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Distal Symmetric Polyneuropathy

A Review
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IMPORTANCE Peripheral neuropathy is a highly prevalent and morbid condition affecting 2% to
7% of the population. Patients frequently experience pain and are at risk of falls, ulcerations, and
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amputations. We aimed to review recent diagnostic and therapeutic advances in distal symmetric

polyneuropathy, the most common subtype of peripheral neuropathy.
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OBSERVATIONS Current evidence supports limited routine laboratory testing in patients with

distal symmetric polyneuropathy. Patients without a known cause should undergo a complete
blood cell count, comprehensive metabolic panel, vitamin B,, measurement, serum protein
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electrophoresis with immunofixation, fasting glucose measurement, and glucose tolerance
test. The presence of atypical features such as asymmetry, non-length dependence, motor
predominance, acute or subacute onset, and prominent autonomic involvement should
prompt a consultation with a neurologist or neuromuscular specialist. Electrodiagnostic tests
and magnetic resonance imaging of the neuroaxis contribute substantial cost to the diagnostic
evaluation, but evidence supporting their use is lacking. Strong evidence supports the use of
tricyclic antidepressants, serotonin norepinephrine reuptake inhibitors, and voltage-gated
calcium channel ligands in the treatment of neuropathic pain. More intensive glucose control
substantially reduces the incidence of distal symmetric polyneuropathy in patients with type 1

diabetes but not in those with type 2 diabetes.

CONCLUSIONS AND RELEVANCE The opportunity exists to improve guideline-concordant
testing in patients with distal symmetric polyneuropathy. Moreover, the role of
electrodiagnostic tests needs to be further defined, and interventions to reduce magnetic
resonance imaging use in this population are needed. Even though several efficacious
medications exist for neuropathic pain treatment, pain is still underrecognized and
undertreated. New disease-modifying medications are needed to prevent and treat

peripheral neuropathy, particularly in type 2 diabetes.
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he overall prevalence of peripheral neuropathy is difficult

to establish because of the heterogeneity of the different

peripheral nervous system diseases in this category. Al-
though studies in the United States are lacking, door-to-door
screening studies performed in Sicily and Bombay estimated that
the prevalence of peripheral neuropathy was 7% and 2.4%,
respectively."? Regarding the
most common peripheral
neuropathy subtype, distal
symmetric polyneuropathy
(DSP), Italian general practi-
tioners screened more than
4000 patientsolder than 55
years and found that the
prevalence was 3.4% to
3.7%, increasing to 4.2% to
5.3% in those older than 75 years.? In this study, more than 40%
of those with DSP had diabetes,® the most commonly identified
cause of this condition.* Another study in a Dutch population

CMT disease Charcot-Marie-Tooth
disease

DSP distal symmetric
polyneuropathy

MRI magnetic resonance imaging

SNRI serotonin norepinephrine
reuptake inhibitor

TCA tricyclic antidepressant
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revealed an incidence of polyneuropathy of 77 per 100 000
person-years in those aged 18 years or older, with diabetes the
most frequent cause (32%).” In contrast to the few studies on
peripheral neuropathy and DSP in general, many studies have
investigated the incidence and prevalence of DSP in patients with
type 1and type 2 diabetes. Investigators found that the preva-
lence of DSP ranges from 10% to 34% in patients with type 1 dia-
betes and from 8% to 25% in patients with type 2 diabetes.®'©
One study of type 2 diabetes revealed an increasing prevalence
from 8% to 42% when patients were reevaluated after 10 years.
Of note, the prevalence of DSP including those with asymptom-
atic disease is likely even higher, with 54% of patients with
type 1 diabetes and 45% of patients with type 2 diabetes
affected.” In patients with type 1diabetes, the incidence of DSP is
2800 per 100 000 person-years compared with 6100 per
100 000 person-years in those with type 2 diabetes.""'? Beyond
DSP, peripheral neuropathy also includes radiculopathies
and mononeuropathies; their estimated incidences are listed
in Table 1.
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Distal Symmetric Polyneuropathy

Table 1. Incidence of Polyneuropathies, Mononeuropathies,
and Radiculopathies

Population Incidence per 100 000
Studied Person-Years
Distal symmetric
polyneuropathy
All causes Netherlands® 77
Type 1 diabetes United States'® 2800
Type 2 diabetes United States'? 6100

Mononeuropathies

United 103 (Men, 87.8; women,
Kingdom?3-14 192.8)

United States'® 99
United Kingdom**  Men, 25.2; women, 18.9

24.7 (Men, 32.7; women,
17.2)

United Kingdom'# Men, 10.7; women, 13.2
Netherlands'” 43

Median neuropathy at the
wrist (carpal tunnel
syndrome)

Ulnar neuropathy
Siena, Italy'®

Lateral femoral cutaneous
neuropathy (meralgia
paresthetica)

Radial neuropathy United Kingdom'*  Men, 2.97; Women, 1.42

Idiopathic facial United Kingdom*®  20.2
neuropathy (Bell palsy) Rochester, 25 (Men, 22.8; women,
Minnesota®® 26.9)
Rome, Italy?° 53.3
Radiculopathies
Lumbar US military?! 486 (1079 in patients aged
>40y)
Cervical US military?2 179 (616 in patients aged
>40y)
Rochester, 83.2 (202.9 in patients
Minnesota?3 aged 50-54 y; men, 107.3;
women, 63.5)
|

Subtypes of Peripheral Neuropathy

Peripheral neuropathy encompasses all disorders that result ininjury
to nerves within the peripheral nervous system. Peripheral neuropa-
thy is best categorized by the localization of the nerve injury. One of
the most common types, DSP, is a diffuse, length-dependent process.!
Patients present with numbness, tingling, pain, or a combination of
these that typically starts in their toes and slowly spreads proximally
(Box). The distribution of neurologic symptoms and signs is often re-
ferred to as a stocking-glove pattern. Generally, symptoms reach the
level of the knees before spreading to the fingertips. Weakness is usu-
ally alatesignin DSP and oftenis first noticed with weakness of toe ex-
tension followed by ankle dorsiflexion. One exception is that patients
with Charcot-Marie-Tooth (CMT) disease often present with weakness
asan early sign. Ankle dorsiflexion is best tested by having a patient walk
on his/her heels. Another frequent symptomiis difficulties with balance,
which canresultin falls and fractures.?* Patients with DSP are also at
risk of ulcerations and amputations, especially patients with diabetes. >
Neuropathic painis present in approximately one-third of patients with
DSP and is often underrecognized and undertreated.?%%”

Another common localization of peripheral neuropathy is radicu-
lopathy, with lumbar nerve roots affected more commonly than cer-
vical nerve roots. Radiculopathy typically resultsin numbness, tingling,
pain, or acombination that starts in the neck or back and radiates into
anextremity in adermatomal pattern. Weaknessis in a myotomal pat-
tern. Forexample, a L5 radiculopathy presents with neuropathic symp-
toms radiating down the posterior leg and wrapping around to the top
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of the foot. Weakness involves ankle dorsiflexion and eversion but, un-
like with a peroneal neuropathy, affects ankle inversion as well.

Mononeuropathy is also a common nerve injury. Median neu-
ropathy at the wrist (carpal tunnel syndrome) is by far the most com-
mon mononeuropathy, followed by ulnar neuropathy at the elbow,
facial neuropathy, and lateral femoral cutaneous neuropathy of the
thigh (meralgia paresthetica). Carpal tunnel syndrome classically pre-
sents with paresthesias and pain in the first 3 digits and the radial
half of the fourth digit. Weakness of thumb abduction and opposi-
tion is a late finding.?® The thenar eminence may also reveal atro-
phy. Ulnar neuropathy at the elbow typically presents with pares-
thesias, pain, or both in the ulnar half of the fourth digit and in the
fifth digit. Similar to carpal tunnel syndrome, weakness is a later find-
ing and manifests as difficulty with finger abduction and atrophy of
the first dorsal interosseous muscle.2® Facial neuropathy typically
presents with the acute onset of weakness in one side of the face.
The peripheral localization of this neuropathy isindicated by the in-
volvement of upper and lower facial muscle weakness (central causes
result in lower facial muscle weakness that is greater than upper fa-
cial muscle weakness). Accompanying symptoms include de-
creased tearing, hyperacusis, and decreased taste in the anterior two-
thirds of the tongue. Patients with meralgia paresthetica experience
neuropathic symptomsin the lateral thigh without weakness, as this
is solely a sensory nerve.

A companion article in JAMA Neurology reviewed rare loca-
tions of peripheral neuropathy including diffuse, non-length-
dependent neuropathies, multiple mononeuropathies, plexopa-
thies, and radiculoplexus neuropathies.>°

Causes of DSP

Distal symmetric polyneuropathy can be caused by amultitude of con-
ditions (Table 2). The most common etiology of DSP is diabetes, ac-
counting for 32% to 53% of cases.™2 Given the high prevalence of
neuropathy in the population with diabetes, screening tests for neu-
ropathy should be considered. Vibration perception with a 128-Hz tun-
ing fork (likelihood ratio, 16-35) and pressure sensation with a 5.07
Semmes-Weinstein monofilament (likelihood ratio, 11-16) are the best
bedside tests to discriminate those with and without a large-fiber
neuropathy.3* Some patients have involvement only of small nerve fi-
bers. Diagnosis can be difficult in these patients because they usually
have difficulties only with pinprick and temperature sensation on neu-
rologic examination. Moreover, electrodiagnostic test results in these
patients are normal, which can lead to diagnostic confusion. Predia-
betes is also a frequent etiology of DSP.23° Alcohol is the next most
common cause, but patients often do not provide accurate estimates
of intake without detailed questioning. Of note, alcohol usually causes
neuropathy in those with decades of daily use. Other common causes
of neuropathy include vitamin B,, deficiency, inherited conditions, che-
motherapy, chronic kidney disease, and paraproteinemia.3"3336 Al-
though these are the most frequent etiologies, the causes of DSP are
numerous and include infectious, inflammatory, toxic, vascular, auto-
immune, metabolic, nutritional, iatrogenic, neoplastic, and paraneo-
plastic causes. Even after extensive evaluation, the cause of DSP re-
mains idiopathic in 24% to 27% of cases.>™>337

Hereditary motor and sensory neuropathy (CMT disease) is an
often overlooked cause of DSP.3” Unlike most patients with DSP, pa-
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Distal Symmetric Polyneuropathy

Box. History and Physical Examination Findings and Recommended Diagnostic Tests for Common Subtypes of Peripheral Neuropathy

Distal Symmetric Polyneuropathy
Symptoms
Numbness, tingling, pain, and weakness starting in the toes
Examination
Sensory examination
Decreased pinprick and vibration sensation in a stocking-glove
distribution
Motor examination
Weakness of toe extension or trouble walking on heels
Reflexes
Decreased reflexes starting at the ankles
Diagnostic testing
See Figure

Mononeuropathy
Symptoms
Numbness, tingling, pain, and weakness in the distribution
of 1nerve
Examination
Sensory examination
Decreased pinprick and vibration sensation in the distribution
of 1 nerve (ie, decreased pinprick in digits 1-3 and the lateral half
of digit 4 in median neuropathy)
Motor examination
Weakness in the distribution of 1nerve (ie, finger abduction
weakness in ulnar neuropathy)

tients with CMT disease often present with distal weakness. Clues
to this diagnosis include a family history of neuropathy (particu-
larly outside the context of diabetes), hammer toes, high arches,
symptoms that slowly progress over many years, and neurologic ex-
amination abnormalities that are more pronounced than the pa-
tient's symptoms. Recognition of CMT disease is important be-
cause the diagnostic workup is different and this diagnosis has
implications for other family members. Family history is an impor-
tant component of the diagnostic evaluation of DSP, and many pa-
tients will not volunteer information pertaining to neuropathy in
other family members. Extensive questioning is required, includ-
ing asking patients about neuropathic symptoms, hammer toes, high
arches, and use of a walking assistance device in family members.

Potentially treatable causes of peripheral neuropathy are espe-
cially important for physicians to identify. Most of these neuropa-
thies present with atypical features, such as asymmetry, non-length
dependence, motor involvement, acute or subacute onset, and promi-
nent autonomic involvement, or less common localizations of nerve
injury, such as diffuse, non-length-dependent neuropathies, mul-
tiple mononeuropathies, plexopathies, and radiculoplexus neuropa-
thies. Peripheral neuropathies in this group include Guillain-Barré
syndrome, chronic inflammatory demyelinating polyneuropathy,
and paraprotein-associated demyelinating neuropathy including
POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclo-
nal gammopathy, and skin changes) syndrome, multifocal motor neu-
ropathy, vasculitic neuropathy, and diabetic amyotrophy. More de-
tailed discussion of these peripheral neuropathies is included in a
previously published review.3°

JAMA November 24,2015 Volume 314, Number 20

Diagnostic testing
Electromyography and nerve conduction studies when diagnostic
uncertainty exists or surgery is contemplated

Radiculopathy

Symptoms
Numbness, tingling, pain radiating from the neck or back into
the extremities in a dermatomal pattern

Weakness in a myotomal pattern

Examination
Sensory examination
Results usually normal given the overlapping innervation
of dermatomes

Motor examination
Weakness in myotomal pattern (ie, dorsiflexion, ankle eversion
and inversion weakness in L5 radiculopathy)

Reflexes
Decreased reflexes in dermatomal pattern (ie, absent ankle jerk
in S1radiculopathy)

Diagnostic testing
Electromyography and nerve conduction studies when diagnostic
uncertainty exists (of note, test is not sensitive for the detection
of a sensory predominant radiculopathy)

Magnetic resonance imaging (cervical or lumbar) for patients

with progressive neurologic dysfunction or when surgery is
contemplated; lack of high-quality evidence to define precise clinical
scenarios in which magnetic resonance imaging should be ordered

Methods

References were identified from PubMed and Ovid searches from
2009 to 2015 with an emphasis on recently published meta-
analyses, randomized clinical trials, and guidelines. Articles were also
identified through the use of the authors’ own files. For diagnosis,
the following search terms were used: diagnosis or evaluation or
testing AND distal symmetric polyneuropathy. For treatment of
DSP-associated neuropathic pain, the following search terms were
used: treatment AND pain AND polyneuropathy or neuropathy. For
disease-modifying therapies for DSP, the following search terms were
used: therapy AND distal symmetric polyneuropathy.

|
Diagnosis

One of the most important questions facing physicians when they see
a patient with peripheral neuropathy is what tests to order. The evi-
dence to support testing in DSP was systematically reviewed by the
American Academy of Neurology (AAN) in2009. The review found evi-
dence to support fasting glucose, vitamin B,,, serum protein electro-
phoresis withimmunofixation, and glucose tolerance testsin the rou-
tine evaluation of DSP without a clear cause. 3 No other laboratory tests,
magnetic resonanceimaging (MRI), or electrodiagnostic tests were dis-
cussed. Other studies have also supported limited routine diagnostic
testing of patients with DSP.3"3%-#1 According to a national physician
survey, a consensus exists to order acomprehensive metabolic panel
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Table 2. Common Causes of Distal Symmetric Polyneuropathy

Diseases Comment
Metabolic
Diabetes Most common cause, accounting for 32%-53% of cases?®

Prediabetes
Chronic kidney disease
Chronic liver disease
Idiopathic
Toxin (alcohol)
Inherited
Charcot-Marie-Tooth disease type 1
Charcot-Marie-Tooth disease type 2
Familial amyloidosis
Nutritional
Vitamin B, , deficiency
Vitamin E deficiency
Vitamin Bg deficiency
Thiamine deficiency
Copper deficiency
Gastric bypass surgery
Malabsorption syndromes
Medication

Chemotherapy (vincristine,
cisplatin, taxol, bortezomib)

Amiodarone
Phenytoin
Nucleosides

Nitrofurantoin

Metronidazole

Hydralazine

Isoniazid

Colchicine
Autoimmune

Rheumatoid arthritis

Lupus

Sjégren syndrome

Sarcoidosis

Secondary amyloidosis
Infectious

Human immunodeficiency virus

Hepatitis B/C

Neoplastic

Monoclonal gammopathy of unclear
clinical significance

Multiple myeloma

Glucose tolerance test has highest sensitivity®

Neuropathy particularly severe when chronic kidney disease is caused by diabetes
Neuropathy typically mild

24%-27% of all cases®

Second most common cause (requires in-depth questioning)?

Detailed family history required; ask about hammer toes, high arches®

Inherited demyelinating sensory motor neuropathy

Inherited axonal sensory motor neuropathy

Transthyretin mutation most common

Methylmalonic acid level important when vitamin B, , level is 200-400 pg/mL?
Can cause cerebellar ataxia

Can cause neuropathy when level is too high or too low

Can present with ataxia, ophthalmoparesis, and confusion

Often presents with a myeloneuropathy

Often difficult to determine which factor responsible

Often difficult to determine which factor responsible

Known dose limiting side effect of many agents

Can cause a demyelinating neuropathy
Typically after many years of use

Can be difficult to distinguish cause of neuropathy (human immunodeficiency
virus vs medication)

Worse in the setting of renal failure

Usually after high, prolonged intravenous doses
Avoid by concomitant use of vitamin Bg

Avoid by concomitant use of vitamin Bg

Can also cause myopathy

Can also cause mononeuritis multiplex

Can also cause mononeuritis multiplex

Can also cause a sensory neuronopathy or mononeuritis multiplex
Can present with several neurologic manifestations

Diagnosis aided by fat pad biopsy or sural nerve biopsy

Medications used to treat can also cause neuropathy

Can also cause mononeuritis multiplex associated with polyarteritis nodosa and
cryoglobulinemia

Immunofixation increases sensitivity of paraprotein detection®

Associated with IgG or IgA paraproteinemia

Review Clinical Review & Education

Primary amyloidosis

Diagnosis aided by fat pad biopsy or sural nerve biopsy

@ These statements are the most
important take-home points.

and acomplete blood count.*? In contrast, rheumatologic and thyroid
testing have alow yield in the routine evaluation of DSP.*° Despite the
AAN guidelines, both general practitioners and neurologists order
a large number of tests, with great variation in the type of tests
ordered.***3 Even when alarge number of tests are ordered, the AAN-
recommended tests are often not performed. These simple, inexpen-
sive blood tests frequently lead to a change in management of patients
with DSP3'In contrast, electrodiagnostic tests and MRI of the brain and
spinerarely change management of these patients despite being fre-
quently performed and contributing to most of the cost associated with

jama.com

the evaluation of DSP.** Electrodiagnostic tests led toachangein man-
agement in only 2 of 458 DSP patients seen by community neurolo-
gists despite being ordered in 80% of the population.®' Electrodiag-
nostic tests clearly have arole in the evaluation of some patients with
DSP, but the precise subgroup of patients that benefits has not been
well defined. The diagnostic workup presented inthe Figure can be per-
formed by the primary care physician. Patients with atypical features
such asasymmetry, non-length dependence, motorinvolvement, acute
or subacute onset, and prominent autonomicinvolvement may be the
most likely to benefit from electrodiagnostic testing, but future stud-
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ies are needed to precisely define the role of these tests. These atypi-
cal features should also prompt referral to a neurologist or neuromus-
cular specialist. Magnetic resonance imaging of the brain and spine
would be expected to be ordered rarely in this population but are or-
deredin one-quarter of these patients.** Unlike electrodiagnostic tests,
MRI has little role in the evaluation of DSP given that it primarily evalu-
ates the central nervous system. Exceptions include uncommon cases
of suspected central or radicular involvement.

The most important components of the evaluation of DSP are
the medical history and neurologic examination (Video). In one study,
community neurologists were able to diagnose the cause of DSP in
64% of cases prior to their diagnostic evaluation.' An etiology was
discovered in an additional 10% of patients after diagnostic tests by
the neurologist, with prediabetes, vitamin B,, deficiency, diabetes,
and hypothyroidism the most common causes found. In this popu-
lation, 27% of cases remained idiopathic despite evaluation, which
is a proportion comparable with other studies.>33” How a gen-
eral medicine population would compare is unclear.

The diagnostic evaluation of patients with suspected CMT dis-
ease is rapidly evolving. Historically, patients would have an electro-
diagnostic test to determineif they had ademyelinating (usually CMT-1)
or axonal (usually CMT-2) variant. Genetic testing for CMT-1 disease
produced high yields with only a few genes tested.*® In contrast, CMT-2
genetic testing required testing several genes without a high yield of
diagnosis. However, next-generation sequencing panels and whole
exomic and genomic sequencing approaches are quickly becoming
cost-effective, with much higher yields.*® These approaches also have
the potential to identify novel genes and to allow reanalysis of vari-
ants as bioinformatics information becomes more robust. Unfortu-
nately, insurance coverage of these tests remains problematic. Be-
cause the cost of genetic testing remains expensive and false-
positive results are possible, only patients with a high degree of
suspicion for inherited neuropathy should be tested.

.|
Treatment

Treatment of DSP-Associated Neuropathic Pain
The prevalence of chronic painful DSP among patients with diabetes at-
tending general practitioner clinics in the United Kingdom was 16.2%.%”
Almost 40% of these patients had never been treated for their neuro-
pathic painand 12% had never reported symptoms to their physician.
Given the high prevalence of painful DSP among patients with diabe-
tes, physicians must frequently inquire about neuropathic painand know
which medications have high levels of evidence to support their use.
Many studies have focused on the pharmacologic treatment of
neuropathic painin DSP secondary to diabetes. The primary medica-
tions with high-quality evidence are tricyclic antidepressants (TCAs)
such as amitriptyline, nortriptyline, and imipramine; serotonin norepi-
nephrine reuptake inhibitors (SNRIs) such as duloxetine and venlafax-
ine; and voltage-gated calcium channel ligands such as gabapentinand
pregabalin, as reviewed in the 2011 AAN practice parameter and the
2010 European Federation of Neurological Societies (EFNS) updated
guidelines (based on systematic reviews requiring multiple class I/I1
studies for level A/B evidence).** Class | randomized controlled trials
must have allocation concealment, clearly defined primary outcomes
andinclusion and exclusion criteria, and greater than 80% of patients
completing the study. Class Il randomized controlled trials lack 1or more

JAMA November 24,2015 Volume 314, Number 20

Distal Symmetric Polyneuropathy

of therequirements previously listed. Asummary of the class |and class
Il randomized placebo-controlled trials from the AAN and EFNS sys-
tematic reviews for each of these drugs including effective dosage, on-
set of efficacy, magnitude of efficacy, and common adverse effects is
provided in Table 3.

Arecent network meta-analysis also concluded that TCAs, SNRIs,
and voltage-gated calcium channel ligands are better than placebo for
short-term pain control in diabetes-associated DSP.%2 The compara-
tive effectiveness of these medications was difficult to establish be-
cause few head-to-head trials have been performed, trial results are
heterogeneous, and therisk of bias in these studies is high. Given that
the comparative effectiveness is difficult to ascertain, physicians
should prescribe medications within these 3 drug classes based on pa-
tient comorbidities, potential adverse effects, and cost.®* Cost is one
of the main differences among these medications, with TCAs, gaba-
pentin, and venlafaxine ($4-$33 per month) being less expensive than
duloxetine and pregabalin ($239-$257 per month).

Of note, the AAN and EFNS systematic reviews both state that
oxcarbazepine, lamotrigine, lacosamide, clonidine, and mexiletine
should not be used to treat diabetic neuropathic pain.*”#® The AAN
(positive) and EFNS (discrepant) have different conclusions regard-
ing valproic acid and capsaicin. The reason for the discrepancy is that
the EFNS review included more clinical trials than the AAN review,
including trials with negative results. The adverse effect profiles of
valproic acid and capsaicin limit their utility. Although evidence ex-
ists to support opioid medications for short-term neuropathic pain
relief, a recent position statement by the AAN advised against their
use for long-term management of chronic noncancer pain.®* The
statement is based on emerging evidence of increased morbidity and
mortality in patients taking opioid medications.

Less evidence exists to support neuropathic pain treatment in
other neuropathy subtypes and secondary to causes other than dia-
betes; however, a 2015 systematic review summarized all neuro-
pathic pain treatment trials (55% of included trials studied diabetic
DSP or postherpetic neuralgia).®> The review detailed numbers
needed to treat for a 50% reduction in pain of 3.6 for TCAs, 6.4 for
SNRIs, 7.2 for gabapentin, and 7.7 for pregabalin. Based on GRADE
criteria,®® the review found strong evidence for TCAs, SNRIs, and
voltage-gated calcium channel ligands, the same classes of medi-
cations as detailed for diabetic DSP. The recommendation applied
to all neuropathic pain conditions, not just DSP. Therefore, current
evidence supports the use of TCAs, SNRIs, and voltage-gated cal-
cium channel ligands for all neuropathic pain conditions.

One potential treatment algorithm for neuropathic pain is to
start with a medication from 1 of these 3 classes based on patient
comorbidities, potential adverse effects, and cost. If the medica-
tion fails because of lack of efficacy or adverse effects, try a medi-
cation from10of the other 2 classes. Continue trials of at least 2 medi-
cations from each of the 3 classes before trials of medications with
lower levels of evidence to support their use, such as tramadol and
lidocaine patches. Combination therapy with medications from the
different classes may also be helpful. For example, if a medication
provides partial relief at the highest tolerated dosage, the addition
of a second medication from a different class is advised.

Disease-Modifying Therapy for DSP
Asdiscussed ina2012 Cochrane systematic review, many studies have

investigated the effect of glycemic control on the development of
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Figure. Proposed Diagnostic Algorithm for the Evaluation of Distal Symmetric Polyneuropathy by Primary Care Physicians

Patient with numbness, tingling, pain,
and/or weakness starting in their toes

!

History (most important component of the evaluation)
1. Where did symptoms start?

2. How have symptoms changed over time?

3. What is the pace of progression?

4. Any difference from one foot to the other?

5

. If symptoms are in the hands, how much of the legs were
involved by the time this occurred?

. Is weakness present?

. Are any autonomic symptoms present (light-headedness,
constipation, urinary retention, change in sweating patterns,
blurry vision, abdominal bloating)?

. Does the patient have a history of extensive alcohol use?

. Does anyone in the family have similar symptoms, high arches,
or hammer toes?

10. What other medical problems are present?

l

Neurologic examination (see Video)
Sensory

Small fiber sensory: pinprick sensation at the toes compared
with the knees (may be the only abnormality found in a patient
with small fiber neuropathy)

Large fiber sensory: vibration and pressure sensation and
proprioception at the toes

Deep tendon reflexes
Ankle and patellar reflexes
Motor

Strength: extension of the big toe, ankle dorsiflexion, walking
on heels

Balance and gait examination
Romberg test
Gait
Tandem gait

~N o

o

]

Atypical features present?
1. Asymmetry
No 2. Non-length dependence? Yes
3. Motor predominance
4. Acute or subacute onset
5. Prominent autonomic involvement

Known cause of distal

No /* symmetric polyneuropathy \ Yes
(eg, diabetes, alcoholism,
chemotherapy)?

Neurology Consultation

Electromyography and nerve conduction studies
Comprehensive metabolic panel®

Complete blood cell count

Serum protein electrophoresis

with immunofixation

Vitamin B, , with methylmalonic acid

if vitamin B, , level 200-400 pg/mL

Glucose tolerance test

Consider more extensive testing based on
history, examination, electromyography, and
nerve conduction studies

Comprehensive metabolic panel®
Complete blood cell count

Serum protein electrophoresis
with immunofixation

Vitamin B, with methylmalonic acid
if vitamin B, , level 200-400 pg/mL
Glucose tolerance test

Patients with aknown cause of neuropathy typically do not require further diagnostic
testing. Patients without a known cause need limited diagnostic testing unless
atypical neuropathy features are present. Atypical neuropathy features, including
non-length-dependent distribution, acute/subacute onset, asymmetry, prominent
autonomicinvolvement, and/or motor predominant signs, should prompt consultation
with a neurologist or neuromuscular specialist. Of note, magnetic resonance images
of the brain and/or spine are rarely indicated but frequently performed.

2 Length-dependent neuropathy starts in the toes and spreads proximally to at
least the knee before involvement of the hands.

b Comprehensive metabolic panel includes panel 7 (electrolytes [sodium,
potassium, chloride, bicarbonate]; blood urea nitrogen; creatinine; and
glucose), calcium, and hepatic function panel.

2177

DSP.®7 In this review, a meta-analysis of 2 trials showed that en-
hanced glucose control reduced the annual absolute risk of develop-
ing DSP by 1.84% in patients with type 1diabetes. This result was pri-

JAMA November 24,2015 Volume 314, Number 20

marily driven by the Diabetes Control and Complications Trialsin 1993,
which contributed 96% of the patients in the meta-analysis.®®°° Of
note, patients in the enhanced glycemic control group were 3 times
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as likely to experience a serious hypoglycemic episode in the Diabe-
tes Control and Complications Trials.

In contrast, it remains unclear if enhanced glycemic control reduces
the annual risk of developing DSP in patients with type 2 diabetes. In
alarge study of 10 251 patients randomized to a target hemoglobin A,
of less than 6% or between 7% and 7.9%, there was a nonsignificant
trend toward an annual risk reduction of developing DSP by 0.7%.7° Of
note, there was increased mortality (relativerisk, 1.26; 95% Cl, 1.06-1.51)
in patients in the enhanced glycemic control group. In a study of 1791
military veterans randomized to standard or intensive glycemic control,
there was a nonsignificant trend toward an annual risk reduction of de-
veloping DSP by 0.29%.”' When these 2 studies were combined in a
meta-analysis with 2 smaller studies, neither of which had shown asig-
nificant differencein the development of DSP, the result was againanon-
significant trend toward an annual risk reduction of developing DSP by
0.58%.%” Like patients with type 1 diabetes, patients with type 2 dia-
betes in the enhanced glycemic group were 3 times as likely to expe-
rienceaserious hypoglycemic episode compared with the control group.
Since the 2012 systematic review, another group randomized 3057 pa-
tients with recently diagnosed type 2 diabetes based on screening to
eitherintense goal-directed therapy of glucose, blood pressure, and cho-
lesterol management or routine care.”2 Similar to previous studies, the
prevalence of neuropathy was lower in the intense goal-directed group
(4.9% vs 5.9%; odds ratio, 0.95; 95% Cl, 0.68-1.34), but the result was
not statistically significant. In contrast to type 1diabetes, the effect of
glycemic controlinthe prevention of DSPin type 2 diabetes s likely quite
small, emphasizing the need for new disease-modifying therapies.

Prediabetesis another common cause of DSP, but whether treat-
ment is effective in preventing or treating DSP is unclear. Diet and
exercise has been shown to increase nerve fiber density and re-
duce painin those with prediabetic neuropathy, but no control group
was available for comparison.”® Both diet/exercise and treatment
with metformin can prevent prediabetes from progressing to dia-
betes, but the effect on prevention of neuropathy is unclear.”* Future
studies are needed to establish which interventions are effective in
patients with prediabetic neuropathy.

Thereare no currently available treatments for CMT disease. Two
recent double-blind, placebo-controlled trials revealed that ascor-
bic acid is not effective for the treatment of CMT-1A disease despite
promising animal data.”>”® In contrast, 2 recent double-blind, pla-
cebo-controlled trials in patients with familial amyloid polyneuropa-
thy show promise. Diflusinal was shown to reduce neuropathy pro-
gression and preserve quality of life.”” Tafamidis revealed similar
results in the efficacy-evaluable subgroup, but not in the intention-
to-treat population, which was the focus of the primary end points.”®

|
Discussion

Advances have been made regarding which diagnostic tests should be
used for patients with DSP; however, much work remains to be done.
Although the clinical history and examination remain the most critical
components of the evaluation of DSP, diagnostic testing also remains
important when the cause remains unclear.>! Unfortunately, physi-
cians order a large number of tests, with high variation in practice
patterns.*243 Despite the magnitude of tests ordered, the AAN-
recommended tests are often omitted.*>*37° As a result, a great op-
portunity exists to enhance guideline-concordant testing for this com-
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mon condition. Furthermore, the role of electrodiagnostic testingis not
currently clear. The precise clinical scenarios in which this test aids the
management of patients with DSP need to be ascertained, especially
because this test is painful and drives a large proportion of the costs
associated with the diagnostic evaluation. This information could be
used to generate clinical decision support tools to help physicians en-
countering this common scenario. Interventions to limit MRI of the neu-
roaxis are also needed given the high utilization and costs of this test
with little utility in this peripheral nervous system disorder.>'

Strong evidence exists to support treatment of painful dia-
betic DSP with TCAs, SNRIs, and voltage-gated calcium channel
ligands.*”#862.65 However, new head-to-head comparative effec-
tiveness studies are needed to enable physicians to decide which
medications to use first. Until those data exist, patient comorbidi-
ties, potential adverse effects, and cost should be the determining
factors.®® Cost makes TCAs, gabapentin, and venlafaxine particu-
larly attractive choices. New medications with novel mechanisms of
action are also needed. The number needed to treat is high for all
current medications, highlighting the need for more potent medi-
cations with lower adverse effect profiles than currently available
drugs.® Strong evidence also supports glucose control in the pre-
vention of DSP in patients with type 1diabetes.®” Unfortunately, the
effect of glucose controlin type 2 diabetes is much lower, and novel
treatments that target mechanisms unrelated to glucose levels are
sorely needed. For patients with idiopathic DSP, no current disease-
modifying treatment exists, as most therapies for DSP involve ad-
dressing the underlying cause with the goal of preventing further
nerve injury. Therapies that promote nerve healing have the poten-
tial to dramatically affect patient quality of life.

|
Clinical Bottom Line

» Diabetes, prediabetes, alcohol use, vitamin B,, deficiency, inher-
ited conditions, chemotherapy, chronic kidney disease, and para-
proteinemia are the most common causes of DSP.

- Even after appropriate testing, the cause of DSP is unknown
(idiopathic) in 24% to 27% of cases.

* The clinical history and examination are the most important com-
ponents of evaluation of DSP, but routine testing with a compre-
hensive metabolic panel, complete blood cell count, vitamin B,,
measurement, serum protein electrophoresis with immunofixa-
tion, and glucose tolerance test should be performed when the
cause remains unclear. Further laboratory testing is needed only
when atypical findings are present such as asymmetry, non-
length dependence, motor involvement, acute or subacute on-
set, and prominent autonomic involvement.

« For patients presenting with DSP, the role of electrodiagnostic
tests needs to be further defined and interventions to reduce MRI
are needed.

« Tricyclicantidepressants, SNRIs, and voltage-gated calcium chan-
nel ligands all have strong evidence for reducing neuropathic pain,
particularly in patients with diabetic DSP, but pain is underrecog-
nized and undertreated in this population.

* Glucose control is effective in the prevention of type 1diabetes-
associated DSP but is at best minimally effective in the preven-
tion of type 2 diabetes-associated DSP; therefore, new therapies
are needed to prevent and treat this common condition.

JAMA November 24,2015 Volume 314, Number 20

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.,jamanetwork.com/ by Kevin Rosteing on 12/07/2015

2179


http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.13611

2180

Clinical Review & Education Review

ARTICLE INFORMATION

Author Contributions: Dr Callaghan had full access
to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of
data analysis. All authors contributed equally to the
preparation of content, writing, and revision of the
manuscript.

Study concept and design: Callaghan, Feldman.
Acquisition, analysis, or interpretation of data:
Callaghan, Price, Feldman.

Drafting of the manuscript: Callaghan, Price,
Feldman.

Critical revision of the manuscript for important
intellectual content: Callaghan, Price, Feldman.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.

Dr Callaghan reports research support from Impeto
Medical Inc and honoraria from BMJ; he also
certifies amyotrophic lateral sclerosis centers for
the ALS Association, performs medical
consultations for Advance Medical, and consults for
a PCORI grant. Dr Price has received honoraria from
the Critical Thinking Company for teaching the
diagnostic criteria for chronic inflammatory
demyelinating polyneuropathy and from Accenture
for the treatment of multiple sclerosis. No other
disclosures were reported.

Funding/Support: Funding support during
the preparation of this article was provided

by the National Institutes of Health

(grant K23 NSO79417-01to B.C.C. and grants
DP3 DK094292 and R24 DK082841to E.L.F.),
the American Diabetes Association (to E.L.F.),
and the A. Alfred Taubman Medical Research
Institute (to E.L.F.).

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
preparation, review, or approval of the manuscript;
or decision to submit the manuscript for
publication.

Submissions:We encourage authors to submit
papers for consideration as a Review. Please
contact Edward Livingston, MD, at Edward
livingston@jamanetwork.org or Mary McGrae
McDermott, MD, at mdm608@northwestern.edu.

REFERENCES

1. Bharucha NE, Bharucha AE, Bharucha EP.
Prevalence of peripheral neuropathy in the Parsi
community of Bombay. Neurology. 1991;41(8):1315-
1317.

2. Savettieri G, Rocca WA, Salemi G, et al; Sicilian
Neuro-Epidemiologic Study Group. Prevalence of
diabetic neuropathy with somatic symptoms:

a door-to-door survey in two Sicilian municipalities.
Neurology.1993;43(6):1115-1120.

3. Italian General Practitioner Study Group. Chronic
symmetric symptomatic polyneuropathy in the
elderly: a field screening investigation in two Italian
regions, |: prevalence and general characteristics of
the sample. Neurology. 1995;45(10):1832-1836.

4. Rudolph T, Farbu E. Hospital-referred
polyneuropathies—causes, prevalences, clinical and
neurophysiological findings. Eur J Neurol. 2007;14
(6):603-608.

5. Visser NA, Notermans NC, Linssen RS,

van den Berg LH, Vrancken AF. Incidence of

JAMA November 24,2015 Volume 314, Number 20

polyneuropathy in Utrecht, the Netherlands.
Neurology. 2015;84(3):259-264.

6. Boulton AJ, Knight G, Drury J, Ward JD. The
prevalence of symptomatic, diabetic neuropathy in
an insulin-treated population. Diabetes Care. 1985;
8(2):125-128.

7. Dyck PJ, Kratz KM, Karnes JL, et al. The
prevalence by staged severity of various types of
diabetic neuropathy, retinopathy, and nephropathy
in a population-based cohort: the Rochester
Diabetic Neuropathy Study. Neurology. 1993;43(4):
817-824.

8. Franklin GM, Kahn LB, Baxter J, Marshall JA,
Hamman RF. Sensory neuropathy in
non-insulin-dependent diabetes mellitus:

the San Luis Valley Diabetes Study. Am J Epidemiol.
1990;131(4):633-643.

9. Maser RE, Steenkiste AR, Dorman JS, et al.
Epidemiological correlates of diabetic neuropathy:
report from Pittsburgh Epidemiology of Diabetes
Complications Study. Diabetes. 1989;38(11):1456-
1461.

10. Partanen J, Niskanen L, Lehtinen J, Mervaala E,
Siitonen O, Uusitupa M. Natural history of
peripheral neuropathy in patients with
non-insulin-dependent diabetes mellitus. N Engl J
Med. 1995;333(2):89-94.

11. Forrest KY, Maser RE, Pambianco G, Becker DJ,
Orchard TJ. Hypertension as a risk factor for
diabetic neuropathy: a prospective study. Diabetes.
1997;46(4):665-670.

12. Sands ML, Shetterly SM, Franklin GM, Hamman
RF. Incidence of distal symmetric (sensory)
neuropathy in NIDDM: the San Luis Valley Diabetes
Study. Diabetes Care.1997;20(3):322-329.

13. Jenkins PJ, Srikantharajah D, Duckworth AD,
Watts AC, McEachan JE. Carpal tunnel syndrome:
the association with occupation at a population
level. J Hand Surg Eur Vol. 2013;38(1):67-72.

14. Latinovic R, Gulliford MC, Hughes RA. Incidence
of common compressive neuropathies in primary
care. J Neurol Neurosurg Psychiatry. 2006;77(2):
263-265.

15. Falkiner S, Myers S. When exactly can carpal
tunnel syndrome be considered work-related? ANZ
JSurg. 2002;72(3):204-2009.

16. Mondelli M, Fiannini F, Mondelli M, Giannini F,
Ballerini M, Ginanneschi F, Martorelli E. Incidence of
ulner neuropathy at the elbow in the province of
Siena (Italy). J Neurol Sci. 2005;234:5-10.

17. van Slobbe AM, Bohnen AM, Bernsen RM, Koes
BW, Bierma-Zeinstra SM. Incidence rates and
determinants in meralgia paresthetica in general
practice. J Neurol. 2004;251(3):294-297.

18. Rowlands S, Hooper R, Hughes R, Burney P. The
epidemiology and treatment of Bell's palsy in the
UK. Eur J Neurol. 2002;9(1):63-67.

19. Katusic SK, Beard CM, Wiederholt WC,
Bergstralh EJ, Kurland LT. Incidence, clinical
features, and prognosis in Bell's palsy, Rochester,
Minnesota, 1968-1982. Ann Neurol. 1986;20(5):
622-627.

20. Monini S, Lazzarino Al, lacolucci C, Buffoni A,
Barbara M. Epidemiology of Bell's palsy in an Italian
Health District: incidence and case-control study.
Acta Otorhinolaryngol Ital. 2010;30(4):198.

Distal Symmetric Polyneuropathy

21. Schoenfeld AJ, Laughlin M, Bader JO, Bono CM.
Characterization of the incidence and risk factors
for the development of lumbar radiculopathy.

J Spinal Disord Tech. 2012;25(3):163-167.

22. Schoenfeld AJ, George AA, Bader JO, Caram

PM Jr. Incidence and epidemiology of cervical
radiculopathy in the United States military: 2000 to
20009. J Spinal Disord Tech. 2012;25(1):17-22.

23. Radhakrishnan K, Litchy WJ, O'Fallon WM,
Kurland LT. Epidemiology of cervical radiculopathy:
a population-based study from Rochester,
Minnesota, 1976 through 1990. Brain. 1994;117(pt
2):325-335.

24. Richardson JK. Factors associated with falls in
older patients with diffuse polyneuropathy. J Am
Geriatr Soc. 2002;50(11):1767-1773.

25. Adler Al, Boyko EJ, Ahroni JH, Smith DG.
Lower-extremity amputation in diabetes: the
independent effects of peripheral vascular disease,
sensory neuropathy, and foot ulcers. Diabetes Care.
1999;22(7):1029-1035.

26. Abbott CA, Malik RA, van Ross ER, Kulkarni J,
Boulton AJ. Prevalence and characteristics of
painful diabetic neuropathy in a large
community-based diabetic population in the UK.
Diabetes Care. 2011;34(10):2220-2224.

27. Daousi C, MacFarlane IA, Woodward A,
Nurmikko TJ, Bundred PE, Benbow SJ. Chronic
painful peripheral neuropathy in an urban
community: a controlled comparison of people with
and without diabetes. Diabet Med. 2004,21(9):
976-982.

28. Stevens JC, Sun S, Beard CM, O'Fallon WM,
Kurland LT. Carpal tunnel syndrome in Rochester,
Minnesota, 1961 to 1980. Neurology. 1988;38(1):
134-138.

29. Beekman R, Van Der Plas JP, Uitdehaag BM,
Schellens RL, Visser LH. Clinical, electrodiagnostic,
and sonographic studies in ulnar neuropathy at the
elbow. Muscle Nerve. 2004;30(2):202-208.

30. Callaghan BC, Price RS, Chen KS, Feldman EL.
The importance of rare subtypes in diagnosis and
treatment of peripheral neuropathy: a review
[published online October 5, 2015]. JAMA Neurol.
doi:10.1001/jamaneurol.2015.2347.

31. Callaghan BC, Kerber KA, Lisabeth LL, et al.
Role of neurologists and diagnostic tests on the
management of distal symmetric polyneuropathy.
JAMA Neurol. 2014;71(9):1143-1149.

32. Johannsen L, Smith T, Havsager AM, et al.
Evaluation of patients with symptoms suggestive of
chronic polyneuropathy. J Clin Neuromuscul Dis.
2001;3(2):47-52.

33. Lubec D, Miillbacher W, Finsterer J, Mamoli B.
Diagnostic work-up in peripheral neuropathy: an
analysis of 171 cases. Postgrad Med J. 1999;75(890):
723-727.

34. Kanji JN, Anglin RE, Hunt DL, Panju A.

Does this patient with diabetes have large-fiber
peripheral neuropathy? JAMA. 2010;303(15):1526-
1532.

35. Singleton JR, Smith AG, Bromberg MB.
Increased prevalence of impaired glucose tolerance
in patients with painful sensory neuropathy.
Diabetes Care. 2001;24(8):1448-1453.

36. England JD, Asbury AK. Peripheral neuropathy.
Lancet. 2004;363(9427):2151-2161.

jama.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.,jamanetwork.com/ by Kevin Rosteing on 12/07/2015


mailto:Edward.livingston@jamanetwork.org
mailto:Edward.livingston@jamanetwork.org
mailto:mdm608@northwestern.edu
http://www.ncbi.nlm.nih.gov/pubmed/1650932
http://www.ncbi.nlm.nih.gov/pubmed/1650932
http://www.ncbi.nlm.nih.gov/pubmed/8170554
http://www.ncbi.nlm.nih.gov/pubmed/7477977
http://www.ncbi.nlm.nih.gov/pubmed/17539935
http://www.ncbi.nlm.nih.gov/pubmed/17539935
http://www.ncbi.nlm.nih.gov/pubmed/25503982
http://www.ncbi.nlm.nih.gov/pubmed/3996169
http://www.ncbi.nlm.nih.gov/pubmed/3996169
http://www.ncbi.nlm.nih.gov/pubmed/8469345
http://www.ncbi.nlm.nih.gov/pubmed/8469345
http://www.ncbi.nlm.nih.gov/pubmed/2316495
http://www.ncbi.nlm.nih.gov/pubmed/2316495
http://www.ncbi.nlm.nih.gov/pubmed/2620781
http://www.ncbi.nlm.nih.gov/pubmed/2620781
http://www.ncbi.nlm.nih.gov/pubmed/7777034
http://www.ncbi.nlm.nih.gov/pubmed/7777034
http://www.ncbi.nlm.nih.gov/pubmed/9075809
http://www.ncbi.nlm.nih.gov/pubmed/9075809
http://www.ncbi.nlm.nih.gov/pubmed/9051381
http://www.ncbi.nlm.nih.gov/pubmed/22832982
http://www.ncbi.nlm.nih.gov/pubmed/16421136
http://www.ncbi.nlm.nih.gov/pubmed/16421136
http://www.ncbi.nlm.nih.gov/pubmed/12071453
http://www.ncbi.nlm.nih.gov/pubmed/12071453
http://www.ncbi.nlm.nih.gov/pubmed/15993135
http://www.ncbi.nlm.nih.gov/pubmed/15015008
http://www.ncbi.nlm.nih.gov/pubmed/11784378
http://www.ncbi.nlm.nih.gov/pubmed/3789675
http://www.ncbi.nlm.nih.gov/pubmed/3789675
http://www.ncbi.nlm.nih.gov/pubmed/21253285
http://www.ncbi.nlm.nih.gov/pubmed/22543563
http://www.ncbi.nlm.nih.gov/pubmed/21430568
http://www.ncbi.nlm.nih.gov/pubmed/8186959
http://www.ncbi.nlm.nih.gov/pubmed/8186959
http://www.ncbi.nlm.nih.gov/pubmed/12410893
http://www.ncbi.nlm.nih.gov/pubmed/12410893
http://www.ncbi.nlm.nih.gov/pubmed/10388962
http://www.ncbi.nlm.nih.gov/pubmed/10388962
http://www.ncbi.nlm.nih.gov/pubmed/21852677
http://www.ncbi.nlm.nih.gov/pubmed/15317601
http://www.ncbi.nlm.nih.gov/pubmed/15317601
http://www.ncbi.nlm.nih.gov/pubmed/3336444
http://www.ncbi.nlm.nih.gov/pubmed/3336444
http://www.ncbi.nlm.nih.gov/pubmed/15266636
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2015.2347&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.13611
http://www.ncbi.nlm.nih.gov/pubmed/25048157
http://www.ncbi.nlm.nih.gov/pubmed/19078654
http://www.ncbi.nlm.nih.gov/pubmed/19078654
http://www.ncbi.nlm.nih.gov/pubmed/10567598
http://www.ncbi.nlm.nih.gov/pubmed/10567598
http://www.ncbi.nlm.nih.gov/pubmed/20407062
http://www.ncbi.nlm.nih.gov/pubmed/20407062
http://www.ncbi.nlm.nih.gov/pubmed/11473085
http://www.ncbi.nlm.nih.gov/pubmed/15220040
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.13611

Distal Symmetric Polyneuropathy

37. Dyck PJ, Oviatt KF, Lambert EH. Intensive
evaluation of referred unclassified neuropathies
yields improved diagnosis. Ann Neurol. 1981;10(3):
222-226.

38. England JD, Gronseth GS, Franklin G, et al;
American Academy of Neurology. Evaluation of
distal symmetric polyneuropathy: role of laboratory
and genetic testing (an evidence-based review).
Neurology. 2009;72(2):185-192.

39. Fagius J. Chronic cryptogenic polyneuropathy:
the search for a cause. Acta Neurol Scand. 1983;67
(3):173-180.

40. Gallagher G, Rabquer A, Kerber K, Calabek B,
Callaghan B. Value of thyroid and rheumatologic
studies in the evaluation of peripheral neuropathy.
Neurol Clin Pract. 2013;3(2):90-98.

41. Smith AG, Singleton JR. The diagnostic yield of
a standardized approach to idiopathic
sensory-predominant neuropathy. Arch Intern Med.
2004;164(9):1021-1025.

42. Callaghan BC, Kerber K, Smith AL, Fendrick AM,
Feldman EL. The evaluation of distal symmetric
polyneuropathy: a physician survey of clinical
practice. Arch Neurol. 2012;69(3):339-345.

43. Callaghan B, McCammon R, Kerber K, Xu X,
Langa KM, Feldman E. Tests and expenditures in
the initial evaluation of peripheral neuropathy. Arch
Intern Med. 2012;172(2):127-132.

44. Callaghan BC, Burke JF, Rodgers A, et al.
Expenditures in the elderly with peripheral
neuropathy: where should we focus cost-control
efforts? Neurol Clin Pract. 2013;3(5):421-430.

45. Saporta AS, Sottile SL, Miller LJ, Feely SM,
Siskind CE, Shy ME. Charcot-Marie-Tooth disease
subtypes and genetic testing strategies. Ann Neurol.
201M;69(1):22-33.

46. Rossor AM, Polke JM, Houlden H, Reilly MM.
Clinical implications of genetic advances in
Charcot-Marie-Tooth disease. Nat Rev Neurol. 2013;
9(10):562-571.

47. Bril V, England J, Franklin GM, et al.
Evidence-based guideline: treatment of painful
diabetic neuropathy: report of the American
Academy of Neurology, the American Association
of Neuromuscular and Electrodiagnostic Medicine,
and the American Academy of Physical Medicine
and Rehabilitation. Neurology. 2011;76(20):1758-1765.

48. Attal N, Cruccu G, Baron R, et al; European
Federation of Neurological Societies. EFNS
guidelines on the pharmacological treatment of
neuropathic pain: 2010 revision. Eur J Neurol. 2010;
17(9):1m3-1123.

49. Lesser H, Sharma U, LaMoreaux L, Poole RM.
Pregabalin relieves symptoms of painful diabetic
neuropathy: a randomized controlled trial. Neurology.
2004;63(11):2104-2110.

50. Rosenstock J, Tuchman M, LaMoreaux L,
Sharma U. Pregabalin for the treatment of painful
diabetic peripheral neuropathy: a double-blind,
placebo-controlled trial. Pain. 2004;110(3):628-638.

51. Richter RW, Portenoy R, Sharma U, Lamoreaux
L, Bockbrader H, Knapp LE. Relief of painful
diabetic peripheral neuropathy with pregabalin:
arandomized, placebo-controlled trial. J Pain.
2005;6(4):253-260.

jama.com

52. FreynhagenR, Strojek K, Griesing T, Whalen E,
Balkenohl M. Efficacy of pregabalin in neuropathic
pain evaluated in a 12-week, randomised,
double-blind, multicentre, placebo-controlled trial
of flexible- and fixed-dose regimens. Pain. 2005;115
(3):254-263.

53. Backonja M, Beydoun A, Edwards KR, et al.
Gabapentin for the symptomatic treatment of
painful neuropathy in patients with diabetes
mellitus: a randomized controlled trial. JAMA. 1998;
280(21):1831-1836.

54. Gorson KC, Schott C, Herman R, Ropper AH,
Rand WM. Gabapentin in the treatment of painful
diabetic neuropathy: a placebo controlled, double
blind, crossover trial. J Neurol Neurosurg Psychiatry.
1999;66(2):251-252.

55. Simpson DA. Gabapentin and venlafaxine for
the treatment of painful diabetic neuropathy. J Clin
Neuromuscul Dis. 2001;3(2):53-62.

56. Vrethem M, Boivie J, Arnqvist H, Holmgren H,
Lindstrém T, Thorell LH. A comparison a
amitriptyline and maprotiline in the treatment of
painful polyneuropathy in diabetics and
nondiabetics. Clin J Pain. 1997;13(4):313-323.

57. Max MB, Culnane M, Schafer SC, et al.
Amitriptyline relieves diabetic neuropathy pain in

patients with normal or depressed mood. Neurology.

1987:37(4):589-596.

58. Raskin J, Pritchett YL, Wang F, et al.

A double-blind, randomized multicenter trial
comparing duloxetine with placebo in the
management of diabetic peripheral neuropathic
pain. Pain Med. 2005;6(5):346-356.

59. Goldstein DJ, Lu'Y, Detke MJ, Lee TC, lyengar S.
Duloxetine vs placebo in patients with painful
diabetic neuropathy. Pain. 2005;116(1-2):109-118.

60. Wernicke JF, Pritchett YL, D'Souza DN, et al.
A randomized controlled trial of duloxetine in
diabetic peripheral neuropathic pain. Neurology.
2006;67(8):1411-1420.

61. Rowbotham MC, Goli V, Kunz NR, Lei D.
Venlafaxine extended release in the treatment of
painful diabetic neuropathy: a double-blind,

placebo-controlled study. Pain. 2004;110(3):697-706.

62. Griebeler ML, Morey-Vargas OL, Brito JP, et al.
Pharmacologic interventions for painful diabetic
neuropathy: an umbrella systematic review and
comparative effectiveness network meta-analysis.
Ann Intern Med. 2014;161(9):639-649.

63. Callaghan BC, Feldman EL. Painful diabetic
neuropathy: many similarly effective therapies with
widely dissimilar costs. Ann Intern Med. 2014;161
(9):674-675.

64. Franklin GM; American Academy of Neurology.
Opioids for chronic noncancer pain: a position
paper of the American Academy of Neurology.
Neurology. 2014;83(14):1277-1284.

65. Finnerup NB, Attal N, Haroutounian S, et al.
Pharmacotherapy for neuropathic pain in adults:

a systematic review and meta-analysis. Lancet Neurol.

2015;14(2):162-173.
66. Atkins D, Best D, Briss PA, et al. Grading quality

of evidence and strength of recommendations. BMJ.

2004;328(7454):1490.

Review Clinical Review & Education

67. Callaghan BC, Little AA, Feldman EL,
Hughes RA. Enhanced glucose control for
preventing and treating diabetic neuropathy.
Cochrane Database Syst Rev. 2012;6:CD007543.

68. Diabetes Control and Complications Trial
Research Group. The effect of intensive treatment
of diabetes on the development and progression of
long-term complications in insulin-dependent
diabetes mellitus. N Engl J Med. 1993;329(14):977-
986.

69. Effect of intensive diabetes treatment on
nerve conduction in the Diabetes Control and
Complications Trial. Ann Neurol. 1995;38(6):869-
880.

70. Ismail-Beigi F, Craven T, Banerji MA, et al;
ACCORD trial group. Effect of intensive treatment
of hyperglycaemia on microvascular outcomes in
type 2 diabetes: an analysis of the ACCORD
randomised trial. Lancet. 2010;376(9739):419-430.

71. Duckworth W, Abraira C, Moritz T, et al;
VADT Investigators. Glucose control and vascular
complications in veterans with type 2 diabetes.
N EnglJ Med. 2009;360(2):129-139.

72. Sandbzek A, Griffin SJ, Sharp SJ, et al.

Effect of early multifactorial therapy compared
with routine care on microvascular outcomes

at 5 years in people with screen-detected
diabetes: a randomized controlled trial: the
ADDITION-Europe Study. Diabetes Care. 2014;37
(7):2015-2023.

73. Smith AG, Russell J, Feldman EL, et al. Lifestyle
intervention for pre-diabetic neuropathy. Diabetes
Care. 2006;29(6):1294-1299.

74. Knowler WC, Barrett-Connor E, Fowler SE, et al;
Diabetes Prevention Program Research Group.
Reduction in the incidence of type 2 diabetes with
lifestyle intervention or metformin. N Engl J Med.
2002;346(6):393-403.

75. Lewis RA, McDermott MP, Herrmann DN, et al;
Muscle Study Group. High-dosage ascorbic acid
treatment in Charcot-Marie-Tooth disease type 1A:
results of a randomized, double-masked, controlled
trial. JAMA Neurol. 2013;70(8):981-987.

76. Pareyson D, Reilly MM, Schenone A, et al.
Ascorbic acid in Charcot-Marie-Tooth disease type
1A (CMT-TRIAAL and CMT-TRAUK): a double-blind
randomised trial. Lancet Neurol. 2011,10(4):320-328.

77. Berk JL, Suhr OB, Obici L, et al; Diflunisal Trial
Consortium. Repurposing diflunisal for familial
amyloid polyneuropathy: a randomized clinical trial.
JAMA. 2013;310(24):2658-2667.

78. Coelho T, Maia LF, Martins da Silva A, et al.
Tafamidis for transthyretin familial amyloid
polyneuropathy: a randomized, controlled trial.
Neurology. 2012;79(8):785-792.

79. Callaghan BC, Kerber KA, Banerjee M, et al.
The evaluation of distal symmetric polyneuropathy:
utilisation and expenditures by community
neurologists [published online January 20, 2015].

J Neurol Neurosurg Psychiatry. doi: 10.1136/jnnp
-2014-307575.

JAMA November 24,2015 Volume 314, Number 20

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jama.,jamanetwork.com/ by Kevin Rosteing on 12/07/2015

2181


http://www.ncbi.nlm.nih.gov/pubmed/7294727
http://www.ncbi.nlm.nih.gov/pubmed/7294727
http://www.ncbi.nlm.nih.gov/pubmed/19056666
http://www.ncbi.nlm.nih.gov/pubmed/6868955
http://www.ncbi.nlm.nih.gov/pubmed/6868955
http://www.ncbi.nlm.nih.gov/pubmed/23914318
http://www.ncbi.nlm.nih.gov/pubmed/15136313
http://www.ncbi.nlm.nih.gov/pubmed/15136313
http://www.ncbi.nlm.nih.gov/pubmed/22083798
http://www.ncbi.nlm.nih.gov/pubmed/22271119
http://www.ncbi.nlm.nih.gov/pubmed/22271119
http://www.ncbi.nlm.nih.gov/pubmed/24175158
http://www.ncbi.nlm.nih.gov/pubmed/21280073
http://www.ncbi.nlm.nih.gov/pubmed/21280073
http://www.ncbi.nlm.nih.gov/pubmed/24018473
http://www.ncbi.nlm.nih.gov/pubmed/24018473
http://www.ncbi.nlm.nih.gov/pubmed/21482920
http://www.ncbi.nlm.nih.gov/pubmed/20402746
http://www.ncbi.nlm.nih.gov/pubmed/20402746
http://www.ncbi.nlm.nih.gov/pubmed/15596757
http://www.ncbi.nlm.nih.gov/pubmed/15596757
http://www.ncbi.nlm.nih.gov/pubmed/15288403
http://www.ncbi.nlm.nih.gov/pubmed/15820913
http://www.ncbi.nlm.nih.gov/pubmed/15820913
http://www.ncbi.nlm.nih.gov/pubmed/15911152
http://www.ncbi.nlm.nih.gov/pubmed/15911152
http://www.ncbi.nlm.nih.gov/pubmed/9846777
http://www.ncbi.nlm.nih.gov/pubmed/9846777
http://www.ncbi.nlm.nih.gov/pubmed/10071116
http://www.ncbi.nlm.nih.gov/pubmed/10071116
http://www.ncbi.nlm.nih.gov/pubmed/19078655
http://www.ncbi.nlm.nih.gov/pubmed/19078655
http://www.ncbi.nlm.nih.gov/pubmed/9430812
http://www.ncbi.nlm.nih.gov/pubmed/2436092
http://www.ncbi.nlm.nih.gov/pubmed/2436092
http://www.ncbi.nlm.nih.gov/pubmed/16266355
http://www.ncbi.nlm.nih.gov/pubmed/15927394
http://www.ncbi.nlm.nih.gov/pubmed/17060567
http://www.ncbi.nlm.nih.gov/pubmed/17060567
http://www.ncbi.nlm.nih.gov/pubmed/15288411
http://www.ncbi.nlm.nih.gov/pubmed/25364885
http://www.ncbi.nlm.nih.gov/pubmed/25364890
http://www.ncbi.nlm.nih.gov/pubmed/25364890
http://www.ncbi.nlm.nih.gov/pubmed/25267983
http://www.ncbi.nlm.nih.gov/pubmed/25575710
http://www.ncbi.nlm.nih.gov/pubmed/25575710
http://www.ncbi.nlm.nih.gov/pubmed/15205295
http://www.ncbi.nlm.nih.gov/pubmed/15205295
http://www.ncbi.nlm.nih.gov/pubmed/22696371
http://www.ncbi.nlm.nih.gov/pubmed/8366922
http://www.ncbi.nlm.nih.gov/pubmed/8366922
http://www.ncbi.nlm.nih.gov/pubmed/8526459
http://www.ncbi.nlm.nih.gov/pubmed/8526459
http://www.ncbi.nlm.nih.gov/pubmed/20594588
http://www.ncbi.nlm.nih.gov/pubmed/19092145
http://www.ncbi.nlm.nih.gov/pubmed/24784827
http://www.ncbi.nlm.nih.gov/pubmed/24784827
http://www.ncbi.nlm.nih.gov/pubmed/16732011
http://www.ncbi.nlm.nih.gov/pubmed/16732011
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/23797954
http://www.ncbi.nlm.nih.gov/pubmed/21393063
http://www.ncbi.nlm.nih.gov/pubmed/24368466
http://www.ncbi.nlm.nih.gov/pubmed/22843282
http://dx.doi.org/10.1136/jnnp-2014-307575
http://dx.doi.org/10.1136/jnnp-2014-307575
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2015.13611

