Current trends in the treatment of venous
thoracic outlet syndrome:
a comprehensive review

Venous thoracic outlet syndrome (TOS) is a less common presentation than neurogenic TOS. It is caused
by venous obstruction due to axillosubclavian venous thrombosis or, less frequently, nonthrombotic
external compression. Thrombotic venous TOS is commonly known as Paget-Schroetter syndrome and
primarily involves axillosubclavian vein thrombosis. Patients with nonthrombotic forms of venous TOS
typically have normal venography at rest, but arm abduction generates a positional venous compression
resulting in arm swelling and pain. This paper reviews the anatomy and pathophysiology associated with
venous TOS and suggests an approach for diagnostic workup and treatment. Controversies exist as to the
most appropriate treatment and, in particular, the timing of treatment during the natural course of the
disease. Here we describe treatment options and suggest an algorithm for appropriate, safe and effective

patient management.
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The term ‘thoracic outlet syndrome’ (TOS)
represents a variety of disorders caused by the
compression of nerves, arteries and veins as
they exit the thorax and enter the axilla. Three
basic syndromes are reported according to the
involved anatomic structures: neurogenic,
venous and arterial. Occasionally, the neuro-
logical and arterial syndromes may coexist in
the same patient. However, for ease of under-
standing, each of these syndromes should be
conceptualized as distinct clinical entities for
they have characteristic differences in clinical
presentation, diagnostic workup and treat-
ment. Venous TOS, which is the topic of this
review, can be further divided into two cat-
egories, the thrombotic and the less common
nonthrombotic venous TOS.

Thrombotic venous TOS, also known as
Paget—Schroetter syndrome, specifically refers
to primary axillosubclavian vein thrombosis
(1]. Another term for this syndrome is ‘effort
thrombosis’, as it is frequently associated with
repetitive activities of arm elevation or exertion
over a long period of time [2]. Sir James Paget
first described a spontaneous thrombosis of the
subclavian vein in 1875 3], and in 1884 von
Schroetter correlated this entity with direct
damage of the vein caused by muscular strain
(4]. The eponym Paget—Schroetter syndrome’
first appeared in 1948 when it was coined by
Hughes, an English surgeon who described this
clinical condition in more detail [5].
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Nonthrombotic venous TOS represents an
intermittent/positional venous obstruction usu-
ally due to external compression, without the
presence of intraluminal thrombus. Patients
generally have normal venograms at rest, but
develop varying degrees of extrinsic compres-
sion and venous collateral drainage with the
arm abducted [6]. The natural history of these
patients is not clear; however, some believe it may
be a precursor of Paget—Schroetter syndrome.

This review focuses on the anatomy and
pathophysiology associated with venous TOS,
the diagnostic workup and proposed treatment.
The venous variant of TOS in many ways is less
controversial than the neurogenic variety and
can be objectively identified by clinical exami-
nation, ultrasonography or venography. How-
ever, controversies remain regarding the most
appropriate treatment, the need for thoracic
outlet decompression, the role of thrombolytic
therapy, and the indications for balloon angio-
plasty or stenting. Most importantly, significant
controversy exists regarding the timing of treat-
ment during the natural course of the disease.
We describe treatment options and suggest an
algorithm for appropriate, safe and effective
patient management.

Epidemiology, anatomy

& pathophysiology

Venous TOS accounts for approximately 5%
of all TOS syndromes [7]. Axillosubclavian
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venous thrombosis is seen more often than
nonthrombotic obstruction. Interestingly, only
three reports have been published addressing the
nonthrombotic clinical entity since 1973 [6,8,9].
In a 15-year review, 66 out of 87 patients oper-
ated on for TOS had subclavian vein thrombosis
and 21 had obstruction without thrombosis [6].
Effort thrombosis is more widely reported. Its
incidence in Sweden has been estimated at 2.03
per 100,000 people per year [10] and accounts for
approximately 1-4% of all episodes of venous
thrombosis [11,12]. The male-to-female ratio is
approximately 2:1 and the mean age of presenta-
tion is the early 30s [10]. The right upper extrem-
ity is more commonly involved owing to the
higher incidence of right-hand dominance and
60-80% of patients have a history of vigorous
exercise of the involved extremity, such as heavy
lifting, repetitive overhead motion or strenuous
athletic activity [13].

The thoracic outlet is defined anatomically
as two distinct spaces, the interscalene triangle
(demarcated by the anterior and middle scalene
muscles and the first rib) and the costoclavicular
space (between the first thoracic rib and the clav-
icle) [14]. The interscalene triangle contains the
brachial plexus and the subclavian artery. The
costoclavicular space contains the subclavian
vein alone. The subclavian vein crosses anterior
to the anterior scalene muscle, passing adjacent
to the junction of the clavicle and the first rib [15].
A third muscle, the subclavius, can also provide
‘bulk’ and narrow the costoclavicular space.

Theoretically, the subclavian vein can be
compressed in this narrow passageway between
bony structures (first rib and clavicle), muscu-
lar structures (hypertrophied anterior or middle
scalene and subclavius muscle) or a bony and
a muscular structure. Reported abnormalities
include venous compression between the clavicle
and first rib, between a hypertrophied scalene
or subclavian tendon and first rib, between a
scalene and a subclavian tendon, or by a con-
genital web [15]. However, it is not quite clear if
the external compression of the subclavian vein
originates from a narrow costoclavicular space,
an abnormal bony structure, a hypertrophied
muscle or from a combination of all of these
since it has been demonstrated that the vein can
be easily compressed even in normal individu-
als 116]. Nevertheless, whichever abnormality is
responsible for the subclavian vein compres-
sion, the compression occurs or worsens when
the arm is abducted [17.18]. Interestingly, this
syndrome is often present in patients where the
arm is overhead (painting, weight training and
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autorepair) or in athletes, such as baseball pitch-
ers and swimmers [1]. More specifically, all of
these activities are characterized by repetitive or
prolonged vigorous hyperabduction or external
rotation of the shoulder joint [19].

The exact mechanism of venous injury associ-
ated with the syndrome is not very well known.
In the case of thrombosis, it is also unclear if
thrombus is the result of a single insult or the
cumulative effects of chronic injury to the vein.
It has been hypothesized that repetitive and pro-
longed focal venous injury results in repeated
trauma to both the intima and the wall of the
vein itself. The intimal trauma results in intimal
hypertrophy [20] and activation of the coagula-
tion cascade [21], predisposing to thrombosis.
The perivascular tissue develops inflammation,
which in turn leads to fibrosis and scar tissue
formation by dense collagen with persistent vein
compression [22,23]. Lack of vein mobility due
to the surrounding scar tissue increases the risk
of vein trauma, producing a cycle of progres-
sive injury whenever the diameter of the costo-
clavicular space changes. Perivenous fibrosis can
be identified during the operative procedure to
decompress the subclavian vein [1].

It seems that there is an initial phase of the
syndrome that is characterized by intermittent
venous outflow obstruction prior to vein injury.
Patients may be asymptomatic due to the devel-
opment of first rib collateral veins that facilitate
drainage of the upper extremity. This condition
has been described as nonthrombotic venous
TOS and can be confirmed by a venogram
showing the obstructed subclavian vein and its
collateral veins when the arm is abducted [1]. On
occasion, nonthrombotic TOS can progress to
severe symptoms requiring decompression. This
generally occurs as a result of the loss of collateral
venous drainage, illustrated by Fiure 1. Between
the nonthrombotic state and the acute throm-
botic condition (Paget—Schroetter syndrome)
is another condition characterized by recurrent
partial thrombosis followed by recanalization
116]. The alternation between thrombosis and
recanalization causes local inflammation and
scar formation leading to the development of
venous webs and fibroelastic structures in the
venous lumen. Eventually thrombus occludes the
narrow segment of the subclavian vein due to
stagnant flow. Propagation of the clot into the
axillary vein compromises subclavian venous col-
laterals, resulting in the acute symptoms of effort
thrombosis. When the thrombus is acute, it can
be lysed, restoring patency to the central veins
and first rib collaterals. If, however, a treatment
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Figure 1. This series of venograms summarizes the preoperative and postoperative
anatomy of the patient with nonthrombotic venous thoracic outlet syndrome. (A) A patient
treated for nonthrombotic left-sided venous thoracic outlet syndrome demonstrated good first rib
collaterals on her right side and was asymptomatic. Two years later, the patient returned with
significant symptoms of right upper extremity venous claudication; (B) a repeat venogram
demonstrated loss of first rib collaterals. Following transaxillary first rib resection and balloon dilation,
(C) there was no stenosis of the subclavian vein at rest and (D) in the hyperextended position.

strategy of thrombus removal is not used, chronic
post-thrombotic venous obstruction can occur,
resulting in an intraluminal fibrotic obstruction
composed predominantly of collagen.

Clinical presentation & diagnosis

Arm pain, swelling and cyanosis are the typical
clinical symptoms in patients with thrombotic
or nonthrombotic venous TOS [24]. The non-
thrombotic variety tends to resolve with rest.
The constellation of signs and symptoms rep-
resent the upper extremity equivalent of phleg-
masia cerulea dolens, which is the most common
clinical entity in the case of acute iliofemoral
vein occlusion of the lower extremity [25]. Any
young, healthy and active individual presenting
with these symptoms in the absence of indwell-
ing central venous catheters should be suspected
for venous TOS [2¢]. Arm edema is a unique
symptom of venous obstruction, occurring in
neither neurogenic nor arterial TOS. Pain, heav-
iness and achiness are often part of venous TOS,
but are not uniformly present. Hand paresthesias
can also be present and are usually the result of
edema rather than nerve compression.

The nonthrombotic syndrome usually pre-
sents more insidiously than the thrombotic. The
symptoms are intermittent, position-dependent
(6.11] and usually elicited by either exercise or arm
elevation. Their onset is gradual. In a series of
21 patients with nonthrombotic venous TOS, all
patients but one had unilateral arm swelling [6].
The patient without swelling had severe cyanosis
and subclavian vein occlusion when the arm was
abducted to 90 degrees. Half of the patients had
cyanosis and pain, and 16 out of 21 had occipital
headache, neck pain or hand paresthesias.

Conversely, effort thrombosis is characterized
by the sudden onset of symptoms usually within
24 h after the inciting event [7]. The symptoms
are more pronounced than those of the non-
thrombotic syndrome. The magnitude of arm
swelling is quite significant; the affected arm can
be as much as twice the size of the contralateral
normal extremity [26]. Up to 80% of patients
with effort thrombosis report a history of vig-
orous and prolonged limb exertion. Prominent
superficial collateral veins may develop over the
upper arm, anterior chest, and base of the neck,
particularly when the occlusion is chronic [11,27].
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The initial imaging test to confirm the clini-
cal suspicion is usually ultrasonography [28].
It is inexpensive, readily available and non-
invasive. The disadvantage is that it is tech-
nologist-dependent. Its sensitivity is reported
to be 70-100% and its specificity 93% [29.30].
Its inability to visualize the central portion of
the subclavian vein or to differentiate a central
vein from a large collateral vein raises the false-
negative rate to 30% (1], making it an inadequate
technique for excluding the diagnosis of subcla-
vian vein thrombosis. Axial imaging techniques,
such as computed tomography and magnetic
resonance, are useful for examining the central
veins [28]. They provide more anatomical infor-
mation than venous duplex imaging and can
accurately exclude the diagnosis of venous TOS.

Venography was previously the ‘gold standard’
for the diagnosis of venous TOS. The study can
be performed via a peripheral vein, which may
be difficult with an edematous limb. Occasion-
ally the diagnosis can be missed if the upper arm
cephalic vein is cannulated for contrast injection
(31]. Sanders and Hammond reported a prefer-
ence for the basilic rather than the cephalic vein
for performing diagnostic venograms in patients
with suspected nonthrombotic venous TOS
syndrome [6]. Importantly, ultrasound-guided
access to the deep vein system, either at the ante-
cubital fossa or distal upper arm, provides the
diagnosis while also providing catheter access
for thrombolytic therapy, the initial treatment
plan recommended for most patients with symp-
tomatic effort thrombosis. However, deep veins
are not typically accessed and the basilic vein
is the most preferred access vein. Interestingly,
some centers follow quite an aggressive diagnos-
tic approach, proceeding to catheter-based veno-
graphy as the most efficient and cost-effective
approach for both diagnosis and treatment of
the patient without relying on ultrasonographic
or other noninvasive studies [26].

In the case of effort thrombosis, clinical diag-
nosis is generally evident. Ultrasound studies are
now highly reliable for the diagnosis of acute
axillosubclavian vein thrombosis. Imaging stud-
ies show occlusion of the subclavian vein at the
costoclavicular junction, usually with thrombus
extending into the axillary vein, with a rich pat-
tern of venous collaterals around the occlusion.
A patent vein with the presence of collaterals
without intraluminal obstruction indicates non-
thrombotic venous obstruction. If noninvasive
studies demonstrate a patent central vein with-
out collaterals, a venogram should be performed
with the arm abducted to 90-180 degrees before
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ruling out venous TOS. In a series of 21 sympto-
matic patients with nonthrombotic venous TOS,
Sanders and Hammond reported that abduction
of the arm to 180 degrees and arm extension
forward in a throwing position was necessary
to demonstrate venous compression [6]. Venous
compression during the above arm maneuvers
can be observed in asymptomatic individuals;
therefore, these occlusive findings with veno-
graphy have a confirmative role in diagnosing
venous TOS only in symptomatic patients [28].

Treatment

The standard of care among patients with acute
deep venous occlusion of the upper extremity
is anticoagulation alone. Thrombolysis, which
is the alternative initial treatment, may theo-
retically reduce the rate of thromboembolic
recurrences. However, there are no data from
randomized controlled studies to support this
hypothesis. Guzzo et al. imply that thrombo-
lysis may not be a necessary step in the manage-
ment of patients with effort thrombosis, since
patency rates in patients who had anticoagula-
tion alone, before surgical decompression, were
similar with patients who had thrombolysis and
subsequent decompression [32]. Moreover, the
proponents of anticoagulation alone claim that
severe post-thrombotic syndrome is almost never
observed after conservative treatment of upper
extremity deep venous thrombosis and the ben-
efit from thrombolysis in the long term remains
unclear [32].

Others have suggested a different approach
based upon unfavorable patient outcomes. Most
contemporary series are in favor of thrombolysis,
suggesting that thrombotic occlusion of the axil-
losubclavian veins can lead to significant mor-
bidity if treated with anticoagulation alone [33].
Considering that the mean age of the disease is
the early thirties and the dominantarm is the one
most likely to be affected, the impact on patients’
long-term quality of life can be significant. Treat-
ment with arm elevation and anticoagulation
alone is often inadequate for most patients with
venous TOS. It is associated with chronic cen-
tral venous obstruction resulting in significant
post-thrombotic morbidity. Adams and DeWeese
demonstrated that effort thrombosis resulted in
residual venous obstruction in 78% of the cases
(33]. Moreover, persistent symptoms and perma-
nent disability were found in 91 and 68% of
patients, respectively [33-35]. Acute pulmonary
embolism can occur in 6-15% of patients [29.36].
Treatment algorithms that include early contrast
venography with catheter-based thrombolytic
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therapy followed by surgical thoracic outlet
decompression have demonstrated significantly
improved outcomes [30,37,38].

The current trend for treatment of extensive,
acute axillosubclavian thrombosis in young,
active individuals is a treatment strategy using
catheter-based thrombolysis to clear the vein
lumen followed by evaluation of the patient for
first rib resection to correct the chronic subcla-
vian vein compression (Ficure 2). Therefore, for
successful treatment of patients with thrombotic
venous TOS, we need to consider three basic
issues: early elimination of fresh thrombus, pos-
sible elimination of the cause of the subclavian
vein compression and correction of residual
subclavian vein stenosis.

Thrombolytic therapy

In several centers, catheter-directed thrombolysis
(CDT) has become the standard treatment to
eliminate the acute thrombus in the axillosub-
clavian veins [39.40]. Machleder emphasized the
significance of successful thrombolysis, noting
that 93% of patients with patent subclavian and

axillary veins following successful thrombolysis
and first rib resection were symptom-free at a
mean follow-up of 3.1 years [39]. By contrast,
only 64% of the patients were symptom-free if
thrombolysis failed to recanalize the vein.
Success rates of thrombolysis have been
reported to range from 62 to 84% [41-43]. In our
experience, lytic success exceeds 90%. Factors
that adversely affect success are time to treat-
ment and clot burden. The technique is more
effective when given within 1 week of the onset
of symptoms, which results in nearly uniform
success. In a series from the University of Roch-
ester (NY, USA), 26 patients underwent lysis
with a mean time of 5.5 days after the onset of
symptoms [42]. Long-segment occlusions (>5 cm)
are correlated with low success rates, reported
between 22 and 25%, often because of the
chronicity of the disease [22.44].
Catheter-directed thrombolysis usually
requires intensive care unit monitoring, regular
blood tests and repeated venography to evalu-
ate therapeutic efficacy. Although median times
for complete thrombus resolution have been

Figure 2. A patient presenting with acute axillosubclavian venous thrombosis. (A) Venogram
showed occlusion of the axillary vein and cephalic vein. Following catheter-directed thrombolysis,

(B) the axillary vein had its patency restored; however, there was segmental occlusion of the
subclavian vein as it crossed the first rib. One can see good first rib collaterals. Subsequent to
thrombolysis, (C) a balloon venoplasty was performed of the occluded right subclavian vein. (D) The
final venogram in the hyperextended position demonstrates a patent but narrowed right subclavian
vein with good first rib collateral drainage. The patient was asymptomatic and was therefore

subsequently treated with anticoagulation alone.
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reported to be 24—48 h, we have obtained success
in less than half of that time using pharmaco-
mechanical techniques [45,46]. Moreover, the cost
of thrombolysis followed by first rib resection
can be considerably higher than managing the
patient with anticoagulation alone. Hemorrhage
is a recognized complication of thrombolysis
(47.48]. To reduce hemorrhage risk and treatment
duration, newer thrombolytic techniques have
evolved, such as pharmacomechanical thrombec-
tomy (PMT), which combines mechanical clot
disruption and pharmacological thrombolysis
within an isolated venous segment [48.49]. Patients
treated with PMT often do not require intensive
care unit monitoring and the systemic effects of
lytic agents are reduced or eliminated. Imple-
menting a strategy of thrombus removal using
pharmacomechanical techniques, we have found
that the acute thrombus can be uniformly elimi-
nated in less than 24 h. A recent systematic review
of PMT demonstrated a good safety profile, with
no reported procedure-related deaths or strokes
and <1% incidence of symptomatic pulmonary
embolism [50]. Moreover, younger patients with
acute limb compromise, such as patients with
Paget—Schroetter syndrome, appear most likely
to derive benefit from this technique [51].

The most commonly used PMT devices are
the AngioJet® system (Medrad Inc., PA, USA),
which uses a pulse-spray technique, the Trellis™
catheter (Covidien, CA, USA) and the EKOS
Endowave™ system (EKOS Corporation,
WA, USA). The double-balloon Trellis cath-
eter isolates the segment of thrombosed vein
using proximal and distal compliant balloons,
thereby localizing the region of thrombolysis.
Once the agent is infused into the targeted seg-
ment, the catheter assumes a sinusoidal configu-
ration and oscillates at high frequency to disrupt
the clot. The dissolved clot and lytic agent are
subsequently aspirated. According to a recent
meta-analysis, compared with CDT, the Trellis
successfully lyses more clot (93 vs 79%) in a
significantly shorter time [49].

The Trellis catheter system has advantages
when compared with other PMT devices. It
appears to have the lowest systemic thrombo-
lytic activity, resulting in a reduced risk of
hemorrhagic complications [52]. Postoperative
hematoma or intrathoracic bleeding after first
rib decompression is 8—17% [53,54]. It may also
reduce the risk of distal embolic complications
through its use of distal balloon occlusion and
liquefied thrombus aspiration [ss].

The EKOS device contains multiple ultra-
sound transducers, which emit high-frequency,
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low-energy ultrasound energy that thins the
fibrin component of thrombus, exposing plas-
minogen receptors sites for more successful
transportation of thrombolytic agents within
target thrombus [56]. Theoretically, it has a lower
potential for endothelial damage compared with
rotational thrombectomy devices, but requires
longer treatment times, with a mean of 22 h
reported [56,57).

Surgical decompression

Thrombosis is the resultant consequence of an
underlying chronic condition, which is gener-
ally extrinsic compression causing vein trauma
at the costoclavicular junction, which is often
associated with inadequate first rib collateral
drainage. Thrombolysis treats the acute throm-
botic complication of the chronic problem and
restores venous patency. The subsequent veno-
gram often shows residual extrinsic compres-
sion from a structural abnormality. It has been
shown that if the anatomic abnormality is not
corrected, rethrombosis has been reported in as
many as a third of the patients [58-60]. In a sys-
tematic review of 11 series of 262 patients with
upper extremity deep vein thrombosis treated by
thrombolysis alone, 62 patients (24%) had resid-
ual symptoms and 18 (7%) had rethrombosis
(61]. Consequently, surgical decompression of the
thoracic outlet has become accepted as a funda-
mental component of treatment algorithms for
patients with venous TOS. However, differences
in opinions exist regarding the method, timing
or even necessity of decompression.

Early proponents of surgical decompression,
Adams ez al. reported that decompression of
the subclavian vein resulted in durable relief of
symptoms [62]. In 1966, Roos reported the first
transaxillary rib resection, which, when properly
performed, effectively decompresses the thoracic
outlet and is preferred by the authors (Ficure 3)
(63]. Molina first described the pure infracla-
vicular approach for first rib resection [64].
Advantages of this approach include the clear
exposure of the anterior portion of the first rib
where it causes compression of the subclavian
vein, and its excellent cosmesis. The drawback
is the perceived technical difficulty in those
inexperienced with the technique, which leads
to the possibility of complications such as hemo-
pneumothorax, arterial and vein injury, and long
thoracic nerve injury. However, in experienced
hands, the results are favorable in 85-95% of
the patients [22.65.66].

An important technical point of the pro-
cedure is venolysis, which frees the vein
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circumferentially during the procedure so
that it may respond to subsequent venoplasty
(1]. Another technical point recommended by
authors is the transection of the intercostobra-
chial cutaneous nerve, which is usually situated
in the middle of the operative field. Stretching
of this nerve to gain exposure can result in a
prolonged severe burning pain of the underarm.
Transection result in numbness in the same
area, which is usually asymptomatic. Molina
reported excellent results in 114 patients with an
infraclavicular-only approach and routine vein
patch angioplasty, demonstrating 100% patency
in a mean follow-up of 5.2 years [64].

An alternative approach for decompression is
the supraclavicular approach with or without an
infraclavicular incision [s3]. The supraclavicular
approach permits wide exposure of the subcla-
vian vein and is, therefore, very helpful in vascu-
lar reconstruction. It offers a chance for a defini-
tive treatment regardless of the interval between
initial diagnosis and referral, previous treatment,
or adverse findings in venography [2,67.68]. Alter-
natively, other authors claim that the first rib
removal via the supraclavicular/infraclavicular
incision does not offer any advantage (53]. Other
more aggressive surgical approaches, such as
sternal disarticulation with first rib resection
(69.70] or medial claviculectomy (71], offer good
exposure; however, the increased morbidity
associated with these procedures has rendered
them to be of historic interest only.

The majority would agree that CDT followed
by thoracic outlet decompression is the preferred
approach when symptoms persist after successful
lysis. Although there are no randomized studies
to clarify this issue, the results of most observa-
tional reports of thrombolysis followed by sur-
gical decompression have resulted in generally
favorable outcomes. In 1993, Machleder first
described the algorithm of early CDT and first
rib resection, reporting favorable results [39]. In
2007, Molina et al. reported 100% patency and
no significant residual symptoms 5 years after
CDT and first rib resection had been performed
in patients with effort thrombosis [38]. They sub-
sequently reported 100% patency over a 23-year
period in 126 patients with early CDT and
immediate surgical decompression [37]. Similarly,
Stone et al. reported a patency rate of 100% at
1 year and 94% at 5 years in patients with early
(within 12 days of symptom onset) CDT fol-
lowed by immediate surgical decompression
(30]. The largest retrospective study of patients
with effort thrombosis, including 312 extremi-
ties over a 30-year experience, was published by
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Figure 3. Intraoperative view of the anatomy of a left first rib resection via

the transaxillary approach. (A) The photograph of the resected right first rib

demonstrates the muscle attachments and the anatomic location of the subclavian
vein and artery. (B) Note that the periosteum of the resected vein remains intact.

Urschel and Razzuk [19]. The best results were
in patients treated within 6 weeks of thrombosis
using CDT followed by first rib resection. In
patients who remained symptomatic and were
treated 6 weeks or more after onset of symp-
toms, no vein could be completely opened with
CDT and most patients remained symptomatic
despite the first rib resection. In the same series,
35 patients were treated with anticoagulation
alone, 26 experienced symptom recurrence
after resuming normal work activities and 21
had long-term sequelae despite first rib resection.
This observation highlights the importance of
eliminating the acute thrombus.

Many authors suggest that surgical decom-
pression is preferred to prevent recurrence. The
timing of surgery remains open to opinion.
The theoretical concern of increased thrombo-
genetic activity of venous endothelium after a
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thrombotic episode [72] and the perceived risks of
operation with the need for systemic anticoagu-
lation so soon after CDT led Machleder to pro-
pose delaying first rib resection until 3 months
after thrombolysis (39]. However, this operative
delay is associated with a 10% or more interval
rethrombosis rate [39]. The author also suggests
that only patients with persistent symptoms asso-
ciated with venous obstruction would be suitable
for surgery.

Angle et al. and Lee et al. independently
compared the results of early and late surgical
decompression [72,73]. They both concluded that
early lysis followed by immediate decompres-
sion provides better overall clinical results than
delayed decompression. Moreover, the experi-
ence of Urschel and Razzuk of early thrombolysis
(within 6 weeks of the onset of symptoms) fol-
lowed by first rib resection, generally performed
the next day, appeared to result in favorable
outcomes [19]. Of the 199 patients treated with
this approach, 189 (95%) had excellent or good
results and only two had poor results.

An alternative to uniform surgical decom-
pression following thrombolysis is presented by
Johansen, who described a series of 50 patients
with primary effort thrombosis who under-
went thrombolysis followed by anticoagulation
and observation [74]. At a mean follow-up of
57 months, they found 82% of the cohort were
entirely asymptomatic and 10% had only mild
symptoms. However, the occlusion rate was found
to be 18% and the incidence of patients with ste-
nosis greater than 50% was 24%. The observa-
tions of Johansen [74], Sajid et al. (1], as well as our
own clinical experience with these patients, have
led us to adopt essentially uniform recommen-
dations for CDT of acute axillosubclavian vein
thrombosis. Once the acute thrombus is elimi-
nated, and if the patient is asymptomatic, anti-
coagulation alone is recommended. If symptoms
persist, we suggest first rib resection (Ficure 4).

Management of residual intrinsic
vein lesions

Surgical decompression does not correct the
intrinsic vein defect that is a consequence of
the chronic compression at the costoclavicular
junction. Despite successful thrombolysis and
surgical decompression, significant residual
vein stenosis may persist [38,54], reducing venous
return and increasing the risk of recurrent
thrombosis [75]. The most appropriate manage-
ment of residual lesions remains controversial.
Options include anticoagulation alone, opera-
tive venous reconstruction (patch angioplasty,
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open venolysis or venous bypass) at the time of
surgical decompression, or postoperative percu-
taneous transluminal angioplasty (PTA) with
or without stenting. The proponents of anticoa-
gulation alone argue that the failure rate of angi-
oplasty or stenting is high and the procedure-
related endothelial damage is the major factor
in rethrombosis. Proponents of surgical venolysis
and decompression argue that remodeling of the
lesion is expected to take place [66].

The role of PTA or stenting is controversial.
The majority of authors agree that PTA with
stenting should not be performed following suc-
cessful thrombolysis if both first rib and clavicle
remain to produce extrinsic compression [67]. If
stents are placed without decompression of the
thoracic outlet, they will be compressed between
the clavicle and the first rib, which can lead to
crushing of the stent, stent fracture and subse-
quent rethrombosis [76,77]. PTA is appropriate
after lysis and surgical decompression of the
thoracic outlet if a residual stenosis is present.
Even then, there is lack of consensus about the
timing of postoperative PTA, with recommen-
dations ranging from the day of the procedure
(concomitant surgical decompression and PTA)
to 1 month postprocedure [39.67.72.77].

It would appear that a flow-limiting vein
lesion in combination with the local surgical
trauma occurring during decompression create
a prothrombotic environment in the early post-
operative period. Episodes of recurrent throm-
bosis have occurred in patients during the 3-day
waiting period before venography and PTA of a
possible residual stenosis [77]. By contrast, series
of patients undergoing open surgical decompres-
sion combined with intraoperative venography
and PTA show promising results. Schneider
et al. studied 25 consecutive patients with acute
effort thrombosis who underwent intraopera-
tive venography after surgical decompression
[77]. Residual intrinsic stenosis was identified in
16 patients (64%). All 16 patients underwent
PTA with 100% technical success. The 1-year
primary and secondary patency rates were 92
and 96%, respectively. It would appear that PTA
has similar results to the more invasive and tech-
nically demanding open reconstruction, at least
in the short term [2.38,39].

Despite the good outcomes of PTA in patients
with intrinsic residual stenosis after surgical
decompression, stenting does not seem to offer
the same good results. Contrary to other vein
beds, such as the iliac veins, it appears that PTA
is more effective than stenting. Kreienberg ez al.
reported a series of 23 patients who underwent
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either balloon venoplasty or stenting immedi-
ately after surgical decompression [s4]. Patency
was 100% at 4 years in the nine patients
undergoing venoplasty alone, but only 64% at
3.5 years in the 14 patients who were treated
with stents. Other studies report high rates of
failure of axillosubclavian vein stents, most likely
due to the mobility of the shoulder joint and
the axillary and subclavian veins [78,79]. The
lack of randomized trials makes it difficult to
determine the precise role of balloons and stents
in the management of intrinsic vein stenoses.
Moreover, the long-term durability of subclavian
vein stents remains to be clarified. While these
studies suggest that balloon venoplasty alone
can have a favorable outcome in patients with
residual stenosis following surgical decompres-
sion, and stents may have a worse prognosis than
balloon angioplasty alone, one must be cautious
about making such conclusions because stents
may have been used to salvage an unsuccessful
balloon venoplasty.

Another important question in patients with
intrinsic residual lesions is the role of operative
venous reconstruction. Some propose an aggres-
sive approach performing venous reconstruction
when external venolysis is unsuccessful, often
with a temporary arteriovenous fistula [2,38,80.81].
Others advocate a less aggressive approach,
reserving reconstruction in patients who have
persistent and significant symptoms despite sur-
gical decompression, external venolysis and bal-
loon angioplasty [1]. The patency rate in series
with less aggressive management was 94% [1].

Surgical techniques that have been used to
treat proximal subclavian stenoses include patch
angioplasty [80,81], vein bypass [80] and jugular
vein turndown (82]. Patch angioplasty is suitable
for short residual stenoses. For longer lesions,
finding a suitably large vein to replace the
axillosubclavian segment is often problematic
(83]. Regarding the best approach for perform-
ing a venous reconstruction, some recommend
that proximal claviculectomy permits the best
exposure [171]. However, others claim that one
can achieve the same good results by leaving
the clavicle intact and avoiding the significant
morbidity of painful arm function that proximal
claviculectomy can cause [81,84].

Venous reconstruction can be valuable in a
small subset of symptomatic patients with effort
thrombosis whose veins remain occluded after
attempting thrombolysis. An algorithm proposed
by Illig and Doyle suggests decision-making based
on the severity of the symptoms [1]. If the patient
has mild or no symptoms, first rib resection is
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Figure 4. Suggested algorithm for the management of symptomatic venous

thoracic outlet syndrome.

proposed. These patients can usually recanalize
their occluded vein segment or develop a substan-
tial collateral network (8s]. By contrast, if symp-
toms are severe, vascular reconstruction should
be performed, usually by jugular vein turndown
because of the cord-like residual vein, which is
not otherwise reconstructable. All agree that
these patients should be anticoagulated. Owing
to the low incidence of hypercoagulability, most
agree that anticoagulation can be temporary,
usually for 3—6 months.

Suggested treatment algorithm

We suggest a treatment algorithm for patients
with venous TOS, based on our experience and
the existing literature (Ficure 4). We believe that
all the patients with symptoms of effort throm-
bosis should undergo diagnostic venography in
preparation for CDT. Successful thrombolysis
of acute axillosubclavian vein thrombosis is gen-
erally very high. As with other catheter-based
lytic procedures, guidewire passage through the
thrombosed venous segment predicts success. In
addition, a short duration of symptoms suggests
higher acuity, whereas a long duration of symp-
toms suggests chronicity, which diminishes lytic
success. Our preferred thrombolytic technique
incorporates pharmacomechanical techniques
using the Trellis device. Following thrombolysis,
one of three scenarios is usually present:
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= Complete recanalization of the vein, without
residual stenosis (unusual);

= Partial recanalization, with residual intrinsic
defect (most patients);

= Unsuccessful recanalization with the vein
remaining occluded (not often).

However, even patients with a tight residual
proximal subclavian vein stenosis or with seg-
mental occlusion generally enjoy significant
symptomatic improvement resulting from lysis of
acute thrombus, which was occluding the venous
drainage provided by their first rib collaterals. If
patients are asymptomatic or minimally symp-
tomatic following CDT, extended anticoagula-
tion is recommended. Even in the presence of
a residual stenosis or hyperextension-produced
subclavian vein compression, only 15-20%
will develop recurrent thrombosis. If recurrent
thrombosis occurs, we will perform repeat CDT
and then recommend first rib resection with cor-
rection of the intrinsic venous lesion. Otherwise,
it appears that there is little to be gained by the
remaining 80% of patients in having their first
rib resected.

On the other hand, for patients who remain
symptomatic after CDT because of residual
subclavian vein stenosis and inadequate first rib
collateral venous drainage, first rib resection
with correction of the venous stenosis, usually
with balloon venoplasty, is recommended. In a
small percentage of patients, a venous stent may
be required. Athletes who plan to return to their
athletic activities will uniformly require first rib
resection with correction of their venous stenosis
to provide the necessary venous drainage at the
time of increased arterial inflow to their upper
extremity.

When surgical decompression is required, it is
performed soon after thrombolysis as we believe
there is no advantage in delaying the procedure.
Since the indication for first rib resection is symp-
tomatic venous outflow obstruction, delaying the

procedure only prolongs the patients’ symptoms
and exposes them to the risk of rethrombosis.

Conclusion

Venous TOS is generally a problem of young,
active individuals, which, if left untreated, can
adversely affect their quality of life. Our current
clinical practice is based on single-center studies
and our own clinical experience. Unfortunately,
randomized data are not available to answer
many of the important questions and, therefore,
anticoagulation so far remains the gold standard.
However, without such guidance, the proposed
algorithm suggests a stepwise treatment approach
that eliminates the acute thrombus, allowing for
evaluation of the patients’ venous drainage. If it
is fine, nothing more but anticoagulation is rec-
ommended and most will do well over the long
term. If patients remain symptomatic after lysis
of their acute clot, first rib resection followed by
correction of their underlying venous stenosis is
recommended.

Future perspective

Treatment of venous TOS, like most other diseases
today, should be tailored to the patient’s needs.
Some patients with thrombotic venous TOS will
be well treated with anticoagulation alone; how-
ever, they will be those with a small burden of
thrombus or nonocclusive thrombus. Patients with
multisegment venous occlusion are those who are
most symptomatic and will benefit from a strategy
of thrombus removal. The next question is how
best to treat an underlying venous lesion. We will
need to properly select patients for thoracic outlet
decompression and venous intervention, as it is
clear that not all patients require these procedures,
which have potential complications. We believe
ongoing patient symptoms will become an impor-
tant indicator for intervention for both thrombotic
and nonthrombotic TOS. Of course, advances in
catheter technology and oral anticoagulation con-
tinue, which will further improve our ability to
offer effective and safe patient care.

Venous thoracic outlet syndrome (TOS) represents approximately 5% of all cases of TOS.

Venous TOS occurs most frequently in the right arm and many patients have a history of vigorous exercise of the involved extremity.
The exact mechanism of venous injury associated with TOS is not clearly understood.

Swelling, cyanosis and pain of the extremity are typical presenting symptoms.

Venography is the diagnostic tool of choice.

Catheter-directed thrombolytic therapy is the standard treatment of acute axillosubclavian thrombus.

Surgical decompression (first rib resection) is often performed after successful lysis if symptoms persist, although its use is somewhat
controversial.

The management of residual vein stenoses is controversial, with options including anticoagulation, operative reconstruction or
percutaneous transluminal angioplasty.
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