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General Introduction



Chapter 1

Pathophysiology of Nerve Compression

The purpose of (peripheral) nerves is to transmit impulses.*® Different nerves have dif-
ferent functions. Autonomic nerve fibers control vasomotor and pilomotor function and
are part of the autonomic (i.e. self-regulating) nervous system.! The somatic (i.e. volun-
tary) nervous system consists of motor (efferent), sensory (afferent), and motor-sensory
(mixed) nerve fibers* Motor nerve fibers carry signals away from the spinal cord to
effector organs (e.g. muscles) and sensory nerve fibers carry signals from highly spe-
cialized sensory organs located in the skin and deeper tissues towards the spinal cord.**
Nerves lie embedded in protective tissues, but they can be affected by either injury*>
or (long-standing) compression.*® This thesis focusses on idiopathic (i.e. a condition
related to unknown cause) compression neuropathies of the upper extremity.

The most common idiopathic peripheral mononeuropathies are ascribed largely to
mechanical compression (a tight anatomical space), as with idiopathic median neuropathy
at the carpal tunnel (MNCT), although traction is also suggested as a possible factor
with idiopathic ulnar neuropathy at the elbow (UNE).>246° The neural changes that occur
depend on the duration and force of the compression.*#8° Short term nerve compres-
sion causes local ischemia that results in a focal conduction block, which is reversible
as long as the duration of compression is brief.-36790 An ongoing pressure on a nerve
leads to predictable histopathologic changes; a breakdown of the blood-nerve barrier,
endoneural edema, and increased endoneural pressure; followed by localized and diffuse
nerve fiber demyelination; and finally, axonal degeneration.}*5691° There is evidence that
some systemic conditions (e.g. diabetes mellitus) can depress overall peripheral nerve
function, which in turn might make nerves more susceptible to compression.*¢ However,
most mononeuropathies of the upper extremity are idiopathic and structural, and they

are likely mostly genetically mediated.5*

Common Mononeuropathies of the Upper Extremity

Common objectively verifiable compression mononeuropathies of the upper extremity
include idiopathic MNCT, idiopathic UNE, and cervical radiculopathy21217 | ess common
objectively verifiable mononeuropathies include radial sensory neuropathy (Wartenberg
syndrome), anterior interosseous neuropathy (AIN), posterior interosseous neuropathy
(PIN), and ulnar neuropathy at the Guyon canal }2¢15-2° Radial sensory neuropathy (the
superficial radial nerve travels between the brachioradialis and extensor carpi radialis
longus tendon) and AIN (tight fascia or tight arc of the flexor digitorum superficialis origin)
may not be related to compression, while PIN and ulnar neuropathy at the Guyon canal
are often related to mass effect from a benign tumor such as a ganglion cyst.1517:19.20
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Idiopathic MNCT and UNE are, by far, the most common idiopathic peripheral mononeu-
ropathies of the upper extremity.t26712-14.21-32 The symptoms and signs of these conditions
are referred to as carpal and cubital tunnel syndrome (CTS and CubTS, respectively) and
mainly consist of paresthesia and, when advanced, loss of sensibility and strength, and
muscle atrophy.1.267.12.16.17.26.28-30.33-36 Ag nerve compression and the resulting neuropathy
progresses from mild to severe, symptoms will typically go from occasional intermittent
paresthesia to constant loss of sensibility.®2°303336 Pain js often described as a symp-
tom.81226,3132,34,36-39 Byt pain without paresthesia is not characteristic of neuropathy.304°
Confusion arises when people describe intense paresthesia as pain. This sensation is
more accurately described as painful paresthesia, intense paresthesia, or dysesthesia.
Idiopathic MNCT and UNE are the main focus of this thesis and are described more in

the following sections.

Median Neuropathy at the Carpal Tunnel
Idiopathic MNCT is the most common mononeuropathy of the upper extremi-
ty1:2710.12,21-23,28,30-32.36,39.41 |t is characterized by compression-related neuropathy of the
median nerve at the carpal tunnel, which is formed at the roof by the transverse carpal
ligament (i.e. flexor retinaculum).*?6617.41 The ligament attaches to some of the carpal
bones; the pisiform, triquetrum, and hamate on the ulnar side and to the scaphoid and
trapezium on the radial side 2616174142 The base of the tunnel is formed by the volar ra-
diocarpal ligaments covering the carpal bones.® Besides the median nerve, the carpal
tunnel contains nine tendons (the flexor policis longus, four flexor digitorum superficialis,
and four flexor digitorum profundus tendons).1-26174142 |n the forearm, the median nerve
gives off two major branches; the anterior interosseous nerve (supplies the deep mus-
cles in the anterior forearm) and the palmar cutaneous nerve (provides sensation to the
thenar skin).16161741 At or just beyond the distal edge of the transverse carpal ligament
the median nerve divides into the recurrent motor nerve at the radiopalmar side (inner-
vation of thenar musculature) and into the palmar digital branch (innervation of radial two
lumbricals, palmar surface and fingertips of the first three and a half fingers.1-261617.41.42
The umbrella term for the symptoms and signs characteristic of idiopathic MNCT
is CTS.28:33.89.4143 The hallmark symptom is nocturnal and intermittent paresthesia pro-
gressing to loss of sensibility in the distribution of the median nerve (i.e. radio-palmar
hand, first 3 fingers, and radial half of the ring finger).1-2:6.81230.34.36-39.4143 pPrgygcation of
paresthesia by prolonged pressure or tapping over the median nerve at or just proximal to
the carpal tunnel (Durkan’s test or Tinel sign, respectively) or with prolonged wrist flexion

(Phalen maneuver) can be present on physical examination.t267.16.3033.3436.38.39 \\hen there
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is advanced neuropathy, people can have loss of sensibility, loss of palmar abduction
strength, and loss of thenar muscle mass.t2671230.333%9 Some discrete pathologies that
can cause MNCT are synovitis or synovial thickening of the digital flexor tendons (e.g.
related to rheumatoid arthritis, diabetes, or pregnancy) and trauma (acute median nerve
compression from bleeding, swelling, and deformity related to perilunate dislocation and/
or a fracture of the distal radius).}3¢4 Associations with anatomical variations such as

hypertrophic lumbrical muscles are not verified experimentally and remain speculative.

Ulnar Neuropathy at the Elbow
Idiopathic UNE is the second most common mononeuropathy of the upper extremity
following idiopathic MNCT.261314.24-27.2930.35 Gjyen that people often have advanced neu-
ropathy at the time of diagnosis, it is possible that idiopathic UNE may be accommodated
and undiagnosed in a lifetime, and may be much more common.*® Idiopathic UNE is
characterized by compression of the ulnar nerve at or near the cubital tunnel +-2:61516.26,35
The cubital tunnel is formed at the roof by the Osborne ligament; a thickened area of
the aponeurosis between the two heads (humeral and ulnar) of the flexor carpi ulnaris
muscle; spanning from the medial epicondyle to the olecranon, which act as the sides
of the tunnel 2261617 The base is formed by the medial (i.e. ulnar) collateral ligament and
elbow joint capsule 1617

The umbrella term for the symptoms and signs of idiopathic UNE is CubTS and con-
sists of nocturnal and intermittent paresthesia progressing to loss of sensibility in the
distribution of the ulnar nerve (i.e. ulnar-dorsal hand, ulnar half of the ring finger, and
small finger).1:26:26:29.30.35 Paresthesia in the small and ring finger can be provoked or wors-
ened with sustained elbow flexion or pressure over the cubital tunnel »26293° Advanced
neuropathy can present as loss of sensibility, loss of hand dexterity, and weakness and
atrophy of the first dorsal interosseous muscle.2626.293035 Ag with MNCT, some discrete
pathologies that can cause UNE are local synovitis or synovial thickening and trauma.?26
(Repeated) subluxation of the ulnar nerve over the medial epicondyle (with local inflam-
mation and irritation) and cubitus valgus are also described as causes for compression,
but these are open to debate 26 However, as with MNCT®4, most UNE is idiopathic.52

Comfort and Capability

The intensity of compression neuropathy symptoms varies substantially. Patient-reported
outcome measurements (PROMSs) and patient-reported experience measures (PREMs)
are used, both in the office and in research, to quantify the subjective aspects of health
and the experience of care. PROMs quantify capability (perceived ability to perform or

10
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engage in activities), symptom intensity, and quality of life (overall sense of health and
wellbeing).5:21:28.3843-53 PREMs quantify a patient’s experience while receiving care.®®
There are many self-report questionnaires available to compare treatment strategies.

PROMs can address general health or musculoskeletal health, and they can be
extremity-specific, region-specific, or condition-specific.283843-4749-53 There is mounting
evidence that PROMs of varying specificity are notably correlated.?8444549-53 There does
not seem to be a single ‘best’ PROM or PREM and research is underway to continue to
optimize methods of quantifying the subjective aspects of health and care.

Workup
There is no consensus reference standard for the diagnosis of idiopathic MNCT and UNE.
Surgeons may use diagnostic tools, strategies, scales, or prediction rules (i.e. tools based
on the history and physical examination) to estimate the probability of neuropathy.5-3339.5455

For people with a clinical diagnosis of CTS or CubTS, electrodiagnostic testing (EDXx)
could be used as a diagnostic adjunct to objectively verify neuropathy (or to adjust diag-
nostic probabilities depending on a person’s opinion regarding the reference standard),
measure its severity, or to establish a preoperative baseline 1.2.6.7:10.12-14.21-23,25-36,39,41,43,56-61
Nerve conduction studies (NCS) and electromyography (EMG) are two broadly used EDx
to evaluate the electrophysiological health of nerves. Nerve conduction studies measure
motor, sensory, and mixed nerves’ wave amplitude, duration, latency, and conduction
velocity by placing surface electrodes over the muscle and applying an electrical stimulus
proximal to the electrode and recording action potentials distally.!26101314.23,25-28.57.62 F|gc-
tromyography is performed by inserting a needle electrode in a muscle belly to record
abnormalities in muscle membrane depolarization at rest, with needle insertion, and
with voluntary muscle contraction.}6:10.13:14.23.25.28.57.62 There js imprecision in the results
of EDx due to variations in how the test is performed and interpreted.?610.13.25-29.3556 Thjs
imprecision may be more notable at relatively mild degrees of neuropathy.25-3557.61

Routine radiographic imaging is not recommended.? Ultrasonography can — among
others — detect and measure enlargement of the median or ulnar nerve proximal to their
respective ‘tunnels’ in MNCT and UNE .'"3%63-67 Dynamic ultrasonography can be used
to show decreased mobility patterns of the median nerve during finger and wrist motion
in patients with MNCT.%-¢” Though, as with EDX, the role of ultrasound and its diagnostic
accuracy is open to debate 17:60.67.68

Grading the (EDx) severity of peripheral mononeuropathies is variable and somewhat
subjective.2710-283056 |n general, gradients of severity are reported as; mild (evidence of
sensory conduction slowing, but normal sensory amplitudes and normal motor respons-

11
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es), moderate (evidence of sensory axonal loss and/or motor conduction slowing), or
severe (evidence of motor axonal loss).?71012.28,30-32,34,56

A survey-based study including 108 surgeons found that clinical severity grading is
based on palmar abduction weakness, longer duration of symptom episodes, nocturnal
numbness in spite of splint immobilization, constant numbness, positive Tinel and Phalen
test results, and older age.®® Patient comfort and capability does not seem to influence

the severity grading.28:33

Treatment

The natural history of idiopathic MNCT and UNE is not completely understood but seems
to be slow progression to irreversible nerve damage. Surgery seems to be the only treat-
ment that can alter this natural history (disease-modifying treatment). All other treatments
may be for alleviation of symptoms alone (palliative). Splints can help people sleep by lim-
iting positioning that elicits paresthesia.t26-812213132:3741.69 Non-steroidal anti-inflammatory
drugs (NSAIDs), optimizing the management of systemic conditions (e.g. diabetes melli-
tus), and oral steroids are all suggested as palliative treatment options.}26:7:12.2131,32,37.41,43
Some may think corticosteroid injections can be disease modifying, however, there is
limited supporting experimental data demonstrating they are better than simulated treat-
ment and they seem palliative or give temporary symptom relieve at best.}26.71231.32,37.41.4
369 Another practice open to debate is the use of symptom palliation after corticosteroid
injections to determine who to offer surgery.

An important area of debate is the offer of surgery to patients who have symptoms
thought to be consistent with idiopathic MNCT or UNE (i.e. CTS or CubTS), but no or
very mild neuropathy on EDx.”*® To understand the root of this debate, it is important to
distinguish between pathophysiology from iliness (discomfort and incapability).?-:3334 On
the one hand there are physicians who believe patients can benefit from surgery when
there is little or no measurable neuropathy but have notable symptoms and incapability.
They might offer surgery in an attempt to alleviate these symptoms with less regard for
objective verification of pathophysiology. This approach seems problematic given that
the intensity of the comfort and incapability corresponds with mindset factors rather than
the severity of pathophysiology.® A focus on symptoms seems to risk misdiagnosis and
undertreatment or mistreatment of unhelpful thinking and feelings of worry or despair. A
recent study suggests that most surgeons are not influenced by symptom intensity and
magnitude of incapability when reviewing hypothetical cases of patients with signs and
symptoms that could relate to MNCT, suggesting that this perspective may be over-rep-
resented in academic discourse.®* From the perspective of physicians who focus their

12
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treatment strategies on pathophysiology rather than symptoms, symptoms and signs are
used to assess the probability of pathophysiology that can benefit from treatment, and
disproportionate symptoms and incapability indicate likely unhelpful thoughts and feel-
ings of distress. * These physicians believe that mild or unmeasurably mild neuropathy
is typically accommodated and best treated nonoperatively.

While some people accommodate loss of median nerve function, most patients with
idiopathic MNCT or UNE choose surgery to relieve symptoms and maintain sensibility.
Surgery is indicated in patients who have symptoms typical of idiopathic MNCT or UNE
progressing from moderate to severe including consistent night paresthesia in spite of
brace wear or prolonged paresthesia.”?® Surgery is also offered to people with severe
neuropathy although recovery of nerve function occurs over a period of 2-3 years and
is often incomplete.?63°

Carpal tunnel release (CTR) can be done using an open or endoscopic approach
based on surgeon and patient preference with the goal of a complete release of the
transverse carpal ligament under direct visualization of the median nerve.*?57 For re-
lease of the cubital tunnel (CubTR), there is no single procedure universally accepted
although simple in situ release is now commonplace.?®2%7 |n general, CubTR involves
decompression with or without ulnar nerve transposition 126297071

Depending on the preoperative neuropathy severity, loss of sensibility, atrophy, and
weakness of palmar abduction can persist for months to years or can even be perma-
nent.263072 |t js debated if idiopathic MNCT and UNE can return or worsen after surgical
release without another pathology such as rheumatoid arthritis being present. It is not
clear that incomplete surgical release can be reliably diagnosed®’ and people often
misinterpret persistent symptoms as recurrent symptoms. Because most apparent re-
currences may be a misinterpretation of persistent symptoms, caution is warranted. If
progressive neuropathy is documented objectively after a complete surgical release,
surgeons should look for another discrete pathology such as rheumatoid arthritis®’, or
possible compression more proximally (e.g. AIN).1516

Outline of Chapters

Part I — Patient-Reported Outcome Measures

There are numerous PROMs that quantify comfort and capability (i.e. subjective aspects
of health). For patients with an upper extremity nerve-related diagnosis, it has yet to be
determined if one measure outperforms another in terms of correlation with pathology,

13
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responsiveness, or recovery. As a first step, Chapter 2 compares a relatively new PROM
developed to quantify capability in patients with either idiopathic or traumatic peripheral
nerve problems of the upper extremity (Impact of Hand Nerve Disorders; I-HaND) to
other upper extremity musculoskeletal PROMs (Patient-Reported Outcomes Measure-
ment Information System Physical Function Upper Extremity; PROMIS-PF-UE and the
short form of Disabilities of the Arm, Shoulder and Hand; QuickDASH), pain intensity,
and quality of life in patients with any upper extremity nerve-related diagnosis. Chapter
3 focuses on patients with either CTS and/or CubTS and compares the upper extremity
nerve-related I-HaND to condition-specific PROMs (Boston Carpal Tunnel Syndrome
Questionnaire; BCTQ and Patient-Rated Ulnar Nerve Evaluation; PRUNE) and an upper
extremity-specific PROM (PROMIS PF-UE). Comparisons are done using correlation
testing, instrument properties (items needed to complete, completion time, and floor and
ceiling effect), and finally by testing demographic and mental health factors independently
associated with each outcome.

Part II - Electrodiagnosis

While idiopathic MNCT and UNE are the most common peripheral mononeuropathies of
the upper extremity, there is no reference standard for their diagnosis. Electrodiagnostic
tests are seen as the gold standard to determine nerve pathophysiology. Though, EDx
results can be equivocal, especially in patients with no to mild pathology. Chapter 4 ret-
rospectively reviewed a large sample of EDx results of patients with a clinical diagnosis
of CTS and analyzed EDx measurements around the borderline of threshold values with
respect to concordance between the clinical diagnosis and final EDx results. Chapter 5
aims to determine if symptoms and signs of patients with a clinical diagnosis of CubTS
are due to measurable UNE, another neuropathy, or whether there is no measurable
neuropathology. Both chapters identify biopsychosocial factors independently associated
with electrodiagnosis of idiopathic MNCT and UNE, respectively.

Part III — Shared Decision-Making

Debate exists for various conditions about which diagnostic and treatment steps to take.
For instance, in patients with CTS, the role of EDx, corticosteroid injections, and surgery
(CTR) in case of mild median neuropathy are all debated. Diagnostic and treatment choic-
es are best based on the strategy consistent with both best evidence and what matters
most to a patient (their values), a process often referred to as shared decision-making
(SDM). Chapter 6 assesses patient preferences regarding SDM using a general SDM
scale and a scale divided in preoperative, operative, and postoperative aspects of treat-

14
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ment for patients with clinical CTS. Chapter 7 uses a hypothetical scenario of mild CTS
— in both patients with clinical CTS and in patients with another diagnosis — and highlights
patient attitudes towards health care costs and tests whether patients are equally likely
to choose surgery when provided with total societal cost information versus those who
do not receive this information. We studied this in more detail in Chapter 8, where we
employed qualitative content analysis to evaluate patients’ rationale for their treatment
choice, identifying themes such as financial obligations and risk-benefit profiles of treat-
ment.

Part IV - Treatment
The evidence suggests that the natural history of idiopathic MNCT and UNE is progres-
sive, resulting in permanent nerve damage. Surgery may be the only pathophysiology-al-
tering treatment with nonoperative treatments like splinting and corticosteroid injections
perhaps palliative (symptom alleviating) at best. Chapter 9 calculates the rate of corti-
costeroid injections given at new patient visits for patients with a new clinical diagnosis
of CTS or CubTsS, including potential reduction in costs by omitting these injections, and
determines which patient factors are associated with receiving a corticosteroid injection.
Since there are often various treatment choices for a certain condition, health choices
should be based on patients’ values. Decision aids can help inform patients and correct
misconceptions so they can choose the treatment option consistent with their values.
Chapter 10 is a randomized controlled trial (RCT) where patients either reviewed or
did not review a decision aid about their condition, including patients with clinical CTS.
Differences in treatment choice and decision regret are tested longitudinally between
these two groups.

This thesis is concluded by a general discussion including conclusions and future per-

spectives for idiopathic mononeuropathies of the upper extremity (Chapter 11) and sum-
mary (Chapters 12 & 13).
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Primary Study Questions

Part I - Patient-Reported Outcome Measures

What questionnaire — comparing nerve-specific, condition-specific, and upper
extremity-specific PROMs — is most useful for measurement of comfort and ca-
pability in patients with idiopathic mononeuropathy of the upper extremity?

What factors are independently associated with comfort and capability in patients
with idiopathic mononeuropathy of the upper extremity?

Part II — Electrodiagnosis

What is the concordance between the clinical diagnosis of carpal tunnel syndrome
and the electrodiagnostic test results indicating idiopathic median neuropathy at
the carpal tunnel, especially discriminating between no and mild neuropathology?

What is the percentage of patients with a clinical diagnosis of cubital tunnel syn-
drome that have electrodiagnostic test results consistent with idiopathic ulnar neu-
ropathy at the elbow, other neuropathology, and no detectable neuropathology?

What factors are independently associated with an electrodiagnosis of idiopathic
median neuropathy at the carpal tunnel or ulnar neuropathy at the elbow?

Part III — Shared Decision-Making

What do patients with a clinical diagnosis of idiopathic carpal tunnel syndrome
and/or electrodiagnostically confirmed median neuropathy at the carpal tunnel
prefer regarding shared decision-making for various aspects of the treatment
plan?

Does exposure to societal cost information alter the probability of choosing the
more expensive treatment option (i.e. carpal tunnel release over splinting), com-
paring patients with a clinical diagnosis to patients with a hypothetical diagnosis
of mild carpal tunnel syndrome?

What factors are independently associated with the treatment decision-making
process in patients with idiopathic median neuropathy at the carpal tunnel?

16
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Primary Study Questions. Continued.

Part IV - Treatment
What is the rate of radiographs ordered and corticosteroid injections given at a
new patient visit for patients with a new diagnosis of clinical carpal tunnel syn-

drome or cubital tunnel syndrome?

Is there a difference in decision regret, treatment choice, and satisfaction with
the visit between patients who reviewed a decision aid and those who did not?

17
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Abstract

Background

Experiments can determine if nerve-specific patient-reported outcome measures
(PROMSs) can outperform regional or condition-specific PROMs. We compared a
nerve-specific PROM of the upper extremity, the Impact of Hand Nerve Disorders (I-
HaND) scale, to other validated measures quantifying activity intolerance and sought to
assess interquestionnaire correlations and factors independently associated with activity
intolerance and pain intensity.

Methods

One hundred and thirty patients with any upper extremity nerve-related condition com-
pleted measures of demographics, psychological limitations, quality of life, activity in-
tolerance, and pain intensity. To quantify activity intolerance, we used the I-HaND, Pa-
tient-Reported Outcomes Measurement Information System Physical Function Upper
Extremity, and Disabilities of the Arm, Shoulder and Hand short form.

Results

Strong interquestionnaire correlations were found between the activity intolerance mea-
sures (r between 0.70 and 0.91). Multivariable analysis revealed that greater activity intol-
erance and greater pain intensity correlated most with greater symptoms of depression
on all scales, with symptoms of depression accounting for 53 to 84% of the variability
in the PROMSs.

Conclusion

There is no clear advantage of the nerve-specific I-HaND over shorter, regional PROMs,
perhaps because they are all so closely tied to mental health. Unless an advantage relat-
ing to responsiveness to treatment is demonstrated, we support using a brief arm-specific
PROM for all upper extremity conditions.
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Introduction

Nerve-specific patient-reported outcome measures (PROMs) were developed on the
assumption that they would discern small improvements in symptoms and activity toler-
ance after treatment of peripheral nerve lesions better (i.e., they would be more respon-
sive) than regional PROMs (e.g., Michigan Hand Outcome Questionnaire,! Disabilities
of the Arm, Shoulder and Hand [DASH/QuickDASH],2® or Patient-Reported Outcomes
Measurement Information System [PROMIS] Physical Function Upper Extremity [PF-
UE]%. Experiments can determine if nerve-specific PROMs can outperform regional or
condition-specific PROMs (e.g., the Boston Carpal Tunnel Questionnaire®) in terms of
correlation with pathology, responsiveness to treatment, or recovery.

The Impact of Hand Nerve Disorders (I-HaND) scale is a PROM developed to quantify
symptom intensity and activity intolerance for both idiopathic/compression and traumatic
peripheral nerve disorders of the upper extremity.® The originators’ preliminary validation
study including 82 patients with an upper extremity nerve problem confirmed content
and construct validity, high internal consistency (a 0.98), and showed that it can detect
change over a 3-month period.®

To further evaluate the use of I-HaND, we completed a prospective study and com-
pared the scale to other validated measures of upper extremity-specific activity intoler-
ance. Specifically, in this study we assessed interquestionnaire correlations between
the 1-HaND and other upper extremity musculoskeletal PROMs (PROMIS PF-UE and
QuickDASH), pain intensity, and quality of life (using EuroQol’'s 5-domain and 3-level
[EQ-5D-3L] health state index score and their single question health score using a 0 to
100 Visual Analogue Scale [VAS]). Furthermore, we assessed factors (patient, clinical,
and psychological) independently associated with activity tolerance and pain intensity.

Materials and methods

Study design

After institutional review board approval, we prospectively enrolled 140 adult patients
over an 8-month period. We included all English-speaking, new or return patients with
any upper extremity nerve condition (i.e., idiopathic/com- pression or traumatic nerve
laceration) whom presented themselves to one of four participating orthopaedic offices
in a large urban area. We excluded patients for which the primary diagnosis was not
nerve-related (e.g., carpal tunnel syndrome [CTS] associated with fracture of the distal
radius). After being diagnosed by the surgeon, patients were asked to participate in this
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study by research assistants who were not involved with patient care. They then com-
pleted a set of questionnaires on a tablet in a private room. Completion of the surveys
implied informed consent.

These data set are from a multistudy longitudinal cohort. This study makes use of
cross-sectional data at enrollment of people with any nerve problem to address correla-
tion among various PROMs. Patients from this study that have CTS or cubital tunnel
syndrome (CubTS) will be included in another cross-sectional study examining correlation
with various nerve specific PROMs.

Measures

After the visit, the treating surgeon entered the cause for the condition (idiopathic/com-
pression or traumatic), the diagnosis, laterality, if electrodiagnostic studies were pres-
ent, severity (based on electrodiagnostic study results, or if not present, per surgeon
assessment), and finally if there was CTS or CubTS-related atrophy or static numbness.
Patients were then asked to complete a set of questionnaires in the following order: de-
mographics (including age, sex, marital status, level of education, insurance, type of visit
[nonoperative or postoperative], and perceived symptom duration), the Pain Self-Efficacy
Questionnaire short form (PSEQ-2), Tampa Scale for Kinesiophobia short form (TSK-4),
Patient Health Questionnaire short form (PHQ-2), EQ-5D-3L index and VAS measures,
I-HaND, PROMIS PF-UE 7-item short form, QuickDASH, and pain intensity. The survey
took 10 to 15 minutes to complete.

The two-item PSEQ measures ability to achieve goals and stick to one’s routine in
spite of pain.” The items are scored on a 7-point ordinal scale (scores 0—6), the final score
is the sum of both items, and higher scores indicate greater self-efficacy.’”

The four-item TSK measures fear of painful movement.® The items are scored on a
4-point Likert scale and the final score is the sum of all items (score 4—16), with higher
scores indicating more fear of movement.®

To screen for symptoms of depression we used the PHQ-2.° This is a two-item tool
inquiring about the presence of depressed mood and anhedonia in the past 2 weeks. It
uses a subset of the earlier created PHQ-9, which used nine items to screen for depres-
sion and depression severity.!° The two items of the short form are scored on a 4-point
Likert scale, with a total score being the sum of both items (score 0—6) and with higher
scores indicating more symptoms of depression. A PHQ-2 score of 3 or more is set as
the ideal cutoff point for screening purposes.®

Quality of life was assessed using the EQ-5D-3L, a standardized and non-dis-
ease-specific instrument to describe various health states.'! It consists of five domains
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(mobility, self-care, activities, pain/discomfort, and anxiety/depression) all rated on three
levels (0 “no problems,” 1 “some problems,” and 2 “extreme problems”).** The five final
digits indicate a health state.? When validated, this health state can then be transformed
into a country specific index score, like for the United States*!* The index is ranged
from —0.33 to 1.0, with a higher score indicating a better quality of life. The second part
of the EQ-5D-3L is a self-perceived overall health score using a VAS with a score from
0 to 100 and a higher score indicating better overall health.*?

The first measurement we used to assess physical limitations was the I-HaND, a
measure for both traumatic and compression upper extremity nerve conditions.® It con-
sists of 32 items, each scored on a 5-point Likert scale. The average raw score of all
answered items is transformed into a score from 0 to 100, with a higher score indicating
more physical limitations.®

We then used the PROMIS PF-UE 7-item short form.* The regular PROMIS PF-UE
was recently updated from a 15- to a 46-item computerized adaptive test (CAT) and a
subset of 7 items showed a good fit to use as a short form.* Each item is scored on a
5-point Likert scale and the raw sum is then transformed into a T-score ranging from
16.3 to 58.2, with a higher score indicating less physical limitations.**®

The original DASH, which provides an outcome score for patients with upper extremity
conditions,® was abbreviated into an 11-item measure with congruent findings as the full
scale.? Similar to the I-HaND, the QuickDASH's average raw score is transformed into a
0 to 100 score, with a higher score indicating more physical limitations.?

Finally, a single question measure of pain intensity was asked using an 11-point
ordinal scale, with 0 being “no pain at all” and 10 the “worst pain possible.”

Study population

After enroliments were completed, 2 (1.4%) patients were excluded because of a diagno-
sis that was determined to be non-nerve related (1 sprained wrist and 1 scaphoid fracture)
and 8 were left out of the final analysis because they stopped filling out the survey at a
very early stage with no usable information. The remaining 130 patients analyzed had a
mean age of 54 + 15 years old and most were women (n = 79; 61%; Table 1). There was
a relatively even spread in perceived symptom duration which we analyzed as brief (< 3
months), moderate (3 months to < 1 year), and prolonged (> 1 year). Most patients had
CTS (n = 106; 82%), 7 (5.4%) had a trauma-related nerve problem, and 8 (6.2%) had both
CTS and CubTS at presentation (Table 2). Diagnoses for a traumatic condition were: 5
digital nerve lacerations, 1 ulnar nerve laceration, and 1 blunt trauma to the ulnar nerve.
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Table 1. Patient Characteristics

Variable n =130

Age, y 54 + 15 (23-81)
Men 51 (39)
Marital status

Married/unmarried couple 82 (63)

Other 48 (37)
Level of education

High school or less 48 (37)

2-year college 25 (19)

4-year college 36 (28)

Post-college graduate degree 21 (16)
Insurance

Private 91 (70)

Other 39 (30)
Visit

Nonoperative visit 105 (81)

Postoperative visit 25 (19)
Symptom duration

<3 months 34 (26)

3 months to <1 year 43 (33)

>1 year 53 (41)
PSEQ-2 (n = 4 missing) 10 (7-12)
TSK-4 (n = 4 missing) 9 (6-11)
PHQ-2 (n = 4 missing) 0 (0-2)

EQ-5D-3L index (n = 3 missing)
EQ-5D-3L VAS (n = 3 missing)
I-HaND

PROMIS PF-UE-7 (n = 1 missing)

QUuickDASH-11 (n = 2 missing)
Pain intensity (n = 2 missing)

0.80 (0.69-0.83)
72 + 17 (9-100)
37 + 20 (0-94)
41 + 10 (19-58)
38 + 23 (0-98)

4.5+ 2.7 (0-10)

Continuous variables as mean + SD (range) or as median (IQR; interquartile range); Discrete
variables as number (percentage); PSEQ-2: Pain Self-Efficacy Questionnaire short form;
TSK-4: Tampa Scale for Kinesiophobia short form; PHQ-2: Patient Health Questionnaire short
form; EQ-5D-3L: EuroQol's 5-domains and 3-level questionnaire; I-HaND: Impact of Hand
Nerve Disorders; PROMIS PF-UE-7: Patient-Reported Outcomes Measurement Information
System Upper Extremity questionnaire short form; QuickDASH: Disabilities of the Arm,

Shoulder and Hand short form.
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Table 2. Clinical Characteristics

Variable n =130

Cause

Idiopathic/compression 123 (95)

Traumatic 7 (.49
Diagnoses?

Carpal tunnel syndrome 106 (82)

Cubital tunnel syndrome 24 (18)

Traumatic nerve problem 7 (5.9

Possible parsonage turner 1(0.77)

Carpal tunnel syndrome; n = 106

Bilateral 67 (63)
Electrodiagnostic studies present 59 (56)
Severity

Mild 17 (16)
Moderate 62 (58)
Severe 27 (25)
Related atrophy 11 (10)
Related static numbness 73 (69)

Cubital tunnel syndrome; n =24

Bilateral 8 (33)
Electrodiagnostic studies present 11 (46)
Severity

Mild 6 (25)
Moderate 10 (42)
Severe 8 (33)
Related atrophy 8 (33)
Related static numbness 22 (92)

Discrete variables as number (percentage); 2Multiple diagnoses possible per patient.

Statistical analysis

The distributions of continuous variables were assessed using histogram plots. Continu-
ous variables are presented as mean with standard deviation or as median (interquartile
range) and discrete data as proportions. We used Pearson’s and Spearman'’s correlation
tests for the relationships between continuous variables (e.g., correlation between age
and PROM scores) with Bonferroni corrections where appropriate, one-way analysis of
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variance tests for differences in mean scores among categorical variables (e.qg., differ-
ence in PROM scores between patients with either mild, moderate, or severe symptoms/
pathology), and Student’s t tests to assess differences in mean scores among dichot-
omous variables (e.g., difference in PROM scores between men and women). Missing
data was believed to be missing at random and was present for some of the dependent
outcomes for 1 to 4 patients only and therefore a complete-case analysis was used for
our bivariate and multivariable statistics. We created four multivariable linear regression
models to assess factors independently associated with each of the dependent variables
(i.e., I-HaND, PROMIS PF-UE-7, QuickDASH, and pain intensity). We included all vari-
ables with P < 0.10 on bivariate analysis in the final models (Appendix 1). The regression
coefficient (B) indicates the change in the value of a dependent variable corresponding
to the unit change in the independent variable. We interpreted correlation effects as
negligible for a correlation of 0.0 to 0.10, weak for 0.10 to 0.39, moderate for 0.40 to 0.69,
strong for 0.70 to 0.89, and very strong for 0.90 to 1.0.1¢ Adjusted R-squared (R?) values
indicate the amount of variability explained in the dependent variable that the model
accounts for. Semipartial R? expresses the specific variability of a given independent
variable. We considered P < 0.05 significant.

Since multivariable analysis yields more participants than correlation testing, we
powered on our secondary hypothesis. An a priori power calculation indicated that a
sample of 129 subjects would provide 80% statistical power, with a set at 0.05, for a
regression with five predictors if one of the predictor variables would account for 5% or
more of the variability in disability, and our complete model would account for 20% of the
overall variability. We aimed to enroll 140 patients to account for 5 to 10% incomplete
or incorrect data.

Results

Interquestionnaire correlations

The I-HaND had a strong, inverse correlation (r —0.70; P < 0.001) with PROMIS PF-UE-
7 and a very strong correlation with QuickDASH (r 0.91; P < 0.001; Table 3). Moderate
correlations were found between the I-HaND and pain intensity, EQ-5D-3L index, and
EQ 5D-3L VAS (Table 3).
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Factors Associated with I-HaND, PROMIS PF-UE-7, QuickDASH, and
Pain Intensity

After controlling for confounding variables (i.e., age, sex, type of visit, mental health,
and idiopathic vs. traumatic nerve problem) using multivariable analysis greater activity
intolerance (on all PROMSs) and greater pain intensity correlated with greater symptoms
of depression on all scales (Table 4). The PHQ-2 accounted for the greatest amount of
variability in each model.

Additionally, men had less and patients with a traumatic nerve problem had more
physical limitations looking at PROMIS PF-UE-7 (regression coefficient [B] 4.2; 95%
confidence interval [CI] 0.75-7.6; P = 0.02; B —8.2; 95% CI -16 to —0.87; P = 0.03, re-
spectively; Table 4). Patients presenting at their postoperative visit independently expe-
rienced less pain than patients at their first or preoperative visit (8 —1.5; 95% CI —-2.6 to
—-0.38; P =0.01).

Discussion

In this study we compared a nerve-specific PROM, the I-HaND, to other upper extrem-
ity-specific musculoskeletal PROMs, and measures of pain intensity and quality of life.
We found strong interquestionnaire correlations and similar patient and psychosocial
influences that accounted for the variability in scores, indicating that the I-HaND provides
no clear advantage over region-specific PROMs.

This study has some limitations. First, the I-HaND was created to assess activity in-
tolerance in patients with either idiopathic/compression neuropathy or a traumatic nerve
condition.® The vast majority of our subjects had a compression neuropathy — and most
of them had CTS — which limited the diversity of our cohort. However, our distribution
was typical of hand surgery practice and therefore a good setting for testing the relative
performance of the measure. Second, not every patient was sent for electrodiagnostic
testing so the diagnoses were based on symptoms and signs. When no electrodiagnostic
studies were present, the surgeon also indicated the severity of either CTS or CubTS. In
addition to this, static numbness in CTS or CubTS is an indication for severe and possible
permanent pathology.}”*® Not all patients with static numbness were categorized severe
(e.g., of the 79 patients with CTS and static numbness, 3 were rated mild, 44 moderate,
and 26 severe). This might be a result of variations in surgeon interpretation of this as a
symptom and others investigating it as a sign. It is also possible that some surgeons rated
“severe” based on symptom intensity and activity intolerance rather than neuropathology.
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In other words, people with well-adapted static numbness might not be rated as severe.
Third, most of the evidence using PROMIS scales use a CAT, for logistical reasons we
used the short form. The PROMIS PF-UE-7 is comparable to the CAT version* and there-
fore interpretations using the CAT are reasonable. Finally, we assessed three measures
of psychological limitations (PSEQ-2, TSK-4, and PHQ-2) but we only used PHQ-2 in the
multivariable models, because of signs of collinearity. A priori, all three tools measure re-
lated aspects of mental health and in bivariate analysis they had strong interquestionnaire
correlations. We chose to use PHQ-2 over the others, because PSEQ-2 uses general
guestions more characteristic of a PROM and TSK-4 measures fear of movement very
specifically, making the PHQ-2 the most inclusive psychological measure. The strong
interquestionnaire correlations between arm-specific and nerve-specific PROMs suggest
there may be limited advantage to disease or tissue-specific PROMs. The originators of
the I-HaND completed a longitudinal validation study, including 82 patients in the United
Kingdom with a range of hand nerve disorders and found a strong (r 0.87) correlation
with QuickDASH.® These remarkably strong correlations alone argue against any benefit
for a nerve-specific PROM.

The observation that symptoms of depression influence all measures of activity in-
tolerance and pain intensity suggests that the strong correlation between PROMs could
reflect the relative influence of mental and social health compared with pathophysiology
on symptom intensity and activity intolerance. A study of 1,299 hand and upper extremity
patients found that patients with more symptoms of anxiety and pain interference — along
with a retired or unemployed work status — had more activity intolerance on PROMIS
PF CAT, PROMIS PF UE CAT, and QuickDASH (adjusted R? between 0.45 and 0.61).1°
A systematic review of 41 studies found that psychological and social factors are the
factors most consistently associated with activity intolerance after upper extremity injury
in adults.?° The main contributing factors were symptoms of depression, anxiety, and
cognitive biases about pain such as catastrophic thinking. Measures of pathology and
impairment such as range of motion and injury severity contributed relatively little to the
variation in PROMs.?°

We confirmed that the 32-item, nerve-specific, I-HaND has strong correlations with
shorter regional PROMs. Unless a clear advantage can be demonstrated in terms of re-
sponsiveness to treatment, we support the principle of using a brief arm-specific PROM
for all arm conditions. There are benefits to the simplicity, brevity, familiarity, and con-
sistency with no apparent limitations compared with disease or tissue-specific PROMs.
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Chapter 3

Abstract

Purpose

Arm-, region-, tissue-, and condition-specific patient-reported outcome measures
(PROMSs) are available to address idiopathic mononeuropathy. This study compared
PROMs with varying specificities in patients with idiopathic neuropathy of the upper
extremity with respect to correlations with each another, sources of variation in scores,
and floor and ceiling effects.

Methods

One hundred fifty patients (130 with carpal tunnel syndrome, 30 with cubital tunnel syn-
drome, and 10 with both conditions) completed a nerve-specific PROM (Impact of Hand
Nerve Disorders), a condition-specific PROM (Boston Carpal Tunnel Syndrome Ques-
tionnaire and/or Patient-Rated Ulnar Nerve Evaluation), and an upper extremity-specific
PROM (Patient-Reported Outcomes Measurement Information System Physical Function
Upper Extremity 7). We also gathered demographic and condition-related data (side,
electrodiagnostic studies present, muscle atrophy, static loss of sensibility), and patients
completed questionnaires measuring self-efficacy, kinesiophobia, and symptoms of de-
pression. Correlation of the PROMs with each another and factors accounting for their
variation were assessed, as well as the number of items to complete, time to complete,

and floor and ceiling effects.

Results

Pearson correlations between PROMs were moderate to strong (0.56-0.90). Self-reported
symptoms of depression were best able to account for the variations in symptom intensity
and activity intolerance on all PROMs (adjusted R? between 0.09 and 0.31). The Impact
of Hand Nerve Disorders is a long questionnaire and took the most time to complete. All
instruments had comparable floor effects; Patient-Reported Outcomes Measurement

Information System Physical Function Upper Extremity had a ceiling of effect of 16%.

Conclusions

This study adds to the evidence that specific and general PROMs correlate with each
another, perhaps in part through their correlation with mental health. Based on this line
of evidence and pending testing of potentially greater responsiveness in specific settings,
we prefer to use a single simple, brief, and general PROM to quantify symptom intensity
and activity intolerance for both routine patient care and research.
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Introduction

Patient-reported outcome measures (PROMSs) are used to quantify subjective aspects
of health, such as symptom intensity and capability. Measures of the severity of pathol-
ogy (disease activity) include electrodiagnostic studies, measures of sensibility, and
assessments of strength of palmar abduction and atrophy of the thenar eminence. Mus-
culoskeletal PROMs can be general (eg, Patient-Reported Outcomes Measurement
Information System Physical Function [PROMIS PF]Y), extremity-specific (eg, PROMIS
PF Upper Extremity [UE]?), region-specific (eg, Michigan Hand Outcome Questionnaire?®),
or condition-specific (eg, Boston Carpal Tunnel Syndrome Questionnaire [BCTQ]* and
Patient-Rated Ulnar Nerve Evaluation [PRUNE]®). The Impact of Hand Nerve Disorders
[I-HaND] scale is a tissue (nerve)-specific and upper limb-specific PROM.® It is designed
for use with any upper extremity nerve problem. The most common nerve diseases treat-
ed by hand specialists are carpal tunnel syndrome (CTS) and cubital tunnel syndrome
(CubTsS). There is an established line of evidence documenting that PROMs of varying
specificity are correlated.>®-% We designed an experiment to further this line of evidence
by testing the relatively new I-HaND among patients with CTS and/or CubTS.

In this cross-sectional study, we compared the nerve-specific I-HaND to condi-
tion-specific PROMs for CTS and CubTS (the BCTQ and PRUNE, respectively) and an
upper extremity-specific PROM (the PROMIS PF-UE-7). We tested the following hypoth-
eses: (1) the I-HaND does not correlate with the BCTQ, PRUNE, or PROMIS PF-UE-7 in
patients diagnosed with CTS and/or CubTS; and (2) there are no biopsychosocial factors
(demographical, condition-related, and psychological factors) independently associated
with I-HaND, BCTQ, PRUNE, or PROMIS PF-UE-7 scores. Finally, we assessed in-
strument properties such as items needed to complete, completion time, and floor and
ceiling effects (ie, the percentage of patients scoring at the lowest or highest possible

score, respectively).

Materials and methods

Study design

This study was performed at The Dell Medical School — The University of Texas. After
approval by the Office of Research Support and Compliance, we prospectively invited
people to complete questionnaires. The inclusion criteria were all new, established, or
postoperative adult patients who spoke English, had a diagnosis of idiopathic CTS and/
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or CubTsS, and presented to 1 of 3 participating orthopedic surgeons in an urban location
in the United States. Patients were diagnosed based on the specialist’s interpretation
of symptoms and signs alone or with additional electrodiagnostic testing. We excluded
patients with nonidiopathic CTS or CubTS (eg, following trauma). Research assistants not
involved with patient care explained the study to patients in a private room. Completion
of the survey implied informed consent.

This is partly a secondary use of the initial cross-sectional data. We created 3 differ-
ent studies using 1 continuous enroliment cohort — 2 cross-sectional and 1 longitudinal
study — with a total of around 200 patients. For the first study, we used the initial 140
patients and looked at the I-HaND, upper extremity-specific PROMs, pain intensity, and
quality of life in both compression neuropathy and traumatic nerve lesion patients. For
this study, we included patient numbers 41 to 195, because there were no patients with
CubTsS in the initial 40 patients and the objective was to include at least 15% to 20% of

patients having CubTS in a consecutively enrolled cohort.

Measures
The treating surgeon recorded the diagnosis, laterality, presence of electrodiagnostic
study results, and signs of advanced neuropathy: the presence of atrophy (thenar atro-
phy for CTS and first dorsal interosseous atrophy for CubTS) or static numbness.® Next,
patients were asked to complete a set of questionnaires on a tablet, starting with de-
mographics asking about age, sex, partnered status, level of education, insurance, type
of visit (new or established patient visit or postoperative visit), and perceived symptom
duration. This was followed by short forms for psychological screening, including the
Pain Self-Efficacy Questionnaire (PSEQ-2), Tampa Scale for Kinesiophobia (TSK-4),
and Patient Health Questionnaire (PHQ-2). Activity intolerance was quantified using the
BCTQ among the 150 people diagnosed with CTS and the PRUNE among the 30 people
diagnosed with CubTS. All subjects completed the I-HaND and the PROMIS PF-UE-7.

A 7-point ordinal scale (scores 0-6) is used for both items of the PSEQ-2 to quantify
an individual’s ability to achieve goals in spite of pain.® Greater self-efficacy is indicated
by a higher summed score of both items combined (final scores 0-12).1°

A 4-point Likert scale (scores 1-4) is used for the 4 items of the TSK-4 to quantify an
individual’s fear of painful movement: that is, kinesiophobia.* More fear of movement is
indicated by a higher summed score of all items combined (final scores 4-16).

A 4-point Likert scale (scores 0-3) is used for both items of the PHQ-2 to measure
symptoms of depression in the past 2 weeks.}? Having more symptoms of depression is
indicated by a higher summed score of both items combined (final scores 0-6).12
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The I-HaND uses a 5-point Likert scale (scores 1-5) and a total of 32 items to quan-
tify activity intolerance in patients with either traumatic or compressive upper extremity
neuropathology.® More activity intolerance is indicated by a higher raw score of all items
combined, which is then scaled into a final score of 0 to 100.°

The BCTQ uses a 5-point Likert scale (scores 1-5) and a total of 19 items to quan-
tify symptom intensity and activity intolerance in patients with CTS.* The first 11 items
quantify symptom intensity and the remaining 8 quantify the functional status.* Greater
severity of CTS is indicated by a higher mean score of all (subscale) items combined
(final scores 1-5).4

The PRUNE uses an 11-point ordinal scale (scores 0-10) and a total of 20 items to
quantify the symptom intensity and activity intolerance in patients with CubTS.® The first
10 items quantify symptom intensity and the other 10 quantify difficulties in performing
certain activities.®> Greater severity of CubTS is indicated by a higher mean score of all
(subscale) items combined (final scores 0-10).°

Because some collaborators did not have access to PROMIS computerized adaptive
test (CAT) versions, we used the PROMIS PF-UE-7. This measure is comparable to its
CAT version and uses a 5-point Likert scale (scores 1-5) for each of 7 items to quantify
upper extremity-specific activity intolerance.? Less activity intolerance is indicated by a
higher raw score of all items combined, which is then transformed into a final T-score
between 16.3 and 58.2.2%2 The final score is comparable to CAT-based PROMIS mea-
sures, with a T-score mean of 50 with an SD of 10 in a general population.?

Study sample

We prospectively invited 159 people to complete questionnaires, and 4 patients de-
clined participation. After enroliment, 5 people (3.2%) were excluded from the analysis: 2
stopped completing the questionnaires at an early stage and 3 were incorrectly enrolled
and did not have CTS or CubTS (2 had cervical radiculopathy and 1 had De Quervain
tenosynovitis). Of the 150 patients, 130 had CTS, 30 had CubTS, and 10 had both (Table
1). The mean age was 55 + 14 years and the majority of the patients (n = 114; 76%) had
symptoms for 3 months or more when they filled out the questionnaires (Table 2).
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Table 1. Clinical Characteristics

Variable n =150

Carpal tunnel syndrome n =130
Bilateral 81 (62)
Electrodiagnostic studies present 74 (57)

Cubital tunnel syndrome? n=30
Bilateral 9(31)
Electrodiagnostic studies present 14 (48)

Discrete variables as number (percentage); 110 patients had both carpal and cubital tunnel
syndrome; 2Clinical characteristics for 1 patient missing.

Table 2. Patient Characteristics

Variable n =150
Age, y 55 + 14 (24-81)
Men 55 (37)
Partnered status

Married/unmarried couple 99 (66)

Other 51 (34)
Level of education

High school or less 56 (37)

2-year college 32 (21

4-year college 40 (27)

Post-college graduate degree 22 (15)
Insurance

Private 101 (67)

Other 49 (33)
Visit

New or established patient visit 113 (75)

Postoperative visit 37 (25)
Symptom duration

<3 months 36 (24)

3 months to <1 year 48 (32)

>1 year 66 (44)
PSEQ-2 (n = 6 missing) 10 (7.5-12)
TSK-4 (n = 6 missing) 9 (6-11)
PHQ-2 (n = 6 missing) 0 (0-1)
I-HaND 36 + 19 (0-94)
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Table 2. Continued.

Variable n =150
BCTQ (n = 3 missing) 2.6 £0.86 (1-5)
BCTQ symptoms subscale 2.7 +£0.92 (1-5)
BCTQ function subscale 2.3+£0.96 (1-5)
PRUNE 4.3+2.2(0.85-9.7)
PRUNE symptoms subscale 4.8 +£2.2 (1.7-10)
PRUNE function subscale 3.8+2.7(0-9.3)
PROMIS PF-UE-7 (n = 2 missing) 41 + 10 (16-58)

Continuous variables as mean + standard deviation (range) or as median (interquartile range);
Discrete variables as number (percentage); PSEQ-2: Pain Self-Efficacy Questionnaire short
form; TSK-4: Tampa Scale for Kinesiophobia short form; PHQ-2: Patient Health Questionnaire
short form; I-HaND: Impact of Hand Nerve Disorders; BCTQ: Boston Carpal Tunnel Syndrome
Questionnaire; PRUNE: Patient Rated Ulnar Nerve Evaluation; PROMIS PF-UE-7: Patient-
Reported Outcomes Measurement Information System Upper Extremity questionnaire short form.

Statistical analysis

Histogram plots were used to assess the distributions of continuous variables. We pre-
sented continuous variables as means + SDs or as medians (interquartile ranges), where
appropriate, and presented discrete data as proportions. Pearson and Spearman tests
were used to assess correlations between continuous variables (eg, between the I-HaND
and BCTQ). For differences in mean scores among dichotomous variables, we used
Student t tests (eg, I-HaND score difference between patients presenting at a first/preop-
erative or postoperative visit). For differences between mean scores among categorical
variables, we used a 1-way analysis of variance (eg, I-HaND score differences among
patients with different levels of education). Not all surveys were completely filled out,
but all instruments started were completed in full. Six (4%) patients did not complete the
psychological measures, 2 (1.3%) did not complete the PROMIS PF-UE-7, and 3 (2%) pa-
tients with CTS did not complete the BCTQ. We believe the missing data were completely
at random and for multivariable statistics we opted to use a complete case analysis. Data
were determined to be missing completely at random because there was no clear pattern
(eg, there were no missing data based on the order of questionnaires) and there were no
associations of the missing data with other variables. Correlation effects were interpreted
as negligible for a correlation of 0.0 to 0.10, weak for 0.10 to 0.39, moderate for 0.40 to
0.69, strong for 0.70 to 0.89, and strong for 0.90 to 1.0.** Four multivariable linear regres-
sion models were created to identify independent predictors of the studied PROMs (the
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I-HaND, BCTQ, PRUNE, and PROMIS PF-UE-7). All variables available were tested in a
bivariate analysis and those with a P value < .10 (Appendix 1) were included in the mul-
tivariable models. We anticipated collinearity of the psychological measures. We chose
to use the PHQ-2 in multivariable analyses because of the demonstrated importance of
symptoms of depression to overall health.® The change in a PROM score by a 1-unit in-
crease in the predictor variable is indicated by the regression coefficient (). The amount
of variability explained in the dependent variable is indicated by the adjusted R squared
(R?), with the specific contribution of a predictor variable indicated by the semipartial R?.
We manually calculated the number of patients who rated every question using either the
minimum score (floor effect) or the maximum score (ceiling effect) per instrument. The
time taken to complete each instrument was automatically recorded electronically when
completing the surveys and the mean completion time was assessed for each instrument
separately. Significance was set at a P value < .05.

We powered on our multivariable analysis, and an a priori sample size estimate
showed that we would need 136 patients. This was based on an alpha of 0.05, 80%
power, and a linear regression model with 5 predictors that would explain 15% of the
variability in activity intolerance, with 1 of the predictors explaining at least a third in that
model. Since we included both patients with CTS and CubTS — and generally there are
more patients presenting with CTS — we enrolled 10% more so we would have enough
data for both the BCTQ and PRUNE.

Ethical committee approval

This study received approval from the Institutional Review Board of the University of
Texas at Austin. This study was performed in accordance with the ethical standards in
the 1964 Declaration of Helsinki and in accordance with relevant regulations of the US
Health Insurance Portability and Accountability Act.

Results

Interquestionnaire correlations

The nerve, disease, and upper extremity PROMs were all strongly correlated, with Pear-

son correlations of 0.88 between the I-HaND and BCTQ, 0.87 between the I-HaND and

PRUNE, and -0.76 between the I-HaND and PROMIS PF-UE-7 (all P values < .05; Table 3).
The symptom subscales of the BCTQ and PRUNE correlated the least with the

I-HaND and PROMIS PF-UE-7. The lowest moderate correlation was found between

the PRUNE symptom subscale and the PROMIS PF-UE-7 (r, -0.41; P < .05; Table 3).
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Factors associated with the I-HaND, BCTQ, PRUNE, and PROMIS PF-UE-7
In a multivariable analysis, lower capability (PROM scores) was associated with greater
symptoms of depression (higher PHQ-2 scores) for all PROMs (adjusted R? between
0.09 and 0.31; Table 4).

Instrument properties

The number of items to complete (32 vs 7 items, respectively) and consequently the time
needed to complete was highest for the I-HaND and lowest for the PROMIS PF-UE-7
(251 vs 50 seconds, respectively; Table 5). All instruments had comparable floor effects;
the PROMIS PF-UE-7 had a ceiling of 16% (Table 5).

Discussion

We compared nerve-, condition-, and upper extremity-specific PROMs in patients with id-
iopathic CTS or CubTS and found moderate to strong correlations between all measures.
We also found that variation in symptoms of depression accounted for the variation in
PROM scores better than other factors, like patient demographics or symptom duration.

We address some limitations: First, there were only 30 patients with CubTS. Correla-
tion tests and multivariable analysis results might differ when a larger CubTS sample
is studied. Second, in 41% of patients the diagnosis of CTS and/or CubTS was made
based on symptoms and signs rather than electrodiagnostic testing, introducing some
subjectivity. This study did not look at correlations between physical examinations or
diagnostic tests and PROMs. We accepted the specialist’s diagnosis as a reflection of
daily practice, and we feel there are advantages to this approach since the symptoms and
signs of CTS and CubTS are shown to have good diagnostic performance characteris-
tics.1®1” Constant numbness is a hallmark finding of advanced disease ®'° After reviewing
the data, the authors found that some surgeons interpreted “constant numbness” as a
symptom reported by the patient, while others thought of it as an objective sign (static
loss of sensibility). Interestingly, neither indicator for advanced neuropathy — the pres-
ence of thenar atrophy or static loss of sensibility — correlated with PROMs in patients
with CTS. For patients with CubTS, we did find associations of first dorsal interosseous
atrophy with the PROMs tested, though with the limited number of patients, we did not
test this in our multivariable model. Third, we used the short form of the PROMIS PF-UE
instead of its CAT version because some collaborators did not have access to the CAT
version. The upper extremity short form for PROMIS is comparable to its CAT version,
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although it is more prone to ceiling and floor effects.? Fourth, we used only 1 of the 3
psychological measures in our multivariable analyses. A combination of psychological
factors may explain more variability in activity intolerance; however, this is more difficult
to test due to collinearity between the measures. Fifth, it could be argued that CTS and
CubTsS should be evaluated separately; however, we believe including people with a
typical mix of diagnoses at various points in care can be seen as a strength, especially
since we tested a new PROM intended for use with nerve pathology in general, and we
are extending a line of evidence establishing the relative interchangeability of PROMs
of varied specificity. Sixth, we did not test responsiveness in this study, and it might
prove better for more specific PROMs. Finally, for logistical reasons, we were not able
to randomize the order of the instruments. Some questions look alike and overlap with
those in the next instrument; therefore, survey fatigue was possible. However, the mean
time taken to complete all instruments was less than 10 minutes.

Similar to the developmental study of the I-HaND, where a strong Pearson correlation
of 0.87 was found with the Quick Disabilities of the Arm, Shoulder, and Hand question-
naire (QuickDASH),® we also found strong interquestionnaire correlations using both
condition- and upper extremity-specific PROMs. Of the 4 instruments tested, the BCTQ
and PROMIS are the most studied. Our correlations are consistent with the evidence
to date.?*?! In a separate, as yet unpublished experiment, we also found similar strong
correlations of the I-HaND with upper extremity-specific PROMs (the PROMIS PF-UE-7
and QuickDASH) and pain intensity. This suggests the use of more specific PROMs may
have few advantages over more general PROMs. Interestingly, we found the lowest — but
still moderate — correlations between the PROMIS PF-UE-7 and the BCTQ and PRUNE
symptom intensity subscales. One potential explanation is that the PROMIS PF-UE-7
had notable ceiling effects that would have been avoided if we were able to use the CAT
version. These ceiling effects limit the spread in the scores, which might have reduced the
correlations. Another explanation might be that 5 out of 11 questions for the BCTQ symp-
tom intensity subscale and 6 out of 10 for the PRUNE symptom intensity subscale are
related to pain and the remaining questions ask about other symptoms, like numbness,
tingling, or weakness.*® The numbness can be described or experienced as pain, but
pain without concurrent numbness is not a symptom of either CTS or CubTS. Diagnostic
scales for CTS, such as the CTS-6, do not include symptoms of pain.!* Questions about
weakness may measure pain more than they measure true weakness. It is our impression
that people with muscle weakness usually describe issues with dexterity, not strength.

This study adds to the evidence that psychosocial factors have more influence on
activity intolerance than pathophysiology, as symptoms of depression (as measured by
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the PHQ-2) were not only highly correlated with all PROMs, but depression was also the
factor best able to account for the variability in the PROM scores. Factors such as symp-
toms of depression, anxiety, and catastrophic thinking are most consistently associated
with activity intolerance.?? For instance, studies of patients with CTS using the BCTQ
identify mental health as a preoperative correlate of symptom intensity, and improve-
ments in mental health are associated with improvements in symptom intensity.-2° A
longitudinal study of 60 patients with CTS undergoing carpal tunnel release found more
improvement on the BCTQ symptom intensity subscale if their symptoms of depression
and pain anxiety also improved.?®

The finding that the shortest instrument tested (the PROMIS PF-UE-7) had a com-
parable floor effect to the other instruments but a greater ceiling effect is expected and
might not have occurred if all sites could use the computer adaptive test. The length of a
PROM tries to balance efficiency with limited floor and ceiling effects. One of the advan-
tages of a CAT is that it can limit flooring and ceiling effects while remaining brief.2%26.27

This study confirmed that specific and general PROMs correlate strongly in patients
with idiopathic CTS or CubTS. It also confirmed that mental health accounts for variation
in PROMs and might be the reason that less specific and more specific PROMs correlate:
they might be similarly influenced by factors other than pathology. Based on this line of
evidence, pending testing of potentially greater responsiveness in specific settings, we
prefer to use a single simple, brief, and general PROM to quantify symptom intensity and
activity intolerance for both routine patient care and research.
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Chapter 4

Abstract

Purpose

Patient knowledge of the frequency with which electrodiagnostic testing (EDx) for sus-
pected median neuropathy at the carpal tunnel addresses nuance in the distinction be-
tween normal and abnormal neurophysiology might help them make an informed decision
about whether or not to have this test. We reviewed a large set of consecutive EDx for
possible carpal tunnel syndrome (CTS) and associated medical records to determine (1)
the percentage of EDx measurements within 10% of threshold values; (2) discordance
between clinician and EDx diagnosis of CTS using diagnostic performance character-
istics; and (3) demographic and disease characteristics independently associated with
EDx diagnosis of median neuropathy at the carpal tunnel.

Methods

We retrospectively reviewed nerve conduction study (NCS) results of 537 consecutive
patients evaluated for possible idiopathic median neuropathy at the carpal tunnel. We
measured the number of patients within 10% of 3 NCS diagnostic thresholds; the diag-
nostic performance characteristics comparing clinician and EDx diagnosis; and patient

and disease characteristics associated with EDx diagnosis of CTS.

Results

The 3 NCS parameters were within 10% of the threshold for diagnosis of median neu-
ropathy at the carpal tunnel in 2.6% to 33% of patients. Overall, 76% of EDx results
were interpreted as median neuropathy at the carpal tunnel, 19% as normal, and 5% as
another diagnosis (eg, cervical radiculopathy). Patients with normal EDx were significant-
ly younger, more likely not to report paresthesias/numbness, more likely to have prior

normal EDx, and less likely to have had a previous contralateral carpal tunnel release.

Conclusions

This data set reflecting management strategies for suspected CTS at a large institution
confirms inherent diagnostic uncertainty, relatively strong concordance between clinician
and EDx diagnosis, and the importance of focusing on paresthesia rather than pain.
These findings support the use of clinical prediction rules and may help inform a patient’s
decision regarding whether or not to have EDx.

68



Borderline Nerve Conduction Velocities for Median Neuropathy

Introduction

Idiopathic median neuropathy at the carpal tunnel manifests as symptoms of nocturnal
and intermittent paresthesias progressing to loss of sensibility in the median nerve distri-
bution (carpal tunnel syndrome [CTS]). The physical examination findings include signs
such as provocation of paresthesia with tapping or pressure over the median nerve at
the carpal tunnel and paresthesias with prolonged wrist flexion. There is eventual pro-
gression to static loss of discriminant sensibility, palmar abduction strength, and thenar
muscle mass.-15

The American Association of Electrodiagnostic Medicine (AAEM) reports pooled
sensitivities of 63% to 85% and specificities of 97% or greater for nerve conduction
studies (NCSs) based on a review of 278 articles of which 22 were included in an anal-
ysis.!® Given that there is no consensus reference standard for diagnosis of idiopathic
median neuropathy among people diagnosed with clinical CTS*2Y, these may be over- or
underestimates.®

Electrodiagnostic tests (EDx) are sometimes ordered to establish a preoperative
baseline in case a patient is dissatisfied with the result of surgery and sometimes in
scenarios in which the probability of CTS is low with the rationale of not missing the
opportunity to treat this correctable problem. Diagnostic tests can be misleading in this
second, low-prevalence scenario. Another potentially low-prevalence scenario is when
nonspecialists order EDx because specialists insist on EDx prior to referral. In circum-
stances with limited access to specialists, nonspecialists may use the tests to help triage
people and gain earlier access to a specialist. Clinical prediction rules such as the CTS-67
can be used to estimate the probability of median neuropathy. Clinical prediction rules
improve the diagnostic performance characteristics of EDx. They also make EDx optional
given that clinical prediction rules are infrequently discordant with EDx, especially with
a higher pretest probability.*°

It might help patients considering EDx for suspected median neuropathy at the carpal
tunnel to know the prevalence of nuance in the distinction between normal and abnormal
neurophysiology and the characteristics associated with this scenario. We reviewed the
use of EDx for possible CTS in daily practice at a large institution to (1) determine the
percentage of EDx measurements within 10% of threshold values; (2) assess discordance
between clinical diagnosis of CTS and normal EDx results using diagnostic performance
characteristics; and (3) identify demographic and disease characteristics independently

associated with EDx diagnosis of median neuropathy at the carpal tunnel.
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Materials and Methods

Study design

This retrospective study was approved by our institutional review board. All electronic
medical records of patients who underwent EDx tests over a 4-year period were man-
ually reviewed by research assistants not involved in patient care to establish whether
the patient fulfilled the predefined eligibility criteria. We included a consecutive series
of 565 eligible patients who were aged 18 years or older and sent by various specialist
and nonspecialists clinicians for EDx to confirm or rule out median neuropathy based
on their personal criteria for when this might be worthwhile. This is a representation of
how EDx is used in clinical practice in one region and not a reflection of standardized
diagnostic criteria or a clinical prediction rule. Only 1 hand per patient was analyzed. In
people with bilateral symptoms, the less electrodiagnostically abnormal side was used
because the main aim of the study was to assess electro- diagnostic results near the
threshold values. We excluded patients who were pregnant at the time of the NCS and
patients who previously underwent ipsilateral carpal tunnel release (CTR).

A total of 565 patients underwent 568 EDx to look for median neuropathy at the
carpal tunnel. Thirty-one tests were excluded in 28 patients (3 had 2 tests within the
study period, 1 was pregnant at the time of the test, 20 had a previous ipsilateral CTR,
for 2 there was not enough information in the medical records around the time of the test,
and 5 NCSs were misplaced or incomplete), leaving 537 patients for analysis of which
82% (441) were tested bilaterally. Specialists (orthopedic surgeons, plastic surgeons,
neurosurgeons, or neurologists) referred 404 patients (75%) for EDx, and nonspecialists
referred 133 patients (25%).

All patients underwent NCSs in an outpatient setting using a TECA Synergy N2
EMG (Oxford Instruments Medical, Surrey, England). In line with most other studies and
the American Association of Electrodiagnostic Medicine (AAEM) standards and guide-
lines®®2°, the following electrodiagnostic criteria for median neuropathy were used: (1)
difference in median-ulnar mixed nerve palmar latencies (palm to wrist stimulation over
8 cm distance) of 0.4 ms or greater; (2) difference in median nerve distal motor latency
(DML) between sides of 1.0 ms or greater; and (3) difference between median and ulnar
nerve DML of the same side of 1.8 ms or greater. Other criteria for CTS that are used
by 1 of the authors (M.Z.) are (1) median nerve distal sensory latency (DSL) of 3.6 ms
or greater; (2) median nerve DML of 4.4 ms or greater; and (3) median nerve motor
amplitude of 5 mV or less (Table 1). In case of abnormality, another nerve in the same
limb was tested. In case of normal results, median nerve conductions were tested over a
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shorter (7-8 cm instead of over 8 cm) distance or a comparison of the median conduction
across the wrist was made with radial or ulnar sensory conductions in the same limb.
There are no strict criteria to interpret results and interpretation of the different tests as
median neuropathy or not and its severity (mild, moderate, or severe) is according to the
testing physician’s judgment. The EDx result was classified as median neuropathy at the
carpal tunnel, normal EDx, or other neuropathy (eg, cubital tunnel syndrome [CubTS] or
cervical radiculopathy; Table 2).

Table 1. Overview of 10% Lower and Upper Margins of Cut-Off Values

Variables Cut-Off Values (= 10%)
Median DSL 3.6 (3.25-3.95)t
Median DML 4.4 (3.95-4.85)t
Difference in median-ulnar mixed nerve palmar latency 0.4 (0.35-0.45)t
Median motor amplitude 5.0 (4.5-5.5)
Difference in median DML between sides 1.0 (0.90-1.10)
Difference in median and ulnar DML same side 1.8 (1.60-2.00)*

Values were rounded to the nearest 0.05 multiple. DSL = Distal Sensory Latency;
DML = Distal Motor Latency.

The following data were obtained from medical records at the time point prior to NCSs:
age, sex, paresthesias/numbness, diagnosis of median neuropathy on a previous NCS,
previous contralateral CTR, myelopathy, cerebrovascular accident, systemic inflamma-
tory disease that could involve the upper extremities (eg, rheumatoid arthritis), diabetes
mellitus, hypothyroidism, and diagnosed major depression (not taking bipolar disease
into account; Table 2). Paresthesias/numbness was divided into the following categories:
(1) no; (2) ipsilateral; (3) contralateral; and (4) bilateral. For findings of previous NCSs for
median neuropathy, we used the same categories and added (5) unknown result; and
(6) no previous NCSs. Diabetes mellitus was divided into (1) no; (2) type 1; and (3) type
2. We also recorded the final clinical diagnosis: CTS or not.

The mean age of patients diagnosed with median neuropathy on EDx (n = 407) was
57 + 15 years and 266 (65%) were women; the mean age of patients diagnosed with
normal EDx (n = 103) was 48 + 13 years and 74 (72%) were women; and the mean age
of patients with another electrodiagnostically confirmed neuropathy (n = 27) was 58 +
17 years and 11 (41%) were women (Table 2). We displayed the number of patients for
all NCS criteria per diagnostic group (Table 3).
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Statistical analysis

Continuous variables are presented as mean + SD and discrete data as proportions. We
used Student t tests to assess differences between continuous variables and Pearson’s
chi-square tests for discrete variables (or Fisher exact tests if the cell frequency < 5).
Differences between proportions are reported with 95% confidence intervals (95% Cls).

Among the subset of patients diagnosed with median neuropathy at the carpal tunnel
or normal electrophysiology on EDx, we calculated the number of patients within 10% of
each threshold category (below or above 10% of the cutoff value) for each patient with
median neuropathy and for each patient with a normal NCS (eg, 0.35-0.45 ms difference
in median ulnar mixed nerve palmar latency).

We used diagnostic performance characteristics to measure discordance between
clinical diagnosis and EDx.

We created a backward stepwise multivariable logistic regression model to assess
factors independently associated with EDx of median neuropathy at the carpal tunnel.
Variables with P less than .10 on bivariate analysis (Appendix A) were included in the
final model. We considered P less than .05 significant.

We used all data available of all eligible patients who underwent NCSs for clinical CTS
in our given timeline. A post hoc power analysis based on a binomial test demonstrated
that a sample size of 510 patients with a normal distribution of the median DSL, which
had a mean value of 4.9 and SD of 1.9, yielded greater than 99% statistical power to
detect patients within 10% of the DSL cutoff value.

Results

The percentage of final measurements within 10% of the cutoff values for each of the 6
different NCS criteria ranged from 2.6% for the difference in median DML between sides
to 33% for the median DSL (Table 4). Two (8.3%) of 24 patients diagnosed as EDx normal
had an above-threshold median DSL within 10% of the cutoff (Fig. 1). Fifty-five (38%) of
144 patients with EDx of median neuropathy at the carpal tunnel had a below-threshold
median DSL within 10% of the cutoff.

Seventy-six percent of EDx results (n = 407) were interpreted as median neuropathy,
19% (n = 103) as normal, and only 5% (n = 27) as another peripheral neuropathy (2 had
nonlocalizing median neuropathy; 1 had a median neuropathy proximal to the flexor carpi
radialis branch; 1 had a median neuropathy distal to the anterior interosseous branch;
4 had nonlocalizing ulnar neuropathy; 7 had CubTS; 17 had cervical radiculopathy; and
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5 had polyneuropathy; Table 2). These distributions were similar for specialists (78%;
17% and 5%, respectively) and nonspecialists (70%; 24% and 6%). Using diagnostic
performance characteristics to quantify discordance between the final clinical diagnosis
and EDx, the sensitivity among the different NCS criteria was highest for the difference
in median-ulnar mixed nerve palmar latency (97%; Table 5). Specificity was between
95% and 97% for all measurements.

Figure 1. The median DSL among the 10% threshold is shown in comparison with the
electrodiagnosis as assessed by the electrodiagnostician. The horizontal dotted line
represents the threshold for abnormal median DSL of 3.6 ms. The individual circles may
contain multiple measurements.

Accounting for potential interaction of variables using multivariable logistic regression
analysis, older age (odds ratio [OR], 1.01; 95% CI, 1.0-1.1; P < .05), ipsilateral pares-
thesias/numbness (OR, 5.5; 95% Cl, 2.2-14; P < .05), bilateral paresthesias/numbness
(OR, 12; 95% ClI, 4.9-32; P < .05), and previous contralateral CTR (OR, 12; 95% ClI,
1.4-106; P < .05) were independently associated with increased likelihood of EDx of
median neuropathy at the carpal tunnel (Table 6). A previous EDx interpreted as normal
was independently associated with decreased likelihood of EDx diagnosis of median
neuropathy at the carpal tunnel (OR, 0.16; 95% ClI, 0.04-0.62; P < .05).
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Table 5. Sensitivity and Specificity of the Different EDx Criteria.

Variables n = 537 Sensitivityt Specificity?
Median DSL = 3.6 (n = 537) 83% 96%
Median DML 2 4.4 (n = 536) 64% 97%
Difference in median-ulnar mixed nerve

0, 0,
palmar latency = 0.4 (n = 431) 97% 96%
Median motor amplitude < 5.0 (n = 536) 21% 95%
Difference in median DML between sides

0, 0,
21.0 (n = 403) 21% 7%
Difference in median and ulnar DML same 64% 97%

side = 1.8 (n = 529)

Values were rounded to the nearest integer. EDx = Electrodiagnostic test; DSL = Distal
Sensory Latency; DML = Distal Motor Latency.

Table 6. Multivariable Logistic Regression Analysis of Factors Associated With
Electrodiagnostic Median Neuropathy*

Retained variables Odds Ratio 95% CI P value

Age 1.01 10to1l1 <0.05
Paresthesias/numbness

Ipsilateral paresthesias/numbness 55 2.2t014 <0.05

Bilateral paresthesias/numbness 12 4.9to 32 <0.05
Previous EDx

Previous EDx ruled out median neuropathy 0.16 0.04t0 0.62 <0.05

E.;i\r/g:)lihfljx confirmed bilateral median 74 0.99 to 56 0.05
Previous CTR

Contralateral 12 1.4to 106 <0.05

*Bold indicates statistically significant difference; Cl = Confidence Interval;
EDx = Electrodiagnostic test; CTR = Carpal Tunnel Release.

Discussion

There is nuance in the distinction between normal and abnormal neurophysiology that
limits the degree to which objective testing can be used to help determine the most ef-
fective strategies for diagnosis and treatment of median neuropathy at the carpal tunnel.
This study used data from the care of patients in a single large hospital to measure the
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prevalence of NCS values within 10% of accepted thresholds (a measure of the mag-
nitude of the nuance situation); discordance between clinical and EDx diagnosis; and
factors associated with normal EDx.

We acknowledge some study limitations. First, this is a retrospective study of usual
clinical care with no standardization and limited data on physical examination and no
measure of the pretest confidence of the physicians in the diagnosis (low physician confi-
dence in the diagnosis of median neuropathy is highly predictive of normal NCS results®).
Second, we used diagnostic performance characteristics to quantify the discordance
between single electrodiagnostic parameter thresholds on the testing physician’s overall
interpretation (including EDx results), which might be confusing to readers expecting
comparison with a reference standard. The use of clinical diagnosis has several limita-
tions, one being that the EDx results were used to determine the final diagnosis. There
is no consensus reference standard for the diagnosis of median neuropathy, so this
examination of how EDx are used in standard practice has some value. Third, patients
with CTS that were sent for EDx in this urban institution may not be representative of
the population sent for testing in other hospitals or practice settings, which might limit
generalizability. Fourth, the spectrum of measured pathophysiology may be specific to
our testing paradigm (spectrum bias) with about a quarter of patients referred by nonspe-
cialists, perhaps including some patients that were not experiencing numbness, although
there were minimal differences in the tests ordered by specialists and nonspecialists.
Fifth, the 95% CI for a previous contralateral CTR in our multivariable logistic regression
model was substantial. This is likely because only 51 members of the cohort (9.5%) had
had a previous CTR, of which only 1 patient fell in the no median neuropathy group in our
data. However, sensitivity analysis without this variable did not change the model. Finally,
some might wonder whether electrodiagnostic findings other than median neuropathy
would have influence on the results. None of the patients without median neuropathy had
CubTS and 23 patients had CubTS on the same side as the median neuropathy. In case
of concomitant median neuropathy and CubTS, the median-ulnar comparisons could
indeed be altered. If an electrodiagnostician finds motor or sensory nerve conduction
slowing or less amplitude, she or he will test for possible CubTS (or Guyon neuropathy??)
as well. In addition, the diagnosis of CubTS is made by some test criteria starting from
the axilla to around and just below the elbow. There is only 1 criterion for CubTS that
compares NCSs from above to below the elbow versus below the elbow to the wrist.??
Therefore, we think that the other electrodiagnostic findings had little or no impact on

the interpretation of the study results.
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We found that up to a third of patients were within 10% of some of the threshold
values for the diagnosis of median neuropathy, particularly the median DSL. Within these
thresholds for the median DSL, 55 (38%) were false negatives based on clinical diagno-
sis (Figure 1). Sensory conduction studies are generally more sensitive than their motor
counterparts.?®-? The relationship between the median DSL and the severity of median
neuropathy showed a large proportion of median DSL within the normal range among
people diagnosed with median neuropathy (Figure 2). This is one reason that electrodi-
agnosis is based on side-to-side and ipsilateral ulnar- or radial-to-median comparisons
in combination with absolute latencies.***1426 In our cohort, neither the comparison of
the median DML with the contralateral median DML nor the ipsilateral ulnar DML were
within 10% of the thresholds in patients with normal NCSs. The median-ulnar mixed
nerve palmar sensory latency difference was more sensitive for the detection of (mild)
median neuropathy. Using comparisons also helps control for factors such as age, sex,
body mass index, skin thickness, hand size, limb temperature, and comorbidities (eg,
diabetes mellitus).416-232728 The AAEM, the American Academy of Neurology (AAN), and
the American Academy of Physical Medicine and Rehabilitation (AAPMR) have done 2
systematic reviews of electrodiagnostic studies in CTS in 199320 and 2002¢-2 and have
made and endorsed practice recommendations based on the findings!**620.2¢ although
no definitive thresholds are recommended. The current recommendations are (1) (stan-
dard) median sensory NCSs or mixed nerve NCSs across the wrist and a comparison
with the ipsilateral ulnar or radial NCS in the forearm, across the wrist, or in the digital
segments; (2) (guideline) median motor NCS from the thenar muscle and a comparison
with another ipsilateral motor nerve NCS.116:20.28 Supplementary NCSs like the residual
latency (the time difference between the calculated expected and the observed conduc-
tion time) may, in mild cases of median neuropathy in which conventional NCS shows
abnormalities only in sensory studies, better demonstrate the effect on the median nerve
motor fibers and may raise the sensitivity of NCSs for the diagnosis of CTS?, but this is
still best described as an investigational option 1+6:20.28
We found that 76% of NCSs were interpreted as median neuropathy. In addition, 19%
of people in whom the diagnosis of CTS was considered had no measurable median
neuropathy. This is consistent with multiple prior studies that report up to 10% to 40%
of patients with CTS having normal NCS testing.45°-1130-32 Thijs should not be interpret-
ed as insensitivity of the test because we have no way of determining whether these
patients have very mild median neuropathy. Five percent of our cohort had another
electrodiagnostic diagnosis emphasizing that diagnosis based solely on symptoms or
signs carries a small risk of misdiagnosis.?4-61012.3% Specificities were over 95% for all
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measurements indicating a low, but notable rate of false positives. The systematic reviews
of the AAEM, AAN, and AAPMR report similar (pooled) sensitivities and specificities for
the sensory and motor median nerve latencies.’®?¢ Decision-making is affected by the
fact that patients with median neuropathy are at risk for permanent nerve damage if the
disease progresses, which some evidence following people over time and looking at
the prevalence and severity of bilateral CTS suggests that it will do.3435 Consequently,
patients with moderate disease sometimes consider surgery—even if they have few or
no symptoms—in order to preserve nerve function. On the opposite end of the spectrum,
patients with substantial symptoms and slight or no changes in NCSs can choose to

safely put surgery off and manage the problem with night orthoses.*

Figure 2. All values for the median DSL are shown in comparison with the electrodi-
agnostic severity of median neuropathy as measured by the electrodiagnostician; The
horizontal dotted line represents the threshold for abnormal median DSL of 3.6 ms. The
number of patients with a nonrecordable (NR) DSL is shown as n = X.
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Older patients and patients with (ipsilateral and/or bilateral) paresthesias and numb-
ness had an increased likelihood of electrodiagnosis of median neuropathy. Previous
studies also found that patients with electrodiagnostically confirmed median neuropathy
are significantly older*35° and report more sensory symptoms and paresthesias.® We
had no information about the numbness being constant or intermittent or whether it
was perceived as painful. The relationship between symptom severity and slower nerve
conduction is inconsistent.}24-6:8-11131530-33 \gst of the studies that found an association
were limited to surgically treated patients and they used different NCS measures than
recommended by the AAEM 16

There is an inherent imprecision in the electrodiagnostic distinction between mild
and no median neuropathy (as documented in this and other studies) and no consen-
sus reference standard for the diagnosis of idiopathic median neuropathy at the carpal
tunnel, which emphasizes the impossibility of diagnostic certainty and leaves patients
and surgeons with a conundrum. The daily practice of at a large institution documented
herein and a clinical prediction rule such as the CTS-67 seems to have comparable levels
of uncertainty and imprecision. Given the diagnostic uncertainty created by an absence
of a reference standard, patients and surgeons can decide whether they are going to
base treatment decisions on probabilities assigned on the basis of objective measures
of neurophysiology or on symptoms and signs alone. Future studies can address the
outcomes of the 2 treatment strategies in terms of median nerve function, patient-re-
ported outcomes, and decision conflict and decision regret when various information is
provided to patients.
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Abstract

Background

Electrodiagnostic tests (EDx) can determine when symptoms and signs suggestive of
idiopathic ulnar neuropathy at the elbow (cubital tunnel syndrome; CubTS) is due to mea-
surable ulnar neuropathy at the elbow (UNE), cervical radiculopathy, or median neurop-
athy at the carpal tunnel, and when there is no measurable neuropathology associated
with the symptoms. The role of EDx in management of CubTS is debated.

Questions

(1) What is the percentage of patients with CubTS (both including and excluding patients
with a previous electrodiagnosis of idiopathic UNE) that have EDx results consistent
with idiopathic UNE, other neuropathology, and no detectable neuropathology; (2) What
factors (e.g. age and gender) are independently associated with electrodiagnosis of UNE.

Methods

We retrospectively reviewed all medical records of 133 patients with a working diagnosis
of CubTS sent for EDx over a 5-year period in one large urban medical center. We re-
corded data on patient demographics, comorbidities, non-specialist or specialist referring
physician, and EDx results.

Results

Among 133 patients, 61% (n = 81) of EDx identified idiopathic UNE, 14% (n = 18) identified
other neuropathology, and for 26% (n = 34) there was no measurable neuropathology.
Among the 14 patients with a previous ipsilateral or contralateral electrodiagnosis of UNE,
all 14 had electrodiagnosis of UNE. Older age and men were independently associated
with an increased likelihood of UNE.

Conclusions

The observation that people diagnosed with CubTS often do not have UNE, particularly
if they are relatively young, suggests that the diagnosis of CubTS may benefit from a
more stringent clinical prediction rule.
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Introduction

It is important to distinguish symptoms and signs suggestive of a pathophysiology and
objectively verifiable pathophysiology. For instance, the diagnosis of cubital tunnel syn-
drome (CubTS) may not always correspond with idiopathic ulnar neuropathy at the elbow/
cubital tunnel (UNE). UNE is the second most common peripheral mononeuropathy of the
upper extremity after idiopathic median neuropathy at the carpal tunnel (MNCT).2~* The
symptoms and signs suggestive of UNE (paresthesia in the small and ring finger, worse
with sustained elbow flexion or pressure over the cubital tunnel, progressing to loss of
sensibility, loss of dexterity, and weakness and atrophy of the first dorsal interosseous
muscle) are referred to as CubTS. The estimated annual incidence of diagnosed CubTS
is up to 1 in 3000.2%% Given initial diagnosis of CubTS (at least with strict diagnostic
criteria) tends to be associated with advanced UNE with weakness, loss of sensibility,
and atrophy,*¢7 it is possible that UNE is often undiagnosed and may be much more
common.*® A population-based study of 1001 metropolitan United States residents iden-
tified a prevalence of CubTS between 1.8% (strict criteria) and 5.9% (inclusive criteria)
using a survey of hand and upper extremity nerve compression symptoms and hand
diagrams for numbness.? In a study of 102 patients with end-stage renal disease receiving
hemodialysis at one unit, 90 were eligible and were screened for signs and symptoms of
CubTS.° Among the 73 patients (81%) with at least 1 symptom or sign of CubTS, 37 (51%)
had UNE on electrodiagnostic testing (EDx).° What is not clear is the degree to which
this very high prevalence of UNE is related to renal insufficiency (or perhaps diabetes)
or if this is a manifestation of the relatively older age of these patients.

Similar to MNCT, to date, there is no consensus reference standard for the diagnosis
of UNE. Some clinicians believe that UNE meriting operative treatment may not be detect-
able on EDx,!° while others consider this — at worst — very mild UNE and are concerned
about potential misdiagnosis, and would not offer surgery.”

A study of patients referred for EDx with a working diagnosis of CubTS applied by both
specialists and non-specialists in one medical center represents the spectrum of appli-
cation of this diagnosis. The corresponding range of EDx test results can help determine
when symptoms and signs suggestive of idiopathic UNE (CubTS) are due to measurable
UNE, cervical radiculopathy, or MNCT, and when there is no measurable neuropathology
to account for the symptoms. If there is a notable lack of correspondence between what
clinicians guess is the cause of the symptoms and the electrophysiological evidence re-
garding what might be causing the symptoms, it would indicate a need for more stringent
criteria for applying the diagnosis of CubTS. For instance, perhaps some people apply

the diagnosis based on pain rather than paresthesia. Or perhaps provocative tests are
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not adequately accounted for. An understanding of the current percentages of accurate
diagnosis, inaccurate diagnosis, and absence of measurable pathology might aid in more
accurate diagnosis based on symptoms and signs (e.g. clinical prediction rules), more
selective use of EDx, and more appropriate utilization of operative treatment. Identification
of factors such as age, gender, and contralateral prior UNE independently associated with
electrodiagnosis of UNE might further inform construction of a better clinical prediction rule.

Materials and methods

Study design

This retrospective study was approved by our institutional review board. The only inclu-
sion criterion was referral to the EDx testing center with a working diagnosis of CubTS.
We excluded patients who were pregnant at the time of the EDx, had a known injury of
the ulnar nerve of the affected arm, had polyneuropathy, or who previously underwent
ipsilateral cubital tunnel release (CubTR). All electronic medical records of patients who
underwent EDx tests over a 5-year period were manually reviewed — by research assis-
tants not involved in patient care — to establish whether the patient fulfilled the predefined
eligibility criteria. After application of inclusion and exclusion criteria, we had a consec-
utive series of 180 eligible patients with a working diagnosis of CubTS who were sent to
an EDx unit in an academic institution in a large urban area to confirm or rule out UNE.

Outcome measures
The following data was derived from medical records at the time point prior to EDx: age,
sex, symptomatic side, diagnosis of UNE or MNCT on previous EDx (Tables 1 and 2),
diabetes mellitus, thyroid disease, and chronic inflammatory disease like ulcerative colitis
or Crohn’s disease (Appendices 1 and 2). Previous electrodiagnosis of UNE or MNCT
was divided into the following categories: (1) no (not done or not electrodiagnostically con-
firmed); (2) ipsilateral; (3) contralateral to the symptomatic side; and (4) bilateral. Thyroid
disease was divided into: (1) hypothyroidism; and (2) hyperthyroidism. We recorded if the
referring physician was a specialist that treats CubTS (an orthopaedic surgeon, a plastic
surgeon, a heurosurgeon, or a neurologist) or not (other specialty or non-specialist). Initial
treatment given by the referring physician after EDx was also assessed and divided into:
(1) unknown; (2) nonoperative; and (3) operative (Appendices 1 and 2).

The primary outcomes were electrodiagnosis of UNE, other neuropathology (e.g.
MNCT, cervical radiculopathy, or brachial plexopathy), and no neuropathology.
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Electrodiagnostic testing

In our hospital system, in line with AANEM guidelines,** skin temperatures were mon-
itored, the elbow was flexed between 70 and 90-, and the following electrodiagnostic
criteria for UNE were used: (1) above elbow to below elbow (AE to BE) nerve conduction
velocity (NCV) of <50 m/s (m/s); (2) AE to BE NCV of >10 m/s slower than BE to wrist
NCV; (3) >20% decrease of compound motor action potential (CMAP) from BE to AE; and
(4) change of CMAP waveforms between AE and BE. We then calculated the number of
patients for all EDx criteria per diagnostic group (Table 3). According to AANEM guide-

lines, a diagnosis of UNE was made when at least two out of four criteria were met.**

Study population

Within our timeline, a total of 180 patients were referred to the EDx unit for assessment
of possible UNE. Forty-seven (26%) tests were excluded (25 had an ipsilateral trauma or
lesion of the ulnar nerve; 21 had an ipsilateral previous decompression or transposition
of the ulnar nerve; and 1 had polyneuropathy), leaving 133 patients for analysis. Fifty-six
percent were referred by a specialist and the remaining 44% were referrals from other
physicians from within or out of the hospital health care system. Fourteen patients had
previous electrodiagnosis of UNE including 3 ipsilateral, 7 contralateral, and 4 bilateral.

Calculation

The distributions of continuous variables and assumptions concerning normality were
assessed using histogram plots and Shapiro-Wilk tests to determine the appropriateness
of the statistical tests. Continuous variables are presented as mean + standard deviation
and discrete data as proportions. We used Pearson correlation tests for the relationships
between continuous variables, one-way analysis of variance tests to assess mean dif-
ferences between categorical variables, Student’s t-tests to assess differences between
continuous variables, and Fisher’s exact tests for discrete variables.

For further analysis, only the diagnostic groups (1) with UNE and (2) without UNE
were used, omitting the group with another neuropathology.

We created a multivariable logistic regression model to assess factors independently
associated with electrodiagnostically confirmed UNE (Table 4). We included all variables
with P < 0.10 on bivariate analysis in the final model (Table 1). An odds ratio demonstrates
the odds of having electrodiagnosis of UNE in one group as compared with another (for
categorical variables) or a per-unit increase for continuous variables. The C statistic is a
measure of model fit and is the area under the receiver operating characteristics curve.
We considered P < 0.05 significant.
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We did not perform an a priori power analysis since we included all eligible patients in
our given timeline.

Results

Electrodiagnosis of UNE, other neuropathology, and no neuropathology
For the entire cohort of patients referred for EDx with a working diagnosis if CubTS, 61%
of EDx results (n = 81) were interpreted as UNE, 26% (n = 34) as no neuropathology,
and 14% (n = 18) as another diagnosis (9 had MNCT; 6 had cervical radiculopathy; 2
had peripheral neuropathy; and 1 had brachial plexopathy; Table 1). Patients with UNE
were, on average, 10 years older (53 vs. 43 years old) and more likely to be men (63%
vs. 38%), compared with the non-UNE group (Table 1).

Among the 14 patients with a previous electrodiagnosis of UNE (21% [n = 3] ipsi-
lateral, 50% (n = 7) contralateral, and 29% (n = 4) bilateral), all had electrodiagnosis of
UNE (Table 2).

In the group without a previous UNE electrodiagnosis, 56% of EDx results (n = 66)
were interpreted as UNE, 28% (n = 33) as normal, and 15% (n = 18) as another diagnosis
(Table 2).

Factors associated with electrodiagnosis of UNE

Among the subgroup of people without a prior electrodiagnosis of UNE, older age (odds
ratio [OR] 1.1; 95% confidence interval [CI] 1.0 to 1.1; P = 0.003) and men (OR 2.5; 95%
Cl1.0t0 6.2; P = 0.04; C statistic full model = 0.72) were independently associated with
an increased likelihood of electrodiagnosis of UNE (Table 4). Interpreting the model, a
1-year increase in age increases the chance of having an electrodiagnosis of UNE by

1.1 times and men were 2.5 times more likely to have UNE than women.

Table 4. Multivariable Logistic Regression Analysis of Factors Associated With UNE*

Odds 95% confidence Standard

Retained variable . . P value C statistict
ratio interval error

Age in years 11 10to 1.1 0.02 0.003

Men 2.5 1.0t0 6.2 1.2 0.04 0.72

Previous UNE? Omitted from model: perfect prediction

*Bold indicates statistically significant difference; UNE: ulnar neuropathy at the elbow; *The C
statistic is a measure of model fit and is the area under the receiver operating characteristics
curve; 2Either ipsilateral, contralateral, bilateral.
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Discussion

Idiopathic UNE is the second most common peripheral mononeuropathy of the upper
extremity.'~* We assessed discrepancies between the number of patients with a working
diagnosis of CubTS sent for EDx and those with objectively verifiable pathophysiology
(UNE). We found that 100% of patients with ipsilateral or contralateral UNE in the past
had confirmed UNE, but among people with no prior diagnosis, just over half had UNE,
nearly a third had normal tests, and 14% had another neuropathology and this was true
for both specialists and non-specialists.

This study has some limitations. First, this is a retrospective study with no systematic
collection of data on symptoms or examinations, and no protocol utilizing diagnostic
scores, clinical prediction rules, or clinician pretest confidence in the diagnosis. For in-
stance, we did not have data available for the presence of osteoarthritis or deformity of
the elbow, which could aid in diagnosing CubTS and make clinicians more confident that
EDx would be positive for UNE. On the other hand, we consider it a good representation
of daily practice because it represents all the EDx performed at a large institution from
multiple specialist and non-specialist referring physicians. The exact numbers might
change in different settings, but the observation that a clinical diagnosis is often not
supported by EDx results is unlikely to change. A more structured study would be able
to better distinguish people sent for confirmation and people sent to exclude idiopathic
UNE as a cause of the symptoms. Second, patients with suspected UNE that were sent
for EDx in this large urban institution may not be representative of the population sent
for testing in other areas, hospitals or practice settings, which might limit generalizability.
Third, this sample represents all ordered tests by many different health care providers.
However, 56% (n = 75) were referred by a specialist. The working diagnoses of CubTS,
as currently made based on symptoms and signs, might be suboptimal for a substantial
number of patients. We feel that this testing paradigm is representative of the typical par-
adigm in the United States. Finally — and maybe most importantly, there is no consensus
reference standard for the diagnosis of UNE. The American Academy of Orthopaedic
Surgeons has a clinical practice guideline for CTS, but not for CubTS.*?> The American
Association of Electrodiagnostic Medicine (AAEM) published practice guidelines with
standards and recommendations for additional EDx studies for patients diagnosed with
UNE in 19994 and many electrodiagnosticians use these standards.?'*-” Based on a
critical review of 13 out of 398 studies, the AANEM report sensitivities ranging from 37%
to 86% and specificities of 95% or greater for the various nerve conduction measures,
i.e. latencies and amplitudes.* The lack of a reference standard for UNE and the broad
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range in sensitivities for EDx highlight room for improvement in electrodiagnosis of UNE.
Therefore, the actual percentage of patients with UNE in this cohort might be higher or
lower. Some may wonder about the absence of thoracic outlet syndrome. But thoracic
outlet syndrome is variably diagnosed (in our hands it is rare and typically associated
with other pathophysiology such as clavicle malunion, an anomalous rib, or subclavian
vein thrombosis), typically diagnosed based on pain rather than paresthesia, and nearly
always diagnosed in the absence of electrodiagnostic abnormality, which is a primary
reason we do not find the diagnosis useful (not objectively verifiable and potentially so-
cially constructed). No one in the cohort was diagnosed with thoracic outlet syndrome
by the independent group of neurologists and physical medicine physicians that staff
the electrodiagnostic lab, further supporting the relatively limited utility of the diagnosis
in our opinion.

The observation that fewer than two out of three patients with a provisional diagnosis
of CubTsS received an electrodiagnosis of UNE and 14% had a different nerve problem
(e.g. cervical radiculopathy) suggest the potential benefits of a more stringent set of
symptoms and signs (clinical prediction rule) for CubTS. Another prior similar review of
283 patients found 58% had an electrodiagnosis of UNE, 35% had no measurable neu-
ropathology, and 6.7% were uncertain.* In a study of 350 worker compensation patients
who had surgery for CubTS, 34% of EDx results were not consistent with AANEM guide-
lines, which raises the concern that overvaluing imprecise syndromes might increase the
potential for unnecessary or unhelpful surgery.”

The finding that older age and men were more likely to develop UNE, is generally con-
sistent with other studies?35¢141617 and also supports the concept that this is an inherent,
slowly progressive disease. The observation that UNE detected before did not resolve,
combined with the fact that everyone tested who had known ulnar neuropathy on the other
side had it on the newly tested contralateral side, is consistent with the concept that idio-

pathic mononeuropathy at the cubital tunnel is a structural, slowly progressive disease.

Conclusions

The high rate (39%) of patients with a working diagnosis of clinical CubTS that had no
measurable neuropathology, with no difference between specialists and non-specialist
referring physician, suggests a potential role for improved diagnostic criteria (clinical pre-
diction rule). A test has better diagnostic performance characteristics when the pre-test
likelihood of diagnosis is higher. Ordering a test because one is confused and uncertain
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often has more potential for harm than benefit. Therefore, ordering a test to confirm a
likely diagnosis is preferred. If we can agree that mild UNE is best treated nonopera-
tively,”® then an improved clinical prediction rule with a higher probability of moderate to
severe UNE could limit the role of EDx, and reduce the potential for unhelpful or unnec-
essary surgery. Said differently, there seems to be a need for comfort with less specific
diagnoses in the absence of characteristic symptoms and signs. Applying a specific
diagnosis such as CubTS might be associated with less appropriate and potentially
harmful treatment strategies than a less specific diagnosis such as nonspecific arm pain

or nonspecific paresthesia.
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Abstract

Purpose

Interventions that improve a patient’s understanding of the problem and their options
might reduce surgeon-to-surgeon variation, activate healthier patient behaviors and mind-
set, and optimize stewardship of resources while improving quality of care. Patients with
carpal tunnel syndrome (CTS) have more uncertainty about which course of action to
take (so-called decision conflict) than hand surgeons. We studied patient preferences
regarding shared decision making (SDM) for different parts of the treatment for CTS. We
assessed the following hypotheses: (1) Younger age does not correlate with a preference
for greater involvement in decisions; (2) Demographic and socioeconomic factors are
not independently associated with (A) preferences for decision making (separated into
preoperative, operative, postoperative, and the full SDM scale) and (B) the Control Pref-
erence Scale; (3) the SDM scale does not correlate with the Control Preference Scale.

Methods

We prospectively invited 113 new and postoperative patients with CTS to participate in
the study. We recorded their demographics and they completed the SDM scale and the
Control Preference Scale.

Results

The full SDM scale and all subsets showed a patient preference toward sharing the
decisions for treatment with the surgeon with a moderate tendency toward patients
wanting more surgeon involvement in decision making. On multivariable analysis, having
commercial insurance compared with Medicare was independently associated with a
preference for less surgeon involvement (ie, higher SDM scores) in decision making

(regression coefficient, 0.60; 95% confidence interval, 0.03-1.2).

Conclusions
Patients with CTS generally prefer to share decisions with their surgeon with a tendency

for more surgeon involvement especially in the operative and postoperative period.

Clinical relevance

Decision aids and preference elicitation tools used to ensure diagnostic and treatment
decisions for CTS that are aligned with patient preferences are needed. Future studies
might address the routine use of these tools on patient outcomes.
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Introduction

Evidence-based practice combines patient preferences with the best available scientific
evidence and clinical expertise.! Patient-centered care embodies physicians’ interest in
an individual's preferences based on their values and attempts to verify patient under-
standing of their illnesses.}® Over the years, decision making has transformed from a
paternalistic model (1-way exchange of information from physician to patient), a health-
provider-as-agent model (physician chooses treatment based on what he or she believes
is in the patient’s best interest), an informed decision-making/consumerist model (patient
makes a decision after learning the risks and benefits of the options), to a shared deci-
sion-making (SDM) model (all parties [physician, patient, and patient relatives] participate
in the process and all share their unbiased information and values, ending in the final
step of sharing a treatment decision on which all agree).*'! The key to effective SDM
is clear and open communication and a trusting relationship to become familiar with a
patient’s values. Although there are known logistical challenges and barriers to following
a structured process for SDM, it is imperative to correct misconceptions and to ensure
that patient choices are consistent with their values and preferences.

Interventions that improve a patient’s understanding of the problem and their options
can increase the likelihood that choices are consistent with their values and not based on
misconceptions or biases (eg, friends, family, or surgeon). These types of interventions
might also reduce surgeon-to-surgeon variation,’>*” which can be utilized as a measure
of the effectiveness of SDM and the relative influence of surgeon preferences, bias, and
incentives. In addition, care based on evidence and patient values is our best opportunity
to optimize stewardship of resources. For instance, an infirm patient with carpal tunnel
syndrome (CTS) that is averse to surgery may choose nonsurgical treatment, despite
continued nerve damage. Evidence to date shows positive results of patient-centered
care — including patient participation in SDM — including improvements in health out-
comes, quality of life, and satisfaction and adherence with treatment plans in part by
reducing decision conflict.1-57-91118-20 Decision conflict — a state of uncertainty about the
course of action to be taken — can be greater when there is debate regarding optimal
treatment or when clinician and patient biases differ in meaningful ways.®?%22 Tools like
decision aids are intended to reduce decision conflict.

When there is inconclusive evidence regarding diagnostic and treatment options,
physicians can help patients choose options most in line with their values and preferenc-
es.? In the management of CTS, there are several areas of debate that can contribute to
uncertainty about which course of action to take, including the role of electrodiagnostic
testing, use of corticosteroid injections, or considering surgery when the electrodiag-
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nostic test results are normal.>¢ Hand surgeons consider CTS relatively straightforward
and tend to have less decision conflict than their patients.® A study among 103 hand
surgeons and 79 patients with CTS revealed that, when citing advantages of treatment,
patients ranked “Does not involve surgery” highly, whereas surgeons found “No major
risks or side effects” most important.?? Tests such as electrodiagnostic tests and imaging
and treatments such as orthosis wear or steroid injection are discretionary and prefer-
ence-sensitive, a situation well suited to SDM.3>

We wanted to test patient preferences regarding SDM for various aspects of the
treatment of CTS. We therefore assessed (1) the correlation between younger age and
wanting more shared decisions; (2) whether demographic and socioeconomic factors
are independently associated with (A) preferences for SDM (separated into preoperative,
operative, post- operative, and the full scale), and (B) the Control Preference Scale; and

(3) if the SDM scale correlated with the Control Preference Scale.

Materials and Methods

Study design

After institutional review board approval of this cross-sectional, observational, cohort
study, we prospectively enrolled 113 patients over the course of 5 months. Patients
were evaluated by 1 of 3 hand surgeons (D.R., G.A.V., and L.M.R.) at 3 orthopedic
surgery offices in a large urban area. We included all new and follow-up, English- or
Spanish-speaking adult patients with electrodiagnostically confirmed CTS or with a very
high likelihood of having CTS, based on a CTS-6 score of 12.5 or greater. We excluded
patients who were not fluent in English or Spanish or who could not provide informed
consent. Research assistants, who were not involved in treatment, described the study
to eligible patients before or after the visit with the surgeon. We were granted a waiver
of documentation of informed consent.

Outcome measures

Patients were asked to complete a set of questionnaires in the following order: (1) a
demographic illness questionnaire consisting of age, sex, native language (English or
Spanish), race/ethnicity, marital status, level of education, work status, insurance, annual
yearly household income, type of visit (first/ preoperative visit or follow-up/postoperative
visit), side(s) of CTS, and previous carpal tunnel release; (2) the SDM scale; and (3) the
Control Preference Scale.
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Two fellowship-trained hand surgeons from the Hand Surgery Quality Consortium
(of which one is an author [D.R.]) identified the most common decisions made during the
surgical treatment course of CTS and created a process map consisting of 27 questions
(Appendix A). It addresses questions for various decisions that need to be made during
the course of diagnosing and treating CTS including type of imaging, surgery, date/time/
location of surgery, anesthesia modality, antibiotics, suture type, dressing type, pain med-
ication, rehabilitation protocols, and return to work. We adapted the Control Preference
Scale to be scored on a scale from -5 (“Only my doctor”) to 5 (“Only me”), with 0 being a
preference for SDM (“My doctor and | together”). The total score is the overall decision
score and is the sum of all decision ratings divided by the number of questions (27 for
the full scale). We interpreted the scores as preferring the surgeon to decide (more) for
scores ranging from -5 to -1.7, a preference for SDM for scores ranging from -1.7 to 1.7,
and scores ranging from 1.7 to 5 as preferring letting the patient decide more. The internal
consistency of this new scale was excellent (Cronbach alpha, 0.92).

The Control Preference Scale was used as an overall measure to assess patients’
preferences for desiring shared-decisions (Appendix B).?* Patients were asked to indicate
1 of 5 cards that indicated their preferred role when making medical decisions. The first
2 cards indicated preference for letting the patient decide, the third one a completely
shared decision, and the final 2 a preference for letting the surgeon decide. The Control
Preference Scale was developed for participants to make paired observations and cal-
culating an overall SDM score.?* We asked patients to indicate 1 card that best described
their preferences. The scores ranged from -2 to 2 and we inverted the scores at the end
to point both scales in the same direction (ie, positive scores indicate patients want to
be more involved in the decisions). The Control Preference Scale can be adapted to
various fields of medicine and internal consistencies have been found to be acceptable
(Cronbach alpha, 0.72-0.74).25:26

All questionnaires were administered on an encrypted tablet via REDCap (Research
Electronic Data Capture: a secure Web-based application for building and managing
online surveys and data- bases), a secure, Health Insurance Portability and Accountability
Act (HIPAA)—compliant electronic platform.?”

Study sample

No patients were excluded from analysis. The mean age of the 113 patients was 56 + 15
years, 33 (29%) were men, and the majority (n = 107; 95%) was native English-speaking
(Table 1). About 1 in 5 patients (n = 24; 21%) had experienced a previous carpal tunnel
release.
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Table 1. Patient and Clinical Characteristics*

Variables n =113
Age, y (range) 56 + 15 (21-87)
Men, n (%) 33 (29)
Native language, n (%)

Spanish 5(5.3)

English 107 (95)
Race/ethnicity, n (%)

White 68 (60)

Latino/Hispanic 23 (20)

Black/African American 14 (12)

Other 8 (7.1)
Marital status, n (%)

Married 77 (68)

Divorced/separated/widowed 21 (19)

Single 15 (13)
Level of education, n (%)

High school or less 23 (20)

Some college 39 (35)

College graduate 32 (28)

Master’s degree or more 19 (17)
Work status, n (%)

Employed 61 (54)

Retired 35 (31

Unemployed/disabled 17 (15)
Insurance, n (%)

Commercial/military 65 (58)

Medicare 36 (32)

Public safety net/no insurance 12 (11)
Income, n (%)

< $50,000 40 (35)

$50,000-$99,999 33 (29)

$100,000-$199,999 21 (19)

> $200,000 19 (17)
Type of visit, n (%)

First/preoperative visit 77 (68)

Follow-up/postoperative visit 36 (32)
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Table 1. Continued.

Variables n=113
Side CTS, n (%)
Unilateral 56 (50)
Bilateral 57 (50)
Previous CTR, n (%) 24 (21)

Control Preference Scale, n (%)
A: | prefer to leave the decision to my doctor 54.4)

B: | prefer my doctor makes the selection after
considering my opinion

C: My doctor and | should decide together 55 (49)

28 (25)

D: | prefer to make the selection after considering

my doctor’s opinion 23 (20)

E: | prefer to make the selection of the treatment 2 (1.7)
SDM cards continuous (possible range -2 to 2), (range)  -0.10 + 0.83 (-2.0-2.0)
SDM total (possible range -5 to 5), (range) -21+ 1.4 (-5.0-1.5)

SDM preoperative -1.4 £ 1.7 (-5.0-5.0)

SDM operative -1.9+1.6 (-5.0-1.7)

SDM postoperative -2.6 £ 1.7 (-5-0.77)

*Continuous variables as mean + SD (range); Discrete variables as number (%).
CTS: carpal tunnel syndrome; CTR: carpal tunnel release; SDM: shared decision-making.

Statistical analysis

The distributions of continuous variables and assumptions concerning normality were as-
sessed to determine the appropriateness of the statistical tests. Continuous variables are
presented as mean + SD and discrete data as proportions. We used Pearson correlation
tests for the relationships between continuous variables, 1-way analysis of variance tests
to compare continuous variables between more than 2 groups, Student t tests to assess
differences between continuous variables, and Fisher exact tests for discrete variables.
We created 3 multivariable linear regression models to assess factors independently
associated with (1) the full SDM scale, (2) the postoperative SDM subscale, and (3) the
Control Preference Scale. We included all variables with P less than .10 on bivariate
analysis in the final models (Appendix C). We did not create multivariable models for
the preoperative and operative SDM subscales (all variables P > .10). The regression
coefficient (b) indicates the change in the value of a dependent variable corresponding
to the unit change in the independent variable. The higher the absolute value of the
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coefficient, the stronger the effect of the relationship. There is no fixed cutoff score. Ad-
justed R? values indicate the amount of variability in the dependent variable accounted
for by the model. Semipartial R? expresses the specific variability of a given independent
variable in the model. We considered P less than .05 significant.

An a priori power analysis indicated that 113 patients would provide 90% statistical
power (with alpha set at 0.05) to detect a correlation between younger age and wanting
more shared decisions.

Results

Overall, the full SDM scale (-2.1 + 1.4) and all subsets (-1.4 £1.7;-1.9 +1.6; and -2.6 + 1.7
for preoperative, operative, and postoperative, respectively) showed a patient preference
toward partially sharing the decisions for treatment with the surgeon with a moderate
tendency toward more surgeon involvement (Table 1). Patients chose a neutral role (ie,
surgeon and patient take equal roles in decision making) when looking at the Control
Preference Scale (-0.10 + 0.83).

Correlation of age and SDM
Age had a weak, inverse correlation with the postoperative SDM subscale only on bivar-
iate analysis (r = -0.21; P < .05; Appendix C).

Factors associated with SDM
Having commercial or military insurance (compared with Medicare) was independently
associated with wanting less surgeon involvement (ie, higher SDM scores) in decision
making on the full SDM scale, after accounting for potential interaction of variables using
multivariable analysis (regression coefficient [b], 0.60; 95% confidence interval [95% Cl],
0.03-1.2; P < .05; partial R? = 0.04; adjusted R? full model = 0.03; Table 2). There are no
fixed cutoff scores for the beta regression coefficients. For example, this model shows
that patients with commercial or military insurance are expected to have a 0.60 higher
score on the full SDM scale (ie, wanting to have less surgeon involvement in decision
making).

No variables were independently associated with the postoperative SDM subscale
(Table 2).
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Correlation of the SDM measures

The SDM scale and the Control Preference Scale correlated moderately (r = 0.35; P <
.05; not in table). Other interquestionnaire correlations between the full SDM scale, the
SDM subscales, and the Control Preference Scale ranged from weak to strong correla-
tions (r = 0.24-0.89) and were all P < .05 (not in table).

Discussion

Patients with CTS have more uncertainty about which course of action to take (so-called
decision conflict) than hand surgeons.® The choice of treatment strategy is based on
one’s values and assessment of the probabilities of various outcomes. In other words,
CTS is a preference-sensitive condition in which SDM is important. We found that pa-
tients with commercial or military insurance wanted less surgeon involvement in the
decision-making process.

This study has some limitations. First, the majority of our patients visited their hand
surgeon for the first time. It might be that patients have not yet built a solid, trusting rela-
tionship with their hand surgeon and initially want to decide more themselves until they
have established this relationship with their hand surgeon. Second, we did not assess
symptom severity. It might be that patients who have more symptoms want to be more
involved in decision making than patients with minimal symptoms, as Roh et al® found
in a study of 149 patients with CTS using the Control Preference Scale. Third, we did
not assess health literacy. Poor health literacy is sometimes related to a more passive
patient role in surgical decision-making in CTS.® Fourth, the original Control Preference
Scale was made for participants to make paired observations of preferences for SDM
or to put them in ranking order. However, we asked patients to only address their most
preferred role in the decision-making process. This might have skewed some of the data.
In addition, whereas one might assume that most patients would prefer to share the
decision equally with their surgeon, many patients preferred more or less involvement:
4.4% surgeon only, 25% (surgeon decides with patient’s opinion in mind, 49% neutral,
20% patient decides with surgeon’s opinion in mind, and 1.8% patient only, respectively).
Fifth, because of the limited associations on bivariate analysis, we only created 3 out of
5 possible multivariable models to assess independent factors associated with SDM and
the Control Preference Scale. It might be that other patient factors not assessed in this
study have associations with SDM. For example, the geographical location of patients

could influence decision-making because costs for treatments vary substantially within
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and between countries. Because this study was done in one large urban area, we were
not able to test these influences on SDM. Finally, the SDM scale was adapted from the
Control Preferences Scale specifically for this study; its internal consistency was excellent
(Cronbach a, 0.92). Although the process map was made for common decisions during
care for CTS, it is possible that patient involvement would have identified additional
decisions that warrant exploration.

The finding that most patients want to share decisions equally with their surgeon is
consistent with a study of 78 patients who underwent carpal tunnel release that found
76% preferred a shared decision for surgery, 6% to decide more on their own, and 18%
wanted the surgeon to decide.® In a study surveying hand surgeons and patients with a
trigger finger, surgeons wanted to share decisions, but patients preferred to make their
own choices after receiving all information from the surgeon.? Among 101 patients
undergoing elective vascular surgery, 90% of patients wanted to discuss all treatment
options and wanted to make the final choice for treatment together with their physician.2
Several factors may account for these varied preferences for SDM. For instance, patients
with greater out-of-pocket expenses may seek greater involvement in decision making. In
addition, perhaps older patients and patients with greater socioeconomic deprivation are
more deferential. A recent study surveying 117 orthopedic patients seeing surgeons of
all subspecialties found no patient demographic factors associated with either observed
or perceived patient involvement in decision making.** The weight of evidence — in both
CTS and other diagnoses — suggests that surgeons should take specific steps to ensure
that patients feel involved in decision making.

Age had no independent influence on decision preference in this study, perhaps
because it is confounded with Medicare insurance. This is consistent with a study of
adults aged 65 years and older with hand conditions that found that 81% preferred a more
patient-directed role on the Control Preference Scale.” Because age and Medicare are
associated, we cannot discern whether the type of insurance is a factor beyond age. In
a tertiary (exploratory) analysis, we checked a multivariable model excluding insurance
and age was not significant, suggesting that age did not influence SDM.

This study, and the weight of evidence to date, suggests that patients with CTS gen-
erally prefer to share decisions with their surgeon. In our opinion, one potential reason
for the notable observed variations in care between surgeons may be surgeon biases
and perhaps uncorrected misconceptions are having more influence on decision-making
than patients desire. It can be difficult to convey expertise based on current best evi-
dence in an unbiased way with limited time in the office. All humans (both surgeons and
patients) have biases. It may take some effort to identify patient values and ensure that
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decisions are consistent with those values. Future research might measure the influence
of specific communication strategies or tools intended to help patients feel welcomed
in the decision process, and specifically to help them explore their values, understand
surgeon habits and biases, and neutralize biases and misconceptions using adjuncts
to the clinician-patient discussion. The use of decision aids, preference elicitation tools,
question prompt lists, and other tools merit additional study.
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Appendix A. Shared Decision-Making Questions

The following questions include examples of various decisions that need to be
made during the course of diagnosing and treating carpal tunnel syndrome. We are
asking you to give us your opinion on who should be making these decisions: you,
your doctor, or a shared decision between the two of you for each of the following
decisions. Scores range from 0 to 10:

Only my doctor My doctor and | together Only me
-5 -4 -3 -2 -1 0 1 2 3 4 5
1. Who should decide about the use of additional testing to confirm the diagnosis from

the physical exam? Examples of additional tests include a nerve test or an ultra-
sound.

2. Who should make the decision if | should have surgery?

3. Who should decide if | receive a steroid injection into the carpal tunnel as an alternate
to surgery?

4. Who should decide if | need to immobilize my wrist prior to surgery and when to
wear it? Examples of wrist immobilization include a wrist brace, which can be worn
at night only or all the time.

Who should decide which lab tests are needed before surgery?

Who should make the decision if | need to see my primary care provider or a spe-
cialist before surgery to make sure I'm safe for surgery?

7.  Who should decide whether or not | use a special soap to clean my skin at home
before surgery?

8. Who should decide if | need to see a hand therapist before surgery?

Who should decide when my surgical treatment is scheduled? Examples include
time of the day and day of the week.

10. Who should decide where my surgery takes place?

11. Who should decide what type of anesthesia | receive for surgery? Examples of
anesthesia include asleep during surgery, sedation, and local.

12. Who should decide what type of surgical technique and approach is used? Examples
of surgical techniques include an open carpal tunnel release and an endoscopic
carpal tunnel release.

13. Who should make the decision if | need to have pre-surgery antibiotics?

14. Who should decide what type of suture is used to close the incision? Examples
include dissolvable and non-dissolvable sutures.

15. Who should decide if | need to immobilize my wrist right after surgery with a wrist
brace?

16. Who should decide how long the dressing stays on my wound? Examples include 3
days after surgery or 2 weeks after surgery.

17. Who should decide when | can start using my hand for daily function?
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18.
19.
20.

21.
22.
23.
24.
25.
26.
27.

Who should decide when | can start moving my wrist?
Who should decide when | can get my wound wet in the shower?

Who should decide how | do my therapy? Examples include seeing a physical ther-
apist OR being taught by my surgeon to do my own exercises.

Who should decide what type of post-surgery pain medication | receive?

Who should decide when my first return visit is to the surgeon’s office?

Who should decide whether or not | use virtual care after surgery?

Who should decide when | stop seeing my surgeon for follow up appointments?
Who should decide when | can start doing forceful things like heavy lifting?
Who should decide when | can return to work or school?

Who should decide when | can return to normal activities? Examples of activities
include sports.

Questions 1-8 are preoperative, questions 9-14 are operative, and questions 15-27 are
postoperative.
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Chapter 7

Abstract

Background

Despite studies demonstrating the effects of out-of-pocket costs on decision-making,
the effect of societal cost information on patient decision-making is unknown. Given the
considerable societal impact of cost of care for carpal tunnel syndrome (CTS), provid-
ing societal cost data to patients with CTS could affect decision-making and provide a
strategy for reducing national health care costs. Therefore, we assessed the following
hypotheses: (1) there is no difference in treatment choice (surgery vs no surgery) in a
hypothetical case of mild CTS between patients randomized to receive societal cost
information compared with those who did not receive this information; (2) there are no
factors (eg, sex, experience with a previous diagnosis of CTS, or receiving societal cost
information) independently associated with the choice for surgery; and (3) there is no
difference in attitudes toward health care costs between patients choosing surgery and
those who did not.

Methods

In this randomized controlled trial using a hypothetical scenario, we prospectively enrolled
184 new and return patients with a nontraumatic upper extremity diagnosis. We recorded
patient demographics, treatment choice in the hypothetical case of mild CTS, and their
attitudes toward health care costs.

Results

Treatment choice was not affected by receiving societal cost information. None of the
demographic or illness factors assessed were independently associated with the choice
for surgery. Patients declining surgery felt more strongly that doctors should consider

their out of-pocket costs when making recommendations.

Conclusions

Providing societal cost information does not seem to affect decision-making and may not
reduce the overall health care costs. For patients with CTS, health policy could nudge
toward better resource utilization and finding the best care pathways for nonoperative
and invasive treatments.
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Introduction

Americans spend more than twice as much per capita on health care than other de-
veloped countries.! In the United States, health care costs are more than $10,000 per
capita, surpassing $3 trillion of national expenses in 2016.2 Because of this rise of health
care expenditures without demonstrated improvement in quality of care, it is increasing-
ly important to optimize treatment strategies and patient outcomes without increasing
costs.®% A survey in 2012 among 2,556 physicians revealed that most believed trial
lawyers, health insurance companies, hospitals and health systems, pharmaceutical
and device manufacturers, and patients should take responsibility to reduce health care
costs.® Although aware of the costs of care, only 36% of physicians believed they them-
selves had a major responsibility to reduce them.® Health policy research suggests that a
major part of expenses (30%-50%) comes from waste: overuse of services, preventable
complications, and inefficient health care processes.* Cost-conscious decisions thus
seem necessary for health care sustainability. Many options exist to divide responsibility
of stewardship, including the larger stakeholders, such as the government and insurance
companies, and on a smaller clinical or provider patient level.*578

Despite some studies demonstrating the effects of out-of-pocket costs on patient deci-
sion making,®*° evidence is lacking on whether patients consider societal costs when they
decide on treatment options for themselves in orthopedic surgery. In conditions where
there is notable variation in the diagnostic and treatment strategies, patient education to
understand the condition and the costs and benefits associated with each option has the
potential to help optimize resource utilization. Carpal tunnel syndrome (CTS) is a common
condition,*>'*-2° with about 600,000 carpal tunnel release (CTR) procedures accounting
for more than $2 billion annually in the United States.3131417-22 |n England, between
2014 and 2015, 54,000 surgical decompressions of the carpal tunnel were performed
at a cost of £46 million (a little over $58 million) to the National Health Service (NHS)
and are predicted to increase 2-fold by 2030.26 Multiple studies have been conducted
about the cost-effectiveness of the different treatment methods, showing trends that
nonoperative treatments are a relatively inexpensive means to reduce symptoms in the
short term, but CTR appears to be, both in clinical outcomes and in cost-effectiveness,
better in the long term.313:23.24

Given the notable financial impact of CTS treatment and known variation in care, it
serves as an opportunity to reduce national health care costs. Especially for patients
with mild CTS, studying different factors like the influence of patients wanting to try non-
operative treatments initially, taking the risks of surgery, or out-of-pocket and societal
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costs into consideration, could direct patient decision-making to a more cost-effective
treatment (while still delivering patient-centered care). The purpose of this study was to
determine whether the provision of total annual societal cost information for CTR would
affect patients’ decisions to undergo surgical management in CTS, using a hypothetical
scenario. Therefore, we assessed whether patients randomized to receive total societal
cost information were equally likely to choose CTR over splinting in a case of mild CTS,
compared with those who did not receive this information. Second, we evaluated factors
(eg, sex, experience with a previous diagnosis of CTS, or receiving societal cost infor-
mation) independently associated with the choice for CTR. Finally, we assessed whether
attitudes toward health care costs differed between patients choosing CTR and those
who did not. As it has been shown that patients often give higher valuations when they
have a certain condition than participants presented with hypothetical cases,? we includ-
ed both patients presenting with CTS and patients presenting with another diagnosis to
test for differences in treatment decisions.

Materials and methods

Study design

After institutional review board approval of this observational, randomized controlled trial
(RCT), we prospectively invited 184 adult, new or follow-up, English-speaking patients
with a nontraumatic upper extremity condition over the course of 3 months. Patients were
seen by 1 of the 6 hand surgeons at 4 orthopedic surgery offices in 2 large urban areas.
We included patients aged 18 to 89 years, with or without CTS, and able to give informed
consent. We excluded patients with a traumatic mechanism of injury or with language
barriers. Research assistants who were not involved in treatment described the study to
eligible patients before or after the visit with the surgeon. We were granted a waiver of
documentation of informed consent. After consent, on-site, simple unblocked random-
ization using an Excel random number generator was performed to direct the patient to
the respective cohorts: cost versus control cohort (Figure 1). This study is registered in
clinicaltrials.gov (ID NCT03880812).2¢
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184 patients
randomized

2 patients excluded
since they did not
finish the survey

90 (49%) patients
reviewed societal cost
information (cost
cohort)

92 (51%) patients did
not review societal
cost information
(control cohort)

Figure 1. Randomization scheme of reviewing societal cost information for the included
patients.

Outcome measures
Based on similar other studies,2?” we designed a survey with a hypothetical scenario.
Patients were asked to complete a set of questionnaires in the following order: (1) a
demographics and illness questionnaire consisting of age, sex, race/ethnicity, marital
status, level of education, work status, insurance, annual household income, currently
visiting their surgeon for CTS, and experience with previous contralateral diagnosis of
CTS —if so, previous contralateral CTR; (2) choice for initial treatment based on a hypo-
thetical mild CTS scenario and a short rationale for the choice; and (3) attitudes toward
health care costs.

All patients, whether currently visiting their surgeon for CTS or not, were presented
a hypothetical case of mild CTS (Appendix 1). We developed this scenario based on
clinical experience that described (nocturnal) symptoms of numbness and tingling and
2 treatment choices: CTR or wrist splinting, with pros and cons for each option. In addi-
tion, patients were randomized to review total annual societal cost information for CTR
procedures in the United States. This information was based on current data.**?° We did
not distinguish between different surgical approaches (open vs endoscopic) or number
of subsequent visits needed. After reviewing the case, patients were asked to indicate
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whether they would choose surgery (more expensive) or splinting (less expensive). Scor-
ing was measured on a 6-point ordinal Likert scale (ranging from 1 = “definitely not” to
6 = “definitely”). Patients were asked to give a short rationale for their choice. Two re-
searchers independently grouped patients’ rationale, and consensus was made in case
of discrepancy (Appendix 2).

Finally, we assessed attitudes toward health care costs by measuring agreement
with various statements. These statements were similar to those previously used to test
differences between patients choosing more expensive treatments and those who did
not in other specialties.®?” Each statement was answered on a 6-point ordinal Likert scale
(ranging from 1 = “strongly disagree” to 6 = “strongly agree”).

All questionnaires were administered on an encrypted tablet via secure, Health
Insurance Portability and Accountability Act—compliant electronic platform: REDCap
(Research Electronic Data Capture: a secure Web-based application for building and
managing online surveys and databases).?®

Study population

Two (0.01%) patients were excluded from analysis because they did not complete the
survey. The mean age of the patients was 52 + 16 years, and 83 (46%) were men (Table
1). Fifty-two (29%) presented with CTS, and 28 (15%) had experience with a previous
contralateral diagnosis of CTS. Randomization to reviewing annual societal cost informa-
tion ended up in a near 50-50 distribution, with 90 (49%) patients in the cost cohort. Only
9 patients (4.9%) mentioned costs in the rationale for their treatment choice, of which 7

(78%) were in the cost cohort.

Table 1. Patient and Clinical Characteristics

Variable n=182
Age,y 52 + 16 (18-80)
Men 83 (46)
Race (self-described)
White 131 (72)
Non-white 51 (28)
Marital status
Married/domestic partnership 115 (64)
Single 33 (18)
Divorced/separated/widowed 33 (18)
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Table 1. Continued.

Variable n =182
Level of education
High school or less 46 (25)
2-years of college 34 (17)
4-years of college 44 (24)
Post-college graduate 58 (32)
Work status
Employed 126 (69)
Retired 38 (21)
Unemployed/disabled 18 (10)
Insurance status
Private/commercial 111 (61)
Medicare 47 (26)
Other 16 (8.8)
None 8 (4.4)
Yearly incomet
Less than $50,000 37 (22)
$50,000-$99,999 48 (28)
$100,000-$149,999 38 (22)
$150,000-$199,999 18 (10)
More than $200,000 32 (19)
Presenting with CTS 52 (29)
Previous contralateral diagnosis of CTS 28 (15)
Contralateral prior CTR 14 (50)
Viewing cost information 90 (49)
Mentioning costs in rationale 9 (5.0)

Continuous variables as mean + SD (range); Discrete variables as number (percentage);
in = 173 (95%); CTS: Carpal tunnel syndrome; CTR: Carpal tunnel release.

Statistical analysis

Continuous variables are presented as mean + standard deviation and discrete data as
proportions. Differences between demographics for the cost and control cohort were not
assessed as per standard practice for RCTs. We used Student t tests to assess differ-
ences between continuous variables and dichotomous variables, Fisher exact tests for
discrete variables, and Mann-Whitney U tests for categorical variables. We dichotomized
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our primary dependent variable (treatment choice) for bivariate and multivariate analysis,
with choices of 1 to 3 (“definitely not, probably not, and maybe not,” respectively) indi-
cating “no surgery” and 4 to 6 (“maybe, probably, and definitely,” respectively) indicating
“surgery.” We created a multivariate logistic regression model to assess factors inde-
pendently associated with the choice for CTR. We included all variables with P < .10 on
bivariate analysis for the entire cohort in the final model (Appendix 3). As no variables
were associated with the choice for CTR on bivariate analysis with the subcohort of the
CTS population nor with the non-CTS subcohort, we did not create multivariable models
for those. The odds ratio indicates the odds of choice for surgery in one group compared
with another for categorical variables, or a per-unit increase for continuous variables. The
higher the absolute value of the ratio, the stronger the effect of the relationship. The C
statistic is a measure of model fit and is similar to the area under the receiver operating
characteristic curve. We considered P < .05 significant. When an out-of-pocket cost
information about a new chemotherapy drug was shown in a study by Howe et al,® the
smallest change in decision was 24%. It has been estimated that surgery is performed
in approximately 40% of all CTS cases, which is consistent with most hand surgeons
reporting that more than 50% of patients with CTS are managed nonoperatively prior to
surgery.!># Assuming that a base rate of 50% of patients choose surgery, a total of 168
(84 per cohort) patients were needed to provide 90% power, with a set at .05, to detect
a difference of at least that magnitude in proportions between the 2 cohorts. To account
for 5% to 10% incomplete data and to include enough patients with a history of CTS, we
enrolled 184 patients. We aimed for a 50-50 randomization into each cohort (ie, cost vs

control cohort).

Results

Treatment choice based on societal cost information

Treatment choice was not affected by receiving societal cost information (Table 2). This
was also the case in a subgroup analysis of patients presenting with CTS and patients
presenting without CTS. After dichotomization of the 6-point ordinal scale into a yes or
no in favor of surgery, the results remained the same.
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Factors associated with choice for CTR

Level of education, presenting with CTS, and experience with a previous contralateral
diagnosis of CTS were included in the multivariable logistic regression model based
on bivariate analyses. We also included reviewing the annual societal cost information
because this was the variable of interest. However, none of these factors were inde-
pendently associated with initially choosing CTR over splinting (Table 3).

Attitudes toward health care costs

Patients not opting for CTR had more definite agreement on the statement “My doctor
should consider my out-of-pocket costs as he or she makes a medical decision” than pa-
tients opting for CTR (P = .016; Table 4). Overall, patients had high agreement (minimum
57%) with most health care attitude statements, with 94% of patients indicating that the
cost of health care is one of the biggest problems facing the United States.
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Discussion

As CTS and its treatment account for a notable amount of health care costs in hand sur-
gery, studying different strategies to reduce costs without compromising quality of care
can inform to improve value of care. We studied the influence of showing annual societal
costs associated with CTR to patients with and without CTS, using a scenario of mild
CTS, and assessed patients’ overall attitudes toward health care costs. We found that
treatment choice was not affected by receiving societal cost information, and patients
indicated high agreement with most health care statements, especially those indicating
that the cost of health care in the United States is a major problem.

This study has some limitations. First, this study and the societal cost information
included in the hypothetical scenario are based on US data only, therefore limiting gen-
eralizability to other (developed) countries. For example, in the United States, cost for
nonoperative treatment of CTS by itself is less expensive than operative treatment;
however, cost effectiveness in the long term favors CTR.32° In contrast, in the Neth-
erlands, the cost of CTR might be the same or even lower than the cost of a (custom)
wrist splint.?2* When comparing the United States with Canada, we also find differences
in health care systems: the United States tries to minimize wait times but has increased
costs, whereas Canada has extended wait times but has a publicly funded, single-payer,
universal health insurance with lower overall health care costs and similar life expectancy
and outcomes for certain conditions.*® A study comparing the health care systems for
CTS using all direct and indirect costs associated with treatment favored the cost-effec-
tiveness of the US system, with a gain in quality-adjusted life years based on the shorter
wait times.2° These examples highlight the heterogeneity of societal costs associated
with CTS. Second, patients’ preferences can vary based on perspective. Preferences
and priorities can change when patients are asked to choose for themselves, for others,
or for society.? Responses to hypothetical scenarios may not correspond with actual
decisions when truly facing these symptoms.® Therefore, we included both patients with
and without CTS to test these differences. In addition, these results might also defer
when questioning patients presenting with a different — than an upper extremity muscu-
loskeletal — problem. Third, we only tested the influence of societal costs and the choice
for treatment if the insurance company would cover all costs. The results might differ
with added out-of-pocket cost information, deductibles, personal income and debts, or
even month of visit (patients might choose CTR more at the end of the year when the
deductibles have been met). Fourth, we did not ask about previous experience with CTR
or splinting in patients who already had experienced CTS in the past. Past experience
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might have an influence on future treatment choices and merits further study. Finally,
the attitude questions were asked at the end of the survey. This could have potentially
introduced social desirability bias.

Societal cost information did not have an influence on treatment choice in the entire
cohort nor in the non-CTS and CTS subcohorts. Our results are similar to a study ex-
amining the effect of total cost information on choosing left ventricular assist device
(LVAD) implantation.?” When analyzing patients deciding for themselves only, no effect
of exposure to cost information was found. However, when analyzing the entire cohort
including people choosing for another, they found that receiving cost information while
choosing for another increased the odds (by 42%) of choosing LVAD implantation. In ad-
dition, when reviewing rationale for treatment choice, we found that only 9 patients (5.0%)
of the entire cohort mentioned costs, of which 7 (78%) chose CTR as their preferred
treatment (included insurance coverage in rationale). This might indicate that there are
differences in the effect of costs between potential lifesaving versus elective surgeries,
and this warrants additional studies.

Although we did mention in the cost cohort that insurance would cover all costs
associated with the surgery, we did not find insurance status as a predictor of choosing
surgery. This is in contrast to previous studies that found that people fully covered for
medical costs spend about 50% more on medical services, probably taking greater risks
knowing that they are covered for these expenses.”® A cross-sectional study of costs
and patient-reported CTS severity revealed that NHS and societal costs in the 3 months
prior to enroliment, anxiety, depression, and quality of life were (positively) independently
associated with self-reported severity (6-item CTS Symptoms Scale [CTS-6]).1¢ This in-
dicates that patients use more resources when self-reported symptom intensity is more
severe, in addition to the presence of psychological factors.

Patients agreed (both with and without exposure to cost information) that the cost
of health care is one of the biggest problems facing the United States, and patients not
opting for CTR thought their doctor should consider their out-of- pocket costs more
than patients opting for CTR. This is similar to previous findings®?” and might indicate a
patient’s personal financial health situation (rather than an attitude toward society) or an
understanding of a financial burden to society, but with the belief that the patient should
not be accountable for cost containment. In a survey among previous breast cancer
patients, disclosure of out-of-pocket costs and provider profits had a significant impact
on patients’ expressed interest in an array of cancer care services, prompting them to
prefer less invasive care options.® It is suggested that patients should play a role in the
stewardship of resources,>® and the increasing transparency of health care costs allows
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patients to have more input in decision-making that affects their own out-of-pocket costs.
However, a focus group study found participants were unwilling to consider costs when
deciding between nearly comparable options (marginally different effectiveness, but
substantial price difference), acting out of self-interest though recognizing that they may
be depleting limited resources.®

Providing societal cost information did not seem to affect decision-making and may
not reduce overall health care costs in patients with CTS. However, this is only one part
studied in the cost process, and patients might choose differently when considering other
costs such as the out-of-pocket expenses and deductibles. To address increasing health
care costs, health systems are looking for alternate payment models and more efficient
and cost-effective health care models.}%8171930 England recently set forth a proposal to
reduce coverage for many procedures as a way of eliminating waste.®* However, elim-
inating waste is easier said than done.* Cost reduction could take place in conditions
where there is a notable variation in diagnostic and treatment strategies, as is the case
with (mild) CTS in hand surgery. In England, NHS and societal costs increase with 8%
and 18%, respectively, for every point increase on the self-reported CTS-6 scale,* in-
dicating a potential area of lowering costs by identifying and treating the problem at an
earlier stage. In the United States, substantial cost reductions could take place by using
a different value-based health care approach. For example, for patients with CTS, health
policy could nudge toward better resource utilization by regulating surgery locations
(freestanding ambulatory surgery center vs hospital), techniques (open vs endoscopic),
anesthesia (local or local with sedation vs general), and finding the best care pathways

for nonoperative and invasive treatments.1#:15:17:19-21.29.30
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Appendix 1. Case Scenario With Randomized Cost Information

Imagine your thumb, index, and middle fingers
get numb at night. This wakes you up at night
and you lose sleep. The doctor tells you that you
have mild carpal tunnel syndrome.

You have 2 treatment options:

Option 1: Surgery. Surgery cures carpal tunnel
syndrome. A 1-to-2 inch cut in your palm is
made and the ligament pressing on the nerve is
cut. After surgery, you'll sleep better and keep
your nerve function. There is a very small risk —_—
of injuring the nerve permanently. The wound
might open a little or get a small infection and

the scar is tender for 6 to 12 months.

Option 2: Splint. Wearing a splint at night can help you sleep. It keeps your wrist straight
and your fingers won't go numb. The splint does not cure carpal tunnel syndrome. A splint
may be able to delay surgery for many years.

(Randomized cost information)

Assume the cost of surgery is about $2,000. There are over 400,000 carpal tunnel
release surgeries performed in the United States each year. That's around $1 billion in
costs to society. Assume your insurance will pay for all the cost.

Now that you have learned about the benefits, risks, and alternatives of surgery, we
want to know what decision you would make if you were in this situation. Keep in mind
that there is no right or wrong answer. This is a decision that should be based on your
personal values, goals, and preferences.

Should you have the surgery right now?

1. Definitely not

2. Probably not

3. Maybe not

4. Maybe

5. Probably

6. Definitely

Briefly, why did you make the choice you did?
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Chapter 8

Abstract

Purpose
To test the null hypothesis that exposure to societal cost information does not affect
choice of treatment for carpal tunnel syndrome (CTS).

Methods

We enrolled 304 participants using the Amazon Mechanical Turk platform to complete a
survey in which participants were given the choice between carpal tunnel release (CTR)
or a less-expensive option (orthosis wear) in a hypothetical mild CTS scenario. Patients
were randomized to receive information about the societal cost of CTR (cost cohort)
or no cost information (control). The primary outcome was the probability of choosing
CTR measured on a 6-point ordinal scale. We employed qualitative content analysis to
evaluate participants’ rationale for their choice. We also explored agreement with various
attitudes toward health care costs on an ordinal scale.

Results

Participants in the cost cohort exhibited a greater probability of choosing surgery than
those in the control cohort. The relative risk of choosing surgery after exposure to societal
cost information was 1.43 (95% confidence interval, 1.11-1.85). Among participants who
had not previously been diagnosed with CTS (n = 232), the relative risk of choosing sur-
gery after exposure to societal cost information was 1.55 (95% confidence interval, 1.17-
2.06). Lack of personal monetary responsibility frequently emerged as a theme in those in
the cost cohort who chose surgery. The majority (94%) of participants expressed at least
some agreement that health care cost is a major problem whereas only 58% indicated
that they consider the country’s health care costs when making treatment decisions.

Conclusions
Participants who received societal cost information were more likely to choose the more
expensive treatment option (CTR) for mild CTS.

Clinical relevance

Exposure to societal cost information may influence patient decision making in elective
hand surgery. A complete understanding of this influence is required prior to implementing
processes toward greater cost transparency for diagnostic/treatment options. Sharing
out-of-pocket costs with patients may be a beneficial approach because discussing
societal cost information alone will likely not improve value of care.
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Introduction

Carpal tunnel syndrome (CTS) is a common upper extremity condition for which both
orthosis wear and surgery have demonstrated clinical efficacy when the symptoms are
nocturnal and mild! Carpal tunnel release (CTR) has been shown to produce better
clinical outcomes than wrist orthosis wear alone and is often recommended in patients
who have failed nonsurgical management and/or initially present with moderate to severe
symptoms.? In contrast, wrist orthosis wear is a less-expensive treatment for CTS that
can provide symptomatic relief for a substantial proportion of patients while preserving
the option for future surgery if symptoms progress.>* When a treatment decision is
preference-sensitive, shared decision making can strengthen the physician-patient re-
lationship and may lead to improved outcomes.5>~ However, when presenting options to
patients, the physician should fully consider which treatment characteristics to present
because the selection or omission of certain characteristics can affect decision making.2°
Despite extensive literature characterizing the importance of out-of-pocket (OOP) costs
in patient decision making®*-%, little is known about the influence of knowing societal
costs on decision making.

Given the rising annual health care expenditures in the United States, surpassing $3
trilion or more than $10,000 per capita,** and finite health care resources, health care cost
containment is increasingly important. An overarching goal of value-based health care is
the reduction of the total cost of care while maintaining care quality.®® In a value-based
care model, multiple stakeholders can assume stewardship over health care resourc-
es, including government, insurance, hospitals, physicians, and patients.**-°* However,
no consensus has been reached on how the responsibility for stewardship should be
allocated.'” An early focus group study found that patients were generally unwilling to
consider costs, especially costs borne by others, in medical decision making.?® However,
participants were not asked to make a specific decision and the influence of societal costs
on decision making is likely condition dependent. A later randomized study found that an
explicit plea to reduce societal health care costs did not reduce requests for low-value
back imaging in a hypothetical scenario.?! In another randomized study on left ventricular
assist device (LVAD) implantation for heart failure, presenting societal cost information
resulted in an increased probability of choosing the more-expensive, high-risk treatment
option, an effect the authors attributed to the lack of personal financial responsibility
(direct costs were borne by insurers) and participants equating cost with quality of care.??

However, these choices involved either a clearly low-value option (back imaging) or a
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life-or-death choice (LVAD) and, thus, may not be generalizable to decisions in elective
hand surgery that are more preference-sensitive.

Despite the large societal costs of CTS?, the influence of providing patients with
information about societal costs on treatment decision making in elective hand surgery
remains unknown. Providing societal cost information in addition to OOP cost information
might be used as a strategy to improve value of care and drive stewardship of limited
health care resources. In this study, we tested the null hypothesis that exposure to
societal cost information does not alter the probability of choosing the more expensive
treatment option (CTR).

Methods

Design

We employed convergent mixed methods with an embedded integration approach in this
study. After obtaining institutional review board approval, we designed an online survey
using a case of mild CTS with intermittent, nocturnal symptoms in which participants
were asked to choose between receiving the more-expensive treatment option (CTR) or
a less-costly option (orthosis wear). Participants were randomized via simple, unblocked
randomization into 2 cohorts using Qualtrics software (Qualtrics, Provo, UT). Participants
randomized into the control cohort received the clinical vignette only. Participants in the
cost cohort received the clinical vignette and additional information about the societal
costs of CTR.

We recruited participants on the Amazon Mechanical Turk (MTurk) interface, an online
platform where registered, adult workers receive compensation for completing tasks.
Participants were compensated $0.20 for taking the survey and were paid regardless
of whether they finished the survey. A growing body of evidence has demonstrated the
validity of MTurk as a participant recruitment tool for behavioral research, including prior

work in hand surgery.?4-28

Survey

The structure of our survey was based on surveys used in similar previous studies.?%22
We developed a hypothetical scenario that described the symptoms of mild CTS with
nocturnal symptoms and 2 treatment options (CTR or wrist orthosis wear). In addition,
the cost cohort was presented with the following statement based on prior work?*2°: “The
cost of this surgery varies between $2,000 to $10,000. There are over 500,000 carpal

160



Influence of Cost Information on Treatment Choice

tunnel release surgeries performed in the U.S. each year. This amounts to over $1 billion
in costs to society. Assume that you personally will NOT pay for the surgery and that
your insurance will pay for all the cost.” Owing to the difficulty of quantifying the indirect
societal costs of CTR (eg, lost income/productivity, days off work), we only provided in-
formation on the direct medical costs of the procedure. Participants were also asked to
provide a brief rationale for their choice. We assessed attitudes toward health care costs
by measuring agreement with statements similar to those previously used to distinguish
between acceptors and decliners of expensive treatments.?-?? All surveys are available

as supplemental information (Appendix A).

Variables
The primary outcome variable was the decision to have surgery, measured on a 6-point
ordinal scale (1 = definitely not; 6 = definitely). For some analyses, we constructed a

"

dichotomized outcome variable from the ordinal scale, capturing surgery (“maybe,” “prob-

” o«

ably,” or “definitely” have surgery) versus orthosis wear (“maybe not,” “probably not,” or
“definitely not” have surgery) because the clinical decision is a dichotomous one. The
primary explanatory variable was exposure to societal cost information. We also collect-
ed the following demographic variables to evaluate the success of randomization: age,
sex, annual household income, race, employment status, education level, relationship
status, and insurance type. We evaluated attitudes toward health care costs by measur-
ing agreement with various statements on a 6-point ordinal scale (1 = strongly disagree,

6 = strongly agree).

Study sample

We randomized 304 participants into either the cost or the control cohort (Fig. 1). We
subsequently excluded 23 participants (7.6%) because they either failed to finish the
survey or finished the survey in under 60 seconds (indicating they may not have fully
read through the text; chosen a priori), leaving 138 participants in the cost cohort and 143
participants in the control cohort for analysis. Their demographics are shown in Table 1.
Forty-four participants (15.7%) had previously received a diagnosis of CTS. Of these, 9
(20.5%) had already undergone CTR. These participants with prior CTS diagnoses and/
or CTR were evenly distributed over both cohorts. Five participants (1.8%) did not know
whether they had been diagnosed with CTS.
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Figure 1. Randomization scheme.

Table 1. Participant Demographics*

Demographic Cost_Cohort Contrgl Cohort
(n =138) (n=143)
Age, y (SD) 43.5 (13.7) 40.7 (12.1)
Sex, n (%)
Female 76 (55.1) 85 (59.4)
Male 60 (43.5) 57 (39.9)
Other 1(0.7) 0 (0)
Race, n (%)
White 101 (73.2) 108 (75.5)
Black 11 (8.0) 10 (7.0)
Asian 11 (8.0) 8 (5.6)
Hispanic 3((2.2) 3(21)
Other 11 (8.0) 13 (9.1
Income, n (%)
<$50,000 59 (42.8) 68 (47.6)
$50,000-$99,999 63 (45.7) 59 (41.3)
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Table 1. Continued.

Demographic Cost_Cohort Contrgl Cohort
(n =138) (n=143)
$100,000-$149,999 14 (10.1) 12 (8.4)
>$150,000 2 (1.9 4 (2.8)
Employment, n (%)
Full-time 91 (65.9) 101 (70.6)
Part-time 27 (19.6) 21 (14.7)
Retired 7051 6 (4.2)
Unemployed 3(2.2) 5(3.5)
Other 9 (6.5) 10 (7.0)
Education, n (%)
Less than high school 219 1(0.7)
High school graduate 25 (18.1) 31(21.7)
2-year college degree 21 (15.2) 26 (18.2)
4-year college degree 63 (45.7) 59 (41.3)
Post-graduate degree 26 (18.8) 25 (17.5)
Relationship status, n (%)
Married 54 (39.1) 74 (51.7)
Domestic partnership 5(3.6) 7 (4.9
Single, never married 48 (34.8) 50 (35.0)
Single, divorced or separated 23 (16.7) 7 (4.9
Single, widowed 8 (5.8) 4(2.8)
Insurance, n (%)
Medicaid 16 (11.6) 16 (11.2)
Medicare 21 (15.2) 18 (12.6)
Commercial 86 (62.3) 90 (62.9)
Workers’ compensation 3(2.2) 4 (2.8)
Uninsured 12 (8.7) 15 (10.5)
Previous CTS diagnosis, n (%)
Yes 19 (13.8) 25 (17.5)
No 117 (84.8) 115 (80.4)
Do not know 2 (1.9 3(21)
Previous CTR, n (%)
Yes 5 (3.6) 4(2.8)
No 14 (10.1) 19 (13.3)

*Percentages may not sum to 100% because some participants declined to answer some
items.
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Statistical analysis

We piloted our survey in 29 MTurk participants prior to full recruitment. In the pilot, 11 of
15 participants (73.3%) randomized into the cost cohort favored surgery compared with
6 of 14 participants (42.9%) randomized into the control cohort. We performed an a priori
sample size estimation that showed that a total of 154 participants would provide 95%
power to detect a difference of at least this magnitude between the cohorts (a = 0.05).
Statistical significance was defined as P less than .05 for all analyses. For categorical
variables, we reported counts with percentages and evaluated differences using Fisher

exact test. We evaluated ordinal scale responses using a Mann-Whitney U test.

Qualitative data analysis

We used qualitative content analysis to evaluate participants’ rationale(s) for their choice.
Two members of the research team (T.Z. and L.M.S.) independently analyzed and con-
ducted open coding of the responses. During open coding, the analysts reviewed re-
sponses and identified key ideas from each response, which were labeled as subcodes.
Subsequently, the analysts met and created a codebook based on key ideas and con-
cepts derived from the subcodes. In this process, new codes were provided until satura-
tion was achieved, that is, no new codes emerged from the subcodes. All subcodes were
classified into these codes. Any discrepancies were resolved via in-person discussion
between the 2 analysts. The codes were then analyzed to identify themes. Represen-
tative responses are included (Appendix B). For convergent analysis, these qualitative
data were merged with the quantitative data using an embedded integration approach.

Results

Effect of societal cost information on treatment choice

Participants in the cost cohort exhibited a greater probability of choosing surgery (P
< .05; Table 2). The full distribution of survey responses is shown in Figure 2. Upon
dichotomization of the primary outcome variable, we found that a greater proportion of
those in the cost cohort chose surgery (55.1%) compared with the control cohort (38.5%),
corresponding to a relative risk of 1.43 (95% confidence interval [95% CI], 1.11-1.85)
for choosing surgery after exposure to societal cost information (P < .05). Because
participants with a history of CTS have more experience with and/or knowledge of CTS,
societal cost information may be weighted differently in their decision making. Thus, we
then excluded all participants with a former diagnosis of CTS and reanalyzed the data.
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There were no substantive changes in the observations. Among participants who had
not been diagnosed with CTS, the relative risk of choosing surgery after exposure to
societal cost information was 1.55 (95% CI, 1.17-2.06). In addition, owing to potential
intergenerational differences, we assessed for effect modification by stratifying the entire
cohort into those below or at the median age and those over the median age. The effect
of societal cost information on choosing surgery was more pronounced in the younger
subgroup than in the older subgroup (Table 3). In the younger subgroup, the relative risk
of choosing surgery after exposure to societal cost information was 1.68 (95% CI, 1.23-
2.29) compared with 1.24 (95% CI, 0.80-1.90) for the older subgroup.

1 2 3 4 5 6

Likelihood of Choosing Surgery (1-6)

0.30

o
N
a

0.20

Control cohort
Cost cohort

0.15

0.10

Proportion of Responses

0.05

Figure 2. Distribution of survey responses by cohort. The outcome measured was the de-
cision to have surgery, measured on a 6-point ordinal scale (1= definitely not; 6 = definitely).

We then performed a qualitative content analysis to identify themes in participants’ ra-
tionales (Figure 3 and Appendix B). Monetary responsibility or concerns, specifically who
would bear the cost (ie, insurance vs patients), emerged as a theme during this analysis
in both cohorts. For some who chose surgery, the lack of personal financial responsi-
bility for surgery costs drove their decision (Appendix B). For some who chose orthosis
wear concern about personal costs (eg, deductibles, copays) drove their decision. Upon
convergent analysis, we found that the majority of participants whose rationales included
monetary responsibility as a theme were in the cost cohort and the majority of those
chose surgery (Figure 3). Moreover, of the 19 participants whose responses were coded
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into the “insurance covers it” or “no cost to me” categories, 18 were in the cost cohort and
chose surgery. Example responses included, “You said insurance would pay. | have the
insurance, why not use it? | need the surgery” and “Also, my insurance would cover the
cost, so | would not have to consider financial constraints. There is the possibility that in
the future, | may not have the insurance payment option.”

Quantitative Analysis Qualitative Analysis
*  55% of the cost cohort chose *  Themes identified:
surgery *  Monetary responsibility or
* 38% of the control cohort chose COuceIs
surgery . Rxsk-be:neﬁt profile of treatment
« Effect is stronger in younger ¢ Immediacy and permanence of
A treatment
participants *  Hierarchy of
invasiveness/treatment ladder
*  Quality of life
* Prior experiences/preconceptions
Convergent Analysis
Monetary Responsibility or Concerns
* Of the 44 participants whose as a Theme
qualitative responses indicated a 35
monetary responsibility or monetary 30
concerns theme, 21 were in the cost 225 10
cohort and chose surgery T2 —
 Of the 19 participants whose % 15
responses were coded as “insurance W10 2 o
covers it” or “no cost to me,” 18 were 5
in the cost cohort and chose surgery 0 2
Cost Cohort Control Cohort
W Chose surgery M Chose orthosis wear

Figure 3. Convergent analysis.

Attitudes toward health care costs

Subsequently, we evaluated attitudes toward health care costs using agreement with
various statements on an ordinal scale, stratified by participants who chose surgery
versus those who did not (Table 4). The majority of participants expressed at least some
agreement with a statement indicating that health care cost is a major national problem,
with 94% in agreement. Over 60% of participants indicated that consumers can help lower
health care costs but only 58% of participants indicated that they consider the country’s
health care costs during personal treatment decisions. In contrast, the majority of par-
ticipants indicated that they consider OOP costs when making treatment decisions, with
95% expressing agreement. No significant differences were observed between those who
chose surgery and those who chose orthosis wear on any of the 7 statements presented.
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Discussion

In this study, we found that exposure to societal cost information increased the proba-
bility of choosing CTR by 43%. This effect was magnified after excluding participants
with former CTS diagnoses and in participants who were below or at the median age.
Lack of personal monetary responsibility emerged as a theme in a qualitative analysis
of the participants’ rationales for choosing surgery. These results inform efforts toward
cost transparency with the intention of delivering high-value care and reveal the potential
impact of providing societal cost information. For example, presenting patients with the
total cost or insurer reimbursement for surgery to promote price shopping, as current
price transparency initiatives advocate (eg, public price transparency tools created by the
Centers for Medicare and Medicaid Services, publication of hospital chargemasters), may
have unintended consequences because patients are often not personally responsible for
the majority of health care costs.®%% Instead, cost transparency efforts should emphasize
costs directly relevant to patients, that is, OOP costs, and institutions with presurgical
financial planning could calculate OOP costs for patients undergoing elective surgery
such as CTR to aid in decision making. Further, other strategies to promote stewardship
such as reference pricing may be a more effective means to promote higher-value care.

Limitations to our study exist. Notably, because we only included U.S. participants,
our results may not be generalizable to participants in other countries, especially those
in single-payer systems. In a U.S. focus group study, Sommers et al?° found a generally
negative attitude toward insurers and an unwillingness to consider costs borne by insur-
ers in decision-making, suggesting that patient decision making in single-payer systems
could differ markedly, depending on prevailing attitudes toward the single payer. Although
that study also found antagonistic attitudes toward the U.S. government, this is not gen-
eralizable across countries. Our qualitative analysis did not detect an overtly vindictive
attitude toward insurers; rather, our data suggest that lack of personal monetary respon-
sibility likely drives decision making in our study (Appendix B). In single-payer systems
in which health care is a common resource funded via taxation, patients also do not face
the direct costs of their care (but do bear indirect costs via taxes) and, thus, the lack of
personal financial responsibility may still play a role in decision-making. However, be-
cause countries likely differ regarding societal attitudes toward shared goods and beliefs
about the health care system, our results may still reflect a uniquely American frame of
reference. Because single-payer systems also may have more rigid rules dictating when
certain procedures are indicated®?, costs might play less of a role in the decision calculus.
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Our results are based on the preferences of MTurk participants, which may not be rep-
resentative of the general population. However, external validity is bolstered by MTurk’s
access to more diverse samples than traditional methods.?+253334 Nevertheless, MTurk
participants tend to be younger, more highly educated, and have lower income than
the general population.® The younger age of MTurk participants may have resulted in
our participants being more likely to choose surgery as a whole because we found that
younger age modified the effect of societal cost information on choice. In fact, several
participants expressed that they would rather have surgery sooner rather than later, citing
their younger age and ability to recover (Appendix B). Thus, presenting societal cost infor-
mation may influence surgery choice more for younger populations. This effect warrants
further investigation. Further, the unsupervised nature of online surveys may give rise
to concerns about participant attentiveness and data quality. However, high-reputation
MTurk workers, defined as those with approval ratings of 95% and over?, have been
shown to provide high quality data and the MTurk population may be even more attentive
than traditional samples.?"%¢ We attempted to ensure quality control by restricting the
survey to workers with approval ratings of at least 97% and at least 5,000 former tasks
completed. In addition, although the evidence on the relationship between compensation
and data quality is limited, studies suggest that, whereas compensation level may affect
speed of data acquisition and attrition, it does not appear to affect data quality.®*3" Al-
though our participants did provide rationales for their responses, we cannot definitively
exclude that our results may have been affected by compensation level. Because MTurk
workers choose which tasks to complete, we cannot quantify the nonresponse rate and,
therefore, cannot exclude the possibility of nonresponse bias.

Although our scenario presented a case in which orthosis wear and CTR were not
inferior to each other, this may not be true for all cases of CTS. However, a key strength
of this study was the use of randomization to account for any unobserved confounding.
Another concern relates to the brevity of the cost information provided and the exclusion
of other potential societal costs that could result from CTS, such as reduced work pro-
ductivity and loss of income. However, we felt it was necessary to balance brevity with
guarding against biasing the participants. Nonetheless, several participants mentioned
loss of income as a rationale for not getting surgery now. Future studies should explore
whether providing additional cost information or information from a different perspective
(eg, reduced productivity from CTS, time off work for surgery) modifies the effect. Our
results are consistent with those recently reported by Kwon et al??, who examined the
effect of total cost information on choosing LVAD implantation when participants were
asked to choose for themselves or for another. The authors found that exposure to

171



Chapter 8

total cost information increased the odds of choosing the expensive LVAD implantation
option by 42%. However, when they analyzed their data only for participants who were
choosing for themselves, the effect of total cost became smaller (with an 8% difference
between the cohorts).?? Cost information may play only a small role in that study because
LVAD implantation is a life preserving treatment and, therefore, cost information may be
a less-important factor in participants’ decision making. Riggs et al?* found in a large
online study that a direct, altruistic appeal to reduce health care costs did not influence
requests for low-value back imaging tests. In prior work, patients were unwilling to consid-
er costs borne by others in medical decision making.?° However, these studies have not
been replicated in hand surgery in which treatments are often discretionary and there is
often treatment equipoise. In elective hand surgery, in which mortality is not a factor, we
observed a significant difference in treatment choice between the cost and the control
cohorts, with the former more likely to choose surgery. Taken together, these results sug-
gest that increasing societal cost transparency is an ineffective means to reduce health
care costs. On the contrary, exposure to societal cost information in hand surgery may
lead to a “raiding of the health care commons,” in which consumers deliberately choose
costlier treatments knowing that society will bear the additional costs.

Although most participants in our study agreed that health care cost is a major prob-
lem in the United States, only 58% indicated that they consider the country’s health care
costs when making treatment decisions. These results are similar to those previously
reported by Riggs et al** and Kwon et al??, who found that, whereas the majority of
their participants agreed that health care costs are a major problem, substantially fewer
believed that patients should help control health care costs. Similarly, our participants
recognized increasing health care costs as a societal problem, but many did not feel a
personal responsibility to consider those costs in medical decision making. Therefore,
a larger stewardship role may be required of physicians and/or health systems to curb
rapidly rising health care costs. These results are relevant as health policy shifts toward
increased cost transparency with both physicians and patients.®* Where prior work has
suggested that transparency with OOP costs can lead to less-discretionary, less-costly
treatment options®:2°, total cost information does not lead to the same result. Although
patients have demonstrated interest in understanding OOP costs'®%-# and including this
information during shared decision making has garnered increasing support’, discussing
total cost information will likely not improve value of care.

A previous study has shown that the majority of U.S. physicians believe that pa-
tients have a “major responsibility” in reducing health care costs.'” Subsequent efforts to

reduce health care costs at the patient level have largely focused on incentivizing patients
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through OOP costs. For example, reference pricing, a model in which the insurer pays
a set price determined by the lower price range for a service with the remainder paid by
the patient, has successfully altered patient behavior to achieve substantial cost savings
in cataract surgery, shoulder and knee arthroscopy, and knee and hip arthroplasty.4>-4¢
However, reference pricing has only been applied to services for which there is a wide
range in cost with little variation in quality. Additional efforts are needed toward the design
of novel strategies to leverage cost-sharing to improve value-based care in hand surgery.
Such strategies should focus on OOP costs and avoid discussing total costs because the
latter increased demand for an expensive treatment option (CTR) in our study.

In conclusion, our results demonstrate that exposure to societal cost information in-
creased a participant’s probability of choosing the more expensive treatment option (CTR)
compared with inexpensive orthosis wear for CTS, especially in younger participants.
Although most participants agreed that health care costs are a major problem, many
do not personally consider the country’s health care costs in medical decision making.
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Appendix A. Surveys

1. What is your age (in years)?

2. What is your sex?
O Male

[0 Female

[0 Other

3. What is your yearly household
income?

O Less than $50,000

O From $50,000 to $99,999

O From $100,000 to $149,999

O From $150,000 to $199,999

O From $200,000 to $249,999

O More than $250,000

4. What is your race/ethnicity? Please
check all that apply.

O White/Caucasian

[ Black or African American

[0 American Indian or Alaska Native

O Asian

O Hispanic

O Native Hawaiian or other Pacific
Islander

[ Other

5. What is your employment status?
O Full-time employed

O Part-time employed

[0 Student

[0 Retired

O No work outside the home

O Disabled

O Unemployed

6. What is the highest level of education
you have achieved?

O Less than high school

O High school graduate

O 2-year college degree

[0 4-year college degree

[0 Postcollege graduate degree

7. What is your relationship status?
O Married

[0 Domestic partnership

O Single, never married

O Single, divorced, or separated
O Single, widowed

8. What type of insurance do you have?
If multiple, please check your primary.

O Medicaid

O Medicare

O Private/commercial health insurance

O Workers’ compensation insurance

O Uninsured

Imagine that you have mild carpal tunnel syn-
drome. Your thumb, index, and middle fingers get
numb at night. This wakes you up at night and you
lose sleep. You have 2 treatment options:

Option 1: Surgery. Surgery cures carpal tunnel
syndrome. A 1-to-2 inch cut in your palm is made
and the ligament pressing on the nerve is cut.
After surgery, you will sleep better and keep your
nerve function. There is a very small risk of in-
juring the nerve permanently. The wound might
open a little or get a small infection and the scar

is tender for 6 to 12 months.
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Option 2: Orthosis. Wearing an orthosis at night can help you sleep. It keeps your wrist
straight and your fingers won't go numb. The orthosis does not cure carpal tunnel syn-
drome but can delay the need to have surgery until the symptoms return or get worse.
This can sometimes be years later.

[The cost of this surgery varies between $2,000 and $10,000. There are over 500,000
carpal tunnel release surgeries performed in the United States each year. This amounts
to over $1 billion in costs to society. Assume that you personally will NOT pay for the
surgery and that your insurance will pay for all the cost.]

Now that you have learned about the benefits, risks, and alternatives of surgery, we
want to know what decision you would make if you were in this situation. Keep in mind
that there is no right or wrong answer. This is a decision that should be based on your

personal values, goals, and preferences.

Should you have the surgery right now?
1. Definitely not
2. Probably not

3. Maybe not
4. Maybe

5. Probably
6. Definitely

Briefly, why did you make the choice you did?

Have you ever been diagnosed with carpal tunnel syndrome?
O Yes

O No

O Don't know

If so, have you ever had surgery for carpal tunnel syndrome?
O Yes

O No

O Don't know
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Appendix B. Qualitative analysis

Theme |: Monetary responsibility or concerns

Insurance
covers
treatment

No personal
cost

Overall
treatment cost

“You said insurance would pay. | have the insurance, why not use
it? | need the surgery.”

“Also, my insurance would cover the cost, so | would not have to
consider financial constraints. There is the possibility that in the
future, | may not have the insurance payment option.”

“I might get it, but only since | would not have to pay for it. Normally,
if | was paying, | would try every other option before surgery.”

“If it is paid for, | don’'t see why | would wait to delay something |
will have to do anyway at some point.”

“l don’t think surgery is a good alternative. | think it's also
ridiculously expensive considering how many thousands have
been performed.”

“Also, the cost of the surgery plays a part. There is no telling what
kind of bill you would get even if outpatient and with insurance.”

“l don’'t know if | could afford the deductible for the surgery.”
“I shudder to think what it would cost me out of pocket.”

Theme II: Risk-benefit profile of treatment

Weighing risks
and benefits

“Though the risks seemed minimal, | personally believe that all
surgeries have ramifications even in subtle ways.”

“l do not like the side effects of surgery.”

“l worry about the surgery going wrong and my hand issue being
made worse by the surgery.”

Efficacy of “The surgery may not work.”
treatment “| do not see surgery as a viable option. | have yet to meet anyone
options who has had success with this kind of corrective surgery.”
Burden of “Surgery ... would require me to be off from work for a few weeks.
treatment It would make it harder to do things around the house while
recovering.”
Theme Ill: Immediacy and permanence of treatment
Treatment “| feel the orthosis option would just be a band aid for the issue.”
permanence “l would do the surgery because it's the best chance for a solution
that is permanent.”
“l would want my carpal tunnel cured.”
Prevent “l do not want to wait to make it worse.”
worsening of  « wouId just do the surgery because | know it will just get worse
Symptoms over time.”
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Appendix B. Continued.

Theme V: Hierarchy of invasiveness/treatment ladder

Invasiveness of
treatment

Timing of
treatment

“I never opt for the most invasive treatment at first and usually it's
not necessary.”

“I chose not to have the surgery right now because | would rather
try the less invasive method of using a orthosis for the time being.
If the orthosis does not cure the condition, then | might consider
having the surgery.”

“I would still eventually need the surgery later. | think it is best to
have surgery while you are younger rather than older.”

“l would put off the surgery as long as absolutely possible.
Particularly being young, getting any sort of surgery should not be
taken lightly.”

Theme VI: Quality of life

Symptom relief

“I think the surgery would stop the pain and suffering. Not sleeping
at night is very bad, especially if you are employed.”

“I would probably get the surgery if it was going to help my quality
of life (getting better sleep).”

Severity of “Because it was not severe enough for me to want to get surgery.”
condition “The ailment does not seem to be debilitating and there’s always
the chance that the condition never worsens.”
Theme VII: Prior experiences and preconceptions
Personal “l don’'t want to have surgery, it scares me.”

preference to
avoid surgery

Personal
experience

Gut feeling

“I will not have surgery unless it is absolutely needed.”

“If one rests the hand and eliminates the actions causing the pain,
the hand naturally heals. | actually did this. No brace or surgery
was needed and the inflammation left.”

“l do have carpal tunnel syndrome and | am not sure surgery
would help. | have heard it can come back and | would have to
think long and hard about such a thing before | did it.”

“Went with my gut.”
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Abstract

Introduction

The benefit of radiographs or steroid injection for idiopathic carpal tunnel syndrome
(CTS) or ulnar neuropathy at the elbow (UNE) is open to debate. We assessed: (1) Ra-
diographs ordered and injections performed at a new patient visit for patients presenting
with either idiopathic CTS or UNE; (2) The estimated payment reduction if we omit these
interventions; and (3) Patient age, sex, geographic region, and work status associated
with radiographs or injections at a new patient visit for patients presenting with either
idiopathic CTS or UNE.

Materials and methods

Using a large database of commercial insurance claims, we identified patients with a
new visit for either CTS (N = 9,522), UNE (N = 2,507), or both (N = 962; 8.7%). We iden-
tified injections and radiographs, and estimated total payments for these interventions.
We created three multivariable logistic regression models for each diagnosis to identify
factors associated with the interventions.

Results

Nearly one third of patients had radiographs at a new patient visit (30% and 32% for
idiopathic CTS and UNE, respectively). Nearly 10% of patients with CTS and 2.6% with
UNE received an injection. Both radiographs and injections representing annual minimum
payments of over $345,000 and $294,000, respectively. Among people with CTS, radio-
graphs were independently more common in the South and less common in the West.
Injection for CTS was associated with younger age; North, Central, and South regions;
and retired employment status. For people with UNE, radiographs were independently
associated with younger age; South or West region; and retired or working employment
status. Injection for UNE was associated with retired employment status.

Conclusion

The prevalence of radiographs and injections suggests opportunities for savings, which
might benefit clinicians with bundled or capitated payments and patients with large co-
payments or deductibles. The observed variation may reflect debate about whether these
interventions are worthwhile.
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Introduction

Disparities and variation in treatment are described for several diseases and procedures,
such as carotid endarterectomy and carotid stenting,* lung cancer care,? distal radius
fractures,® and hand osteoarthritis.*® This variation seems to primarily result from differ-
ences in physician beliefs and the extent to which patient preferences are incorporated
into treatment decisions®”’ rather than variations in pathophysiology, comorbidities, and
other medical factors. Decision-making is also affected by the availability of technology
and specialists, local training frameworks, regulatory factors, and financial incentives.”
Where there is uncertainty, and therefore acceptable grounds for variation in diagnostic
and treatment interventions, it can be argued that such variation ought to arise from
variation in patient rather than clinician values and motivators.

Idiopathic carpal tunnel syndrome (CTS; i.e., idiopathic median neuropathy at the
carpal tunnel)®* and idiopathic ulnar neuropathy at the elbow (UNE)®!214-7 often pres-
ent with typical signs and symptoms and can be confirmed with electrodiagnostics. The
role of radiographic imaging and steroid injections in CTS and UNE can be debated.
Radiographs seem to be of limited value, given that changes to the bones and joints
are unlikely to contribute to median or ulnar nerve symptoms if the examination of those
joints is normal (i.e., if we are expecting idiopathic CTS or UNE).*®* Some surgeons opine
that radiographs might be useful in the assessment of recurrent or unrelieved symptoms
or to identify underlying skeletal abnormalities,**"-° but these seem unnecessary and
potentially misleading if symptoms and signs do not lead to a notable probability of such
disorders.? There is no benefit to steroid injections for UNE.®

The basis for our consideration of corticosteroid injections for CTS as potentially
low value hinges on several concepts that are supported by evidence, but are difficult
to study definitively and can therefore be debated: (1) The natural history of idiopathic
median neuropathy at the carpal tunnel is progression to irreversible nerve damage; (2)
Surgery to divide the transverse retinacular ligament (carpal tunnel release [CTR]) may
be the only treatment that can alter that natural history; and (3) Corticosteroid injection
seems at best palliative, and there is limited evidence that corticosteroid injection is
better at relieving symptoms than a simulated corticosteroid injection. Support for the
concept that the natural history is progressive idiopathic median neuropathy, resulting
in permanent nerve damage, comes from the fact that the disease is structural (con-
sensus that the pathophysiology is compression in the carpal canal and that division of
the transverse carpal ligament relieves that pressure) and the evidence that the disease
is largely genetically mediated (which is characteristic of structural variations such as
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ligamentous laxity, bone pathologies)??%3; eventually bilateral?*-2"; that neurophysiology
deteriorates with age?>?5; that the more advanced the neuropathology on one side, the
more likely there is neuropathology and the more advanced it is on the other?®; and that in
the studies of steroid injection, splintimmobilization, and other nonoperative treatments,
a substantial percentage end up choosing surgery (and the percentage is higher [usually
greater than 50% after 18 months] the longer the studies follow patients).?® Support for
the concept that surgery may be the only treatment that can alter the natural history
comes from the evidence of high rates of surgery during or after trials of corticosteroid
injection and other treatments?; the evidence of neurophysiological improvement after
surgery?°-3; and with the observation that recurrence of symptoms after surgery is likely
most often a misinterpretation of persistence of symptoms in people with advanced nerve
damage®* and true recurrence is very uncommon. The trials of corticosteroid injection into
the carpal tunnel also leave their ability to relieve symptoms (palliate) open to debate: the
trials comparing corticosteroid injection with placebo suggest a slight transient decrease
in symptoms and improved neurophysiology that deteriorates over about a year, but
they are limited by dichotomizing the primary outcome in most analyses (i.e., satisfied
or not)?3%; the trials compared with other injections that might be considered placebo
(e.g., procaine,®®%” progesterone,®° or dextrose solution*’) show no benefit; and trials
that compare injection into the car- pal tunnel with oral steroids, splints, nonsteroidal
anti-inflammatory medications, and several other treatments tend to show no relative
benefit to injection.?8:3%

This study calculated the rate of radiographs and cortico- steroid injections for a
new diagnosis of CTS or UNE at a new patient visit, estimated the potential reduction in
payments if these interventions are omitted, and determined whether patient age, sex,

geographic region, or work status are independently associated with these interventions.

Materials and methods

Study design

This study used the Truven Health Analytics MarketScan Databases.* This database
contains claims and payments from over 250 medium or large employers and insurance
plans, representing approximately 56 million covered employees and family members
per year.** Patients are tracked throughout the entire United States (U.S.) and grouped by
region (e.g., Northeast, South, or West).** The database contains no identifiable patient
information, so institutional review board approval was not required.
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We analyzed claim data from October to December 2015.# All data of patients aged
18 years and older with an International Classification of Diseases-10th revision (ICD-
10)*2 code for (1) CTS and/or (2) UNE and a current procedural terminology (CPT) code
for a new patient visit. A majority of coded new patient visits for these codes are likely to
be with specialists. Within these cases, we specifically assessed the use of radiographs
and therapeutic injections using CPT*® codes tied to the ICD-10 codes specific for CTS
and UNE (Appendix A). We excluded duplicate claims (N = 6,493) and claims with an
unknown region (N = 21).

Measures

Variables retrieved from the database were as follows: age, gender, geographic region,
work status, laterality for each claim, and radiographs and injections at the new patient
visit (Table 1). We identified the number of patients coded with (bilateral) CTS and (bi-
lateral) UNE within our cohort.

Table 1. Patient and clinical characteristics

Variable N=11,067
Age in years 52 + 13 (18-100)
Men 3,953 (36)
Region
Northeast 1,966 (18)
North Central 2,384 (22)
South 5,228 (47)
West 1,489 (13)
Work status
Employed 6,460 (58)
Retired 2,907 (26)
Other 1,700 (15)
Radiographs 3,335 (30)
Injections 929 (8.4)
CTS N=9,522
Unilateral 5,375 (56)
Bilateral 4147 (44)
Radiographs 2,826 (30)
Injections 922 (9.7)
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Table 1. Continued.

Variable N=11,067
UNE N=2,507
Unilateral 2,135 (85)
Bilateral 372 (15)
Radiographs 804 (32)
Injections 64 (2.6)
Both CTS and UNE 962 (8.7)
Both bilateral CTS and bilateral UNE 150 (1.4)
Both radiographs and injections 399 (3.6)

Continuous variables as mean + standard deviation (range); Discrete variables as number
(percentage); CTS: Carpal tunnel syndrome; UNE: Ulnar neuropathy at the elbow.

Payments were estimated from the searchable physician fees provided by the Centers
for Medicare and Medicaid Services, using the 2015-B (April to December 2015 codes)
non-facility (meaning in-office procedures rather than in-hospital) priced national payment
amount.** We used the lowest prices for both radiographs and injections (Appendix B)
to make an estimate of the yearly payments.

Study population

We identified 11,067 patients who had a new outpatient visit within our timeline and
3,953 (36%) were men (Table 1). Nine thousand five hundred twenty-two patients were
diagnosed with CTS, 2,507 with UNE, and 962 (8.7%) with both diagnoses at a new
patient visit.

Statistical analysis
Continuous variables are presented as mean * standard deviation (SD) and discrete
data as proportions. We created three multivariable logistic regression models for each
diagnosis to identify factors associated with (1) radiograph, (2) injection, and (3) both ra-
diograph and injection at the new patient visit. We reported the C-statistic for each model,
which is a measure of model fit and is equal to the area under the receiver operating
characteristics curve. Scores of 0.5 indicate that the model is no better than predicting
an outcome than random chance; 0.7 indicates a good model; 0.8 a strong model; and
1.0 indicates a perfect prediction model. We considered P < 0.05 significant.

We did not perform an a priori power analysis, since we included all eligible patients
in our database.
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Results

Radiographs and injection rates

Nearly one third of the patients received radiographs at the new patient visit for both CTS
(30%) and UNE (32%) (Table 1). Almost 10% (N = 922) of patients with CTS received a
therapeutic injection, whereas only 2.6% (N = 64) had one for UNE at the new patient
Visit.

Payment estimates

Using the lowest payments ($25.87), we calculated total yearly payments of about
$345,000 for radiographs (N = 3,335 in 3 months) at a new patient visit for CTS or UNE.
Using the lowest payments ($79.05) for injections (N = 929 in 3 months), the annual total
payments are estimated at about $294,000.

Factors associated with radiographs, injections, or both for CTS

Among people with CTS, radiographs were independently more common in the South
and less common in the West, and injection was associated with younger age, North
Central and South regions, and retired employment status (Table 2).

Factors associated with radiographs, injections, or both for UNE
For people with UNE, radiographs were independently associated with younger age,
South or West region, and retired or working employment status, and injection was as-

sociated with retired employment status (Table 3).
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Discussion

Radiographs and steroid injections are among the most common diagnostic and treat-
ment interventions in a hand surgeon’s office. Among patients with symptoms of idio-
pathic CTS or UNE, their role is debated, and they might prove to be of little or no benefit.
There is relative consensus that radiographs are not useful for either condition and that
steroid injection is not useful for UNE. There is some debate about the role of injections
for CTS. This study tested the rate of radiographs being ordered and injections performed
at an initial visit and found that nearly one third of the patients received radiographs at
the new patient visit for both CTS and UNE. In addition, almost 10% of patients with CTS
received a therapeutic injection, whereas only 2.6% had one for UNE.

This study has some limitations. First, this is a retrospective claims database study
with the following recognized shortcomings: the completeness or accuracy of the data
are limited by a certain rate of coding errors; tests and treatments the patient received,
which were not billed through the tracked insurance or occurred prior to the visit we
studied; inability to distinguish specialist or nonspecialist clinician, although it seems safe
to assume that a majority of new patient visits specifically for these coded diagnoses
are with specialists; and the possibility that some of these patients had a prior fracture,
which would make radiographic examination more appropriate. Second, using claims
data, there is no way to account for personal factors (psychological and circumstantial),
symptom severity, physician confidence in the diagnosis, and other factors. Third, the
codes do not specify the substance injected, although we believe it is safe to assume
that the majority were steroid injections. Fourth, some of the injection procedure codes
are nonspecific, although the link to the diagnosis code should limit errors. Fifth, we did
not have data on electrodiagnostic results acquired before the new patient visit. Finally,
we could not study variation among specific clinicians.*® We are unable to determine the
degree to which variation is determined by surgeon beliefs and incentives or variations
in pathology.

Nearly one third of patients received radiographs for both CTS and UNE at a new
patient visit with a clinician, and almost 10% and 3% for CTS and UNE, respectively,
received an injection, representing a minimum combined payment of over $639,000
per year. We also documented regional variations. This study adds to the evidence
that greater use of resources seems to be related more to variations in care between
clinicians than to pathophysiology or patient preferences and values.® For example, the
U.S. occupies top usage ranks, with annual CT and MRI scans that are five and three
times higher than those in Finland, respectively.*® There are several potential reasons
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for this varied and notable utilization including financial incentives, cultural norms and
expectations, ineffective communication strategies, medicalization of aspects of human
life such as the changes in the body which accompany aging, habits that are passed on
in training (the so-called shadow curriculum), among other potential reasons.574¢

Radiographs and injections are common during a new patient visit for CTS and UNE
in the U.S. The role of both is open to debate. When alternative payment models such
as bundled payments or capitation are considered, and as the patient begins to pay for
a higher proportion of their care through higher insurance deductibles and copayments,
both clinicians and patients may consider omitting these interventions if evidence con-
firms the opinion of us and many others that they have limited benefit.

197



Chapter 9

References

10.

11

198

Patel MR, Greiner MA, DiMartino LD, et al. Geographic variation in carotid re-
vascularization among Medicare beneficiaries, 2003-2006. Arch Intern Med.
2010;170(14):1218-1225. doi:10.1001/archinternmed.2010.194

Du XL, Parikh RC, Lairson DR. Racial and geographic disparities in the patterns of
care and costs at the end of life for patients with lung cancer in 2007-2010 after the
2006 introduction of bevacizumab. Lung Cancer. 2015;90(3):442-450. doi:10.1016/].
lungcan.2015.09.017

Fanuele J, Koval KJ, Lurie J, Zhou W, Tosteson A, Ring D. Distal radial fracture
treatment: what you get may depend on your age and address. J Bone Jt Surg Am.
2009;91(6):1313-1319. doi:10.2106/IJBJS.H.00448

Deutch Z, Niedermeier SR, Awan HM. Surgeon Preference, Influence, and Treat-
ment of Thumb Carpometacarpal Arthritis. Hand (N Y). 2018;13(4):403-411.
doi:10.1177/1558944717717506

Becker SJE, Teunis T, Blauth J, Kortlever JTP, Dyer GSM, Ring D. Medical Services
and Associated Costs Vary Widely Among Surgeons Treating Patients With Hand
Osteoarthritis. Clin Orthop Relat Res. 2015;473(3):1111-1117. doi:10.1007/s11999-
014-3912-3

Teunis T, Janssen SJ, Guitton TG, Vranceanu AM, Goos B, Ring D. Surgeon per-
sonality is associated with recommendation for operative treatment. Hand (N Y).
2015;10(4):779-784. doi:10.1007/s11552-015-9755-x

Birkmeyer JD, Reames BN, McCulloch P, Carr AJ, Campbell WB, Wennberg JE. Un-
derstanding of regional variation in the use of surgery. Lancet. 2013;382(9898):1121-
1129. doi:10.1016/S0140-6736(13)61215-5

Jerosch-Herold C, Houghton J, Blake J, Shaikh A, Wilson EC, Shepstone L. As-
sociation of psychological distress, quality of life and costs with carpal tunnel
syndrome severity: a cross-sectional analysis of the PALMS cohort. BMJ Open.
2017;7(11):e017732. doi:10.1136/bmjopen-2017-017732

vanVeen KE, Alblas KC, Alons IM, et al. Corticosteroid injection in patients with
ulnar neuropathy at the elbow: A randomized, double-blind, placebo-controlled trial.
Muscle Nerve. 2015;52(3):380-385. d0i:10.1002/mus.24551

Blazar PE, Floyd WE th, Han CH, Rozental TD, Earp BE. Prognostic Indicators for
Recurrent Symptoms After a Single Corticosteroid Injection for Carpal Tunnel Syn-
drome. J Bone Jt Surg Am. 2015;97(19):1563-1570. doi:10.2106/JBJS.N.01162
Huisstede BM, Friden J, Coert JH, Hoogvliet P, European HG. Carpal tunnel syn-
drome: hand surgeons, hand therapists, and physical medicine and rehabilitation
physicians agree on a multidisciplinary treatment guideline-results from the European
HANDGUIDE Study. Arch Phys Med Rehabil. 2014;95(12):2253-2263. doi:10.1016/j.
apmr.2014.06.022



Radiographs and Corticosteroid Injections for CTS and UNE

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Rampen AJ, Wirtz PW, Tavy DL. Ultrasound-guided steroid injection to treat mild
ulnar neuropathy at the elbow. Muscle Nerve. 2011;44(1):128-130. d0i:10.1002/
mus.22091

Bindra RR, Evanoff BA, Chough LY, Cole RJ, Chow JC, Gelberman RH. The use of
routine wrist radiography in the evaluation of patients with carpal tunnel syndrome.
J Hand Surg Am. 1997;22(1):115-119. doi:10.1016/S0363-5023(05)80190-X

Hong CZ, Long HA, Kanakamedala R V, Chang YM, Yates L. Splinting and local
steroid injection for the treatment of ulnar neuropathy at the elbow: clinical and
electrophysiological evaluation. Arch Phys Med Rehabil. 1996;77(6):573-577
Caliandro P, La Torre G, Padua R, Giannini F, Padua L. Treatment for ulnar
neuropathy at the elbow. Cochrane Database Syst Rev. 2016;11:CD006839.
doi:10.1002/14651858.CD006839.pub4

Alblas CL, van Kasteel V, Jellema K. Injection with corticosteroids (ultrasound guided)
in patients with an ulnar neuropathy at the elbow, feasibility study. Eur J Neurol.
2012;19(12):1582-1584. doi:10.1111/j.1468-1331.2012.03676.X

Bradshaw DY, Shefner JM. Ulnar neuropathy at the elbow. Neurol Clin. 1999;17(3):447-
461, v-vi

Buchberger W. Radiologic imaging of the carpal tunnel. Eur J Radiol. 1997;25(2):112-
117

Chow JC, Weiss MA, Gu Y. Anatomic variations of the hook of hamate and the
relationship to carpal tunnel syndrome. J Hand Surg Am. 2005;30(6):1242-1247.
doi:10.1016/j.jhsa.2005.05.018

St John JN, Palmaz JC. The cubital tunnel in ulnar entrapment neuropathy. Radiol-
ogy. 1986;158(1):119-123. doi:10.1148/radiology.158.1.3940367

Liu AC, Byrne E. Cost of care for ambulatory patients with low back pain. J Fam Pr.
1995;40(5):449-455

Hakim AJ, Cherkas L, El Zayat S, MacGregor AJ, Spector TD. The genetic con-
tribution to carpal tunnel syndrome in women: a twin study. Arthritis Rheum.
2002;47(3):275-279. doi:10.1002/ART.10395

Lozano-Calderon S, Anthony S, Ring D. The quality and strength of evidence for
etiology: example of carpal tunnel syndrome. J Hand Surg Am. 2008;33(4):525-538.
doi:10.1016/j.jhsa.2008.01.004

Bagatur AE, Zorer G. The carpal tunnel syndrome is a bilateral disorder. J Bone Joint
Surg Br. 2001;83(5):655-658. doi:10.1302/0301-620X.83B5.11350

Bodofsky E, Campellone J, Wu KD, Greenberg WM. Age and the severity of carpal
tunnel syndrome. Electromyogr Clin Neurophysiol. 2004;44(4):195-199

Hoogstins CES, Becker SJE, Ring D. Contralateral electrodiagnosis in patients with
abnormal median distal sensory latency. Hand (N Y). 2013;8(4):434-438. doi:10.1007/
S11552-013-9532-7

Paudua L, Padua R, Nazzaro M, Tonali P. Incidence of bilateral symptoms in
carpal tunnel syndrome. J Hand Surg Br. 1998;23(5):603-606. d0i:10.1016/S0266-
7681(98)80010-7

199



Chapter 9

28. Huisstede BM, Hoogvliet P, Franke TP, Randsdorp MS, Koes BW. Carpal Tunnel
Syndrome: Effectiveness of Physical Therapy and Electrophysical Modalities. An
Updated Systematic Review of Randomized Controlled Trials. Arch Phys Med Re-
habil. 2018;99(8):1623-1634.e23. doi:10.1016/J.APMR.2017.08.482

29. El-Hajj T, Tohme R, Sawaya R. Changes in electrophysiological parameters after
surgery for the carpal tunnel syndrome. J Clin Neurophysiol. 2010;27(3):224-226.
doi:10.1097/WNP.0BO13E3181DD4FFO0

30. Kanatani T, Nagura |, Kurosaka M, Kokubu T, Sumi M. Electrophysiological assess-
ment of carpal tunnel syndrome in elderly patients: one-year follow-up study. J Hand
Surg Am. 2014;39(11):2188-2191. doi:10.1016/J.JHSA.2014.08.011

31. Padual, LoMonaco M, Aulisa L, et al. Surgical prognosis in carpal tunnel syndrome:
usefulness of a preoperative neurophysiological assessment. Acta Neurol Scand.
1996;94(5):343-346. doi:10.1111/J.1600-0404.1996.TB07077.X

32. Rotman MB, Enkvetchakul B V., Megerian JT, Gozani SN. Time course and pre-
dictors of median nerve conduction after carpal tunnel release. J Hand Surg Am.
2004;29(3):367-372. d0i:10.1016/j.jhsa.2004.01.011

33. Shurr DG, Blair WF, Bassett G. Electromyographic changes after carpal tunnel re-
lease. J Hand Surg Am. 1986;11(6):876-880. doi:10.1016/S0363-5023(86)80242-8

34. Amadio PC. Interventions for Recurrent/Persistent Carpal Tunnel Syndrome After
Carpal Tunnel Release. J Hand Surg Am. 2009;34(7):1320-1322. doi:10.1016/].
jhsa.2009.04.031

35. Huisstede BM, Hoogvliet P, Randsdorp MS, Glerum S, van Middelkoop M, Koes
BW. Carpal tunnel syndrome. Part I: effectiveness of nonsurgical treatments--a
systematic review. Arch Phys Med Rehabil. 2010;91(7):981-1004. doi:10.1016/j.
apmr.2010.03.022

36. Karadas O, Tok F, Akarsu S, Tekin L, Balaban B. Triamcinolone acetonide vs procaine
hydrochloride injection in the management of carpal tunnel syndrome: randomized
placebo-controlled study. J Rehabil Med. 2012;44(7):601-604. doi:10.2340/16501977-
0990

37. Karadas O, Tok F, Ulas UH, Odabasi Z. The effectiveness of triamcinolone acetonide
vs. procaine hydrochloride injection in the management of carpal tunnel syndrome: a
double-blind randomized clinical trial. Am J Phys Med Rehabil. 2011;90(4):287-292.
doi:10.1097/PHM.0B013E31820639EC

38. Bahrami MH, Shahraeeni S, Raeissadat SA. Comparison between the effects of
progesterone versus corticosteroid local injections in mild and moderate carpal
tunnel syndrome: a randomized clinical trial. BMC Musculoskelet Disord. 2015;16(1).
doi:10.1186/S12891-015-0752-6

39. Raeissadat SA, Shahraeeni S, Sedighipour L, Vahdatpour B. Randomized controlled
trial of local progesterone vs corticosteroid injection for carpal tunnel syndrome. Acta
Neurol Scand. 2017;136(4):365-371. doi:10.1111/ANE.12739

40. Wu YT, Ke MJ, Ho TY, Li TY, Shen YP, Chen LC. Randomized double-blinded clin-
ical trial of 5% dextrose versus triamcinolone injection for carpal tunnel syndrome
patients. Ann Neurol. 2018;84(4):601-610. doi:10.1002/ANA.25332

200



Radiographs and Corticosteroid Injections for CTS and UNE

4]1.

42.

43.

44.

45.

46.

Truven. Putting Research Data Into Your Hands with the MarketScan® Databas-
es. https://truvenhealth.com/Markets/Life-Sciences/Products/Data-Tools/MarketS-
can-Databases

WHO. International statistical classification of diseases and related health problems
- 10th revision. http://www.who.int/classifications/icd/en/

AMA. Current Procedural Terminology (CPT®). https://www.ama-assn.org/prac-
tice-management/cpt-current-procedural-terminology

Services C for M and M. Centers for Medicare and Medicaid Services Physician
Fees, 2015B. https://www.cms.gov/apps/physician-fee-schedule/overview.aspx
Oren O, Kebebew E, loannidis JPA. Curbing Unnecessary and Wasted Diagnostic
Imaging. JAMA. 2019;321(3):245-246. doi:10.1001/jama.2018.20295

Evers S, Bryan AJ, Sanders TL, Gunderson T, Gelfman R, Amadio PC. Corticosteroid
Injections for Carpal Tunnel Syndrome: Long-Term Follow-Up in a Population-Based
Cohort. Plast Reconstr Surg. 2017;140(2):338-347. d0i:10.109

201



Chapter 9

Appendix A

ICD-10 codes CTS and UNE
G56 Mononeuropathies of upper limb
G56.0 Carpal tunnel syndrome
G56.00 Carpal tunnel syndrome, unspecified upper limb
G56.01 Carpal tunnel syndrome, right upper limb
G56.02 Carpal tunnel syndrome, left upper limb
G56.03 Carpal tunnel syndrome, bilateral upper limbs
G56.2 Lesion of ulnar nerve
G56.20 Lesion of ulnar nerve, unspecified upper limb
G56.21 Lesion of ulnar nerve, right upper limb
Gb56.22 Lesion of ulnar nerve, left upper limb
G56.23 Lesion of ulnar nerve, bilateral upper limbs

CPT codes radiographs and injections

CPT 73000-73225 Diagnostic Radiology (Diagnostic Imaging) Procedures
CPT 73070 Radiologic examination, elbow; 2 views
CPT 73080 Radiologic examination, elbow; complete, minimum of 3 views
CPT 73090 Radiologic examination, forearm; 2 views
CPT 73100 Radiologic examination, wrist; 2 views
CPT 73110 Radiologic examination, wrist; complete, minimum of 3 views
CPT 73120 Radiologic examination, hand; 2 views
CPT 73130 Radiologic examination, hand; complete, minimum of 3 views

CPT 20500-20697 General Surgical Procedures on the Musculoskeletal System
CPT 20526 Injection, therapeutic (e.g. local anesthetic, corticosteroid), carpal
tunnel
CPT 64450 Injection, anesthetic agent; other peripheral nerve or branch

CPT codes new office or outpatient office visit
CPT 99201-99205 Office or Other Outpatient Services
CPT 99201 Office or other outpatient visit for the evaluation and management of
a new patient, which requires these 3 key components: A problem focused his-
tory; A problem focused examination; Straightforward medical decision making.
Counseling and/or coordination of care with other physicians, other qualified
health care professionals, or agencies are provided consistent with the nature
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of the problem(s) and the patient’s and/or family’s needs. Usually, the presenting
problem(s) are self-limited or minor. Typically, 10 minutes are spent face-to-face
with the patient and/or family.

CPT 99202 Office or other outpatient visit for the evaluation and management
of a new patient, which requires these three key components: An expanded prob-
lem focused history; An expanded problem focused examination; Straightforward
medical decision making. Counseling and/or coordination of care with other phy-
sicians, other qualified health care professionals, or agencies are provided con-
sistent with the nature of the problem(s) and the patient’s and/or family’s needs.
Usually, the presenting problem(s) are of low to moderate severity. Typically, 20
minutes are spent face-to-face with the patient and/or family.

CPT 99203 Office or other outpatient visit for the evaluation and management
of a new patient, which requires these three components: A detailed history; A
detailed examination; Medical decision making of low complexity. Counseling
and/or coordination of care with other physicians, other qualified health care pro-
fessionals, or agencies are provided consistent with the nature of the problem(s)
and the patient’s and/or family’s needs. Usually, the presenting problem(s) are of
moderate severity. Typically, 30 minutes are spent face-to- face with the patient
and/or family.

CPT 99204 Office or other outpatient visit for the evaluation and manage-
ment of a new patient, which requires these three components: A comprehensive
history; A comprehensive examination; Medical decision making of moderate
complexity. Counseling and/or coordination of care with other physicians, other
qualified health care professionals, or agencies are provided consistent with the
nature of the problem(s) and the patient’s and/or family’s needs. Usually, the
presenting problem(s) are of moderate to high severity. Typically, 45 minutes are
spent face-to-face with the patient and/or family.

CPT 99205 Office or other outpatient visit for the evaluation and management
of a new patient, which requires these three components: A comprehensive his-
tory; A comprehensive examination; Medical decision making of high complexi-
ty. Counseling and/or coordination of care with other physicians, other qualified
health care professionals, or agencies are provided consistent with the nature
of the problem(s) and the patient’s and/or family’s needs. Usually, the presenting
problem(s) are of moderate to high severity. Typically, 60 minutes are spent face-
to-face with the patient and/or family.
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Appendix B

Centers for Medicare and Medicaid Services Physician Fees
Radiographs and injections

73070 X-ray exam of elbow; $27.67
73080 X-ray exam of elbow; $31.62
73090 X-ray exam of forearm; $25.87
73100 X-ray exam of wrist; $29.47
73110 X-ray exam of wrist; $35.57
73120 X-ray exam of hand; $26.23
73130 X-ray exam of hand; $30.54
20526 Therapeutic injection CTS; $79.05
64450 Other peripheral nerve; $81.93

Visits
99201 Office/outpatient visit new; $44.20
99202 Office/outpatient visit new; $75.46
99203 Office/outpatient visit new; $109.60
99204 Office/outpatient visit new; $166.73
99205 Office/outpatient visit new; $209.49
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Abstract

Purpose

Decision aids (DAs) are tools designed to correct misconceptions, help people weigh the
pros and cons of each option, and choose an option consistent with their values. This
randomized controlled trial tested the difference in decision regret between patients who
reviewed a DA at the end of the visit and those who did not. Secondary study questions
addressed differences in pain self-efficacy, pain intensity, satisfaction, physical function,
and treatment choice.

Methods

We enrolled 147 patients who visited an orthopedic upper-extremity surgeon for a condi-
tion that could be treated surgically or non-surgically. We randomized 76 of these patients
to review a DA as part of the visit (52%). At baseline, we measured results using the
Pain Self Efficacy short form, PROMIS Physical Function computer adaptive test, pain
intensity on an 11-point ordinal scale, and satisfaction with the visit on an 11-point ordinal
scale, as well as whether patients understood all received information and felt adequately
educated to decide (no/yes), and choice of surgery, injection, or another treatment. Four
to six weeks later, the survey by phone consisted of the PROMIS Physical Function
computer adaptive test, pain intensity, satisfaction with the visit, the sense of a well-in-
formed decision, and the Decision Regret Scale. We assessed factors independently
associated with each measure.

Results

People who reviewed a DA had significantly less decision regret 4 to 6 weeks after the
visit compared with those who did not. High pain self-efficacy was associated with lower
likelihood to choose surgery during the initial visit, better physical function rates, and
lower reported pain.

Conclusions
Decision aids reduce decision regret, which suggests that they help people organize
their thoughts and make decisions more consistent with their values.

Clinical relevance

Hand surgeons can consider the use of DAs as a method for improving the quality of
shared decisions.
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Introduction

It is important to ensure that health choices are consistent with what matters most to
a person (his or her values) and are not based on misconceptions or bias (ie, from the
clinician, patient, or family). Most musculoskeletal conditions have more than one treat-
ment option, one of which may be to adapt to permanent changes or be patient with a
self-limiting condition. Evidence about potential benefits and harms is often limited and
imprecise.

Decision aids (DAs) are tools that inform patients about their condition and choices,
help patients become aware of how their values might determine which treatments are
best for them, and correct mis- conceptions and neutralize clinician bias so that their
choices are consistent with their values. Patient perceptions of treatment options for
trigger finger! and carpal tunnel syndrome? differ, on average, from surgeon perceptions.
Evidence of a 2- to 5-fold variation in rates of surgery in different regions suggests the
possibility of differences in informed patient preferences, geographic, socioeconomic,
insurance, employment, and other social factors as well as surgeon bias and incentives.?

A 2017 Cochrane review* found that DAs improve knowledge, risk perception, and
congruency between informed values and care choices compared with usual care. Deci-
sion aids also limit decision conflict and indecision about personal values, increase partic-
ipation in the decision-making process, and contribute to higher ratings of patient-clinician
communication effectiveness. There is some evidence that DAs reduce discretionary
surgery in specific situations such as knee and hip arthritis.>-® There is growing hand
surgeon awareness of the nuance and importance of correcting common misconceptions
about symptoms, helping patients become aware of their values, and guiding them to test
and treatment decisions consistent with their values. Most hand surgeons have heard
of DAs, and they may wonder how these tools can be helpful to their patients and their
practice. Additional evidence specific to hand and upper-extremity surgery regarding the
ability of DAs to improve decision quality, corresponding with values most importantly
(measured in this study as lower decision regret), might help hand specialists develop
strategies for care that contribute to better outcomes and experience.

We performed a randomized controlled trial hypothesizing that (1) there would be
no difference in decision regret between patients who reviewed a DA at the end of the
visit and those who did not; (2) there would be no factors independently associated with
treatment choice; and (3) there would be no factors independently associated with satis-
faction with the visit (both directly after the visit and after 2 weeks), decision regret (after
2 weeks), the Patient-Reported Outcomes Measurement Information System Physical
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Function measure (PROMIS PF) both directly after the visit and after 2 weeks, and pain
intensity (both directly after the visit and after 2 weeks).

Patients and methods

Study design

After we obtained approval from our institutional review board and registration on clinical-
trials.gov (NCT03643978),° we enrolled 147 patients visiting 1 of 3 orthopedic surgeons
in a large urban area in the United States (Table 1). Enrollment took place over 4 months.
We were granted a waiver of written informed consent. Patients indicated consent by
completing the surveys. All English-speaking patients aged 18 to 89 years, presenting
for a first specialist visit for a specific condition, for whom the choice was injection or
surgery or other nonsurgical treatments, and for whom a DA was available (Table 2), were
asked to participate in this study. Exclusion criteria were non-English speakers or a clear
preference for a treatment option by either the surgeon or patient, both of which were
uncommon. Patients were randomly assigned to either the intervention (viewing a DA)
or the control (not viewing a DA) group in a 1:1 ratio, using a random number generator
(Figure 1). We used DAs co-developed by our research group,'® according to International
Patient DA Standards criterial* and the Ottawa Decision Support Framework.!? Patients
in the intervention group went over the DA during the visit once the surgeon had iden-
tified the diagnosis. After the diagnosis was made, the surgeon stepped out of the visit
and returned when the patients had reviewed the DA. People took as much time as they
wanted to review the DA. The surgeon and the patient went over the treatment options,
and a decision was made.

Table 1. Patient and Clinical Characteristics*

Variable n =147
Baseline
Age,y 55 + 14 (18-84)
Male 49 (33)
Race/ethnicity
White 101 (69)
Nonwhite 46 (31)
Marital status
Married/unmarried couple 89 (61)
Single 30 (20)
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Table 1. Continued.

Variable n =147

Divorced/separated/widowed 28 (19)
Level of education

High school or less 40 (27)

2-year college 21 (14)

4-year college 55 (37)

Post-college graduate degree 31 (21)
Work status

Employed 88 (60)

Unemployed/other 59 (40)
Current use of opioids 8 (5.9)
PSEQ-2 9.8 +2.3(0-12)
PROMIS PF 48 + 7.4 (31-70)

Pain intensity

Satisfaction with the visit
Information understood

Enough information for decision
Reviewed decision aid

Decision for surgery

After 2 weeks?

Days until follow up
Final treatment choice?
Surgery
Injection
Medication
Brace
Physical therapy
Other conservative treatment
PROMIS PF
Pain intensity
Satisfaction with the visit
Felt assisted in decision-making
Decision Regret Scale

4.7 +2.3 (0-10)
9.2 + 1.6 (0-10)
147 (100)

145 (99)

76 (52)

25 (17)

36 + 18 (12-90)

16 (16)
36 (36)
9 (12)
24 (28)
2 (2.4)
27 (32)
49 + 7.9 (34-73)
2.8 +2.5 (0-8)
9.0 + 1.5 (3-10)
86 (85)
13 + 14 (0-55)

Continuous variables as mean * SD (range); Discrete variables as n (%); t N=101; 2 Can be
multiple choices; PSEQ-2: Pain Self-Efficacy Questionnaire short form; PROMIS PF: Patient-
Reported Outcomes Measurement Information System Physical Function.

211



Chapter 10

Table 2. Diagnoses and Frequencies*

Diagnoses F(':iuf:;)y
Trigger finger 43 (29)
Carpal tunnel syndrome 29 (20)
Thumb osteoarthritis 26 (18)
Wrist ganglion 14 (10)
De Quervain tenosynovitis 12 (7)
Lateral epicondylitis 10 (7)
Distal radius fracture 6 (4)
Olecranon bursitis 21
Scaphoid fracture 21
Radial head fracture 100
Mallet fracture 1(1)
Dupuytren disease 1(1)

*Discrete variables as number (percentage).

Figure 1. Patient flow in trial.

Outcome measures

After the visit, patients in the intervention and control groups were asked to complete
qguestionnaires on an encrypted tablet via a secure, Health Insurance Portability and
Accountability Act-compliant electronic platform (REDCap Research Electronic Data
Capture, Nashville, TN)*%: (1) about demographics (age, sex, race/ethnicity, marital status,
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level of education, employment status, opioid use, and preferred mode of contact); (2)
on the Pain Self-Efficacy Questionnaire short form (PSEQ-2); (3) on the PROMIS PF
computer adaptive test; (4) about pain intensity on an 11-point ordinal scale; (5) about
their satisfaction with the visit on an 11-point ordinal scale; (6) whether they understood
all received information and felt adequately educated to make a decision (no/yes); and (7)
the final choice about surgery, injection, or another treatment. Patients were also asked
an open-ended question: “What made you decide on your final choice of treatment?”

Four to six weeks later, a research assistant helped subjects complete the following
questionnaires by phone: (1) PROMIS PF, (2) pain intensity; (3) the Decision Regret Scale;
and (4) satisfaction with the visit. People who received a DA were asked, “Do you think
the DA (1) gave you enough information? and (2) helped you make a decision?” People
who did not receive a DA were asked, “Do you think the surgeon (1) gave you enough
information? and (2) helped you make a decision?”

The PSEQ-2 quantified the degree to which pain limited daily activities and the
achievement of one’s goals. It is used as a measure of effective coping strategies in re-
sponse to nociception. The total score ranges from 0 to 12, in which 12 is more adaptive.**
The PROMIS PF computer adaptive test is a scale that measures physical limitations,
with items based on previous answers.’ Higher scores indicate better physical function.
Pain intensity was scored on an 11-point ordinal scale from no pain at all (0) to most pain
possible (10). Satisfaction with the visit was scored on an 11-point ordinal scale from not
satisfied at all (0) to most satisfied (10).

Treatment choice at baseline was a choice between surgical and nonsurgical treat-
ment. After 4 to 6 weeks, we asked patients about the final choice of treatment, choosing
among surgery, injection, pain medication, brace, referral to physical therapy, and other
nonsurgical therapy.

The Decision Regret Scale measures distress or remorse after a health care deci-
sion. It contains 5 statements, the level of agreement of which is measured on a 5-point
scale® The final score is converted to a scale of 0 to 100, in which higher scores indicate

more decision regret.

Patient characteristics

We enrolled a total of 147 patients (Table 1) with 12 different diagnoses (Table 2). Mean
age was 55 + 14 years; 49 were men (33%; Table 1). We randomized 76 patients to
review a DA (52%). Twenty-five patients chose a surgical approach to the problem (17%).

A total of 101 patients were available for a second evaluation after 4 to 6 weeks (69%).
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Statistical analysis

All continuous variables are presented as mean * SD, and discrete data as proportions.
We used Pearson correlation tests for relationships between continuous variables, one-
way analysis of variance tests for categorical variables, Student t tests to assess differ-
ences between continuous variables, and Fisher exact tests for discrete variables. We
created 2 multivariable logistic and 6 multivariable linear regression models to assess
factors independently associated with (1) treatment choice (initial and final), (2) satis-
faction with treatment and decision regret after 4 to 6 weeks, and (3) physical function
and pain intensity (both initially and after 4-6 weeks). We included all variables with P
< .10 on bivariate analysis in the final models (Appendix 1-3). We considered P < .05 to
be significant.

Answers to the open-ended question about reasons for deciding on the final choice
of treatment were analyzed by a research assistant for both the DA and the control group
and could be clustered in 13 categories (Appendix 4). An a priori power analysis indicated
that to find a difference in decision regret with an effect size of 0.5, we would need 128
patients, with a set at 0.05 and 80% power. To account for 10% to 15% loss to follow-up,
we aimed to enroll 141 to 147 patients.

Results
Difference decision regret
Patients who reviewed a DA had less decision regret 4 to 6 weeks after a specialist visit

than those who did not (8.0 + 13 vs 18 + 13; P < .05) (Table 3).

Table 3. Outcomes Between Patients Reviewing a DA and Those Who Did Not*

Did Not .
Variable Review DA Reviewed DA P value

= 0,
(n=71,48%) (776.52%)

Baseline
PSEQ-2 10+21 9.6+25 0.310
PROMIS PF 48+ 7.7 48+ 71 0.467
Pain intensity 46123 49+23 0.429
Satisfaction with the visit 9.2+13 9.2+19 0.991
Information understood 71 (100) 76 (100) 1.00
Enough information received 71 (100) 74 (97) 0.497
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Table 3. Continued.

Did Not .
Variable Review DA Reviewed DA P value

= 0,
(n=71 480 (77652%)

Decision to have surgery

No 63 (89) 59 (78)
Yes 8 (11) 17 (22) 0.083
After 2 weeks

PROMIS PF 48 +8.3 49+ 74 0.417
Pain intensity 2725 2925 0.591
Satisfaction with the visit 88+17 9.2+14 0.216
Felt assisted in decision-making 42 (86) 44 (84) 1.00
Decision Regret Scale 18 £ 13 8.0+13 <.05

*Bold indicates statistically significant difference; Continuous variables as mean + SD;
Discrete variables as number (percentage); DA: Decision aid; PSEQ-2: Pain Self-Efficacy
Questionnaire short form; PROMIS PF: Patient-Reported Outcomes Measurement Information
System Physical Function.

Factors associated with treatment choice
An initial preference for surgical rather than nonsurgical treatment before enrollment was
associated with completion of 2 years of college (odds ratio = 4.3; 95% confidence inter-
val [Cl], 1.1-17; P < .05) and lower pain self-efficacy (ie, lower PSEQ-2 scores; OR = 0.77;
95% Cl, 0.63-0.94; P < .05), but not with reviewing a DA (Table 4).

No factors were independently associated with the final choice of injection, surgery,
or other treatments at the end of the visit (Table 4).

Factors associated with satisfaction
No factors were independently associated with satisfaction with the visit at baseline
(Table 5).

Patients who were already using opioids before the visit (b = 1.2; 95% ClI, 0.07-2.4; P
<.05) and who eventually chose an injection (b = 0.82; 95% CI, 0.20-1.4; P < .05) were
more satisfied with the visit after 4 to 6 weeks (Table 5). Men were less satisfied than
women (b =-0.65; 95% ClI, -1.2 to -0.06; P < .05). For example, this model shows that
patients who chose an injection scored 0.82 points higher on the satisfaction scale than

did patients who chose nonsurgical treatment.
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Factors associated with decision regret

Patients who reviewed a DA (b = -10; 95% ClI, -15 to -5.0; P < .05) and who felt the sur-
geon helped them make a well-considered decision (b = -7.5; 95% CI, -15 to -0.49, P <
.05) had less decision regret after 4 to 6 weeks (Table 5).

Factors associated with physical function

Patients with more pain self-efficacy (ie, higher PSEQ-2 scores) independently had better
physical function both at baseline (b = 1.1; 95% ClI, 0.61-1.6; P < .05) and during the
second evaluation (b = 0.87; 95% CI, 0.24-1.5; P < .05) (Table 6). Older patients had
lower physical function both at baseline (b =-0.09; 95% ClI, -0.18 to -0.01; P <.05) and
during the second evaluation (b = -0.20; 95% CI, -0.31 to -0.09; P < .05). Patients who
chose to have surgery had worse physical function during the second evaluation (b = -5.0;
95% ClI, -8.9 to -1.1; P < .05).

Factors associated with pain intensity

Patients with a post-college graduate degree (b =-1.4; 95% CI, -2.5 to -0.25; P < .05)
and those with greater self-efficacy had less pain at baseline (b =-0.18; 95% Cl, -0.34
to -0.02; P < .05) (Table 6). During the second evaluation, older patients reported more
pain (b = 0.04; 95% ClI, 0.01-0.07; P < .05) and patients treated with an injection reported
less pain (b =-1.9; 95% ClI, -2.8 to -0.88; P < .05).

Discussion

We conducted a randomized controlled trial to study the impact of a diagnosis-specific DA
in orthopedic upper-extremity specialty visits. We found that patients who reviewed a DA
had less decision regret 2 weeks after a specialist visit compared with those who did not.

We acknowledge some limitations to this study. First, the 11-point ordinal satisfaction
scale has a substantial ceiling effect (mean satisfaction for patients reviewing a DA and
not reviewing a DA was 9.2 and 9.3, respectively, Table 3). This finding is consistent with
prior research'’ and hinders the analysis of factors associated with satisfaction. Second,
the Decision Regret Scale also has a strong floor effect. Most people have little regret.
In our opinion, this makes the findings of this study more notable. When regret is already
low, to be able to lower it by 10 points on average with a DA suggests an important effect.
When an outcome mean is closer to the highest or lowest score, there is proportionately
less room for a difference to be demonstrated. To our knowledge, there is little known
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about clinically important differences in decision regret; such differences are more difficult
to interpret near the limits of the score or in settings where there is a notable chance of
ceiling or floor effects. We also addressed decision regret only in the short term. Third,
study inclusion was limited to new specialist consultations for which surgical and non-
surgical treatment were options. Given the small number of people choosing surgery,
especially during the initial visit, this setting is inadequate for assessing the influence of
DAs on treatment choice. Fourth, most people had one of a few common diagnoses, and
this study applies best to those problems. Fifth, because injection was not available for
all diagnoses, a choice for injection is confounded with diagnosis; nevertheless, because
that injection was an option for all but 11 patients (7%), we think this had little influence
on the findings. Sixth, surgeons were not blinded to the study protocol, although that is
probably appropriate because the effect of the DA on the interaction between patient and
surgeon (with both using the DA as a point of discussion) was part of what we wanted to
study. Seventh, 31% did not complete the second evaluation, which may have left some
of the analyses underpowered. There were no differences between responders and
non-responders at enrollment, but there may be differences in satisfaction and decision
regret. Finally, consistent with a pragmatic study design, there was no accounting for what
happened before the specialist visit or afterward (eg, additional calls, portal messages,
e-mails, or visits).

Overall decision regret was low in both groups (8.0 + 13 vs 18 + 13), which may ac-
count for the difficulty in showing a notable difference with the use of DAs as we had.
One might interpret the low overall decision regret as a representation that guidance by
the surgeon is sufficient and DAs have a limited role. We caution against that interpre-
tation because of the notable ceiling effect (tendency toward top scores) of measures of
decision regret and other experience measures. The study of interventions to improve
experience (such as more satisfying decisions; perceived empathy; trust; and communi-
cation effectiveness) would benefit from instruments with limited loss of useful variation
in data owing to floor or ceiling effects. Our own bias, based on evidence and experience
to date, is that quality surgeon communication strategies can be more effective than DAs
for helping people reorient common misconceptions, become aware of their values, and
make choices consistent with their values rather than misconceptions. We consider DAs
to be a tool that surgeons and patients use for assistance while they work to enhance
the ability to identify and discuss common misconceptions, as well as patient values and
congruent and incongruent decisions. A study comparing usual care (a visit with surgeon
plus an information folder) with usual care and a DA for patients with trapeziometacarpal

arthritis reported a significant difference in decisional conflict measured directly after
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the visit, but no significant difference in decision regret after 6 weeks’ and 6 months’
follow-up.t® A study on postsurgical decision regret in breast cancer showed a significant
decrease in decision regret when using a DA *® Other clinical trials on the effects of a
DA on decision regret 3 months after treatment choice for pelvic organ prolapse® and
6 months after decisions about medical treatment options for diabetes mellitus?* and
genetic testing?? show no significant difference.

The finding that patients with more self-efficacy were less likely to choose surgery is
consistent with evidence that an ability maintain a daily routine and achieve one’s goals
despite nociception decreases symptoms and limitations.?®* The Cls were wide, so we
cannot be sure of the magnitude of the association. Previous research? showed that
greater pain interference (the tendency to limit activities owing to pain) is associated with
a greater likelihood of discretionary surgery. Pain interference is strongly correlated with
pain self-efficacy, and it was suggested that it measures the same underlying concept of
cognitive coping strategies in response to nociception.?® As mentioned, this study was
not designed to detect the influence of DAs on surgery rate; a larger and more specific
trial is needed to answer that question.

As expected, the magnitude of physical limitations was greater in older patients and
also among people who chose to have surgery, which may be the result of recovery
time, because many patients in our practices who chose surgery would likely have had
the surgery before the 4- to 6-week evaluation. The association that was found between
high pain self-efficacy and better physical function at baseline and after 4 to 6 weeks is
consistent with prior research?® and supports the key role of effective cognitive coping
strategies in musculoskeletal health. High self-efficacy was also associated with lower
pain intensity.

The results of our study suggest that patients with upper-extremity musculoskeletal
illness who review a DA have less decision regret. The finding of lower decision regret
among patients who review a DA suggests that DAs help people make decisions that
are more consistent with their values. Future research could help select diagnoses for
which a DA is most beneficial. There may be specific situations in which organizing
one’s thoughts and addressing common misconceptions via a DA might affect the rate
of discretionary surgery. For example, people with distal biceps rupture often initially
have a misconception that they need surgery to be able to bend the elbow, or that when
things are broken, they should always be fixed. People who see a clavicle fracture out of
place on a radiograph and feel the bones moving might similarly find it difficult to believe
that nonsurgical treatment is an option. Relative to the diagnoses we studied, a high
percentage of people with these injuries choose surgery, which provides an opportunity
to test the impact of a DA on treatment choice.
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Appendix 4. Rationale for Treatment Choice

Rationale No DA DA Total
Doctor’s advice 16 14 30
Wanting direct solution for the problem 14 15 29
Faith in success of less-invasive treatment 11 16 27
Not wanting surgery 8 13
Prior experiences 7 9
Fear of recovery time 2 6
Need more time to make final decision 3 2 5
Based on DA n/a 3 3
Combination of doctors’ advise and DA n/a 3 3
Own research 1 2
Fear of side effects/complications 0 2
Costs of treatment 0 2
No answer given by patient 10 4 14

DA: Decision aid; n/a: not available.
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Chapter 11

This PhD thesis comprises several aspects of diagnosis and treatment of patients with
two of the most common idiopathic mononeuropathies of the upper extremity, MNCT
and UNE. While common in upper extremity surgery clinics, there is still debate on
diagnostic and treatment options. The aims of this thesis were to aid surgeons in choos-
ing measures that quantify patients’ subjective aspects of health, highlight some of the
debatable diagnostic and treatment options, and clarify what matters most for patients
with idiopathic mononeuropathy of the upper extremity. Specific study aims are divided
in four main parts: patient-reported outcome measures, electrodiagnosis, shared deci-

sion-making, and treatment.

Part I — Patient-Reported Outcome Measures

Patients with idiopathic mononeuropathy of the upper extremity present with varying
symptom intensity. Quantifying subjective aspects of health (i.e. comfort and capability)
with the use of PROMs and the experience of care (using PREMs) can be helpful, both in
patient care and in research.**® Often, these measures are used to compare a patient’s
state before and after an intervention.*¢.1*> Besides general comfort and capability mea-
sures, musculoskeletal questionnaires can be grouped in extremity-, region-, condition-,
or even tissue-specific tools and evidence shows that PROMs of varying specificity are
correlated.X>"1* There are myriad measures available and choosing the ‘best one’ can
be difficult, especially because each patient and its values is different.

In our first study (Chapter 2), we included 130 patients with any upper extremity
nerve-related condition and each completed measures of demographics, psychological
limitations, quality of life, comfort and capability, and pain intensity. We found strong
interquestionnaire correlations between the comfort and capability measures and mod-
erate correlations with pain intensity and quality of life. We also found that symptoms of
depression accounted for 53-84% of the variability in the PROMs. Our next study focused
on 150 patients with CTS and/or CubTS (Chapter 3) and — besides correlation and multi-
variable testing — compared several PROMs based on their instrument properties. Similar
moderate to strong interquestionnaire correlations were found and, again, self-reported
symptoms of depression were best able to account for variations in comfort and capability
and symptom intensity (68-100%). Our correlations are consistent with the evidence to
date.r*5814 |n various studies looking at upper extremity patients it seems that we get
a better understanding of the fact that comfort and capability and symptom intensity is
mainly driven by psychosocial factors, such as anxiety, depression, pain interference,
self-efficacy, and catastrophic thinking.3-6:10.14.16-18
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All PROMs tested had comparable floor effect (i.e. percentage of patients scoring at
the lowest possible score). The measure that was shortest to complete (PROMIS PF-UE-
7) was 5 times shorter than the longest measure (I-HaND) and had some expected ceiling
effect (16%). We believe this was because we were not able to use the CAT version. The
advantage of a CAT is that it tries to balance efficiency (i.e. few questions) with limited
floor and ceiling effects.t.78101213

These findings suggest there may be limited advantage to disease- or tissue-specific
PROMSs, perhaps because they are all so closely tied to mental health. It also adds to the
evidence that psychosocial factors have more influence on comfort and capability than
pathophysiology. Future studies should assess if there are advantages of specific PROMs
in terms of correlation with pathology, discerning (small) improvements in response to
treatment, or recovery. Pending these results, we prefer to use simple, brief, and general
PROMSs, preferably based on a CAT model.

Part II - Electrodiagnosis

There is no consensus reference standard for diagnosing idiopathic mononeuropathy of
the upper extremity. However, it is important to distinguish between a clinical diagnosis
based on symptoms and signs and a diagnosis based on true neuropathy in order to
choose the best treatment option available fitting a patient’s values. Next to symptoms
and clinical signs, diagnostic scales can be used to estimate the probability of neuropathy
and EDx could be used to determine nerve pathology. Though, EDx results could be
misleading, especially discerning patients with no to mild pathology. Knowing the diag-
nostic performance characteristics might aid surgeons and patients in their diagnostic
and treatment plan and reduce the potential for unnecessary surgery.

Chapter 4 describes our retrospective study where we reviewed EDx results and
demographics of 537 patients evaluated for possible idiopathic MNCT. We found that (1)
in 2.6% to 33% of patients the nerve conduction study parameters were within 10% of
the threshold for the diagnosis of MNCT; (2) overall, 3 out of 4 patients had EDx results
consistent with MNCT; and (3) patients with normal EDx results were younger, did not
report paresthesias, were more likely to have a prior normal EDx, and less likely to have
had a previous contralateral CTR. In Chapter 5 we retrospectively looked at the EDx
results and demographics of 133 patients with a clinical diagnosis of CubTS and found
that 61% of EDx identified UNE, 14% identified other neuropathology, and 26% no neu-
ropathology. Next to a prior electrodiagnosis of UNE on either side, older age and men
were independently associated with positive EDx results of UNE.
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There are practice recommendations but no definitive thresholds for interpreting
EDx results in MNCT and UNE.**-22 Therefore, we used thresholds in line with most
other studies and the AAEM standards and guidelines?1°-** and found that up to a third
of patients were within 10% of some of the threshold values for MNCT. Our results also
demonstrated that only 76% of patients had MNCT and 61% had UNE, and 19% to 26%
of patients had no neuropathy. Other studies looking at patients with CTS report up to
10% to 40% of normal EDx?°-2%35-37 and for CubTS these are around a third as well 133
These numbers suggest the need for more stringent NCS criteria, supplemental NCS,
or improved diagnostic scales. The Dutch guideline for CTS from 2017 reports that clear
CTS (they do not refer to it as MNCT) is based on symptoms and signs and when there is
doubt, additional testing should be done using ultrasonography and/or EDx.*® The Dutch
guideline for CubTS from 2011 reports an added value of EDx in patients with a clinical
suspicion of UNE, especially to check for the location of compression, and in case of
negative EDx ultrasonography could be considered.*®

Both studies add to the evidence that neuropathology is more present in older pa-
tients, in patients with paresthesias, and in patients with a history of abnormal EDx on
either side?®1925.27.32:33.40-45 "gypporting the concept that MNCT and UNE are structural and
slowly progressive diseases.

Other studies could also look at differences in PREMs (like decision regret) when
testing patients who chose treatment options based on clinical evaluation alone versus
undergoing objective measures of neurophysiology. For patients with no to mild neuro-
pathology we might be more comfortable addressing this as a less specific of nonspe-
cific diagnosis and treat it conservatively, limiting additional tests and potential harmful
interventions.

Part III — Shared Decision-Making

Decision-making in medicine has transformed from a directive, 1-way exchange of in-
formation from physician to patient (i.e. paternalistic model) to a SDM model where
physician, patient, and patient confidants are involved and share their information and
values to arrive at decisions.*¢-%8 Evidence to date shows involving patients in decisions
improves health outcomes, quality of life, satisfaction, and adherence with treatment
plans in part by reducing decision conflict.46-48:51.5254-56.58-63 Decjsion conflict is a state of
uncertainty about the course of action to take and can be greater when there is more bias
or debate about treatment options.536465 Key aspects include reorientation of common
misconceptions, neutralization of physician bias, and clear and open communication
to ensure choices are made based on patients’ values (what matters most to them).°
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Because there is debate in several areas of treating patients with CTS (for example, the
use of EDx and corticosteroid injections or considering surgery when EDXx is normal),
this is a preference-sensitive condition in which SDM is important.

In Chapter 6 we studied 113 patients and their preferences regarding SDM for various
aspects of the treatment for CTS. We found that patients with CTS generally prefer to
share decisions with their surgeon with a tendency for more surgeon involvement espe-
cially in the operative and postoperative period. A study of 78 patients who underwent
CTR found similar results; 76% preferred SDM for surgery, 18% wanted the surgeon
to decide, and 6% wanted to decide themselves.®! Variable conditions might influence
thoughts on SDM. For instance, in a study surveying both patients with trigger finger and
hand surgeons, surgeons preferred SDM, whereas patients preferred to make their own
choices after receiving all necessary information.®* In another field, 89 out of 101 (90%)
patients undergoing elective vascular surgery wanted to make a final treatment choice
together with their physician.*

Health care costs are continuously increasing®7? and a major part seems to come
from a overuse of services, preventable complications, and inefficient health care pro-
cesses.%%5° To keep health care sustainable cost-conscious decisions seem necessary
while maintaining care quality.” Evidence is lacking if patients consider societal costs
(besides out of pocket costs) when they decide on treatment options. Especially in con-
ditions where there is a variation in care, like (mild) CTS, insights in costs and benefits
without compromising quality of care could aid in resource utilization and cost-effective
treatments.

Chapters 7 & 8 look at the effect of societal cost information on treatment choice
for CTS. First, we did a clinical RCT using a hypothetical scenario of mild CTS in 184
patients with any nontraumatic upper extremity diagnosis. Patients were randomized to
review this case with or without showing societal costs for CTR and were asked their
choice of treatment (splint or CTR [less expensive vs more expensive]). We found that
patient treatment choice was not affected by societal cost information and no patient
factors were independently associated with the choice for surgery. Following this, we
performed an online RCT using Amazon Mturk and using the same hypothetical case of
mild CTS, assessed treatment choice, and additionally, we qualitatively analyzed par-
ticipants’ rationale for their choice. Contrary to the clinical study, we found participants
who reviewed societal cost information were more likely to choose surgery (the more
expensive treatment option). Lack of personal costs frequently emerged as a theme in
those in the cost cohort who chose surgery. In a study of 1,211 surveyed participants
choosing between LVAD implantation or not in a hypothetical case of end-stage heart
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failure, participants were more likely to accept an LVAD when shown total costs and
when choosing for someone else.” Based on these 2 chapters, providing societal cost
information may or may not influence treatment choice for patients with CTS, possible
explanations might be: (1) a limited practice variation in our clinical sample of specialists
showed no differences in patient treatment choice but a more general population that
sees other physicians (with other opinions) or patients who do not see a physician (be-
cause of an online survey) might think otherwise; (2) age could be of influence, in our
clinical study participants had a mean age of 50 years old and choice for surgery was
not affected by societal costs, while in our online study we found that patient age of 39
years and younger modified the effect of societal cost information on choice for surgery,
expressing their younger age and ability to recover; (3) DAs that hold information on
treatment costs show differences in treatment choice based on the type of condition
(i.e. maybe treatment choices for more life threatening conditions are less influenced by
costs than other conditions); (4) treatment choice is more influenced by out-of-pocket
costs, deductibles, or income than societal costs (because it affects patients directly); (5)
people might answer differently when deciding for themselves or for others; (6) responses
to hypothetical scenarios may not correspond with actual decisions that patients would
make when facing these clinical problems.™

Patients had high agreement on health care attitude statements in chapters 7 & 8,
indicating the costs of health care is one of the biggest problems facing the U.S, lack
of personal monetary responsibility when choosing surgery, and many do not consider
the country’s health care costs in decision-making. To address the increasing costs in
health care, health systems are looking for alternate payment models and more efficient
health care models®¢7075-78 [ikely with a value-based health care approach. Health care
for patients with CTS for example could nudge toward better resource utilization and
finding the best care pathways for (non)operative treatments.’6-83

Future studies could assess SDM preferences and rationale for treatment choices by
looking for factors that might influence this, like symptom intensity, health literacy, other
aspects of cost of treatment like out-of-pocket costs and loss of income following time
off work for surgery, geographical location, demographic factors, patient comfort and
capability, and surgeon communication strategies.

Part IV - Treatment

The likely natural history of idiopathic MNCT and UNE is progression to nerve damage
and surgical treatment is the only disease modifying treatment. Surgery is best done
before there is permanent impairment (i.e. residual symptoms after surgery*-84). However,
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as is the case in other conditions like distal radius fractures®® and hand osteoarthritis®®-87,
there is still treatment variation in these compression mononeuropathies. Among others,
physician and patient beliefs seem to cause this variation®-°, rather than variations in
pathophysiology and other medical factors like comorbidities. This uncertainty can lead
to the use of debatable diagnostic and treatment interventions and associated costs. In-
forming patients with or without the use of a decision aid (DA; a tool that informs patients
about their condition and choices) might help patients become aware of their values,
correct misconceptions, and neutralize clinician bias.

In Chapter 9 we studied a large commercial insurance claim database with new pa-
tient visits for either CTS, UNE (no CubTS since the ICD-10 codes were limited to CTS
and UNE), or both, and identified the used of radiographs and injections and estimated
total payments. Nearly 1 in 3 of 11,067 patients had radiographs for either condition, 9.7%
of patients with CTS received an injection, and 2.6% with UNE, leading to a minimum
$600k in payments. We also documented regional variations in the U.S.

Chapter 10 describes a RCT were 147 patients visiting an upper extremity surgeon
were tested for difference PROMs, PREMSs, treatment choice, and decision regret if they
reviewed a DA or not. We found less decision regret 4-6 weeks after the visit in patients
who reviewed a decision aid and who felt the surgeon helped them make a well-con-
sidered decision. Patients with less pain self-efficacy opted initially more for surgical
intervention, were less comfortable and capable, and reported more pain.

The use of radiographs and injections at a new patient visit for CTS and UNE are
common in the U.S. and the role for both is open to debate because they might prove to
be of little or no benefit. If the examination of bones and joints is normal in patients with
idiopathic CTS or CubTS, changes to these bones are unlikely to contribute to median
or ulnar nerve symptoms making radiographic imaging unnecessary.** Some physicians
opine that radiographs are useful to assess recurrent or unrelieved symptoms or to
identify underlying skeletal abnormalities®-%, but these seem potentially misleading if
the probability of such disorders is low based on the symptoms and signs.®®

There is no benefit to corticosteroid injections for UNE.®” The evidence for injections
that might be considered placebo (e.g. procaine'®®8, progesterone®%, or dextrose?) for
MNCT show no or only short term (<6 months) benefit; for corticosteroid injections they
show a slight decrease in symptoms that seems to deteriorate over about a year.15:90.98:101-
103 A retrospective study of 774 hands in 525 patients who received a corticosteroid
injection for CTS (of which 8% had normal EDx and 15% were not tested on) found
a median time to failure of treatment of 259 days and that 63% eventually underwent
(median follow-up time of 7.3 years) .1
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Geographical diagnostic and treatment variation indicates there is a variation in care
not based on pathophysiology or patient values, but on physician and patient beliefs.%104
This overutilization of possible unnecessary interventions might — among others — result
from financial incentives, cultural expectations, or ineffective communication strate-
gies_88,89,103

We found low decision regret scores but patients who reviewed a DA or who felt the
surgeon assisted in making a well-considered decision had less decision regret. It seems
important to identify and discuss common misconceptions — with or without a DA — as
well as discovering patient values. The effectiveness of a DA for decision regret is vari-
able for different diagnoses.’?>1%° We believe DAs can be an assisting tool to help inform
patients and organize their thoughts, especially correcting misconceptions patients might
have about their condition before seeing their physician because they read conflicting
information online or heard different from friends and family. For instance, patients with
suspected idiopathic MNCT to undergo EDx or surgery.

Future studies should test if the beforementioned interventions truly have no or limited
benefit in order to not only reduce costs, but to optimally treat patients according to the
best available evidence and fitting their values. Finding out for which diagnoses a DA
is beneficial to help inform patients about their condition and correct misconceptions
could also affect the rate of discretionary surgery and help reduce decision regret. For
example, people who see a clavicle fracture out of place on a radiograph might find it
difficult to believe that nonsurgical treatment is an option and think that it should be fixed.

Eventually, the key is to distinguish between pathophysiology and iliness or discomfort
and incapability. We feel comfortable in holding off surgery when patients have symptoms
but there is no to mild measurable neuropathy.
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Chapter 12

Nerves transmit impulses from the spinal cord to effector organs (like muscles) and
from specialized sensory organs in the skin and deeper tissues towards the spinal cord.
Nerves can be affected by either injury or compression, leading to temporary or per-
manent nerve damage and dysfunction (neuropathy). Usually, the clinical signs of com-
pression neuropathies are tingling or numbness (paresthesia) and weakness. For most
compression neuropathies the cause is unknown (idiopathic) and is ascribed largely to a
tight anatomical space. This thesis focuses on the 2 most common idiopathic mononeu-
ropathies in the upper extremity: median neuropathy at the carpal tunnel (MNCT) and
ulnar neuropathy at the elbow (UNE). The umbrella term for the symptoms and signs
characteristic of these conditions are carpal tunnel syndrome (CTS) and cubital tunnel
syndrome (CubTS), respectively. This work is divided in 4 parts: (1) patient-reported
outcome measures; (2) electrodiagnosis; (3) shared decision-making; and (4) treatment.

Part I - Patient-Reported Outcome Measures

Patient-reported outcome measures (PROMSs) can be used to quantify subjective aspects
of health (i.e. comfort and capability). There are myriad measures available, including
general tools and extremity-, region-, condition-, and tissue-specific tools. We compared
a relatively new upper extremity nerve-related PROM to other upper extremity musculo-
skeletal PROMs, pain intensity, quality of life, and measures of psychological limitations
in 130 patients presenting with any upper extremity nerve-related condition (Chapter 2).
We found (very) strong interquestionnaire correlations between PROMs and moderate
correlations between PROMs and pain intensity and quality of life. In addition, greater
symptoms of depression were independently associated with less comfort and capability
(on all scales) and greater pain intensity. In the next study we compared the same upper
extremity nerve-related PROM to an upper extremity musculoskeletal PROM, condi-
tion-specific PROMs, and measures of psychological limitations in 150 patients with
either CTS and/or CubTS (Chapter 3). We found similar moderate to strong interques-
tionnaire correlations and, again, self-reported symptoms of depression were best able
to account for variations in comfort and capability and symptom intensity. These findings
suggest there may be limited advantage to disease- or tissue-specific PROMs and that
psychosocial factors have more influence on comfort and capability than pathophysiology.

Part II — Electrodiagnosis

In order to choose the best treatment option available fitting a patient’s values, we believe
it is important to distinguish pathophysiology from illness (discomfort and incapability).
For the diagnosis of idiopathic MNCT and UNE there is no consensus reference stan-
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dard. Electrodiagnostic testing (EDx) can be used as a diagnostic adjunct to objectively
evaluate the electrophysiological health (i.e. measuring the speed and intensity of im-
pulses) of nerves. Though, EDx results can be equivocal, especially discerning patients
with no to mild pathology. To get a better understanding of the diagnostic performance
characteristics of EDx we retrospectively looked at nerve conduction study measure-
ments of 537 patients evaluated for possible idiopathic MNCT (Chapter 4). Up to a third
of the parameters were around the borderline of the threshold for diagnosis of MNCT.
Seventy-six percent of EDx results were concordant with the clinical diagnosis of CTS,
19% had normal EDx, and 5% as another diagnosis. Among others, patients with normal
EDx were significantly younger and reported no paresthesia. Although a relatively strong
concordance between clinician and EDx diagnosis, we confirmed the uncertainty of the
diagnostic strategies for suspected MNCT.

In another retrospective study we looked at EDx results of 133 patients with a clini-
cal diagnosis of CubTS and found that 61% of EDx identified UNE, 14% identified other
neuropathology, and 26% no neuropathology (Chapter 5). Besides a prior EDx result of
UNE on either side, older age and men were independently associated with positive EDx
results of UNE. The numbers we found suggest the need for more stringent EDx criteria
or improved diagnostic scales, especially in patients with no to mild neuropathology. Both
studies support the concept that MNCT and UNE are structural and slowly progressive
diseases, support the use of clinical prediction rules, and may help inform a patient’s

decision regarding whether or not to have EDx.

Part III — Shared Decision-Making
Diagnostic and treatment choices are best based on the strategy consistent with both best
evidence and what matters most to a patient, this process is often referred to as shared
decision-making (SDM). Because there is debate in several areas of treating patients with
CTS (for example. the use of EDx and corticosteroid injections or considering surgery
when EDx is normal), this is a preference-sensitive condition in which SDM is important.
We studied 113 patients and their preferences regarding SDM for various aspects of the
treatment for CTS and found patients generally prefer to share decisions with their sur-
geon with a tendency for more surgeon involvement in the operative and postoperative
period (Chapter 6). Looking at the available evidence, it seems that variable conditions
might influence thoughts on SDM.

Health care costs are also part of SDM, because to keep health care sustainable
cost-conscious decisions seem necessary while maintaining quality of care. We created
a hypothetical scenario of mild CTS and asked 184 patients’ preferred treatment choice
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(Chapter 7). We found that treatment choice — that was a less expensive option of a splint
versus a more expensive option of surgery —was not affected by reviewing societal cost
information for these options. We studied this in more detail performing an online random-
ized controlled trial (RCT) using Amazon MTurk and using the same hypothetical case
of mild CTS in 304 participants (Chapter 8). In contrary to the clinical study, we found
participants who reviewed societal cost information opted more for surgical treatment.
In addition, we employed a qualitative content analysis to evaluate a patient’s rationale
for their treatment choice and found a lack of personal monetary responsibility frequently
emerges as a theme in those who reviewed societal cost information and chose surgery.
Based on these 2 studies, societal cost information may or may not influence treatment
choice for patients with CTS. Among others, an explanation could be that treatment
choice is more affected by other costs like out-of-pocket costs, deductibles, or income
than societal costs, because this affects patients directly. Future studies could address
this and look for other factors that possibly influence SDM like symptom intensity, health
literacy, or surgeon communication strategies.

Part IV - Treatment
The likely natural history of idiopathic MNCT and UNE is progression to nerve damage.
Surgery may be the only pathophysiology-altering treatment with nonoperative treat-
ments like splinting and corticosteroid injections perhaps palliative (symptom alleviating)
at best. As with other conditions, there is still treatment variation in these compression
mononeuropathies. We performed a large commercial insurance claim database study
where we looked at the use of radiographs and corticosteroid injections at new patient
visits for patients with a clinical diagnosis of CTS or UNE (not CubTS because of the
codes we used; Chapter 9). Nearly 1 in 3 of 11,067 patients had radiographs for either
condition, 9.7% of patients with CTS received an injection and 2.6% with UNE, leading to
a minimum $600k in payments. We also documented regional variations in the U.S. The
use of radiographs and injections at a new patient visit for CTS and UNE are common in
the U.S. and the role for both is open to debate because they might prove to be of little
or no benefit. Future studies could test the efficacy of injections for CTS in the long term.
Since there are often various treatment choices for a certain condition, health choic-
es should be based on patients’ values. A decision aid (DA; a tool that informs patients
about their condition and choices) can help inform patients and correct misconceptions
so they can choose the treatment option consistent with their values. Therefore, we
completed a RCT including 147 upper extremity patients where they either reviewed or
did not review a DA about their condition, including patients with clinical CTS (Chapter

258



Summary

10). Patients who reviewed a DA had less decision regret 4-6 weeks after the visit and

who felt the surgeon helped them make a well-considered decision. Patients with less

pain self-efficacy opted initially more for surgical intervention, were less comfortable

and capable, and reported more pain. We believe DAs can be an assisting tool to help

inform patients and organize their thoughts, especially correcting misconceptions patients

might have about their condition before seeing their physician. Eventually, the key is to

distinguish between pathophysiology and illness or discomfort and incapability. We feel

comfortable in holding off surgery when patients have symptoms but there is no to mild

measurable neuropathy.

Summarized Conclusions

There is no clear advantage of using a nerve-specific, condition-specific, or upper
extremity-specific PROM for measurement of comfort and capability in patients with
idiopathic mononeuropathy of the upper extremity, perhaps because of their correla-
tion with mental health (Chapters 2 & 3).

Greater self-reported symptoms of depression is independently associated with less
comfort and capability and greater pain intensity in patients with idiopathic mononeu-
ropathy of the upper extremity (Chapters 2 & 3). This thesis adds to the growing
evidence that psychosocial factors have more influence on comfort and capability
than pathophysiology.

Seventy-six percent of patients with a clinical diagnosis of CTS had EDx results indi-
cating idiopathic MNCT, 5% had other neuropathology, and 19% had no measurable
neuropathology (Chapter 4). For patients with a clinical diagnosis of CubTS, 61% had
EDx results indicating idiopathic UNE, 14% had other neuropathology, and 26% had
no measurable neuropathology (Chapter 5). Basing a diagnosis of MNCT or UNE
solely on signs and symptoms carries a small risk for misdiagnosis.

In 2.6% to 33% of patients EDx criteria are within 10% of the threshold (i.e. discrimi-
nating between no and mild neuropathology) for diagnosis of MNCT (Chapter 4). This
leaves a diagnostic uncertainty, partly created by an absence of a reference standard.
Older age, ipsilateral or bilateral paresthesias/numbness, prior EDx results confirming
median neuropathy, and having had a previous contralateral carpal tunnel release are
independently associated with an EDx of idiopathic MNCT (Chapter 4).

Older age, men, and prior EDx results confirming ulnar neuropathy on either side are
independently associated with an EDx of idiopathic UNE (Chapter 5).

Patients with a clinical diagnosis of CTS or with EDx confirmed MNCT prefer to share

decisions with their surgeon with a tendency for more surgeon involvement, especially
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in the operative and postoperative period (Chapter 6). Individual patient preferences
could be revealed when using DAs or preference elicitation tools.

e Providing societal cost information may or may not influence treatment choice for
patients with CTS (Chapters 7 & 8). It might be that treatment choice is more affected
by other costs like out-of-pocket costs, deductibles, or income than societal costs,
because this affects patients directly.

e No demographic factors are independently associated with the treatment deci-
sion-making in patients with idiopathic MNCT (Chapters 7 & 8). A lack of personal
monetary responsibility could drive the choice for surgery (Chapter 8).

e About 3 in 10 patients had radiographs and nearly 10% versus 2.6% of patients
received an injection at a new patient visit for idiopathic CTS and UNE, respectively
(Chapter 9). It highlights room for improvement to not only save costs, but also to
improve care as the role of both is open to debate.

e A DA does notinfluence treatment choice or satisfaction with a visit, though, patients
who review a DA have less decision regret with their treatment choice (Chapter 10).
Therefore, DA help people make decisions that are more consistent with their values.
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Zenuwen brengen impulsen over van het ruggenmerg naar effectororganen (zoals spi-
eren) en van gespecialiseerde sensorische organen in de huid en diepere weefsels
naar het ruggenmerg. Zenuwen kunnen worden aangetast door letsel of compressie
(beklemming), wat leidt tot tijdelijke of permanente zenuwbeschadiging en disfunctie
(neuropathie). De meest voorkomende klinische symptomen van compressieneuropa-
thieén zijn tintelingen of gevoelloosheid (paresthesie) en zwakte. Voor de meeste com-
pressieneuropathieén is de oorzaak onbekend (idiopathisch) en wordt deze grotendeels
toegeschreven aan een nauwe anatomische ruimte. Dit proefschrift richt zich op de 2
meest voorkomende idiopathische mononeuropathieén in de bovenste extremiteit: me-
diane neuropathie bij de carpale tunnel (MNCT) en ulnaire neuropathie bij de elleboog
(UNE). De overkoepelende term voor de symptomen en tekenen die kenmerkend zijn
voor deze aandoeningen zijn respectievelijk carpaal tunnel syndroom (CTS) en cubitaal
tunnel syndroom (CubTS). Dit proefschrift is verdeeld in 4 delen: (1) door de patiént
gerapporteerde uitkomstmaten; (2) elektrodiagnose; (3) gedeelde besluitvorming; en
(4) behandeling.

Deel I - Door de patiént gerapporteerde uitkomstmaten

Door de patiént gerapporteerde uitkomstmaten (patient-reported outcome measures;
PROMSs) zijn vragenlijsten die gebruikt kunnen worden om subjectieve aspecten van
gezondheid (bijvoorbeeld psychologische gesteldheid en functionele status) te kwanti-
ficeren. Er zijn talloze vragenlijsten beschikbaar, waaronder algemene vragenlijsten en
extremiteit-, regio-, aandoening- en weefselspecifieke vragenlijsten. We vergeleken een
relatief nieuwe bovenste extremiteit en zenuw-gerelateerde PROM met andere PROMs
van het bewegingsapparaat van de bovenste extremiteit, intensiteit van pijn, kwaliteit van
leven, en metingen van psychologische beperkingen bij 130 patiénten met een aandoe-
ning van de bovenste extremiteit (Hoofdstuk 2). We vonden (zeer) sterke correlaties
tussen de PROMs en middelmatige correlaties tussen de PROMSs en intensiteit van pijn
en kwaliteit van leven. Bovendien waren meer symptomen van depressie onafhanke-
lijk geassocieerd met een mindere functionele status (op alle schalen) en een hogere
intensiteit van pijn. In de volgende studie vergeleken we dezelfde bovenste extremite-
it en zenuw-gerelateerde PROM met een PROM van het bewegingsapparaat van de
bovenste extremiteit, aandoening specifieke PROMs en metingen van psychologische
beperkingen bij 150 patiénten met ofwel CTS en/of CubTS (Hoofdstuk 3). We vonden
vergelijkbare middelmatige tot sterke correlaties tussen de vragenlijsten en, nogmaals,
zelf gerapporteerde symptomen van depressie waren het best in staat om variaties in
functionele status en intensiteit van symptomen te verklaren. Deze bevindingen sug-
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gereren dat er mogelijk een beperkt voordeel is voor aandoening- of weefselspecifieke
PROMs en dat psychosociale factoren meer invloed hebben op de functionele status

dan pathofysiologie.

Deel II - Elektrodiagnose

Om de best beschikbare behandelingsoptie te kiezen die past bij de waarden van een pa-
tiént, vinden wij het belangrijk om pathofysiologie te onderscheiden van ziekte (ongemak
en onvermogen). Voor de diagnose van idiopathische MNCT en UNE is er geen consen-
sus over de referentiestandaard. Elektrodiagnostische tests (EDx) kunnen worden geb-
ruikt als een diagnostisch hulpmiddel om de elektrofysiologische gezondheid (door het
meten van de snelheid en intensiteit van impulsen) van zenuwen objectief te evalueren.
Echter kunnen EDx resultaten ook onzeker zijn, vooral om het onderscheid te maken
tussen patiénten zonder en met milde pathologie. Om de diagnostische kenmerken van
EDx te begrijpen hebben we retrospectief gekeken naar zenuwgeleidingsmetingen van
537 patiénten die werden getest op mogelijke idiopathische MNCT (Hoofdstuk 4). Tot
een derde van de zenuwgeleidingstestparameters bevond zich rond de grens van de
afkapwaarde voor de diagnose MNCT. Zesenzeventig procent van de EDx resultaten
kwam overeen met de klinische diagnose van CTS, 19% had normale EDx, en 5% had
een andere diagnose. Onder andere waren patiénten met normale EDx significant jonger
en rapporteerden geen paresthesieén. Hoewel er een relatief sterke overeenstemming is
tussen de klinische diagnose en de EDx diagnose, laat deze studie zien dat er toch een
onzekerheid is omtrent de diagnostische strategieén voor patiénten met vermoedelijke
MNCT.

In een andere retrospectieve studie keken we naar EDx resultaten van 133 patiénten
met een klinische diagnose van CubTS en ontdekten dat 61% van de EDx resultaten
UNE identificeerde, 14% had andere neuropathologie, en 26% had geen neuropathologie
(Hoofdstuk 5). Naast een eerder EDx resultaat van UNE aan beide kanten, waren oudere
leeftijd en mannen onafhankelijk geassocieerd met positieve EDx resultaten passend
bij UNE. De gevonden cijfers suggereren een noodzaak voor strengere EDx criteria of
verbeterde diagnostische hulpmiddelen, vooral bij patiénten met geen tot milde neuropa-
thologie. Beide onderzoeken ondersteunen het concept dat MNCT en UNE structurele
en langzaam progressieve aandoeningen zijn, ze ondersteunen het gebruik van klinische
voorspellingsregels, en kunnen helpen bij de beslissing van een patiént over het al dan
niet ondergaan van EDx.
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Deel III - Gedeelde besluitvorming

Keuzes voor diagnostiek en behandeling kunnen het best gemaakt worden volgens de
strategie die overeenkomt met zowel het beste wetenschappelijke bewijs als wat het
meest belangrijk is voor een patiént. Dit proces wordt vaak gedeelde besluitvorming
(shared decision-making; SDM) genoemd. Omdat er op verschillende gebieden discussie
is over de behandeling van patiénten met CTS (bijvoorbeeld het gebruik van EDx en
corticosteroid injecties of het overwegen van een operatie wanneer EDx resultaten nor-
maal zijn), is dit een voorkeursgevoelige aandoening waarbij SDM belangrijk is. We be-
studeerden 113 patiénten en hun voorkeuren met betrekking tot SDM voor verschillende
aspecten van de behandeling van CTS en ontdekten dat patiénten over het algemeen de
voorkeur geven aan het delen van beslissingen met hun chirurg, met een neiging tot meer
betrokkenheid van de chirurg in de operatieve en postoperatieve periode (Hoofdstuk 6).
Kijkend naar het beschikbare wetenschappelijke bewijs, lijkt het erop dat verschillende
aandoeningen gedachten over SDM kunnen beinvioeden.

Ook zorgkosten maken deel uit van SDM, want om de zorg duurzaam te houden
lijken kostenbewuste keuzes nodig, met daarbij het behoud van kwaliteit van zorg. We
creéerden een hypothetisch scenario van een milde CTS en vroegen 184 patiénten naar
hun voorkeursbehandeling (Hoofdstuk 7). We ontdekten dat de behandelingskeuze — dit
was een goedkopere optie van een spalk versus een duurdere optie van een operatie
— niet werd beinvlioed door het delen van informatie over de kosten voor de maatsch-
appij. We hebben dit in meer detail bestudeerd door een online gerandomiseerde en
gecontroleerde trial (randomized controlled trial; RCT) uit te voeren met Amazon MTurk
(een online platform waar mensen aan onderzoek kunnen meedoen) en met hetzelf-
de hypothetische geval van milde CTS bij 304 deelnemers (Hoofdstuk 8). In tegen-
stelling tot bij de klinische studie, ontdekten we dat deelnemers waarbij informatie over
maatschappelijke kosten gedeeld werden, meer kozen voor (de duurdere) chirurgische
behandeling. Als toevoeging hebben we een kwalitatieve analyse gedaan om de be-
weegredenen voor de behandelingskeuze te evalueren en ontdekten dat een gebrek
aan persoonlijke financiéle verantwoordelijkheid vaak naar voren kwam als thema bij
diegenen waarbij informatie over maatschappelijke kosten gedeeld werden en die voor
een operatie kozen. Op basis van deze 2 onderzoeken is het onduidelijk te zeggen of
informatie over maatschappelijke kosten de keuze voor behandeling voor patiénten met
CTS beinvlioeden. Een verklaring voor deze verschillen zou onder andere kunnen zijn
dat de keuze voor een behandeling meer wordt beinvioed door andere kosten, zoals
een eigen bijdrage, het eigen risico, of inkomsten, dan door maatschappelijke kosten,
omdat dit patiénten rechtstreeks treft. Toekomstige studies zouden dit kunnen testen en
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ook kunnen zoeken naar andere factoren die mogelijk van invloed zijn op SDM, zoals
de intensiteit van symptomen, gezondheidsvaardigheden (dit is de mate waarin mensen
beschikken over het vermogen om informatie op het gebied van gezondheid te begrijpen),

of communicatiestrategieén voor chirurgen.

Deel IV - Behandeling

Het waarschijnlijke natuurlijke beloop van idiopathische MNCT en UNE is progressie
naar zenuwbeschadiging. Chirurgie is mogelijk de enige pathofysiologie-veranderende
behandeling. Niet-operatieve behandelingen zoals spalken en corticosteroid-injecties zijn
misschien op zijn best palliatief (symptoom verlichtend). Net als bij andere aandoeningen
is er nog steeds variatie in de behandeling van deze compressie mononeuropathieén.
We hebben een studie uitgevoerd met gebruik van een grote commerciéle database met
verzekeringsclaims (uit de Verenigde Staten; VS), waarbij we hebben gekeken naar het
gebruik van réntgenfoto’s en corticosteroidinjecties bij eerste bezoeken voor patiénten
met een klinische diagnose van CTS of UNE (niet CubTS vanwege de codes die we
gebruikten; Hoofdstuk 9). Bijna 1 op de 3 van de 11.067 patiénten kreeg rontgenfoto’s
voor beide aandoeningen, 9,7% van de patiénten met CTS kreeg een injectie en 2,6%
met UNE, wat leidde tot minimaal $600.000 aan kosten. Daarnaast zagen we regionale
variaties in de VS voor het gebruik van rontgenfoto’s en injecties. Het gebruik van rént-
genfoto’s en injecties bij een nieuw patiéntbezoek voor CTS en UNE is gebruikelijk in de
VS en de rol voor beide staat ter discussie omdat ze mogelijk weinig of geen voordeel
geven. Toekomstige studies zouden de werkzaamheid van injecties voor CTS op de
lange termijn kunnen testen.

Aangezien er vaak verschillende behandelingskeuzes zijn voor een bepaalde aan-
doening, moeten gezondheidskeuzes gebaseerd zijn op de waarden van de patiént. Een
keuzehulp (decision aid; DA; een hulpmiddel dat patiénten informeert over hun aandoe-
ning en opties) kan helpen om patiénten te informeren en misvattingen te corrigeren,
zodat ze de behandeloptie kunnen kiezen die het best overeenkomt met hun waarden.
Daarom hebben we een RCT gedaan met 147 patiénten met een aandoening aan de
bovenste extremiteit. Hierbij kreeg een deel een DA over de aandoening te lezen, en
het andere deel niet. In deze studie zaten ook patiénten met een klinische diagnose van
CTS (Hoofdstuk 10). Patiénten die een DA lazen hadden 4-6 weken na het bezoek
minder spijt van hun behandelkeuze en vonden dat de chirurg hen hielp een welover-
wogen beslissing te nemen. Patiénten met minder zelfredzaamheid om met pijn om te
gaan kozen in eerste instantie meer voor chirurgische ingrepen, hadden een slechtere
functionele status, en rapporteerden meer pijn. Wij geloven dat DAs een hulpmiddel
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kunnen zijn om patiénten te helpen informeren en hun gedachten te ordenen, vooral om
misvattingen te corrigeren die patiénten kunnen hebben over hun aandoening voordat
ze hun arts bezoeken. Uiteindelijk is het noodzakelijk om onderscheid te maken tussen
pathofysiologie en ziekte of ongemak en onvermogen. Wij voelen ons comfortabel in
het uitstellen van een operatie wanneer patiénten symptomen hebben, maar er geen tot
milde meetbare neuropathie is.

Samengevatte conclusies

e Eris geen duidelijk voordeel voor het gebruik van een zenuw-, aandoening- of boven-
ste extremiteit-specifieke PROM voor het meten van de functionele status bij patiénten
met een idiopathische mononeuropathie van de bovenste extremiteit, mogelijk van-
wege hun correlatie met mentale gezondheid (Hoofdstukken 2 & 3).

e Meer zelf gerapporteerde symptomen van depressie zijn onafhankelijk geassocieerd
met een slechtere functionele status en een hogere intensiteit van pijn bij patiénten
met een idiopathische mononeuropathie van de bovenste extremiteit (Hoofdstukken
2 & 3). Dit proefschrift draagt bij aan het groeiende bewijs dat psychosociale factoren
meer invloed hebben op de functionele status dan pathofysiologie.

e Zesenzeventig procent van de patiénten met een klinische diagnose van CTS had
EDx resultaten die overeenkwamen met idiopathische MNCT, 5% had een andere
neuropathologie, en 19% had geen meetbare neuropathologie (Hoofdstuk 4). Van
de patiénten met een klinische diagnose van CubTS had 61% EDx resultaten die op
idiopathische UNE duidden, 14% had een andere neuropathologie, en 26% had geen
meetbare neuropathologie (Hoofdstuk 5). Een diagnose van MNCT of UNE uitsluitend
baseren op klinische tekenen en symptomen brengt een klein risico op het maken van
een verkeerde diagnose met zich mee.

e Bij 2,6% tot 33% van de patiénten bevinden de EDx criteria zich binnen 10% van de
afkapwaarde (onderscheid makend tussen geen en milde neuropathologie) voor de
diagnose van MNCT (Hoofdstuk 4). Dit veroorzaakt een onzekerheid wat betreft
de diagnostiek, wat mede veroorzaakt wordt door het ontbreken van een referentie-
standaard.

e Hogere leeftijd, ipsilaterale of bilaterale paresthesieén/gevoelloosheid, eerdere EDx
resultaten die mediane neuropathie bevestigen, en eerder een contralaterale carpale
tunnel operatie te hebben gehad, zijn onafhankelijk geassocieerd met een EDx pas-
send bij idiopathische MNCT (Hoofdstuk 4).
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Oudere leeftijd, mannelijk geslacht, en eerdere EDx resultaten die ulnaire neuropathie
aan een of beide zijden bevestigen, zijn onafhankelijk geassocieerd met een EDx
passend bij idiopathische UNE (Hoofdstuk 5).

Patiénten met een klinische diagnose van CTS of met EDx bevestigde MNCT geven
er de voorkeur aan om beslissingen met hun chirurg te delen, met een neiging tot
meer betrokkenheid van de chirurg in de operatieve en postoperatieve fase (Hoofd-
stuk 6). Individuele voorkeuren van patiénten kunnen aan het licht komen door het
gebruik van DAs.

Het verstrekken van informatie over de maatschappelijke kosten kan al dan niet van
invloed zijn op de behandelingskeuze van patiénten met CTS (Hoofdstukken 7 & 8).
Mogelijk wordt de keuze voor een behandeling meer beinvioed door andere kosten,
zoals de eigen bijdrage, het eigen risico, of inkomsten, dan door maatschappelijke
kosten, omdat dit patiénten rechtstreeks treft.

Er zijn geen demografische factoren onafhankelijk geassocieerd met de besluitvorm-
ing over de behandeling bij patiénten met idiopathische MNCT (Hoofdstukken 7 &
8). Een gebrek aan persoonlijke financiéle verantwoordelijkheid zou de keuze voor
een operatie kunnen beinvioeden (Hoofdstuk 8).

Ongeveer 3 op de 10 patiénten kregen réntgenfoto’s en bijna 10% versus 2,6% van
de patiénten kreeg een injectie tijdens hun eerste bezoek voor respectievelijk idio-
pathische CTS en UNE (Hoofdstuk 9). Dit wijst op ruimte voor verbetering om niet
alleen kosten te besparen, maar ook om de zorg te verbeteren, aangezien de rol van
beide ter discussie staat.

Een DA heeft geen invioed op de behandelkeuze of tevredenheid met een bezoek,
hoewel patiénten die een DA gezien hebben minder spijt hebben van hun behan-
delkeuze (Hoofdstuk 10). Daarom helpt DA mensen beslissingen te nemen die meer
in overeenstemming zijn met hun waarden.
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List of Abbreviations

AA(N)EM American Association of (Neuromuscular &) Electrodiagnostic
Medicine

AAN American Academy of Neurology

AAPMR American Academy of Physical Medicine and Rehabilitation

AE above elbow

AIN anterior interosseous neuropathy

K regression coefficient

BCTQ Boston Carpal Tunnel Syndrome Questionnaire

BE below elbow

CAT computerized adaptive test

Cl confidence interval

CMAP compound motor action potential

CPS Control Preference Scale

CPT current procedural terminology

CTR carpal tunnel release

CTS carpal tunnel syndrome

CTS-6 6-item CTS Symptoms Scale

CT-scan computerized tomography scan

CubTS cubital tunnel syndrome

CubTR cubital tunnel release

DA decision aid

DML distal motor latency

DSL distal sensory latency

EDx electrodiagnostic test(ing)

EMG electromyography

EQ-5D-3L EuroQol’s 5-domain and 3-level questionnaire

HIPAA Health Insurance Portability and Accountability Act

ICD-10 International Classification of Diseases-10th revision

I-HaND Impact of Hand Nerve Disorders

IQR interquartile range

LVAD left ventricular assist device

MNCT median neuropathy at the carpal tunnel

MRI-scan magnetic resonance imaging scan

MTurk Amazon Mechanical Turk

270



Abbreviations

NCS
NCV

NHS

NR

NSAID

ooP

OR

PhD

PHQ-2

PIN

PREM

PROM

PROMIS PF(-UE)

PROMIS PF-UE-7
PRUNE
PSEQ-2
(Quick)DASH
RCT
REDCap

SD

SDM

TSK-4

UNE

U.S.

VAS

VS

nerve conduction study

nerve conduction velocity

National Health Service

nonrecordable

non-steroidal anti-inflammatory drug
out-of-pocket

odds ratio

Doctor of Philosophy

Patient Health Questionnaire short form
posterior interosseous neuropathy
patient-reported experience measure
patient-reported outcome measure
Patient-Reported Outcomes Measurement Information System
Physical Function (Upper Extremity)

Shortened non-CAT version of PROMIS PF-UE
Patient-Rated Ulnar Nerve Evaluation

Pain Self-Efficacy Questionnaire short form
(shortened version of) Disabilities of the Arm, Shoulder and Hand
randomized controlled trial

Research Electronic Data Capture

standard deviation

shared decision-making

Tampa Scale for Kinesiophobia short form
ulnar neuropathy at the elbow

United States

Visual Analogue Scale

Verenigde Staten

In addition: the term ‘comfort and capability’ is one that keeps on developing and will

probably change in the future. Among others, we have used it as ‘physical limitations’

and ‘activity intolerance’ throughout our work. It can be read interchangeably.
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