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Surgical Treatment of Chronic
Lower Extremity Neuropathic Pain

Lew C. Schon, MD; Claude D. Anderson, MD; Mark E. Easley, MD;
Peter W. C. Lam, MD; Hans-Jorg Trnka, MD; David B. Lumsden, MD;
Gail Levin, RN; and Jai Shanker, MCh

The current authors retrospectively reviewed
147 lower extremity peripheral nerve proce-
dures in 114 patients (average age, 42 years)
with chronic lower extremity neuropathic pain
to determine whether surgical treatment based
on an empirically derived algorithm could re-
duce pain and improve function. This algorithm
assigns crush, stretch, and chronic transection
injuries to treatment with transection and con-
tainment. Peripheral nerve stimulation was
used in conjunction with transection and con-
tainment for patients with more chronic presen-
tations for whom previous transections had
been unsuccessful. Patients with adhesive neu-
ralgia underwent revision neurolysis with vein
wrapping. Patients with repetitive nerve trauma
(overuse) underwent primary or revision neu-
rolysis. Duration of symptoms averaged 37
months, and mechanisms of nerve injury in-
cluded chronic transection, crush, adhesive nen-
ralgia, stretch, repetitive trauma, and idiopathic
etiology. Time to followup averaged 38 months.
Pain and dysfunction were ranked from 0 points
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(no pain or dysfunction) to 10 points (pain
prompting request for amputation or functional
deficit warranting wheelchair use); preopera-
tive and followup work status were documented.
Average pain and dysfunction scores improved:
8.8 to 5.6 points and 7.6 to 5.0 points, respec-
tively. Of the 114 patients, 52 (46 %) patients im-
proved their work status, including 35 of 87
(40%) involved in workers’ compensation.
There were no statistically significant differ-
ences in outcome based on mechanism of nerve
injury or type of procedure. The consistent av-
erage improvement suggests this algorithm as-
signs the appropriate procedure to a given
mechanism of injury.

The treatment of chronic intractable lower ex-
tremity neuropathic pain is challenging. The
etiologies of such nerve pain are classified as
crush, stretch, transection, compression, repet-
itive microtrauma, metabolic, and idiopathic.
Sometimes there are multiple contributing fac-
tors, especially when several nerve surgeries
have been done.

Treatment begins with nonoperative op-
tions, including medications, physical therapy
with desensitization modalities, external elec-
trical stimulation, and nerve blocks. If all rea-
sonable nonoperative options fail, surgery is
required. Surgical techniques include neuroly-
sis, revision neurolysis, transection (with or
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without containment procedures), barrier pro-
cedures (vein wrapping), and peripheral nerve
or spinal cord stimulation.

The purpose of the current study was to re-
view the results of the senior author’s (LCS)
experience with surgical treatment of chronic
lower extremity neuropathic pain. The current
authors hypothesized that surgical interven-
tion based on an empirically derived algorithm
could reduce pain and improve function in pa-
tients who had undergone unsuccessful previ-
ous treatment.

MATERIALS AND METHODS

One hundred forty-seven lower-extremity, periph-
eral-nerve procedures done in 114 patients from
1990 to 1997 were reviewed retrospectively. The
61 female and 53 male patients had an average age
of 42 years (range, 17-77 years). Mechanisms of
nerve insult included transection (37 patients),
crush (35 patients), adhesive neuralgia (25 pa-
tients), stretch (22 patients), repetitive trauma (12
patients), and idiopathic etiology (13 patients). Pa-
tients with simple nerve entrapment or compres-
sion were excluded (there were no primary tarsal
tunnel syndromes or Morton’s neuromas).

For all 114 patients, nonoperative treatment, in-
cluding medical therapy (with tricyclic antidepres-
sant medications and antiepileptic drugs?8-294246),
physical therapy and desensitization techniques, 617
therapeutic nerve blocks,51140 and external electri-
cal stimulation,?*2% had failed to relieve their in-
tractable lower extremity neuropathic pain. These
nonoperative measures were not repeated if they had
been used appropriately before referral to the au-
thors’ institution. The number of previous nerve op-
erative interventions (including neurolysis, revision
neurolysis, transection, anastomosis, neuroma con-
tainment, and nerve barrier procedures) averaged 2.3
(range, 0—12 procedures) per patient.

Evaluation at initial consultation included clini-
cal evaluation and electrodiagnostic studies. A
careful history and physical examination were done
for all patients. The history focused on evidence of
systemic disease, mechanism of nerve insult, and
specific nerve involvement. The results of previous
surgical interventions were assessed to identify
pain because of adhesive neuralgia, which may
benefit from vein wrapping, rather than peripheral
nerve stimulation.? Peripheral examination identi-

fied specific nerve involvement and sites of poten-
tial nerve injury (surgical scar and trauma). Pain
and dysfunction were ranked from O points (no
pain, no dysfunction, respectively) to 10 points
(pain prompting request for amputation or func-
tional deficit warranting wheelchair use, respec-
tively); preoperative and followup work status
were documented.

Electrodiagnostic studies were done in all pa-
tients to rule out systemic disease (contributing to
a peripheral neuropathy), identify intraneural dam-
age, find more proximal areas of nerve compromise
(double crush phenomenon), or to determine if
there was nerve compression or intraneural dam-
age. Assessment included sequential nerve blocks
with lidocaine and bupivacaine, beginning at the
most distal site of suspected nerve disease and ad-
vancing more proximally.

Procedures occasionally involved more than
one nerve: tibia, including branches, 113 cases; su-
perficial peroneal, 27 cases; sural, 27 cases; inter-
digital, 14 cases; deep peroneal, 10 cases; and com-
mon peroneal, two cases. Procedures included
transection and containment (61 cases), revision
neurolysis with vein wrapping (37 cases), periph-
eral nerve stimulation (25 cases), primary neuroly-
sis (12 cases), and revision neurolysis (12 cases).
The surgical treatment algorithm (Fig 1) is com-
plex, but in its simplest form, assigns crush, stretch,
and chronic transection injuries to treatment with
transection and containment, with or without pe-
ripheral nerve stimulation; adhesive neuralgia, to
revision neurolysis and vein wrapping; and repeti-
tive trauma, to primary or revision neurolysis. One
surgeon performed all procedures.

One-way analysis of variance (ANOVA) was
used to identify significant (p < 0.05) differences
among the groups.

RESULTS

Retrospective followup was available for all
114 patients. Time to followup averaged 38
months (range, 24-96 months). Overall, pain
scores improved from a preoperative average
of 8.8 points (range, 5-10 points) to 5.6 points
(range, 0—10 points) at followup. Dysfunction
improved from a preoperative average of 7.6
points (range, 2-10 points) to a postoperative
average of 5 points (range, 0-10 points). Of
the 114 patients, 52 (46%) improved their
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CHRONIC PAIN

Initial evaluation: History, physical examination,
radiographs, possible MRI and Tc scans

l

Nonoperative treatment: NSAIDS, PT‘W

TENS, nerve medications, braces, shoes

|

Secondary evaluation: nerve blocks,
blocks, joint injections, tendon injections
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stimulation, pump, (sec Fig 1B) in inuity) E
A medication (see Fig 1C-D) Fig IE)

Treatment: Transect, translocate, and
bury, or centroceniral anastomosis
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Fig 1A-B. Algorithm for treat-
ment of chronic pain. (A) Initial
evaluation and diagnoses. (B)
Diagnosis of neuroma MRI
magnetic resonance imaging;
NSAIDS = nonsteroidal antiin-
flammatory medications; PNS
= peripheral nerve stimulation;

= physical therapy; Tc =
technetlum TENS = transcu-
tanous electrical nerve stimula-
tion. (continues).
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Disgnosis: Crush without Diagnosis: Crush with adhesive
adhesive neuralgia neuralgia (see Fig 1D)
I
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Fig 1C~D. (continued) (C) Diagnosis
of crush without adhesive neuralgia.
(D) Crush with adhesive neuralgia
MRI = magnetic resonance imag-
ing; NSAIDS = nonsteroidal antiin-
flammatory medications; PNS = —
peripheral nerve stimulation; PT =
physical therapy; Tc = technetium; _ ___
TENS = transcutanous electrical o o o Spina simula-
nerve stimulation. (continues).
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Fig 1E. (continued) (E) Diagnosis of
entrapment. *, once infection is under
control. MRl = magnetic resonance
imaging; NSAIDS = nonsteroidal an-
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medication, etc. medication, etc.
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work status, including 35 of 87 (40%) patients
receiving workers’ compensation.

Analysis of variance revealed no statisti-
cally significant differences in outcome based
on mechanism of nerve injury or type of pro-
cedure.

DISCUSSION

Treatment of chronic intractable neuralgia, pain
in the distribution of a nerve that does not re-
spond to nonoperative or operative treatment,
presents a difficult and challenging problem.
Such pain involves primary nerve disease and
encompasses a wide spectrum of causes involv-
ing internal nerve damage (stretch or crush in-
jury) or external nerve damage (entrapment,
mass effect), or both, often with contributing
biomechanical factors (malalignment, instabil-

Pain center for spinal stimula-
tion, pump, medication, ete,

physical therapy; Tc = technetium;
TENS = transcutaneous electrical
nerve stimulation. (Modified with per-
mission from Schon LC, Easley ME:
Chronic Pain. In Myerson, MS (ed).
Foot and Ankle Disorders. Vol 2.
Philadelphia, WB Saunders Co
851-881, 2000.)

ity).3® Any musculoskeletal problems that could
exacerbate the chronic pain should be addressed
nonoperatively (with braces, nonsteroidal anti-
inflammatory medication, injections) or opera-
tively (with ligament reconstruction or arthrode-
sis for instability). Any nerve problems should
be addressed with nonoperative modalities; if
nonoperative treatment fails, surgical options
may be considered. Extrinsic or intrinsic nerve
conditions may respond to primary or revision
releases®® or transection and burial tech-
niques.2457.9,10,13,14,18-2127,32-344344.47,50 Cop-
tainment procedures, such as centrocentral anas-
tomosis or nerve capping, can decrease the
likelihood of a painful neuroma by containing or
controlling rejuvenant nerve growth after tran-
section.2312.14.23.3443 Barrier procedures, such
as fat grafts, fascial flaps, and vein wraps, are
used for adhesive neuralgia (painful nerves en-
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trapped in scar tissue) and can insulate compro-
mised nerves from external scarring 815252641
Peripheral nerve stimulation or spinal cord stim-
ulation can modulate neurologic response, di-
minishing nociception.22:30.31,38,45.48

The choice of what procedure is best must
be individualized to the patient, depends on
many factors, and often is difficult. If the neu-
rogenic pain continues regardless of treat-
ments such as those listed, several options re-
main, including an indwelling pain pump! and
amputation with or without continued pain
medications and nerve blocks.

The aim of the current study was to analyze
the authors’ treatment algorithm (Fig 1), which
assigns the appropriate procedure to a given
mechanism of injury in a patient with intractable
lower extremity neuropathic pain. To choose
which patient would benefit from these proce-
dures, it is important to differentiate among ex-
traneural disease (adhesive neuralgia), intra-
neural conditions, and combinations thereof
because the treatment options will differ. This
differentiation is accomplished through a care-
ful history and physical examination.

Historically, it is important to review the in-
citing event and previous treatment. Stretch
injury, neuroma, or neuroma in continuity all
suggest intraneural disease. A patient with a
neuroma or neuroma in continuity will report
an area of lost sensation coupled with a more
proximal hot spot or trigger point that, if
brought into contact with a shoe, brace, or the
ground, results in a burst of pain. Spontaneous
or ectopic neuralgia (pain not induced by
movement, position, or activity) suggests in-
ternal nerve damage. Nociceptive neuralgia,
pain that follows after introduction of some
form of stimulus, may be seen with internal or
external disease. Primary entrapment or infec-
tion after neurolysis (resulting in scarring)
suggests an extraneural condition. Crush in-
jury tends to cause intraneural and extraneural
conditions. Response to bracing may indicate
an extraneural problem because bracing
should be of little benefit for patients with in-
traneural disease. Adhesive neuralgia is sug-
gested when a patient gains temporary relief of

symptoms with a neurolysis and then experi-
ences a recurrence of symptoms weeks or
months later. However, if no relief was ob-
tained, the pain may be a result of an incom-
plete release, excessively aggressive release
resulting in intraneural damage, or release for
the wrong indication (such as wrong nerve or
a missed lesion).

A physical examination that reveals a dif-
fusely painful scar with worsening nerve
symptoms during range of motion (ROM) of
the adjacent joint (ankle) suggests adhesive
neuralgia. A free ROM of the adjacent joint
and a mobile, nontender scar is not likely to be
associated with adhesive neuralgia. Signs of
neuroma or neuroma in continuity, such as
zones of numbness or a focal positive percus-
sion test, suggest intraneural disease. A deaf-
ferentation phenomenon after intraneural
damage is manifested clinically by an area of
decreased dysesthesia and hyperpathia. It is
not uncommon in such patients to find tender-
ness over adjacent nerves despite evidence
that the nerves were not primarily injured.
Anesthesia dolorosa, an area of decreased
touch sensation that is extremely painful to
touch, is another deafferentation syndrome in-
dicative of intraneural disease. The neuro-
physiology of anesthesia dolorosa is not
clearly understood. It may represent an alter-
ation of the gate mechanism of pain. The gate
mechanism theory proposes that pain carried
by the sensory nerves from the periphery is
controlled by gates. These gates are opened
when only pain signals are received but closed
when there is other, competing nonpain sen-
sory information (light touch) to convey.3%:35
In these cases, the absence of afferent input
permits an augmentation or disinhibition of
the damaged and adjacent C-unmyelinated
pain fibers. This afferent imbalance promotes
the carrying of the afferent signals by the al-
ternative pathways. Thus, the light-touch
stimulation is perceived by the nociceptors,
rather than the light-touch afferent receptors,
and ultimately processed as pain signals.

Electrodiagnostic studies may be helpful in
documenting the nerve disease. Decreased
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amplitude and prolonged distal latencies sup-
port extraneural compression. Electromyo-
graphic changes with evidence of denervation
support intraneural disease or axonal damage.
However, normal electrodiagnostic studies
may occur with intraneural and extraneural
conditions.*

Currently, electrodiagnostic studies offer
little predictive value regarding prognosis or
choice of intervention in the treatment of
chronic pain. Findings at the time of surgery
also may help determine which procedure
should be done. If the plane between the scar
tissue and the nerve is easily dissectible and
macroscopically normal and there is evidence
of a previously incomplete release, revision
neurolysis can be successful. If there is dense
scarring on the nerve with a normal looking
nerve after neurolysis, vein wrapping alone is
beneficial. However, if these findings are seen
without a history of transient relief after pre-
vious neurolysis, peripheral nerve stimulation
may be indicated. If the nerve is scarred and
seems abnormal and there is a history of tran-
sient relief after neurolysis, a combination of
peripheral nerve stimulation and vein wrap-
ping may be indicated. (This hypothesis cur-
rently is under investigation.) However, if
these operative findings are seen without a his-
tory of benefit after neurolysis, peripheral
nerve stimulation alone is indicated.

In general, in patients with repetitive
trauma, the nerve is affected by multiple re-
current ministretches or minicompressions
that occur during activity. Typically, it is af-
fected by a surrounding anatomic structure,
such as a fascial edge, adjacent muscle belly,
or prominent bone, and the patient begins to
experience neuralgia. In such a situation, es-
pecially early in its course, there is little to no
internal nerve damage; it primarily is an ex-
ternal nerve problem. Thus, for cases that are
chronically painful, a release of the nerve to
stop the compression or stretches is warranted
and would be logical as a means for reducing
the instigating factor. However, when a pri-
mary release does not alleviate the pain, a re-
vision neurolysis with a broader zone of de-

compression of the nerve is recommended. If
excessive bleeding occurred during the previ-
ous surgeries, if infection has developed, or if
the bed of tissue around the nerve is unhealthy,
recurrent external scarring is more likely the
etiology for failure. In such cases, the patient
may manifest an adhesive neuralgia (where
the nerve is scarred to its surrounding bed), for
which a revision nerve release followed by a
barrier procedure (vein wrap) to prevent the
external scar from encroaching on the nerve
would be recommended. Still, the extent of the
nerve damage in cases of repetitive trauma or
adhesive neuralgia determines the benefit of
surgery. If the internal nerve damage is sub-
stantial, external releases and barrier proce-
dures, such as vein wrap, still would be rec-
ommended, but the prognosis would be less
favorable.

In a stretch injury, the nerve is injured in-
ternally, but there usually is little injury to the
surrounding bed. Often, there is no persistent
anatomic structure that continues to stretch the
nerve. Thus, because eliminating any external
factors by performing a nerve release is low
risk but would be expected to be of limited
benefit, a stretch injury that results in chronic
intractable neuralgia may be treated best with
a transection of the nerve (with or without bur-
ial or containment procedures) or peripheral
nerve stimulation. In the current authors’ ex-
perience, some patients with stretch injuries
did well with transection and containment, but
for several patients this procedure provided no
relief, and in some patients, pain was in-
creased. These patients subsequently had pe-
ripheral nerve stimulation with good results;
some persistent symptoms were thought to be
a result of the previous transection (deaf-
ferentation phenomenon or anesthesia do-
lorosa). Thus, the authors’ current surgical
recommendation for a patient with intractable
neuralgia from a severe stretch injury is pe-
ripheral nerve stimulation because it is a less
destructive and less irreversible method of
treating the problem.

In crush injuries, the nerve and its external
tissue environment are traumatized. The ex-
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tent of the trauma is variable, and some nerve
trunks or branches are affected more than are
others. Performing transection with contain-
ment of severely damaged nerves or branches
or peripheral nerve stimulation, or both, has
been successful. Patients for whom transec-
tion and containment alone was unsuccessful
had good response to subsequent peripheral
nerve stimulation, provided there were no ad-
ditional complications from the transection. In
the current series, the crushed nerve, neuroma,
or neuroma in continuity in a mechanically
vulnerable region (such as the sole or dorsum
of the foot) that was subjected to recurrent
stresses was treated with transection and bur-
ial more proximally, out of the zone of trauma.
However, for patients in whom the zone of
trauma was not vulnerable and in whom pain
was present, regardless of external stimulus,
peripheral nerve stimulation was the recom-
mended treatment.

Chronic transection injury can manifest as
two types of symptom complexes. One type of
system complex is ectopic neuralgia, in which
the patient’s nerve has been cut spontaneously
and discharges, causing severe pain. In such
patients, more proximal transection and burial
may not provide relief if the end of the nerve
has not been triggered by an external surface,
such as a shoe, the ground, or an adjacent
structure. Such cases also may be associated
with the deafferentation phenomenon or anes-
thesia dolorosa, which, according to the cur-
rent study, does not respond to higher transec-
tion and burial because the gate mechanism of
pain (that created the deafferentation phenom-
enon) is not altered. Thus, for such cases, pe-
ripheral nerve stimulation would be a better al-
ternative than transection and burial. The
second type of symptom complex from a tran-
section injury is nociceptive neurolysis. In this
situation, a patient experiences severe nerve
pain with palpation or physical (mechanical)
provocation. These patients have pain induced
by activity or by certain shoes or braces that
trigger the end of the nerve (neuroma). Such
patients for whom other therapies have failed
are best treated with more proximal transec-

tion and burial because doing so removes the
irritated or irritable nerve from the zone of
physical stress.

The consistent average improvement of
each subset (mechanism of injury, type of pro-
cedure) in the current study suggests the au-
thors’ empirically derived treatment algorithm
assigns the appropriate procedure to a given
mechanism of injury. Although only a few pa-
tients with chronic intractable lower extremity
neuropathic pain had complete relief of symp-
toms, the results support the hypothesis that
tmprovement is possible for these patients.
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