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Perhaps no condition treated by vascular surgeons has been
associated with more confusion, subjectivity, and nihilism
than neurogenic thoracic outlet syndrome (NTOS). Why is
this, a nerve compression syndrome, even treated by vascular
surgeons? How is it diagnosed, and what other conditions
mimic its symptoms? Who should undergo treatment, and
what exactly does treatment consist of? Is it a real entity or
simply just one end of a continuum that is probably just a part
of normal physiology?
The thoracic outlet is the area of the body at the base of the
neck and upper chest and shoulder region that contains the
nerves, artery, and vein as they pass from the upper extremity to the spine and thorax [see Figure 1]. Each of these three
structures can be compressed by abnormal anatomy in one of
several areas, which leads to neurogenic, arterial, and venous
thoracic outlet syndrome (TOS), respectively. It is likely that
some degree of compression can be created in patients without
demonstrable pathology, but when this compression causes
intrinsic damage to the structures and/or symptoms at rest or
during activities of daily living, TOS is diagnosed. Each structure can be compressed separately, and each has a characteristic pattern of anatomic pathophysiology. Venous thoracic
outlet syndrome (VTOS) is usually caused by compression of
the subclavian vein at the junction of the first rib and clavicle
anteriorly, whereas arterial thoracic outlet syndrome (ATOS)
is usually due to an abnormal first rib or a cervical rib or band.
NTOS, by contrast, although by far the most common form
of TOS, is least likely to be associated with defined or even
visible pathology.
The incidence of NTOS is surprisingly difficult to pin
down. Perhaps the best data we have come from a recent
analysis of National Inpatient Sample data.1 In the past
decade, approximately 2,500 first rib excisions were performed yearly in the United States.1 Other estimates range
between three and 80 per 100,000.2 Robert S. Thompson,
perhaps the busiest thoracic outlet surgeon in the United
States, reports as many as 150 rib excisions yearly (personal
communication, 2014), and in our clinic at the University of
South Florida, we see approximately 75 to 100 new patients
yearly. It has been suggested that NTOS accounts for 95% or
more of cases of TOS.3 It is a bit unclear where this number
came from; in most practices that pay attention to this diagnosis, the incidence of VTOS lies between 15 and 20% of patients
seen (Julie Freischlag, MD, Robert Thompson, MD, and Kaj
Johansen, MD, personal communication, and our experience).
In addition, many patients who present with a chief complaint
of NTOS do not end up having the syndrome, and many are
either successfully treated without surgery, are never disabled
enough to need it, or decide not to undergo thoracic outlet
decompression. A very approximate (and subjective) calculation using these figures yields a total incidence of about five
per 100,000 US residents per year. Of these, about 80% are
patients with NTOS, and perhaps one third to one half end
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up undergoing thoracic outlet decompression. Although
at least two high outliers exist (Denver and St. Louis, with
UCLA, Johns Hopkins, and several other practices also candidates), it is estimated that the 10 or 15 high-volume American
TOS centers perform between 30 and 50 first rib excisions
yearly, 75% or so for neurogenic symptoms.
Although several notable thoracic surgeons and neuro
surgeons have significant interest in NTOS, the vast majority
of these cases are treated by vascular surgeons. The reasons are
obscure, but almost certainly a large part of this arose from the
fact that “vascular” TOS —arterial and, more recently, venous
pathology—was the first form to be recognized, and vascular
surgeons initiated investigation and treatment of problems in
this area. When it was recognized that nerve compression, in
fact, was the most common problem here, vascular surgeons
began to treat this as well. Subsequent training pathways
perpetuated this practice, so vascular surgeons now have the
interesting mission of treating and decompressing the injured
brachial plexus.
Finally, NTOS remains relatively subjectively diagnosed.
Not only does this create confusion due to differing diagnostic criteria, but it also leads to varying outcomes and thus
inconsistent and incomparable data. A group of interested
providers, sparked in 2009 by a conference hosted in St. Louis
by Rob Thompson, has recently worked to resurrect interest in
NTOS and bring some order to the confusion. This has recently
culminated in two valuable publications: Thoracic Outlet
Syndrome, the first multiauthor comprehensive textbook on
this topic,4 and a Society for Vascular Surgery (SVS)-sponsored
reporting standards document.5 These works, among other
missions, attempt to standardize terminology, diagnostic
criteria, and reporting standards and thus ensure that all who
deal with this entity in a clinical or an academic fashion are
speaking the same language.
History
As briefly mentioned above, the first recognition that the
thoracic outlet could produce unique pathology occurred in
the 19th century. Sir James Paget described a case of “gouty
phlebitis” in 1875, and von Schroetter postulated in 1884
that this thrombotic tendency arose from damage to the
vein caused by stretching and muscular strain.6 It is a little
unclear when the understanding that the bony, tendinous,
and muscular costoclavicular junction was the direct cause of
this, but Paget-von Schroetter syndrome, named in 1949, has
been recognized for much more than a century. This is the
venous form of TOS.
An excellent and detailed history of primarily NTOS was
recently published by Machleder.7 The first case of what was
almost certainly ATOS was described in 1861.8 This was a
young woman with an ischemic left arm who had a cervical
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Figure 1 Anterior view of the right thoracic outlet. The scalene triangle is shown by the dotted lines on the first image; note that its base is the first
rib, obscured by the clavicle. On the right, note that the pectoralis minor muscle at its attachment to the coracoid process can act as a second site of
compression, especially with the arms elevated.
rib; this was successfully excised. The presence of a cervical
rib was initially felt to be the single unifying factor for the syndrome, and when this was diagnosed, patients presented with
what was probably some degree of overlap between neurogenic
and arterial symptoms. In 1912, it was reported that “symptoms
of cervical rib syndrome” could be reproduced by an apparently normal first rib and cured by removal. Relatively modern
descriptions were available in the early 20th century, and,
reflecting our understanding of the pathophysiology of this
diagnosis, the diagnosis gradually changed from “cervical rib
syndrome” to “scalenus anticus” or “scalene” syndrome. By
the 1950s, the term “thoracic outlet compression syndrome”
began to appear in the medical literature to refer to NTOS, and
this term, essentially, has been standard ever since.9
A variety of operations have been used to treat this problem. As guided by terminology in the recent pathophysiology
above, initial operations focused on removal of abnormal
bony structures, but when attention shifted to the neurologic
form of the syndrome, especially with apparently normal
anatomy, multiple procedures arose. After the early scalenectomy era, first rib resection began to be explored in 1960
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or so. Initial efforts focused on a posterior approach, led
primarily by thoracic surgeons, but in 1966, Roos publicized
the transaxillary approach to first rib resection,10 and this
very quickly became the most widely accepted approach.
Extensive further contributions followed, notably by Andrew
Dale, David Roos, Herbert Machleder, Richard Saunders, and
many others, although the syndrome remained inconsistently
diagnosed, described, and treated.
Although significant progress was made in treating
patients with VTOS in the 1980s, notably via the concepts
of thrombolysis and costoclavicular junction decompression, progress regarding NTOS in the late 20th century was
essentially limited to multiple case studies. In retrospect,
the problem was almost certainly inconsistency regarding
diagnosis and reporting of outcomes. Three things have happened to address this, however, within the past 5 years. First,
Thompson convened an international 3-day conference in
St. Louis designed to bring specialists from multiple fields
together and discuss the current status of NTOS. This was held
in 2009 and was perhaps most successful in beginning a dialogue between people who were otherwise widely separated.
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In conjunction with this was a “Delphi process,” conducted
primarily via email and conference calls, to try to identify,
by expert consensus, ways of making the diagnosis of the
syndrome more objective. Although this did not directly lead
to a change in policy, two further events did. The second major
event, which arose from the 2009 St. Louis conference, was
the creation of the first multiauthor, multichapter textbook on
TOS in general.4 This brought together virtually every author
interested in the subject and not only described neurogenic,
venous, and arterial TOS but also discussed controversies,
medicolegal issues, rehabilitation, and so on. Finally, arising
from all of these, the SVS commissioned a reporting standards
paper.5 This document has several objectives. First, recommended terminology is presented so that we can be sure we
are all describing the same thing in the same way. Second,
objective (or at least consistent) diagnostic criteria for NTOS
are presented, and third, objective and standardized components of the initial work-up, therapy, and follow-up are
described. For all three forms of TOS, data sheets are provided.
It is hoped that by speaking the same language, performing
the same evaluation, and using the same criteria, we can all
be diagnosing the same entity, and by describing our results
in a consistent fashion, we can accumulate a larger series and
therefore determine results in a more scientific manner.
Anatomy and Pathophysiology of the Thoracic Outlet
The thoracic outlet is somewhat ill-defined. Most empirically, it consists of the area from the base of the neck (essentially

at the point where the nerve roots exit from the foramina) to
the pectoralis minor (retropectoral space) [see Figure 1]. NTOS
is best thought of as compression of the brachial plexus, which
can occur at one of two locations: the scalene triangle (classic
or otherwise unspecified NTOS) and the retropectoral space
(neurogenic pectoralis minor syndrome [NPMS]). The plexus
can also be compressed by an abnormal bony growth arising
from the first rib or clavicle, but these are individual cases.
The scalene triangle, lying most medially in the outlet, is
composed of the anterior scalene muscle (anteriorly), first rib
(caudally), and “middle” scalene (scalene medius) muscle
(posteriorly) [see Figure 2]. This area has evolved to allow just
enough room for the structures that run within it (brachial
plexus and subclavian artery), and if anything occurs to
narrow the triangle, nerve compression is created. The most
widely accepted theory of why this area can be compressed
is that previous trauma injures the anterior scalene muscle,
which then partially remodels as scar tissue.11–14 This scarring
either compresses and irritates the nerves directly, causes narrowing of the triangle, or, as some believe, causes abnormal
elevation of the first rib.13 Alternatively, injury may cause
swelling and/or inflammation of the plexus itself, again creating a condition of relative compression, although this is
entirely conjectural.
The second common area of compression is at the point
where the pectoralis minor muscle passes over the plexus
(anatomically, the divisions and cords) to insert into the coracoid process of the scapula [see Figure 3]. Recognized only in
the past 10 or 15 years, this is termed NPMS and is considered

Figure 2 A close-up view of the scalene triangle, again on the patient’s right side. The triangle is bounded by the anterior scalene muscle, the first
rib, and the middle scalene muscle, and through it run the subclavian artery and brachial plexus.
Scientific American Vascular and Endovascular Surgery
07/16

neurogenic thoracic outlet syndrome — 4  

Figure 3 A view of the pectoralis minor muscle inserting into the coracoid process, creating the pectoralis minor space, again on the patient’s
right side. The costoclavicular space, also illustrated, is important in patients with venous thoracic outlet syndrome but is not felt to substantially
contribute to neurogenic problems.
a subset of NTOS. Our knowledge of pathophysiology in this
area is less well developed than at the scalene triangle, but it
is generally hypothesized that the underlying issues are the
same (trauma leading to scarring and compression) in most
patients. There does seem to be a subset of young athletic
patients with NPMS only, however, so perhaps muscle hypertrophy plays a role in this situation.
These theories carry obvious implications for both diagnosis
and treatment. Because nerve compression is felt by most to
be the cause of symptoms, anything that closes the scalene triangle should worsen symptoms. Indeed, most patients report
worsening with their arms overhead, and the elevated arm
stress test (EAST) is a primary diagnostic maneuver during
examination. Second, because nerve inflammation and/or
irritation are present (whether a cause or an effect), anything
that stretches the nerves should worsen symptoms. Again,
maneuvers that involve dangling (running or walking, driving, vacuuming) often worsen symptoms, and the upper limb
tension test (ULTT) should also worsen symptoms in this situation. Additionally, the nerves are tender in this area; palpation
at the scalene triangle and/or pectoralis minor insertion sites
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causes local pain (and often distal symptoms) in patients with
NTOS and NPMS, respectively. This local irritation, as well,
often produces a fair amount of referred pain, characteristically in the chest wall, axilla, and neck, whereas the resulting
muscle tension and/or compensatory contraction produce
trapezius, neck, and occipital discomfort.
The implications for treatment are less clear or consistent.
If the scalene triangle is simply too tight relative to the nerves,
decompression of any part of it should be effective. Trans
axillary first rib resection partially decompresses the triangle
by removing part (or all) of the rib but only small parts of the
anterior and middle scalene muscles.10 Supra- or paraclavicular
rib resection allows much more thorough scalenectomy, along
with removal of the investing muscle and connective tissues
surrounding the plexus.15,16 No differences have been documented between these different approaches, but it must again
be stressed that outcomes’ documentation and reporting
are very inconsistent, and the small numbers of patients compared do not allow type II errors to be excluded. Finally, some
believe that the problem lies entirely with the anterior scalene
muscle. Although scalenectomy, the original treatment for
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NTOS, fell out of favor years ago,17 some now again believe
that in properly selected cases, removal of this muscle alone,
perhaps by allowing the first rib to assume its “normal” position, is adequate for cure.18,19 Patients with isolated NPMS
(characteristic distal symptoms, significant tenderness over
the pectoralis minor insertion site) do extremely well with
division and/or resection of this muscle alone.
Evaluation and Diagnosis
evaluation
Until quite recently, there have been no guidelines for
evaluation, diagnosis, or even terminology. In addition to
leading to confusion, this has created a situation where we
cannot codify outcomes because we cannot agree on definitions. Both Thoracic Outlet Syndrome4 and the SVS’s consensus committee’s reporting standards document,5 which both
include thoracic surgeons and neurologists, emphasize terminology to ensure that we are all discussing the same entities.
At this point, although there are no absolute requirements, it
is recommended that for the diagnosis of NTOS to be made,
three of the four following primary findings should be present5:
1.	A history of appropriate symptoms, locally and distally:
a. Both at and near the site of compression (usually pain,
often involving the neck, back, chest, shoulder, or axillary region) and arising from the nerve(s) compromised
(usually numbness, paresthesias, and varying degrees
of weakness in the arm and hand)
b. These symptoms should be worsened with maneuvers
or activities that either close off the scalene triangle
(placing the arms over the head) or stretch the brachial
plexus (dangling, driving, jogging)

2.	A characteristic physical examination, with findings both
locally and distally:
a. Showing tenderness at the area of compression—the
scalene triangle and/or pectoralis minor insertion
site—which often reproduces the extremity symptoms
b. These symptoms can often be worsened by
maneuvers that either narrow the scalene triangle
(EAST [see Figure 4]) or stretch the brachial plexus
(ULTT [see Figure 5])
3.	Absence of other diagnoses that could reasonably explain
the symptoms
4. When performed, a positive response to a scalene test
injection
Finally, although not considered to be required for
diagnosis, such symptoms should have been present for least
6 months and be present most of the time and/or truly interfere with the patient’s life. A history of trauma can usually
(but not always) be elicited. A chest radiograph should be
obtained in all cases; if a cervical rib or elongated C7 transverse process is present, the diagnosis is much more likely.20
An appropriate history of symptoms would seem to be
the most obvious clue that NTOS should be considered, but
it is amazing how often such symptoms can be missed or mis
interpreted, often leading to years before the diagnosis is made.
Chest wall pain, especially with exertion, is common, and if
the left arm is affected, a cardiac source may be suspected.
Patients with predominantly neck pain and headaches may be
labeled as having atypical migraines or tension headaches, and
even patients with predominantly extremity symptoms can be
diagnosed with cervical disk disease. A tipoff, especially for
the provider who does not see much of this, is that symptoms
are worse with arms overhead. It is also remarkable how often
patients cannot use the arm for driving unless they prop it up

Figure 4 The elevated arm stress test (EAST). What is probably most important is elevation and backward rotation of the arms at the shoulders;
most clinicians add repetitive hand flexion, but this may not be necessary. The time to first symptoms (and what they are), along with the maximal
duration until the patient is forced to quit (up to 3 minutes), should be recorded.
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Figure 5 The upper limb tension test (ULTT), shown as performed on the patient’s left side (a). Several variations of this are reported in the
literature. In our experience, the maneuvers shown are simple and reproducible and seem to reliably induce symptoms in patients who ultimately
respond well to proper therapy. (b) The position that seems to correlate with neurogenic thoracic outlet syndrome. (c) The cubital tunnel syndrome
may be present.
on the armrest. Finally, as no objective findings can usually be
elicited, a patient with chronic, undiagnosed symptoms may
be suspected of either malingering or of having a psychological disorder. Unfortunately, once made, such presumptive
diagnoses often linger in the record.21
Conversely, once the diagnosis is considered, the physical
examination should be straightforward. A first clue is the
“silent arm” syndrome: while the patient is talking about his
or her problems, the unaffected arm is gesturing while the
affected arm lies almost paralyzed in the lap. The baseline
neurologic examination is usually normal, although in some
patients with long-standing problems, muscle atrophy can be
identified (Gilliatt-Sumner hand22). The most reliable physical
finding is marked tenderness with palpation at the base of the
neck (NTOS) and/or at the pectoralis minor insertion site below
the clavicle (NPMS). This is usually accompanied by reproduction of symptoms or an “electric feeling” down the arm and
is perceived by the patient as extremely uncomfortable, usually leading to involuntary withdrawal. Most impressive is a
“bilateral response”: the patient shakes his or her affected arm
and punches the examiner with the other arm.
Perhaps no other diagnosis, by contrast, has led to more
“maneuvers” designed to test for its presence. Most of these
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ultimately assess whether the radial pulse can be obliterated
by stress maneuvers. Although they may work, ultimately,
obliteration of blood flow does not mean that NTOS is present.
Although obliteration of the artery probably correlates
loosely with NTOS, this finding is estimated to be present
in approximately half of the world’s population23 and hence
cannot be used as a test for NTOS. The SVS consensus committee has agreed that only two tests are useful: the EAST
[see Figure 4] and the ULTT [see Figure 5]. The EAST closes
off the scalene triangle, theoretically reproducing symptoms
if due to pathology at this location. The test is traditionally
done by opening and closing the hands, but, again, this part
of the maneuver seems to be left over from the days when
blood flow was thought to be part of the pathophysiology
and is probably not required. The test should be continued
for up to 3 minutes, and the time until first symptoms occur,
the symptoms elicited, and the maximal time until the patient
has to stop should be recorded. The ULTT as defined by
the consensus committee is designed to stretch the brachial
plexus, but the original description of this varies somewhat.24
It may be that simple downward pressure on the arm while
dangling is just as good, but this has not been investigated.
Finally, it should be noted that a characteristic situation in
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a patient with a strongly positive examination is significant
distress and a “shaking out” of symptoms in the hand after
these three tests (palpation, EAST, and ULTT) have been
done, often leading to a few minutes’ break before further
discussion can be carried out.
The third item that should be present is absence of other
diagnoses that could reasonably account for the symptoms.
Most common is cervical spine disease, but shoulder
pathology, carpal or cubital tunnel syndrome, brachial plexus
neuritis,25 or even complex regional pain syndrome can be
confused with NTOS. This requirement does not mean that
every possible diagnosis has to be “ruled out,” however. Certainly, the Spurling test (downward pressure on the vertex
with the head extended) should be done to screen for disk
disease, and Tinel’s sign should be sought for at the carpal or
cubital tunnel, but the degree of work-up needed should be
tailored to the clinical situation. The opposite of this concept,
evaluation for a cervical rib, is fast, cheap, and safe by means
of an anteroposterior chest radiograph, and this test should be
obtained as it will make the diagnosis virtually certain.
preliminary diagnosis
So far, we have discussed only three of the four diagnostic
factors. The fourth, a positive response to a scalene test
injection, may not have to be obtained in all patients. If all
three factors above are strongly positive, we prefer to make
a putative diagnosis at this point to guide further work-up.
The patient is assigned a position on a scale, as follows
[see Figure 6a]. First, the surgeon determines the level of
suspicion that NTOS is present on the x-axis, as low, medium,
or high. Second, the patient determines the degree of severity
of the syndrome on the y-axis, also as low, medium, or high.
Several categories are now present. If suspicion is low, no
matter how severe, other sources for the symptoms should
be sought [see Figure 6b]. If suspicion is high but severity is
low or probably medium, conservative therapy (discussed
below) should be recommended [see Figure 6c]. If suspicion is
high and severity is high, a strong argument can be made to
take the patient directly to the operating room [see Figure 6d].
If suspicion is moderate, however, a scalene block is the next
step [see Figure 6e]. It should be stressed that this algorithm
is subjective and not supported by objective data (and thus
should not be considered standard care for legal purposes).
Some clinicians, by contrast, recommend scalene block for all
patients, before this step.
scalene block
The concept of scalene blocks for diagnosis was originally
described by both Jordan and Machleder at UCLA26 and
Sanders and colleagues in private practice, Denver.27 Although
techniques differ, a positive block has been reported to be
associated with success after surgery in over 90% of cases.26
Jordan and Machleder (and others) feel strongly that a proper
block requires imaging, electromyographic monitoring, and
even patient and physician blinding,26 whereas Sanders and
colleagues (and others) feel that equally good results can be
achieved by simply injecting lidocaine in the office based on
landmarks and palpation.14,27 A more fundamental question
is, however, how this test works. If the pathophysiology
is indeed fixed compression of the plexus due to scarring

(with or without elevation of the rib), lidocaine alone should
not have an immediate effect (which it does). This effect, as
yet poorly explored, has interesting implications for research
on the pathophysiology of this syndrome.
other considerations
Although not considered primarily required, several
other considerations are present. As discussed above, a chest
radiograph should be obtained to look at the C7 region. Most
cervical ribs are small and do not extend to the first rib, but
some do. Attention should be directed to the C7 transverse
processes; if enlarged, suspicion is higher for a band extending
to the first rib [see Figure 7]. The orientation of the first rib has
been felt by some to correlate with NTOS; an abnormal rib is
“J shaped” or more vertically oriented than usual [see Figure 8].19
Others, however, believe that this may simply reflect posture
and/or radiographic technique. In addition, the duration of
symptoms is critical. NTOS is not an acute problem, but it
reflects chronic injury. The first author, Illig, recently evaluated a professional athlete with classic signs and symptoms
of NTOS who had classic point tenderness over the pectoralis
minor insertion site. The symptoms, however, had arisen from
batting practice 2 weeks previously, and the patient had absolutely no symptoms prior to this. He subsequently recovered
within a few weeks with conservative therapy; our best guess
was that he pulled or tore his pectoralis minor muscle (but it
will be very interesting if he develops NPMS in the future).
unhelpful tests
Nerve conduction studies are very commonly obtained at
some point during work-up but are almost always negative.
The reasons for this are unclear, but perhaps the electrodes
cannot be placed centrally enough to allow interrogation of the
area of injury. Cross-sectional imaging (computed tomography
and magnetic resonance imaging) have both been explored,
and some think they can identify “thoracic outlet syndrome”
using these tests. Correlation with outcomes, however, has
never been made. At present, these tests are not judged useful
enough to be recommended for routine work-up.
final diagnosis
As discussed at the beginning of this section, three of the
four criteria are required for diagnosis. If the history and
examination are strongly positive and no other alternatives are
suggested, many will make the diagnosis at this point. Others
will ask all patients to undergo block, and all patients with a
nonclassic history or examination (or potential other diagnosis
despite an appropriate history and physical examination)
should undergo diagnostic block [see Figure 9]. Once all
work-up is complete, the patient’s situation should be plotted
on the scale of suspicion and severity [see Figure 6] as discussed
above, and a plan should be made for subsequent treatment.
Treatment
As discussed above, if suspicion that NTOS is present is
low, severity is irrelevant. A search should be undertaken for
alternative diagnoses [see Figure 6a]. Scalene block can be considered, especially if the practitioner does not see much of this
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Figure 6 A useful graphic instrument or classification and treatment recommendations. (a) The basic scale. On the x-axis, the clinician reports
his or her level of suspicion as low, intermediate, or high. On the y-axis, the patient describes his or her pain and disability as low, intermediate,
or high. One of the nine boxes is thus selected. (b) If the clinician’s suspicion is low, other causes of the symptoms are explored, no matter how
severe. (c) If the severity is low, conservative treatment such as physical therapy (PT) is probably the best option. If the clinician has a high
suspicion that neurogenic thoracic outlet syndrome (NTOS) is present and the patient is more significantly affected, surgery (operating room [OR])
could be considered, although PT may still be the best first option. (d) If the clinician’s suspicion is very high that NTOS exists and the patient is very
severely affected, a strong argument can be made to take the patient directly to the OR. (e) Finally, diagnostic scalene block is most useful in patients
with intermediate suspicion and relatively significant symptomatology. It should be noted that some clinicians and investigators perform scalene
injection on all patients.
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syndrome, but usually the patient should be referred back to
the primary care team (or orthopedist) for further work-up.
Especially if symptoms are of short duration, patients may
later “declare themselves”; we stress to each patient that
reevaluation is encouraged (although few such patients come
back and/or end up with NTOS).
Alternatively, if suspicion is high, further diagnostic
maneuvers are not needed. If severity is low or perhaps
medium, conservative therapy should be prescribed, whereas
if severity is high (high suspicion, high severity), surgery can
be recommended. Finally, if suspicion is medium, scalene
block should be carried out to clarify this issue, or if already
done (and thus suspicion remains moderate despite all possible evaluation), the default treatment should be conservative
[see Figure 6].
conservative therapy
Conservative therapy is basically physical therapy.
Unfortunately, little has been done scientifically to explore this
technique. Those who have written about this topic have not
pursued scientific evaluation, and therapy is individualized28
and the quality varies according to the interest of the practitioner. Having said this, some therapists are extremely effective, but this has to be determined empirically. One interesting
theory is the degree to which inflammation of the nerves themselves plays a role in the diagnosis. If this is a major contribution, presumably relieving stretch on the nerves could help.
We have treated a very small subset of patients with a sling and
have not seen dramatic improvement, but this is a concept that
deserves further study. Conservative therapy should include
effective (but not excessive) pain control, muscle relaxation,
continued use of the arm (notwithstanding the comment on use
of slings above), and significant psychological encouragement.
surgical therapy
Figure 7 Radiograph of the anterior cervical spine. Arrows on both
sides refer to elongated transverse C7 vertebral processes rather than
true cervical ribs, based on the lack of articulation with the spine.
Reproduced from Illig KA et al with kind permission from Springer
Science + Business Media.4

With rare exceptions, this is the only therapeutic option that
has been shown to be effective in the treatment of NTOS. In the
past, surgery was reserved only for patients who had failed
physical therapy, and some groups reserved it only for those

Figure 8 Chest radiographs illustrating first ribs that may be contributory neurogenic compression. (a) Vertical ribs on both sides that rest against
the lower trunk of the brachial plexus, which are felt by some to contribute to compression. (b) More horizontally oriented ribs that lie free of the
brachial plexus and are felt by some not to contribute to compression. Reproduced with permission from Sanders RJ.42
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Figure 9 An algorithm for work-up of patients with potential neurogenic thoracic outlet syndrome. 
EAST = elevated arm stress test; FRR = first rib resection; PT = physical therapy; ULTT = upper limb tension test.
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who had developed objective muscle weakness and atrophy
(Gilliatt-Sumner hand; “true” NTOS). Modern diagnostic and
surgical techniques have, however, dramatically improved
outcomes, and most high-volume TOS surgeons operate on
selected patients who have not had physical therapy (e.g.,
patients with high suspicion and high severity [see Figure 6]
or those with appropriate symptoms and a clearly positive
scalene test injection).
The technique of operation has evolved considerably over
the past 70 years and essentially depends on the surgeons’
belief with regard to the pathophysiology of the syndrome.
In conjunction with the original descriptive term “anterior
scalene syndrome,” this was originally most commonly
treated by means of removal of the anterior scalene muscle
only. It is believed by some that the major role of the anterior scalene is to elevate the rib; thus, several groups do not
believe that the rib must be removed in all cases.18,19,27 The
anterior scalene is clearly a critical structure, as shown by
the ability to relieve symptoms by means of local anesthetic
injected into this structure, but a response rate of only 91%29
suggests that there is more to the syndrome than a problem
with this structure alone. Most surgeons believe that the
underlying problem is a scalene triangle that is too narrow
for the nerves (and artery) within—a sort of “compartment
syndrome” of the scalene triangle. It thus follows that the
triangle must be decompressed. Although anterior scalenectomy alone in theory will do this, there are too many patients
in whom the plexus is tented up over the rib and middle
scalene, even when the anterior scalene has been removed, to
make this a universal option.
In summary, most believe that the problem is primarily
due to the first rib, or at least that it should be removed in most
cases. In addition, it is believed that removal of the middle
and/or posterior portions of the rib is particularly important

in relieving neurogenic compression. Although posterior
approaches have been described, historically, the most common approach has been transaxillary first rib resection.10
Very detailed descriptions of this approach are available in
several specialty reviews, but, briefly, this is performed with
the patient in the lateral decubitus position with the affected
arm held by an assistant, a specialty retractor (Machleder), or
an orthopedic apparatus [see Figure 10]. The rib is approached
by dissecting along the chest wall. It is critical to visualize the
attachment of the anterior scalene muscle between the subclavian artery and vein to avoid removing the second rib by
mistake [see Figure 11]. As much of the anterior scalene muscle
as possible should be removed. Care is taken to avoid injury
to the phrenic nerve on the anterior surface of the muscle. The
anterior portion of the rib can be nicely visualized (making
this a good option for certain patients with VTOS), but it takes
some effort to expose and remove the rib all the way back to
the spine. This operation has the reputation for being technically difficult, but good retraction, a headlamp, and experience
improve the surgeon’s ability to safely decompress the
thoracic outlet significantly.
The transaxillary approach has several drawbacks,
including inability to remove most of the anterior scalene
muscle, difficulty removing the posterior portion of the rib,
inability to perform vascular reconstruction if needed (or if a
problem is created), and inability to clear investing tissue from
the brachial plexus. In response to these issues, over the past
decade, the supraclavicular and paraclavicular approaches
have gained significant popularity.15,16 The supraclavicular
approach allows full scalenectomy with excellent visualization of the phrenic and long thoracic nerves, removal of the
mid- to posterior portion of the rib to the articular cartilage
of the spine, and, importantly, full neurolysis [see Figure 12].
Some surgeons believe that the fibrotic and muscular investing

Figure 10 Two methods of arm elevation for transaxillary first rib resection. (a) The Machleder arm support, used with generous padding (right
arm shown). Reproduced from Arnaoutakis GJ and Reifsnyder T with kind permission from Springer Science + Business Media.43 (b) The authors’
technique for arm elevation (right arm shown).
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tissue contributes to the pathophysiology of this syndrome, and
although no proof of this is available, many believe that essentially skeletonizing the plexus will improve outcomes (and/
or perhaps decrease recurrence). It is difficult to remove the
anterior third of the rib from a supraclavicular approach,
and some add an infraclavicular incision to accomplish this
[see Figure 13]. This paraclavicular approach allows all the

advantages of supraclavicular brachial plexus exploration
with total rib excision, but proof that this offers any advantage
over any other approach is lacking.
Finally, treatment of NPMS is quite straightforward.
Diagnosed by appropriate symptoms combined with point tenderness (ideally reproducing distal symptoms) at the pectoralis
minor insertion site below the lateral third of the clavicle, NPMS

Figure 11 Steps for transaxillary excision (left arm shown). The left side of each picture is anterior. (a) The first rib is identified and cleaned.
Absolutely critical is visualization of the anterior scalene muscle passing between the subclavian artery and vein, which definitively identifies the first
rib. (b) The subclavius muscle (not labeled) is resected and ideally removed from the undersurface of the clavicle, freeing up the subclavian vein. The
anterior scalene muscle is isolated and divided as high as possible. (c) The first rib is divided as anteriorly as possible and well posterior to the brachial
plexus and artery. It is our practice to use a rongeur to resect the rib essentially flush with the sternum, although this is most critical when dealing with
venous thoracic outlet syndrome. (d) The final view showing parietal pleura at the apex of the lung and the decompressed thoracic outlet.
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is very nicely treated by excision of 3 to 4 cm of muscle from the
coracoid process caudally. This is performed using a 3 to 4 cm
incision in the deltopectoral groove [see Figure 14].
Rib resection is painful. Multiple strategies have been proposed, although, again, there are virtually no published data.
Some groups use an implantable pain pump, although this has
the side effect of producing some degree of brachial plexus
block (and relief is only temporary, while in the hospital). Our
group currently uses patient-controlled narcotic analgesia
(PCA) combined with a benzodiazepine and nonsteroidal

antiinflammatory medication for the first 24 to 36 hours,
transitioning the PCA to oral narcotics for discharge and continuing the other two medications for 2 to 3 weeks. Using this
protocol, median postoperative length of stay is 2 days, and
patients are comfortable and ready to start aggressive physical
therapy at their 3-week postoperative visit.
Postoperative recovery very critically depends on
proper physical therapy. It is our practice to rely on simple
range-of-motion exercises (taught in the hospital) for the
first 3 to 4 weeks. At this time, if no complications have

Figure 12

Steps for supraclavicular excision (right arm shown). (a) After the phrenic nerve has been identified and protected, the anterior scalene
muscle is resected as close to the rib as possible and as close to the spine as possible, ideally removing essentially all the muscle. (b) After resection of
fibrotic, muscular, and scar tissue surrounding the brachial plexus (we perform this step at the end of the procedure), the middle scalene is identified
behind the brachial plexus. (c) The middle scalene is then divided from the first rib, being careful to preserve the long thoracic nerve (not shown),
which exits the body of the muscle laterally. Excision of this muscle is performed by moving the brachial plexus both medially and laterally (shown).
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Figure 13 Steps for paraclavicular incision (right arm shown). (a) Supraclavicular exposure is obtained as per the previous figure. A second incision
is made below the clavicle, and the fibers of the pectoralis major are split. (b) With downward pressure on the divided rib via the supraclavicular incision, the first rib is identified, the costoclavicular ligament between the clavicle and first rib is divided, and the rib is divided close to the manubrium.
(c) The rib is removed from the field, incidentally exposing the vein quite nicely. (d) Scar tissue can be removed from around the vein, making this an
excellent approach for venous thoracic outlet syndrome.
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Figure 14 Steps for pectoralis minor release/resection (right arm shown). (a) A vertical incision is made in the deltopectoral crease. The pectoralis
major and deltoid muscles are separated, incidentally exposing the cephalic vein. (b) After division of a deep layer of fascia, the pectoralis minor
muscle is identified. This should be easily identified by its direction; palpation of its insertion on the coracoid process is recommended. Note that
the short head of the biceps muscle can be confused for the pectoralis minor. (c) The pectoralis minor is divided as close as possible to the coracoid
process. (d) It is our practice to resect 3 or 4 cm of muscle as well to reduce the risk of reattachment.
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arisen, the patient is referred to outpatient physical therapy
(or an athletic trainer for college or professional athletes) for
the next 3 months. As with preoperative physical therapy,
success is highly dependent on the motivation and interest
of the therapist and furthermore must be focused on range
of motion rather than on strength as most physical therapists
are prone to prescribing. Very little objective science exists,
but any high-volume practice will very quickly identify
specific therapists whose results are markedly better than
others’, and directing patients there will be of immense value.
Special Groups
pediatric patients
Patients between puberty and (relatively arbitrarily)
age 18 with NTOS are intimidating to the TOS surgeon. It is
well documented, however, that these patients do extremely
well.30–33 The reasons for this are unproven, but most believe
that this is due to a “clean” diagnostic slate, the relative
absence of secondary gain factors, perhaps improved healing,
better pain tolerance, and the ability to rehabilitate as part of
their daily activities. In addition to the references above, anecdotal examples of remarkable results exist in any busy TOS
practice, and these patients are a joy to treat.
professional athletes, doctors
These are another group of patients who create anxiety
among TOS surgeons, but, again, these patients tend to do very
well. They are highly motivated to get better (and thus have
fewer secondary gain issues), have access to superb rehabilitation options, and are healthy to begin with. The stakes are
larger, obviously, and consultation with highly experienced
TOS surgeons and/or second opinions are recommended in
proper circumstances. However, if guidelines are followed
and proper surgery is performed, these patients can return
to the highest level of function.34 In our experience, after
operation, patients have returned to Division I All-American
status in skiing, Division II in national champion swimming,
major league baseball pitching, and conducting colorectal and
orthopedic surgeries.
intermittent symptoms
A small subset of high-performance athletes have no
symptoms whatsoever at rest but significant symptoms with
exertion. In most cases, the patients can be advised to alter
their lifestyles, but in some cases, this is not possible. We are
aware of three such cases—two treated in Tampa, Florida, and
all illustrative (one courtesy of Robert Thompson, MD, personal communication, 2015). In two cases, professional baseball pitchers’ arms failed after several innings, and in the third
case, a junior tennis player with scholarship and Olympic
aspirations was unable to play. In two cases, scalene blocks
were performed, with the patient instructed to set up realistic
athletic stress immediately (minutes to hours) after injection.
In both cases, the patients were able to resume the activity
without pain and responded well to thoracic outlet decompression. The third patient underwent decompression without
provocative testing but has not returned to his premorbid
throwing speed (team trainer, personal communication). These
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patients illustrate the rare instance where NTOS symptoms are
not present during normal activities but qualify for treatment
nonetheless and suggest that excellent results can be obtained.
recurrent ntos
This is, unfortunately, not an uncommon event, being estimated to arise in 3 to 15% of patients.35,36 Again, few objective
data exist. In our experience, the best chance of a good result
after redo surgery is present if the patient had an initially
good result and then regressed, if an incomplete rib resection was done (e.g., the original operation performed by an
inexperienced surgeon), and if the recurrent symptoms were
exactly similar to the original symptoms. By contrast, poor
results can be expected if the patient never improved after the
first operation, has significant secondary gain issues, or was
originally operated on by an expert NTOS surgeon.37,38 A special case is a patient who has had a good short-term result but
experiences a traumatic injury, often a traction event, to the
arm within the first year. We have treated four such patients,
all with very poor long-term results (two pulled by large dogs
lunging against a leash held in the affected hand). It is postulated that a significant stretch injury during a period of time
when scar tissue is forming can create avulsion injuries as an
unfixed portion of the nerve is pulled against a fixed portion.
Results
As described above, trying to determine the best treatment
for NTOS is fundamentally difficult as we have done a poor
job of defining the syndrome in a way that all can agree on
and identifying outcome measures that we all believe reflect
success. However, a few broad results and concepts can be
presented for consideration.
First, in most settings, it is difficult to show significant
benefit from physical therapy in severe cases. As described
here [see Figure 6], if severity is low to moderate and suspicion
is moderate to high, physical therapy is often the first step.
It is our experience that although some people report
improvement and some certainly worsen, the majority do not
change very much one way or the other. This is gratifying,
in that we are not generally hurting patients, but it certainly
does not reflect a breakthrough in therapy. It is our opinion,
again, that more scientific rigor needs to be applied toward
the physical therapy side of things.
Although in the past physical therapy was considered
mandatory prior to surgery, many TOS specialists will
recommend early surgery to a patient with high suspicion
and high severity [see Figure 6]. In this situation, treated by
an experienced TOS surgeon, good or excellent results can be
achieved in 90% or more of patients.10,15,18,27,29,38,39 Significantly,
multiple factors have been identified that tend to improve or
worsen outcome.40 Although a history of previous trauma is
considered common in patients with NTOS, relatively acute
repetitive stress trauma worsens prognosis. Litigation or
Workers’ Compensation claims probably worsen outcome, as
does a longer duration of symptoms prior to correction. Two
factors significantly improve outcome: a positive response
to diagnostic scalene block26 and young age.30–33 Pediatric
patients, in our experience and others’, do extraordinarily
well, with a success rate following surgery of nearly 100%.
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This has been attributed to a lack of secondary gain, good
preexisting physical reserve, short duration of symptoms, and
probably better support systems as most of these patients are
athletes or at least have attentive parents.
Rochlin and colleagues have published patterns of improvement after surgery for NTOS [see Figure 15].41 Two things are
apparent from these figures. First is that there is extremely
wide scatter as to how patients perceive their progress.
Second, and very importantly, is the fact that patients continue to improve up to at least 2 years after surgery. This is
absolutely critical when dealing with these patients in the
postoperative period. No matter how well patients are doing,
they can be advised that continued improvement can be
expected at least out to 2 years.
SVS Reporting Standards
As discussed above, the SVS (with a panel that includes
thoracic surgeons and neurologists) has created a reporting
standards document.5 This document has four main goals.
First is creating a consistent vocabulary for all to use, second
is proposing a diagnostic scheme for NTOS that is as objective
as possible, and third is the provision of suggested items necessary for diagnosis, description of therapy, and description

of outcomes. Given these three factors, the fourth goal is to
provide a series of data sheets that can be used at all steps in
the care of these patients. The ultimate goal is, of course, to
attempt to get all caring for these patients to speak the same
language, describe the same things, and collect the same data.
The data will therefore be reliable and interchangeable, and
by so combining experience, we can improve our predictive
value of the data we collect. We hope that these data will then
be used finally to put this entity on a sound scientific footing.
Summary and Conclusions
NTOS can be thought of as a problem relating to compression of the brachial plexus, either the scalene triangle or the
retropectoral space. Our concept of pathophysiology remains
surprisingly poor; it is not known whether this is mechanical
compression, irritation by an abnormal anterior scalene, or
abnormal position of the rib, or perhaps even inflammation of
the plexus itself. In addition, our knowledge of therapy remains
quite poor, primarily because both the diagnosis and reporting
of outcomes remain subjective and poorly standardized.
In general, three of the four criteria are required for
diagnosis: an appropriate history, with both local and
peripheral symptoms, worsening with the arm elevated and
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Figure 15 Graphs demonstrating quality of life for postsurgical neurogenic thoracic outlet syndrome (TOS) patients (top), with their (a) physical
component scores (PCSs) and (b) mental component scores (MCSs). Comparisons were made to venous TOS patients (bottom) with their (c) PCSs and
(d) MCSs. Note that although scatter is wide, improvement seems to continue for at least 24 months. Adapted from Chang DC et al.44
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dangling; an appropriate physical examination, with point
tenderness at the scalene triangle and/or pectoralis minor
insertion site that, ideally, reproduces distal symptoms and
worsening with arms elevated and brachial plexus stretching;
exclusion of other reasonable diagnoses; and response to a
diagnostic scalene block. If the history and physical examination are classic and no other alternatives are apparent, a block
may not be necessary, but if either the history or the physical
examination is atypical or other factors are present, diagnostic
block is the ideal next step. Based on this, the patient should
be classified [see Figure 6]. Physical therapy is the first step
for patients with low to moderate severity, whereas patients
with high severity of high suspicion may be taken directly to
the operating room. Using this algorithm, excellent results can
be anticipated in up to 90% of patients. Athletes and young
patients can be expected to have especially good outcomes.
NTOS has long been an orphan diagnosis. As anyone
interested in the subject can attest, it is very real, patients suffer significantly, and proper therapy can return patients to
an excellent quality of life. Much of the confusion and lack
of progress in this area stem from the lack of objectivity in
all phases of diagnosis and care. It is hoped that the renewed
effort in this area, including availability of a standardized
text and publication of consistent (if not perfectly objective)
reporting standards, will be the first step toward correcting
this problem and improving our understanding of and ability
to care for patients with this syndrome.
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