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Abstract: Diabetic peripheral neuropathy is a common complication of diabetes. It presents
as a variety of syndromes for which there is no universally accepted unique classification.
Sensorimotor polyneuropathy is the most common type, affecting about 30% of diabetic patients
in hospital care and 25% of those in the community. Pain is the reason for 40% of patient visits
in a primary care setting, and about 20% of these have had pain for greater than 6 months.
Chronic pain may be nociceptive, which occurs as a result of disease or damage to tissue with
no abnormality in the nervous system. In contrast, neuropathic pain is defined as “pain arising
as a direct consequence of a lesion or disease affecting the somatosensory system.” Persistent
neuropathic pain interferes significantly with quality of life, impairing sleep and recreation; it
also significantly impacts emotional well-being, and is associated with depression, anxiety, and
noncompliance with treatment. Painful diabetic peripheral neuropathy is a difficult-to-manage
clinical problem, and patients with this condition are more apt to seek medical attention than
those with other types of diabetic neuropathy. Early recognition of psychological problems
is critical to the management of pain, and physicians need to go beyond the management of
pain per se if they are to achieve success. This evidence-based review of the assessment of
the patient with pain in diabetes addresses the state-of-the-art management of pain, recogniz-
ing all the conditions that produce pain in diabetes and the evidence in support of a variety
of treatments currently available. A search of the full Medline database for the last 10 years
was conducted in August 2012 using the terms painful diabetic peripheral neuropathy, painful
diabetic peripheral polyneuropathy, painful diabetic neuropathy and pain in diabetes. In addition,
recent reviews addressing this issue were adopted as necessary. In particular, reports from the
American Academy of Neurology and the Toronto Consensus Panel on Diabetic Neuropathy
were included. Unfortunately, the results of evidence-based studies do not necessarily take into
account the presence of comorbidities, the cost of treatment, or the role of third-party payers in
decision-making. Thus, this review attempts to give a more balanced view of the management
of pain in the diabetic patient with neuropathy and in particular the role of pregabalin.
Keywords: diabetes mellitus, painful neuropathy, pain, treatment, pregabalin

Introduction

Diabetic peripheral neuropathy is a common complication of diabetes. It presents as a
variety of syndromes for which there is no universally accepted unique classification.
These are generally subdivided into focal/multifocal neuropathies, including diabetic
amyotrophy, and symmetric polyneuropathies, including sensorimotor polyneuropathy
(DSPN). The latter is the most common type, affecting about 30% of diabetic patients
in hospital care and 25% of those in the community.'> DSPN has been recently defined
as a symmetrical, length-dependent sensorimotor polyneuropathy attributable to
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metabolic and microvascular alterations as a result of chronic
hyperglycemia exposure (diabetes) and cardiovascular risk
covariates.? Its onset is generally insidious, and without
treatment its course is chronic and progressive. The loss of
small-fiber-mediated sensation results in the loss of thermal
and pain perception, whereas large-fiber impairment results
in loss of touch and vibration perception. Sensory fiber
involvement may also result in “positive” symptoms, such
as paresthesias and pain, although up to 50% of neuropathic
patients are asymptomatic. DSPN can be associated with the
involvement of the autonomic nervous system, ie, diabetic
autonomic neuropathy that rarely causes severe symptoms,**
but in its cardiovascular form is definitely associated with at
least a threefold increased risk for mortality.®®

Pain is the reason for 40% of patient visits in a primary
care setting, and about 20% of these have had pain for longer
than 6 months.® Chronic pain may be nociceptive, which
occurs as a result of disease or damage to tissue wherein there
is no abnormality in the nervous system. In contrast, experts
in the neurology and pain community define neuropathic pain
as “pain arising as a direct consequence of a lesion or disease
affecting the somatosensory system.”'? Persistent neuropathic
pain interferes significantly with quality of life (QOL),
impairing sleep and recreation; it also significantly impacts
emotional well-being, and is associated with, if not the cause
of, depression, anxiety, loss of sleep, and noncompliance with
treatment.'! Painful diabetic peripheral neuropathy (PDPN)
is a difficult-to-manage clinical problem, and patients with
PDPN are more apt to seek medical attention than those
with other types of diabetic neuropathy. Two population-
based studies showed that neuropathic pain is associated
with a greater psychological burden than nociceptive pain'?
and is considered to be more severe than other pain types.
Early recognition of psychological problems is critical to the
management of pain, and physicians need to go beyond the
management of pain per se if they are to achieve success.
Patients may also complain of decreased physical activity
and mobility, increased fatigue, and negative effects on
their social lives. Providing significant pain relief markedly
improves QOL measures, including sleep and vitality.'>!*

This evidence-based review on the management of the
patient with painful diabetic neuropathy will address state-
of-the-art management of pain, recognizing all the conditions
that produce pain in diabetes and the evidence in support of a
variety of treatments currently available. Unfortunately, the
results of evidence-based studies do not necessarily take into
account the cost of treatment and the role of the third-party
payers in decision-making. The reader should appreciate that

there is no concordance between the strength of the evidence
and the strength of action of the drug. Nor has the American
Academy of Neurology (AAN), on the recent guidelines for
the treatment of painful diabetic neuropathy,'® considered the
comorbidities in their recommendations; thus, this review
attempts to give a more balanced view of the management
of pain in the diabetic patient and in particular the role of
pregabalin.

Pain and its comorbidities

Neuropathic pain is the consequence of an array of diseases
or injuries to the peripheral or central nervous system. It
is often chronic, and if inadequately treated, patients often
experience anxiety, depression, and catastrophizing behavior,
an inability to accept chronic pain, and sleep disturbances.
Treatment of neuropathic pain conditions can benefit from
further understanding of the impact of pain response on QOL,
including anxiety, depression, sleep disturbances, physical
functions, and activities of daily living.

Castro and Daltro'® studied 400 patients with depres-
sion, anxiety, and sleep disturbances. Two-thirds of
depressed patients and three-quarters of anxious patients
had pain, but the most impressive finding was that >90%
of sleep-deprived patients had experienced pain. As a
corollary, Gore et al'” showed that with increasing pain
severity, there was a linear increase in Hospital Anxiety
and Depression Scale pain and depression scores. The
impact of depression complicated the diabetes management,
increased the length of hospital stays, and almost doubled
the yearly cost of diabetes management from US$7000 to
$11,000."® Moreover Gupta et al showed that higher scores
for anxiety, depression, and sleep disturbances predicted
the development of pain."

Vinik et al examined data from five PDPN, four
postherpetic neuralgia (PHN), and one PDPN/PHN double-
blind, placebo-controlled, randomized clinical trials of 8—13
weeks’ duration, using pregabalin. The data showed a direct
relationship between the reduction in pain and enhanced
sleep, as well as improvement in social functioning on the
Short Form (36) Health Survey (SF-36) scale. Indeed, the
improvement in social functioning depended on pain relief
and sleep improvement equally well. In addition, the effects
of pregabalin on pain relief were mediated directly and
indirectly through its effects on sleep improvement about
equally (Class Ia, recommendation A [see Supplementary

material]).?’ This speaks to the need for determining sleep
status in the evaluation of pain and choosing an agent capable
of enhancing sleep if pain relief is to be achieved.
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Several studies have consistently found that neuropathic
pain has a negative impact on global health-related QOL.
A systematic review of 52 studies in patients with one out
of six different disorders associated with neuropathic pain,
including PDPN, established that neuropathic pain impairs
physical and emotional functioning, role functioning, includ-
ing participation in gainful employment, sleep, and to a lesser
degree social functioning. In addition, there is also evidence
suggesting an association between neuropathic pain and
depression, as for other types of pain.''*! The impact of pain
on QOL in PDPN has recently been shown in 1111 patients:
physical and mental QOL were significantly more impaired
in patients with PDPN vs both diabetic patients without
neuropathy and those with non-PDPN.?? Also the nature and
duration of the pain may be important. Daousi et al reported
significantly poorer QOL (measured by Pain Disability Score)
in patients with chronic PDPN (duration of 1 year or more)
vs diabetic patients without chronic PDPN.?

Targeted studies in diabetic patients have shown that
chronic and severe pain significantly interferes with over-
all diabetes self-management (P = 0.002 and P = 0.0003,
respectively), and neuropathic pain significantly interferes
with the quality of sleep measured by the Medical Outcomes
Study Sleep Scale. The results of these studies were signifi-
cantly worse in a sample of 255 PDPN patients than in the
general population (n = 1011), a chronic-disease sample
(n =3445), and postherpetic neuralgia patients (n = 89).24%

Epidemiology of neuropathic pain

Neuropathic pain is not uncommon. A population-based
survey of 6000 patients treated in family practice in the
UK reported a 6% prevalence of pain, predominantly of
neuropathic origin.?® Similarly, a large population-based
study in France showed that 6.9% of the population had neu-
ropathic pain.'? Interestingly, in a Dutch population survey
of >362,000 persons, younger people with pain tended to
be mostly women, but with advancing age the sex differ-
ences disappeared. Perhaps a little-recognized fact is that
mononeuritis and entrapments were three times as common
as diabetic peripheral neuropathy (DPN), and fully one-third
of the diabetic population has some form of entrapment,?’
which when recognized is readily amenable to intervention.?
Even more salutary is the mounting evidence that even with
impaired glucose tolerance (IGT), patients may experience
pain.?223° In the general population (region of Augsburg,
Southern Germany), the prevalence of painful peripheral
neuropathy was 13.3% in the diabetic subjects, 8.7% in
those with IGT, 4.2% in those with impaired fasting glucose,

and 1.2% in those with normal glucose tolerance.’’ Among
survivors of myocardial infarction (MI) from the Augsburg
MI Registry, the prevalence of neuropathic pain was 21%
in patients with diabetes, 14.8% in those with IGT, 5.7% in
those with impaired fasting glucose, and 3.7% in those with
normal glucose tolerance.*® Thus, subjects with macrovas-
cular disease appear to be prone to neuropathic pain. The
most important risk factors of DSPN and neuropathic pain
in these surveys were age, obesity, and low physical activity,
while the predominant comorbidity was peripheral arterial
disease, highlighting the paramount role of cardiovascular
risk factors and diseases in prevalent DSPN. In conclusion,
patients presenting with painful neuropathy frequently have
impaired fasting glucose or impaired glucose tolerance, and
about 50% of the time are overweight and have autonomic
dysfunction.” Even in the absence of elevated fasting blood
glucose (<100 mg/dL), pain may be the presenting feature
of metabolic syndrome and cosegregates with elevated
triglycerides and low high-density lipoprotein cholesterol.*
Indeed, a risk factor for neuropathic pain in diabetic and non-
diabetic populations is an impairment of peripheral vascular
function.’*33 A recent observational study of a large cohort
of diabetic patients in northwest England (n = 15,692) evalu-
ated the prevalence of painful diabetic neuropathy. PDPN
was assessed using the Neuropathy Symptom Score and the
Neuropathy Disability Score. The researchers concluded
that one-third of all community-based diabetic patients have
painful neuropathy symptoms, regardless of their neuropathic
deficit. PDPN was more prevalent in patients with type 2 dia-
betes, women, and people of South Asian origin.> This study
shows significant morbidity due to painful neuropathy and
identifies key groups who warrant screening for PDPN.

Pain characteristics

Pain associated with a peripheral nerve injury has several
distinct clinical characteristics. Neuropathic pain derived
from small nerve fibers is often burning, lancinating, or
shooting in quality, with unusual, tingling, or crawling
sensation referred to as formication. Some describe bees
stinging through the socks while others talk of walking on
hot coals. The pain, worse at night, keeps the patient awake
and is associated with sleep deprivation.'* Patients volunteer
allodynia (pain due to a stimulus that does not normally
cause pain eg, stroking) or pain from normal stimuli, such
as the touch of bedclothes, and may have hyperesthesias
(increased sensitivity to touch) or hyperalgesia (increased
sensitivity to painful stimuli) and even altered sensation to
cold or heat. These may be paradoxical with differences in
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sensation to one or other modality of stimulation. Unlike
animal models of DPN, the pain is spontaneous and does not
need provocation. It has a glove-and-stocking distribution.
Small-fiber neuropathies usually present with pain in the
feet or hands, do not have abnormalities in sensation, lack
weakness or loss of reflexes, and are electrophysiologi-
cally silent, thus often leading to the erroneous diagnosis
of hysteria or conversion reactions. Pain usually occurs at
rest and improves with ambulation vs osteoarthritic pain,
which is worsened with ambulation and decreased with rest.
Pain may persist over several years,** causing considerable
disability and impaired QOL in some patients,*® whereas it
remits partially or completely in others®’*® despite further
deterioration in small-fiber function.*® Pain exacerbation or
even acute onset of pain tends to be associated with sudden
metabolic changes, insulin neuritis, short duration of pain or
diabetes, or preceding weight loss, and has less severe or no
sensory loss, and normal strength and reflexes.?’*

Large-fiber neuropathy presents with characteristic weak-
ness, ataxia, loss of reflexes, and impaired nerve conduction.
Pain is deep-seated and gnawing in quality, “like a toothache”
in the foot, or “a dog gnawing at the bones of the feet,” or the
“feet feel as if they are encased in concrete.” DPN tends to
interfere with balance and proprioception, resulting in falls,
especially in elderly patients.

In contrast, the nociceptive pain of inflammatory arthritis
does not have these qualities. It is localized to the joints, starts
with morning stiffness, and improves as the day wears on.*
Fasciitis pain is localized to the fascia, entrapment produces
pain in a dermatome, and claudication is made worse by
walking.

The diagnostic workup

Because of its complexity, the presentation of pain poses a
diagnostic dilemma for the clinician who needs to distinguish
between neuropathic pain arising as a direct consequence of a
lesion or disease of the somatosensory system, and nocicep-
tive pain that is due to trauma, inflammation, or injury. It is
imperative to try to establish the nature of any predisposing
factor, including the pathogenesis of the pain, if one is to
be successful in its management. Management of neuro-
pathic pain requires a sound relationship between patient
and physician, with an emphasis on a positive outlook and
encouragement that there is a solution, using patience and
targeted pain-centered strategies that deal with the underly-
ing disorder rather than the usual band-aid prescription of
drugs approved for general pain, which do not address the
disease process. The inciting injury may be focal or diffuse,

and may involve single or, more likely, multiple mechanisms
such as metabolic disturbances encompassing hyperglycemia,
dyslipidemia, glucose fluctuations, or intensification of
therapy with insulin. On the other hand, the injury might
embrace autoimmune mechanisms, neurovascular insuf-
ficiency, deficient neurotrophism, oxidative and nitrosative
stress, and inflammation.! Because pain syndromes in dia-
betes may be focal or diffuse, proximal or distal, acute or
chronic, each has its own pathogenesis, and the treatment
must be tailored to the underlying disorder if the outcome is
to be successful. The presence of diabetes must be established
if this has not already been done. An Alc or random glucose
test may suffice, but in rare instances a full 75 g glucose
tolerance test may need to be done.*

Diagnosis of neuropathic pain

The diagnosis of neuropathic pain — as opposed to pain from
causes other than neuropathy — is first and foremost made
by careful history-taking. Patients should be queried at the
time of an office visit as to whether they are experiencing
tingling, burning, or pain at rest in their feet. A positive
response warrants further investigation and screening for
PDPN. Pain in the first three fingers is carpal tunnel syn-
drome, pain in the pinky is ulnar entrapment, pain on the
lateral side of the shin is peroneal entrapment, pain on the
medial side of the foot is medial plantar entrapment, and pain
in the space between the first and second metatarsal heads is
a Morton’s neuroma. Somatosensory, motor, and autonomic
bedside evaluation can be done and is complemented by use
of one of the pain-screening tools (Douleur Neuropathique 4
questions, painDETECT, etc).*! The physician should ensure
that all the features of pain, such as distribution, quality,
severity, timing, associated symptoms, and exacerbating
and relieving factors (if any), are recorded. In particular,
the presence of numbness, burning, tingling, lightning pain,
stabbing, and prickling should be recorded, as is done in
the Norfolk QOL tool (Class Ia, recommendation A [sce
Supplementary material]),'* the Neuropathy Total Symptom
Score-6 Questionnaire (NTSS-6),* and the painDETECT
Questionnaire.*' Secondly, pain intensity and quality should

be assessed, using Pain Intensity Scales (visual analog scale
or numerical rating scale) (Class la, recommendation A
[see Supplementary material])*® and pain questionnaires

(Brief Pain Inventory [BPI], Neuropathic Pain Symptom
Inventory). A number of tools and questionnaires have been
developed to quantify the pain impact on sleep, on mood,
and on QOL, mainly to be used in clinical trials. In clinical
practice, the BPI Interference Scale, the Profile of Moods
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Scale, or the Hospital Scale for Anxiety and Depression
can provide a simple measure of pain impact on QOL.
Responses to treatment by self-reporting using a diary can
record the course of painful symptoms and their impact on
daily life (Class Ia, recommendation A [see Supplementary

material]).* These are also most useful for outcomes mea-
sures in clinical trials on drugs used for pain relief. Validated
scoring systems for symptoms and signs are available in the
form of questionnaires or checklists, such as the Neuropa-
thy Symptom Score*® and Michigan Neuropathy Screening
Instrument Questionnaire* for Symptoms, and the Michigan
Neuropathy Screening Instrument*® and Neuropathy
Disability Score* for signs (Class Ia, recommendation A

[see Supplementary material]).

Definition of neuropathic pain
A definition of peripheral neuropathic pain in diabetes,
adapted from a definition proposed by the International Asso-
ciation for the Study of Pain,'? is “pain arising as a direct con-
sequence of abnormalities in the peripheral somatosensory
system in people with diabetes.”” A grading system for the
degree of certainty of the diagnosis of neuropathic pain has
been proposed. It is based on four simple criteria, namely:

1. whether the pain has a distinct neuroanatomical
distribution,

2. whether the history of the patient suggests the presence or
absence of a lesion or disease of the peripheral or central
somatosensory system,

3. whether either of these findings is supported by at least
one confirmatory test, and

4. whether there is an abnormality of nerve conduction.'®
Degree of certainty is defined according to the number

of criteria met: 1-4 (definite neuropathic pain); 1 and 2 plus
3 or 4 (probable neuropathic pain); or only 1 and 2 (possible
neuropathic pain).'” There is no consensus on their diagnostic
validity, since neuropathic pain is a composite of pain and
other sensory symptoms associated with nerve injury. For
example, sensory deficits, abnormal spontaneous or induced
sensations such as paresthesias (eg, tingling), spontaneous
attacks of electric shock-like sensations, and allodynia pre-
clude a simple definition (see below).

Distinction between nociceptive

and nonnociceptive pain

A number of tools have been developed to differentiate non-
nociceptive stimuli (allodynia), increased pain sensitivity to
stimuli (hyperalgesia),”” and summation, which is progres-
sive worsening of pain caused by repeated mild noxious

stimuli (Class IIb, recommendation B [see Supplementary
material]).*! A number of self-administered questionnaires
have been developed, validated, translated, and subjected to
cross-cultural adaptation both to diagnose and distinguish
neuropathic as opposed to nonneuropathic pain (Leeds
Assessment of Neuropathic Symptoms and Signs Pain
Scale, Douleur Neuropathique 4 questions, Neuropathic
Pain Questionnaire, painDETECT scale, and ID-Pain Ques-
tionnaire).***53 Others assess pain quality and intensity
(assessment questionnaires such as the short-form McGill
Pain Questionnaire, the BPI, and the Neuropathic Pain
Symptom Inventory)*3+53 (Class III, recommendation B [sece
Supplementary material]).

According to the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials, the following pain
characteristics should be evaluated to assess the efficacy and
effectiveness of chronic pain treatment:

1. pain intensity measured on a 0—10 numerical rating
scale,
2. physical functioning assessed by the Multidimensional

Pain Inventory and BPI Interferences Scale,

3. emotional functioning, assessed by the Beck Depression

Inventory and profile of mood states, and
4. patient rating of overall improvement, assessed by the

Patient Global Impression of Change Scale*® (Class 111,

recommendation B [see Supplementary material]).

Laboratory tests to evaluate

neuropathic pain

Since neuropathic pain is subjective, there are no tests that
can objectively quantify this in humans. Tests of pain in
animal studies are really measures of reaction time to heat
or other stimuli, which is one of the reasons for failure of
translation of animal studies to man. Thus, laboratory tests
do not reflect spontaneous pain but rather the function of
the nociceptive system, and ultimately, with quantitative
sensory testing (QST), the evoked positive sensory phe-
nomena associated with neuropathic pain, ie, hyperalgesia
and allodynia. This means that the results of laboratory
tests become useful only in the context of a comprehensive
clinical examination.

Late laser-evoked potentials (Ad) are the easiest and most
reliable neurophysiological tools for assessing nociceptive
Ad-fiber pathway function, useful in both peripheral and
central neuropathic pain, with the limitation of very low
availability (Class I1I, recommendation B [see Supplementary

material]).’” The morphological study of cutaneous nerve
fibers using skin biopsy and intraepidermal nerve fiber (IENF)
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density assessment are regarded as reproducible markers of
small-fiber sensory pathology. In particular, distal leg-skin
biopsy with quantification of IENF density is a reliable and
efficient technique to assess the diagnosis of small-fiber
neuropathy (European Federation of Neurological Societies
Class Ia, recommendation A [see Supplementary material]),?®

but is still not widely available. Functional neuroimaging
techniques, such as positron emission tomography for the
central nervous system and functional magnetic resonance
imaging for both central and peripheral nervous systems
(magnetic resonance neurography), have been used mainly
for research purposes to evaluate the central mechanisms of
pain in chronic pain conditions or to visualize intraneural and
extraneural lesions of peripheral nerves (Class 1V, recom-
mendation C [see Supplementary material]).”

Contact heat-evoked potential stimulation (CHEPS) was
introduced to study nociceptive pathways by using a contact
thermode that rapidly increases skin temperature. The CHEPS
device delivers rapid heat pulses to selectively stimulate Ad and
C fibers while simultaneously recording cerebral evoked poten-
tials. Several groups have established CHEPS as a clinically
feasible approach to examine the physiology of thermonocice-
ptive nerves. CHEPS is a noninvasive technique that can objec-
tively evaluate small-fiber dysfunction. It has been shown that
patients with sensory neuropathy of different etiologies have
lower CHEPS amplitudes, which correlates with IENF densi-
ties.*%2 A number of studies have specifically investigated the
utility of CHEPS in the evaluation of DPN, with satisfactory
results.®*% Chao et al evaluated 32 type 2 diabetic patients
with painful neuropathy. CHEPS amplitudes were reduced in
diabetic patients compared with age- and sex-matched control
subjects (14.8£15.6 vs 33.7+10.1 uV, P < 0.001). Abnormal
CHEPS patterns (reduced amplitude or prolonged latency)
were noted in 81.3% of these patients. The CHEPS amplitude
was the most significant parameter correlated with [IENF den-
sity (P = 0.003) and pain perception to contact-heat stimuli
(P =0.019) on multiple linear regression models.®* Our group
evaluated 31 healthy controls and 30 patients with type 2 diabe-
tes and DPN using neurologic examination, nerve-conduction
studies, autonomic function tests, QST, and CHEPS. CHEPS
amplitudes were significantly reduced in the DPN group at
the lower back (44.93 = 6.5 vs 23.87 £ 3.36 uV, P < 0.01),
lower leg (15.87 £1.99 vs 11.68 £ 1.21 uV, P < 0.05), and
dorsal forearm (29.89 + 8.86 vs 14.96 = 1.61 nV, P < 0.05).
Pooled data from both groups showed that amplitudes and
latencies at different sites significantly correlated with clini-
cal neurologic scores, nerve-conduction studies, QST, and
autonomic function. We calculated the efficiency of CHEPS

to reflect total neuropathy scores. Receiver operating charac-
teristic curve analysis, used to evaluate the performance of
CHEPS in detecting nerve dysfunction, was most significant
for intrapeak amplitudes (IA) at the lower back (area under
the curve 0.778 * standard error 0.06, 95% confidence inter-
val [CI] 0.654-0.875; P < 0.0001) (Parson, unpublished
data, 2012). These results suggest that CHEPS is a novel,
noninvasive technique able to detect impairment of small
nerve-fiber function from skin to cerebral cortex. It provides
an objective measure of C and Ad thermonociceptive nerve
dysfunction in patients with diabetes, and it has great potential
for application to interventional studies.

Evaluation of pain intensity is essential for monitor-
ing response to therapy. There are a number of symptom-
based screening tools, such as the NTSS-6, BPI, QOL-DN,
SF-36, visual analog scale for pain intensity, Neuro-QOL,
and Norfolk neuropathy symptoms score (Class Ia, recom-
mendation A [see Supplementary material]). With the

visual analog scale, the patient marks the intensity of their
pain on a scale from 0 to 10, allowing an assessment of the
response to intervention. Simultaneously, the patient should
complete a QOL tool such as the Norfolk QOL-DN, which
needs to include comorbidities such as anxiety, depression,
and sleep interference (Class Ia, recommendation A [see
Supplementary material])."

Pharmacological therapeutic
modalities for diabetic

neuropathic pain

Painful symptoms in DSPN may constitute a considerable
management problem. The efficacy of a single therapeutic
agent is not the rule, and simple analgesics are usually
inadequate to control the pain. There is agreement that
patients should be offered available therapies in a stepwise
fashion (Class la, recommendation A [see Supplementary

material]).%¢® Effective pain treatment considers a favorable

balance between pain relief and side effects without implying

a maximum effect. The following general considerations

in the pharmacotherapy of neuropathic pain require

attention:

e The appropriate and effective drug has to be tried and
identified in each patient by carefully titrating the dose
based on efficacy and side effects.

e Lack of efficacy should be judged only after 2—4 weeks
of treatment using an adequate dose.

e Because the evidence from clinical trials suggests only
a maximum response of =50% for any monotherapy,
analgesic combinations may be useful.
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Table | Odds ratios for efficacy and withdrawal, numbers needed to treat (NNT) and numbers needed to harm (NNH)

Drug class Odds ratio - efficacy Odds ratio — withdrawal (2ry to AE) NNT NNH
Tricyclics 22.2 (5.8-84.7) 2.3 (0.6-9.7) 1.5-3.5 2.7-17.0
Duloxetine 2.6 (1.6-4.8) 24 (1.1-5.4) 5.7-5.8 15.0
Traditional anticonvulsants 5.3 (1.8-16.0) 1.5 (0.3-7.0) 2.1-3.2 2.7-3.0
New generation anticonvulsants 3.3 (2347 3.0 (1.75-5.1) 2943 26.1
Opioids 4.3 (2.3-7.8) 4.1 (1.2-14.2) 2.6-3.9 9.0

Note: Copyright © 2010, The Endocrine Society. Reproduced with permission from Vinik A. The approach to the management of the patient with neuropathic pain.

J Clin Endocrinol Metab. 2010;95:4802—481 |.7°
Abbreviation: 2ry to AE, secondary to adverse events.

e Potential drug interactions have to be considered, given
the frequent use of polypharmacy in diabetic patients.
The relative benefit of an active treatment over a control

in clinical trials is usually expressed as the relative risk, the
relative risk reduction, or the odds ratio. However, to esti-
mate the extent of a therapeutic effect (ie, pain relief) that
can be translated into clinical practice, it is useful to apply a
simple measure that serves the physician to select the appro-
priate treatment for the individual patient. Such a practical
measure is the number needed to treat (NNT), ie, the number
of patients that need to be treated with a particular therapy
to observe a clinically relevant effect or adverse event in one
patient. The odds ratio, NNT, and number needed to harm for
the individual agents used in the treatment of painful diabetic
neuropathy are given in Table 17° and Figure 1. Usually, drugs
with NNTs exceeding six for =50% pain relief are regarded
as showing limited efficacy. However, some authors have
cautioned that summary NNT estimates may have limited
clinical relevance, due to problems of heterogeneity.”!

A summary of the AAN recommendations,'> The Toronto
Consensus Panel on Diabetic Neuropathy guidelines,” and
treatment options for symptomatic PDPN are shown in
Tables 2-5.1570.72

Tapentadol
SSRI
SNRI
Tramadol
Gabapentin
Pregabalin
Oxycarbazin
Oxycontin
Tricyclics
T2 3 4 5 6 7 8 9
— N
NNT= n,. —achioved—active) ™ (goal - achieved - active)
N total - active " (total - placebo)

Figure | Efficacy analysis of drugs used for painful diabetic neuropathy.

Note: Copyright © 2012, MDTEXT.COM, INC. Reproduced with permission from
Endotext.org [homepage on the internet]. Darmouth: Chapter 31 — Diabetic
Neuropathies; 2012 version [updated September26,202]. Availablefrom: http://www.
endotext.org/diabetes/diabetes3 | /diabetesframe3 |.htm. Accessed December 12,
2012.'%

The growing knowledge about the neural and pharma-
cologic basis of neuropathic pain is likely to have important
treatment implications, including development and refine-
ment of a symptom-/mechanism-based approach to neuro-
pathic pain and implementation of novel treatment strategies
using the newer antiepileptic agents, which may address the
underlying neurophysiologic aberrations in neuropathic pain,
allowing the clinician to increase the likelihood of effective
management. The neuropharmacology of pain is also becom-
ing better understood. For example, recent data suggest that
gamma-aminobutyric acid (GABA), voltage-gated sodium
channels, and glutamate receptors may be involved in the
pathophysiology of neuropathic pain. Many of the newer
agents have significant effects on these neurophysiologic
mechanisms. Hyperglycemia may be a factor in lowering
the pain threshold. Pain is often worse with wide glycemic
excursions. Paradoxically, acute onset of pain may appear
soon after initiation of therapy with insulin or oral agents.”
In contrast, it has been reported that a striking amelioration
of symptoms can occur with continuous subcutaneous insulin
administration, which may reduce the amplitude of excur-
sions of blood glucose.” This dichotomy is not well explained.
There is a sequence in diabetic neuropathy beginning when
Ad and C nerve-fiber function is intact and there is no pain.
With damage to C fibers, there is sympathetic sensitization,
and peripheral autonomic symptoms are interpreted as
painful. Topical application of clonidine causes antinocice-
ption by blocking emerging pain signals at the peripheral
terminals via alpha-2 adrenoreceptors,’ in contrast with
the central actions of clonidine on blood pressure control.
With the death of C fibers, there is nociceptor sensitization.
A fibers conduct all varieties of peripheral stimuli, such as
touch, and these are interpreted as painful, eg, allodynia.
With time, there is reorganization at the cord level, and the
patient experiences cold hyperalgesia and ultimately, even
with the death of all fibers, pain is registered in the cerebral
cortex, whereupon the syndrome becomes chronic without
the need for peripheral stimulation. Disappearance of pain
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Table 2 Summary of American Academy of Neurology recommendations

Evidence level

Recommended

Not recommended

Level A
Level B

Pregabalin 300-600 mg/day
Gabapentin 900-3600 mg/day
Duloxetine 60—120 mg/day
Amitriptyline 25—100 mg/day
Venlafaxine 75-225 mg/day

Sodium valproate 500-1200 mg/day

Dextromethorphan 400 mg/day
Morphine titrated to 120 mg/day

Oxcarbazepine
Lamotrigine

Lacosamide

Clonidine

Pentoxifylline

Mexiletine

Magnetic field treatment
Low-intensity laser therapy

Tramadol 210 mg/day

Reiki therapy

Oxycodone 37 mg/day (max 120 mg/day)

Capsaicin, 0.075% QID

Isosorbide dinitrate spray

TENS x 3—+4

Note: Copyright © 201 I, Wolters Kluwer Health. Reprinted with permission from 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. 201 1;76:1758—1765."°

Abbreviations: QID, four times a day; TENS, transcutaneous electrical nerve stimulation.

may not necessarily reflect nerve recovery but rather nerve
death. When patients volunteer the loss of pain, progression
of the neuropathy must be excluded by careful examination.

a-lipoic acid

According to a meta-analysis comprising 1258 patients, infu-
sions of oi-lipoic acid (600 mg intravenously/day) ameliorated
neuropathic symptoms and deficits after 3 weeks.” Moreover,

the Symptomatic Diabetic Neuropathy 2 trial suggests that
treatment for 5 weeks using 600 mg of a-lipoic acid per day
reduces the chief symptoms of DSPN, including pain, par-
esthesias, and numbness, to a clinically meaningful degree.”
In a multicenter, randomized, double-masked, parallel-group
clinical trial (Neurological Assessment of Thioctic Acid in
Diabetic Neuropathy 1) 460 diabetic patients with DSPN were
randomly assigned to oral treatment with ot-lipoic acid 600 mg

Table 3 Treatment options for symptomatic diabetic polyneuropathy pain dosing and side effects

Drug class Drug Dose (mg) Side effects
Tricyclics Amitryptyline 50-150 QHS Somnolence, dizziness, dry mouth,
tachycardia
Nortriptyline 50-150 QHS Constipation, urinary retention,
blurred vision
Imipramine 25-150 QHS Confusion
Desipramine 25-150 QHS
SSRIs Paroxetine 40 QD Somnolence, dizziness,
sweating, nausea, anorexia
Citalopram 40 QD Diarrhea, impotence, tremor
SNRIs Duloxetine 60 QD Nausea, somnolence, dizziness,
anorexia
Anticonvulsants Gabapentin 300-1200 TID Somnolence, dizziness,
Confusion, ataxia
Pregabalin 50-150 TID Somnolence, confusion, edema,
weight gain
Carbamazepine/ Up to 200 QID Dizziness, somnolence,
oxcarbazepine nausea, leukopenia
Topiramate Up to 400 QD Somnolence, dizziness, ataxia,
tremor
Opioids Tramadol 50-100 BID Nausea, constipation, somnolence
Oxycodone CR 10-30 BID Somnolence, nausea, constipation
Topical Capsaicin 0.075% QID Local irritation
Lidocaine 0.04% QD Local irritation
Injection Botulinum toxin None

Note: Copyright © 2010, The Endocrine Society. Reproduced with permission from Vinik A. The approach to the management of the patient with neuropathic pain.

J Clin Endocrinol Metab. 2010;95:4802—4811.7°

Abbreviations: QHS, at bedtime; QD, once a day; QID, four times a day; TID, three times a day; BID, twice a day; SSRIs, selective serotonin reuptake inhibitors;

SNRIs, serotonin—norepinephrine reuptake inhibitors.
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Table 4 Treatment algorithm for painful diabetic peripheral neuropathy (Toronto Consensus Panel on Diabetic Neuropathy)

Painful diabetic neuropathy
First line 02-3 agonist

(pregabalin or gabapentin)

If pain control is inadequate and considering contraindications
Second line TCA or SNRI
If pain control is still inadequate

Third line

Add opioid agonist as combination therapy

SNRI
(duloxetine)

TCA

TCA or 0.2-8 agonist SNRI or 0:2-8 agonist

(pregabalin or gabapentin) (pregabalin or gabapentin)

Note: Copyright © 2011, John Wiley and Sons. Adapted with permission from Tesfaye S, Vileikyte L, Rayman G, et al. Painful diabetic peripheral neuropathy: consensus
recommendations on diagnosis, assessment and management. Diabetes Metab Res Rev. 201 1;27:629-638.72
Abbreviations: SNRI, serotonin—norepinephrine reuptake inhibitor; TCA, tricyclic antidepressant.

(n = 233) or placebo (n = 227). After 4 years of treatment,
neuropathy impairment score (NIS), but not nerve conduction
velocity (NCV), was improved, and the drug was well toler-
ated throughout the trial.”” A response analysis of clinically
meaningful improvement and progression in the NIS and
NIS of the lower limbs (NIS-LL) by at least 2 points showed
that the rates of clinical responders were significantly higher
and the rates of clinical progressors were lower with o-lipoic
acid vs placebo for NIS (P =0.013) and NIS-LL (P =0.025),
respectively. Clinical and postmarketing surveillance studies
have revealed a highly favorable safety profile (Class Ia, rec-
ommendation A [see Supplementary material]).”®”

Adrenergic blockers

Initially, when there is ongoing damage to the nerves,
the patient experiences pain of the burning, lancinating,
dysesthetic type often accompanied by hyperalgesia and
allodynia. Because the peripheral sympathetic nerve fibers
are also small unmyelinated C fibers, sympathetic blocking
agents (clonidine) may improve the pain.

Topical capsaicin

C fibers utilize the neuropeptide substance P as their neurotrans-
mitter, and depletion of axonal substance P (through the use of
capsaicin) will often lead to amelioration of the pain. Prolonged

Table 5 Tailoring treatment to the patient (Toronto Consensus
Panel on Diabetic Neuropathy)

Comorbidities Contraindications

Glaucoma TCAs
Orthostatic hypotension TCAs
Cardiovascular disease TCAs
Hepatic disease Duloxetine

Edema Pregabalin, gabapentin
TCAs
TCA:s, pregabalin, gabapentin

Duloxetine, pregabalin

Unsteadiness and falls
Weight gain
Other factors: cost

Note: Copyright © 2011, John Wiley and Sons. Adapted with permission from
Tesfaye S, Vileikyte L, Rayman G, et al. Painful diabetic peripheral neuropathy:
consensus recommendations on diagnosis, assessment and management. Diabetes
Metab Res Rev. 201 1;27:629—638.

Abbreviation: TCAs, tricyclic antidepressants.

application of capsaicin depletes stores of substance P, and pos-
sibly other neurotransmitters, from sensory nerve endings. This
reduces or abolishes the transmission of painful stimuli from the
peripheral nerve fibers to the higher centers.*® Recent analysis of
randomized and controlled studies revealed that either repeated
application of low doses of capsaicin or single application of
high doses affords pain relief.?! Capsaicin (trans-8-methyl-N-
vanillyl-6-nonenamide) is an alkaloid and the most pungent
ingredient in the red pepper. It depletes tissues of substance P
and reduces neurogenic plasma extravasation, the flare response,
and chemically induced pain. Substance P is present in afferent
neurons innervating skin, mainly in polymodal nociceptors, and
is considered the primary neurotransmitter of painful stimuli
from the peripheral to the central nervous system. Several studies
have demonstrated significant pain reduction and improvement in
QOL in diabetic patients with painful neuropathy after 8 weeks
of treatment with capsaicin cream 0.075%.%? A criticism has been
that a double-blind design is not feasible for topical capsaicin,
due to the transient local hyperalgesia (usually mild burning
sensation in >50% of cases) it may produce as a typical adverse
event. Treatment should be restricted to a maximum of 8 weeks,
as during this period no adverse effect on sensory function (due
to the mechanism of action) was noted in diabetic patients. The
8% capsaicin patch (Qutenza) which is effective in postherpetic
neuralgia® is contraindicated in painful diabetic neuropathy due
to desensitization of nociceptive sensory nerve endings, which
may theoretically increase the risk of diabetic foot ulcers (Class
IIb, recommendation B [see Supplementary material]).

Lidocaine

A multicenter randomized, open label, parallel-group study
with a drug washout phase of up to 2 weeks and a comparative
phase of 4-week treatment periods of 5% lidocaine (n = 99)
vs pregabalin (n = 94) showed that lidocaine was as effective
as pregabalin in reducing pain and was free of side effects.?
This form of therapy may be of most use in self-limited forms
of neuropathy. If successful, therapy can be continued with oral
mexiletine. This class of compounds targets the pain caused
by hyperexcitability of superficial, free nerve endings.®
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The AAN recommendations are:'’

e Capsaicin and isosorbide dinitrate spray should be
considered for the treatment of PDPN (Class Ib, recom-
mendation A [see Supplementary material]).

e Clonidine, pentoxifylline, and mexiletine should probably
not be considered for the treatment of PDPN (Class Ia,
recommendation A [see Supplementary material]).

e The Lidoderm patch may be considered for the
treatment of PDPN (Class Ila, recommendation B [see
Supplementary material]).

e There is insufficient evidence to support or refute the use-
fulness of vitamins and o-lipoic acid in the treatment of
PDPN (Class la, recommendation A [see Supplementary

material]).

Opioids and NMDA-receptor antagonists
Tramadol is a centrally acting weak opioid analgesic for
treating moderate to severe pain. Tramadol was shown to be
better than placebo in a randomized controlled trial® of only
6 weeks’ duration, but a subsequent follow-up study suggested
that symptomatic relief could be maintained for at least
6 months.?’ Side effects are, however, relatively common, and
are similar to other opioid-like drugs. Another spinal cord
target for pain relief is the excitatory glutaminergic N-methyl-
D-aspartate (NMDA) receptor. Blockade of NMDA receptors
is believed to be one mechanism by which dextromethorphan
exerts analgesic efficacy.®® The NMDA receptors play an
important role in central sensitization of neuropathic pain.
Their use, however, has not been widespread, in part due to
dose-limiting side effects (Class la, recommendation A [see
Supplementary material]).¥

Tramadol acts directly via opioid receptors and indirectly
via monoaminergic receptor systems. Because the develop-
ment of tolerance and dependence during long-term tramadol
treatment is uncommon and its abuse liability appears to
be low, it is an alternative to strong opioids in neuropathic
pain.®® One conceivable mechanism for the favorable effect
of tramadol could be a hyperpolarization of postsynaptic
neurons via postsynaptic opioid receptors. Alternatively, the
reduction in central hyperexcitability by tramadol could be
due to a monoaminergic or a combined opioid and monoam-
inergic effect.

Severe and refractory pain may require administration of
strong opioids such as oxycodone. Although there is little
data available on combination treatment, combinations of
different substance classes have to be used in patients with
pain resistant to monotherapy. Several add-on trials have
demonstrated significant pain relief and improvement in
QOL following treatment with controlled-release oxycodone,

a pure [-agonist, in patients with painful DSPN whose
pain was not adequately controlled on standard treatment
with antidepressants and anticonvulsants.”®”! As expected,
adverse events were frequent and typical of opioid-related
side effects. A crossover study examined the maximum
tolerable dose of a combination treatment of gabapentin
and morphine compared to monotherapy of each drug.
The maximum tolerable dose was significantly lower, and
efficacy was better during combination therapy than with
monotherapy, suggesting an additive interaction between
the two drugs.’’ The results of these studies suggest that
opioids should be included among the therapeutic options
for painful DSPN, provided that careful selection of patients
unresponsive to standard treatments, regular monitoring,
appropriate dose titration, and management of possible
opioid-specific problems (analgesic misuse or addiction,
tolerance, opioid-induced hyperalgesia) are ensured. Recent
recommendations have emphasized the need for clinical
skills in risk assessment and management as a prerequisite to
safe and effective opioid prescribing.® Treatment of painful
DSPN with opioid agonists should generally be reserved for
patients who have failed to respond to or cannot tolerate the
first-line medications.

Tapentadol is a novel centrally active analgesic with a
dual mode of action: p-opioid receptor agonist and norepi-
nephrine-reuptake inhibitor. The efficacy and tolerability of
tapentadol extended release (ER) were evaluated using pooled
data from two randomized-withdrawal, placebo-controlled,
phase III trials of similar design in patients with moderate
to severe PDPN. Patients with at least a 1-point reduction
in pain intensity at the end of a 3-week open-label titration
phase were randomized to receive placebo or tapentadol ER
(optimal fixed dose) over 12 weeks. Mean (standard devia-
tion [SD]) pain intensity for the overall population (n=1034)
was 7.29 (1.38) at the start of the open-label titration phase
and decreased to 4.15 (2.10) at the end of titration. With
placebo (n=343) and tapentadol ER (n = 360), respectively,
mean (SD) Pain Intensity Scores were 3.48 (2.02) and 3.67
(1.85) at the start of the double-blind maintenance phase and
4.76 (2.52) and 3.77 (2.19) at week 12. Mean (SD) changes
from the start to week 12 were 1.28 (2.41) and 0.08 (1.87),
indicating that pain intensity worsened with placebo but was
relatively unchanged with tapentadol ER. The least-squares
mean difference for the change from start to week 12 for
tapentadol ER versus placebo was —1.14 (95% CI —1.435
to—0.838, P < 0.001). From pretitration (baseline open-label)
to the last week of double-blind treatment, 29% of patients
in the placebo group (141/495) and 40% of patients in the
tapentadol group (207/526) had at least a 50% improvement
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in pain intensity, giving an NNT of 9.2. Adverse events
led to treatment discontinuation for 16.3% (169/1040) of
patients during open-label titration, 8.2% (28/343) of patients
receiving placebo, and 14.2% (51/360) of those receiving
tapentadol ER during the double-blind maintenance phase.
Results of this pooled analysis support those of the individual
studies and indicate that tapentadol ER was effective and well
tolerated for managing moderate to severe, chronic, painful
DPN.*** Tapentadol has recently been approved by the FDA
for the treatment of PDPN.

The AAN recommendations are:!

e Dextromethorphan, morphine sulfate, tramadol, and
oxycodone should be considered.

e For the treatment of PDPN (level B), data are insufficient
to recommend one agent over the other.

For the Toronto Consensus Panel on Diabetic Neuropathy
recommendations, please refer to Table 5.7 Of note is that
the tapentadol publications postdated the AAN and Toronto
Consensus Panel recommendations.

Antidepressants

Antidepressants are now emerging as the first line of agents
in the treatment of chronic neuropathic pain.*®® Clinical
trials have focused on interrupting pain transmission by
utilizing antidepressant drugs that inhibit the reuptake of
norepinephrine or serotonin. This central action accentu-
ates the effects of these neurotransmitters in activation
of endogenous pain-inhibitory systems in the brain that
modulate pain-transmission cells in the spinal cord.”® Puta-
tive mechanisms of pain relief by antidepressants include
the inhibition of norepinephrine and/or serotonin reuptake at
synapses of central descending pain-control systems and the
antagonism of NMDA receptors that mediate hyperalgesia
and allodynia.

Tricyclic antidepressants

Imipramine, amitriptyline, and clomipramine induce a
balanced reuptake inhibition of both norepinephrine and
serotonin, while desipramine is a relatively selective norepi-
nephrine inhibitor. The NNT (CI) for =50% pain relief by
tricyclic antidepressants (TCAs) in painful neuropathies is
2.1 (1.9-2.6). The number needed to harm in patients with
neuropathic pain for one dropout of the study due to adverse
events is 16 (11-26).°” The starting dose of amitriptyline
should be 25 mg (10 mg in frail patients), taken as a single
nighttime dose 1 hour before sleep. It should be increased
by 25 mg at weekly intervals until pain relief is achieved or
adverse events occur. The maximum dose is usually 150 mg
per day.

The most frequent adverse events of TCAs include
tiredness and dry mouth. TCAs should be used with cau-
tion in elderly patients, patients with glaucoma, orthostatic
hypotension and diabetic uropathy; and are contraindicated
in patients with unstable angina, recent (<6 months)
myocardial infarction, heart failure, history of ventricular
arrhythmias, significant conduction system disease, and long
QT syndrome. Their use is limited by relatively high rates of
adverse events and several contraindications. Thus, there is
a continuing need for agents that exert efficacy equal to or
greater than that achieved with TCAs and that have a more
favorable side-effect profile (Class Ia, recommendation A
[see Supplementary material]).

Selective serotonin reuptake inhibitors

Because of the relative high rates of adverse effects and sev-
eral contraindications of TCAs, it has been reasoned whether
patients who do not tolerate them due to adverse events could
alternatively be treated with selective serotonin reuptake
inhibitors (SSRIs). SSRIs specifically inhibit presynaptic
reuptake of serotonin but not norepinephrine, and unlike
the tricyclics they lack the postsynaptic receptor-blocking
effects and quinidine-like membrane stabilization. However,
only weak effects on neuropathic pain were observed after
treatment with fluoxetine, paroxetine, citalopram, and
escitalopram. The NNT (CI) for =50% pain relief by SSRIs
in painful neuropathies is 6.8 (3.9-27).5 Because of these
limited efficacy data, SSRIs have not been licensed for the
treatment of neuropathic pain (Class IIb, recommendation
B [see Supplementary material]).

Serotonin—noradrenaline reuptake inhibitors

Because SSRIs have been found to be less effective than
TCAs, recent interest has focused on antidepressants with
dual selective inhibition of serotonin and noradrenaline,
such as duloxetine and venlafaxine. Serotonin—noradrenaline
reuptake inhibitors (SNRIs) relieve pain by increasing
the synaptic availability of 5-hydroxytryptamine and nor-
adrenaline in the descending pathways that are inhibitory to
pain impulses. A further advantage of duloxetine is that it
has antidepressant effects in addition to analgesic effects in
diabetic neuropathy.

The efficacy and safety of duloxetine were evaluated in
three controlled studies using doses of 60 and 120 mg/day
over 12 weeks.” In all three studies, the average 24-hour
pain intensity was significantly reduced with both doses
compared to placebo treatment, the difference between
active and placebo achieving statistical significance after
1 week. The pooled data from the three trials confirmed that
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efficacy was maintained throughout the treatment period
of 12 weeks and that approximately 50% of patients had
achieved at least 50% pain reduction. The response rates,
defined as =50% pain reduction, were 48.2% (120 mg/day),
47.2% (60 mg/day), and 27.9% (placebo), giving an NNT
of 4.9 (95% CI 3.6-7.6) for 120 mg/day and 5.3 (3.8-8.3)
for 60 mg/day. Pain severity, but not variables related to
diabetes or neuropathy, predicts the effects of duloxetine in
diabetic peripheral neuropathic pain. Patients with higher
pain intensity tend to respond better than those with lower
pain levels.”” Duloxetine reduced interference with general
activity and improved SF-36 and EQ-5D scores in two of
the three clinical trials.”®* The most frequent side effects of
duloxetine (60/120 mg/day) include nausea (16.7%/27.4%),
somnolence (20.2%/28.3%), dizziness (9.6%/23%), consti-
pation (14.9%/10.6%), dry mouth (7.1%/15%), and reduced
appetite (2.6%/12.4%). These adverse events are usually
mild to moderate and transient. To minimize them, the start-
ing dose should be 30 mg/day for 4-5 days. Nonetheless,
physicians must be aware about the possibility of ortho-
static hypotension during the first week of treatment on the
30 mg dose. In contrast to TCAs and some anticonvulsants,
duloxetine does not cause weight gain, but a small increase
in fasting blood glucose may occur.!®

Venlafaxine is another SNRI that has mixed action on
catecholamine uptake. At lower doses, it inhibits serotonin
uptake, and at higher doses it inhibits norepinephrine
uptake.'”! The ER version of venlafaxine was found to be
superior to placebo in diabetic neuropathic pain in nonde-
pressed patients at doses of 150-225 mg daily, and when
added to gabapentin there was improved pain, mood, and
QOL.'"? In a 6-week trial comprising 244 patients, the analge-
sic response rates were 56%, 39%, and 34% in patients given
150-225 mg venlafaxine, 75 mg venlafaxine, and placebo,
respectively. Because patients with depression were excluded,
the effect of venlafaxine (150225 mg) was attributed to an
analgesic rather than antidepressant effect. The most common
adverse events were tiredness and nausea.'®® Duloxetine, but
not venlafaxine, has been licensed in the US for the treatment
of painful diabetic neuropathy (Class la, recommendation A
[see Supplementary material]).

The AAN recommendations are:'’

e Amitriptyline, venlafaxine, and duloxetine should be
considered for the treatment of PDPN (level B). Data are
insufficient to recommend one of these agents over the
others.

e Venlafaxine may be added to gabapentin for a better
response (level C).

e There is insufficient evidence to support or refute the use
of desipramine, imipramine, fluoxetine, or the combina-
tion of nortriptyline and fluphenazine in the treatment of
PDPN (level U).

For the Toronto Consensus Panel on Diabetic Neuropathy

recommendations, please refer to Table 5.7

Antiepileptic drugs

Antiepileptic drugs (AEDs) have a long history of effec-
tiveness in the treatment of neuropathic pain.'” Principal
mechanisms of action include sodium-channel blockade
(felbamate, lamotrigine, oxcarbazepine, topiramate, zonis-
amide), potentiation of GABA activity (tiagabine, topira-
mate), calcium-channel blockade (felbamate, lamotrigine,
topiramate, zonisamide), antagonism of glutamate at NMDA
receptors (felbamate) or a-amino-3-hydroxy-5-methyl-
4-isoxazole propionic acid (felbamate, topiramate), and
mechanisms of action yet to be fully determined (gabapentin,
pregabalin, levetiracetam).'” An understanding of the mecha-
nisms of action of the various drugs leads to the concept of
“rational polytherapy,” where drugs with complementary
mechanisms of action can be combined for synergistic effect.
For example, one might choose a sodium-channel blocker
such as lamotrigine to be used with a glutamate antagonist
such as felbamate. Furthermore, a single drug may possess
multiple mechanisms of action, perhaps increasing its likeli-
hood of success (eg, topiramate). If pain is divided according
to its derivation from different nerve-fiber types (eg, Ad vs
C fiber), spinal cord or cortical, then different types of pain
should respond to different therapies.

In addition to providing efficacy against epilepsy, these
new AEDs may also be effective in neuropathic pain. For
example, spontaneous activity in regenerating small-
caliber primary afferent nerve fibers may be quelled by
sodium-channel blockade, and hyperexcitability in dorsal
horn spinal neurons may be decreased by the inhibition of
glutamate release: two mechanisms of action possessed
by lamotrigine.'%¢!%” Clinical trials, however, have not
been salutary.’® In addition, the “wind-up” phenomenon
caused by nerve injury and the kindling that occurs in
hippocampal neurons in patients with mesial temporal
sclerosis both enlist activation of NMDA receptors, %1%
which can be antagonized by felbamate.'” The evidence
supporting the use of AEDs for the treatment of PDPN
continues to evolve.!?! Patients who have failed to respond
to one AED may respond to another or to two or more
drugs in combination (Class Ia, recommendation A [see
Supplementary material]).!!
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Calcium-channel modulators

(gabapentin and pregabalin)

Five types of voltage-gated calcium channels have been
identified, and the L- and N-types of channels have a role to
play in the neuromodulation of sensory neurons of the spinal
cord. Gabapentin and pregabalin are medications that bind at
the alpha 2 delta subunits of the channels. Unlike traditional
calcium-channel antagonists, they do not block calcium
channels but modulate their activity and sites of expression.
The exact mechanism of action of this group of agents on
neuromodulation has yet to be clearly defined (Class IIb,
recommendation B [see Supplementary material]).

Gabapentin is an anticonvulsant structurally related to
GABA, a neurotransmitter that plays a role in pain trans-
mission and modulation. The exact mechanisms of action
of this drug in neuropathic pain are not fully elucidated.
Among others, they involve an interaction with the L-amino
acid transporter system and high affinity binding to the 02-8
subunit of voltage-activated calcium channels. In an 8-week
multicenter dose-escalation trial involving 165 diabetic
patients with painful neuropathy, 60% of the patients on
gabapentin (3600 mg/day achieved in 67%) had at least mod-
erate pain relief compared to 33% on placebo. Dizziness and
somnolence were the most frequent adverse events, occurring
in about 23% of the patients in each group.''' The NNT (CI)
for =50% pain relief by gabapentin in painful neuropathies is
6.4 (4.3-12). Due to this relatively high NNT and publication
bias towards unpublished negative trials,''? the overall level
of evidence in favor of gabapentin in painful DSPN is weak.
Gabapentin has the additional benefit of improving sleep,'!!
which is often compromised in patients with chronic pain.'"°
Over the long term, it is known to produce weight gain,
which may complicate diabetes management.!'* Combination
therapy has been examined using gabapentin and morphine,
indicating slight superiority of the combination (Class Ia,
recommendation B [see Supplementary material]).”!

Pregabalin is a more specific 02-6 ligand with a sixfold-
higher binding affinity than gabapentin. Four clinical stud-
ies evaluated the efficacy of pregabalin.!'*!!7 All studies
found that pregabalin relieved pain, but the effect size was
small relative to placebo, reducing pain by 11%—13% on
the 11-point Likert Scale in three of them. A large dose-
dependent effect (24%—50% reduction in Likert Pain Scores
compared to placebo) was observed in the fourth study.'”
The NNT from these studies for a 50% reduction in pain was
four at 600 mg/day.'"*""” QOL measures, social functioning,
mental health, bodily pain, and vitality improved, and sleep
interference decreased, and all changes were significant. The

efficacy and safety of pregabalin was further reported in a
pooled analysis of seven studies over 5—11 weeks in 1346 dia-
betic patients with painful neuropathy.!'® The response rates,
defined as =50% pain reduction, were 46% (600 mg/day),
39% (300 mg/day), 27% (150 mg/day), and 22% (placebo),
giving NNTs of 4.2, 5.9, and 20.0. Data from this pooled
analysis showed an NNT of 4.04 for 600 mg/day and 5.99 for
300 mg/day.” The most frequent side effects for 150-600 mg/
day were dizziness (22.0%), somnolence (12.1%), peripheral
edema (10.0%), headache (7.2%), and weight gain (5.4%).''
The evidence supporting a favorable effect in painful diabetic
neuropathy is more solid, and dose titration is considerably
easier for pregabalin than gabapentin (Class Ia, recommenda-

tion A [see Supplementary material]).'?

Pregabalin improves QOL and lessens sleep interfer-
ence. As mentioned before, we pooled and analyzed data
from eleven randomized, double-blind, placebo-controlled
trials of pregabalin for the treatment of DPN (five tri-
als),'4- 16119120 PHN (four trials),'?"'* and DPN/PHN (one
trial).!” In each trial, patients received either pregabalin or
placebo for 8-13 weeks. All studies shared inclusion criteria.
In total, 921 patients received placebo and 1735 patients
received pregabalin (150 mg/day = 427; 300 mg/day = 496;
600 mg/day = 672; flexible dose = 140). Pregabalin treatment
resulted in improved patient function/QOL, as assessed by
SF-36 scores, compared to placebo. Significant improve-
ments over placebo were evident for the social functioning,
role — emotional, mental health, bodily pain, vitality, and
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Figure 2 Changes in SF-36 domain scores grouped according to extent of pain relief
in patients treated with pregabalin.

Notes: Only SF-36 domains that exhibited significant improvement in response
to pregabalin treatment, compared to placebo, are shown. Reprinted from The
Journal of Pain. Vinik A, Zlateva G, Cheung R, Murphy K, Emir B, Whalen E.
Understanding the impact of pain response on changes in function, quality of life,
and sleep interference in patients with painful diabetic peripheral neuropathy and
post-herpetic neuralgia treated with pregabalin. 2010;11:S17. Copyright 2010 with
permission from Elsevier.2
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Figure 3 Mediational analysis model, illustrating that the change in SF-36 domain score (overall treatment effect) may be due to a direct effect of pregabalin on that particular
SF-36 domain (direct effect) or may be mediated through pregabalin-driven pain relief or improvements in sleep (indirect effects).

Note: Reprinted from The Journal of Pain. Vinik A, Zlateva G, Cheung R, Murphy K, Emir B, Whalen E. Understanding the impact of pain response on changes in function,
quality of life, and sleep interference in patients with painful diabetic peripheral neuropathy and post-herpetic neuralgia treated with pregabalin. 2010;11:S17. Copyright 2010

with permission from Elsevier.?

general health domains of the SF-36.% Overall patient status/
quality of life, as assessed by patient global impression of
change scores, was also improved in response to pregabalin
treatment, with significantly more patients in each pregabalin
treatment arm reporting “much improved” or “very much
improved” compared to placebo. All pregabalin treatment
arms also significantly improved both mean pain and pain-
related sleep-interference scores compared to placebo. SF-36
domains exhibited at least a moderate negative linear relation-
ship (correlation coefficient —0.3) with pain relief, meaning
that SF-36 domain scores increased as mean pain scores
decreased (Figure 2).2° We further examined to what extent
overall changes in SF-36 domain scores (overall treatment
effect) were a result of pregabalin-mediated pain relief or
improvements in sleep (indirect treatment effect), and to what
extent they were due to an independent treatment effect on
each specific SF-36 domain (direct treatment effect) using a
mediation model (Figure 3).2° A substantial direct treatment
effect (18%—57% of the overall treatment effect) of pregaba-
lin was evident for each SF-36 domain analyzed. With respect
to the “role — emotional” and mental health domains, a direct
treatment effect accounted for a majority (>50%) of the
overall treatment effect. Changes in the bodily pain domain
score were largely due to indirect treatment effects (81.8%
of the total treatment effect), mostly pain relief (57.5% of

the total treatment effect). In contrast, while changes to the
vitality domain score were also largely due to indirect treat-
ment effects (75.1% of the total treatment effect), changes to
this particular domain score were mostly mediated through
improvements in sleep (43.7% of the total treatment effect).
Overall, our findings demonstrate that in patients with chronic
pain due to DPN or PHN, pregabalin-mediated improvements
in patient function/QOL are correlated with the extent of pain
relief. However, such improvements are not mediated entirely
though pain relief, but rather the result of a combination of
pregabalin’s effects on pain, sleep disturbance, and a direct
effect on patient function itself.?

Sodium-channel blockers (carbamazepine,
oxcarbazepine, lancosamide)
Voltage-gated sodium channels are crucial determinants
of neuronal excitability and signaling. After nerve injury,
hyperexcitability and spontaneous firing develop at the site
of injury and also in the dorsal root ganglion cell bodies. This
hyperexcitability results at least partly from accumulation
of sodium channels at the site of injury.'?* Carbamazepine
and oxcarbazepine are most effective against the “lightning”
pain produced by such spontaneous neuronal firing.'?
Although carbamazepine has been widely used for treat-
ing neuropathic pain, it cannot be recommended in painful
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diabetic neuropathy due to very limited data. Its successor
drug, oxcarbazepine, as well as other sodium-channel block-
ers, such as valproate, mexiletine, topiramate, and lamo-
trigine, showed only marginal efficacy and have not been
licensed for the treatment of painful diabetic neuropathy.

Lacosamide is a novel anticonvulsant that selectively
enhances the slow inactivation of voltage-dependent sodium
channels, but in contrast to the aforementioned sodium-channel
blockers, it does not influence the fast sodium-channel inac-
tivation. Its second putative mechanism is an interaction with
a neuronal cytosolic protein, the collapsin response mediator
protein 2, which plays an important role in nerve sprouting and
excitotoxicity. Lacosamide has been evaluated in several stud-
ies in painful diabetic neuropathy. However, the drug was not
approved by the FDA or EMEA for painful diabetic neuropathy
in 2008. Further clinical trials may follow in the future (Class
Ib, recommendation A [see Supplementary material]).

Topiramate

Although topiramate failed in three clinical trials, due to
the use of the wrong end point,'? it has been shown to suc-
cessfully reduce pain and induce nerve regeneration.’>!?’
Topiramate has the added advantages of causing weight
loss and improving the lipoprotein profile, both of which are
particularly useful in overweight type 2 diabetic patients. An
open-label extension study of topiramate (up to 600 mg/day)
in subjects with moderately to severely painful DPN sug-
gested that pain relief was effective, and the drug caused
weight loss and improvement in lipid and blood pressure
parameters, but 39.5% of subjects discontinued, most often
due to adverse events.”>'*® Recently, Boyd et al have shown
that relief of pain with topiramate treatment associated with
improvement in subjective and objective measures of nerve
function, intraepidermal nerve-fiber regeneration (Class Ib,

recommendation A [see Supplementary material]),'* and

indices of QOL."?

The AAN recommendations are:"

e Ifclinically appropriate, pregabalin should be offered for
the treatment of PDPN (level A).

e Gabapentin and sodium valproate should be considered
for the treatment of PDPN (level B).

e There is insufficient evidence to support or refute the use
of topiramate for the treatment of PDPN (level B).

e  Oxcarbazepine, lamotrigine, and lancosamide should prob-
ably not be considered for the treatment of PDPN (level B).
For the Toronto Consensus Panel on Diabetic Neuropathy

recommendations, please refer to Table 5.7
Two drugs have been approved for neuropathic pain in

the US — pregabalin and duloxetine. A recent meta-analysis

in which duloxetine was compared indirectly to pregabalin
and gabapentin for the treatment of PDPN concluded that
these two drugs have comparable efficacy and tolerability.'!
Some studies have analyzed health-care costs in patients with
PDPN treated with pregabalin, duloxetine, or other usually
used drugs. In general, all show similar results, with a good
cost-effective profile for both drugs.'3>-13

The response rates to analgesic monotherapy in painful
diabetic DSPN are only around 50%. Therefore, combina-
tion pharmacotherapy is required in patients who have only
partial response or in whom the drug cannot be further
titrated due to intolerable side effects. A recent trial showed
that the combination of nortriptyline and gabapentin at the
maximum tolerated dose was more effective than either
monotherapy, despite a lower maximum tolerable dose as
compared with monotherapy.'*> Appropriate analgesic com-
binations include antidepressants with anticonvulsants, or
each of these with opioids. Some patients may even require
a triple combination of these drug classes. The odds ratios
for efficacy and withdrawal from medications are given in
Table 1 and Figure 1.

On the basis of the clinical trial evidence for the various
pharmacological agents (efficacy and safety) for painful
DPN, the Toronto Consensus Panel on Diabetic Neuropathy
recommended that a TCA, SNRI, or an o-2-0 agonist
(calcium-channel modulator) should be considered for first-
line treatments (Table 5). On the basis of trial data, duloxetine
would be the preferred SNRI and pregabalin would be the
preferred o-2-0 agonist. If pain is inadequately controlled,
depending upon contraindications (Table 5), these first-line
agents can be combined, although this is not backed by trial
evidence. If pain is still inadequately controlled, opioids such
as tramadol and oxycodone might be added in a combination
treatment.”

During the last decade, it has been recognized that placebo
groups in clinical trials also include highly relevant informa-
tion about the disorder, about study design, and about meth-
odological aspects and developments of research strategies.
Indeed, one of the best things one can do with patients in pain
is to enter them into a trial; at least 30% will have a 30%
improvement, even if they only receive placebo. Although
clinical trials are typically designed to reveal high effect sizes
in the drug group and low effect sizes in the placebo group,
for many clinical conditions and treatments the placebo
groups can achieve 50%-80% of the positive effects observed
in the corresponding drug groups.'*® Many lessons can be
learned by studying the results of placebo groups. Tesfaye
et al analyzed data from 262 placebo-administered patients
from two identical phase I1I, randomized, double-blind trials
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of patients with diabetic neuropathy. After 1 year, NIS-LL
(—0.63 points, P = 0.005), vibration detection threshold
(—0.42 just-noticeable-difference units, P = 0.003), and
NTSS-6 (—3.73 points, P < 0.001) improved, whereas some
electrophysiology measures and heart rate deep breathing
(—0.78 beats, P = 0.003) worsened compared with baseline
values. The authors concluded that in placebo-administered
patients with mild symptomatic DPN, there was a progressive
improvement in symptoms over 12 months, whereas nerve-
conduction studies and heart rate deep breathing declined,
and clinically significant worsening of DPN would require
more than 1 year of observation.!*” More recently, Hduser
et al conducted a systematic review of placebo responses
for drug trials in fibromyalgia and PDPN. A total of 72 stud-
ies (9827 patients) in fibromyalgia and 70 studies in PDPN
(10,297 patients) were included. The authors found that the
positive effects in the placebo groups accounted for 45% of
the response in the drug groups in fibromyalgia, and for 62%
in PDPN. The placebo response was higher in PDPN than in
fibromyalgia (P < 0.001). It was not associated with age, sex,
or race, but with year of study initiation, pain baseline, and
effect size in active drug groups in both diseases.'*® Perhaps
the lesson to be learned here is that whatever the case, it is
important to enter patients with DPN into clinical studies,
because even those on placebo do well, possibly due to the
increase in vigilance and greater attention to detail for those
participating in a study. However, it would be more promising
if treatments could address the underlying disorder. It seems
that every drug dies 1000 deaths en route to the marketplace,
and DPN drugs have fared no better. Perhaps now that we
have come to recognize the need for developing therapies
that address the most influential factors contributing to nerve
dysfunction, we will be able to make progress.

Natural products

Metanx is a product containing L-methylfolate, pyridoxal
5’-phosphate, and methylcobalamin for management of
endothelial dysfunction. Metanx ingredients counteract
endothelial nitric oxide synthase uncoupling and oxida-
tive stress in vascular endothelium and peripheral nerves.
Obrosova and Shevalye conducted a 4-week, placebo-
controlled study to evaluate the effects of metanx on
DPN in Zucker diabetic fatty rats. Compared to controls,
metanx-treated groups showed a significant improvement in
sensory NCV and thermal and mechanical hypoalgesia, in
the absence of any reduction on hyperglycemia. Metanx also
increased intraepidermal nerve-fiber density in the rats.'** A
24-week placebo-controlled trial on the effects of metanx on
patients with established diabetic neuropathy was presented

at the AACE annual meeting in 201 1. The primary end point
of'the study was vibration perception threshold, which failed
to achieve significance. However, NTSS-6, which includes
numbness, tingling, aching, burning, lancinating pain, and
allodynia, improved significantly at week 16 (P =0.013 vs
placebo) and week 24 (P = 0.033). Moreover, there were
significant improvements in the mental health component of
the SF-36, role — emotional, social function, and vitality. This
response occurred with <2% adverse events, mainly rash and
gastrointestinal upset, and was no greater than placebo.'*’

Botulinum toxin

Botulinum toxin has been tried for trigeminal neuralgia'*
and has been shown to have long-lasting antinociceptive
effects in carpal tunnel syndrome with no electrophysiologic

restoration.'"!

Nonpharmacological treatment

of painful diabetic neuropathy

Because there is no entirely satisfactory pharmacotherapy for
painful diabetic neuropathy, nonpharmacological treatment
options should always be considered. As for pharmacological
treatment, considerable efforts must also be made to develop
effective nonpharmacological approaches. A recent systematic
review assessed the evidence from rigorous clinical trials and
meta-analyses of complementary and alternative therapies for
treating neuropathic and neuralgic pain. Data on the follow-
ing complementary and alternative-medicine treatments were
identified: acupuncture, electrostimulation, herbal medicine,
magnets, dietary supplements, imagery, and spiritual healing.
The conclusion was that the evidence is not fully convincing
for most complementary and alternative-medicine modalities
in relieving neuropathic pain. The evidence can be classi-
fied as encouraging and warrants further study for cannabis
extract, magnets, carnitine, and electrostimulation (Class I1I,
recommendation C [see Supplementary material]).!*

The AAN recommendations are:"

e Percutaneous electrical nerve stimulation should be
considered for the treatment of PDPN (level C).

e Electromagnetic field treatment, low-intensity laser
treatment, and Reiki therapy should probably not be
considered for the treatment of PDPN (level C).

e Evidence is insufficient to support or refute the use of
amitriptyline plus electrotherapy for treatment of PDPN
(level C).'#2

Psychological support
A psychological component to pain should not be underesti-
mated. Hence, an explanation to the patient that even severe
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pain may remit is highly encouraged, particularly in poorly
controlled patients with acute painful neuropathy or in those
painful symptoms precipitated by intensive insulin treatment.
Thus, the emphatic approach addressing the concerns and
anxieties of patients with neuropathic pain is essential for
their successful management.'*

Physical measures

The temperature of the painful neuropathic foot may be
increased due to arteriovenous shunting. Cold-water immer-
sion may reduce shunt flow and relieve pain. Allodynia
may be relieved by wearing silk pajamas or the use of a bed
cradle. Patients who describe painful symptoms on walking
as comparable to walking on pebbles may benefit from the
use of comfortable footwear.!43

Acupuncture

In a 10-week uncontrolled study on diabetic patients on stan-
dard pain therapy, 77% showed significant pain relief after up
to six courses of traditional Chinese acupuncture without any
side effects. During a follow-up period of 18-52 weeks, 67%
were able to stop or significantly reduce their medications,
and only 24% required further acupuncture treatment.'**
Controlled studies using placebo needles should be per-
formed to confirm these findings.

Electrical stimulation

The physiological principle underlying transcutaneous
electrical nerve stimulation (TENS) is that excitation of A3
sensory nerve fibers blocks transmission of pain signals to
the brain. TENS influences neuronal afferent transmission
and conduction velocity, increases the nociceptive flexion
reflex threshold, and changes the somatosensory evoked
potentials. In a 4-week study of TENS applied to the lower
limbs, each for 30 minutes daily, pain relief was noted in 83%
of the patients compared to 38% of a sham-treated group.
In patients who only marginally responded to amitriptyline,
pain reduction was significantly greater following TENS
given for 12 weeks as compared with sham treatment. Thus,
TENS may be used as an adjunctive modality combined with
pharmacotherapy to augment pain relief.!*

TENS therapy is characterized by its electrical param-
eters, number and location of electrodes, and dosing schedule.
Although all the electrical parameters can be manipulated
in an attempt to achieve maximal hypoalgesia, currently
published evidence suggests that only stimulation-pulse
intensity influences the degree of hypoalgesia.'**!4” A recent
placebo-controlled study demonstrated a dose-response
relationship between intensity and hypoalgesia.'*® Stimula-

tion below the level of sensory perception did not produce
hypoalgesia, and the degree of hypoalgesia was correlated
with the stimulation intensity. These and other studies show
that TENS should be delivered at a “strong but not painful”
level. It has also been shown that increasing simulation inten-
sity during treatment improves the degree of hypoalgesia.'*’
This effect is thought to relate to habituation of the sensory
afferents to stimulation.

There are hundreds of commercial TENS and TENS-like
devices with different characteristics and features. Unlike
the relatively straightforward dosing of oral analgesic drugs,
TENS devices are intended to be used by patients with neu-
ropathic pain on an ongoing basis. There is some evidence
that a barrier to effective use of TENS is the disproportion-
ate amount of effort needed to regularly apply TENS for
the amount of pain relief achieved. As currently designed,
most commercial devices offer many different stimulation
modes and capabilities, but they fail to optimize dosing to
therapeutic levels. Recent advances in commercial TENS
technology are targeted at painful diabetic neuropathy and
utilize inconspicuous wearable designs, automation, and
stimulation algorithms that adapt to patient physiology to
optimize stimulation intensity.

One randomized controlled study showed a better effect
of mid-frequency external muscle stimulation than TENS
on neuropathic symptoms after 1 week, but longer-term
controlled studies are not available. Frequency-modulated
electromagnetic nerve stimulation applied during ten sessions
over 3 weeks resulted in a significant pain reduction compared
to placebo stimulation. A larger-scale multicenter study is

ongoing (Class IIb, recommendation B [see Supplementary
material]).

In diabetic painful neuropathy that was unresponsive to drug
treatment, electrical spinal cord stimulation with electrodes
implanted between T9 and T11 resulted in pain relief >50%
in eight out of ten patients. In addition, exercise tolerance was
significantly improved. Complications of electrical spinal
cord stimulation included superficial wound infection in two
patients, lead migration requiring reinsertion in two patients,
and “late failure” after 4 months in a patient who had initial
pain relief. This invasive treatment option should be reserved
for patients who do not respond to drug treatment (Class IIb,
recommendation B [see Supplementary material]).

Surgical decompression

Surgical decompression at the site of anatomic narrowing has
been promoted as an alternative treatment for patients with
symptomatic DSPN. A systematic review of the literature
revealed only class IV studies concerning the utility of this
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Neuropathic pain
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Figure 4 Treatment algorithm: neuropathic pain after exclusion of non-diabetic etiologies and stabilization of glycemic control.
Note: Copyright © 2010, The Endocrine Society. Reproduced with permission from Vinik A. The approach to the management of the patient with neuropathic pain. | Clin

Endocrinol Metab. 2010;95:4802—4811.7°

Abbreviations: |Vlg, intravenous immunoglobulin; SNRI, serotonin-noradrenaline reuptake inhibitors; TCA, tricyclic antidepressants.

therapeutic approach. Given the current evidence available,
this treatment alternative should be considered unproven
(Class IV, recommendation C [see Supplementary material]).

Prospective randomized controlled trials with standard defini-
tions and outcome measures are necessary to determine the
value of this therapeutic intervention.!s!152

Guidelines for treatment

of painful neuropathy

Figure 4 (modified from Vinik™) is an algorithm that we pro-
pose for the management of painful neuropathy in diabetes. This
presumes that the cause of the pain has been attributed to DPN
and that all causes masquerading as DPN have been excluded.
The identification of neuropathic pain as being focal or diffuse
dictates the initial course of action. Focal neuropathic pain is
best treated with diuretics to reduce edema in the canal, splint-
ing, and surgery to release entrapment. Diffuse neuropathies are
treated with medical therapy, and in a majority of cases need
multidrug therapy. Essential to the evaluation is the identifica-
tion of the comorbidities and the choice of drugs that can serve
dual actions, eg, pregabalin improves sleep and pain both by
direct and indirect pathways, whereas duloxetine may reduce
depression and anxiety that accompany pain. Immune-mediated
neuropathies are treated with intravenous immunoglobulin,
steroid, or other immunomodulators. When single agents fail,
combinations of drugs with different mechanisms of action are
in order. Also provided is the evidence-based recommendation
of the AAN and the Toronto Consensus Panel, the NNT, the

numbers needed to harm, and the likelihood ratios for use of
the drugs and for non-adherence.

Conclusion

Painful neuropathy is an important complication of
diabetes. Pathogenesis is multifactorial and requires atten-
tion to detailed management if one is to achieve success.
Two drugs have been approved for neuropathic pain in the
US — pregabalin and duloxetine — but neither of these afford
complete relief, even when used in combination. Indeed,
a sobering view is that few drugs achieve greater than 30%
reduction in pain in >50% of patients, dictating a need to
use more than one drug with different mechanisms of action.
There is a great need to understand pathogenic mechanisms
more fully, particularly the differences in origin of peripheral
and central pain. One needs to be aware of the conditions
that masquerade as painful neuropathy and the treatment
directed towards the underlying disorder, as suggested in the
algorithm provided. Neuropathic pain in diabetes is common
and is due to a variety of different neuropathies. Mechanisms
of pain are being unraveled. Central sensitization in the
spinal cord and the central nervous system are revealing
pathways and specific receptors that may lead to novel forms
of intervention. Comorbidities that accompany pain include
depression, anxiety, and sleep disturbances, all of which must
be addressed for successful management of pain. Treatment
of peripheral neuropathic pain conditions can benefit from
further understanding of the impact of pain response on QOL,

submit your manuscript

74

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2013:6


http://www.dovepress.com/cr_data/supplementary_material_24825.pdf
www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Diabetic nerve pain management

activities of daily living, and sleep. As Winston Churchill

said, “We need to go from failure to failure without losing

our enthusiasm and ultimately we will succeed.”

Recommendations for future research have been sug-
gested by AAN and the Toronto Consensus Panel and include
the following:

e A formalized process for rating pain scales for use in all
clinical trials should be developed.

¢ Clinical trials should be expanded to include effects on QOL
and physical function when evaluating efficacy of new inter-
ventions for PDPN; the measures should be standardized.

¢ Future clinical trials should include head-to-head comparisons
of different medications and combinations of medications.

e Because PDPN is a chronic disease, trials of longer dura-
tion should be done.

e Standard metrics for side effects to qualify effect sizes
of interventions need to be developed.

e Cost-effectiveness studies of different treatments should
be done.

e Further research is required to find novel and more
effective pathogenic treatments for painful DPN.

e Key target areas generating or modulating pain in the
brain require further studies in order to develop more
effective treatments for PDPN.

e The mechanism of action of electrical stimulation is
unknown; a better understanding of its role, mode of
application, and other aspects of its use should be studied.
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