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Positional compression of the axillary artery
causing upper extremity thrombosis and embolism
in the elite overhead throwing athlete
Yazan M. Duwayri, MD,a Valerie B. Emery, RN,a Matthew R. Driskill, MSPT,b

Jeanne A. Earley, PT, MHS,b Rick W. Wright, MD,c George A. Paletta Jr, MD,d and
Robert W. Thompson, MD,a,e St. Louis and Chesterfield, Mo

Objectives: To describe the spectrum of axillary artery pathology seen in high-performance overhead athletes and the
outcomes of current treatment.
Methods: A retrospective review of patients that had undergone management of axillary artery lesions in a specialized
center for thoracic outlet syndrome (TOS). Treatment outcomes were assessed with respect to arterial pathology and
operative management.
Results: Nine male athletes were referred for arterial insufficiency in the dominant arm between January 2000 and August
2010, representing 1.6% of 572 patients treated for TOS (19% of 47 patients treated for arterial TOS). Seven were elite
baseball pitchers (six professional, one collegiate), and two were professional baseball coaches with practice pitching
responsibilities, with a mean age of 30.9 � 2.9 years. Presenting symptoms included arm fatigue (five), finger numbness
(four), cold hypersensitivity/Raynaud’s (two), rest pain (one), and cutaneous fingertip embolism (one). Three patients
underwent transcatheter thrombolysis prior to referral, including one with angioplasty and stenting. At angiography and
surgical exploration 2.5 � 0.8 weeks after symptom presentation (range, 1-8 weeks), six patients had occlusion of the
distal axillary artery opposite the humeral head either at rest (three) or with arm elevation (three), one had axillary artery
dissection with positional occlusion, and two had thrombosis of circumflex humeral artery aneurysms. Five patients had
embolic arterial occlusions distal to the elbow. Treatment included segmental axillary artery repair with saphenous vein (n �
7; five interposition bypass grafts and two patch angioplasties), ligation/excision of circumflex humeral artery aneurysms (n �
2), and distal artery thrombectomy/thrombolysis (n � 2). Mean postoperative hospital stay was 3.8 � 0.5 days, and the time
until resumption of unrestricted overhead throwing was 10.8 � 2.7 weeks. At a median follow-up of 15 months (range, 3-123
months), primary-assisted patency was 89%, and secondary patency was 100%. All nine patients had continued careers in
professional baseball, although one retired during long-term follow-up.
Conclusions: Repetitive positional compression of the axillary artery can cause a spectrum of pathology in the overhead athlete,
including focal intimal hyperplasia, aneurysm formation, segmental dissection, and branch vessel aneurysms. Prompt
recognition of these rare lesions is crucial given their propensity toward thrombosis and distal embolism, with positional
arteriography necessary for diagnosis. Full functional recovery can usually be anticipated within several months of surgical
treatment, consisting of mobilization and segmental reconstruction of the diseased axillary artery or ligation/excision of

branch aneurysms, as well as concomitant management of distal thromboembolism. (J Vasc Surg 2011;53:1329-40.)
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Arterial thoracic outlet syndrome (TOS) is a rare con-
dition most frequently observed in relatively young, active,
and otherwise healthy individuals.1-4 The most typical form
of arterial TOS involves development of a subclavian artery
aneurysm, caused by compression of the subclavian artery
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ithin the scalene triangle at the level of the first rib. This
sually occurs in conjunction with a congenital cervical rib
r first rib anomaly, with formation of mural thrombus and
mbolic occlusion of distal arteries in the arm and/or hand.
imilar pathologic and clinical findings can develop from
esions in the distal axillary artery or its immediate branches,
lso caused by extrinsic compression, thereby representing
variant of arterial TOS (Fig 1, A). Compressive lesions of

he axillary artery have been occasionally reported in over-
ead athletes since the early 1970s, particularly in baseball
itchers and volleyball players.5-8 The rare nature of these

esions and their unique clinical setting requires different
onsiderations from those applicable to other forms of
ascular disease.

During the past decade, our group has developed a
omprehensive multidisciplinary approach to the man-
gement of all forms of TOS, including standardized
rotocols for the treatment of subclavian and axillary
rtery lesions caused by extrinsic compression. Based on

his experience, the purpose of this study was to describe
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the spectrum of pathology and the outcomes of treat-
ment for axillary artery lesions in high-performance over-
head throwing athletes, with particular emphasis on the
methods of surgical treatment and the subsequent return

Fig 1. Pathogenesis of axillary artery lesions and patient popula-
tion. A, Compression of the third portion of the axillary artery by
anterior displacement of the humeral head during the overhead
throwing motion. The axillary artery is relatively fixed in position at
this site by the overlying fascia, branch vessel origins, and the
pectoralis minor muscle. Repetitive compression can lead to inti-
mal hyperplasia with stenosis, or aneurysm formation, with or
without thrombotic occlusion. Similar lesions may also arise in the
adjacent axillary artery branches (subscapular and circumflex hu-
meral arteries). (Drawing by Ms. Vicki Friedman, MedPIC, Wash-
ington University School of Medicine.) B, Distribution of 572
consecutive patients undergoing primary operative treatment for
TOS at Washington University/Barnes-Jewish Hospital from Jan-
uary 2000 through August 2010. The subset of patients with
arterial TOS involving the subclavian and axillary arteries is
indicated.
to athletic activity. e
ETHODS

Patients with arterial TOS were identified through a
linical database of patients treated for all forms of TOS on
he vascular surgery service at Washington University
chool of Medicine and Barnes-Jewish Hospital (St. Louis,
o). Patients with lesions of the axillary artery or its

mmediate branches were identified for review, as defined
y arteriographic imaging prior to or at the time of referral
nd by subsequent surgical exploration. Detailed informa-
ion regarding each patient was summarized from office
otes, hospital charts, imaging studies, and records from
reating physicians, physical therapists, and athletic trainers.
escriptive group data are presented as the mean � stan-
ard error and/or the median and range of values. The
tudy was approved by the Human Research Protection
ffice at Washington University in St. Louis.

ESULTS

Patient population. A total of 572 patients under-
ent primary surgical treatment for all forms of TOS be-

ween January 2000 and August 2010, including 47 pa-
ients with arterial TOS (8.2% of the total). Nine patients
ad primary lesions of the axillary artery or its immediate
ranches, representing 19% of the patients with arterial
OS and 1.6% of all patients treated for TOS during the
eriod reviewed (Fig 1, B). Each of these individuals was a
ale overhead throwing athlete involved in competitive
aseball, seven as a starting or relief pitcher (six profes-
ional, one collegiate) and two as a professional coach with
aily batting practice pitching responsibilities (Table I).
he mean age at the time of treatment was 30.9 � 2.9 years

median, 31.0 years; range, 20-49 years).
Clinical presentation, diagnosis, and initial mana-

ement. None of the patients had a previous thromboem-
olic disorder, hypercoagulable condition, vascular disease,
rterial catheterization, or history of a cervical rib or first rib
nomaly, and none had experienced upper extremity
rauma, shoulder dislocation, or prolonged or recent use of
rutches. All were actively participating in competitive
aseball at the time of the onset of symptoms, and in each
ase, the dominant throwing arm was affected. Presenting
ymptoms that prompted diagnostic evaluation included
ronounced arm fatigue while pitching (five patients), fin-
er numbness (four patients), Raynaud’s syndrome and
old hypersensitivity in the hand and/or fingers (two pa-
ients), rest pain in the hand (one patient), and localized
ngertip discoloration consistent with cutaneous digital
mbolism (two patients; Table I). One of the patients had a
istory of intermittent finger numbness and Raynaud’s
yndrome for 2 years with no definitive diagnosis but had
nly recently developed substantial arm fatigue with throw-

ng. None of the patients had digital ulcerations or non-
ealing wounds, palpable bony abnormalities or pulsatile
asses in the neck, or clinical findings suggestive of neuro-

enic TOS. In each case, a clinical diagnosis of upper
xtremity arterial insufficiency was initially suspected by the

xamining sports medicine orthopedic surgeon or team
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physician. Several patients had noninvasive vascular labora-
tory studies, including brachial-brachial indexes and
forearm/digital waveforms that confirmed the clinical
impression of arterial insufficiency.

Six patients underwent transfemoral upper extremity ar-
teriography as the initial diagnostic study prior to referral, and
three underwent magnetic resonance (MR) or computed
tomography (CT) arteriograms (Table I). In four patients,
there was complete occlusion of the distal axillary artery
(Figs 2 and 3). In two patients, there was only mild distal
axillary artery stenosis at rest, with positional compression and
occlusion during arm elevation (Fig 4), and in another, there
was a patent but narrowed axillary artery with segmental
dissection and positional occlusion (Fig 5). Two patients had
a normal-appearing axillary artery at rest and in arm elevation,
with occlusion of the posterior circumflex humeral artery
adjacent to the distal axillary artery (Fig 6).

Three of the four patients with axillary artery occlusions
initially underwent an attempt at transcatheter intra-arterial
thrombolysis prior to referral, with restoration of a patent
axillary artery in two and inability to cross the axillary artery
with a guidewire in the third. One of these individuals was
also treated with balloon angioplasty and stent placement
in the distal axillary artery. This patient was treated with
anticoagulation and instructed to discontinue all overhead
arm activities for an indefinite period of time, which obvi-
ated a livelihood in professional baseball. Although asymp-
tomatic 2 months later, he was subsequently offered more
definitive surgical treatment. Following the initial diagnos-
tic studies and interventions, eight of the nine patients were

Table I. Characteristics of patients with axillary artery lesio

#
Age/Gender

Side Occupation Pres

1 49 M
Right

Professional baseball coach Cold ha

2 20 M
Left

National Collegiate Athletic
Association baseball starting pitcher

Digital

3 29 M
Right

Professional baseball starting pitcher Finger n
fatigu

4 32 M
Right

Professional baseball relief pitcher Arm fat

5 33 M
Right

Professional baseball relief pitcher Rest pa

6 24 M
Right

Professional baseball starting pitcher Cold ha

7 37 M
Right

Professional baseball coach Finger n
fatigu

8 31 M
Right

Professional baseball relief pitcher Finger n

9 23 M
Right

Professional baseball starting pitcher Arm fat
Finger d

CT, Computed tomography; MR, magnetic resonance.
Side affected, all represent the dominant side.
Symptom duration, time interval between the onset of symptoms and surgi
maintained on therapeutic anticoagulation with subcutane- v
us low-molecular-weight heparin and/or warfarin, and
ne was treated solely with clopidogrel. The mean interval
rom the onset of symptoms until referral to our center for
urgical treatment was 2.5 � 0.8 weeks (median, 2.0 weeks;
ange, 1-8 weeks; Table I).

Surgical treatment. All patients were treated with a
urgical protocol that began with transfemoral upper extrem-
ty arteriography, which was performed with the affected
rm at rest and in the overhead elevated position (abduc-
ion and external rotation). In several instances, intravascu-
ar ultrasound was also employed to assess pathologic char-
cteristics of the arterial wall, such as intimal thickening or
neurysmal dilatation.

Surgical exploration was performed through an upper
edial arm incision (Fig 2, B). The distal (third) portion of

he axillary artery was exposed and circumferentially mobi-
ized from its surrounding fascia, with gentle retraction of
he axillary vein and brachial plexus nerves. The axillary
rtery branch vessels (subscapular and circumflex humeral
rteries) were also mobilized and circumferentially con-
rolled. The location of the axillary artery lesion was iden-
ified by direct palpation and reference to the previous
rteriograms, with proximal and distal control obtained
here the vessel appeared normal. In seven patients, the

xillary artery pathology was confined to the third portion
f the vessel or its branches (lateral to the pectoralis minor
uscle). In two patients, the lesion extended more proxi-
ally, such that a transverse infraclavicular incision was
sed to control the proximal axillary artery. In no patient
as division of the pectoralis minor muscle necessary for

g symptoms
Initial diagnosis and

treatment
Symptom
duration

d arm fatigue Arteriogram
Thrombolysis
Angioplasty/stent
Anticoagulation

8 weeks

li Arteriogram
Clopidogrel

1 week

ness and arm Arteriogram
Anticoagulation

2 years (fingers)
2 weeks (arm)

MR angiogram
Anticoagulation

4 weeks

d Arteriogram
Thrombolysis
Anticoagulation

1 week

CT angiogram
Arteriogram
Anticoagulation

1 week

ness and arm Arteriogram
Anticoagulation

2 days

ness Arteriogram
Anticoagulation

2 weeks

oration
CT arteriogram
Anticoagulation

3 weeks

atment.
ns

entin

nd an

embo

umb
e
igue

in han

nd

umb
e
umb

igue
iscol
ascular exposure.
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Surgical pathology, summarized in Table II, included
two patients with thrombotic occlusion of the axillary
artery opposite the head of the humerus. Four patients had
a patent axillary artery at rest with positional occlusion in
arm elevation (two of which had undergone successful
thrombolysis for axillary artery thrombosis before referral),
and one patient had an axillary artery dissection with posi-
tional occlusion. The remaining two patients had throm-
bosis of axillary branch vessel aneurysms (circumflex hu-
meral artery). There was angiographic evidence of
thromboembolism distal to the elbow in five of the pa-
tients. A classification and staging system was developed to
better summarize the characteristics of these axillary artery
lesions, based on a combination of arteriographic findings
and surgical pathology (Table III).

Direct repair of the diseased axillary artery was per-
formed in all seven patients with lesions confined to this site
(Table II). In five of these individuals, the affected segment
of the axillary artery was excised, and the artery was recon-
structed with a reversed saphenous vein interposition by-
pass graft. These bypass grafts were placed with widely
beveled end-to-end anastomoses, after measuring the ap-
propriate length of the graft while the arm was placed in
overhead extension to avoid subsequent tension, torsion,
or compression by the humeral head during the pitching
motion. In addition, the distal anastomoses were created to

Fig 2. Axillary artery thrombosis. A-D, Initial arteriog
29-year-old baseball pitcher (A). Surgical exploratio
thrombosis of the distal axillary artery (C), superimpos
hyperplasia. The excised arterial segment was replaced
arteriogram (D).
incorporate at least one of the axillary artery branch vessel w
rigins (subscapular and/or circumflex humeral arteries).
n two patients, an axillary artery thrombectomy was per-
ormed followed by resection of a focal web-like intimal
esion, and reconstruction was performed with a saphenous
ein patch rather than a bypass graft. The two patients
ound to have lesions confined to the axillary artery branch
essels underwent simple ligation and excision of the cir-
umflex humeral artery aneurysm, without axillary arteriot-
my or direct reconstruction.

All patients underwent intraoperative completion arte-
iography immediately following treatment of the axillary
rtery or branch vessel lesion. Selective injections were
aken with the arm at rest and in overhead elevation, and
he distal circulation was assessed from the brachial artery to
he hand. No patient required revision of the axillary artery
econstruction. Two patients had brachial artery explora-
ion and thrombectomy for distal thromboembolism,
long with intra-arterial thrombolysis and vasodilator infu-
ion into the distal vessels of the forearm. At the completion
f each operative procedure, a closed-suction drain was
laced into the axillary space for 24 to 48 hours, and
herapeutic anticoagulation was resumed (intravenous hep-
rin followed by conversion to warfarin) along with anti-
latelet therapy (clopidogrel).

Postoperative recovery, return to activity, and sec-
ndary procedures. The mean postoperative hospital stay

emonstrating occlusion of the right axillary artery in a
rough an upper arm incision (B), revealing acute

an area of intimal thickening caused by focal intimal
n interposition vein graft, illustrated on a completion
ram d
n th
ed on
by a
as 3.8 � 0.5 days (median, 3.0 days; range, 2-7 days), with
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each patient having an uncomplicated recovery. All patients
were maintained on postoperative anticoagulation and anti-
platelet therapy for approximately 6 weeks. Physical therapy
was also continued for 6 weeks, with an initial focus on
restoration and maintenance of upper extremity range of
motion, while restricting vigorous overhead activity and
upper-body weight lifting. This was allowed to progress to
upper-body strengthening and throwing beginning 6 weeks
after surgery, with an emphasis on maintaining proper posture
and shoulder mechanics during overhead motion.

Planned secondary imaging procedures were typically per-
formed 4 to 6 weeks after surgical treatment, to evaluate the
axillary artery reconstruction and distal circulation before
the return to more vigorous upper extremity exercise.

Fig 3. Axillary artery thrombosis and distal embolism
pitcher, demonstrating segmental occlusion of the distal
thrombosis (B). The thrombus was removed (C), revea
stenosis (D). This intimal lesion was resected, allowing re
arteriography demonstrated a widely patent axillary ar
Concomitant embolic occlusion of the distal brachial
intra-arterial thrombolysis, and vasodilator infusion. A
brachial and ulnar arteries (I).
These studies included MR angiography in two patients w
nd selective (transfemoral) arteriography in five (two
atients treated early in this series did not have follow-up
adiographic imaging but were assessed by clinical exam-
nation and vascular laboratory studies). In each case, the
xillary artery was shown to be patent with the arm at rest and
n elevated positions, with a palpable radial and/or ulnar pulse
nd satisfactory arterial flow in the distal arm, hand, and
ngers.

Anticoagulation was discontinued 6 weeks after sur-
ery, at which time patients were permitted more vigorous
thletic rehabilitation overseen by a team physician and
rainer. The mean time to a resumption of unrestricted
verhead throwing (including regular baseball pitching)
as 10.8 � 2.7 weeks (median, 8.0 weeks; range, 6-32

netic resonance arteriogram in a 24-year-old baseball
axillary artery (A). Operative exploration revealed acute
a smooth luminal surface with a focal intimal web-like
ith a saphenous vein patch angioplasty (E). Completion
epair with the arm at rest (F), and in elevation (G).
ulnar arteries (H), treated by direct thrombectomy,
-up arteriogram 6 weeks after surgery showed patent
. Mag
right
ling

pair w
tery r
and

follow
eeks). All nine patients were initially able to resume their
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careers in collegiate or professional baseball, returning to a
level of performance at least equivalent to that achieved
previously.

Two of the nine patients had unplanned secondary
operative procedures during follow-up. One of these indi-
viduals (patient #3) originally underwent axillary artery
thrombectomy and an interposition saphenous vein bypass
graft, at which time he had also been noted to have signif-
icant digital embolism. He returned to pitching in profes-
sional baseball but 2 years later, developed recurrent symp-
toms of finger numbness and cold hypersensitivity. He was
found to have extension of distal thrombosis in the digital
arteries and hand, along with mild restenosis at the proxi-
mal anastomosis of the previous bypass graft. He was
successfully treated with transbrachial radial artery throm-
bectomy, intraarterial thrombolysis, and vasodilator infu-
sion, as well as balloon angioplasty of the proximal anaso-
tosis of the saphenous vein graft. He again had a successful
return to professional baseball pitching, but after another 2
years had persistent symptoms attributable to digital vaso-
spasm. As these symptoms had become refractory to con-

Fig 4. Positional compression of the axillary artery.
demonstrating a patent right axillary artery with the arm
the arm in an elevated position (B). Repeat arteriograph
graft, demonstrating a widely patent vessel with the arm
servative measures (ie, heat, vasodilators, topical nitrates), 1
e underwent elective thoracoscopic cervical sympathec-
omy followed by a successful return to overhead activity.

The second patient initially had repair of the axillary
rtery with an extended saphenous vein bypass graft (pa-
ient #4). He developed bypass graft occlusion 1 month
fter the initial procedure despite satisfactory anticoagula-
ion, related to proximal vein graft compression at the level
f the first rib. This patient underwent supraclavicular
horacic outlet decompression with first rib resection, fol-
owed by subclavian-to-axillary artery reconstruction with
n externally-supported polytetrafluoroethylene bypass
raft. He returned to play baseball but 1 year later devel-
ped thrombotic occlusion of the polytetrafluoroethyl-
ne graft after a recent increase in pitching activity. This
as successfully treated by catheter-directed thromboly-

is, and he was thereafter treated with prolonged low-
evel anticoagulation. While able to return to pitching,
e subsequently retired from professional baseball and
emained asymptomatic with full use of the arm as a
aseball instructor.

The median duration of postoperative follow-up was

Initial arteriogram in a 33-year-old baseball pitcher
t (A) but compression and axillary artery occlusion with
eeks after axillary artery repair with an interposition vein
t (C) and when elevated (D).
A-D,
at res
y 6 w
5 months (range, 3-123 months). All patients were free of
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symptoms with unrestricted use of the upper extremity at
the time of last follow-up. Eight of the nine patients (89%)
had continued careers in professional baseball, and one had
retired from the sport. With respect to the long-term status
of the arterial reconstructions, the primary-assisted patency
rate was 89% (8/9), and the secondary patency rate was
100%.

DISCUSSION

The overhead throwing position involves 90 to 120
degrees of shoulder abduction, excessive external arm
rotation, and full wrist pronation.9 During this maneu-
ver, the third portion of the axillary artery is potentially
subject to compression by the head of the humerus distal
to the pectoralis minor muscle, where the artery is rela-
tively fixed in position by its surrounding fascia and
branch vessel origins (the subscapular and circumflex
humeral arteries; Fig 1, A). Anterior translation of the
glenohumeral joint has been demonstrated by ultra-
sound with the arm in the throwing position, and Staple-
ton et al demonstrated a correlation between this ante-
rior translation and the degree of axillary artery

Fig 5. Axillary artery dissection. Magnetic resonance a
dissection of the right axillary artery (A). Operative art
restriction in flow with the arm at rest (B), and positiona
in elevation (C). Surgical pathology (D) and histologic s
compression as detected by duplex ultrasound, as well as a
ore distal flow-mediated vasodilation.10 Cadaveric and
ngiographic studies have also documented that abduc-
ion and external rotation of the arm can cause compres-
ion of the axillary artery by the humeral head, acting as
fulcrum.11,12 Moreover, tethering of the third portion
f the axillary artery can result in stretch injury to its
ranch vessel origins during the extremes of arm abduc-
ion and external rotation, particularly where the poste-
ior circumflex humeral artery passes into the quadrilat-
ral space.13,14 Although the insertion of the pectoralis
inor tendon on the coracoid process can also compress

he second portion of the axillary artery, potentially
ontributing to this phenomenon, this is probably of
ittle significance.15,16

Repetitive positional compression of the distal axillary
rtery or its branches has been sporadically reported in
aseball players and other competitive overhead athletes,
ith most cases described in conjunction with various
pper extremity neurovascular conditions or rare arteriopa-
hies (Table IV). Along with the present series, review of
hese reports indicates that there have been 46 cases de-
cribed, including 28 (61%) with axillary artery pathology

gram in a 32-year-old baseball pitcher, demonstrating
raphy confirming axillary artery dissection with partial
sion at the level of the distal axillary artery with the arm

n (E) demonstrated extensive axillary artery dissection.
rterio
eriog

l occlu
nd 18 (39%) with lesions of the axillary artery branch
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vessels, with the majority (70%) occurring in baseball play-
ers. It is evident that these lesions are typically caused by
chronic vessel wall injury and frequently associated with
intimal hyperplasia, stenosis, and thrombus formation, as
well as distal embolization to smaller vessels. More abrupt
and substantial axillary artery injury may result in acute
thrombotic occlusion or dissection, and progressive medial
degeneration can lead to aneurysm formation in the axillary
artery or its branches. Although small in size, turbulent
flow in these aneurysms readily produces mural thrombus

Fig 6. Axillary artery branch vessel aneurysm thromb
demonstrating occlusion of the right posterior circumfl
interosseus and ulnar arteries (B). C-F, Initial arteriogram
the right posterior circumflex humeral artery (C), with e
(D). Operative exploration demonstrated a branch vesse
that has a high propensity to embolize to the distal extrem- e
ty, particularly during repetitive movement at the level of
he shoulder joint.

It appears likely that this condition is under-recognized,
n part because symptoms resembling arm claudication,
igital numbness, and circulatory changes are not uncom-
on in high-performance overhead throwing athletes, and

n this setting, such symptoms are often initially attributed
o fatigue and musculoskeletal etiologies. Due to the rich
ollateral network surrounding the shoulder, acute axillary
rtery occlusion rarely presents with limb-threatening isch-

Initial arteriogram in a 37-year-old baseball coach,
umeral artery (A), along with multiple emboli to the
31-year-old baseball pitcher demonstrating occlusion of
lic occlusion of the radial and ulnar arteries in the hand
rysm (E), which was ligated and excised (F).
osis.
ex h
in a

mbo
mia. Significant arm claudication, however, is a disabling
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Patient had successful thrombolysis of an occluded axillary artery prior to referra

“D” modifier Presence of digital artery emboli or occlusions
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ymptom in the throwing athlete. Embolism to the end
rteries in the hand and digits may also result in disabling
umbness, pain, and occasional fingertip ulcerations. Cold
emperature hypersensitivity is also a common symptom
nd can be misinterpreted as vasospasm in the presence of
ormal radial and ulnar pulses. Collegiate and professional
thletes are usually first evaluated by their team physicians,
ho need to have a high index of suspicion when these

ymptoms arise acutely or when they are associated with
ulse deficits, pallor, or differences in temperature. The
ariety of presenting symptoms noted in this current series
einforces the need for team physicians to remain vigilant in
valuating upper extremity complaints in baseball pitchers.

Noninvasive vascular laboratory testing may be useful
n diagnosis, as brachial-brachial indexes may be abnormal
ith axillary artery occlusion, and digital waveforms may be
ampened in the cases of thromboembolism. These studies
an be deceptive, however, as normal results may be ob-
ained in the resting position when there is only positional
ompression of the axillary artery. Plain films may reveal
ervical ribs in cases of subclavian artery compression in the
horacic outlet, but are normal in cases of axillary artery
ompression. Angiography remains the most important
nd essential diagnostic study, whether performed by
atheter-based techniques or contrast-enhanced MR or
T. Angiograms should be performed with the arm both

illary artery lesions

Emboli Operative procedure(s)

No Segmental AxA (stent) excision
Interposition SV graft

Yes Segmental AxA excision
Interposition SV graft

Yes Segmental AxA excision
Interposition SV graft
Completion arteriogram

No Segmental AxA excision
Interposition SV graft
Completion arteriogram

No Segmental AxA excision
Interposition SV graft
Completion arteriogram

Yes AxA thrombectomy
SV patch angioplasty
BA and UA thrombectomy
Arteriogram/thrombolysis

Yes Aneurysm excision/ligation
BA and UA thrombectomy
Arteriogram/thrombolysis

Yes Aneurysm excision/ligation
Completion arteriogram

No AxA thrombectomy
SV patch angioplasty
Completion arteriogram

; RA, radial artery; SV, saphenous vein; UA, ulnar artery.

l occlusions (brachial, radial, ulnar, palmar arch, or digital arteries).
l.
Table II. Surgical pathology and treatment in patients with ax

# Classification Surgical pathology

1 Type II
Stage 0

AxA patent � compressiona

In-stent restenosis
Intimal hyperplasia

2 Type I
Stage 0-D

AxA patent � compression
Luminal surface ulceration

3 Type II
Stage 3-D

AxA occlusion/thrombosis
Intimal hyperplasia

4 Type II
Stage 0

AxA dissection � compression
Intimal hyperplasia

5 Type II
Stage 0

AxA patent � compressiona

Intimal hyperplasia

6 Type II
Stage 2-D

AxA occlusion/thrombosis
Intimal hyperplasia (web)

7 Type IV
Stage 3-D

AxA patent, CHA aneurysm
Occlusion/fresh thrombus

8 Type IV
Stage 2-D

AxA patent, CHA aneurysm
Occlusion/fresh thrombus

9 Type II
Stage 0

AxA stenosis/thrombosis
Intimal hyperplasia (web)

AxA, Axillary artery; BA, brachial artery; CHA, circumflex humeral artery branch
Type and stage, see Table III.
Emboli, clinically evident digital emboli or arteriographically evident distal arteria
a

Table III. Classification and staging of axillary artery
lesions

Lesion type Arteriographic findings and surgical pathology

Type I Patent axillary artery with positional compression
alone

Type II Fixed axillary artery stenosis or occlusion �
positional compression

Type III Axillary artery aneurysm formation � positional
compression

Type IV Axillary artery branch vessel aneurysm or occlusion
(circumflex humeral or subcapsular arteries)

Lesion stage
(Distal arteriographic findings)

Brachial
artery

across elbow

Radial and ulnar
arteries through

forearm and wrist
Palmar arch
through hand

Stage 0 Patent Both patent Patent
Stage 1 Occluded

Patent
Both patent
One occluded

Patent
Patent

Stage 2 Occluded
Patent

One occluded
Both occluded

Patent
Patent

Stage 3 Occluded
Patent

Both patent
One or both

occluded

Interrupted
Interrupted

Stage 4 Occluded One or both
occluded

Interrupted
t rest and in the overhead throwing position (90 to 120
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degrees shoulder abduction, full external rotation), with
good visualization of the axillary artery, its branches, and
the more distal vessels.

Successful nonoperative treatment with physical ther-
apy has been described in one case of positional compres-
sion of the axillary artery.17 However, even in the published
literature, there are many examples of failed nonoperative
management resulting in recurrent symptoms, progression
of the disease process, and significant disability from throm-
bus propagation or distal embolization.18-20 Thrombolytic
therapy alone, without treatment to address the underlying
lesion and its cause, can also be predicted to lead to recur-
rence.11 One patient in our series had undergone throm-
bolysis, angioplasty, and stenting prior to his referral to our
institution, with unacceptable restrictions on activity and
in-stent restenosis only 8 weeks after the initial interven-
tion. Given the likelihood that vigorous overhead arm
activity will accelerate axillary artery restenosis, neither an-
gioplasty or stent placement can be recommended in this
patient population.

Surgical approaches provide optimal treatment for the
entire spectrum of compressive lesions of the axillary artery
and its branches. This initially involves operative exposure
of the second and third part of the axillary artery to help
mobilize the vessel from its surrounding fascia. Although
some authors have described pectoralis minor tenotomy as

Table IV. Axillary artery and branch vessel lesions in com

Year Author (reference) No. of pa

1989 McCarthy21 4 patients (th

1990 Nuber6 6 patients (B

1990 Rohrer11 1 patient (BB
1993 Reekers23 1 patient (VB
1995 Kee24 2 patients (B
1998 Todd25 2 patients (B
1999 Schneider7 1 patient (BB
2000 Caiati26 1 patient (TN
2000 Ikezawa27 2 patients (on

2001 Arko18 5 patients (N

2001 Ishitobi22 4 patients (B
2001 Vlychou28 1 patient (VB
2006 McIntosh29 2 patients (V
2006 Simovitch15 1 patient (BB
2006 Takach30 1 patient (BB
2007 Baumgarten19 1 patient (BB
2008 Seinturier31 1 patient (NA
2009 Ligh17 1 patient (BB
2010 Present report 9 patients (B
Totals 46 patients

(32 BB, 70%)
(1 SB, 2%)
(5 VB, 11%)
(2 TN, 4%)

AxA, Axillary artery; BB, baseball; NA, not available; SB, softball; TN, tenn
the procedure of choice for decompressing the distal axil- t
ary artery,15,21 we have not found this necessary or suffi-
ient since the underlying pathology lies distal to the mus-
le tendon. As performed in most of our patients, the
iseased arterial segment should be removed as a potential
ource of thromboembolism. Although extra-anatomic by-
ass has been described as an alternative approach in a small
eries of patients,22 placement of such grafts does not
emove or exclude the damaged axillary artery, particularly
f constructed with end-to-side anastomoses. When resec-
ion of a portion of the axillary artery is necessary, it is
deally repaired with a reversed saphenous vein interposi-
ion bypass graft; however, when intimal resection is suffi-
ient to restore a suitable axillary artery lumen, repair with
wide vein patch angioplasty may be a useful alternative.
hen a vein graft is used, it is measured to have enough

edundancy to prevent recurrent compression, and the
bsence of compression with arm elevation is confirmed by
ompletion arteriography. If the source of embolism is an
xillary artery branch vessel, such as the subscapular or
ircumflex humeral arteries, the affected branch can be
igated and excised without the need for direct replace-

ent. Despite the attraction of endovascular approaches to
hese lesions, this may lead to obstruction of crucial axillary
rtery branches or the potential for further embolism and
annot be recommended. Antecedent digital embolism can
sually be managed with intraoperative transbrachial

ve athletes

(sport) Types of lesions

B, one SB) 3 AxA positional compression
1 branch artery occlusion
5 AxA positional compression
1 branch artery occlusion
1 AxA thrombosis
1 branch artery aneurysm
2 branch artery aneurysms
2 AxA aneurysms
1 AxA aneurysm
1 AxA dissection

, 1 TN) 1 branch artery aneurysm
1 branch artery thrombosis
1 AxA aneurysm
4 branch artery aneurysms
4 AxA thrombosis
1 branch artery aneurysm
2 branch artery aneurysms
1 AxA positional compression
1 AxA positional compression
1 branch artery aneurysm
1 branch artery aneurysm
1 AxA positional compression
1 AxA positional compression
12 AxA positional compression (26.1%)
10 AxA thrombosis (21.7%)
4 AxA aneurysms (8.7%)
2 AxA dissection/compression (4.3%)
3 branch artery occlusions (6.5%)
15 branch artery aneurysms (32.6%)

, volleyball.
petiti

tients

ree B

B)

)
)

B)
B)
)
)
e VB

A)

B)
)

B)
)
)
)
)
)

B)
hrombectomy of the forearm vessels coupled with intraar-
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terial thrombolytic therapy and vasodilator infusion. Anti-
coagulation is continued postoperatively and maintained
for 6 weeks, after which antiplatelet therapy with clopi-
dogrel or aspirin is continued. Physical therapy is started on
the first postoperative day with passive and active range-of-
motion exercises, and a transition to athletic rehabilitation
over a period of 4 to 6 weeks.

Outcome after surgical repair is very favorable. This is
illustrated by the observation that most of our patients
resumed unrestricted physical activities within 2 to 3
months, and all were able to resume their baseball careers.
Persistent finger sensory deficits as a result of chronic digital
arterial occlusion may nonetheless continue to limit the
tactile ability that is necessary for control of pitches and
thereby the overall success of the professional baseball
pitcher. Thus, delayed diagnosis can be a limiting factor in
the recovery process, particularly if chronic digital embo-
lism is present prior to surgical treatment.

CONCLUSIONS

Repetitive positional compression of the axillary artery
is a rare but important problem in the elite overhead
throwing athlete. It can cause a spectrum of pathology,
including focal intimal hyperplasia, aneurysm formation,
segmental dissection, and branch vessel aneurysms or oc-
clusions. Prompt recognition of these lesions is crucial,
given their propensity toward thrombosis and distal embo-
lism. Positional arteriography is necessary for accurate di-
agnosis, and thrombolysis may be useful as initial manage-
ment when axillary artery thrombosis is present, but
balloon angioplasty and placement of axillary artery stents
should be avoided. Anticoagulation should be instituted
upon confirmation of the diagnosis, along with referral for
surgical treatment as soon as feasible. Full functional recov-
ery can be anticipated within several months following
surgical treatment, consisting of mobilization and segmen-
tal reconstruction of the diseased axillary artery, or ligation
and excision of branch artery aneurysms, as well as concom-
itant management of any distal thromboembolism.
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