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Background: In the context of headache surgery, greater occipital nerve (GON)
transection is performed when the nerve appears severely damaged, if symptoms
are recurrent or persistent, and when neuromas are excised. Lesser occipital nerve
(LON) excision is commonly performed during the primary decompression sur-
gery. Advanced techniques to address the proximal nerve stump after nerve tran-
section such as regenerative peripheral nerve interface (RPNI), targeted muscle
reinnervation (TMR), relocation nerve grafting, and reset neurectomy have been
shown to improve chronic pain and neuroma formation. These techniques have
not been described in the head and neck region.

Methods: This article describes RPNI, TMR, and reset neurectomy with GON auto-
graft relocation to prevent chronic pain and neuroma formation after GON/LON
transection.

Results: RPNI and TMR are feasible options in patients undergoing GON/LON
transection. Further, relocation nerve grafting with GON autograft relocation is a
method that is beneficial in patients with diffuse nerve injury requiring proximal
nerve division.

Conclusion: Advanced nerve reconstruction techniques should be considered in
headache surgery following GON/LON transection. (Plast Reconstr Surg Glob Open
2022;10:¢4201; doi: 10.1097/GOX.0000000000004201; Published online 25 March 2022.)

The anatomic basis, patient screening, technical
details, and outcomes of greater occipital nerve (GON)
and lesser occipital nerve (LON) decompression for neu-
ropathic pain have been described in detail."” In general,
most headache surgery experts agree that decompression
of the GON should be the first step in treatment of patients
with GON pain. If primary decompression fails, most expe-
rienced surgeons will offer secondary transection of the
GON.? A minority of surgeons will consider GON excision
during the first surgery if the nerve appears severely dam-
aged (yellow discoloration, absence of vasa vasorum, and
presence of significant scarring).'” Another clinical indi-
cation for GON neurectomy is patients presenting with
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painful neuromas of the GON after unintended iatrogenic
or traumatic injury that require neuroma excision. On the
contrary, the LON is considered a small sensory nerve with
small innervation pattern, and transection is commonly
performed during the initial surgery.!" Although GON
and LON transection has been discussed in a small num-
ber of publications, limited information on techniques to
address the proximal nerve stump is available.’

After transection of peripheral nerves, axons regener-
ate and grow in an unorganized fashion, resulting in for-
mation of neuromas at the nerve stump.'” Symptomatic
neuromas cause severe neuropathic pain, leading to sig-
nificant morbidity for patients. Given the risk of formation
of painful neuromas, surgical techniques to prevent unor-
ganized growth of axons have been employed to recon-
struct the proximal nerve stump.

Traditionally, burial of nerves in the soft tissues and
bone was the preferred technique to reconstruct proximal
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nerve ends (Fig. 1A).""" However, this technique has
yielded mixed clinical results. Therefore, newer tech-
niques to prevent neuroma formation and chronic pain
have been described and investigated.'*!'"?!

Several procedures have shown great promise in
prevention of chronic pain and neuroma in both
mixed motor/sensory and pure sensory nerves.'®!"?!
Regenerative peripheral nerve interface (RPNI) and
targeted muscle reinnervation (TMR) techniques direct
axonal growth into target muscles to prevent unorganized
axonal sprouting and neuroma formation. RPNI is a pro-
cedure in which the transected proximal nerve stump is
inserted into a denervated muscle cuff, which allows for
targeted axonal ingrowth (Fig. 1B).*** Similarly, TMR is
a surgical technique that connects the proximal nerve
stump to a muscle motor nerve branch allowing for
directed axonal growth (Fig. 1C)."*#*** A combination of
TMR with vascularized RPNI has also been described."”
Another employed technique is relocation nerve graft-
ing (Fig. 1D).* After nerve transection, a long autograft
or allograft is used for coaptation of the proximal nerve
stump to a muscle remote from the zone of injury. In prin-
ciple, this allows axons to regenerate along a long graft,
with only few axons reaching the end target (muscle). In
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Question: Which surgical techniques can be used to
address the proximal nerve stump after transection of the
greater and lesser occipital nerves.

Findings: RPNI, TMR, and relocation nerve grafting are
methods that can be considered in patients undergoing
GON/LON transection.

Meaning: Advanced techniques to address the proximal
nerve stump after nerve transection are available in the
head and neck region after transection of sensory nerves.

addition, reset neurectomy has been discussed in the con-
text of diffuse nerve injury when no discrete zone of injury
can be identified (Fig. 2).% The nerve is transected proxi-
mal to the area of pain with immediate coaptation to the
distal nerve end with or without nerve graft. This elimi-
nates afferent nerve signals and allows the nerve to regen-
erate along the native nerve, which has become a “graft.”
To our knowledge, the concept of reset neurectomy has
not been combined with relocation nerve grafting.

In the context of headache surgery, the most common
method to address the proximal nerve stump after GON/
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Fig. 1. Nerve reconstruction techniques after nerve transection. Several different techniques for nerve reconstruction have been described,
including muscle burial (A), RPNI (B), TMR (C), and relocation nerve grafting (D).
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Fig. 2. Reset neurectomy.

LON transection remains burial in muscle. No other tech-
niques have been described in detail in this context. The
aim of this article is to describe and prove the feasibility
of RPNI/TMR following GON/LON transection in head-
ache surgery. Further, we describe a novel technique com-
bining reset neurectomy with GON autograft relocation to
address the transected proximal GON stump.

Case Report One: RPNI

This 62-year-old woman underwent left GON and
LON decompression 1 year before. At the time of pri-
mary GON decompression, her nerve was found to be
compressed by trapezius fascia with absent vasa vasorum
and yellow discoloration of the nerve. Her pain initially
improved, but then returned at around 7 months post-
operatively. She had a total improvement in symptoms of
40% from baseline. Given her persistent symptoms with
exquisite pain over the GON exit point from the semispi-
nalis muscle 3 cm distal to the occipital protuberance and
1.5cm lateral to the midline that improved completely
for 48 hours after nerve block, the decision was made
to proceed with GON exploration and possible transec-
tion. The patient was informed about the side effects

(permanent numbness of the occiput) and risks (impor-
tantly paresthesia and formation of painful neuroma)
prior to surgery. Preoperatively, the area of maximum
pain was marked. A 5cm incision was made distal to the
occipital protuberance at the site of primary decompres-
sion. The incision was carried down through the dermis
to the midline raphe where the nerve was encased in a
fat pad that was elevated and wrapped around the nerve
at the time of primary decompression. The nerve was
found distal to the fat pad and traced proximally. The
GON was evaluated to determine whether there were
specific regions of the nerve that showed macroscopic
signs of damage. The GON was transected proximal to
the maximum point of pain and proximal to macro-
scopic nerve damage. A small rectangular muscle cuff of
semispinalis capitis muscle was harvested and wrapped
around the GON as an RPNI (Fig. 3). The incision was
closed in a standard fashion.’

Case Report Two: TMR

This 65-year-old woman suffered from rightsided
occipital pain for 40 years. She initially developed pain
after resection of a malignant tumor of the scalp. She
underwent multiple reconstructive procedures after
tumor resection, including skin grafting, tissue expander
placement, and scalp flap advancement. Subsequent to
these procedures, she developed severe pain in the occipi-
tal region on the right. The pain was constant. Her pain
sketch showed a typical GON radiation pattern on the
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Fig. 3. RPNI. A small rectangular segment of semispinalis capitis
muscle was harvested and wrapped around the GON stump. The
muscle envelope was closed at the distal end with 3.0 Monocryl
suture. Another 4.0 Monocryl suture was passed through the
muscle and epineurium at the proximal RPNI end to keep the
RPNl in place.

right.”” On examination, she had severe pain and a posi-
tive Tinel sign on palpation of the GON and LON. After
nerve block, her pain improved from 8 to 2 on a visual
analogue scale. The decision was made to offer her nerve
exploration with possible nerve decompression, possible
nerve transaction, and possible removal of neuroma.
Preoperatively, the area of maximum pain was marked.
After re-opening of a previous oblique incision along her
scalp flap, careful dissection down to the trapezius muscle
and midline raphe was performed. The GON was identified
and found to be transected on the right. A large (~1cm)
stump neuroma was present (Fig. 4A, B). The dissection was
then carried laterally, where the LON was identified and dis-
sected free. Similarly, the nerve appeared to be transected
with a large stump neuroma (Fig. 4C, D). The neuromas
of the GON and LON were resected back to healthy nerve.
Two motor branches of the semispinalis capitis muscle were
identified using nerve stimulation, and the proximal GON
and LON stumps were sutured to the semispinalis capitis
motor nerve branches in an end-to-end fashion using 9.0
Nylon suture. (See Video [online], which displays greater
and lesser occipital nerve TMR with microsurgical coap-
tation to small motor branches of the semispinalis capitis
muscle.) The incision was closed in a standard fashion.’

PRS Global Open - 2022

Case Report Three: Reset Neurectomy with GON Autograft
Relocation

This 67-year-old man underwent bilateral GON decom-
pression 3 years before his presentation. He reported that
he was pain free for 2 years before his symptoms slowly
returned only on the left side. Given his recurrent symp-
toms with pain over the left GON with good response to
nerve block, the decision was made to proceed with GON
exploration and possible transection.

Preoperatively, the area of maximum pain was
marked. An incision was made at the prior midline inci-
sion and carried down to the midline raphe. Similar to
case report 1, the GON was found and dissected out
lateral to the raphe. Before transection of the GON, an
8.0 Nylon suture was passed through the proximal and
distal nerve end epineurium (Fig. 5A). Nerve transec-
tion was performed in between the proximal and distal
sutures. The nerve was evaluated for bleeding and pres-
ence of healthy fascicles. The suture was sewn down,
allowing for nerve coaptation after transection (reset
neurectomy) without retraction of the nerve and loss
of nerve orientation (Fig. 5B). If the nerve end appears
unhealthy (no bleeding, abnormal fascicles), the nerve
must be trimmed back to healthy tissue. The terminal
GON branches were then transected distally, resulting in
a 7 cm autograft (Fig. 5C, D) that was buried in the semi-
spinalis capitis muscle (Fig. 5E).

Advanced techniques to address the proximal nerve
stump after nerve transection such as RPNI, TMR, relo-
cation nerve grafting, and resect neurectomy have been
shown to improve chronic pain and neuroma formation
after transection of peripheral nerves.'®!'"!9202:% These
techniques have not been described in the head and neck
region. In the context of headache surgery, GON transec-
tion is performed when the nerve appears severely dam-
aged, if symptoms are recurrent or persistent, and when
neuromas are excised.” LON excision is commonly per-
formed during primary surgery. This article describes the
feasibility of using RPNI and TMR to prevent chronic pain
and neuroma formation after GON/LON transection.
Further, we introduce reset neurectomy with GON auto-
graft relocation as another method to address the nerve
stump in the setting of diffuse nerve injury.

It is known that some peripheral nerves are more
likely to develop painful neuromas after transection than
others.” Although the incidence and prevalence of
neuromas affecting peri-cranial nerves is unknown, our
case example proves that the GON and LON can form
painful neuromas after injury. Given the risk of neu-
roma formation, careful consideration should be given
to the expected side effects and potential risks of GON
division prior to offering this procedure to patients. It
is important to discuss known side effects such as per-
manent numbness of the occiput and transient tingling.
Further, the potential risks such as paresthesia, and for-
mation of painful neuromas at the nerve stump should
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Fig. 4. Neuromas of the greater occipital nerve and the lesser occipital nerve. A, B, The greater occipital nerve (GON) neuroma was
found at the exit point of the nerve from the semispinalis capitis muscle. C, D, The lesser occipital nerve neuroma was found lateral
to the GON neuroma. Both neuromas were at the maximum point of pain perceived by the patient.

be discussed. Further, fat grafting of nerves with recur-
rent pain should be considered prior to division of the
GON.*

To minimize the risk of painful neuroma formation
after nerve transection, the free proximal nerve end must
be addressed. Different methods of nerve stump recon-
struction have not been analyzed in the context of GON/
LON excision. However, there is no reason to suggest that
the techniques that have been shown to improve/ prevent
pain in sensory nerves of the extremities would be less effi-
cacious in the region of the head and neck.'®!71920-26.28

RPNI and TMR are both feasible options to address
the GON/LON proximal nerve stump after transection.
The semispinalis muscle is in close proximity to the nerve.
A small cuff of muscle can easily be harvested (RPNI) and
wrapped around the GON. Importantly, the RPNI has
to be small and buried deep in order not to cause irrita-
tion due to a superficial location. Further, with a nerve
stimulator, it is easy to identify the semispinalis capitis
motor nerve branches adjacent to the transected nerve to
perform TMR. This method requires microsurgical tech-
niques but allows for deep burial of the GON, minimizing
the risk for focal irritation. If the GON requires very proxi-
mal division due to diffuse injury/low focal point of pain,
reset neurectomy with relocation nerve grafting prevents

retraction of the GON after division. Further, given that
the GON is used as a long autograft, harvest of autograft
or use of allograft is not required.

Our patient numbers and follow-up time does currently
not allow for comparison of outcomes between these tech-
niques. With the treatment of additional patients, we plan
on illustrating an algorithm for selection of the best candi-
dates for the presented techniques.

At this time, we think that both TMR and RPNI are
good options for focal nerve damage at or distal to the exit
point of the GON from the semispinalis capitis muscle.
Importantly, for TMR, nerve excision must be planned
in close proximity to good motor branch targets to allow
for coaptation. If RPNI is chosen to address the proximal
nerve stump, it is imperative to make a small and thin
RPNI that allows for deep burial of the proximal nerve
stump in a small space. However, several authors have
demonstrated that RPNI is a good option in tight spaces
such as in the digits after neuroma excision.”

If diffuse injury is present and nerve transection has to
be performed at a very proximal level, reset neurectomy
is the better technique to avoid retraction of the proximal
nerve stump deep into the soft tissues of the neck. Animal
studies have shown that nerve regeneration across a long
(5cm) allograft is permanently prevented, and dorsal root
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Fig. 5. Reset neurectomy of the greater occipital nerve. A, Prior to
transection of the GON, a suture is placed proximal and distal to the
planned site of division. This will prevent the proximal nerve stump
from retracting deep into the cervical musculature. B, After nerve
transection, the suture is tied down. C, Then, the distal nerve stump
is cut and another suture (D) is placed to ensure correct alignment
of the nerve under no tension. E, The distal nerve end is inserted into
the semispinalis capitis muscle.

ganglia gene expression is altered to arrest growth over a
period of 5 months.”” Similarly, senescence increases and
nerve regeneration decreases as nerve autograft lengths
increase.” Therefore, regenerating axons will likely not
reach the end of a GON autograft that is ~7 cm in length.
However, senescence has not been studied in the context
of GON autografts. Therefore, the distal GON end was
buried in muscle to prevent axonal ingrowth into the der-
mis, which may cause recurrent pain.

For the LON, both TMR and RPNI are good options
to address the nerve stump. In our practice, we do not dis-
sect out the LON in its entire course precluding the use of
reset neurectomy with LON autograft.
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Although our short-term results using RPNI, TMR,
and reset neurectomy with GON autograft relocation
are promising, we will carefully follow these patients and
present objective long-term data. In the future, a multi-
institutional study to compare surgical techniques after
GON/LON transection is needed to shed light on the best
method to address proximal nerve endings after nerve
transection in headache surgery.

Newer techniques to address the proximal nerve
stump after transection aimed at prevention of chronic
neuropathic pain and neuroma formation such as RPNI
and TMR are feasible in patients undergoing GON/
LON transection. Further, relocation nerve grafting with
GON autograft is a method that can be considered in
patients with diffuse nerve injury requiring proximal
nerve division.
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