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Background: Spinal cord bypass surgery (SCBS) is a procedure for restoration of organ function following spinal cord
injury (SCI). Nerve transfer (neurotization) is a common operation in patients with brachial plexus injury. It can be also used
for SCBS in patients with SCI.

Objective: To report operative method and surgical outcome of nerve transfer in a patient with cervical SCI

Material and Method: The authors report a 6-year-old patient with central cervical cord injury without spontaneous
neurological recovery. Physical examination showed asymmetrical motor deficit of both upper extremities.

Results: Double fascicular transfer for elbow flexion was performed on the right side and spinal accessory to musculocutaneous
nerve transfer with sural nerve graft interposition was done in order to restore left elbow flexion. The patient could perform
right elbow flexion (MRC Grade 3) at five months following the operations.

Conclusion: To the authors’ knowledge, this case is the first report of SCBS using nerve transfer in patients with SCI in

Thailand.
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Several patients suffer from neurological
impairment and disability caused by spinal cord
dysfunction. Etiology of spinal cord dysfunction is
various, including spinal cord injury (SCI), vascular
malformation, neoplasm, infection, degenerative
disease, spinal cord infarction, transverse myelitis and
multiple sclerosis®2. Of them, SCl is one of the common
causes. Even though appropriate treatment is
accomplished, a significant number of patients with
SCI have limited functional recovery with time. They
still agonize from irreversible neurological disability and
their quality of life is inevitably impaired®.

Spinal cord bypass surgery (SCBS) is an
interesting concept for functional restoration in
patients with SCI. The major principle of SCBS is
transfer of functioning nerve fascicles above the
level of SCI to restore function of nerves below level of
SCI®. The present authors commonly performed nerve
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transfer (neurotization) for functional restoration in
patients with brachial plexus and peripheral nerve
injuries. Recently, we initiated this operation in SCI
patients. This article aims to report a patient with central
cord syndrome caused by SCI who underwent SCBS
by using nerve transfer. Surgical techniques and review
of the literature in terms of SCBS are also described.

Case Report

A 6-year-old boy developed neck and back
pain with progressive deterioration of motor function
of bilateral upper extremities within few hours following
unintentional hit by his friend. Physical examination
revealed bibrachial weakness, more severe on the left
side. Motor function of both lower extremities was
normal. MRI of the spine showed hypersignal intensity
of the spinal cord along C2-C6 vertebral levels. There
was neither spinal cord compression nor abnormality
of thoracic and lumbosacral spinal cord. SCI with central
cord syndrome was diagnosed. The patient was treated
conservatively without additional functional recovery.

Electrodiagnostic study at 8 months after the
onset of injury demonstrated normal motor, sensory
and F-waves responses of the right median and ulnar
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nerves. There was no motor response of the left median
and ulnar nerves, whereas sensory responses of the
left ulnar nerve showed normal amplitude with slight
slow conduction velocity. The results indicated axonal
motor neuropathy of bilateral cervical nerve roots, more
severe on the left and maximum at C5, C6 and C7. The
patient was referred to the first author (BS) at 9 months
after the onset of injury. There was no more functional
recovery since the time of injury. Motor power of
bilateral deltoid, supra- and infraspinatus, biceps brachii
and triceps brachii muscles were grade 0/5. Motor
functions of wrist flexors, wrist extensors, finger flexors,
finger extensors and intrinsic hand muscles of the right
side were normal, while those of the left side were
absent. There was no sensory deficit. Nerve transfers
for SCBS were advised. The parents gave informed
consent for the operations.

Two weeks later, the patient underwent
double fascicular transfer to restore right elbow flexion
and SCBS by spinal accessory to musculocutaneous
nerve transfer with sural nerve interposition graft to
restore left elbow flexion. Details of the operations are
described as follows:

1) Double fascicular transfer is a combination
of transferring ulnar nerve fascicle innervating flexor
carpi ulnaris (FCU) to biceps nerve, and transferring
median nerve fascicle supplying flexor carpi radialis
(FCR) to brachialis nerve. The patient was operated in
supine position under general anesthesia. Muscle
relaxant was not used because intraoperative electrical
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nerve stimulation was required. A longitudinal medial
arm incision was made to expose the donor (ulnar and
median) and recipient (musculocutaneous) nerves (Fig.
1A). Donor fascicles were selected using intraoperative
electrical nerve stimulation. Stimulation of ulnar fascicle
supplying the FCU elicited vigorous wrist flexion and
ulnar deviation of the wrist without contraction of the
intrinsic hand muscles. In the same way, stimulation of
median fascicle supplying the FCR showed flexion of
the wrist without finger flexors. Both fascicles were
adopted to be donor nerves. On the exposure of the
musculocutaneous nerve, the nerve branched into
three branches, including the nerve to biceps brachii,
nerve to brachialis and lateral cutaneous nerve of the
forearm (LCNF). Two motor branches (the nerves to
biceps brachii and brachialis) were prepared to be
recipient nerves. The FCU fascicle was transferred to
the nerve to biceps brachii and the FCR fascicle was
transferred to the nerve to brachialis (Fig. 1B). Because
sensation of our patient was intact, the LCNF was
preserved to avoid sensory deficit.

2) Spinal accessory to musculocutaneous
nerve transfer with sural nerve interposition graft was
done for SCBS. The posterior triangle of neck was
exposed for preparing the donor (spinal accessory)
nerve supplying the trapezius (nerve to trapezius)
(Fig. 2A). It always has two branches; one is selected
to be the donor nerve. Electrical stimulation of this
nerve evoked strong shoulder elevation. The recipient
(musculocutaneous) nerve in the arm was prepared as

erve to brachialis

FCU fascicle of
“ulnar nerve
b

Double fascicular transfer for right elbow flexion: A) operative exposure of the regional nerves in the right arm

prepared for nerve transfer; B) transfer of the FCU fascicle of the ulnar nerve to the nerve supplying biceps brachii
and transfer of the FCR fascicle of the median nerve to the nerve supplying the brachialis; the asterisk (*) indicates
the location of anatomosis; D = distal; FCR = flexor carpi ulnaris; FCU = flexor carpi ulnaris; L = lateral; LCNF =
lateral cutaneous nerve of the forearm; M = medial; MCN = musculocutaneous nerve; P = proximal.
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Fig. 2
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Spinal accessory to musculocutaneous nerve transfer with sural nerve interposition graft on the left side: A)

operative exposure of the motor branch of the spinal accessory nerve (nerve to trapezius); B) operative exposure
of the left musculocutaneous nerve and its branches; C and D) the spinal accessory nerve was transferred to the
nerves supplying biceps brachii and brachialis with a sural nerve graft; the asterisk (*) indicates the location of
anatomosis; D =distal; | = inferior; L = lateral; LCNF = lateral cutaneous nerve of the forearm; M = medial; MCN
= musculocutaneous nerve; P = proximal; S = superior.

the previous description (Fig. 2B). The sural nerve graft
was harvested in an appropriate length. The graft was
placed under the skin and clavicle. One end of the nerve
graft was anatomosed to the nerve to trapezius (Fig.
2C) and the other was anatomosed to the nerves to
biceps brachii and brachialis (Fig. 2D). The LCNF
was preserved for the same reason. Postoperative
rehabilitation was initiated after the operations.

One month later, the patient underwent
bilateral spinal accessory to suprascapular nerve
transfers by posterior approach; however, electrical
stimulation of the spinal accessory nerve showed no
motor response on both sides. On the right brachial
plexus exposure in attempt to perform nerve transfer
for restoration of shoulder function, electrical
stimulation of the spinal accessory, phrenic nerves and
motor branches of the cervical plexus also revealed no
motor response. Therefore, SCBS for restoration of
shoulder stabilization was not successful.
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About five months following nerve transfers
to restore elbow flexion, the patient could voluntarily
perform right elbow flexion by himself. Physical
examination showed obvious contraction of the right
elbow flexor muscles. Motor power of the elbow flexors
was Medical Research Council (MRC) Grade 3 (Fig. 3).
There was no postoperative sensory impairment. At
six months postoperatively there was still no
contraction of the left elbow flexors.

Discussion

SCI negatively impacts patients on quality of
life, physical, psychological and social perspectives.
Spontaneous neurological recovery with time following
SCl occurs in some cases; however, a large number of
patients still suffer from permanent disabling
neurological deficit. Restoration of neurological
function can improve more or less their quality of life.

Nerve transfer is widely performed in
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Fig. 3
Views.

functional restoration of the limbs following brachial
plexus injury. This can be also used for SCBS to restore
limb and organ functions®. SCBS by nerve transfer
was firstly reported in 1907; Kilvington and Osborne
performed lumbar to ventral sacral nerve root
anatomosis in 3 dogs. One of them regained bladder
function, bladder contraction and micturation occurred
when the transferred nerve roots were being
stimulated™. Subsequently, animal, cadaveric and
human studies have been continuously reported. In
the literature review, case reports and series of
SCBS using nerve transfer in human are summarized in
Table 162,

Our patient had cervical cord injury with
neurological deficit compatible with central cord
syndrome. He had asymmetrical motor deficit of both
upper extremities, whereas motor function of the lower
limbs was intact. The goal of nerve transfer in this
patient was restoration of elbow flexion and shoulder
abduction of both sides. The patient had residual motor
function of the right wrist and fingers. The authors
therefore used double fascicular transfer to restore right
elbow flexion®. The nerve fascicles supplying the
wrist flexors (FCU and FCR fascicles) were neurotized
to the nerves to the elbow flexors (biceps brachii and
brachialis, respectively). The fascicles innervating hand
muscles were preserved to avoid additional
deterioration of hand motor function. There was no
motor function of the left upper limb; we chose the
trapezius motor branch as a donor nerve to restore left
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Right elbow flexion (MRC Grade 3) at five months following the operations in anteroposterior (A) and lateral (B)

elbow flexion. Because there was a large gap between
the trapezius motor branch and musculocutaneous
nerve, a lengthy sural nerve interposition graft was
required for this neurotization. Although phrenic nerve
transfer is an excellent option for restoration of elbow
flexion as well as shoulder abduction®, in our opinion,
it should be avoided in pediatric patients. Regaining
function of the right elbow flexor at five months
following double fascicular transfer indicates that nerve
transfer is a valuable method for restoration of motor
function in SCI patients.

Conclusion

To the best of our knowledge, this article is
the first case report of SCBS using nerve transfer for
SCI in Thailand. SCBS is a new hope in SCI patients
with neurological disability. Various nerve transfer
techniques can be used to restore motor, sensory and
organ functions.

What is already known from this topic?

Significant neurological deficits occur as a
result of SCI. Nerve transfer is a common surgical
therapy of brachial plexus injury. It can be used as
SCBS for restoration of organ function after SCI.

What this study adds?

The authors confirmed efficacy of peripheral
nerve transfers for restoration of the upper limb
function. Elbow flexion is restored following double
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Table 1. Literature review of SCBS using nerve transfer for patients with SCI

Authors (year) No. of Procedure Result Follow-up
patients
Freeman (1961)® 1 Intercostal to spinal nerve Subjective improvement of n/a
transfer and intercostal bladder and lower extremity
nerve-conus medullaris function
implant
Carlsson & Sundin 2 Intercostal to sacral nerve Restoration of 12 months
(1980)® transfer micturation reflex

in the cystometrogram,
both cases had improvement
of micturation function

Dai et al. (1985) 21 10 intercostal nerve- 11 cases had EMG improvement 6-48 months
cauda equina anatomoses of previously paralyzed muscles,
and 11 intercostal to lumbar 3 had motor strength recovery of
nerve transfers previously paralyzed muscles to
grades 1-3
Mackinnon et al 1 Medial antebrachial The patient could perceive light 4 years
(1985)¢t12) cutaneous to lateral femoral touch, pressure and vibration,
cutaneous nerve transfer skin biopsy showed regeneration
with sural nerve interposition  of nerve fibers near a hair follicle
graft
Krieger et al 1 Intercostal to phrenic nerve The patient could use 130 days
(1994)13 transfer with electrical diaphragmatic pacing 24 hours
stimulation for diaphragmatic ~ per day
pacing
Krieger etal 10 Intercostal to phrenic nerve 8 of 10 patients could tolerate 6-13 months
(2000)4 transfer with electrical diaphragmatic pacing as an
stimulation for diaphragmatic ~ option to positive pressure
pacing ventilation
Tadie et al (2002)®® 1 Spinal cord at T7-8 levels \oluntary contractions of 8 months
to ipsilateral L2-4 lumbar bilateral adductors and left
ventral roots with sural nerve  quadriceps, Muscle activity
interposition grafts by motor unit action potentials

was found in response to
attempted muscle contraction

Zhang et al (2003)®® 23 Intercostal to lumbar nerve 18 patients regained the 2-11 years
transfer with or without sural  stepping-forward function
nerve interposition graft and were able to walk with

crutches or other devices,

21 patients had improvement

of thigh sensation
Livshits et al 11 Intercostal to sacral nerve Significant improvement of 12 months
(2004)@" transfer bladder and sphincter

function, restoration of

micturation reflex
Oppenheim et al 1 Subdural implantation of Recovery of hip adduction 10 months
(2009)@® intercostal nerves to spinal (MRC Grade 2) and flexion

cord below level of cord injury  (MRC Grade 2), spontaneous
movement of legs in cycle
with respirations

AIN =anterior interosseous nerve; ECR = extensor carpi radialis; ECU = extensor carpi ulnaris; FCR = flexor carpiradialis;
FDS = flexor digitorum superficialis; MRC = Medical Research Council; N/A = not available; PIN = posterior interosseous
nerve
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Table 1. Cont.

Authors (year) No. of Procedure Result Follow-up
patients
Mackinnon et al 1 Bilateral brachialis to AIN Restoration of flexor pollicis longus 15 months
(2012)@ transfers and flexor digitorum profundus
strength (MRC Grade 3)
Fox et al (2015)@% 7 Brachialis to AIN, brachialis No donor morbidity 2-4 weeks
to FCR, brachialis to
AIN/FCR, brachialis to
FCR/FDS, supinator to PIN,
supinator to ECU, deltoid
to triceps nerve transfers
Fox et al (2015)@ 9 Brachialis to AIN, brachialis 6 patients had subjective 1-36 months
to FCR, brachialis to improvement of hand and upper
AIN/FCR, brachialis to limb function
FCR/FDS, brachialis to
ECR, supinator to PIN,
supinator to ECU, deltoid to
triceps nerve transfers
The current case 1 Right double fascicular The patient could perform right 6 months

transfers (FCU to biceps,
FCR to brachialis) for elbow
flexion, left spinal accessory
to musculocutaneous nerve
transfer with sural nerve
interposition graft, failed
spinal accessory to
suprascapular nerve transfers
(bilateral posterior and right
anterior approaches) due to
lack of donor nerve

elbow flexion (MRC Grade 3)
at 5 month postoperatively

AIN = anterior interosseous nerve; ECR = extensor carpi radialis; ECU = extensor carpi ulnaris; FCR = flexor carpiradialis;
FDS = flexor digitorum superficialis; MRC = Medical Research Council; N/A = not available; PIN = posterior interosseous

nerve

fascicular transfer for elbow flexion.
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