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Chapter 1

Introduction



Intraduction |t

Inbroduction

Thoracic outlet syndrome(TOS), a term coined by Rob and Standover at
1958, refers to compression of the subclavian vessels and/or brachial plexus at
the cervico-axillary area.
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Figure.1 important structures passing through thoracic outlet region. @
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Thoracic outlet syndromes involve compression of one or more of the
major anatomic structures passing through the thoracic outlet. These include the
upper and lower brachia plexus and peripheral nerves, the sympathetic nervous
system with branches aong the axillary and subclavian arteries and vein.®

It was previously designated according to presumed etiologies as scalenus
anticus, costoclavicular, hyperabduction,cervical rib, and first thoracic rib
syndromes. @

Thoracic outlet syndromes (TOS) can be classified as vascular-type TOS
(arterial and venous), true neurologic TOS, and the more recently coined
disputed neurologic TOS (disputed N-TOS). True neurologic TOS is a rare

entity that presents clinically with wasting of the small muscles of the hand, with
1
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established pathoanatomy that responds to surgical treatment aimed at
preventing progressive neurologic deterioration. Vascular TOS has specific
objective clinical findings consistent with arterial compromise, venous
compression, or both. Disputed N-TOS, on the other hand, is a vague, subjective
pain syndrome with no specific underlying pathoanatomy, and no objective
clinical and electro-physiologic findings.*”

The sex ratio varies depending on the type of TOS (eg, neurologic, venous,
arterial). Overall, the entity is approximately 3 times more common in women
than in men.

Neurologic - Female-to-male ratio approximately 3.5:1
Venous - More common in males than in females
Arteria - No sexual predilection ©
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Fig. 20 The onset of symptoms usually occurs in persons aged 20-50 years .("

Because no objective confirmatory test is available for TOS, there is much
disagreement with regards to its true incidence, with reported figures ranging
from 3-80 cases per 1000 people.®
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Aitm of the work

The aim of thiswork isto give highlights on recent

advances in surgical management of thoracic outlet syndrome.
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Liist of Figures

Figure 1. Important structures passing through thoracic outlet
region

Figure 2. The onset of symptoms usually occurs in persons aged
20-50 years

Figures 3. (1) Diagram shows the three compartments of the
thoracic outlet and their components. anterior
scalene muscle, BP brachial plexus,C clavicle, CC
costoclavicular space, IT interscalene triangle, MS
middle and posterior scalene muscles, Pmi pectoralis
minor muscle, RP retropectoralis minor space, SA
subclavian artery, SM subclavius muscle, SV
subclavian vein. (2) a natomic sections show the
compartments of the thoracic outlet. (a) Section
obtained after removal of the pectoralis maor
muscle shows the costoclavicular space (red oval)
and retropectoralis minor space (yellow oval). Pmi
pectoralis minor muscle. (b) Section obtained after
removal of the pectoralis minor muscle shows the
neurovascular bundle. C clavicle, straight black
arrow axillary artery, curved black arrow axillary
vein, white arrow brachial plexus.



Figure 4. Schematic drawing of the scalene (anterior) triangle
showing its measurements and the narrow interval
through which the neurovascular bundle passes.

Figure 5. Assessment of the interscalene triangle with different
imaging modalities. Sagittal gross anatomic section
(@), computed tomographic (CT) image (b), show the
anterior scalene muscle (AS), clavicle (C), fifth
cervical nerve root (C5), sixth cervical nerve root
(C6), seventh cervica nerve root (C7), eighth
cervical nerve root (C8), first rib (FR), middle and
posterior scalene muscles (MS), subclavian artery
(SA), subclavian vein (SV), and first thoracic nerve
root (T1)

Figure 6. Assessment of the costoclavicular space with different
imaging modalities. Sagittal gross anatomic section
(@), sagittal CT image (b), show the anterior scalene
muscle (AS), clavicle (C), first rib (FR), lateral nerve
cord (LC), mediad nerve cord (MC), omohyoid
muscle (OH), posterior nerve cord (PC), subclavian
artery (SA), subclavius muscle (SM), and subclavian
vein (SV).

Figure 7. Effect of arm elevation on the costoclavicular space in
an asymptomatic subject. Sagittal T1-weighted MR



images btained with the arm alongside the body (@)
and after arm elevation (b) show narrowing of the
costoclavicular space.

Figure 8. Cervical plain radiograph of a 27-year-old woman

shows both a cervica rib (arrow) and an elongated
C7 transverse process (arrowhead).

Figure 9. Excessive callus of the clavicle in a 36- year-old patient

Figure 10.

with neurologic TOS. Anteroposterior plain
radiograph of the clavicle (a) and sagittal T1-
weighted MR images obtained with the arms
alongside the body (b) and after hyperabduction (c)
show excessive calus (curved arrow). A close
relationship between the posterior part of the brachial
plexus (straight arrow in b and c) and the excessive
callusis seen after arm elevation.

Scalenus minimus muscle in a 35-year-old woman
with neurologic TOS. Sagittal gross anatomic section
(@) and sagittal T1-weighted MR image (b) show a
scalenus minimus muscle (straight arrow), which
passes between the C8 nerve root (arrowhead) and
subclavian artery (curved arrow).

Figure 11. Compression caused by congenital rib abnormalities.
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Figure 12. Adson’s maneuver. Relation of the scalene triangle to

the neurovascular bundle.

Figure 13: Costoclavicular maneuver (military position). Relation

of the costoclavicular space to the neurovascular
bundle.

Figure 14. Hyperabduction maneuver. Relation of the

Figure 15.

Figure 16.

Figure 17.

neurovascular bundle to the pectoralis minor tendon,
the coracoid process, and the humeral head (pulley
effect).

Nerve conduction velocity measurement technique.
There is a “blip” on the oscilloscope when the
electric current hits the electrode.

Cervica plain radiograph of a 27-year-old woman
shows both a cervica rib (arrow) and an e€longated
C7 transverse process (arrowhead)

Arterial compression in a 37-year-old man. (a, b)
Sagittal reformatted CT images, obtained before the
entrance to the costoclavicular space (a) and inside
the costoclavicular space (b) after am
hyperabduction, show a 50% reduction in the cross-
sectional area of the subclavian artery (arrow) at the
entrance to the costoclavicular space. (c¢) Three-
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dimensional reformatted view shows the arterial
compression and the relationship of the artery (arrow)
to the surrounding anatomic structures.

Figure 18. Neurogenic TOS in a 44-year-old woman. Sagittal T1-

Figure 109.

weighted MR images, obtained with the arms
aongside the body (a) and after arm elevation (b),
show narrowing of the costoclavicular space after
hyperabduction and compression of the brachia
plexus (straight arrow) between the clavicle (curved
arrow) and first rib (arrowhead).

Shoulder girdle exercises consisted of movements
where the patient brought the shoulders backward
and up (left), flexed the upper thoracic spine, brought
the shoulders forward and down (middle), and then
straightened the back and brought the shoulders
backward (right). These exercises were repeated 5 to
10 times.

Figure 20. Normal function of the first ribs and the upper aperture

can be achieved by activation of the scalene muscles
by the patient. The patient first activates the anterior
scalene muscles by pressing the forehead against the
palm, with the cervical spine being all the time in a
neutral position (left). The middle scalene muscles
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are activated by pressing sidewards against the palm
(middle), and the posterior scalene muscles by
pressing the back of the head against the palm (right).
The exercises are done five or six times for a duration
of 5 seconds each and with about 15 seconds between
the exercises. The exercises are done to both sides.

Figure 21. Division of the insertion of the anterior scalene muscle
off the first rib. A right-angled clamp is used to
protect the neurovascular bundle. (Inset) Location of
the skin incision at the hairline of the axilla extending
from the pectoralis maor to the latissmus dorsi
muscle.

Figure 22. After division of the anterior scalene muscle, a wedge
of bone is excised from the middle portion of the rib
(Ieft), which allows the anterior aspect of therib to be
grasped (right) and dissected anteriorly toward the
sternum

Figure 23. The posterior aspect of the rib is grasped and freed up
in a subperiosteal plane heading posterior toward the
transverse process (left). The neck of the first rib sits
between the C8 and T1 nerve roots, and care must be
taken to avoid injury to these roots (right).
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Figure 24. Loupe magnification ([times]4.5) and microbipolar
cautery are used, and a portable nerve stimulator
(Concept 2, Clearwater, FL) is frequently applied
throughout the procedure. A sandbag is placed
between the scapulae and the neck extended to the
nonoperative side. Long-acting paralytic agents are
avoided. An incision is made in the supraclavicular
fossa, in a neck crease paralel to and 2 cm above the
clavicle.

Figure 25 The supraclavicular nerves are identified just beneath
the platysma and mobilized to allow vessel loop
retraction.

Figure 26 The omohyoid is divided and the supraclavicular fat
pad is elevated, after which the scalene muscles and
the brachial plexus are easily pal pated.

Figure 27 The anterior scalene muscle is divided from the first
rib, and the subclavian artery is noted immediately
behind this. An umbilical tape is placed around the
subclavian artery. The phrenic nerve is not mobilized,
but rather is protected by direct visualization, while
the anterior scalene muscleis divided.

Figure 28. The upper, middle, and lower trunks of the brachial
plexus are easily visualized and gently mobilized.
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Figure 29.

The middle scalene muscle is now divided from the
first rib. It has a broad attachment to the first rib, and
care must be taken to avoid injury to the long
thoracic nerve, which in this position may have
multiple branches and may pass through or posterior
to the middle scalene muscle.

With division of the middle scalene muscle, the
brachial plexus is easily visualized and mobilized,
and the lower trunk is identified with the C8 and T1
nerve roots resting above and below the first rib,
respectively. Congenital bands and thickening in
Sibson’s fascia are divided.

Figure 30. The first rib is then encircled and divided where it is

easily visible with bone-cutting instruments. Note the
relationship of the C8 and T1 nerve roots with the
head of the first rib. These roots are reflected and
protected to allow maximum exposure of the first rib.

Figure 31. With the nerve roots reflected anteriorly, the posterior

segment of the divided first rib is removed back to its
spinal attachments by rongeur technique. By using a
fine elevator, the soft-tissue attachments to the first
rib are separated. The posterior edge of thefirstrib is
grasped firmly with a rongeur, and a rocking and
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