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ABSTRACT: The thoracic outlet syndromes (TOSs) are a group
of etiologically and clinically distinct disorders with 1 feature in
common: compression of 1 or more neurovascular elements as
they traverse the thoracic outlet. The medical literature reflects
5 TOSs: arterial; venous; traumatic neurovascular; true neurogenic; and disputed. Of these, the first 4 demonstrate all of the
features expected of a syndrome, whereas disputed TOS does
not, causing many experts to doubt its existence altogether.
Thus, some categorize disputed TOSs as cervicoscapular pain
syndrome rather than as a type of TOS. To better understand
these disorders, their distinctions, and the reasoning underlying
the categorical change of disputed TOS from a form of TOS to
a cervicoscapular pain syndrome, a thorough understanding of
the pertinent anatomy, pathology, pathophysiology, and electrodiagnostic manifestations of these pathophysiologies is
required. This review of the TOSs is provided in 2 parts. In part
1 we covered general information pertinent to all 5 TOSs and
reviewed true neurogenic TOS in detail. In part 2, we review
the arterial, venous, traumatic neurovascular, and disputed
forms of TOS.
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The thoracic outlet syndromes (TOSs) are a
diverse group of etiologically and clinically distinct
disorders with 1 feature in common, namely the
compression of 1 or more neurovascular elements
as they traverse the thoracic outlet.1 The current
medical literature considers 5 entities as TOSs:
arterial TOS (A-TOS); venous TOS (V-TOS); traumatic neurovascular TOS; true neurogenic TOS
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(TN-TOS); and disputed TOS.2 Of these 5 disorders, the first 4 demonstrate all of the features
expected of a syndrome, including: (1) an anatomic abnormality; (2) a pathogenesis related to that
anatomic abnormality; (3) clinical features consistent with that anatomic abnormality; (4) a diagnostic test that identifies that anatomic abnormality;
and (5) a treatment that addresses that underlying
anatomic abnormality. Conversely, disputed TOS
lacks a consistent anatomic abnormality, a recognized pathogenesis, consistent clinical features, a
reliable method of testing, and an agreed-upon
treatment. Consequently, many experts doubt its
existence altogether. In 1984, Wilbourn introduced
the term “disputed TOS” to identify this form of
TOS.3 As will be proposed in this study, disputed
TOS is better considered a cervicoscapular pain
syndrome rather than a type of TOS.
To better understand these disorders and their
distinctions, a thorough understanding of the pertinent anatomic, pathologic, pathophysiologic, and
electrodiagnostic (EDx) manifestations of these
diverse disorders is required. Thoracic outlet anatomy and the pathologic, pathophysiologic, and
EDx manifestations of nerve fiber injury were discussed in part 1 of this review, which also covered
TN-TOS.1 Here, in part 2, we focus on the arterial,
venous, traumatic neurovascular, and disputed
forms of TOS.
ARTERIAL TOS

A-TOS is a rare disorder that involves subclavian artery compression and affects individuals of all
ages and both genders. Like TN-TOS, it is almost
always unilateral and more commonly involves
young adults.1,2,4,5 Responsible etiologies include a
large bony anomaly, a deformed first thoracic rib
(FTR), another osseous process, anterior or middle
scalene muscle hypertrophy, or intramuscular
fibrous bands.6–9 Of these, a fully formed cervical
rib is the most common cause.10 Vessel compression may result in intimal damage, turbulent blood
flow, thrombus formation, distal embolization,
aneurysm formation, poststenotic dilation, or
effort-related symptoms of claudication.
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Clinical Features. The clinical features of A-TOS,
which were initially published by Sir Astley Cooper
in 1821, are divided into vascular and neurologic.11
Subclavian artery compression leads to features of
chronic upper extremity ischemia, including pain
with effort, easy fatigability, claudication, extremity
coolness, pallor, decreased capillary refill, an audible bruit, and diminution or absence of distal pulsations.3,9,10,12 Pulse diminution may not be
recognizable unless the extremity is elevated into a
position that compresses the artery.13 A painless,
pulsatile mass may be associated with subclavian
artery aneurysms.14 Less frequently, subclavian
artery thrombosis results in downstream embolic
events manifested by digital ulcerations or the
abrupt onset of severe limb ischemia distal to the
occlusion. In addition, cervical rib–induced subclavian artery damage may generate emboli that enter
the vertebral or carotid artery circulation, causing
ischemic brain infarction.15,16 With more severe
ischemia, hand pain occurs at rest.9 Tissue necrosis
from unrecognized ischemia may necessitate
amputation. The neurologic features are secondary
to the vascular abnormalities.

The diagnosis of A-TOS relies predominantly on radiologic studies, including plain radiography, Doppler ultrasonography, computerized
tomography (CT) angiography, magnetic resonance (MR) angiography, and conventional angiography; the latter study is also used for surgical
planning. The seated position (as opposed to
supine) and the use of various upper extremity
postures may be necessary to identify dynamic circulatory disturbances.17 Plain films or CT scanning
of the cervical spine may show bony abnormalities
ipsilateral to the symptomatic limb, such as a cervical rib, a prominent C7 transverse process, or an
abnormal FTR. Of these, the most common bony
abnormality is a cervical rib (85% of patients in 1
series).9 Conventional arteriography of the subclavian artery, introduced by Lang in 1962, identifies
vascular compression or occlusion and other vascular abnormalities (poststenotic aneurysms or mural
thrombi), and dynamic imaging of various upper
extremity positions reveals the relationship
between the bony abnormality and the vascular
compression.9,18 Due to its invasive nature, the
diagnostic role of conventional arteriography has
decreased, and less invasive procedures are typically utilized. Doppler ultrasound (duplex) may
detect vessel narrowing, vessel occlusion, arterial
thrombosis, or poststenotic aneurysms.9 CT angiography generates a more detailed assessment of the
vascular abnormalities.9 When these procedures
demonstrate reduced arterial blood flow, they are
confirmatory. However, an indented or angulated
Evaluation.
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subclavian artery without associated flow reduction
is nonspecific and seen in patients with other
disorders.19
To avoid loss of all or
part of the upper extremity, patients who present
with acute arterial compromise must be promptly
recognized and treated to restore distal arterial
flow. Surgical decompression of the vessel (removal of the responsible compressive structure) was
first performed by Coote in 186120; additional
structures may also be removed (e.g., scalenectomy). When an aneurysm is identified, repair is
required. When a thrombosed aneurysm or artery
is noted, a bypass procedure to restore blood flow
is best. The surgical approach is best tailored to
the procedure. When subclavian artery reconstruction is required (repair or resection with either
end-to-end anastomosis or bypass grafting), a
supraclavicular approach gives the best visibility
and provides excellent exposure.9,14,21–25 When
cervical rib and FTR resection are planned, a transaxillary allows both ribs to be resected using a single incision,14 although a dual approach may be
necessary in some cases. The prognosis is typically
determined by the vascular surgeon and reflects
the underlying etiology, the severity of the vascular
damage, and the promptness of its recognition.
Treatment and Prognosis.

VENOUS TOS

V-TOS is a relatively rare disorder, with a
reported incidence of about 1–11 per 100,000,26–28
that is associated with venous thrombosis involving
the subclavian–axillary veins. In 1948, Hughes
coined the eponymic moniker “Paget–Schroetter
syndrome” to acknowledge its original descriptor,
Sir James Paget,29 and the theory of its pathogenesis, put forth by von Schroetter, that upper extremity muscle stretch and strain precipitate
spontaneous thrombosis.30 It is also referred to as
“effort thrombosis,” because of its association with
repetitive upper extremity activities. V-TOS is a
unilateral disorder that occurs more commonly
among men and more frequently involves the
dominant limb,2,31 likely related to the preference
of the dominant limb for performing acts requiring only a single limb (e.g., pitching). Accordingly,
it typically occurs among young, able-bodied
adults, particularly athletes, manual laborers, and
overhead workers after vigorous activity.5,9,32
Among athletes, the performance of repetitive
activities that constrict the thoracic outlet (e.g.,
upper extremity hyperabduction and extension as
occurs in baseball players and swimmers) increases
the risk.33 The subclavian vein may be affected by
space-occupying structures within the costoclavicular space (e.g., osseous exostoses, callus from previous fracture, fibrous band, anterior scalene muscle
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or tendon hypertrophy, subclavius or pectoralis
minor muscle or tendon hypertrophy, costoclavicular or coracocostal ligament hypertrophy, or
tumor).34 Cervical ribs are infrequently responsible.35 Venous hypertension may follow excessive
physical activity in the setting of a pre-existing
compressive process (e.g., muscle hypertrophy).
Other contributory mechanisms include perivenular inflammation leading to fibrosis and limiting
subclavian vein mobility, and repetitive venous
endothelial trauma from injuries related to upper
extremity movement. With progressive venous
damage, fibroelastic stricture formation and turbulent blood flow occur, further narrowing the
venous system and predisposing to the development of a thrombosis.31,32 Conditions that produce
venous stasis or hypercoagulability may also be
responsible.
Clinical Features. The clinical features of V-TOS
were first described by Paget.29 Most commonly,
the presentation is sudden in onset and involves
young, healthy individuals after prolonged upper
extremity exertion (hence, the term “effort
thrombosis”). With incomplete occlusion, patients
may be asymptomatic, oligosymptomatic, or only
become symptomatic with upper extremity orientations that worsen venous flow.36,37 With acute
occlusion, the clinical manifestations are readily
apparent, including diffuse upper extremity swelling, palpable clotted axillary veins, variable degrees
of cyanosis, and pain. With chronic thrombosis
and venous collateral formation, dilated veins
appear in the neck, upper chest, and shoulder
areas.38–40 Like A-TOS, the neurologic features
reflect the vascular changes induced by the primary lesion rather than direct neural injury. Among
individuals who perform repetitive activities that
constrict the thoracic outlet (e.g., baseball players
and swimmers) and have no identifiable structural
abnormalities to account for extrinsic compression,
an underlying thrombotic disorder must be
considered.

The diagnosis of V-TOS is primarily
established by a combination of clinical and imaging features. Early diagnosis and treatment are
associated with better outcomes.32,41 Because none
of the clinical features are specific, imaging studies
are mandatory.32 Due to its high sensitivity and
specificity, venous ultrasonography (with color
duplex imaging) is the initial study of choice.
Depending on historic features, a dynamic study
utilizing the limb position initially precipitating
the symptoms may be necessary to identify the
occlusion. Acutely, when the clot is echolucent,
the key finding is lack of venous compressibility.42
CT and CT venography are useful when
Evaluation.
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ultrasonography is unrevealing, but they are associated with radiation exposure and bone-related
image degradation. Therefore, although expensive
and time-consuming, the lack of radiation and
bone-related image degradation, as well as its multiplanar imaging and soft-tissue–differentiating
abilities and its noninvasiveness, make contrastenhanced MRI with MR venography the most helpful radiologic study for defining the extent and
chronicity of the thrombosis, the site and cause of
the compression, and the presence of venous collaterals.43 The diagnostic utility of contrast venography includes its ability to define the vascular
anatomy, extent of the thrombosis, and the presence of collaterals. In addition, by defining the
degree of compression associated with different
limb positions, positional venography (as well as
postural CT and MR venography) may more accurately reflect the site, severity, and hemodynamic
effects of the underlying compressive lesion.31,44,45
Ultrasonography also assesses the vascular consequences of various limb postures. However, subclavian vein compression occurs among normal
individuals when the limb is positioned in
extremes of abduction and external rotation.34 In
addition to its diagnostic utility, contrast venography has therapeutic utility (thrombolysis and
angioplasty, discussed below). Using the cephalic
vein for contrast injection may produce falsely negative studies.32 Because of the higher incidence of
prothrombotic disorders among individuals with
spontaneous upper extremity deep venous thrombosis, patients with V-TOS should be screened for
prothrombotic disorders,32 especially those individuals without an identifiable structural abnormality
or with recurrent disease.33
Treatment and Prognosis. The goals of treatment
include symptom resolution (bed rest with limb
elevation, warm compresses, and analgesics), blood
flow restoration (thrombolysis, stent placement),
and recurrence prevention (address underlying
cause). The optimal treatment is unclear because
the rarity of V-TOS precludes randomized, controlled trials. Hence, the therapeutic regimen must
be individualized. Typically, anticoagulation is
started once the disorder is suspected and, after
confirmatory testing, thrombolysis is provided.
Anticoagulation alone is generally not recommended because of its association with lower
recanalization rates; higher rates of residual thrombosis, pulmonary embolism, and recurrent thrombosis; and poorer outcomes.32,35 Rather, after
thrombus identification, catheter-directed intravascular thrombolysis is emergently initiated to reestablish venous patency. This also lowers the complication rate (e.g., pulmonary embolism), thereby
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reducing patient morbidity and mortality. Thrombolysis is most successful when started within 1
week of presentation46 and is usually unsuccessful
when started after 14 days, although it can still be
attempted.33 Although adjunctive mechanical
thrombectomy may be performed, because thrombus formation almost invariably recurs, it is considered ineffective. Decompressive surgery is usually
recommended in the setting of residual thrombosis or when venous compression is due to an
extrinsic structural process. Although some authors
prefer early surgical intervention,47 others advocate
a delay to optimize patient selection and avoid
unnecessary surgery.45,47 Because of the unyielding
nature of most of the compressive abnormalities,
stenting is ineffective and associated with recurrent
thrombosis.33,48 Surgical intervention is followed by
long-term anticoagulation (3–12 months).9,32,33,49–53
Although serial ultrasonography is often used to
monitor the lesion site, identified changes typically
do not alter management in an asymptomatic individual.33 After thrombolysis, percutaneous venoplasty may be required.54
Because the complication rates of decompressive surgery such as major bleeding and brachial
plexus injury are high, nonoperative approaches
continue to be investigated. A recent retrospective
study showed that 23 of 27 patients (85%) followed
for a mean period of 53.4 months were asymptomatic after nonoperative intervention by catheterdirected thrombolysis (followed by long-term anticoagulation).33 In that study, factors suggesting a
poor outcome included identifiable structural
abnormalities, a long duration of symptoms before
diagnosis, symptom persistence, and symptom
recurrence. Therefore, some patients with V-TOS,
such as those with hypercoagulable disorders without a demonstrable compressive lesion, may not
need decompressive surgery, whereas those with
the previously mentioned risk factors likely will
need surgery. If patients present in the subacute
or chronic time period and decompressive surgery
(with or without venoplasty) is planned, thrombolysis may not be necessary.55 After decompressive
surgery, long-term anticoagulation is started. The
prognosis is typically determined by the vascular
surgeon and reflects the severity of the vascular
damage, the underlying etiology, and the promptness of its recognition.
TRAUMATIC NEUROVASCULAR TOS

Traumatic neurovascular TOS is a rare disorder
that follows clavicular trauma, most often a remote
midshaft fracture. Therefore, it is usually unilateral
and more common among adult men.56–58 Unlike
the other TOSs, which involve either neural or vascular elements, traumatic neurovascular TOS
666
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usually involves both. When only 1 system is
involved, it is usually the neural system. The presentation may be delayed with isolated neural
involvement.4
In general, with traumatic neurovascular TOS,
the clavicular fracture is primary and the neural
and vascular features are secondary. With severe
enough trauma, however, the clavicular, neural,
and vascular injuries may all be primary, in which
case the mode of brachial plexus injury is usually
supraclavicular traction.59,60 Less commonly, the
clavicular fracture secondarily causes the neural or
vascular injuries. The mechanisms of secondary
neurovascular injury in the acute setting are: (1)
neurovascular compression or laceration by displaced fracture fragments; (2) vascular laceration
with secondary nerve compression related to an
expanding hematoma or an aneurysm (pseudoaneurysm); and (3) iatrogenic injury (during initial
fracture manipulation or from a figure-of-8 bandage that is secured too tightly). Chronic mechanisms include clavicular motion related to
nonunion and delayed neurovascular injury related
to excessive callus formation.61
Clinical Features. The clinical features reflect the
neurovascular elements most susceptible to trauma
with clavicular fractures, namely the cords of the
brachial plexus (especially the medial cord) and
the proximal portions of the axillary vessels.
Among the cord elements, the medial cord is
more susceptible because it crosses the FTR directly behind the middle segment of the clavicle.56,62,63
Acutely, the most common clinical feature is pain
at the trauma site, frequently radiating into the
upper extremity. Other clinical features at the trauma site include focal tenderness, swelling, bruising,
excessive clavicular mobility (with complete clavicular fracture, the lateral portion tends to move posteriorly and inferiorly with respect to the medial
fragment), a palpable mass (hematoma), and an
audible bruit (pseudoaneurysm formation). The
vascular features observed with A-TOS and V-TOS,
such as upper extremity edema (with venous compromise) or diminution or loss of arterial pulsation
(with arterial compromise), may also be present.
With more chronic presentations, a palpable callus
may be appreciable.
The neural features are straightforward and primarily reflect the cutaneous and muscle domains
of the medial cord. Thus, because the medial cord
contains sensory nerve fibers destined to enter the
medial brachial, medial antebrachial, and ulnar
nerves, loss of sensation involves the medial aspects
of the arm, forearm, and hand, as well as the medial ring and little fingers. The lateral aspect of the
ring finger, and less frequently the medial aspect
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of the middle finger, may be involved when the
medial cord contains sensory fibers innervating
these digits.64 Because the medial cord contains
motor fibers derived from the C8 and T1 spinal
cord levels that ultimately contribute to the median and ulnar nerves, weakness may involve any
ulnar nerve–innervated muscle and any median
nerve–innervated muscle, except those receiving
their innervation via the lateral cord (pronator
teres, flexor carpi radialis). Because the C8-derived
radial motor fibers traverse the posterior cord,
they are spared with medial cord lesions.64 When
the etiology also affects the lateral cord or posterior cord, the distribution of the sensory and motor
abnormalities expands to include their sensorimotor domains.13,57,60,62,64
Differential Diagnosis. The differential diagnosis of
traumatic neurovascular TOS depends on the clinical features present at the trauma site, the neural
and vascular elements involved, and the timing of
the presentation. When the clavicular trauma is
recognized, the sensory and motor abnormalities
are more easily localized to the brachial plexus.
When unrecognized, the neural abnormalities may
be mislocalized proximally as radiculopathies or
distally as neuropathies. The most common sites of
mislocalization are the C8 root, T1 root, and ulnar
nerve with medial cord involvement; the C7 root
and radial nerve with posterior cord involvement;
and the C5 root, C6 root, and median nerve with
lateral cord involvement. Localization to the thoracic outlet is more obvious when both neural and
vascular elements are simultaneously affected.
When the inciting trauma also involves the spinal
cord, mislocalization solely to the brachial plexus
may result in mismanagement.

The evaluation of traumatic neurovascular TOS is straightforward. Plain films of the
chest and clavicle identify the clavicular damage
(fracture, exuberant callus) and vascular imaging
procedures (arteriography, venography) delineate
the vascular abnormalities. Axial views provide a
more accurate view of the clavicle than anteroposterior views.57 Thrombosed pseudoaneurysms are
detectable by CT scanning and MRI.13 By localizing and characterizing the lesion, EDx testing contributes to both clinical management and
prognostication.57,64 It is best performed after day
21, although the NCSs can be performed earlier,
when required. The motor NCSs, which best estimate the severity of the lesion, should be performed after day 6, and the sensory NCSs, which
best localize the lesion, should be performed after
day 10. Although ulnar somatosensory evoked
responses may be abnormal, this technique is
much less sensitive to focal axon loss than routine
Evaluation.
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EDx testing and, moreover, neither localizes nor
characterizes the lesion.65
Treatment and Prognosis. The appropriate management, although dictated by a number of factors, primarily reflects lesion severity and the
specific vascular, clavicular, and neural injuries.
The vascular injuries typically dictate the immediate management. Surgical intervention is usually
required, with the specific vascular injury dictating
the procedure performed. When vascular injuries
are not present, the primary clavicular injury and
the secondary damage to adjacent structures,
including disrupted neural structures, dictate the
immediate management, which may be surgical or
nonsurgical. With neural disruption, the primary
consideration is the completeness of the lesion.
With incomplete nerve injuries, conservative treatment is usually advocated, although some surgeons
perform external neurolysis.57,61 Analgesics, including neuropathic pain medications, and braces are
helpful for associated pain. Once the pain is controlled, physical therapy (range of motion and
strengthening exercises) is employed. Synergistic
muscle strategies combat the loss of a specific muscle function. The prognosis for vascular system
recovery reflects the severity of the vascular damage, the underlying etiology, and the promptness
of its recognition, and is typically determined by
the vascular surgeon. The prognosis for the neural
recovery reflects the likelihood of reinnervation
(see part 1 of this study).1
DISPUTED TOS
Epidemiology.

Disputed TOS (also known as nonspecific TOS, assumed TOS, and symptomatic
TOS) has an adult onset, is more common among
women, and, unlike the 4 nondisputed forms of
TOS, is frequently bilateral. Among the proponents of disputed TOS, most believe that it
involves the brachial plexus and, therefore, consider it to be a type of neurogenic TOS.4 Consequently, it is often lumped in with TN-TOS as
“neurogenic TOS.” Because of the high prevalence
of disputed TOS, this approach renders neurogenic TOS much more prevalent than V-TOS, which it
is not.
Pathogenesis and Pathophysiology. Despite
its
introduction into the literature several decades
ago, the specific pathogenesis of disputed TOS
remains uncertain. Most proponents believe it represents either a compression injury or a traction
injury of the brachial plexus within the thoracic
outlet.4 Four explanations for this have been proposed, including: (1) an underlying congenital
anomaly (cervical ribs, congenital fibromuscular
bands, FTR or scalene muscle abnormalities); (2)
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trauma; (3) poor posture or a particular body habitus (long neck with droopy shoulders); and (4)
some combination of these.4,61,66–69 Some investigators consider trauma to be the most common
cause and, in 1 series, it was the underlying etiology in 91%.70 The trauma occurs in 1 of 2 ways: a
single episode (most commonly whiplash related
to a motor vehicle accident) or a series of minor
injuries producing cumulative trauma.70 These
injuries, in turn, cause: (1) scalene muscle fibrosis;
(2) spasm of congenital musculotendinous ligaments; (3) traction-induced scarring in and around
the brachial plexus4,61; or (4) muscle imbalance.58,61 Regarding muscle imbalance, it is
thought that joint position changes related to muscle atrophy or hypertrophy cause the affected
muscles to function at less than their ideal lengths.
Over time, the inappropriately shortened muscles
undergo adaptive shortening and tightening.
When movement stretches these shortened
muscles, the resultant pain causes the patient to
modify the joint position even more inappropriately.71,72 A small group of proponents classify disputed TOS as a neurovascular disorder due to
combined brachial plexus and subclavian artery
compression, based on “arterial insufficiency” precipitated by specific ancillary maneuvers.61,73–75
Thus, the proponents consider disputed TOS to
be a mixed (neurovascular) form of TOS, similar
to traumatic neurovascular TOS.
Clinical Features. The clinical features associated
with disputed TOS are unclear and debated
among its proponents. Whereas some investigators
argue that the clinical features are specific and
refuse to make the diagnosis of TOS in their
absence, others diagnose disputed TOS based solely on vague symptoms (pain, subjective sensory
symptoms, limb fatigue or heaviness, weakness
unrelated to a particular muscle group). Regarding
its sensory features, some authors reported a lack
of sensory abnormalities as typical, whereas others
described sensory loss in a lower trunk distribution
as typical. Regarding its motor features, some
authors reported weakness, whereas others cited
weakness as being inconsistent with the
diagnosis.4,61,69,70,76–80
Overall, sensory complaints (pain, paresthesias)
are the predominant manifestation and are present in >90% of patients.70 Two pain patterns
have been described: a lower plexus type and an
upper plexus type.75,78 With the lower plexus type,
the pain occurs in the neck or supraclavicular
region and radiates along the medial aspects of
the arm, forearm, and hand; the associated sensorimotor abnormalities have a C8 or T1 distribution. With the upper plexus type, the pain is
668

The Thoracic Outlet Syndromes, Part 2

located in the shoulder region and radiates into
the ipsilateral aspects of the head and neck, the
anterior and posterior aspects of the upper portion
of the thorax, and the proximal aspect of the arm
(well beyond the upper plexus distribution); the
associated sensorimotor abnormalities have a C5 or
C6 distribution.61,72 Motor complaints are commonly reported.76 Typically, when intrinsic hand
muscle atrophy has been reported, it has been in
association with a cervical rib, suggesting TN-TOS
rather than disputed TOS. Other reported features
include symptom worsening with effort (especially
activities requiring abduction or an overhead position), occipital or orbital headaches, facial pain,
facial numbness, and anterior chest wall pain.4,70,72
Another group of proponents diagnose disputed TOS whenever a patient with a “typical” history
has a positive provocative maneuver, even when
the neurologic examination is normal. As
expected, with this approach, disputed TOS is
often identified bilaterally. Several provocative
maneuvers have been utilized in this regard,
including the Adson, Wright, costoclavicular, and
EAST (elevated arm stress test) maneuvers. With
the Adson maneuver (also called the “scalene test”
because it was believed to identify scalenus anticus
syndrome), the patient is seated with the hands
resting on the thighs, the head rotated toward the
symptomatic side, and the neck hyperextended. In
this position, the patient deeply inspires and holds
the inspiration while the examiner palpates the
radial pulse.72,81 Radial pulse obliteration and
symptom reproduction indicate a positive test.
With the Wright maneuver, the symptomatic limb
is maintained in the surrender position (abducted
to 1808 with the elbow flexed and the arm externally rotated) for 60 seconds, while the examiner
palpates the radial pulse.82 Symptom reproduction
or a diminished or absent pulse indicates a positive
test. Some keep the elbow extended (to avoid positivity related to cubital tunnel syndrome) and the
wrist neutral (to avoid positivity related to CTS).72
With the costoclavicular maneuver (Halsted
test, military brace maneuver), which theoretically
narrows the costoclavicular space and was previously used to identify costoclavicular syndrome, the
radial pulse is palpated while the patient is in a
modified at-attention posture, with the shoulders
depressed and retracted.75 Radial pulse obliteration and symptom reproduction indicate a positive
test.72 The most popular provocative maneuver is
the EAST maneuver (the Roos test).83 With this
maneuver, the upper extremities are maintained in
the surrender position and the hands are opened
and closed every 2 seconds for 3 minutes.11,83
Symptom reproduction, hand paresthesias, inability to maintain the position, or radial pulse
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diminution indicates a positive test.4 Two prospective studies assessing the EAST maneuver in normal individuals reported high false-positive
rates.61,84,85 In another study of healthy adult volunteers, this maneuver precipitated paresthesias in
36% and pulse alterations in 62%.86 Because
patients with CTS frequently develop hand paresthesias in response to upper extremity elevation,
the EAST procedure is falsely positive in most CTS
patients. This maneuver also purportedly identifies
A-TOS and V-TOS. With A-TOS, the upper extremity becomes ischemic and claudicates, whereas with
V-TOS it becomes cyanotic and the forearm veins
become distended.11 In summary, when these
maneuvers are utilized, many normal individuals
and individuals with CTS test positive. To avoid
misdiagnosis, unless the maneuver reproduces the
patient’s symptoms exactly, it should be considered
negative.61,70,74,75,87,88 Even with exact symptom
reproduction, diagnostic caution is advised.
The appropriate evaluation for disputed TOS varies among the proponents of this disorder. At 1 extreme are physicians who believe that
the clinical features associated with disputed TOS
are so characteristic that supplemental testing (laboratory, imaging, and EDx) is unnecessary.61
Indeed, some have argued that EDx testing should
be avoided because it is uncomfortable, expensive,
and of no diagnostic value for TOS or any of the
differential diagnostic considerations.61,78 This
belief appears to be held by a minority of disputed
TOS proponents. Most proponents believe that
EDx testing is required to identify other
entities.74,76,89,90
Given the ongoing controversy surrounding disputed TOS, a diagnostic evaluation is mandatory.
EDx testing is indicated because it has high sensitivity for TN-TOS and for the neuromuscular disorders in the differential diagnosis. The presentation
dictates the required imaging studies (cervical
spine and shoulder radiographs and MRI, chest
CT). Vascular imaging studies are necessary when
vascular features suggest A-TOS, V-TOS, or traumatic neurovascular TOS. Applying this approach,
the majority (64%–75%) of disputed TOS patients
have an alternative disorder.74,91 All patients
should undergo EDx testing before surgical intervention.92 In 2010, in the state of Washington,
because of poor outcome among the majority of
workers’ compensation patients undergoing surgery for “neurogenic TOS,” a guideline was created
requiring objective EDx evidence of brachial plexus involvement.93
A major EDx issue warranting focused discussion is the belief that disputed TOS can be identified by the demonstration of focal conduction
Evaluation.
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slowing of ulnar motor fibers as they traverse the
thoracic outlet. This technique, first reported in
1972, was claimed to be highly sensitive and capable of differentiating patients best treated surgically from those best treated conservatively.94 Those
authors also introduced a similar study for assessing the median motor fibers.61 In both of these
techniques, the motor nerve conduction velocity
value was calculated and considered abnormal
when it was <85 m/s. When < 60 m/s, surgical
intervention was required; conservative treatment
was recommended for values of 60–85 m/s.90 Using
these techniques, the authors reported that
approximately 2,000 of 8,000 annual NCSs demonstrated disputed TOS (roughly 25% of all patients
undergoing EDx testing).90
To appreciate the shortcomings of this
approach, a few comments are necessary. First, to
accurately calculate the motor nerve conduction
velocity value, the distance between the stimulation
and recording sites must be accurately determined.
Although the distance between the supraclavicular
and axillary or arm stimulation sites can be accurately measured, the value underestimates the actual length of the ulnar or median axons between
these sites, which falsely lowers the calculated value.4 Second, to identify focal demyelination by
NCS, the stimulating and recording electrodes
must straddle the lesion so that it can be traversed
by the current.95 With supraclavicular fossa stimulation, however, the mid-region of the lower trunk is
stimulated.64,95 Thus, the stimulating and recording electrodes are both distal to the putative compressive lesion site and, accordingly, cannot access
the lesion. Third, because the motor nerve fibers
composing the lower plexus are located deeply
below the skin, a significant amount of current is
required for supramaximal stimulation. Because it
is unlikely that the ulnar and median motor fibers
are actually being stimulated directly below the
cathode, the calculated conduction velocity is inaccurate.96 Fourth, focal demyelinating conduction
slowing reflects nonuniform focal demyelination,
which, clinically, is either asymptomatic or associated with episodic tingling. Negative clinical features
(weakness and numbness) are associated with
demyelinating conduction block and axon degeneration because only these 2 pathophysiologies
prevent action potentials from traversing the lesion
(see Part 1).1
Based on the above discussion, it is not surprising that a number of investigators could not reproduce the conduction velocity or standard deviation
values reported.97–102 In 1976, Cherington
reported that the normal conduction velocity values provided by the authors of this technique were
too high and that the technique was insensitive.103
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In 1977, Di Benedetto concluded that the technique was insensitive and nonspecific.104 Finally, in
1984, the photograph included in the 1972 study94
describing this technique was shown to be a fabrication105: the supraclavicular response was actually
a mid-arm response that was collected using a different sweep speed. Once this technique was discredited, it was, for the most part, abandoned.106
The original authors added a second technique to
identify the upper plexus type of disputed TOS,
which involved the placement of the recording
electrodes over the muscles of the thenar eminence.61 However, these muscles are innervated by
the C8 and T1 roots and, thus, assess the lower
plexus.
A final EDx issue concerns the use of F waves
and somatosensory evoked potentials in the diagnosis of disputed TOS. Because F waves and
somatosensory evoked responses are latency measurements, they only indicate the propagation
speeds of the fastest conducting fibers. Therefore,
they are notoriously insensitive to focal axon loss
and are far less sensitive than the standard EDx
studies (see Part 1).1 Thus, most investigators have
found these techniques to be normal among this
patient population.4,61,107 Although some investigators have reported enhanced sensitivity when
somatosensory evoked responses are recorded with
the upper limb maintained in a particular position,108,109 this modification may introduce abnormalities related to technical issues,110,111 and any
identified abnormalities are nonspecific.
Finally, because of the lack of a “gold standard”
diagnostic test for disputed TOS, ancillary diagnostic procedures have been introduced such as anterior scalene muscle injections with anesthetic,
steroids, or botulinum toxin, arterial Doppler procedures, and vibratory threshold measurements.70,73,74,110,112–114 Their utility has been
debated and none of them have achieved widespread acceptance.4,70,83,115
Treatment and Prognosis. Although both conservative and surgical therapies have been advocated,
the majority of disputed TOS proponents recommend initial conservative treatment.61 To date, the
most successful conservative strategy has been to:
(1) identify postural abnormalities and muscle
imbalances; (2) educate the patient regarding
proper postures (sitting, standing, sleeping); and
(3) initiate a stretching program targeting the
pathologically shortened and tightened muscles
for long-term relief.116 When conservative
approaches do not address the primary problem,
they only provide short-term relief.72 When the
abnormal postures are secondary to another problem, that problem should be addressed (obesity,
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large breasts). Regarding the latter, the application
of a bra that crosses in the back may result in postural improvement and relief of the associated cervicoscapular pain, thereby avoiding the need for
reduction mammoplasty.76 Mental health referral
is beneficial for depression. Surgical intervention is
rarely
required
when
these
conservative
approaches are employed.73,89,117
When surgery has been deemed necessary, the
reasoning underlying the chosen procedure often
has been unclear. Historically, Coote performed
decompressive surgery (cervical rib removal) in
1861,104 Bramwell performed FTR resection in
1903,118 and Adson and Coffey performed scalenotomy (anterior scalene muscle division) without
surgical rib resection in 1927, a procedure that
Adson later modified to include total removal of
the muscle (scalenectomy).119,120 In 1962, Clagett
reported that FTR resection (using a posterior
approach) was useful for all forms of TOS because
it removed the common denominator. In other
words, regardless of the structural element responsible for the neurovascular compression, this compression was always into the FTR.121 Because this
approach was technically demanding and produced a cosmetically unappealing scar, Roos suggested a transaxillary approach, which had neither
of these 2 drawbacks. For these reasons, this
approach became more popular,83 with posterior
thoracoplasty reserved for patients with recurrent
symptoms who required a second surgical intervention.90 Because of poor visualization and a long
distance between the incision site and the FTR,
other approaches were also advocated (infraclavicular, transclavicular, posterior).75,122 In addition,
the list of resectable structures also grew and
included muscles (anterior scalene, middle scalene, omohyoid), osseous structures (congenital
anomalies), ligaments, and any potentially compressive structures (fibromuscular bands); some
surgeons also performed neurolysis or dorsal sympathectomy.61,89,123,124 Of these procedures, 2 of
the more popular were first rib resection and scalenectomy (anterior and middle scalene muscles),89
and some surgeons recommended performing
both to avoid the need for a second surgery should
symptom relief be inadequate.123
Generally, the operation chosen reflects surgeon preference, with some performing a single
technique for all patients and others tailoring the
procedure to the clinical features (scalenectomy
for suspected upper plexopathies, transaxillary
FTR resection for suspected lower plexopathies).61,125–127 One group reported that patient
outcomes after supraclavicular scalenectomy were
comparable among patients with lower plexus and
upper plexus symptoms.126 They also reported
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comparable results between scalenectomy alone
and scalenectomy combined with FTR resection.
Other groups reported satisfactory outcomes when
patients with upper plexus symptoms underwent
transaxillary first rib resections.127 Thus, the outcomes reported appear comparable regardless of
the plexus region involved or the surgical intervention applied. By 1995, it was clear that the earlier
reports of cure rates of >90% were gross overestimates.128–132 In addition, serious complications were
reported, including brachial plexus and nerve injuries, nerve transections (long thoracic, phrenic, intercostal brachial, supraclavicular cutaneous), severe
and disabling postoperative pain, reflex sympathetic
dystrophy, blood vessel damage requiring amputation, and death by exsanguination.4,115,123,124,133–136
CONCLUSION

The term “thoracic outlet syndrome” should
not be used in the singular because it reflects a
group of distinct disorders with differing etiologies, clinical features, evaluations, and treatments.
A-TOS follows obstruction of the subclavian artery
with resultant ischemic symptoms and possible
embolization. Thus, treatment is aimed at restoring arterial blood flow, followed by surgical decompression. V-TOS follows subclavian–axillary venous
occlusion with thrombus formation and, rarely,
embolization. Thus, urgent thrombolysis is
required, followed by anticoagulation and possible
surgical decompression. The approach to traumatic neurovascular TOS reflects the underlying
etiology. The treatment of TN-TOS is surgical
decompression (see Part 1 of this study). Disputed
TOS should be considered a cervicoscapular pain
syndrome that is best managed by physical therapy
directed at postural and muscle imbalances. Surgical intervention is rarely, if ever, indicated because
it is seldom beneficial and potentially harmful.
The author thanks Dr. Asa J. Wilbourn (deceased) for bequeathing his collection of publications on the various thoracic outlet syndromes, including hundreds of articles, fully translated foreign
articles, and difficult-to-obtain textbook chapters. This article
underwent peer review by the AANEM Monograph Review and
Development/Issues & Opinions Committee and review by the
Muscle & Nerve editor, but did not undergo additional peer review
via the Muscle & Nerve editorial process.
REFERENCES
1. Ferrante MA. The thoracic outlet syndromes: Part 1. the arterial,
venous, neurovascular, and disputed thoracic outlet syndromes.
Muscle Nerve 2017;56:663–673.
2. Ferrante MA. The thoracic outlet syndromes. Muscle Nerve 2012;45:
780–795.
3. Wilbourn AJ. Thoracic outlet syndrome. In: Syllabus, Course D:
Controversies in entrapment neuropathies. Rochester, MN: American Association of Electromyography and Electrodiagnosis; 1984. p
28–38.
4. Wilbourn AJ. Thoracic outlet syndromes. In: Dawson DM, Hallett
M, Wilbourn AJ, editors. Entrapment neuropathies. Philadelphia:
Lippincott-Raven; 1999. p 227–250.
5. Wilbourn AJ. Ten most commonly asked questions about thoracic
outlet syndrome. Neurologist 2001;7:309–312.

The Thoracic Outlet Syndromes, Part 2

6. Nelson RM, Davis RW. Thoracic outlet compression syndrome. Ann
Thorac Surg 1969;8:437–451.
7. Raphael MJ, Moazzez FF, Offen DN. Vascular manifestations of thoracic outlet compression: angiographic appearances. Angiology
1974;25:237–248.
8. Urschel HC, Razzuk MA. Thoracic outlet syndrome. In: Sabiston
DC, Spencer FC, editors. Gibbon’s surgery of the chest. Philadelphia: W.B. Saunders; 1983. p 437–452.
9. Aljabri B, Al-Omran M. Surgical management of vascular thoracic
outlet syndrome: BA teaching hospital experience. Ann Vasc Dis
2013;6:74–79.
10. Nichols AW. Diagnosis and management of thoracic outlet syndrome. Curr Sports Med Rep 2009;8:240–249.
11. Roos DB. Historical perspectives and anatomic considerations.
Semin Thorac Cardiovasc Surg 1996;8:183–189.
12. Parry E. Diagnosis and management of arterial lesions in relation to
the outlet compression syndrome. In: Greep JM, Lemmens HA,
Roos DB, et al, editors. Pain in shoulder and arm. The Hague: Martinus Nijhoff; 1979. pp 211-215.
13. Hansky B, Murray E, Minami K, Korfer R. delayed brachial plexus
paralysis due to subclavian pseudoaneurysm after clavicular fracture.
Eur J Cardiothorac Surg 1993;7:497–498.
14. Chang KZ, Likes K, Davis K, Demos J, Freischlag JA. The significance of cervical ribs in thoracic outlet syndrome. J Vasc Surg 2013;
57:771–775.
15. Symonds CP. Two cases of thrombosis of subclavian artery, with contralateral hemiplegia of sudden onset, probably embolic. Brain
1927;50:259.
16. Prior AL, Wilson LA, Gosling RG, Yates AK, Ross Russell RW. Retrograde cerebral embolism. Lancet 1979;2:1044.
17. Cornelis F, Zuazo I, Bonnefoy O, Abric B, Borocco A, Strainchamps P,
et al. Diagnosis of thoracic outlet syndrome. Value of angiography in
the sitting position. J Radiol 2008;89:47–52.
18. Lang EK. Roentgenographic diagnosis of the neurovascular compression syndromes. Radiology 1962;79:58–63.
19. Law AA. Adventitious ligaments simulating cervical ribs. Ann Surg
1920;72:497–499.
20. Coote H. Exostosis of the left transverse process of the seventh cervical vertebra, surrounded by blood vessels and nerves: successful
removal. Lancet 1861;1:360–361.
21. Judy KL, Heymann RL. Vascular complications of thoracic outlet
syndrome. Am J Surg 1972;123:521–531.
22. Cormier JM, Amrane M, Ward A, et al. Arterial complications of the
thoracic outlet syndrome: fifty-five operative cases. J Vasc Surg 1989;
9:778–787.
23. Thompson JF, Webster JHH. First rib resection for vascular complications of thoracic outlet syndrome. Br J Surg 1990;77:555–557.
24. Urschel HC. The transaxillary approach for treatment of
thoracic outlet syndromes. Semin Thorac Cardiovasc Surg 1996;8:
214–220.
25. Maxey TS, Reece TB, Ellman PI, et al. Safety and efficacy of the
supraclavicular approach to thoracic outlet decompression. Ann
Thorac Surg 2003;76:396–399.
26. Lindblad B, Tengborn L, Bergqvist D. Deep vein thrombosis of the
axillary-subclavian veins: epidemiologic data, effects of different
types of treatment and late sequelae. Eur J Vasc Surg 1988;2:161–
165.
27. Fiegler P, Chevalier JM. The Paget-Schroetter syndrome. Acta Chir
Belg 2005;105:256–264.
28. Hurley WL, Comins SA, Green RM, Canizzaro J. A traumatic subclavian vein thrombosis in a college baseball player: a case report.
J Athl Train 2006;41:198–200.
29. Paget J. Clinical lectures and essays. London: Longmans Green and
Co.; 1875.
30. von Schroetter L. Erkrankungen der gerfasse. In: Nathnagel handbuch der pathologie und therapie. Vienna, Germany: Holder; 1884.
31. Butros SR, Liu R, Oliveira GR, Ganguli S, Kalva S. Venous compression syndromes: clinical features, imaging findings and management. Br J Radiol 2013;86:20130284.
32. Mall NA, van Thiel GS, Heard WM, Paletta GA, Bush-Joseph C,
Bach BR Jr. Paget-Schroetter syndrome: a review of effort thrombosis of the upper extremity from a sports medicine perspective. Am J
Sports Med 2012;5:353–356.
33. Goss SG, Alcantara SD, Todd GJ, Lantis JC Jr. Non-operative management of Paget-Schroetter syndrome: a single-center experience.
J Invasive Cardiol 2015;27:423–428.
34. Adams J, deWeese J, Mahoney E, Rob C. Intermittent subclavian
vein obstruction without thrombosis. Surgery 1968;68:147–165.
35. Thompson JF, Winterborn RJ, Bays S, White H, Kinsella DC,
Watkinson AF. Venous thoracic outlet compression and the PagetSchroetter syndrome: a review and recommendations for management. Cardiovasc Intervent Radiol 2011;34:903–910.
36. Parry E. Primary axillary-subclavian vein thrombosis. In: Greep JM,
Lemmens HA, Roos DB, et al., editors. Pain in shoulder and arm.
The Hague: Martinus Nijhoff; 1979. p 129–132.

MUSCLE & NERVE

October 2017

671

37. Martinez NS, Adiga R. Effort vein thrombosis and intermittent nonthrombotic occlusion of the subclavian and axillary veins. Vasc Surg
1980;14:57–72.
38. Etheredge S, Wilbur B, Stoney R. Thoracic outlet syndrome. Am J
Surg 1979;138:175–182.
39. Riddell DH, Smith BM. Thoracic and vascular aspects of thoracic
outlet syndrome. Clin Orthop 1986;207:31–36.
40. Roth G, Magistris MR. Detection of conduction block by monopolar
percutaneous stimulation of the brachial plexus. Electromyogr Clin
Neurophysiol 1987;27:45–53.
41. Moore R, Wei LY. Venous thoracic outlet syndrome. Vasc Med
2015;20:182–189.
42. Chin EE, Zimmerman PT, Grant EG. Sonographic evaluation of
upper extremity deep venous thrombosis. J Ultrasound Med 2005;
24:829–838.
43. Demondion X, Bacqueville E, Paul C, Duquesnoy B, Hachulla E,
Cotten A. Thoracic outlet: assessment with MR imaging in asymptomatic and symptomatic populations. Radiology 2003;227:461–468.
44. Hasanadka R, Towne JB, Seabrook GR, et al. Computed tomography angiography to evaluate thoracic outlet neurovascular compression. Vasc Endovascular Surg 2007;41:316–321.
45. Buller LT, Jose J, Baraga M, Lesniak B. Thoracic outlet syndrome:
current concepts, imaging features, and therapeutic strategies. Am J
Orthop 2015;44:376–382.
46. Divi V, Proctor MC, Axelrod DA, Greenfield AJ. Thoracic outlet
decompression for subclavian vein obstruction: experience in 71
patients. Arch Surg 2005;140:54–57.
47. Machleder HI. Evaluation of a new treatment strategy for PagetSchroetter syndrome: spontaneous thrombosis of the axillarysubclavian vein. J Vasc Surg 1993;17:305–315.
48. Meier GH, Pollak JS, Rosenblatt M, Dickey KW, Gusberg RJ. Initial
experience with venous stents in exertional axillary-subclavian vein
thrombosis. J Vasc Surg 1996;24:974–981.
49. Wilbourn AJ, Porter JM. Thoracic outlet syndromes. Spine: State of
the Art Reviews. 1988;2:597–626.
50. Kunkel JM, Machleder HI. Treatment of Paget-Schroetter syndrome:
a staged, multidisciplinary approach. Arch Surg 1989;124:1153–
1158.
51. Strange-Vognsen HH, Hauch O, Andersen J, et al. Resection of the
first rib, following deep arm vein thrombosis in patients with thoracic outlet syndrome. J Cardiovasc Surg (Torino) 1989;30:430–433.
52. Sanders RJ, Haug C. Subclavian vein obstruction and thoracic outlet
syndrome: a review of etiology and management. Ann Vasc Surg
1990;4:397–410.
53. Urschel HC Jr, Razzuk MA. Improved management of the PagetSchroetter syndrome secondary to thoracic outlet compression. Ann
Thorac Surg 1991;52:1217–1220.
54. Schneider DB, Dimuzio PJ, Martin ND, et al. Combination treatment of venous thoracic outlet syndrome: open surgical decompression and intraoperative angioplasty. J Vasc Surg 2005;40:599–603.
55. Guzzo JL, Chang K, Desmos J, Black JH, Freischlag JA. Preoperative
thrombolysis and venoplasty affords no benefit in patency following
first rib resection and scalenectomy for subacute and chronic subclavian vein thrombosis. J Vasc Surg 2010;52:658–662.
56. Kay SP, Eckardt JJ. Brachial plexus palsy secondary to clavicular
nonunion: case report and literature review. Clin Orthop 1986;206:
219–222.
57. Della Santa D, Naraka A, Bonnard C. Late lesions of the brachial
plexus after fracture of the clavicle. Ann Hand Surg 1991;10:531–
540.
58. Ellison DW, Wood VE. Trauma-related thoracic outlet syndrome.
J Hand Surg 1994;19:424–426.
59. Leffert RD, Seddon H. Infraclavicular brachial plexus lesions.
J Bone Joint Surg 1965;478:9–22.
60. Rumball KM, Dasilva VF, Preston DN, Carruthers CC. Brachial plexus injury after clavicular fracture: case report and literature review.
Can J Surg 1991;34:264–266.
61. Wilbourn AJ. Thoracic outlet syndromes. Neurol Clin 1999;17:477–
497.
62. Miller DS, Boswick JA. Lesions of the brachial plexus associated
with fractures of the clavicle. Clin Orthop 1969;64:144–149.
63. Ferrante MA. Brachial plexopathies: classification, causes, and consequence. Muscle Nerve 2004;30:547–568.
64. Ferrante MA, Wilbourn AJ. The utility of various sensory nerve conduction responses in assessing brachial plexopathies. Muscle Nerve
1995;18:879–889.
65. Synak VM. Diagnostic importance of somatosensory evoked potentials in the diagnosis of thoracic outlet syndrome. Clin Electroencephalogr 1986;17:112–116.
66. Roos DB. Congenital anomalies associated with thoracic outlet syndrome: anatomy, symptoms, diagnosis, and treatment. Am J Surg
1976;132:771–778.
67. Mulder DS, Greenwood FAH, Brooks CE. Posttraumatic thoracic
outlet syndrome. J Trauma 1973;13:706–715.

672

The Thoracic Outlet Syndromes, Part 2

68. Capistrant TD. Thoracic outlet syndrome in whiplash injury. Ann
Surg 1977;185:175–178.
69. Urschel JD, Hameed SM, Grewal RP. Neurogenic thoracic outlet
syndromes. Postgrad Med J 1994;70:785–789.
70. Sanders RJ, Haug CE. Thoracic outlet syndrome: a common sequela
of neck injuries. Philadelphia: Lippincott; 1991.
71. Kendall FP, McCreary EK. Muscle testing and function. Baltimore:
Williams & Wilkins; 1983.
72. Mackinnon SE, Novak CB. Evaluation of the patient with thoracic
outlet syndrome. Semin Thorac Cardiovasc Surg 1996;8:190–200.
73. Stanton PE, Nghia MV, Haley T, Shannon J, Evans J. Thoracic outlet
syndrome: a comprehensive evaluation. Am Surg 1988;54:129–133.
74. Sobey AV, Grewal RP, Hutchison KJ, Urschel JD. Investigation of
nonspecific neurogenic thoracic outlet syndrome. J Cardiovasc Surg
(Torino) 1993;34:343–345.
75. Leffert RD. Thoracic outlet syndrome. J Am Acad Orthop Surg
1994;2:317–325.
76. Leffert RD. Thoracic outlet syndromes. Hand Clin 1992;8:285–297.
77. Lascelles RG, Mohr PD, Neary D, Bloor K. The thoracic outlet syndrome. Brain 1972;100:601–612.
78. Roos DB. The place for scalenectomy and first rib resection in thoracic outlet syndrome. Surgery 1982;92:1077–1085.
79. Fechter JD, Kushner SH. The thoracic outlet syndrome. Orthopedics 1993;16:1243–1250.
80. Lederman RJ. Thoracic outlet syndromes: review of the controversies and a report of 17 instrumental musicians. Med Prob Perform
Art 1987;2:87–91.
81. Adson AW. Cervical ribs: symptoms, differential diagnosis and indications for section of the insertion of the scalenus anticus muscle.
J Int Coll Surg 1951;16:546–559.
82. Wright IS. The neurovascular syndrome produced by hyperabduction of the arms: the immediate changes produced in 150 normal
controls, and the effects on some persons of prolonged hyperabduction of the arms, as in sleeping, and in certain occupations. Am
Heart J 1945;29:1–19.
83. Roos DB. Transaxillary approach for the first rib resection to relieve
thoracic outlet syndrome. Ann Surg 1966;16;354–358.
84. Barsotti J, Chiaroni P. Syndrome de traverse thoraco-brachiale, diagnostic par le test de Roos. Presse Med 1984;13:1335.
85. Costigan DA, Wilbourn AJ. The elevated arm stress test: specificity in
the diagnosis of thoracic outlet syndrome, Neurology 1985;35:74–75.
86. Plewa MC, Delinger M. The false-positive rate of thoracic outlet syndrome shoulder maneuvers in normal subjects. Acad Emerg Med
1998;5:337–342.
87. Pang D, Wessel HB. Thoracic outlet syndrome. Neurosurgery 1988;
22:105–121.
88. Rayan GM, Jensen C. Thoracic outlet syndrome: provocative examination maneuvers in a typical population. J Shoulder Elbow Surg
1995;4:113–117.
89. Mackinnon SE, Patterson GA, Novak CB. Thoracic outlet syndrome:
a current overview. Semin Thorac Cardiovasc Surg 1996;8:176–182.
90. Urschel HC Jr, Razzuk MA. Neurovascular compression in the thoracic outlet syndrome: changing management over 50 years. Ann
Surg 1998;228:609–617.
91. Poole GV, Thomae KR. Thoracic outlet syndrome reconsidered. Am
Surgeon 1996;62:287–291.
92. French BG, Pollack JG, Gilmour DG. Thoracic outlet syndrome: a
case for routine preoperative neurophysiological testing. Letter.
Med J Aust 1991;154:295.
93. Franklin GM. Work-related neurogenic thoracic outlet syndrome.
Phys Med Rehabil Clin N Am 2015;26:551–561.
94. Urschel HC, Razzuk MA. Management of the thoraco-outlet syndrome. N Engl J Med 1972;286:1140–1143.
95. Ferrante MA. Brachial plexopathies. Continuum 2014;20:1323–1342.
96. Widerholt WC. Threshold and conduction velocity in isolated mixed
mammalian nerves. Neurology 1970;20:347–352.
97. Jebsen RH. Motor conduction velocities in the median and ulnar
nerves. Arch Phys Med Rehabil 1967;48:185–194.
98. Caldwell JW, Crane CR, Krusen EM. Nerve conduction studies in
the diagnosis of thoracic outlet syndrome. South Med J 1971;64:
210–212.
99. Urschel HC, Razzuk MA, Wood RE, Parekh M, Paulson DL. Objective diagnosis (ulnar motor nerve conduction velocity) and current
therapy of the thoracic outlet syndrome. Ann Thorac Surg 1971;12:
608–620.
100. Daube JR. Nerve conduction studies in the thoracic outlet syndrome. Neurology 1975;25:347.
101. London GW. Normal ulnar nerve conduction velocity across the
thoracic outlet: comparison of two measuring techniques. J Neurol
Neurosurg Psychiatry 1975;38:756–760.
102. Wilbourn AJ. Slowing across the thoracic outlet with thoracic outlet
syndrome: fact or fiction. Electrodiagnosis of plexopathies. Neurol
Clin 1985;3:511–529.
103. Cherington M. Ulnar conduction velocity in thoracic outlet syndrome. Letter. N Engl J Med 1976;294:1185.

MUSCLE & NERVE

October 2017

104. Di Benedetto M. Thoracic outlet slowing: a critical evaluation of
established criteria for the diagnosis of outlet syndrome by nerve
conduction studies. Electromyogr Clin Neurophysiol 1977;17:191–
204.
105. Wilbourn AJ, Lederman RJ. Evidence of conduction delay in thoracic outlet syndrome is challenged. Letter to the editor. N Engl J Med
1984;310:1052-1053.
106. Capistrano TD. Thoracic outlet syndrome in cervical strain injury.
Minn Med 1986;69:13–17.
107. Komanetsky RM, Novak CB, Mackinnon SE, et al. Somatosensory
evoked potentials fail to diagnose thoracic outlet syndrome. J Hand
Surg 1996;21:662–666.
108. Chodoroff G, Lee De, Honet JC. Dynamic approach in the diagnosis of thoracic outlet syndrome using somatosensory evoked potentials. Arch Phys Med Rehabil 1985;66:4–6.
109. Machleder HI, Moll F, Nuwver M, Jordon S. Somatosensory evoked
potentials in the assessment of thoracic outlet syndrome. J Vasc
Surg 1987;6:177–184.
110. Borg K, Persspm JE, Lindblom V. Thoracic outlet syndrome: diagnostic value of sensibility testing, vibratory thresholds and somatosensory evoked potentials at rest and during perturbation with
abduction and external rotation of the arm. In: Dubner R, Gebhart
GF, Bond MR, editors. Proceedings of the 5th World Congress on
Pain. Amsterdam: Elsevier; 1988. p 144–150.
111. Veilleux M, Stevens C, Campbell JK. Somatosensory evoked potentials: lack of value for diagnosis of thoracic outlet syndrome. Muscle
Nerve 1988;11:571–575.
112. Foley JM, Finlayson H, Travlos A. A review of thoracic outlet syndrome and the possible role of botulinum toxin in the treatment of
this syndrome. Toxins 2012;4:1223–1235.
113. Novak CB, Mackinnon SE, Patterson GA. Evaluation of patients with
thoracic outlet syndrome. J Hand Surg 1993;18A:292–299.
114. Brauan RM, Shah KN, Rechnic M, Doehr S, Woods N. Quantitative
assessment of scalene muscle block for the diagnosis of suspected
thoracic outlet syndrome. J Hand Surg Am 2015;40:2255–2261.
115. Sanders RJ. Results of the surgical treatment for thoracic outlet syndrome. Semin Thorac Cardiovasc Surg 1996;8:221–228.
116. Novak CB. Conservative management of thoracic outlet syndrome.
Semin Thorac Cardiovasc Surg 1996;8:201–207.
117. Cilerit DF, Haefner R, Nichols WK, Silver D. Transaxillary or supraclavicular decompression for the thoracic outlet syndrome. Am Surg
1989;55:347–352.
118. Bramwell E. Lesion of the first dorsal nerve root. Rev Neurol Psychiatry 1903;1:236–239.

The Thoracic Outlet Syndromes, Part 2

119. Adson AW, Coffey JR. Cervical rib: a method of anterior approach
for relief of symptoms by division of the scalenus anticus. Ann Surg
1927;85:839–857.
120. Adson AW. Surgical treatment for symptoms produced by cervical
ribs and the scalenus anticus muscle. Surg Gynecol Obstet 1947;85:
687–700.
121. Clagett OT. Presidential address: research and prosearch. J Thorac
Cardiovasc Surg 1962;44:153–166.
122. Luoma A, Nelems B. Thoracic outlet syndrome: thoracic surgery
perspective. Neurosurg Clin North Am 1991;2:187–226.
123. Mackinnon SE, Patterson GA. Supraclavicular first rib resection.
Semin Thorac Cardiovasc Surg 1996;8:208–213.
124. Urschel HC Jr. The transaxillary approach for treatment of thoracic
outlet syndromes. Semin Thorac Cardiovasc Surg 1996;8:214–220.
125. Quarvordt PG, Ehrenfeld WK, Stoney RJ. Supraclavicular radical scalenectomy and transaxillary first rib resection for the thoracic outlet
syndrome: a combined approach. Am J Surg 1984;148:111–116.
126. Sanders RJ, Pearce WH. The treatment of thoracic outlet syndrome:
a comparison of different methods. J Vasc Surg 1989;10:626–634.
127. Wood VE, Ellison DW. Results of upper plexus thoracic outlet syndrome operation. Ann Thorac Surg 1994;58:458–461.
128. Narakas A, Bonnard C, Egloff DV. The cervico-thoracic outlet compression syndrome: analysis of surgical treatment. Ann Surg Hand
1986;51:195–207.
129. Martin GT. First rib resection for the thoracic outlet syndrome. Br J
Surg 1993;7:35–38.
130. Franklin GM, Fulton-Kehoe D, Smith-Weller T. Outcome of surgery
for thoracic outlet syndrome in Washington workers compensation,
1986–1991. Neurology 1994;44:A280.
131. Cuypers PWM, Bollen ECM, van Houtte HP. Transaxillary first rib
resection for thoracic outlet syndrome. Acta Chir Belg 1995;95:119–
122.
132. Lindgren KA, Oksala I. Long-term outcome of surgery for thoracic
outlet syndrome. Am J Surg 1995;169:358–360.
133. Cherington M, Happer I, Machanic B, Parry L. Surgery for thoracic
outlet syndrome may be hazardous to your health. Muscle Nerve
1986;9:632–634.
134. Wilbourn AJ. Thoracic outlet syndrome surgery causing severe brachial plexopathy. Muscle Nerve 1988;11:66–74.
135. Melliere D, Becquemin JP, Etienne G, et al. Severe injuries resulting
from operations for thoracic outlet syndrome: can they be avoided?
J Cardiovasc Surg 1991;32:599–603.
136. Cheng SWK, Stoney RJ. Supraclavicular reoperation for neurogenic
thoracic outlet syndrome. J Vasc Surg 1994;19:565–572.

MUSCLE & NERVE

October 2017

673

