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restoration of substantial functions in the upper limb.

SUMMARY

A case report is described here of an axillary pseudo-aneurysm associated with brachial plexus lesion, caused by a
gun shot injury. Clinical Doppler, electrophysiological and neuro-vascular reconstruction in one stage with

CASE REPORT

young man of 35, had sustained a a high velo-

city rifle bullet injury to his right shoulder. The
wound of entry was located in the region of the
shoulder joint anteriorly. The wound of exit was pre-
sent in the posterolateral aspect of the upper arm.
The ensuing arterial bleeding was controlled with lo-
cal compression by the patient himself, He noticed a
complete loss of muscle power below the level of the
shoulder joint. The wounds were superficially
stitched in the local hospital. A month later, he
noticed a pulsatile lumpiness in the axilla.

Following the appearance of this aneurysm, he
developed local pains in the axilla. The hand and the
elbow continued to remain anesthetic and paralysed.

Three months after his initial injury and two
months after the development of manifest
aneurysm, he presented to our Department of Vas-
cular Surgery for further management.

On clinical examination, there was a near total

brachial plexus lesion present, involving the C 5, 6,
7, 8 and T 1 roots. This was characterised by total
anesthesia of the upper limb below the upper third
of the arm. Sensation above this area were blunted
upto the prominence of the shoulder joint. The an-
teromedial part of the shoulder had retained normal
sensations.

Below the level of the upper third of the arm,
sensations were universally absent (grade 0/5). Deep
pressure sensations were appreciated patchily in the
upper most arm. Shoulder, elbow, wrist and finger
movements were absent (grade 0/5).

Electrophysiological assessment revealed a total

posterior cord lesion, a total median nerve and a

partial nerve lesion. A supramaximal stimulates &
the Erbs point failed to produced any compesss
muscle action potential (CMAP ) in respect of thes
nerves. Selective stimulation of these nerves = w
lower forearm revealed normal CMAPs distaliy

An ‘incompressible” tender and pussis
aneurysm associated with a bruit, was presen: =
apex of the axilla, measuring 3 cm in dizses
(Figure 1). Brachial and radial pulses were fmgu
able. No coldness, cyanosis or trophic changes -'

) arteries
found in the fingers.

the Br:

Doppler flow studies confirmed the ane througt
to arise from the second part of the axillary » proxim:
with substantial (90%) intrinsic intra-anews the wri

thrombosis. Proximal supraclavicular comgs
failed to obliterate the aneurysm. Subclavias
was audible on Doppler. The upper brachiz’ as
was not audible but the lower brachial arters w0
region of the elbow joint was muffled (shne=

fons.

Thi
formation). Brachioradial flow was very za hyoid v
Doppler studies. Radial artery revealed = - scalenot

poor flow. No digital arterial flow could be
but the digital venous return was good. The w
flow in the brachio-radial segment of the z=s
totally stopped with gentle manual compresnn
the lower part of the arm. The venous retsss &
entire upper limb was normal.
Angiography performed via a right =
Subclavian III catheterisation revealed = lusge
almost fully thrombosed aneurysm in e
part of the axillary artery (Figure 2). The &
the aneurysm was located on the inferomefa
of the Axillary artery between its secomd wan
third parts. The distal Axillary artery wae &
thrombosed and the profunda and the =



arteries had collateralized to reform the lower part of
the Brachial artery near the middle of the arm,
through which a very sluggish flow was seen to the
proximal radial and ulnar arteries. The vessels below
the wrist were not outlined despite separate injec-
tions.

OPERATION

Through a supraclavicular approach, the omo-
hyoid was divided (Figure-3) and an anterior
scalenotomy performed. The roots of the brachial
plexus (C5,6,7,8, and T 1) were sequentially identi-
fied and looped with rubber slings (Figure 4).

Thyrocervical trunk and the Subclavian Artery
were secured with rubber slings. The deltopectoral
groove was next opened (Figure 5), the cephalic vein
displaced and the incision extended to display the
Trunks, Divisions and Cord of the plexus. There was
considerable adhesions encountered in this area. The
distal Subclavian and the proximal axillary arteries
were identified and controlled with rubber slings
(Figure-6). The posterior cord was found disrupted
with a loss of 1 cm nerve segment. The Medial and
the Lateral Cords could only be seen in the upper
most parts. Gentle traction confirmed continuity

Fig. 1: Axillary aneurysm (surface marked) with proposed alternative incisions.

above the clavicle. The distal parts of the Cords and
their immediate branches had merged into the tough
aneurysmal capsule. Gentle dissection of the
aneurysmal wall led to identification of the artery
proximal and distal to the aneurysm.

At this stage, the long sephanous vein was, har-
vested and the groin wound closed and dressed. The
aneurysm was opened and the bleeding aneurysmal
ostium overrun with sutures. Similarly other
branches were controlled intraaneurysmally
(Figures 7 and 8). The proximal artery was perfused
with Heparin. The distal segment of the axillary
artery was cannulated with an embolectomy
catheter which revealed full patency. Reversed arte-
rial flow become established. The distal segment was
perfused with Heparin (a total of 8,000 units for both
ends). Under a dry field, the aneurysm was totally
excised, peeling the walls away from the nerves
(Figures 9 and 10). The Medial and the Lateral
Cords were identified as intact. Musculocutaneous
nerve was intact. Median nerve was found disrupted
with loss of 3 cm segment with neuromatous en-
largement of the ends. The ulnar nerve was badly
lacerated with dense neuromatous enlargement
which had become rigidly adherent to the wall of the
pseudo- aneurysm. In attempts to excise the neu
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Fig. 2: Partially thrombosed slow-emptying aneurysm.

43 Fig. 3: Omohyoid (supraxlavicular approach i



Fig. 4: Isolated supraclavicular roots of brachial plexus.

Fig. 5: Deltopectoral exposure (pectoral tenotomy).
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Fig. 6: Axillary artery slung proximal to aneurysm.

Fig. 7: Axillary aneurysmotomy under vascular control.




Fig. 8: Intra-aneurysmal haemostasis.

Fig. 9: Adhesions between intact nerves and aneurysmal capsule.
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&

Fig. 10: Excised aneurysm showing arterial connections.

Fig. 11: Surface marking of calf for donor sural nerve.
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Fig. 12: Harvested sural nerve.

Fig. 13: Saphenoaxillary bypass grafting and neurolysis.
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Fig. 15: Ulnar-Sural "Y" graft.
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roma, it was quite clear that the bulk of the nerve
had been ddmaged. The Median and the Ulnar
nerves were dissected distally down te the upper
third of the arm.

As the vascular grafting commenced, a long
segment of the sural nerve was concurrently ob-
tained from the elevated leg (Figures 11 and 12). The
prepared reversed and Heparin-flushed measured
segment LSV was anastomosed with 5/0 prolene to
the proximal segment of the axillary artery stump
using the parachute technique. Proximal vascular
clamp was removed and applied to the distal end of
the vein graft. A minute later, with pulsatile elonga-
tion of the graft under arterial pressure and after
confirming haemostasis, the distal end was further
trimmed to size, (Figure 11 and 12) allowing for
some stretch during maximum abduction and
grafted to the distal stump of the axillary artery
(Figure 13). Clamps were released and distal arterial
supply was seen to be restored adequately. Radial
pulse had return palpably.

The Posterior Cord was now followed down
from its divided end to the radial and axillary nerves.
Both these branches were found intact. The neuro-
toma was excised and the ends freshened with a re-
sultant gap of three em. Two strands of the thickest
part of the sural nerve were grafted using an opera-
tive microscope and 7/0 prolené (one interfasicular
and four superficial sheath interrupted sutures) to
both end of the posterior cord. The damaged end of
the Ulnar nerve was resected with freshening of ei-
ther end. The gap now stood at three cm. and this
was bridged with two strands of sural graft using the
side branch of the sural nerve in a” Y" fashion
(Figure 15). The remaining piece of graft (3 cm.) was
coapted with freshened end of the Median nerve
without any tension under operative microscopic
orientation (Figure 14).

Peroperatively commenced gentamicin and
metronidazole were continued for five days and the
patient was rapidly mobilized. Chest and limb ther-
apy was commenced early. The upper limb was
splinted at night (cock-up wrist splint and forearm
back-slab splint in 90 degrees mid prone) and was
passively mobilised during the day under the guid-
ance of our physiotherapist.

A month postoperatively, he was discharged
home whilst continuing with outpatient physiother-
apy. Transcutaneous Erb’s point stimulation and
stimulation to the distal muscles were regularly
carried out. No movements or sensation had re-

turned but the periphery was warm, pink and
Doppler confirmed pulsatile flow in main digital
branches of the palmer arch.

Two months postoperatively, NCVs revealed no
CMAPs from Erb’s point stimulation but the patient
described patchy return of semsations in the volar
and the extensor aspects of the forearm.

A month later, (three months post operatively)
visible finger flexion (grade 2/5) was present with
some wrist flexion (grade 2/5) and elbow flexion
(grade 2/5). Wrist extension and pronation were
absent.

Five months post- operatively, finger flexions
had improved to grade 3/5, elbow flexion to between
(2/5-3/5). Arm abduction was possible to 30 degrees
(grade 2/5). With gravity eliminated, wrist extension
had commenced (early grade 2/5) with a comparable
weak pronation (grade 2 /5).

Six months postoperatively, all of the move-
ments had improved to grade 3/5 but the wrist ex-
tension had not progressed beyond grade 2/5. The
patient was able to grip pens etc. in his hand. Patchy
return of sensations to pin prick stimuli was present
in the upper limb.

The patient remain continues to remain under
our follow up programme and further improvement
is likely.

In view of the good recovery of neurovascular
functions for this stage of repair, this first case re-
port of its kind in Pakistan, has been presented here.

DISCUSSION

Some of the effects of the combined neurovas-
cular lesions in the region of the thoracic outlet and
axilla are obviously immediate. Distal ischaemia and
expanding haematoma warrant immediate vascular
decompression and revascularisation procedures. In
cases where haematoma becomes consolidated in the
presence of recognised neural injury the extent of
the nerve injury is exaggerated with compression of
an expanding false aneurysm!. In patients with se-
vere neurovascular injury presenting with ischaemia
and neurogenic defict, it is not always passible to be
sure if the neural injury is primarily caused by the
offending weapons or if it is secondary to a vascular
event such as expanding haematoma®. Exploratory
surgery has therefore become an accepted mode of
therapy for neurovascular salvage even when there
is no frank distal ischaemia present, simply because
prompt decompression of the haematoma very often
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benefits the brachial plexus?34,

With penetrating trauma, such as gunshot
wounds (as in this patient) or stab wound, the inci-
dence of vascular laceration and transection is much
higher than in pseudo-aneurysm formation2. The in-
cidence of the axillary artery injury ranges (in the
civilian and the military series) between 2.9-9%57. If
pseudo-aneurysm is formed, despite the extensive
scapular-profunda anastomosis, the risk of distal is-
chaemia from embolisation is substantial and fre-
quently dramatic®!%, The collateral circulation here,
is so rich that in many cases, the radial pulse is pal-
pably present!*!5, therefore a high index of suspicion
is necessary to recognise such injuries and arteriog-
raphy must be generously undertaken for this site of
injury. Concomitant venous injury may also be pre-
sent. In a very large series’®, 40% of the patients with
neurovascular injuries in the region of axilla were
found to have significant venous injuries. Isolated
venous injury is much less dramatic and may not
produce easily detectable signs®1¢.

Following a gun shot wound of the axilla, the
resultant false aneurysm is densely adherent to the
brachial plexus and adequate vascular control re-
guires a generous exposure of the vascular segment.
This, very often means, control of the subclavian
artery above the clavicle. Following aneurysmotomy,
under vascular control, the bleeding orifices of the

involved branches must be ligated from within the’

aneurysm meticulously. If the aneurysm is simply
by-passed, the collateral vasculature will bleed into
the isolated aneurysmal sac, recreating the
aneurysm and reproducing the vascular progressive
compression of the nerves. Therefore it is essential
to control all these vessels and to excise the
aneurysm as well. The end result is a much wider
disruption of the artery than is angiographically
visualised, necessitating a vein graft>* which
should be left slightly lax, to allow for abduction -
stretch!”'®, Because the vein graft may adhere to the
dissected nerves, it is practical to route the vein graft
medially and away from the site of neural grafts. It
may also be advantageous to ensheath the nerve
anastomosis in a tube of non-absorbable material to
protect it from tissue adhesions. Foreign body reac-
tion is an important consideration to bear in mind in
this respect. It is important to prevent development
of reciprocal compression between the axillary artery
and the brachial plexus and therefore the vein graft
should be sited away from the brachial plexus as
much as possible. In such lesions the adherent vas-
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cular graft "compresses” the nerves, producing nes
rological symptoms and the adherent nerves ams
nerve graft may compress the artery producing vas-
cular symptoms!®,

When concurrent brachial plexus and thoracic
outlet (or axillary) vascular injuries are present, the
primary consideration is, immediate vascular sal
vage, followed by immediate brachial plexus recon-
struction (if the situation of the patient allows it) or
planned early neural reconstruction?®. Immediate or
early brachial plexus surgery is advantageous for 2
number. of technical and physiological reasons. The
traumatised nerve ends are easily identified, reaction
of degeneration is absent, end-to-end direct nerve
anastomosis may be: possible, shorter grafts fre-
quently suffices and if necessary neurotization can
be performed using the IX Cranial nerve or inter-
costal nerves, with relatively greater ease?!. This is
in sharp contrast to the traditional teaching? that
the outcome of spontaneous improvement is better
than the results of surgically corrected lesions. Criti-
cal retrospective analysis of the same studies con-
firmed that only those patients spontaneously im-
proved significantly in whom the neural lesion was
surgically seen to be partial such as neuropaxia and
axonotmesis (whilst the preoperative assessment
had suggested a complete lesion of the nervel
Therefore the prior claims were spurious due to lack
of proper preoperative assessment. The greater use
of intra operative nerve action potential study to ex-
clude "lesion in continuity”, ready availability of the
operating microscope and the recently emerging
neurovascular expertise, have shifted the trend to-
wards immediate or early combined neurovascular
reconstruction for better functional salvage.

The current incidence of .brachial plexus in-
juries associated with axillary arterial trauma is
around 25%%%*32¢ and therefore both angiographic
as well as neurophysiologic assessment must be sup-
plemented with an orderly and exhaustive clinical
examination, in stable patients?.

If concimitant root avulsion of the brachial
plexus from spinal cords is suspected then NMR
(MRD), Metrizoate enhanced CT scan,

Myelography etc should precede formal BP ex-
ploration™. Spinal cord lesions are largely untreat-
able but for the freshly detected root avulsigns neu-
rotization can and should be performed for some
functional restoration. A thorough neurological
mapping should always be done to evaluate the full
extent of the brachial plexus lesion. Evidence of
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medullary involvement may come from presence of
Horner’s Syndrome and serratus anterior palsy as-
sociated with BP lesions. Paralysis of shoulder and
elbow with preservation of scalene muscles suggests
a liesion of C5 and C6. C8 and T1 root avulsions pro-
duce paralysis of the hand. A base line EMG should
be performed and repeated after one month post op-
eratively. Absence of denervation and fibrillation
supports the contention that nerve recovery is in
progress. This is an important evaluation. After
three weeks of injury to the nerves, larger potentials
called "sharp positive waves" usually develop in the
denervated muscle. :

Such waves are never present in the normally
innervated resting muscle’®. When spinal denerva-
tion is suspected (as in complete avulsion of the
nerves from the spinal cord the use of myelogram is
helpful but it is not an infallible test?’-?%, Preopera-
tive somatosensory evoked potentials via median or
ulnar nerve stimulation at the wrist can record po-
tentials from the scalp overlying the contralateral
hemisphere. This denotes an intact spinal path way
of the sensory neurone indicating absence of total
root avulsion. This test is even more reliable if intra-
operative stimulation of the suspected nerve is un-
dertaken?30,

Recognition of secondary nerve compression by

an expanding aneurysm is very important. Deep

pressure sense is still present in the tips of the fin-
gers with aneurysmal nerve compression and is usu-
ally absent in the totally divided nerves®!. In a very
large series®!, Dunkerton reported a fair number of
patients with secondary axillary pseudoaneurysms
without an obvious nerve injury. He also reported
that in his cases, vascular repair alone, did not re-
sulted in significant functional recovery. Excision of
the aneurysm and vein by-pass of the arterial seg-
ment when combined with the neurolysis of the
brachial plexus, resulted in significant functional re-
covery. Others have supported this view®2,

If neurorrhaphy of the cleanly transected nerves
can be performed without tension (this is rare), then
this is preferably to nerve grafting®. However, easy
coaptation is not usually possible. Any tension in the
anaestamotic site is catastrophit for spouting axons.
Intra neural fibrosis of the stump leads to fibril ad-
hesions and therefore whenever there is the slightest
doubt about tension, nerve grafting must be per-
formed in preference to direct neurorraphy. The
worst possible technique is to anastomose nerve
grafts under tension®., Using an operative micro-

scope the interfasicular anastomosis of the sural
nerve graft gives good results when fibril orientation
is maintained®

The overall result of brachial plexus repair de-
pends on a number of factors which are very difficult
to group together-in a given patient for prognostic
evaluation, The greater the time before reconstruc-
tive surgery, the more likely is the atrophy of the
nerve stumps and irreversible damage to neuromus-
cular structures®. Lesions below the clavicle when
surgically repaired give much better results than the
supra clavicular lesions®. When distal, lesions are
present, the distance of the effectors from nerve re-
pair site determines the outcome. If the repair site is
closer to the effector, nerve grafting is followed by
satisfactory result in 70-80% of the cases. Such le-
sions usually involve the suprascapular, musculocu-
taneous, axillary and radial nerves. If the repair site
is far away from the effector, the results are corre-
spondingly poor®®. This is usually seen in the lateral
and medial cords and median and ulnar nerves.
Reinnervations of wrist and hand flexors may occur
in some 60% of the cases but the recovery of intrinsic
muscle is rare. Nevertheless reinnervation provides
very useful protective sensibility in the median nerve
distribution and this is extremely important®. Be-
cause of the widely demonstrated beneficial outcome
of early neurovascular cervico-brachial reconstruc-
tion, there has been an increased awareness for the
treatment of the components of the plexus®,

In other words, it has come to be recognised
that to repair the divisions of the plexus is just as
important as the repair of the formed definitive
nerves such as median and the radial nerves. Based
on an intraoperative assessment, these "component”
injuries should be as nearly reconstituted as they
exist anatomically in the uninjured state.
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