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Case Summary

A adolescent volleyball player
presented with intermittent right-
arm numbness, and more than one
month of worsening right upper
extremity swelling.

Imaging Findings

Right upper-extremity digital sub-
traction venography (DSV) showed
a completely occlusive deep venous
thrombosis (DVT) of the entire right
subclavian vein and a non-occlusive
thrombus within the right axillary
vein. There was marked narrowing
at the overlap of the clavicle and first
rib, improved after angioplasty to
8 mm (Figure 1). Following angio-
plasty, residual DVT was treated
with mechanical thrombolysis. A
follow-up dynamic venogram was
performed with the right upper
extremity in adduction, 90-degree
abduction, and 180-degree abduc-
tion. On adduction, mild, elongated
narrowing of the right axillary vein
without occlusion of the right subcla-
vian vein was observed (Figure 2).

Ninety-degree abduction showed
mild narrowing of the right subcla-
vian vein immediately medial to
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the right first rib/clavicular overlap,
as evidenced by concavity of the
inferior wall of the subclavian vein
(Figure 3). There was resolution

of the right-axillary-vein elongated
narrowing but delayed contrast
outflow from the right axillary vein.
Abduction of 180 degrees showed
complete occlusion of the right sub-
clavian vein, with no opacification
of collateral veins in the proximal
right upper extremity and around
the shoulder (Figure 4). Once the
arm was returned to adduction,
contrast transit resumed from the
right upper extremity through the
subclavian vein.

Diagnosis

Paget-Schroetter Syndrome (PSS)

The clinical differential diagnosis
includes rotator cuff tear, shoulder
impingement syndrome, Pancoast
syndrome, cervical/thoracic disc
disorders (radiculopathy, discogenic
pain syndrome), brachial plexus
injury, and fibromyalgia.

Discussion

Thoracic outlet syndrome (TOS)
is an umbrella term for conditions
that involve compression of neu-
rovascular structures as they pass
from the lower neck to the axilla (the
thoracic outlet). These neurovascular
structures, which include the bra-

chial plexus and subclavian artery
and vein, pass between the clavicle
and first rib, a space termed the
thoracic outlet. Thrombosis involv-
ing the axillary-subclavian vein is
termed Paget-Schroetter syndrome,
a subtype of TOS. In general, TOS is
caused by compression secondary
to four main causes, which may be
interrelated.!

Congenital abnormalities are com-
mon causes; examples include bony
anomalies such as the presence of a
cervical rib, an elongated transverse
process of the first thoracic rib or
fibromuscular anomalies.

Post-traumatic causes include soft-
tissue injury to the neck, shoulder, or
upper limb. In particular, “whiplash”
injuries can compress neurovas-
cular structures passing through
the scalene muscles. Functional or
acquired causes are often reported
in athletes, especially those par-
ticipating in sports with overhand
motions, such as volleyball, baseball,
and weightlifting. These sports can
cause dysfunction, inflammation,
or hypertrophy of muscles in the
cervicoscapular regions, leading
to vascular compression or inju-
ry to vein walls. Lastly, acquired
causes must be considered. While
rare, these can include neoplasms
involving the axilla or lung apex such
as Pancoast tumors, hyperostosis,
and osteomyelitis of the collarbone
and/or first rib.
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Figure 1. (A) Right upper-extremity digital subtraction venography (DSV) shows completely occlusive
deep venous thrombosis (DVT) of the right subclavian vein with non-occlusive thrombus within the distal
right axillary vein. Note the numerous collateral veins coursing around the obstruction. (B) Percutaneous
transluminal angioplasty (PTA). The marked balloon “waisting” at the crossing of the clavicle and first rib
was resolved after angioplasty using an 8 mm x 2 cm balloon (C). (D) Partial resolution of deep venous
thrombosis post-mechanical thrombectomy, with significant residual thrombus requiring chemical

thrombolysis.
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The subtypes of TOS are catego-
rized according to which neurovascu-
lar structure is compressed. Neuro-
genic TOS is the most common and
involves brachial plexus compression,
leading to paresthesias of the hand
and neck.? Typically, the inferior
trunk and roots of the brachial plexus
are compressed, which may cause
symptoms similar to a Klumpke palsy.
However, compression of other bra-
chial plexus trunks is not uncommon.
Furthermore, Horner syndrome may
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be seen if the T1 vertebral roots are
affected, disrupting the hypothalam-
ospinal tract and, thus, sympathetic
input to the face.

Arterial TOS is characterized by
compression of the subclavian artery,
which leads to intimal damage, tur-
bulent blood flow, vessel dilation and
occasionally thrombosis.? This pres-
ents clinically as pulselessness, pain,
pallor, paresthesia, and coldness
of the affected arm. Left untreated,
arterial TOS can lead to ulceration

and gangrene of the digits. Venous
TOS, caused by compression of the
subclavian vein, leads to abrupt blood
flow stagnation and subsequent effort
thrombosis.® This presents clinically
as an acute upper extremity swelling,
cyanosis, and pain. Raynaud-like
symptoms may be appreciated with
venous TOS, but they will be unilat-
eral in nature. Further, venous TOS
will increase the likelihood of an up-
per-extremity DVT, otherwise known
as Paget-Schroetter syndrome.*
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Figure 2. DSV with adduction demonstrates mild elongated narrowing of
the right axillary vein with no residual thrombus or restricted antegrade
blood flow.
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Diagnosis of PSS is straightfor-
ward. Ultrasonography or venog-
raphy is indicated if the clinical
presentation suggests an upper-ex-
tremity DVT. A plasma D-dimer is
useful in excluding thrombosis but
will not rule out an underlying ve-
nous stenosis without thrombosis as
the underlying cause. While duplex
sonography of the upper extremity
may be diagnostic, venography can
offer both diagnostic and therapeutic
utility.’ Contrast injection via the
brachial vein at the antecubital fossa
or via other upper-arm veins may
demonstrate a missed diagnosis.®

After thrombolysis, venogra-
phy can be repeated in adduction,
90-degree abduction, and 180-degree
abduction of the right upper extrem-
ity to observe for compression at
the costoclavicular junction. In our
patient, mild narrowing of the right
subclavian vein was observed just
medial to the lateral first right rib on
90-degree abduction (Figure 3), while
complete occlusion was seen with
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Figure 3. DSV with 90-degree abduction shows moderate short-segment
narrowing of the right subclavian vein immediately medial to the lateral right

first rib, without persistent elongated narrowing of the right axillary vein.

180-degree abduction (Figure 4). Per-
forming these follow-up studies can
guide treatment to reduce the risk for
long-term sequelae of PSS.

Patients presenting with a con-
firmed upper-extremity DVT, as
seen in PSS, should be treated with
mechanical thrombectomy and/
or thrombolysis. The aim of this
therapy is a prompt dissolution of the
thrombus, minimizing endothelial
cell injury and re-establishing venous
flow. Subsequently, patients should
be placed on anticoagulation for a
minimum of three months, as estab-
lished by guidelines of the American
College of Chest Physicians.”®

There is little role for stenting in
PSS, as studies have shown stenting
of a non-decompressed costoclavic-
ular junction is complicated by stent
fracture, deformation, and re-throm-
bosis rates as high as 40%.° While a
small subset of patients may remain
asymptomatic without sequelae after
anticoagulation, decompressive sur-
gery is typically necessary. The goal

of this surgery is to provide more
space for neurovascular structures
of the upper arm to pass through
unimpeded. Thoracic outlet decom-
pression should be tailored based on
the specific anatomic abnormality.
The approach may include, but is
not limited to, a first-rib resection,
cervical-rib resection, anomalous
band division, and scalenectomy.!*
However, in the absence of an ana-
tomic anomaly, a first-rib resection
may be preferentially performed. In
our case, a right first-rib resection,
division of the right anterior scalene,
and neuroplasty of the right brachial
nerve were performed. Postsurgical
imaging should be used to confirm
patency of the subclavian vein.

Conclusion

Thoracic outlet syndrome is a
diagnostic category representing a
spectrum of conditions character-
ized by compression of neurovascu-
lar structures as they pass through
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Figure 4. DSV with 180-degree abduction shows complete occlusion of

the right subclavian vein, with no central venous drainage.
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the thoracic outlet. Paget-Shroetter
syndrome is a subtype of TOS char-
acterized by effort thrombosis of the
axillary-subclavian vein. The clinical
presentation typically consists of
acute upper-extremity swelling,
cyanosis, and pain. PSS can be
diagnosed with duplex sonography,
although venography is more diag-
nostically sensitive and provides an
opportunity for minimally invasive,
therapeutic procedures.
Venography with upper-extremity
adduction and abduction can pro-
vide diagnostic information on the
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etiology and degree of venous com-
pression. Initial treatment should
consist of mechanical thrombectomy
and/or thrombolysis and subsequent
anticoagulation for at least three
months. If symptoms persist, thorac-
ic outlet decompression is recom-
mended, which should be tailored

to the specific anatomic anomaly. In
the absence of an anatomic anomaly
and confirmed compression by the
costoclavicular junction on the sub-
clavian vein, a first-rib resection may
be performed. Patients should be
followed postoperatively to evaluate

patency of the subclavian vein and to
ensure resolution of symptoms.
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