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Abstract
Objective

To evaluate the cost-effectiveness of neuromuscular ultrasound (NMUS) for the evaluation of
focal neuropathies.

Methods

A prior prospective, randomized, double-blind controlled trial demonstrated that NMUS, when
added to electrodiagnostic testing, resulted in improved clinical outcomes after 6 months of
follow-up. From this study, we abstracted quality-adjusted life-years (QALYs) from the 36-item
Short Form Health Survey and entered this health-utility estimate into a mixed trial and model-
based cost-effectiveness analysis from the societal perspective. Costs of intervention (NMUS)
were estimated from Medicare payment rates for Current Procedural Terminology codes.
Health care use was otherwise estimated to be equal, but sensitivity analyses further examined
this and other key assumptions. Incremental cost-effectiveness ratio (ICER) was used as the
primary outcome with a willingness-to-pay threshold of $50,000 per QALY.

Results

The predicted mean health outcome associated with use of NMUS was 0.079 QALY, and the
mean cost was $37, resulting in an ICER of $463 per QALY. Results and conclusions remained
robust across all sensitivity analyses, including variations in time horizon, initial distribution of
health states, costs, and effectiveness.

Conclusions
From a societal perspective, the addition of NMUS to electrodiagnostic testing when evaluating

a focal neuropathy is cost-effective. A study of longer follow-up incorporating total health care
use would further quantify the value of NMUS.
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Glossary

CTS = carpal tunnel syndrome; ICER = incremental cost-effectiveness ratio; NMUS = neuromuscular ultrasound; QALY =
quality-adjusted life-year; SF-36 = 36-Item Short-Form Health Survey.

Neuromuscular ultrasound (NMUS) is a diagnostic tech-
nique in which ultrasound is used to image the peripheral
nervous system to assist in the diagnosis of a variety of
neuromuscular conditions, and it is often used in combina-
tion with electrodiagnostic testing." NMUS has been dem-
onstrated to be valid, reliable, sensitive, and specific for the
evaluation of focal neuropathies,”* and it is more accurate
than MRI when used to assess potential pathology in
sonographically accessible regions.’ The use of NMUS in the
most common focal neuropathy, carpal tunnel syndrome
(CTS), is supported by a clinical practice guideline.® In
addition, the use of NMUS in the evaluation of focal neu-
ropathies has been demonstrated to improve outcomes after
6 months of follow-up in a prospective, randomized, double-
blind clinical trial.” The goal of this current study is to use the
data gathered in the previous clinical trial to determine
whether NMUS is cost-effective, from a societal perspective,
when combined with electrodiagnosis for the evaluation of
focal neuropathies.

Methods

A detailed description of the original randomized, double-
blind trial is reported elsewhere, and the trial is registered at
ClinicalTrials.gov (NCT01394822).” Briefly, between Oc-
tober 2011 and August 2013, all adult patients referred by
nerve surgeons to the Wake Forest School of Medicine Di-
agnostic Neurology Laboratory were invited to participate if
their clinical evaluation and electrodiagnostic testing were
consistent with a focal neuropathy. Institutional review
board approval was obtained before the original study, and
all participants provided signed informed consent. The
original study was designed to allow the investigators to
break the blind if a potentially life-threatening condition was
identified during the ultrasound study and the patient was
randomized not to have the report sent, although this did not
occur during the study. One hundred twenty individuals
were randomized to “report sent” or “not sent” groups,
depending on whether the NMUS report was sent to the
referring surgeon. Of these, 100 participants completed the
6-month follow up (51 in report sent group and 49 in not
sent group). Baseline, 3-month, and 6-month outcomes
were measured, including the Inflammatory Cause and
Treatment Overall Disability Sum Score, 36-Item Short-
Form Health Survey (SF-36), Medical Research Council
strength grading, sensory testing, and patient satisfaction.
Results from this study were used as health-utility estimates
to conduct a mixed trial and model-based cost-effectiveness
analysis from the societal perspective.
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Model inputs: Intervention effects

Measures of health-related quality of life such as the SF-36°
are frequently used in clinical research but are not designed
for economic evaluation. Quality-adjusted life-year” (QALY)
is the summary health outcome metric of choice and con-
siders both quality and quantity of life. Through assessing
QALYs and costs, we can hold interventions economically
accountable on a level playing field in a world with limited
resources. SF-6D' is a published algorithm that converts SE-
36 into QALYs, allowing scrutiny of any intervention with
associated SF-36 data. This allowed us to quantify the dif-
ferences between the NMUS report sent and not sent groups
using the QALY paradigm. A priori, we excluded 21 patients
who had surgery within the 3-month period before the final
visit to prevent contamination by reduced postsurgical quality
of life. Once QALY data had been abstracted at each time
point, the report sent and not sent groups were compared by
use of a generalized estimating equation, with a priori un-
structured working correlation and model-based covariance
matrices. The difference between the NMUS report sent and
not sent groups was analyzed in several important subgroups
who were used as the model inputs (table), including those
who had surgical intervention, those with CTS, and combi-
nations thereof.

Model inputs: Intervention costs

Direct and indirect costs are detailed in the table. NMUS cost
was based on Current Procedural Terminology codes
obtained from the Centers for Medicare and Medicaid (cms.
gov; 2017 conversion factor $35.89) in US dollars (Current
Procedural Terminology code 76882, $36.61). Private in-
surance costs were not included because Medicare costs most
closely represent the opportunity cost of resources in society.
" Wages were derived from the Bureau of Labor Statistics
(bls.gov; $23.86/h, 3.5 hours) and adjusted for the un-
employment rate for a S3-year-old individual (bls.gov, 3.
375%). Transportation costs were based on gasoline at $2.25
per gallon, with a 30-mile round trip at 22 miles per gallon
(rita.dot.gov). Patient time, caregiver time, and extra travel
were not included in the model because NMUS was added at
the time of electrodiagnostic testing. Productivity and other
indirect costs are assumed equal, and productivity is typically
included in QALYs."" For a hypothetical separate NMUS
visit, wages lost and transportation costs were included. Direct
costs of electrodiagnostic testing were assumed equivalent.

Cost-effectiveness analysis

The health-utility estimates (QALY change) obtained from the
general estimating equation model were combined with cost
data to perform the analyses using TreeAge Pro (TreeAge
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Table Model input estimates

Parameter Mean Standard error (Sig) Initial distribution, % Source
Health utilities (QALY)
All (including late surgery) 0.036 0.032 (0.085) Cartwright et al.”
All (excluding late surgery) 0.042 0.023 (0.055) Cartwright et al’”
CTS/surgery 0.084 0.040 (0.039) 42 Cartwright et al.”
No CTS/surgery 0.048 0.001 (0.001) 5 Cartwright et al.”
CTS/no surgery 0.012 0.011 (0.026) 35 Cartwright et al.”
No CTS/no surgery 0.18 0.037 (0.001) 18 Cartwright et al.”
Costs
NMUS $36.61 [@YS
Wages $80.69 BLS
Gas $3.07 RITA

Abbreviations: BLS = Bureau of Labor Statistics; CMS = Centers for Medicare and Medicaid; CTS = carpal tunnel syndrome; NMUS = neuromuscular
ultrasound; QALY = quality-adjusted life-year; RITA = Research and Innovative Technology Administration (rita.dot.gov); Sig = statistical significance.
Initial distribution represents the initial proportions in each health state within the model.

Software Inc, Williamstown, MA). The time horizon was
modeled as 3 years, with a 50%/y convergence rate. This
implies that any relative benefits gained from having the ul-
trasound report sent diminish by 50% each year and are zero by
year 4. The base case was set as a 53-year-old (mean trial age)
with a life expectancy of 29 years (based on ssa.gov data).
Discounting for costs was not required, and mortality was
accounted for with published rates (ssa.gov).

One-way sensitivity analyses included variation of effectiveness
by 3 standard errors, variation in the number of participants
undergoing surgery (25%-75%), variation in costs beyond the
willingness-to-pay threshold, and variation of a time horizon
between 6 months and 3 years. Two-way sensitivity analyses
assessed the interaction between effectiveness and costs. In-
cremental cost-effectiveness ratio (ICER) in US dollars was the
primary outcome. ICER is used to define cost-effectiveness in
health care and represents the cost of gaining 1 QALY when 1
intervention is compared to another. When this cost is below
the willingness-to-pay threshold, it can be used to justify use of
the intervention. The willingness-to-pay threshold used in
these analyses was set at $50,000 per QALY.

Data availability
Anonymized data will be shared by request with qualified
investigators.

Results

The main analysis demonstrates NMUS as cost-effective with
an ICER of $463. One-way effectiveness sensitivity analyses
(figure 1) demonstrates that the ICER remains within the
willingness-to-pay threshold when effectiveness is reduced by
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3 standard errors (0.011 QALY, ICER $3,454), which covers
the scenario of a 6-month time horizon (equivalent to effec-
tiveness of 0.025 QALY, ICER $1,464). One-way cost sen-
sitivity analyses revealed NMUS costs can increase to $3,913
before being considered not cost-effective, a range that covers
a separate visit for diagnostic testing (indirect cost $84, ICER
$1,524). The dominance of NMUS under most conditions is
graphically displayed in the 2-way cost-effectiveness sensitiv-
ity analyses (figure 2). Variation of the proportion who had
surgery showed that ICER increases minimally as the pro-
portion decreases (ICER $383 at 75%, $646 at 25%).

Discussion

The main analysis demonstrates an ICER of $463, representing
the cost of gaining 1 QALY when NMUS is used in comple-
ment with electrodiagnostic testing for the evaluation of a focal
neuropathy. This is far below our willingness-to-pay threshold
of $50,000 and supports the cost-effectiveness of NMUS in this
setting. While this is significant, it is important to note that the
original study may not generalize because of the shortage of
neurodiagnostic laboratories providing NMUS and because
patients with focal neuropathies are not always referred by
nerve surgeons. Other potential limitations include the health-
utility inputs being based on a study that was not powered to
detect changes in SF-36, which could be exacerbated further in
abstracted scores such as the SF-6D, and that the study in-
cluded few lower extremity focal neuropathies.

Despite these limitations, sensitivity analyses suggest that
NMUS remains robustly cost-effective. Increasing costs to
account for a second visit, as may be needed if NMUS is not
completed at the time of neurophysiology testing, still does

Neurology.org/N

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://ssa.gov
http://ssa.gov
http://rita.dot.gov
http://neurology.org/n

Figure 1 Effectiveness sensitivity analysis
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not approach the willingness-to-pay threshold. In fact, the  of $1,464. In addition, the effectiveness of NMUS may be
costs associated with NMUS can increase from $36.61 to  significantly greater than our estimate if the 6-month study
$3,913 before it is no longer cost-effective, which is an amount ~ duration failed to capture the full benefit of NMUS.

that could absorb sizable health care use and indirect costs not

accounted for in this study, including potentially substantially ~ The increase in health utility associated with NUMS was
greater private insurance charges. There is also uncertainty  greatest in those who underwent surgical intervention, par-
around the time horizon of effectiveness, chosen as conver- ticularly in those with CTS. This may indicate that NMUS
gent over 3 years, which is potentially a conservative estimate. ~ appropriately identifies individuals who will most benefit from
Nevertheless, when effect duration is reduced to only 6  surgical intervention, which is one of the goals of adding
months, NMUS continues to be cost-effective with an ICER  imaging to electrodiagnostic testing.

Figure 2 Cost and effectiveness 2-way sensitivity analysis
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Further exploration of the use of NMUS in regard to cost-
effectiveness is needed. Specifically, a prospective evaluation
of all health care expenditures associated with NMUS would
provide the optimal estimate of costs. In addition, including
NMUS as the initial diagnostic test may decrease or eliminate
the need for some electrodiagnostic testing, which should also
be explored through cost-effectiveness research.

Study funding
No targeted funding reported.
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