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Abstract
Purpose of Review Neurovascular compression in the upper extremity is rare but can affect even those participating in high-level
competitive athletics. To assess optimal approaches to treatment, in this review, we evaluate the current literature on
neurovascular compressive syndromes affecting the upper extremity, with a special focus on the thoracic outlet syndrome (TOS).
Recent Findings Neurovascular compression at the thoracic outlet can involve the brachial plexus, subclavian artery, or subcla-
vian vein, each with distinct clinical manifestations. Neurogenic TOS is best treated with surgical decompression, if physical
therapy has not improved symptoms. Venous TOS results in acute thrombosis superimposed on chronic venous compression.
Treatment is best directed at early anticoagulation, catheter-directed thrombolysis, and surgical decompression, with most
patients able to discontinue anticoagulation and return to high-level athletic activity. Arterial TOS is related to aneurysmal
degeneration of the subclavian artery with distal embolization, leading to limb-threatening ischemia. This should be aggressively
treated with surgery. Similar degenerative changes can occur in the axillary artery and its branches, leading to distal embolization.
Prompt recognition of these potential sources of limb-threatening ischemia is critical to limb preservation.
Summary TOS includes rare but important conditions in the overhead athlete. Recent advances in physical therapy and image-
guided diagnostic techniques have facilitated more accurate diagnosis. Surgical treatment remains the gold standard to maximize
function or for limb preservation, and future research is needed to clarify optimal pain and physiotherapy regimens, as well as to
examine novel approaches to neurovascular decompression.

Keywords Thoracic outlet syndrome . Paget-Schroetter syndrome . First rib . Neurovascular compression . Subclavian artery
aneurysm . Subclavian vein thrombosis

Introduction

Neurovascular compressive conditions of the upper extremity
are rare and often overlooked as an explanation for progres-
sive limitations and high-level athletic performance in over-
head athletes [1]. Some of the most common, and significant,
upper extremity neurovascular compressive conditions in-
volve the brachial plexus and the subclavian artery and vein,
therefore grouped together under the banner of thoracic outlet

syndrome (TOS) [2, 3•]. However, compression of
neurovascular structures at other sites is also gaining more
thorough understanding, including at the quadrilateral space
[4] and axillary artery levels [5]. Some of these conditions can
even put the limb at risk, and in this chapter, we will review
the current strategies for diagnosis and treatment of these con-
ditions. The aim is to maximize successful treatment out-
comes, as well as to minimize serious complications. In all
cases, prompt recognition, early treatment, and thorough sur-
gical decompression can allow for an effective return to high-
level athletic performance.

Neurogenic Thoracic Outlet Syndrome

Neurogenic thoracic outlet syndrome is caused by compres-
sion and subsequent irritation of the brachial plexus nerves as
they pass through the scalene triangle at the base of the neck,
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between the clavicle and first rib, or in the infraclavicular
pectoralis minor space (Fig. 1) [3•, 6]. The underlying mech-
anism is an ongoing process of repetitive injury leading to
fibrosis and hypertrophy of the scalene or pectoralis minor
muscles, followed by scar deposition onto the brachial plexus
nerves themselves. This may be exacerbated by predisposing
anatomical factors such as musculotendinous abnormalities or
cervical ribs.

Clinical Recognition

The classic symptoms of neurogenic TOS involve pain,
numbness, paresthesia, and weakness radiating from the neck
and shoulder and extending into the arm and hand. It does not
follow a single peripheral nerve or cervical nerve root distri-
bution, and the symptoms may fluctuate depending upon the
duration or intensity of upper extremity activity. A key finding
is the ability to provoke symptoms with overhead arm use, as
well as by direct palpation over the brachial plexus at the
supraclavicular or infraclavicular space, depending upon the
principal area of nerve compression. The latter is a key com-
ponent of the physical diagnosis. Neurogenic TOS is consid-
ered a “diagnosis of exclusion” in that imaging and/or elec-
trophysiology studies are usually negative and serve more
importantly to help exclude other diagnoses as opposed to

confirming a diagnosis of neurogenic TOS [7]. A recent pub-
lication of standardized clinical diagnostic criteria for neuro-
genic thoracic outlet syndrome (Table 1) has brought more
uniformity and recognition to the diagnosis of this condition
[8••, 9•]. The elevated arm stress test (EAST) is performed
with the patient seated and with the arms at 90 degrees of
abduction and full external rotation (the “surrender” position)
while opening and closing the hands for up to 3 min. Patients
are asked to describe all changes in the nature and distribution
of symptoms in the neck and upper extremity and are
instructed to lower the arms if unable to continue because of
pain. Most patients with neurogenic TOS report the rapid on-
set of typical upper extremity symptoms within 20 to 30 s of
initiating the EAST and are often unable to continue the exer-
cise beyond 60 s. The upper limb tension test (ULTT) is per-
formed with the patient placing both arms at 90 degrees of
abduction from the trunk, with the elbows extended and the
palms flat. Reproduction of arm or hand symptoms during
wrist extension, with some degree of relief during wrist flex-
ion, is a frequent finding in those with neurogenic TOS.

In the high-level athlete, the fluctuation of symptoms can
often lead to a long interval from symptom onset to clinical
diagnosis. Periods of minimal symptoms corresponding to
periods of rest or even normal day-to-day activities should
not be used to rule out neurogenic TOS, especially when there

Fig. 1 Overview of the structures of the thoracic outlet. There several
important features in the thoracic outlet at the base of the neck: the scalene
triangle, the costoclavicular space, and the subcoracoid (pectoralis minor)
space. The scalene triangle is bounded by the anterior middle scalene
muscles, as well as the 1st rib. Through this space passes the brachial
plexus, which is composed of five nerve roots (C5, C6, C7, C8, and T1),

as well as the brachial artery. The subclavian vein passes through the
costoclavicular space, anterior to the anterior scalene muscle. Modified
with permission from Illig KA, Donahue D, Duncan A, Freischlag J,
Gelabert H, Johansen K, Jordan S, Sanders R, and Thompson R.
Reporting standards of the Society for Vascular Surgery for thoracic
outlet syndrome. J Vasc Surg 2016;64(3):e23-e35
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is significant arm fatigue, heaviness, or other symptoms
when throwing [1, 10••, 11]. Diminished pitch count and
inning longevity are semi-objective metrics that may be
useful in uncovering neurogenic TOS [10••]. Finally, the
diagnosis of neurogenic TOS can be facilitated by exer-
cise-enhanced, ultrasound-guided, local anesthetic anterior
scalene and/or pectoralis minor muscle blocks [12•]. There
are no clear indications for noninvasive Doppler ultra-
sound tests in the evaluation of the patients with suspected
neurogenic TOS. Electromyography and nerve conduction
studies are of limited utility for evaluating neurogenic TOS
because they are usually negative or nonspecific due to
limitations in obtaining accurate proximal measurements
for the brachial plexus, as well as the intermittent nature
of the nerve compression.

Treatment

The hallmark of the initial stages of treatment for neurogenic
TOS involves rest of the affected extremity; focused physical
therapy to relax the scalene muscles and decompress the sca-
lene triangle and subcoracoid spaces; as well as the use of
muscle relaxants and anti-inflammatory medications
[13–17]. The use of longer-acting muscle injections, such as
botulinum toxin, has fallen out of favor due to a lack of dura-
ble benefit [18]. The use of “highly selective” algorithms for
surgical treatment [19, 20] has also fallen out of favor, and
surgical treatment is recommended for both patients who have
not achieved sufficient improvement with conservative thera-
py alone and remain with substantial disability [21•, 22•, 23].
Surgical decompression for neurogenic TOS can be achieved
through either a supraclavicular or transaxillary incision, with
subsequent anterior and middle scalene resection and removal
of the first rib, as well as brachial plexus neurolysis. A sepa-
rate incision is often used for release of the pectoralis minor
tendon for patients with evidence of compression at that level
[24]. Minimally invasive approaches, utilizing an extrapleural
approach with video assistance (thorascopic), have been pop-
ularized, but this still remains experimental without any clear
advantages over standard surgical approaches [25]. Of the
standard surgical approaches, there is some evidence to sug-
gest that the recurrence rate with the supraclavicular approach
is lower than with the transaxillary approach, particularly in
long-term follow-up [26]. The supraclavicular approach is as-
sociated with a more complete removal of the anterior and
middle scalene muscles, ease of identifying and managing
anatomic variants, and the unfettered ability to perform a full
exploration of the brachial plexus for neurolysis [27].

Rehabilitation

Immediate postoperative care after thoracic outlet decompres-
sion is focused around pain control, maintenance of full range
of motion at the shoulder and the neck, optimization of wound
healing, and avoidance of muscle spasm through initiation of
light physical therapy and multimodal pain control (Table 2)
[6]. The course of physical therapy is expanded over the next
3–4 weeks and is focused on passive and assisted exercises
based on shoulder range of motion, avoidance of strength
training, “nerve glides “for neural mobilization, maintenance
and improvement of posture, minimizing scapular winging
with appropriate muscle mechanics, conditioning the dia-
phragm for breathing patterns, and maintaining general con-
ditioning. Strenuous activity as well as submersion in water
should be avoided due to wound healing for several weeks
after surgery. At the 8-week mark, resistive strength training
for the mid and lower trapezius, serratus anterior, and rotator
cuff muscles begins, as well as continued efforts to maintain
full range of motion and natural movement patterns, as well as

Table 1 CORE-TOS clinical diagnostic criteria for neurogenic TOS

Upper extremity symptoms extending beyond the distribution of a single
cervical nerve root or peripheral nerve, present for at least 12 weeks,
not satisfactorily explained by another condition, ANDmeeting at least
1 criterion in at least 4 of the following 5 categories:

Principal symptoms

1A: Pain in the neck, upper back, shoulder, arm and/or hand
1B: Numbness, paresthesia, and/or weakness in the arm, hand, or digits

Symptom characteristics

2A: Pain/paresthesia/weakness exacerbated by elevated arm positions
2B: Pain/paresthesia/weakness exacerbated by prolonged or repetitive

arm/hand use, including prolonged work on a keyboard or other re-
petitive strain tasks

2C: Pain/paresthesia radiate down the arm from the supraclavicular or
infraclavicular spaces

Clinical history

3A: Symptoms began after occupational, recreational, or accidental injury
of the head, neck, or upper extremity, including repetitive upper
extremity strain or overuse

3B: Previous ipsilateral clavicle or first rib fracture, or known cervical rib
3C: Previous cervical spine or ipsilateral peripheral nerve surgery without

sustained improvement in symptoms
3D: Previous conservative or surgical treatment for ipsilateral TOS

Physical examination

4A: Local tenderness on palpation over the scalene triangle and/or
subcoracoid space

4B: Arm/hand/digit paresthesia on palpation over the scalene triangle
and/or subcoracoid space

4C: Objectively weak handgrip, intrinsic muscles, or digit 5, or
thenar/hypothenar atrophy

Provocative maneuvers

5A: Positive upper limb tension test (ULTT)
5B: Positive 3-min elevated arm stress test (EAST)

Diagnostic criteria developed by the Consortium for Research and
Education on Thoracic Outlet Syndrome (CORE-TOS). With permission
from Balderman J, Holzem K, Field BJ, Bottros MM, Abuirqeba AA,
Vemuri C, and Thompson RW. Associations between clinical diagnostic
criteria and pretreatment patient-reported outcomes measures in a pro-
spective observational cohort of patients with neurogenic thoracic outlet
syndrome. J Vasc Surg 2017;66(2):533–544
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reintroduction of gentle throwing to preserve the overall
throwing motion. Between 8 and 12 weeks, the care is
transitioned from the physical therapist to the athletic trainer,
and at the 12-week mark, a more formal graduated throwing
program may begin and progress as tolerated. It is critical that
all of these steps work in concert during the rehabilitation
process, as attempts to rush the process may lead to the devel-
opment of excessive muscle spasm with subsequent perineu-
ral scar tissue deposition and increased risk of recurrent neu-
rogenic TOS symptoms. Full rehabilitation and return to high-
level athletic competition often take 9–12 months after surgi-
cal decompression [27].

Outcomes

Surgical outcomes for neurogenic thoracic outlet decompres-
sion are well-established, with 85–90% of the general popu-
lation reporting significant symptom improvement, and recent
studies have shown that this is near the same in the high-level
overhead athlete population [10, 20]. Given the increased
awareness of this condition, particularly among baseball ath-
letes of all levels, as well as refinement in the surgical treat-
ment, has allowed many athletes to resume careers that previ-
ously would have been derailed. The most robust study used
objective sabermetric data to follow the performance of Major
League Baseball (MLB) pitchers before and after surgical de-
compression [10••]. This involved 10 pitchers that underwent
surgery between July 2001 and July 2014, who achieved a
sustained return to major league pitching. The mean age was
30.2 ± 1.4 years with a mean postoperative rehabilitation pe-
riod of 10.8 ± 1.8 months prior to return. Using 15 traditional
pitching metrics (including earned run average [ERA], fiel-
ding independent pitching [FIP], strikeouts to walks ratio
[SO/BB], walks per 9 innings [BB/9], and walks plus hits
per innings pitched [WHIP]) and 72 advanced metrics for
3 years before and after the date of surgery identified no sig-
nificant differences. In fact, maximal and average hard pitch
velocities (Fig. 2) were similar between the pre- and postop-
erative periods. This was the first study looking at MLB
pitchers returning after surgical decompression and demon-
strated that they had capabilities equivalent or better than their
historical baselines—even prior to the onset of symptoms.

Schutze et al. reported similar satisfaction with outcomes in
a survey of competitive athlete who had undergone surgical
treatment for neurogenic TOS [28]. They surveyed 67 athletes
ranging from 14 to 48 years old, at an average of 3.9 years post
procedure. There was an improvement in pain medication use
in 96% and resolution of symptoms in 82%, with 75%
reporting that they would undergo contralateral decompres-
sion if necessary and 94% stating that they were unlimited in
performing standard day-to-day activities. Finally, 70% of
these individuals had returned to the same or better subjective

Table 2 Overview of postoperative rehabilitation for neurogenic TOS

Stage I: Inpatient

•Hospital length of stay 3–5 days

•Patient self-directed exercises (cervical and shoulder ROM)

•Surgeon office follow-up visit postoperative day 5–7, drain removal

Stage II: First postoperative month

•Protection of surgical tissues to promote incisional healing andminimize
muscle spasm (propping arm with pillows while sitting and sleeping,
ice, medications)

•Maintain cervical and glenohumeral range of motion (hospital
self-exercises)

•Light conditioning activity (walking, bicycle)

Stage III: Second postoperative month

•Physical therapist visits near home, 1–2 per week

•Pain management (ice or heat to surgical area)

•Scar hypersensitivity and local tissue edema

•Posture (head, shoulders, and scapulae), monitor for scapular winging

•Light neural mobilizations

•Gentle stretching of levator, upper trapezius, and pectoral muscles

•Movement of scapula into upward rotation and elevation

•Breathing pattern (chest versus diaphragm)

•Conditioning activity (walking, bicycle, elliptical, treadmill) but avoid
vigorous use of involved upper limb

•Activities of daily living, ergonomics, work environment

•Cautions: No strengthening including use of weights or bands, avoid
manual therapies that may irritate sensitive healing tissue, no
immersion in water until incisions fully healed

Stage IV: Third and fourth postoperative months

•Continue physical therapist visits near home, 1–2 per week

•Symptom management, may introduce manual therapies

•Continue conditioning activity (bicycling, walking, elliptical, treadmill)

•Strengtheningmid and lower trapezius, serratus anterior, and rotator cuff
muscles

•Increasing range of motion of upper limb, throwing motion, optimize
movement patterns

•Introduce gentle throwing and progress as tolerated

Stage V: Fourth to sixth postoperative months

•Supervised throwing program, progressing as tolerated:

•Step 1: 1 × 25 throws at 60 ft

•Step 2: 2 × 25 throws at 60 ft

•Step 3: 1 × 25 throws at 60 ft, 1 × 25 throws at 90 ft

•Step 4: 1 × 30 throws at 60 ft, 1 × 25 throws at 90 ft

•Step 5: 1 × 30 throws at 60 ft, 1 × 25 throws at 90 ft

•Step 6: 1 × 30 throws at 90 ft, 1 × 25 throws at 120 ft

•Step 7: 2 × 20 throws at 120 ft

•Step 8: 1 × 20 throws at 120 ft, 1 × 20 ft at 150 ft

•Step 9: 1 × 20 throws at 150 ft, 10 pitches from mound

•Step 10: Long toss, 35-pitch bullpen session

•Gradually increase activity toward unrestricted return to competition at 6
to 9 months
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levels of activity, and half reached that goal 1 year after
surgery.

Venous Thoracic Outlet Syndrome

Venous TOS, otherwise known as axillary-subclavian vein
effort thrombosis or Paget-Schroetter syndrome, is the most
frequently encountered vascular disorder in competitive ath-
letes [29, 30]. Unfortunately, delayed diagnosis or incomplete
treatment is common and can reduce athletic tolerance and
ability and prevent further participation. Thus, it is critical that
sports medicine physicians have a sound understanding of this
condition and its management. As with neurogenic TOS, the
prognosis for patients with venous TOS is quite good follow-
ing surgical decompression, and most athletes are able to re-
turn to previous high levels of functional performance within
several months of treatment [30].

Pathophysiology

Historically, venous TOS was thought of as an acute throm-
bosis of the subclavian vein between the clavicle and the 1st
rib, occurring as a result of unusual overhead or lifting effort
or as a complication of a primary hypercoagulable state. A
moremodern understanding of this disease process recognizes
that this is a chronic disease process, underpinned by repeti-
tive venous injury during arm use and elevation in the setting
of normal anatomic arrangements in the costoclavicular space.
This space is the area between the clavicle, the first rib, the
anterior scalene muscle, and the subclavius muscle (Fig. 3)
[30, 31]. In the chronic state, this is reflected as a cycle of
injury and tissue repair, with progressive deposition of
perivenous constricting scar tissue. This conditionmay remain
asymptomatic for many years, as the body is able to develop
collateral draining pathways, until the formation of an acute
thrombus in the main subclavian vein develops and is propa-
gated, and a significant amount of collateral circulation is
thereby obstructed in addition to the main venous drainage.

This acute-on-chronic venous obstruction results in sudden
spontaneous swelling of the entire arm, with cyanosis, heavi-
ness, early fatigue, and pain with use (Fig. 4). Pulmonary
embolismmay occur; however, this is much less frequent than
in iliofemoral deep vein thrombosis, and it is usually hemo-
dynamically insignificant and even clinically silent, often be-
ing an incidental finding on imaging studies.

Clinical Recognition

The index of suspicion for venous TOS should be high in any
young, healthy, active individual who presents with pulmo-
nary embolism or the sudden onset of arm swelling and cya-
nosis, particularly in those involved in repetitive overhead
activities or weightlifting [29–31]. Additional history will of-
ten include a sense of heaviness in the arm that is worse with
elevation, with occasional numbness and tingling in the arm
and hand. In contrast to neurogenic TOS, in venous TOS,
there is no significant tenderness along the path of the brachial
plexus. However, physical examination reveals substantial
swelling of the entire arm, from the shoulder extending into
the hand, with cyanosis, as well as engorgement of subcuta-
neous veins draining from the arm around the shoulder and
across the upper chest and back.

Duplex ultrasound imaging of the upper extremity may be
used in the initial evaluation of patients suspected to have
venous TOS; however, there are several technical limitations
imposed on imaging this area of the body, including acoustic
shadowing from the bony structures and difficulty
compressing the subclavian vein. One retrospective review
identified a 21% false-negative rate for diagnosis of subclavi-
an vein thrombus, which was associated with a delay in de-
finitive imaging and thrombolysis and associated with an in-
crease in need for major subclavian vein reconstruction at the
time of surgical decompression [32••]. Because of this sub-
stantial false-negative rate, duplex ultrasound should not be
relied upon to rule out a diagnosis of venous TOS. Effort
thrombosis may also be evaluated by contrast-enhanced CT

Fig. 2 Performance metrics in MLB pitchers before and after surgical
treatment for neurogenic TOS. Pitch velocity metrics in the 3 years
before and after undergoing surgical treatment for neurogenic TOS, as
represented by the mean ± SEM. Note there is no significant difference
before or after surgical decompression. With permission from Thompson

RW, Dawkins C, Vemuri C, Mulholland MW, Hadzinsky TD,
McLaughlin LN, and Pearl GJ. Performance metrics in professional
baseball pitchers before and after surgical treatment for neurogenic
thoracic outlet syndrome. Ann Vasc Surg 2017;39(1):216–227
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or MR venography, often with the arm in resting and over-
head positions. This type of study may readily establish the
diagnosis and may also be relied upon to exclude venous
TOS when negative [7]. The most definitive diagnostic test
for venous TOS remains catheter-directed venography.

This provides the most complete information regarding
flow through the axillary-subclavian vein as well as the
collateral pathways and allows for potential for single-
session treatment with thrombolysis using a variety of
techniques. Catheter-based venography should therefore
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be considered the initial diagnostic test of choice, whenev-
er available.

Anticoagulation and Thrombolysis

The initial treatment of patients suspected to have venous TOS
is anticoagulation with intravenous heparin to stabilize the clot
and prevent extension of the thrombus. Catheter-directed ve-
nography should also be used, as well as attempts at clearing
the clot and restoring in-line flow through the subclavian vein
(Fig. 5). There are a variety of devices and pharmaceutical
agents used in these procedures that are beyond the scope of

this chapter. Balloon angioplasty may be attempted to im-
prove any residual stenosis; however, this is often unsuccess-
ful given fibrous scarring within the subclavian vein wall and
persistent external compression. It is essential to realize that
thrombolysis does not represent definitive long-term treat-
ment. Additionally, it is important to emphasize that stenting
in this area is contraindicated and should be strongly avoided,
given the well-documented high rate of mechanical stent fail-
ure in the absence of surgical decompression [33].

Fortunately, most patients experience rapid improvement in
symptoms following thrombolysis and are then maintained on
systemic anticoagulation. In the past, conservative treatment
with anticoagulation alone has been attempted, but this is as-
sociated with a substantial incidence of recurrent thrombosis
and persistence of symptoms with limitations in arm activity. It
should be recognized that axillary-subclavian vein effort
thrombosis is not a primary thrombotic process like deep ve-
nous thrombosis of the lower extremities, as there is a distinct
cause due to external compression and injury to the vein. Thus,
it is unknown at what time interval anticoagulation can be
discontinued in the absence of thoracic outlet decompression,
and it may need to be continued on an indefinite basis. While
these limitations may be acceptable to elderly sedentary indi-
viduals, for young healthy athletes, the use of long-term
anticoagulation and restrictions on arm activity represent an
undue burden that is unacceptable, making surgical treatment
the best recommendation both for long-term reduction in
symptoms and to allow discontinuation of anticoagulation.
Therefore, following thrombolysis, the standard of care for
venous TOS is referral for surgical treatment.

Fig. 4 Clinical presentations of
subclavian vein thrombosis in
healthy adults. Photographs
depicting: a A 32-year-old wom-
anwith right SCV thrombosis; b a
24-year-old male with right SCV
thrombosis; and c a 17-year-old
woman with right SCV thrombo-
sis. Note how all of them have
demonstrated the classic symp-
toms of upper extremity swelling
and cyanotic discoloration, ex-
tending from the shoulder to in-
volve the entire arm. With per-
mission from Vemuri C, Salehi P,
Benarroch-Gampel J,
McLaughlin LN, and Thompson
RW. Diagnosis and treatment of
effort-induced thrombosis of the
axillary-subclavian vein due to
venous thoracic outlet syndrome.
J Vasc Surg Venous Lymphat
Disord 2016;4(4):485–500

Fig. 3 Underlying pathophysiology and surgical management of
subclavian vein effort thrombosis. Normal anatomy of the thoracic
outlet (top center) illustrating relationships between the subclavian vein
(SCV), internal jugular vein (IJV), clavicle, and first rib. In the preclinical
phase, vigorous activities requiring overhead positions of the arm are
associated with the development of SCV effort thrombosis. SCV
compression between the clavicle and first rib results in focal vein wall
injury. Chronic repetitive compression injury of the SCV leads to
formation of circumferential perivenous scar tissue, which can severely
constrict the lumen. Thrombus formation within the lumen of the
constricted SCV causes complete obstruction of the SCV, with
extension of thrombus to the axillary vein causing obstruction of
collateral veins and symptomatic presentation of acute SCV effort
thrombosis. Catheter-directed venography and thrombolytic infusion re-
move the thrombus and demonstrate the underlying injury to the subcla-
vian vein. Definitive treatment is achieved by thoracic outlet decompres-
sion with first rib resection and subclavian vein reconstruction.
Reproduced with permission from Melby SJ, Vedantham S, Narra VR,
et al. Comprehensive surgical management of the competitive athlete
with effort thrombosis of the subclavian vein (Paget-Schroetter syn-
drome). J Vasc Surg 2008;47:809–820

R
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Surgical Management

The goals of surgical decompression for venous TOS are fo-
cused around decompressing the axillary-subclavian vein and
to restore normal venous blood flow in a durable manner [29].
In all the surgical per protocols to date, thoracic outlet decom-
pression is accomplished by first rib resection along with re-
moval or division of the anterior scalene, as well as removal of
the subclavius muscle and perivenous scar. Themost common
approaches involve a transaxillary, paraclavicular, or
infraclavicular approach. The transaxillary approach typically
involves partial resection of the anterior portion of the first rib
and division of the scalene muscle attachments. Given the
limitations on exposure or control of the subclavian vein, this
approach is often done in conjunction with a plan for intraop-
erative or postoperative venography and balloon angioplasty.
The infraclavicular approach involves resection of the anterior
portion of the first rib to its junction with the sternum and as
far back as is reasonably viewed. The anterior scalene muscle
is also divided, and the subclavius muscle is removed. A lim-
ited external venolysis of the subclavian vein can be per-
formed from this approach. In contrast, the paraclavicular ap-
proach allows for full resection of the entire first rib and com-
plete removal of the anterior scalene, middle scalene, and
subclavius muscles. It allows a full exposure of the axillary-

subclavian vein by which to perform a thorough external
venolysis, as well as sufficient exposure for potential patch
angioplasty repair or interposition bypass reconstruction, as
indicated by the findings of intraoperative venography
(Fig. 6). Following surgical decompression, the gradual initi-
ation of anticoagulation and physical therapy are important for
achieving a steady return to full function. Anticoagulation is
generally continued for 3 months after surgery and then
discontinued.

Outcomes

Our results for venous thoracic outlet decompression using the
paraclavicular approach have been previously reviewed in this
series of 32 high-performing overhead athletes [30]. With a
mean age of 20.3 years and a mean interval of symptom onset
to definitive venographic diagnosis of 20.2 ± 5.6 days (range 1
to 120), catheter-directed thrombolysis was performed in 26
(81%) with adjuvant balloon angioplasty required in 12.
During surgical decompression, none of the patients experi-
enced any disruption of the bony landmarks at the
sternoclavicular joint. Patency of the axillary and subclavian
vein was restored by external venolysis and decompression
alone in 56%, while the remaining 44% required axillary-
subclavian vein reconstruction. All patients resumed

Fig. 5 Venography and initial management of subclavian vein
thrombosis. Initial management of a young woman with right-sided
SCV effort thrombosis is best achieved with catheter-directed venogra-
phy. a Initial venogram demonstrates extensive collateral veins, as well as
underlying axillary-subclavian vein occlusion. b After catheter-directed
pharmacomechanical therapy, a flow channel is cleared, and residual
narrowing is observed and the proximal SCV. c Balloon angioplasty at

the area of the residual stenosis demonstrates the external compression of
the bony structures. d Completion venogram demonstrating improved
flow of the SCV common decompression of the collaterals. With permis-
sion from Vemuri C, Salehi P, Benarroch-Gampel J, McLaughlin LN,
and Thompson RW. Diagnosis and treatment of effort-induced thrombo-
sis of the axillary-subclavian vein due to venous thoracic outlet syn-
drome. J Vasc Surg Venous Lymphat Disord 2016;4(4):485–500
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unrestricted use of the upper extremity as well as participation
and high-level athletics, with a median interval of 3.5 months
(range 2 to 10 months) between operation and the return to
competitive athletics. Similar to earlier reports, the overall
duration from onset of symptoms to a full return to activity
was correlated with the time interval from venographic diag-
nosis to surgical decompression and was lengthened in pa-
tients with persistent symptoms or rethrombosis prior to de-
finitive surgical referral.

In a review of the three major surgical decompression pro-
tocols, those based on the transaxillary and infraclavicular
approaches resulted in successful outcomes in approximately
75% of patients, whereas over 95% of those who underwent
paraclavicular decompression had a successful outcome [31].
These experiences demonstrate that successful outcomes for
venous TOS can be most predictably achieved using an ag-
gressive approach, centered around early diagnosis using ve-
nography, prompt thrombolysis, and referral for surgical de-
compression using paraclavicular thoracic outlet decompres-
sion with possible reconstruction, followed by short-course
postoperative anticoagulation. Optimal outcomes for this con-
dition can therefore be achieved by early recognition and

prompt referral to a center where comprehensive endovascular
and surgical management are available.

Arterial Thoracic Outlet Syndrome

Arterial TOS is characterized by pathology of the subclavian
artery as it passes through the scalene triangle in the setting of
precipitating anatomical factors, most commonly bony abnor-
malities such as a cervical rib, hypoplastic first rib, or clavicle
fracture. It is the least frequent form of TOS, accounting for 1–
3% of patients in the largest clinical series [1, 2]. It is impor-
tant to emphasize that arterial TOS is distinct from positional
compression of the subclavian artery (reduction of the pulses
during arm elevation), which is not an infrequent finding in
normal patients on physical exam and has no potential for
occlusion or distal embolization. In contrast, positional com-
pression of the subclavian artery may be present in patients
with symptoms more characteristic of neurogenic TOS, in
which case it should be apparent that the cause of symptoms
is not related to the reduction of pulses but rather to simulta-
neous brachial plexus nerve compression.

Fig. 6 Subclavian vein bypass
graft reconstruction.
Intraoperative left upper
extremity venograms in two
different patients depicting
residual obstruction of the SCV
immediately following
paraclavicular decompression and
external venolysis (a and c); both
patients required reconstruction
with cryopreserved femoral vein
conduits (b and d). With
permission from Vemuri C,
Salehi P, Benarroch-Gampel J,
McLaughlin LN, and Thompson
RW. Diagnosis and treatment of
effort-induced thrombosis of the
axillary-subclavian vein due to
venous thoracic outlet syndrome.
J Vasc Surg Venous Lymphat
Disord 2016;4(4):485–500
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Clinical Recognition

Unilateral hand or digital ischemia is a common presenting
finding in patients with arterial TOS. This may be accompa-
nied by symptoms of numbness, tingling, altered temperature
sensation, and delayed capillary refill. It is important to note
that these findings may be seen even in the presence of pal-
pable radial and ulnar pulses, although this is not universal.
There may be loss of the ulnar, radial, or brachial pulses with
diminished blood pressure measurements on the affected ex-
tremity. The underlying mechanism is proximal embolization
from the subclavian artery, most commonly manifest as an
aneurysm.

The presence of digital ischemia is not universally due to
subclavian artery pathology.More proximal and distal sources
of embolization should be evaluated and differentiated be-
tween localized digital artery occlusion and primary vaso-
spasm (such as in the setting of Raynaud’s syndrome)
(Table 3). The workup for a source of embolization should
include a transthoracic echocardiogram, to evaluate for cardi-
ac source of embolus, as well as contrast-enhanced angiogra-
phy, whether by CT or MR. Similar to venous TOS, catheter-
directed angiography remains the most accurate and definitive
means of diagnosis relating to the level of disease, as well as to
accurately evaluate the distal vasculature and the level of em-
bolization for treatment planning purposes.

Pathophysiology and Surgical Therapy

Subclavian artery aneurysms form as a result of poststenotic
dilatation in the setting of prolonged and sustained

compression of the subclavian artery. This is most commonly
seen in the setting of bony abnormalities, such as a congenital
cervical rib or hypoplastic first rib. The poststenotic dilatation
of the artery leads to aneurysmal wall degeneration, with inti-
mal ulceration and thrombus formation that is prone to distal
embolization. When the diagnosis is made, whether on axial
imaging or by catheter-based angiography (Fig. 7), antiplatelet
agents and anticoagulation should be initiated to help stabilize
the mural thrombus and prevent further embolization. Intra-
arterial thrombolytics may have a role for the management of
distal embolic disease but should be used with caution and in
the setting of planned surgical decompression, as it may ex-
acerbate the potential for distal embolization.

The definitive surgical approach for subclavian artery an-
eurysms in the setting of arterial TOS is dependent upon the
location and extent of the aneurysm. In all cases, it begins with
the supraclavicular incision and proceeds with scalenectomy
and rib resection similar to operations for neurogenic TOS. In
cases where the subclavian artery aneurysm extends under-
neath the level of the clavicle, a separate infraclavicular inci-
sion may be necessary to obtain distal axillary artery control
for the performance of an arterial bypass. The choice of by-
pass conduit is largely determined by the extent of the aneu-
rysm. In those that do not cross under the clavicle, it is rea-
sonable to consider repair with short autologous or cryopre-
served vessel conduits. However, if the lesion crosses under-
neath the clavicle and an infraclavicular distal anastomosis is
required, greater consideration may be given to use of exter-
nally supported ringed polytetrafluoroethylene (PTFE) or
Dacron grafts. In patients who presented acutely, the emphasis
should be on reestablishing flow to the distal extremity, often
through a more distal brachial artery exposure in the arm.
Depending upon the clinical picture, it is not unreasonable to
stage surgical management of the subclavian artery aneurysm,
until several weeks after the acute limb-threatening event has
passed.

Outcomes

The senior author’s experience with arterial TOS over an 8-
year period has been previously reported [34]. This single
institution-based series encompassed 40 patients with a mean
age of 40.3 ± 2.2 years (range, 13–68 years), with over half
presentingwith upper extremity ischemia (N = 21) or posterior
cerebral circulation strokes (N = 2), 8 of whom required sepa-
rate brachial artery thromboembolectomy for limb-threatening
ischemia. The remaining 17 presented with a nonvascular eti-
ology, including superimposed neurogenic TOS or asymp-
tomatic neck mass. All of the patients underwent surgical
decompression, and 75% had a cervical rib (6 partial, 24 com-
plete), 5 had a first rib abnormality, and four had a clavicular
fracture.

Table 3 Differential diagnosis of digital ischemia

Thromboembolism from a cardiac source

Arrhythmia, valvular disease, paradoxical (patent septal defect)

Thromboembolism from a proximal arterial source

Aorta: endothelial ulceration, dissection, or penetrating ulcer

Subclavian or axillary arteries: aneurysm, occlusion, stenosis or
ulceration

Thromboembolism from a distal arterial source

Brachial, radial or ulnar arteries: local trauma

Palmar arteries: hypothenar hammer syndrome

Systemic diseases associated with vasculitis

Scleroderma, rheumatoid arthritis, polyarteritis nodosa, Takayasu’s,
Buerger’s disease

Local vascular diseases

Hemangioma, arteriovenous malformation, glomus tumor, synovitis

Primary digital artery thrombosis

Local repetitive trauma

Primary vasospasm

Raynaud’s disease, cold exposure, tobacco use, cocaine

466 Curr Rev Musculoskelet Med (2020) 13:457–471



Fig. 7 Subclavian Artery Aneurysm Causing Digital Ischemia. Photographs
depicting a otherwise healthy 28-year-old right-handed man who presented
with right digital ischemia. a A right upper extremity arteriogram demon-
strates multilevel disease, beginning with the subclavian artery aneurysm, as
well as distal occlusion of the brachial artery, as well as distal digital artery
occlusion. b and cAngiographic views of the right hand (b) and left hand (c)
illustrate the ipsilateral difference in perfusion between the hands. d Ischemic
digital lesions in the right hand. e Brachial artery thromboembolectomy and
patch angioplasty repair was initially performed due to the acute limb-

threatening nature. f Several days later, the patient went for removal of the
1st and cervical ribs. g Subclavian artery aneurysm viewed from right
supraclavicular exposure. h There is intimal disruption with ulceration and
thrombus formation in the subclavian artery. i Interposition bypass grafting
was necessary for subclavian artery reconstruction. With permission from
Thompson RW. Management of digital emboli, vasospasm, and ischemia
in ATOS. In: Illig KA, Thompson RW, Freischlag JA, Donahue DM, Jordan
SE, Edgelow PI, eds. Thoracic Outlet Syndrome. London:Springer;
2013:p.557–563
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Subclavian artery reconstruction for significant dilation
was performed in 28 (70%). Patency of the reconstruction in
a follow-up of 4.5 ± 0.4 years was 72%, and no patients (in-
cluding those who did not undergo reconstruction) reported
further embolization or had noted dilatation at follow-up.
Chronic symptoms remained in 6 patients, four of which were
post-ischemic and 2 of which had neurogenic symptoms.
Based on this experience, it was concluded that for limb-
threatening events, it is safe to stage the brachial embolectomy
from the proximal subclavian aneurysm repair, and secondly,
that prompt surgical decompression and repair of the subcla-
vian aneurysm can lead to excellent results and a full return to
high level of function within months. However, the residual
symptom rate is not insignificant (15%), and such patients
should be counseled on this possibility at the time of surgical
therapy.

Compressive Axillary Artery Lesions

There is an even more rare vascular condition related to the
thoracic outlet, seen almost exclusively in volleyball and base-
ball pitchers, that is marked by injuries to the axillary artery or
its branches at the level of the head of the humerus (Fig. 8) [4,
5, 35, 36]. This may be seen in the main axillary artery in its
third portion or, more frequently, in the proximal branch ves-
sels (anterior and posterior circumflex humeral arteries or
subscapular artery). Given the location and fixation of the
axillary artery just beyond the pectoralis minor muscle and

the relatively fixed positions of the anterior and posterior cir-
cumflex humeral and subscapular branch vessels, these le-
sions are believed to be provoked by recurrent trauma against
the humeral head as the axillary artery is pulled tight during
the overhead throwing position. A variant of this lesion,
termed “vascular quadrilateral space syndrome,” is due to re-
petitive trauma to the posterior circumflex humeral artery
(PCHA) as it courses through the quadrilateral space in the
upper arm [4]. This space is bounded by the long head of the
triceps medially, medial edge of the humerus laterally, the
teres major inferiorly, and the teres minor superiorly [37].
As a result of this trauma, there is repetitive injury at the origin
of the branch points, with intimal disruption and dissection,
leading to both aneurysmal degeneration and thrombotic oc-
clusion with formation of mural thrombus and distal
thromboembolization. Primary dissection of the axillary artery
itself is possible and may extend proximally or distally with
subsequent ischemic complications.

Diagnosis and Management

Similar to arterial TOS, this condition is often manifested as
hand or digital ischemia as well as exertional fatigue in the
arm. Similar to the management of arterial TOS, initial treat-
ment involves antiplatelet medication and anticoagulation, as
well as angiographic diagnosis. It is important during imaging
assessment to assess for dynamic positioning, as dynamic ar-
terial obstruction may be best visualized with catheter-based
imaging techniques.

Fig. 8 Pathogenesis of
compressive axillary artery
lesions. The arrow annotated is
the area of compression of the
axillary artery against the
proximal portion of the humeral
head, posterior to the level of the
pectoralis minor tendon. This is
most commonly seen in the
overhead position. Repetitive
injury can lead to a variety of
sequelae eyes, including intimal
hyperplasia and thrombotic
occlusion, aneurysm formation
with mural thrombus, or event
vessel aneurysm and dissection.
With permission from Duwayri
YM, Emery VB, Driskill MR,
Earley JA, Wright RW, Paletta
GA Jr., and Thompson RW.
Positional compression of the
axillary artery causing upper
extremity thrombosis and
embolism in the elite overhead
throwing athlete. J Vasc Surg
2011;53(5):1329–1340
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As with arterial TOS, antiplatelet and anticoagulation man-
agement alone is not sufficient, nor is angioplasty or stent place-
ment at the time of catheter-directed angiography, given the po-
tential for exacerbating any underlying dissection or causing dis-
tal embolization. Surgical treatment is optimal management for
compressive lesions of the axillary artery and its branches. The
preferred operative approach involves an upper arm incision
overlying the course of the upper brachial and distal axillary
artery, across the level of the pectoralis minor space. The
pectoralis minor tendon may be divided if necessary for expo-
sure, and the entire axillary artery should be fully dissected free
of surrounding tissues and attachments, taking care not to injure
the adjacent brachial plexus nerves. For lesions affecting the
axillary artery branches alone, it is sufficient to ligate and transect
the branch vessel off of the main axillary artery. However, for
those lesions involving the main axillary artery, the affected seg-
ment should be completely excised. Primary repair is ill-advised
due to tethering of the axillary artery; thus, patch angioplasty or
interposition bypass grafting is preferable, with saphenous vein
being the preference for the young athlete (Fig. 9). All attempts
possible should be made to preserve or reimplant at least one of
the axillary branches onto the bypass graft or the distal anasto-
mosis, to maintain adequate perfusion and optimal performance
of the humeral head and the muscles of the shoulder girdle.

Prognosis

Postoperative recovery is typically complete by the 12-week
mark, and in our reported series of compressive axillary artery
lesions, all patients returned to high-level professional base-
ball [35]. Of these 9 patients, the mean age was 30.9 ±
2.9 years, and they underwent angiography and surgical repair
at a mean of 2.5 ± 0.8 weeks after the onset of symptoms
(range 1–8 weeks). The majority (6 patients) had occlusion
of the distal axillary artery at the level of the humeral head, 1
had axillary artery dissection with positional occlusion, and 2
had thrombosis of posterior circumflex humeral artery aneu-
rysms. Surgical treatment consisted of distal artery
thrombectomy and thrombolysis, with ligation and excision
of circumflex humeral artery aneurysms in 2, patch angioplas-
ty of the axillary artery alone in 2, and interposition bypass
graft using saphenous vein in 5. The hospital stay was just
under 4 days (3.8 ± 0.5 days), unrestricted overhead throwing
was begun at 10.8 ± 2.7 weeks, and all were able to return to
professional baseball. Primary patency of the arterial repair
was 89%, and secondary patency was 100%, at a median
follow-up of 15 months. This study leads us to advocate for
prompt surgical management and exploration of these pa-
tients, to facilitate a return to high-level athletic activities.

Fig. 9 Axillary artery thrombosis. a Intraoperative angiogram
demonstrates occlusion of the right axillary artery id a 29-year-old base-
ball pitcher. b The incision shown for the upper arm exploration is dem-
onstrated, with noted of the cutoff at the level of the pectoralis minor. c
The arteries controlled and then opened longitudinally to identify thick-
ened and disrupted intima, as well as thrombus formation of both acute
and chronic nature. d This area was excised and replaced with an

interposition vein graft, shown on the intraoperative angiogram. Note
the preserved large circumflex humeral artery at the 2nd arrow. With
permission from Duwayri YM, Emery VB, Driskill MR, Earley JA,
Wright RW, Paletta GA Jr., and Thompson RW. Positional compression
of the axillary artery causing upper extremity thrombosis and embolism in
the elite overhead throwing athlete. J Vasc Surg 2011;53(5):1329–1340
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Conclusions

Upper extremity pain, numbness, tingling, and fatigue are
hallmarks of neurogenic TOS, and in the high-performance
athlete, these symptoms may not be present at rest. Surgical
decompression for neurogenic TOS is effective and can lead
to a full return to athletic activities if the condition is identified
and treated early. Median recovery time to competitive athlet-
ic activity is 9–10 months, with targeted physical therapy
needed during recovery and rehabilitation. Subclavian vein
thrombosis due to venous TOS should be aggressively evalu-
ated with catheter-based venography, and anticoagulation is
initial management strategy. Surgical decompression is essen-
tial to allow discontinuation of anticoagulation and a return to
high-level athletic activity. Unilateral digital ischemia, most
commonly in the throwing arm, may arise from multiple
sources of emboli including the subclavian artery in arterial
TOS, as well as the axillary artery or its branches. This finding
should prompt urgent evaluation with contrast-enhanced an-
giography. Arterial TOS is caused by bony abnormalities,
most often a cervical rib, with chronic compression and injury
to the subclavian artery resulting in with aneurysm formation.
Arterial obstruction may be largely positional, and this should
be taken into consideration during imaging evaluation. There
is increasing awareness and understanding of neurovascular
compressive symptoms affecting the upper extremities, and
these should be promptly referred to specialists and surgical
centers of excellence upon recognition.
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