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“classic” teaching is that approximately 85% of patients
present with NTOS, 10% to 15% with VTOS, and only
a few with true ATOS, but many physicians who focus
on TOS have described a much higher rate of venous
disease. In our practice the rate seems to be closer to 75%
NTOS and 20% VTOS, but as only half of the former
and nearly all of the latter are operated on, indications
for operation are only 2:1 in favor of NTOS (unpublished data); as described below, the technical aspects of
the operations differ, so this is highly relevant. Finally, a
very high majority of patients with NTOS have physical
exam or duplex findings suggestive of significant arterial
occlusion with stress maneuvers. While this is not, in and
of itself, enough to diagnose arterial TOS, the incidence
does seem higher than that of the general population.
The correlation between NTOS and VTOS also seems
to be higher than chance, which is a bit puzzling given
their different anatomic correlates, although possibly a
generally constricted thoracic outlet and/or unusually
hypertrophic anterior scalene muscle might explain this
correlation.

Thoracic outlet syndrome (TOS) is a term describing
one or more patterns of symptoms as a result of compression of the neurovascular bundle at the thoracic outlet. Unfortunately, numerous classifications and descriptions of the problem have existed since its recognition as
an entity, which has confused both our understanding
of the issue and our ability to investigate this process
scientifically for decades.

general ConSiderationS
The best way to describe TOS is to fairly strictly divide it
into its three forms, recognizing that overlap may exist.
Neurogenic TOS (NTOS) is present when the brachial
plexus is compressed at the scalene triangle or, not uncommonly, by the pectoralis minor muscle as it inserts on
the coracoid process (neurogenic pectoralis minor syndrome; NPMS). Venous TOS (VTOS) is present when
the vein is compressed by the anterior junction of the
clavicle and first rib, or, less commonly, by the pectoralis
minor muscle as above (VPMS). VTOS can manifest as
acute thrombosis (effort thrombosis; Padgett-Schroeder
syndrome) or, less commonly, by intermittent positional
obstruction despite an open vein. Finally, arterial TOS
(ATOS) is thought to be present when true arterial damage occurs (thrombosis, distal embolization, and/or aneurysm formation), but may also be described as present
when occlusion of the artery (in and of itself not abnormal) causes true ischemic symptoms. This classification
is further described in the Society for Vascular Surgery’s
reporting standards document,1 and a recently published
multi-author textbook on the subject.2
The incidence of TOS is surprisingly difficult to pin
down. Estimates range from 3 to 80 per 1,000 people,3
but poor diagnostic criteria and the lack of a uniform
definition make these numbers simply estimates. Between 2,500 and 3,000 1st rib resections (FRR) are performed yearly in the United States, but indications are
impossible to formulate.4 Furthermore, the proportion
of the various forms of TOS are difficult to identify. The

Anatomy and pathophysiology
The anatomy of the thoracic outlet is complex and a thorough understanding is required in order to take care of
patients with TOS. While thoroughly explored in chapter 3 and elsewhere in Thoracic Outlet Syndrome,2, 4 several
fundamental points are described below.
Again, it is most useful to think of the anatomy in
terms of the type of TOS. NTOS is caused by compression at the scalene triangle (Figures 1 and 2)5. This is
the triangle formed by the anterior scalene muscle, the
middle scalene muscle, and, inferiorly, the upper border
of the first rib. This is an area that has just enough space
for its contents (which include the subclavian artery),
and anything that narrows the triangle (posttraumatic
fibrosis and scarring of the anterior scalene muscle, a
cervical rib or band, or other such problems) or causes
swelling of the contents (inflammation, unproved) will
1
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Figure 1 - View of the scalene triangle on the right side, bounded by
the first rib inferiorly, anterior scalene muscle anteriorly (to the right of
the picture), and middle scalene muscle posteriorly. Note the phrenic
and long thoracic nerves and their positions vis-à-vis the muscles. From
Sanders RJ et al.5

Figure 3 - The anterior thoracic outlet on the right side, showing the CCJ
anteriorly (to the right of the picture). Note the subclavius muscle and
costoclavicular ligament, which, along with the first rib, actually touches
the vein. From Illig KA et al.1

neath the pectoralis minor as it inserts in the coracoid
process (NPMS) (Figure 2). While this may be present
in as many as 70% of people with NTOS, it is not as
common as an isolated entity.6 The implications for this
are that treatment of NTOS should include the compression of the triangle (mid to posterior portion of the
first rib).
By contrast, VTOS is caused ultimately by compression of the vein anteriorly, at the junction of the first rib
and clavicle (Figure 3). Such compression can simply
narrow the vein (intermittent positional obstruction), or,
much more commonly, cause no symptoms until actual
vein injury and thrombosis are present (effort thrombosis). Related structures such as the subclavius muscle and
tendon and costoclavicular ligament are important, but
ultimately it is the anterior portion of the rib (or clavicle)
that must be addressed to treat this entity.7
Finally, true ATOS (defined as actual damage to the artery with or without distal sequelae) is almost always caused
by a bony abnormality (cervical rib, abnormal first rib, elongated C7 transverse process, and so on) (Figure 4). As such,
there are usually at least two discrete goals related to treatment: removal of the original bony or ligamentous problem,
and repair or reconstruction of the artery. Of course, if distal
ischemia or embolization has occurred, treatment of this as
well is the third priority. Again, as described above, some
people will have true ischemic symptoms with artery compression. These patients should probably also be labeled as
having ATOS, but if no arterial damage has occurred, bony
decompression alone should suffice. It should be noted that
cervical ribs are relatively common (2.8% in women and
1.4% in men),8 and thus their presence alone is not an indication for surgery. However, if any symptoms exist in conjunction with a cervical rib, it should probably be removed.

Figure 2 - Expanded view of the thoracic outlet on the right side,
showing the scalene triangle and pectoralis minor space (along with the
costoclavicular space, important in VTOS). The patient’s anterior is to
the right of the picture. From Illig KA et al.1

cause compression. This compression will cause two
problems: local pain and tenderness, and distal neurogenic symptoms, and the latter will be worse with things
that narrow the triangle (arms overhead) or stretch the
brachial plexus (dangling and other provocative tests).1
The nerves can also be compressed as they pass under2

TIPS AND TRICKS AND DECISION MAKING IN VASCULAR SURGERY

is made by three of the four following findings:
1. signs and symptoms (pain and tenderness) at and near
the area(s) of compression;
2. distal hand and arm neurologic symptoms, worsened
with arms overhead (history and EAST, Figure 5) or
stretching (history and ULTT, Figure 6);
3. absence of another cause substantially explaining the
symptoms, and
4. a positive scalene muscle test block.9
Some clinicians obtain scalene test injections in all patients, but others will forgo this if history and examination are classic and no other causative factors are felt to
be present (criteria 1 to 3 above). It is our practice to use
a simple two-axis scale to delineate the degree of suspicion the provider has that NTOS is present (x-axis), and
the degree of severity that the patient feels is appropriate
(y-axis). Essentially if suspicion is intermediate (middle
column) and severity anything less than minor, scalene
test injection is recommended (Figure 7).
It should be mentioned here that numerous other
provocative tests have been described in the literature,
and have been used over the years. All of these tests are
highly nonspecific, and while positive results certainly
correlate with the presence of NTOS none are specific
enough to guide therapy. The SVS reporting standards
committee, as above, recommends limiting examination
to the two tests described above.
Finally there is a small class of patients, predominantly “arm overhead” athletes (baseball pitchers and tennis
players) who may have symptoms only with activity and
no symptoms at rest (sometimes called “dead arm” syndrome). If these athletes cannot or will not give up their

Figure 4 - Two views of bony abnormalities that, while occurring in any
form of TOS, are most common in ATOS: A) depicts an anomalous first
rib on the patient’s right, with a cervical rib abnormally inserting (via a
fibrotic band) onto the second rib; B) depicts a cervical rib without a first
rib on the patient’s right, and a conventional cervical rib inserting onto
the first rib causing arterial injury on the patient’s left. From Illig KA et al.1

Clinical evaluation
All forms of TOS are associated with activity, and thus
this is a disease of the young. Patients are usually between
the ages of 20 and 40, and females are affected about four
times as often as males. Presentation varies by type of TOS.

NTOS
Patients with NTOS have symptoms caused by compression of the brachial plexus at the scalene triangle.
As discussed above, they will therefore have two general
findings. First is pain and/or inflammation at the area of
compression. By history this is manifest as pain at the
base of the neck, but almost always includes symptoms to
within about a “spherical foot” of the problem. Patients
thus typically complain of anterior chest wall, axillary,
shoulder, trapezius, and neck pain, and typically have
headaches as well. If NPMS is present, chest wall symptoms may be more pronounced. Secondly, patients will
have distal symptoms consistent with nerve compression.
This is often manifest as forearm and hand numbness,
pain, paresthesia, and, in advanced cases, weakness and/
or atrophy. These latter symptoms are typically worse
with maneuvers that narrow the thoracic outlet (arms
overhead or extended; elevated arm stress test (EAST) as
described below) or stretch the brachial plexus (dangling,
driving, vacuuming, running, and upper limb tension
test (ULTT) as described below).
As defined by the Society for Vascular Surgery’s TOS
Reporting Standards Committee,1 the diagnosis of NTOS

Figure 5 - Elevated arm stress test (EAST). The patient elevates and
rotates their arms, and opens and closes the hands (it is not clear
whether this specific maneuver is needed) for three minutes. The time
to first symptoms and time to when the patient cannot proceed is
recorded. From Illig KA et al.1
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Figure 7 - A two-axis algorithm for classifying the patient’s condition
(NTOS) and guiding treatment. The care provider ranks his/her
suspicion as to whether NTOS is present on the X-axis, while the patient
ranks his/her degree of severity on the Y-axis. From Illig KA et al.1

ry of vigorous activity, often with the arms overhead, will
be present (hence the term “effort thrombosis”). Often
heat and/or dehydration will be a causative factor as well.
Not uncommonly patients will present to an emergency
room and be sent home after a negative duplex ultrasound. If and when they return the next day, ultrasound
is often positive. This may be due to the fact that the
acute thrombus is located very focally at the costoclavicular junction and is initially missed, and only later after
clot propagation will duplex be positive. Occasionally
patients can present with episodic swelling. Suspicion for
VTOS should be raised by the finding that such swelling is worse with activity or arms overhead, and better
with arms down. Diagnosis by an experienced vascular
ultrasonographer should be straightforward, although if
suspicion is high and duplex is negative, diagnostic venography should be performed.

Figure 6 - Upper limb tension test (ULTT). The patient extends his/
her arm and tilts the head to the opposite side; a positive result
is discomfort relative to the normal side, especially if neurologic
symptoms are reproduced. If negative, the arm can be bent; a positive
result may indicate cubital tunnel syndrome. From Illig KA et al.1

activity (for psychological or professional reasons), they
should be labeled with “activity induced NTOS”. In this
case diagnostic scalene block followed immediately by
the provocative activity can be diagnostic, and in a small
series of patients has been 100% predictive of success
with surgical decompression.10

ATOS
Finally, patients with ATOS should be quite easy to diagnose in general (although the mindset in these cases may
not be directed at problems arising from the costoclavicular junction). Such patients will present with distal
ischemia and/or a palpable supra- or infraclavicular mass
suggesting aneurysm. The diagnosis of ischemia should
be quite straightforward, although identifying the cause
as ATOS requires thinking of this diagnosis in the first
place. Things that suggest ATOS include young age, a

VTOS
Patients with VTOS are much easier to diagnose. Almost
always they will present with acute thrombotic occlusion
of the subclavian vein. The usual complaint will be a suddenly swollen arm, often with cyanosis and dilated upper
arm or chest wall collateral veins. Almost always, a histo4
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bony abnormality, or absence of systemic atherosclerosis
or inflammatory arteriopathies.

Decision making
All patients who are thought to have NTOS or NPMS
undergo physical examination, critically with palpation
at the scalene triangle and pectoralis minor insertion site,
EAST, and ULTT. We ask them for their degree of disability (not pain) caused by the specific arm on a scale
from zero (normal life in every way) to 10 (completely
disabled), and ask them to complete both Disabilities of
the Arm and Shoulder (QuickDASH) and Cervical Brachial Symptom Questionnaire (CBSQ) forms,1 although
these are used for record-keeping only. All patients undergo chest X-ray to rule out bony abnormalities. Decision making is based on the two axis scale described above
(Figure 7). In general, patients with an intermediate level
of suspicion undergo diagnostic scalene block unless their
symptoms are minor. Patients with low suspicion, no matter the severity, undergo a search for other causes. Patients
with high suspicion generally undergo treatment. If severity is minor, physical therapy is usually recommended.
If suspicion is high and severity is high, many of these
patients will simply decide on decompressive surgery. Patients in whom suspicion is high but severity is only intermediate are often treated first with physical therapy, but
occasionally request surgical decompression.
Decision making in patients with VTOS is surprisingly
complex, and several algorithms exist.7, 11 In general, treatment of patients with thrombotic occlusion depends on
timing. Symptoms of less than 14 days duration in a young
athletic person usually indicate a fresh thrombus that can
be treated with catheter directed thrombolysis. Once the
acute clot is removed, most recommend decompression
of the anterior thoracic outlet as described below, usually
within a few days to reduce the risk of recurrence. If the
thrombus is older than this, thrombolysis can be attempted
but is less often successful. If the thrombus cannot be removed, some recommend observation alone, while others
recommend first rib resection to improve collateral flow
and perhaps enhance the possibility of spontaneous recanalization.12 Finally, in patients who present with chronic
clot, first rib resection is similarly recommended by some,12
but results are fairly good with observation alone. A recent
meta-analysis for acute thrombus strongly supports aggressive rib resection following the lysis.13 The rare patient who
has episodic swelling and clear venous compression with
arm elevation (Figure 8)14 should essentially always undergo decompression.
Finally, as described above, decision making in patients with a TOS depends on recognition that the problem is due to the thoracic outlet. First, the original bony

Figure 8 - The critical view (patient’s left side, left of the illustration is
anterior) that must be obtained during transaxillary first rib resection to
ensure that the first rib is being resected. The anterior scalene muscle
(being resected by the scalpel) must be seen inserting onto the first rib,
dividing the subclavian vein anteriorly (left of the muscle in this picture)
and subclavian artery posteriorly (right of the muscle in this picture).
From Urschel H 14.

problem must be addressed, usually by excision. Secondly, any arterial damage should be repaired, and, thirdly,
any distal issues should be addressed. Diagnosis is usually
made by a combination of arteriography and ultrasound,
and plane chest X-ray is mandatory.

Surgical therapy
and techniques
Once again, surgical therapy depends critically upon
the problem being addressed. In general, patients with
NTOS require decompression of the scalene triangle and/
or resection of the pectoralis minor, patients with VTOS
require decompression of the costoclavicular junction
anteriorly (sometimes with venous reconstruction), and
patients with ATOS require resection of the abnormal
bone, reconstruction of the artery, and treatment of any
secondary distal pathology.
NTOS: although posterior and thoracoscopic approaches have been described, the three most common
approaches for NTOS are transaxillary, supraclavicular,
and paraclavicular.2 The transaxillary approach is more
thoroughly described below, but in general is thought to
be effective via the elimination of the base of the scalene
triangle. The advantages of this approach are perhaps a
lower risk of nerve injury and certainly improved cosmetic results. With experience a fair amount of muscle can
5

29 - Thoracic outlet syndrome

orly to or under the brachial plexus at this point and pass
it from the field. The brachial plexus is then lifted off of
the rib and the medial and lateral surfaces further developed. Next, the plexus and subclavian artery are lifted
completely off the rib, leaving the rib completely exposed
from the articular surface posteriorly to a point anterior
to the artery (and under the clavicle). Using a “guillotine”
type bone cutter the rib is divided as far anteriorly and
posteriorly as possible and removed (intercostal fibers are
inserted into the undersurface of the rib, and must be
finally divided for removal). We make it a practice, using
a rongeur, to remove the entire rib posteriorly, exposing
the articular process. Two critical structures here should
be kept in mind. First, the lowest nerve root of the brachial plexus is T1, and thus obviously the posterior part
of the rib originates between C8 and T1 and these nerve
roots must be carefully protected. Secondly, the stellate
ganglion lies close to the posterior insertion of the first
rib; care must be taken not to injure this or Horner’s syndrome can occur. Finally, with retraction of the artery
upward, we again use the rongeur to remove as much of
the anterior portion of the rib as possible.
Robert Thompson, one of the busiest thoracic outlet surgeons in the world (and several other groups) uses
a paraclavicular approach almost exclusively. In addition
to the supraclavicular exposure described above, this approach is completed by adding an infraclavicular incision
with removal of the rib anteriorly (described below). While
this adds time and an incision to the procedure, the purported advantage is that the entire rib is removed, making
bony regrowth and recurrence less likely.16 This is also useful for cases in which venous symptoms are present in addition to NTOS (perhaps 10% of cases in our experience).
Once the rib is out, neurolysis is performed. With
experience it is quite easy to distinguish between neurologic tissue and surrounding material. We completely
skeletonize all five nerve roots and as much of the brachial plexus as we can, and have not seen a brachial plexus
injury in about 400 such procedures.
If operating on the left side, attention should be paid
throughout the operation to any evidence of lymph leak
(predominately at the medial base of the wound). If this
is present an extremely aggressive attempt should be
made to identify the source and control it; postoperative lymph leak will almost always lead to reoperation.
Some clinicians use techniques such as Seprafilm to wrap
the brachial plexus and reduce the risk of recurrence, although a benefit has not been shown. We routinely drain
this area for a few days (either side), leaving the drain
below the replaced fat pad. The platysma is closed as a
strength layer, and we use a subdermal absorbable stitch
for skin. It should be noted that this area is under quite a
bit of stretch, and it is not uncommon to see a later hypertrophic wound for this reason. Prolonged use of athletic tape (several months) can act to eliminate the stretch

be removed, although obviously not to the extent that a
supraclavicular exposure allows. This approach provides
excellent exposure of the anterior and middle portions of
the rib, although it is a little difficult to get back to the
spine. By contrast, the supraclavicular approach allows
for complete excision of the anterior and middle scalene
muscles, and complete removal of the rib from the articulation with the spine to a point anterior to the artery (the
paraclavicular approach allows for removal of the anterior portion of the rib as well). It also allows for thorough
brachial plexus exploration with the ability to perform
extensive neurolysis (removal of muscular and fibrotic tissue around the components of the brachial plexus), which
some believe is a required part of treatment for this.15
The patient is placed supine with the upper body
elevated and head extended and turned to the opposite
direction, with a towel roll placed vertically down the
spine to extend the shoulders. A supraclavicular incision
is made along a skin crease from the clavicular head of
the sternocleidomastoid laterally about five centimeters.
After division of the platysma muscle, the omohyoid will
be seen running diagonally; this is divided without consequence. The scalene fat pad is then retracted upwards
and laterally to expose the anterior scalene muscle. The
first critical structure is the phrenic nerve, which can be
seen coursing laterally to medially (unique in this respect) along the top of the muscle toward the chest. If the
nerve is not seen, it may be already lifted off the muscle
by retraction, or occasionally can be within the muscle
itself. The muscle is taken off of the scalene tubercle and
retracted upwards to expose the subclavian artery. We
usually divide the thyrocervical trunk as it often supplies
a very large vessel (transverse cervical) which often runs
between the cords of the brachial plexus, troublesome
during later dissection. The anterior scalene muscle is
then taken off the anterior surface brachial plexus, usually transferred medially to the upper part of the phrenic
nerve as it courses toward the brachial plexus, and then
divided as high as possible and passed from the field.
This exposes the anterior surface of the brachial plexus.
The brachial plexus is then brought anteriorly to expose
the middle scalene muscle. The long thoracic nerve must
be identified at this time, usually exiting from within the
body of the middle scalene muscle. Using this as a guide,
we resect the muscle superiorly and medially to this, and
then staying as posterior as possible, divide the muscle
down to the first rib. If the long thoracic nerve and brachial plexus can be very carefully protected, cautery can
be used for this step. Using a periosteal elevator, we then
clean the anterior surface of the first rib posteriorly.
We find it helpful at this point to define the medial
and lateral borders of the first rib. This is conveniently
and safely done with a right angled clamp, although the
intercostal muscles laterally sometimes make this area
difficult. We debulk the middle scalene moving anteri6

TIPS AND TRICKS AND DECISION MAKING IN VASCULAR SURGERY

cutter, although others try to follow this further back. The
rib is then divided as anteriorly as possible, almost always
within the cartilaginous portion, and passed from the field.
At this point the vein can be thoroughly mobilized
well into the chest, and at least to the confluence of the
jugular vein. There is often an external layer of scar tissue which should be sharply divided; again, with experience, it is quite easy to get into the right plane without
damaging the vein. The vein can be retracted up and using a rongeur the bony/cartilaginous protuberance at the
anterior-most portion of the CCJ can again be removed.
It is fairly easy to mobilize the vein thoroughly up to the
infant confluence of the jugular vein. We do not attempt
to mobilize the vein in a 360° fashion (risking injury to
the thoracic duct on the left side), but simply bring it off
of all muscular and bony attachments superiorly, anteriorly, and caudally.
Whether or not surgical reconstruction of the vein
is required is a very complex issue, with essentially no
supporting data either way. We tend to reconstruct the
vein only if the patient is symptomatic at the time of
surgery or completely occluded. Once the vein has been
mobilized as above, a recurve type clamp can often be
applied to the innominate and jugular vein allowing full
exposure lateral to this, but this should only be undertaken if absolutely clean tissue medially is encountered.
If more complex venous reconstruction is required, the
clavicle can be rotated upward as described by Molina.17
After rib resection a limited first interspace sternotomy is
performed, leaving the costoclavicular joint intact, and
this structure is then rotated cephalad (Figure 8)14. This
allows for extraordinarily good exposure of the vein and
any needed reconstruction can easily be performed. The
sternum is then re-approximated using two sternal wires
placed transversely; this is well tolerated by the patient.
Finally, the transaxillary approach is used in our experience when venous reconstruction or imaging are not
needed. We feel this is an excellent choice for treatment
of VTOS because it allows for excellent exposure of the
mid to anterior portion of the rib, while others use this
for NTOS as well. While several exposure techniques are
described, we simply suspend the arm overhead using
easily available equipment 18 (Figure 9). An incision is
made in the axilla. It is important not to “aim” directly at
the problem, but to dissect down first to the rib cage and
follow this upward. This will retract the node bearing tissue anteriorly where it will not cause a problem.
It is not unheard of in inexperienced hands for the
second rib to be excised by mistake. The first rib must
be definitively identified. This is done by clearly seeing
the anterior scalene muscle arising from it, passing between the vein anteriorly and artery posteriorly. If the
muscle in these structures are not seen, the first rib has
not been exposed. The anterior scalene is divided as high
as possible, and the lateral border of the first rib devel-

and improve cosmetic outcome, although experience is
only anecdotal at this point.
Pectoralis minor excision is quite easy. A 2 cm to 3 cm
incision is made in the deltopectoral groove almost vertically. These two muscles are divided, noting the cephalic
vein confirming proper exposure, and a deep layer of fascia identified. This is excised and the pectoralis minor exposed. The coracoid process can be very easily palpated,
and the tendon inserting onto it quite easily identified.
The short head of the biceps inserts upon this bone as well
and should not be removed. Distinction is easy noting the
very narrow tendon at the insertion itself quickly broadening into a thin muscle coursing medially. After division at
the coracoid process we resect approximately 4 cm of muscle, controlling it with a Kelly clamp allowing for effective cautery, in theory to reduce the risk of regrowth. The
wound does not need to be drained and is closed routinely.
VTOS: the critical issue in patients with VTOS is
that the anterior portion of the rib (or clavicle) must
be removed. This cannot be done with a supraclavicular approach (although we use paraclavicular rib resection in patients with combined neurogenic and venous
symptoms). While the transaxillary approach allows for
excellent removal of the anterior portion of the rib, we
have recently been very pleased with an infraclavicular
approach. The benefit of this is that the patient can be
kept supine for imaging and endovascular or surgical reconstruction, while the vein can still be thoroughly mobilized and decompressed.
The patient is laid supine with no specific positioning needed. A 5 cm or 6 cm incision is made essentially
transversely, below the clavicle approaching the costoclavicular junction (CCJ). The pectoralis major muscle fibers
are divided. If the rib can easily be palpated, the anterior
portion can be cleaned and the anterolateral border developed at this point, although the medial portion of the rib
is not yet accessible. We identify the vein laterally fairly
early in the operation, and trace it medially. If the patient
is thin and the vein is open this is usually obvious, but this
can be difficult if the vein is diseased or occluded. A useful strategy is to skeletonize the inferior and surface of the
clavicle by dividing the often bulky subclavius muscle and
completely removing it from the midportion medially.
Working medially, muscle, tendon, and fatty tissue can be
elevated to expose the vein. Once the vein is exposed, all
tissue between the clavicle and rib (subclavius muscle and
tendon) should be completely excised, exposing the entire
vein as it disappears into the chest at the CCJ.
At this point the vein can be mobilized anteriorly, conveniently with a Dever retractor. The insertion of the anterior scalene should then be very obvious, and should be
divided as high as possible. This will expose a very nice
area of the rib, which can be followed relatively posteriorly.
Almost always fibers of the middle scalene are seen and divided. We divide the rib at this point with an angled bone
7
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Postoperative care
Patients are discharged on oral narcotics, benzodiazepines, and an NSAID as described above. They are seen
by an occupational or physical therapist before discharge,
but no therapy other than passive range of motion exercises are prescribed. We do not prescribe a sling, as we
like the patients to use their arm is much as possible. Patients are seen at about their three week interval. At this
point physical therapy is prescribed for the next one to
three months. Return to work is individualized, and a final postoperative visit scheduled for about three months.
Patients are generally followed on a yearly basis, with ultrasound if venous or arterial.
Expectations are critical to manage. We describe two
parts to the healing process to the patients. First is the
surgery itself. While some people recover without any
problems, we typically tell patients that it will be one to
three months before they are really feeling good again.
Those with sedentary jobs or those in school can often return in a week or two, but those with more physical jobs
or athletes sometimes require several months. By about
three months, however, we expect the discomfort and
disability from the surgery to be essentially gone.
The second aspect of healing is that of the distal
symptomatology. In general, patients who are operated
on for NTOS will fall into one of two categories postoperatively. The majority of patients, gratifyingly, notice
immediate improvement in their hand and arm symptoms. Even though their surgical site may still be quite
uncomfortable, as long as their hand and arm are better they are usually quite happy. A minority of patients,
however, have prolonged healing. Questionnaire data
suggests that it may take as long as one to two years for
neurogenic symptoms to fully improve.19 As long as the
patients understand that continued improvement is possible they are, again, relatively happy with the situation.
Patients with VTOS, by contrast, are usually immediately symptom-free distally. If they are not, the vein should
be re-interrogated.

Figure 9 - Rotation of the undisturbed sternoclavicular joint (patient’s
right side) after first interspace sternotomy following right first rib
resection. From Molina JE 15.

oped using cautery. Using this as an opening, a periosteal elevator can be used to take the parietal pleura off
the undersurface of the rib. A right angle clamp is then
used to ensure that we are around the medial border,
and these two openings are developed anteriorly as far as
possible and posteriorly also as far as possible. The costoclavicular ligament is very easily seen, and is resected
using cautery. Again, the surrounding fibrotic tissue is
excised from the vein and the vein mobilized as much
as possible, and again, it is usually possible to get to the
innominate and jugular veins using this approach. The
rib is then resected, and a rongeur used to remove all
anterior fibrocartilaginous tissue to free up the anterior
portion of the vein.
With any approach to the first rib, pleural entry is not
uncommon. Some place a small chest tube in this situation, but we do not feel this is necessary. Several years
ago we used to apply suction to a red rubber catheter as
the wound was closed, but in the past four years have
forgone even this, simply leaving a drain under section.
With about a 10% to 20% rate of plural entry we have
had no patients who required chest tubes or who have
had any clinical sequelae from this issue at all.
Postoperative pain control is, in our experience, extraordinarily important. Up until 2012 we treated these
patients with narcotics on an as needed basis, adding
other medications if results were poor. Since that time
we have switched to a three drug mixture consisting of
a narcotic via patient controlled anesthesia (PCA), a
benzodiazepine, and a non-steroidal anti-inflammatory
agent (NSAID), all given around-the-clock for the first
12 to 18 hours. Patients then transition to oral narcotics,
and are allowed to go home (continuing a benzodiazepine and NSAID) when their pain is controlled without the PCA. Using this technique we have decreased
our length of stay by approximately a day and a half,
and have halved our (Likert scale) average pain scores
(unpublished data).

Outcomes
Outcomes following treatment for NTOS have been
notoriously difficult to define, probably because definitions have been so subjective and results so poorly
reported. In patients who have an appropriate history
and physical exam and to respond to scalene block,
“good to excellent” results can be seen in 90% to 95%
of patients.20 Somewhat paradoxically, patients with
objective neurologic findings such as muscle atrophy,
referred to archaically as “true” (vs. “disputed”) NTOS,
have worse outcomes, probably because this finding
8
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II national titles, and the ability to throw a baseball at
95 miles an hour, all within a year of surgery. Finally,
results in patients with true arterial damage depend
dramatically upon the underlying condition. Generalized statements probably cannot be made as presentation is so varied.

represents a very long-standing condition with ongoing damage to the nerves. Overall outcomes in a series
reporting a minimum of two years follow-up demonstrated overall success rates as low as 37% and as high
as 95%: a general review seems to demonstrate that
long-term success occurs in between 60% and 85% of
patients (40 in 2). Athletes 21 and adolescents 20 tend to
do particularly well, perhaps because the former have
much at stake, and the latter have fewer secondary gain
issues.
By contrast, outcomes in patients with VTOS,
especially those with acute effort thrombosis treated
appropriately or intermediate transitional obstruction
are excellent. Reported long-term success rates, defined as symptom-free status and complete return to
premorbid activity, can be as high as 95-100%. Results
in athletes with this condition are superb. In the author’s limited experience, patients have achieved Division I All-American status in skiing, multiple Division

Summary
TOS really refers to three distinct problems: compression of the nerves at the scalene triangle or insertion of
the pectoralis minor muscle, extrinsic compression and
resulting damage of the subclavian vein almost always at
the CCJ, and damage to the artery caused by a cervical
rib or other anatomic abnormality. It is perhaps unusually critical to understand the anatomy in the situation,
as different parts of the thoracic outlet must be addressed
in each case.
The diagnosis of NTOS has been highly subjective
in the past and as a result the condition is not given
the respect that it deserves even today, but patients are
truly disabled by this and truly get better with proper
care. Treatment of this condition is like getting into a
cold swimming pool. You can do it slowly and bit by
bit, in which case it is not much fun, or you can dive
right in and immerse yourself. While some such patients
can be difficult to work with, the vast majority are extremely grateful for care in this regard, as they have often
been ignored or given a psychological label. Treatment
of VTOS, for athletes and adolescents in particular, is
extremely rewarding. Treat these patients right, and you
will make a big difference in the world.
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