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Approximately 3% of all patients presenting with Thoracic Outlet Syndrome have
a venous etiology (vTOS), which is considered "effort thrombosis”. These patients
will present with symptomatic deep venous thrombosis or focal subclavian vein
(SCV) stenosis. Endovascular management of vTOS occurs in several phases:
diagnostic, preoperative therapeutic intervention before decompression,
postoperative interventions after decompression, and delayed interventions in
the follow-up after decompression. In the diagnostic phase, dynamic SCV
venography can establish functional vTOS. Approximately 4,000 patients have
been treated for vTOS and reported in the literature since 1970. Declotting of
the SCV was followed by surgical decompression in 53% of patients, while in
the remainder, surgical decompression alone (18%), endovascular intervention
alone (15%), or conservative therapy with anticoagulation (15%) was performed.
The initial intervention was predominantly catheter-directed thrombolysis, with
<10% of cases undergoing concomitant balloon angioplasty. 93% of cases
were successful. In the postoperative phase, balloon angioplasty was
performed to correct residual intrinsic SCV disease after vTOS decompression
in under 15% of cases. Stents were rarely deployed. Symptom relief was
reported as 94 +12% (mean + SD) and 90 + 23%, respectively for declotting
with decompression and declotting alone. In the delayed phase, balloon
angioplasty was performed in under 15% of cases to re-establish patency.
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Introduction

Venous Thoracic outlet syndrome (vTOS) is characterized by compression and often
thrombosis of the subclavian vein. The development of a DVT in the subclavian
associated with extrinsic compression is commonly referred to as “effort thrombosis” or
“Paget-Schroetter syndrome” (1). The proportion of all Thoracic Outlet Syndrome that is
considered venous in etiology is estimated to be approximately 3% of all reported cases
(2). Most patients presenting with vTOS are males in their second or third decades, but
the condition can be found in older adults (3). The acuity of presentation in vTOS is
based on the patient’s presenting arm symptoms of swelling, pain, and distended veins
(4). The Society for Vascular Surgery reporting standards have described “acute” vTOS as
that of a patient presenting with symptoms within the first 14 days of symptoms. Patients
with “subacute” vIOS were defined as presenting with symptoms or signs from 14 days
to 3 months, while patients with subclavian vein disease that have been documented for
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3 months or more are described as “chronic” (5). The aim of this

review is to examine the current state of endovascular

interventions in comprehensive therapy for vTOS.

Anatomy

The subclavian vein (SCV) arises from the confluence of the
cephalic vein with the axillary vein and courses into the upper
mediastinum to the confluence of the jugular vein to form the
brachiocephalic vein. The SCV traverses a short and narrow
musculoskeletal path between the clavicle and 1st rib, termed the
costoclavicular junction (CCJ), resulting in a confined domain
that can lead to both physiological and pathological compression
of the vein (6). This narrowed CCJ space leads to physiological
compression with arm movements, functional compression
without symptoms, and symptomatic compression leading to
upper extremity symptoms (4).

Pathophysiology

The pathophysiology of vIOS is a combination of extrinsic
mechanical compression of the SCV at the CCJ, intrinsic venous
mural injury to the vein due to the extrinsic compression and
ongoing shoulder girdle movement, and eventually luminal
venous thrombosis on the surface of the subclavian vein (7).
These pathophysiological processes lead to either an acute deep
venous thrombosis (DVT) or a significant often dynamic focal
An acute SCV DVT or stenosis will
induce venous hypertension in the ipsilateral upper extremity

venous stenosis (7, 8).

and tissue edema which leads to symptoms of pain, swelling
decreased range of movement, and visible superficial collateral
veins on the chest and upper arm. Without intervention,
superficial and deep collateral veins will develop and the normal
healing process of a deep venous thrombosis within the SCV
should occur. These may or may not abate the patient symptoms.

Modalities

Thrombolysis

Thrombolytic or fibrinolytic agents are systemically administered
exogenous plasminogen activators whose purpose is the breakup of
the acute clot. These compounds are serine proteases that cleave
native plasminogen into active plasmin within the body. Plasmin,
also a serine protease, cleaves fibrin into various fibrin degradation
products, thus destabilizing the structure of a fresh clot (fibrin
matrix with platelets) and thus allowing its dissolution. The most
frequently used thrombolytic agents reported are: Streptokinase,
Anistreplase, Urokinase, Activase, Reteplase and Tenecteplase.
Plasminogen activators may be administered intravenously through
site non-specific, site-specific, or enhanced site-specific modalities

over 1-72 h:

o Systemic thrombolysis: A dose of a plasminogen activator
(2-10 mg tPA) is administered through a peripheral intravenous
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catheter upstream of the clot burden over 1 h. This technique
has fallen into disuse with the advent of catheter based
therapies for peripheral and central DVTs (9).

o Catheter-directed thrombolysis: Catheter-directed thrombolysis
(CDT) is a combination of selective catheter placement and
infusion of thrombolytic agents. A multi-side-hole catheter is
placed within the clot, a continuous infusion of a plasminogen
activator is administered into the clot at 0.5-1.0 mg/hr of tPA
over 12-72 h using an intravenous pump (9-12).

o Ultrasound-enhanced thrombolysis: After the clot is traversed
with a multi-side-hole catheter that has ultrasound emitters
present, an infusion of a low-dose plasminogen activator is
administered into the clot with concomitant ultrasound
activation over 12-72 h at 0.5 to 1 mg/hr for tPA (9, 13). The
penetration of the drug and clot dissolution are mediated by
stable cavitation or sustained bubble activity induced by the
ultrasound frequency.

o Pulse spray thrombolysis: Following the placement of either a
multiple-side hole catheter or a rheolytic catheter into the
body of the clot, a highly concentrated fibrinolytic agent
(5-15 mg of tPA in 100 mls normal saline) is injected directly
into the thrombus as a brief high-pressure spray to facilitate
drug penetration and pneumatically disrupt the clot. The lytic
agent is administered over 15-30 min (9, 14, 15).

Rheolytic catheters

Rheolytic catheters are delivered percutaneously to the site of
the clot and use a mechanical distribution technique which can
be a rotating catheter extension (e.g., Trellis™, Covidien) or a
high-pressure, high-speed fluid jet (e.g, Angiojet™, Boston
Scientific) to mechanically disrupt the clot in a focal area and
retrieve it (16, 17). Several devices have additional enhancements
to isolate the area of the disruption (e.g., proximal and distal
balloons) or to prevent distal embolization of the morselized
fragments of the clot (e.g., a distal embolic filter). These devices
effectively disrupt and remove mature and resistant clots that
traditional catheter-directed thrombolysis fails to lyse effectively.
The combination of a rheolytic catheter and thrombolysis is
referred to as pharmaco-mechanical thrombolysis (PMT).

Percutaneous thrombectomy catheters

Percutaneous  thrombectomy  catheters are  delivered
percutaneously to the site of the clot and, in a thrombolytic
independent manner, disrupt and retrieve blood clots by
capturing the clot in a wire mesh basket system or directly
aspirating out the clot. These systems come in both large-bore

and small-bore designs (13, 17).

Percutaneous embolectomy catheters

Percutaneous embolectomy catheters (e.g., over the wire or
plain Fogarty catheters™, Edwards Life Sciences) are delivered
percutaneously over the wire to the site of the clot, and the
catheter balloon is inflated at the most distal end of the clot
from the sheath. With the embolectomy balloon inflated, the clot
is captured and withdrawn to the area of the initial sheath
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access, where a large bore sheath is under direct suction to facilitate
extraction of the displaced clot material (17, 18).

Balloon angioplasty and stenting

Angioplasty balloons and stents are delivered percutaneously
over the wire to the site of the clot, In general, with acute
thrombus, thrombolysis or percutaneous thrombectomy will have
been performed to remove acute friable clot. In vessels with
chronic obstructive thrombo-fibrotic lesions, no pre-emptive
declotting procedures are required (19). Balloon angioplasty can
be employed with plain balloons, wall-modifying balloons
(cutting or scoring), or high-pressure balloons (20). If greater
than 30% residual stenosis remains, bare metal or covered stents
can be deployed to increase luminal diameter (19).

Endovascular management of vTOS

Endovascular management for vT'OS consists of a set of diagnostic
and therapeutic interventions that can stand alone or be temporizing
bridges before a durable intervention such as CCJ decompression is
performed (21). These endovascular interventions occur in several
phases: diagnostic, preoperative therapeutic intervention before
after
decompression, and delayed therapeutic interventions in the

decompression, postoperative therapeutic interventions

follow-up after decompression.

Diagnostic phase

In the diagnostic phase, dynamic venography can easily establish
functional vTOS (22). The venography is able to assess patency and
physiological changes when the arm is placed in positions that
induce subclavian vein stenosis at the costoclavicular junction (23).
While venography is a 2-dimensional testing modality, the
increasing use of 3-dimensional intravascular ultrasound can offer
information on the status of the vessel and the compression point
in the outlet in three dimensions (24, 25).

Preoperative therapeutic phase

In the therapeutic phase where thrombosis is identified, catheter-
directed thrombolysis, pharmaco-mechanical thrombolysis, or
mechanical thrombectomy are performed to clear the thrombosis
burden (26, 27). In the acute phase, 0-14 days, thrombectomy and
lysis can be used with equal clot reduction but different treatment
intervals. In the subacute phase, thrombolysis rather than
thrombectomy is more common to remove any fresh clot and
allow for angioplasty and/or stenting. “The primary endpoint for
these therapies was the resolution of >70% of thrombus. The
immediate overall technical success rate for acute thrombus
removal described in the literature is over 90% in CDT, 100% in
PMT, and 100% for percutaneous thrombectomy systems (19).
Technical success is associated with an equivalent rate of symptom
relief. An initial subclavian vein balloon angioplasty may be
performed to optimize flow at the conclusion of the declotting
procedure (28). However, given that the luminal narrowing is
primarily due to extrinsic compression at the CCJ, balloon
angioplasty rarely results in complete resolution of the venous
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stenosis. More robust balloon angioplasty interventions carry the
risk of rupture, intimal disruption with recurrent thrombosis, or
perivascular inflammatory response, which may complicate any
planned open decompressive procedure (4, 29). Initial declotting
followed by prompt first rib resection within 2 weeks of initial
thrombosis demonstrates a greater than 90% success rate with
significant symptom relief and return of full function in the upper
extremity (19). In a systematic review that yielded 6 appropriate
articles, early decompression surgery within two weeks after
percutaneous declotting procedures appears safe and effective (30).
However, if decompression is performed after 6 weeks of
symptom onset and the initial declotting, the success rate is
reduced to <60%. Most of the patients with a delayed presentation
(>6 weeks of symptom onset) will still benefit from a decompression
accompanied by a venous reconstruction if surgically fit for
a procedure (4).

Advanced therapeutic modalities

For patients who present with a chronic venous occlusion, it
may not be possible to traverse the subclavian venous lesion
percutaneously and recanalize the vein. While most patients will
be considered surgically fit enough to progress to a venous repair
with a patch, an autologous or allograft bypass, or an ipsilateral
jugular vein turndown, new recanalization techniques have been
described that combine advanced imaging systems and sharp
recanalization with a needle or radiofrequency power wire to
allow traversal of the chronic lesion (31, 32). The vein can then
be stented with a covered stent. The majority of these cases have
been performed in patients with vTOS, and thus the use of these
modalities remains unclear.

Post-operative therapeutic phase

In the postoperative therapeutic phase, when decompression
has been successfully achieved, venography coupled with
angioplasty and stenting can be performed to correct any
persistent intrinsic venous disease that results in stenosis. This
venography is often performed prior to closure of the
decompression surgical incisions to allow for possible open
venous thrombectomy, open surgical patching/repair of the
subclavian vein, a jugular vein turndown to the axillary vein, or a
bypass of the subclavian vein from the axillary vein to the
jugular vein (33). The endovascular management of these lesions
has been to employ balloon angioplasty and selective stenting

with an open cell or a covered stent.

Delayed therapeutic phase
In the
intervention is

delayed phase, venography and endovascular

performed if noninvasive imaging detects

upper
symptoms recur. Most studies have shown that decompression

recurrent venous stenosis or ipsilateral extremity
surgery is associated with a significantly lower rate of imaging-
detected signs of persisting vascular compression (34). However,
the rate of persisting clinical symptoms is comparable to those

treated only by endovascular or conservative therapy.
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Complications of endovascular
interventions

Thrombolysis

The major disadvantage of systemic thrombolysis is the increased
risk of serious bleeding complications, with intracranial hemorrhage
carrying the highest mortality. Intravenous tPA carries a 3%-6%
risk of intracranial hemorrhage. Early thrombolytics were also
associated with allergic reactions, which are now relatively rare. The
main complication of CDT remains bleeding. However, in the case
of CDT, significant bleeds are usually confined to the site of venous
puncture, and intracranial bleeding is rare.

Rheolytic catheter

The major complication of these catheters is hemolysis and the
release of of free hemoglobin that can result in acute kidney injury
due to the toxic effects of free hemoglobin. The combination of a
rheolytic therapy with a thrombolytic agent is associated with a
bleeding risk.

Percutaneous thrombectomy catheters

The major complications of percutaneous thrombectomy are
vessel wall injury, proximal embolization, blood loss, and
associated vessel wall injury.

Percutaneous embolectomy catheters

The major complications of percutaneous embolectomy are
proximal embolization, failure to achieve clot extraction, blood
loss, vessel wall injury, and associated vessel wall injury.

10.3389/fsurg.2024.1302568

Balloon angioplasty and stenting

The major complication of balloon angioplasty is failure to
achieve luminal gain, perforation, and immediate and early
thrombosis. The major complication of stent placement is
compression of the stent, dislodgement of the stent, fracture of the
stent at the level of the first rib, and immediate and early thrombosis.

Current practice

While there are no randomized controlled trials that can
inform on the optimal therapeutic strategy for vIOS, a recent
systematic review and meta-analysis strongly suggests that higher
rates of thrombus removal and symptoms resolution is
achievable with SCV thrombolysis, followed by first rib resection
(19, 34). Current clinical practice dictates that with the diagnosis
of deep venous thrombosis (DVT) in the subclavian vein,
anticoagulation therapy is commenced to minimize proximal and
distal clot progression before consideration of the diagnosis and
definitive management of vTOS (34). At present, the commonest
pattern of care for acute vIOS presenting with a DVT consists of
ipsilateral contrast venography for diagnostic verification followed
(catheter-directed

thrombectomy

by a declotting procedure thrombolysis,

pharmaco-  mechanical mechanical
thrombectomy) to debulk the subclavian vein clot, restore

patency. Once the lumen is re-established, there is a need to

or

define the presence or absence of intrinsic or extrinsic stenosis at
the CC]J. Patients with a diagnosis of CCJ stenosis (ie., vIOS)
are frequently referred for a decompressive procedure within 6
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‘ ¥
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FIGURE 1
A treatment algorithm for the endovascular therapy of acute VTOS.
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weeks, but alternatively, they are offered a standard duration of
anticoagulation therapy recommended by current guidelines for a
peripheral DVT (35). In those that are treated endovascularly
and need decompression, a short interval (2-6 weeks) is
recommended prior to surgical decompression of the CCJ by first
rib resection (30). This is achieved through various open surgical
(36).
decompression is then performed and, when appropriate, is

techniques Immediate  venography after  surgical
followed by percutaneous intervention or open reconstruction of
the subclavian vein. A potential treatment algorithm for vTOS is

shown in Figure 1.

Conclusion

Diagnostic and therapeutic endovascular interventions for
vTOS are a necessary part of managing the disease. Removal of
the clot using any modality is associated with rapid symptomatic
benefit with or without subsequent surgical decompression. Once
treated, the recurrence rate and the need for secondary
interventions remain low.
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