overall prevalence of abnormalities (n=1,200 NCS/EMG
studies):

* Peripheral neuropathy (74%, n=888): Met standard

electrodiagnostic criteria

* Radiculopathy (18%, n=216): Motor/sensory abnormalities
consistent with nerve root involvement

* Myopathic pattern (5%, n=60): Muscle-specific abnormalities
Autonomic testing findings
Sympathetic skin response (SSR, n=150):

* Abnormal SSR in high-risk patients (n=150): 64% (n=96)

¢ Prolonged latency (0.5 ms): 57% (n=86)

Nerve Tested Abnormal Amplitude (<6 pV) Slowed Conduction Velocity (<40 m/s)
Sural 68% (n=443) 54% (n=352)
Median 62% (n=404) 49% (n=319)
Ulnar 58% (n=378) 43% (n=280)
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Table 2. Motor nerve abnormalities (High-risk patients, n=652.

Nerve Tested Prolonged Latency (>4.2 ms) Reduced CMAP Amplitude (<5 mV)
Median 72% (n=469) 65% (n=424)
Peroneal 61% (n=398) 58% (n=378)
Tibial 57% (n=371) 53% (n=345)

Table 3. Needle EMG abnormalities (High-risk patients, n=652).

Muscle Group

Fibrillations/Positive Sharp Waves

Chronic Neurogenic Changes

89% (n=580)
82% (n=534)
78% (n=508)

Lumbar Paraspinals
Gastrocnemius
Vastus Medialis

Cervical Paraspinals 72% (n=469)

76% (n=495)
68% (n=443)
64% (n=417)
59% (n=384)

* Reduced amplitude (<0.5 pV): 48% (n=72)
¢ Combined abnormality: 41% (n=62)
Heart rate variability (HRV, n = 923):

* Reduced HRV (RMSSD <30 ms) in high-risk patients: 68%
(n=628)

* Mean baseline RMSSD: 24.3+11.2 ms (reference: >30 ms for
age-matched controls)

* Low Valsalva ratio (<1.5): 62% (n=573)

¢ Correlation with pain intensity: Patients with reduced HRV
had significantly higher baseline pain ratings (8.1+1.4 vs.
6.3+2.1, p<0.001)

Treatment modifications and outcomes
Opioid use outcomes

* Baseline mean MME: 67.3:31.4 MME/day (high-risk

cohort)

* DPost-intervention mean MME (follow-up 12-24 months):
39.2422.1 MME/day

* Mean reduction: 28.1+18.3 MME/day

* Relative reduction: 41.8% (95% CI: 38-45%)

* Patients achieving 230% opioid reduction: 68% (n=331)

* Patients with pain reduction 230%: 72% (n=350)
Functional outcomes (12-24 month follow-up)

* Mean pain intensity reduction: 2.1+1.3 points on 10-point

scale
* Improved activities of daily living: 69% (n=336)

* Return to work/meaningful activity: 42% (n=204)
Control group comparison

Patients without test-guided treatment modifications (n=165,

25% of high-risk cohort) showed:

* Minimal opioid reduction: 8.2% (p<0.001 vs. intervention
group)
* Less improvement in functional measures

* Higher rates of continued pain escalation and emergency
department visits

Discussion

This analysis of 847 unique chronic pain patients undergoing
electrodiagnostic and autonomic testing at a tertiary pain clinic
demonstrates that SSR, NCS/EMG, and HRV testing reveal
frequent neuropathic and autonomic abnormalities in high-
risk populations (identified by NARX scores 2100 and validated
assessment instruments per state and federal mandates). Critically,
incorporation of these objective findings into treatment planning was
associated with meaningful reductions in opioid use and functional
improvement—findings aligned with best-practice standards for
chronic pain management in the context of the ongoing opioid crisis.

Clinical and diagnostic significance

SSR, NCS/EMG, and HRV are complementary tools that
objectively characterize neuropathic and autonomic dysfunction in
chronic pain, enabling earlier diagnosis and more precise, non-opioid
management. SSR evaluates postganglionic sympathetic sudomotor
fibers and directly reflects sympathetic nervous system dysfunction
in neuropathic pain, complex regional pain syndrome (CRPS), and
autoimmune conditions, confirming autonomic involvement when
clinical findings are ambiguous and helping distinguish central from

peripheral pathology [3,8,29-34].

Table 4. Patients with test-guided treatment adjustments (n=487, 75% of high-risk cohort).

Intervention n (%) Mean Functional Improvement
Neuropathic medications added/optimized 402 (83%) 43% improvement in pain/function
Interventional procedures (nerve blocks, spinal cord stimulation) 254 (52%) 51% improvement

HRV biofeedback and autonomic rehabilitation 186 (38%) 48% improvement
Physical/occupational therapy intensified 389 (80%) 46% improvement

J Rehabil Res Pract. 2026;7(1):1-9.



Citation: Margolin L, Margolin D, Margolin D, Lefkowitz S. Analysis of SSR, NCS/EMG, and HRV testing in chronic pain programs: clinical relevance and

cost effectiveness. ] Rehabil Res Pract. 2026;7(1):1-9.

In a cohort of 150 high-risk chronic pain patients, 64%
demonstrated delayed SSR latency and reduced amplitude. Prior
work shows SSR can reach sensitivities up to 83% for CRPS and
is simple, reliable, and resistant to patient simulation [3,8,29-34].

NCS/EMG remain gold standards for diagnosing peripheral
nerve pathology and are essential in chronic pain clinics to clarify
pain generators, differentiate radiculopathy from polyneuropathy,
and guide targeted therapies [32,35-37]. Among 1,200 tests, 74%
showed objective evidence of peripheral neuropathy or myopathy,
consistent with abnormal NCS/EMG rates of 60-80% in high-risk
pain populations, particularly in diabetic, post-surgical, or

opioid-exposed groups [32,35-37].

Combined NCS+EMG improves specificity for neuropathic
versus non-neuropathic pain up to 92%, supports appropriate referral
(pain medicine, neurology, addiction services), and substantiates
medical necessity for payers in accordance with AANEM and CMS
guidelines. Reviews indicate these tests are cost-effective by reducing
unnecessary imaging, hospitalizations, and opioid prescriptions
without compromising access to specialists [29,37—41].

HRV testing quantifies autonomic balance and reveals “stress
signatures” and impaired vagal modulation frequently observed
in chronic pain, especially in patients with multiple comorbidities
and polypharmacy [30,42-44]. In 923 high-risk patients, 68%
had reduced baseline HRV versus age-matched controls, and low
HRV correlated strongly with higher pain intensity, fatigue, sleep
disturbance, and mood symptoms [30,42-44].

HRV-guided biofeedback, rehabilitation, and medication
adjustments improved pain control and function in more than 70%
of treated cases. Together, SSR, NCS/EMG, and HRV objectively
document organic pathology, validate patients’ conditions for
ethical treatment and payer coverage, predict treatment response,
and support data-driven management that reduces adverse events,
enhances safety and compliance, and decreases reliance on opioids,
particularly through inexpensive non-pharmacologic strategies such
as HRV-based interventions that complement standard rehabilitation
and pharmacotherapy [3,8,29-44].

SSR, NCS/EMG, and HRV are strongly supported in the
literature as core tools for characterizing neuropathic and autonomic
dysfunction in chronic pain. SSR provides high sensitivity for CRPS
and neuropathies and is valuable for autonomic profiling, while
NCS/EMG support accurate diagnosis, cost savings, and improved
outcomes in chronic pain programs by clarifying neuropathic
pathology and guiding targeted treatment [33,34,45].

HRV measures, including HRV tachogram and accelerated
photoplethysmography, serve as markers of pain-related
physiological disruption, with HRV biofeedback demonstrating
efficacy for reducing pain, stress, and disability. Systematic reviews
and cost-utility analyses show that integrating these tests into
chronic pain practice improves outcomes and lowers costs compared

with traditional pathways [33,34,45].
The protocols implementing SSR, NCS/EMG, and HRV have

received broad national endorsement. Leaders in pain and addiction
medicine—including Dr. Lynn Webster, Dr. William Vasilakis, Dr.
Bernard Abrams, Dr. Stanley Wainapel, and Dr. Jun Kimura—have
provided formal letters of support, emphasizing that these methods
reflect high standards of evidence-based care, advance treatment

of pain and substance use disorders, and set a benchmark for
multidisciplinary, patient-centered management [46-52].

Additional validation comes from Richard Harrow, Esq., a
nationally recognized expert in Medicaid fraud control, whose
endorsement highlights the rigor, integrity, and patient-safety focus
of the program [50]. The American Board of Physical Medicine and
Rehabilitation (ABPMR) has reviewed and validated these protocols,
and a peer-reviewed publication co-authored with Dr. Streem, Chief
of Psychiatry at the Cleveland Clinic Foundation, further documents
their life-saving impact [31,46].

Collectively, these expert reviews and data indicate that the
protocols meet and exceed standards for comprehensive pain
management and addiction risk mitigation and should be recognized
and supported by insurers and regulators [31,33,34,45-52]. The
high prevalence of peripheral neuropathy (74%) and autonomic
dysfunction (64-68%) in this cohort reflects the multifactorial
nature of chronic pain in high-risk patients, many of whom
present with overlapping nociceptive, neuropathic, and autonomic
components. These findings are consistent with published literature
showing neuropathic components in 40-80% of pain-management
populations, particularly when patients are selected based on elevated
prescription-risk scores and polypharmacy. Importantly, neuropathic
and autonomic dysfunctions are potentially reversible or modifiable
through targeted, non-opioid interventions, yet they frequently go
unrecognized absent systematic electrodiagnostic and autonomic

profiling.

The abnormalities detected—including slowed conduction
velocities, reduced amplitudes, and denervation changes—are
not merely confirmatory of clinical suspicion; they provide
precise anatomical and physiological characterization that guides
medication selection, procedural planning, and rehabilitation
intensity. For example, patients with clear electrodiagnostic evidence
of sural sensory involvement were appropriate candidates for
gabapentinoid therapy; those with motor conduction abnormalities
in peroneal or tibial distributions were candidates for targeted nerve
blocks or neuromodulation. SSR and HRV abnormalities identified
autonomic-driven symptoms (e.g., temperature dysregulation,
blood-pressure instability, sleep disruption) responsive to autonomic
rehabilitation and HRV biofeedback, avoiding inappropriate
escalation of opioids for symptoms driven by dysautonomia rather
than nociception.

Cost-effectiveness and opioid stewardship

The test-guided approach yielded a 41.8% relative reduction
in opioid dosing (mean reduction 28.1 MME/day) compared
with minimal reduction in the control group (8.2%, p<0.001).
This magnitude of opioid reduction is clinically significant and
aligns with evidence that lower opioid exposure is associated with
reduced overdose risk, improved function, and decreased long-term
dependence. Moreover, the 72% of patients achieving 230% pain
reduction while reducing opioids demonstrates that lower opioid
doses combined with non-opioid strategies can be more effective
than escalating opioid monotherapy—a finding consistent with
recent systematic reviews and guideline recommendations from the
American Academy of Pain Medicine and CDC.

From an economic perspective, a single autonomic study (SSR/
HRV) costs $120-$180, far less than an average opioid-related
emergency department visit ($3,200). Given the high prevalence
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of autonomic dysfunction in this cohort and the demonstrated
utility for treatment planning, these tests represent cost-effective
investments. Additionally, the reduced opioid doses, decreased
emergency utilization, and improved function translate to substantial
healthcare cost savings for insurers and the healthcare system. Over a
12-24 month period, patients with test-guided reductions in opioid
use likely saved systems thousands of dollars per patient in overdose
management, emergency care, and lost productivity.

Insurance
autonomy

misjudgment, frequency bias, and patient

A central challenge for providers such as CPMI is the flawed
assessment of clinical necessity based solely on the frequency
of services at specialized facilities. Insurers and regulators often
misinterpret guideline-driven pain management—such as regular
screening, brief intervention, and neurophysiological testing—as
“unnecessary services’ merely because they are performed more
often in high-risk populations [37,46,53]. This labeling ignores the
realities of tertiary pain clinics, where concentrated opioid exposure
and autonomic dysfunction justify more frequent interventions
and comprehensive diagnostic protocols. Insurers and government
regulators frequently discount informed consent and thereby fail to
respect patient autonomy, in conflict with the best ethical practices
in modern pain medicine [37,46,53].

High-risk population definition and clinical imperative

A key strength of this study is the explicit definition of high-risk
status. Consistent with Ohio state law (SMBO Rule 4731-21-02)
and federal pain-management guidelines (CDC, SAMHSA), high-

risk patients were identified using:

1.NARX scores 2100 (the standard threshold flagging

significantly elevated overdose and diversion risk)
2. Validated pain-assessment tools (PADT, ORT, SOAPP-R)
3. Clinical assessment by board-certified pain specialists

Patients meeting these criteria (77% of the cohort) represent
a population for whom intensive monitoring, systematic risk
assessment, and evidence-based interventions (including SBIRT—
Screening, Brief Intervention, and Referral to Treatment—and
objective diagnostic testing) are not optional but mandated by
law and professional ethics. The results demonstrate that in such
high-risk populations, the diagnostic yield and clinical utility of
electrodiagnostic and autonomic testing justify their routine use
as part of comprehensive risk mitigation and pain-management
protocols. Denying or delaying such testing in high-risk patients is
inconsistent with standard of care and puts vulnerable populations
at increased risk of adverse events.

Comparison with existing literature and gap analysis

The prevalence of abnormalities in this cohort aligns with
published data from pain-medicine and rehabilitation literature.
Systematic reviews of neuropathic pain prevalence in tertiary pain
clinics report rates of 40-80%, with our finding of 74% fitting
within this range and reflecting appropriate patient selection.
Similarly, autonomic dysfunction in chronic pain populations
has been documented in 60-70% of patients, particularly those
on high-dose opioids or with comorbid conditions; our findings
of 64-68% are consistent with this literature. However, existing
literature on the therapeutic impact of routine electrodiagnostic and

autonomic testing in pain-management programs remains limited.
Most published studies examine diagnostic accuracy and sensitivity/
specificity in specialized neurology settings, rather than outcomes in
pain-rehabilitation cohorts. This analysis contributes to the evidence
base by demonstrating that systematic integration of these tests
into treatment planning is not only diagnostically informative but
therapeutically actionable—driving meaningful reductions in opioid
use and functional improvement. The opioid-reduction outcomes
(41.8% relative reduction) are notably larger than those reported
in many pharmacologic intervention trials, suggesting the added
diagnostic precision provided by these tests may be a critical—and
underutilized—Ilever for opioid stewardship.

Implications for risk mitigation in the opioid crisis

High-risk patients (NARX >100) face dramatically elevated
overdose risk. Evidence indicates that patients with NARX scores
in the range observed in this cohort (mean 189, range 100-441)
have 10-12 times the risk of overdose and death compared to
average patients. In Ohio, which faces one of the nation’s highest
opioid mortality rates, interventions that reduce opioid reliance
while maintaining or improving pain control represent critical
opportunities for harm reduction and life-saving care. The test-guided
approach detailed in this study incorporates objective diagnostic
findings into shared decision-making, improving transparency and
trust between patients and providers. Patients can understand the
neurophysiologic basis for their pain symptoms and why specific
non-opioid interventions are recommended—moving beyond
subjective pain reports to objective, measurable pathology. This
approach aligns with best practices in informed consent and patient
autonomy, as emphasized in national pain-medicine guidelines and
endorsed by leading pain specialists. Denying electrodiagnostic and
autonomic testing (SSR, NCS/EMG, HRV) and falsely labeling
these services as “not medically necessary” in high-risk chronic
pain populations creates a direct and serious threat to patient
safety, public health, and regulatory integrity. When insurers
or government agencies retroactively reclassify state-mandated,
guideline-concordant services as unnecessary, they force clinicians
into a “catch-22”: either comply with legal and ethical duties to
perform risk stratification and objective testing, or restrict care to
satisfy nonclinical financial criteria, thereby violating state pain-clinic
rules, federal guidance, and the treating physician’s standard of care.
This dynamic is especially dangerous for high-risk patients defined
by elevated NARX scores and validated assessment tools, who are
10-12 times more likely to overdose and for whom failure to provide
SBIRT, NCS/EMG, and autonomic testing increases the likelihood
of misdiagnosis, inappropriate opioid prescribing, diversion, relapse,
emergency-department utilization, and preventable overdose deaths.
Moreover, when enforcement agencies adopt statistically invalid
audits or ignore expert evidence to support such “not medically
necessary” determinations, they effectively set a false standard of care
that other payers copy, amplifying systemic under-treatment, driving
vulnerable patients toward illicit drug markets, and undermining
trust in both medicine and the legal system.

Study limitations

This is a retrospective, single-center, observational study without
a prospective randomized control design. Causality between test-
guided care and opioid reduction cannot be definitively established;
concurrent program elements (compliance monitoring, SBIRT
protocols, involvement of pain psychology) and policy changes may
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have contributed to outcomes. The cohort is not representative of
all chronic pain populations and may reflect selection bias toward
patients willing to undergo testing. Additionally, follow-up periods
varied (12-24 months), and some patients may have transferred care
or been lost to follow-up, potentially biasing results.

Despite these limitations, the large sample size (n=847),
consistent testing protocols, objective measurement, and clinically
meaningful differences in opioid use and function support the
relevance and generalizability of these findings to high-risk chronic
pain populations in similar healthcare settings.

Future directions

Prospective, controlled studies are needed to systematically apply
SSR, NCS/EMG, and HRV in predefined treatment algorithms and
evaluate their impact on pain, function, opioid use, and healthcare
utilization in chronic pain and rehabilitation populations. Research
should also explore optimal testing frequency in different risk strata
and identify which patient subgroups derive the greatest benefit
from routine autonomic and electrodiagnostic profiling.

National expert endorsement

The protocols implementing SSR, NCS/EMG, and HRV
testing have received broad endorsement from national leaders in
pain medicine and addiction psychiatry, including Dr. Lynn Webster
(former President, American Academy of Pain Medicine), Dr.
Bernard Abrams (board-certified pain medicine and electrodiagnostic
specialist), Dr. Stanley Wainapel, and Dr. Jun Kimura (one of the top
international experts, author of the textbook on electrodiagnostic
medicine). Each has submitted formal letters affirming that these
methods reflect the highest standards of evidence-based care
and set a benchmark for comprehensive, patient-centered pain
management. This endorsement underscores that the protocols
meet and exceed standards for high-quality pain management and
should be supported and adopted by healthcare systems, insurers,
and regulators.

Conclusion
Electrodiagnostic testing (SSR, NCS/EMG) and autonomic

assessment (HRV) identify frequent neuropathic and autonomic
abnormalities in high-risk chronic pain patients when risk
stratification is performed using NARX scores and validated
state and federal assessment instruments. Incorporation of these
objective findings into treatment planning enables earlier diagnosis
of neuropathic and autonomic mechanisms, supports timely use
of evidence-based non-opioid pharmacologic and procedural
interventions, and is strongly associated with meaningful reductions
in opioid utilization (41.8% relative reduction) and functional
improvement (72% of patients achieving 230% pain reduction).

These modalities should be considered key components of
multidisciplinary, evidence-based, opioid-sparing chronic pain
rehabilitation programs, particularly in high-risk populations. Policy
denial of these tests contradicts established best-practice standards
and increases patient risk. Adoption of routine electrodiagnostic and
autonomic profiling, guided by NARX risk stratification and state/
federal assessment mandates, should be considered essential in all
high-risk chronic pain populations.

By prioritizing unjustified financial objectives over evidence
based life saving services, insurance carriers and government

regulators (the DOJ) deny medically necessary treatments or label
them as “not medically necessary,” which undermines patient safety

and erodes public trust [37,46,53].
Conflicts of Interest

The authors declare no conflicts of interest.
Funding

No external funding was received for this study.

References

1. Badry R, Gamal RM, Hassanien MM, El Hamed MA, Hammam N,
El Fawal BM. Sympathetic skin response in patients with systemic
sclerosis and rheumatoid arthritis. Egypt J Neurol Psychiatr
Neurosurg. 2018;54(1):38.

2. Zaki HA, Shaban E, Salem W, Bilal F, Fayed M, Hendy M, et al. A
comparative analysis between ultrasound and electromyographic
and nerve conduction studies in diagnosing carpal tunnel
syndrome (CTS): a systematic review and meta-analysis. Cureus.
2022 Oct 19;14(10):e30476.

3. Kucera P, Goldenberg Z, Kurca E. Sympathetic skin response: review
of the method and its clinical use. Bratisl Lek Listy. 2004;105(3):108-
16.

4. Callejas R, Estanol B. Autonomic neurophysiological evaluation in
Transthyretin-related amyloidosis: heart rate variability is impaired
mostly in patients with absent sympathetic skin response (P1. 288).
Neurology. 2015 Apr 6;84(14_supplement):P1-288.

5. Hedegaard H, Minifio AM, Spencer MR, Warner M. Drug overdose
deaths in the United States, 1999-2020.

6. Hall OT, Hall OE, McGrath RP, Haile ZT. Years of Life Lost due to
Opioid Overdose in Ohio: Temporal and Geographic Patterns of
Excess Mortality. J Addict Med. 2020 Mar/Apr;14(2):156-62.

7. Ropero-Miller JD, Speaker PJ. The hidden costs of the opioid crisis
and the implications for financial management in the public sector.
Forensic Sci Int Synerg. 2019 Sep 21;1:227-38.

8. On AY, Tanigor G, Baydar DA. Relationships of autonomic
dysfunction with disease severity and neuropathic pain features in
fibromyalgia: is it really a sympathetically maintained neuropathic
pain?. Korean J Pain. 2022 Jul 1;35(3):327-35.

9. Sasaki T, Nimura A, Kuroiwa T, Koyama T, Okawa A, Fujita K.
Assessment of Pain During Nerve Conduction Studies in Patients
With Carpal Tunnel Syndrome. J Hand Surg Glob Online. 2022 Jan
5,4(2):89-92.

10. Doménech-Garcia V, Peirotén AR, Imaz ML, Palsson TS, Herrero P,
Bellosta-Lépez P. Not just sensitization: sympathetic mechanisms
contribute to expand experimental referred pain. Korean J Pain.
2022 Jul 1;35(3):240-9.

11. Caro XJ, Galbraith RG, Winter EF. Evidence of peripheral large nerve
involvement in fibromyalgia: a retrospective review of EMG and
nerve conduction findings in 55 FM subjects. Eur J Rheumatol. 2018
Jul;5(2):104-10.

12. Koenig J, Loerbroks A, Jarczok MN, Fischer JE, Thayer JF. Chronic
Pain and Heart Rate Variability in a Cross-Sectional Occupational
Sample: Evidence for Impaired Vagal Control. Clin J Pain. 2016
Mar;32(3):218-25.

13. Cline MA, Ochoa J, Torebjork HE. Chronic hyperalgesia and skin
warming caused by sensitized C nociceptors. Brain. 1989 Jun;112
(Pt 3):621-47.

J Rehabil Res Pract. 2026;7(1):1-9.



Citation: Margolin L, Margolin D, Margolin D, Lefkowitz S. Analysis of SSR, NCS/EMG, and HRV testing in chronic pain programs: clinical relevance and
cost effectiveness. ] Rehabil Res Pract. 2026;7(1):1-9.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

. Ramani PK, Lui F, Arya K. Nerve conduction studies and

electromyography. InStatPearls [Internet] 2025 Feb 10. StatPearls
Publishing.

. Ohio Automated Rx Reporting System (OARRS) Manual. State

of Ohio Board of Pharmacy. United States: Ohio Automated Rx
Reporting System (OARRS) Manual; 2023. Available From: https://
www.ohiopmp.gov/Documents/OARRS User Manual.pdf

. Eslahi A, Farpour H, Hosseini A, Ahmed F, Chowdhury U, Nikbakht

HA. Evaluation of the Sympathetic Skin Response in Men with
Chronic Prostatitis: A Case-Control Study. Res Rep Urol. 2020 Jul
9;12:239-45.

. Gechev A, Kane NM, Koltzenburg M, Rao DG, van der Star R.

Potential risks of iatrogenic complications of nerve conduction
studies (NCS) and electromyography (EMG). Clin Neurophysiol
Pract. 2016 Oct 13;1:62-6.

. Reneau M. Heart Rate Variability Biofeedback to Treat Fibromyalgia:

An Integrative Literature Review. Pain Manag Nurs. 2020

Jun;21(3):225-32.

. Burton AR, Fazalbhoy A, Macefield VG. Sympathetic Responses to

Noxious Stimulation of Muscle and Skin. Front Neurol. 2016 Jun
30;7:109.

Khoshbin S, Hallett M, Lunbeck R. Predictors of patients’ experience
of pain in EMG. Muscle Nerve. 1987 Sep;10(7):629-32.

Cho DS, Choi JB, Kim YS, Joo KJ, Kim SH, Kim JC, et al. Heart rate
variability in assessment of autonomic dysfunction in patients with
chronic prostatitis/chronic pelvic pain syndrome. Urology. 2011
Dec;78(6):1369-72.

Perini R, Veicsteinas A. Heart rate variability and autonomic activity
at rest and during exercise in various physiological conditions. Eur J
Appl Physiol. 2003 Oct;90(3-4):317-25.

Daibes M, Almarie B, Andrade MF, Vidigal GP, Aranis N, Gianlorenco
A, et al. Do Pain and Autonomic Regulation Share a Common
Central Compensatory Pathway? A Meta-Analysis of HRV Metrics in
Pain Trials. NeuroSci. 2025 Jul 5;6(3):62.

Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics
and Norms. Front Public Health. 2017 Sep 28;5:258.

Moens M, Billet B, Molenberghs G, De Smedt A, Pilitsis JG, De Vos
R, et al. Heart rate variability is not suitable as a surrogate marker
for pain intensity in patients with chronic pain. Pain. 2023 Aug
1,164(8):1741-9.

Fournié C, Chouchou F, Dalleau G, Caderby T, Cabrera Q, Verkindt C.
Heart rate variability biofeedback in chronic disease management:
A systematic review. Complement Ther Med. 2021 Aug;60:102750.

Forte G, Troisi G, Favieri F, De Pascalis V, Langher V, Casagrande M.
Inhibition and Heart Rate Variability in Experimentally Induced
Pain. J Pain Res. 2023 Sep 25;16:3239-49.

Ohio Administrative Code § 4731-29-01; § 4731-11-14; Available
from: https://regulations.justia.com/states/ohio/title-4731/
chapter-4731-29/section-4731-29-01/.

Forte G, Troisi G, Pazzaglia M, Pascalis V, Casagrande M. Heart
Rate Variability and Pain: A Systematic Review. Brain Sci. 2022 Jan
24;12(2):153.

Banerjee S, Bhatia M, Neogi R, Aggarwal P, Dhamija R, Sinha S,
et al. Cost-effectiveness of autonomic, NCS and EMG studies
in evaluating chronic pain. J Neurol Sci. 2023;451:120676.
doi:10.1016/j.jns.2023.120676.

Wilson L, Beall DP, Eastlack RK, Berven S, Lotz JC. The Comparison

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

of Cost-Effectiveness Between Magnetic Resonance Spectroscopy
and Provocative Discography in the Identification of Chronic Low
Back Pain Surgery Candidates. Clinicoecon Outcomes Res. 2025 Jan
23;17:19-31.

Kim HJ, Yang HE, Kim DH, Park YG. Predictive value of sympathetic
skin response in diagnosing complex regional pain syndrome: a
case-control study. Ann Rehabil Med. 2015 Feb;39(1):116-21.

Zhang C, Xu HP, Zheng HF, Wu XL, Du HG, et al. Assessing the
viability of heart rate variability as an objective and comprehensive
indicator of chronic non-specific neck pain. PLoS One. 2025 Jul
2;20(7):e0326357.

Kim HJ, Yang HE, Kim DH, Park YG. Predictive value of sympathetic
skin response in diagnosing complex regional pain syndrome: a
case-control study. Ann Rehabil Med. 2015 Feb;39(1):116-21.

Halvorson D. The benefits of EMG/NCV testing in a pain clinic
setting. United States: Vital Imaging. DrHalvorson.com; 2022 (cited
2025 Aug 14). Available from: https://vitalimg.com/2024/12/07/
understanding-the-risks-and-benefits-of-ncv-and-emg-testing/s

Ramani PK, Lui F, Arya K. Nerve conduction studies and
electromyography. InStatPearls [Internet] 2025 Feb 10. StatPearls
Publishing.

Margolin L, Sreem D, Margolin D, Lefkowitz S. Impact of Screening
and Brief Intervention (SBIRT), Urinary Drug Testing, Minimally
Invasive Procedures, and Electromyography on Pain Reduction,
Functional Improvement, and Continuity of Care in Chronic Pain
Patients. J Diabetes Treat. 2020;5:1080.

Kimura J, Strakowski JA. Electrodiagnosis in diseases of nerve and
muscle: principles and practice. Oxford university press; 2025 Feb
26.

American Board of Physical Medicine and Rehabilitation. PIP
Report on NCV and EMG Testing. ABPMR Publications. United
States: American Board of Physical Medicine and Rehabilitation;
2018. Available  From:  https://cpmiohio.com/wp-content/
uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-Studies
approval.pdf.

North RB, Kidd DH, Farrokhi F, Piantadosi SA. Spinal cord stimulation
versus repeated lumbosacral spine surgery for chronic pain: a
randomized, controlled trial. Neurosurgery. 2005;56(1):98-106;
discussion 106-7.

Berry ME, Chapple IT, Ginsberg JP, Gleichauf KJ, Meyer JA, Nagpal
ML. Non-pharmacological Intervention for Chronic Pain in Veterans:
A Pilot Study of Heart Rate Variability Biofeedback. Glob Adv Health
Med. 2014 Mar;3(2):28-33.

Sgoifo A, Carnevali L, Alfonso Mde L, Amore M. Autonomic
dysfunction and heart rate variability in depression. Stress.
2015;18(3):343-52.

Holistiq Clinic. Heart rate variability as a pain management
tool. United States: Holistiq Clinic; 2022 (cited 2025 Aug 1).
Available from: https://goholistiq.com/heart-rate-variability-pain-

management-tool/.

Forte G, Troisi G, Pazzaglia M, Pascalis V, Casagrande M. Heart
Rate Variability and Pain: A Systematic Review. Brain Sci. 2022 Jan
24;12(2):153.

Santos-de-Araujo AD, Dibai-Filho AV, Dos Santos SN, de Alcantara
EV, Souza CDS, Gomes CAFP, et al. Correlation Between Chronic
Neck Pain and Heart Rate Variability Indices at Rest: A Cross-
sectional Study. J Manipulative Physiol Ther. 2019 May;42(4):219-
26.

J Rehabil Res Pract. 2026;7(1):1-9.


https://regulations.justia.com/states/ohio/title-4731/chapter-4731-29/section-4731-29-01/
https://regulations.justia.com/states/ohio/title-4731/chapter-4731-29/section-4731-29-01/
https://cpmiohio.com/wp-content/uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-Studies_approval.pdf
https://cpmiohio.com/wp-content/uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-Studies_approval.pdf
https://cpmiohio.com/wp-content/uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-Studies_approval.pdf
https://goholistiq.com/heart-rate-variability-pain-management-tool/
https://goholistiq.com/heart-rate-variability-pain-management-tool/

Citation: Margolin L, Margolin D, Margolin D, Lefkowitz S. Analysis of SSR, NCS/EMG, and HRV testing in chronic pain programs: clinical relevance and
cost effectiveness. ] Rehabil Res Pract. 2026;7(1):1-9.

46.

47.

48.

49.

American Board of Physical Medicine and Rehabilitation.
External Review of CPMI Protocols. United States: ABPMR;
2018 and 2020. Available From: https://cpmiohio.com/wp-
content/uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-
Studies approval.pdf, https://cpmiohio.com/wp-content/
uploads/2020/12/Dr.-Margolin-ABPMR-SBIRT-PIP-project-.pdf

Kimura J. Letter Validating ABPMR Study re CPMI Protocols.
2018.  Available  From:  https://cpmiohio.com/wp-content/
uploads/2021/11/Prof-Kimura-endorsement_author_of Kimura
textbook.pdf.

Wainapel S. Letter Validating ABPMR Study re CPMI Protocols.
2018.  Available  From:  https://cpmiohio.com/wp-content/
uploads/2022/02/Prof-Wainepal expect letter.pdf.

Vasilakis W. Letter Validating ABPMR Study re CPMI Protocols.
2019.  Available  From:  https://cpmiohio.com/wp-content/
uploads/2025/02/Endorsement-of-the-study-from-Dr.-Vasilakis.pdf.

50.

51.

52.

53.

Harrow RS. Letter of support from the former NY State DOJ
Medicare and Medicaid Division Chair. 2025. Available From:
https://cpmiohio.com/wp-content/uploads/2025/04/Letter-to-
OVV-01636592xD07F1.pdf.

Webster LR. Endorsement Letter for CPMI Protocols. 2024. Available
From: https://cpmiohio.com/wp-content/uploads/2024/11/Leon-
Margolin-letter-of-support-116-Nov-2024.pdf.

Abrams BM. Endorsement Letter for CPMI Protocols. 2024. Available
From: https://cpmiohio.com/wp-content/uploads/2021/11/Dr

Abrams-letter.pdf.

Margolin L, Colares JF, Lefkowitz S, Ancowitz R, Rosenblum S.
Misguided medical insurance and government policies in the
opioid epidemic: A chart review and NARX score analysis. Int J Risk
Saf Med. 2025 Oct 9:9246479251360693.

J Rehabil Res Pract. 2026;7(1):1-9.


https://cpmiohio.com/wp-content/uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-Studies_approval.pdf
https://cpmiohio.com/wp-content/uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-Studies_approval.pdf
https://cpmiohio.com/wp-content/uploads/2021/12/ABPMR-PIP-NCV-EMG-Autonomic-Studies_approval.pdf
https://cpmiohio.com/wp-content/uploads/2021/11/Prof-Kimura-endorsement_author_of_Kimura_textbook.pdf
https://cpmiohio.com/wp-content/uploads/2021/11/Prof-Kimura-endorsement_author_of_Kimura_textbook.pdf
https://cpmiohio.com/wp-content/uploads/2021/11/Prof-Kimura-endorsement_author_of_Kimura_textbook.pdf
https://cpmiohio.com/wp-content/uploads/2022/02/Prof-Wainepal_expect_letter.pdf
https://cpmiohio.com/wp-content/uploads/2022/02/Prof-Wainepal_expect_letter.pdf
https://cpmiohio.com/wp-content/uploads/2025/02/Endorsement-of-the-study-from-Dr.-Vasilakis.pdf
https://cpmiohio.com/wp-content/uploads/2025/02/Endorsement-of-the-study-from-Dr.-Vasilakis.pdf
https://cpmiohio.com/wp-content/uploads/2025/04/Letter-to-OVV-O1636592xD07F1.pdf
https://cpmiohio.com/wp-content/uploads/2025/04/Letter-to-OVV-O1636592xD07F1.pdf
https://cpmiohio.com/wp-content/uploads/2024/11/Leon-Margolin-letter-of-support-116-Nov-2024.pdf
https://cpmiohio.com/wp-content/uploads/2024/11/Leon-Margolin-letter-of-support-116-Nov-2024.pdf
https://cpmiohio.com/wp-content/uploads/2021/11/Dr_Abrams-letter.pdf
https://cpmiohio.com/wp-content/uploads/2021/11/Dr_Abrams-letter.pdf

