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Abstract

Thoracic outlet syndrome (TOYS) is a collection of upper extremity symptoms that result from
compression of the neurovascular bundle by various structuresin the area just above thefirst
rib and behind the clavicle. Although vascular TOS (venous and arterial) account for only 5%
of all TOS cases, leaving the majority for neurogenic cases, it is associated with the most seri-
ous complications, including limb ischemia. The main pathophysiology is based on a mecha-
nism of chronic compression over the subclavian artery or vein and then stenosis, which re-
sults in further intimal injury with fibrosis, thickening, and arterial luminal narrowing or
complete or partial venous occlusion and thrombosis. Arm swelling, cyanosis, and other symp-
toms of primary venous thromboses represent the clinical picture of venous TOS. With arte-
rial TOS, an ischemic hand in various pictures represents an advance stage, wher eas asymp-
tomatic cases are the majority. Various invasive and non-invasive examination tests can help
in diagnosing and distinguishing among the etiologies of TOS; however, conventional arte-
riography and venography remains the gold standard for vascular investigation testing. Of
note, this method has gradually been replaced by advanced CT angiography/venography. In
terms of vascular TOS treatment, the role of conservative management is limited and the
main target of treatment, which includes relieving the compression over the neurovascular
structures, is mainly achieved by surgical option with superior resultswith early intervention.
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| ntroduction the £'rib forming the base. These muscles can be further
hypertrophied after repetitive motion and createreno
ompression. Although the narrowing of this area ba
urther constricted by other structures such agenital
cervical ribs, which have an incidence rate of 1% fi-
brous bands and anomalous muscles may be a more
common cause of narrowing.

Thoracic outlet syndrome (TOS) involves compressio
resulting in injury or irritation of neurovasculsiructures
as they course through the narrow passageway fnem t
base of the neck into the arm via the axilla, ca lImroader
definition, is upper extremity symptoms due to coasp
sion of the neurovascular bundle by various stmnestun
the area just above the first rib and behind tlawicle.  Historically, Galen was the first one who descrilibd
This region is constrained by the anterior middlalene cervical rib in human dissections around 150 AD¢ag
muscles, clavicle, and first and second ribs. Witthiis ~ until 1927 the cervical rib was commonly thoughtbie
area, the brachial plexus exits the cervical spined the cause of symptoms of TOS [3] while thoraciclesut
passes between the anterior and middle scaleneutausc syndrome, as a medical term, was first introducetios6
ture, and under the clavicle and pectoralis minasete, by Peetet al [4]. TOS is classified into thregtidct sub-
along with the main upper limp vasculature, subaiav types based on the involved structure: neurogeree,
artery and vein. The most important narrow passagew nous, and arterial; symptoms of each subtype ave pr
in this area anatomically is the scalene triangihich ~ duced relative to which of the neurovascular stmex is

bounded by the anterior and middle scalene musdtes compressed in the thoracic outlet.
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Epidemiology TOS. This venous occlusion, also known as Paget-
_ . _ o Schroetter syndrome, primary subclavian vein thrasig
With lack of confirmatory testing for TOS, the trirei-  or effort thrombosis, accounts for approximately 286

dence is not known, but the reported incidencegeaan 4% of all DVT cases [15]. Venous TOS occurs intezla
from 3 to 80 cases per 1000. It is more commonly obto multifactorial etiology including extrinsic comgssion
served in women with a peak of onset in the 4tladeof at the costoclavicular space, or trauma with a eaitglly

life [5,6]. Vascular TOS, which has given more et in  narrow thoracic inlet. As in arterial TOS, chroeitrinsic

this review, account for only 5% of all TOS casksThe  compression may be caused by one of the anatomical
venous type is the more common of the two vasculastructures mentioned earlier, and this compressinbe
TOS, and is seen in approximately 3-4% of casesxaggerated with certain positions or activity qfper
whereas arterial TOS is seen in only 1% of casés®u extremity like swimming, weight lifting, throwing laase-
sociated with the most serious complications, idiclg  ball (athletes) or working with elevated arms [17§,1

limb ischemia [3,7, 8]. Chronic compression and irritation of the vessdlsaaan
predispose or cause stasis, mainly by impairincgctear-
Pathophysiology ance of activated coagulation factors; intimal dgena

through exposure of tissue factor to the blood atzipn

For arterial TOS, the essential mechanism is chroniSyStém; and/or hypercoagulability (Virchow triadgsult-

compression over the subclavian artery, and themosts. "9 in formation of an intraluminal thrombus, _Which
Furthermore, this chronic compression can resulnin ~ c2uses the lumen to become narrowed or entirely oc-
mal injury with fibrosis, thickening of the wallnd, even-  ¢luded, and end with primary venous thrombosis[18].
tually, luminal narrowing. Poststenotic dilation ynalso ~ Chronic compression and trauma eventually produee e
develop distal to the site of narrowing secondargam-  t€rnal inflammation as well, which leads to fibmsiela-
pression over the subclavian artery and it mighgmss tive flxgtlon to the surroundlng anatomic strucmb@sme
to aneurismal changes with time. Basically, comgices the |nt|m_al hypertrophy. This chronic mfIammatmgn
over the subclavian artery and stretching of theriat € €xplained by the replacement of loose connedve
wall (poststenotic), resulting in disruption of thatural ~SU€ that normally surrounds the vein by dense gefla
integrity of the intima. This disruption precipistplate- SC&rring, which further reduces the vein mobilityda
let deposition and initiates formation of a throrstajter ~POS€S increased risk for further injury.
activation of collagen and tissue factor that @aympor-
tant role in thrombus formation by activation aretw  Clinical presentation
mulation of platelets and generation of thrombih [®is-
tal thromboembolism is one of the complicationg thay At the early stages of arterial cases, most ofeptiare
result either due to mural thrombus originatingnfro asymptomatic due to lacking of atherosclerotic usivle
within the area of poststenotic dilation, or fromiatimal  disease clinical markers. Then, patients presetht vary-
lesion at the site of compression with resultaninfition  ing degrees of ischemia in the affected arm or heantje
of platelet aggregates. between chronic ischemia at the beginning with Sigimd

symptoms including weakness, paresthesias, cldialica
These platelet aggregates may microembolize disthle ~ pallor, and diminished pulses distally, especialith
small vessels of the hands and fingers, resultingdhe- ~ activity or positional changes, acute ischemia witdden
mia with eventual tissue necrosis. Mural thrompidglly ~ onset of severe hand pain mainly secondary toldsta
result in the occlusion of more proximal arterigghvlar- ~ bolization and gradual critical ischemia in thenfioof
ger collateral supplies; therefore, mural thromts kess pain of the hand at rest (rest pain) and digitaiggane or
likely to produce severe ischemic changes thanrothallceration after microembolization of small arterie
types. Rarely, complete occlusion of the subclagigery  [5,19].
may occur. Bony abnormality represents the most fre
quent cause of arterial compression in the thorastiet.  Arm swelling, cyanosis and moderate pain are thenma
Among arterial TOS patients, 88% presented an asseoclinical presentations of venous TOS or primary oten
abnormality [10], most of which were cervical ribg to ~ thrombosis that commonly occurs suddenly and begins
63% in some of the large series[10-12]. Upper exities within the first 24 hours. All of these signs arygnptoms
overuse is considered a significant but not esslecaiuse  result from venous hypertension and may improvelgra
of arterial TOS[12-14]. The result is soft tissuygértro-  ally secondary to collateral formation and recaszion
phy and cramping in the space of the bony outietam  ©Of the vein in many patients [20].
lead to direct arterial injury through repetitivetion. ) _

Diagnosis
On the other hand, occlusion of the subclavian,vesm-
pletely or partially, is the primary mechanism @neus Various examination maneuvers can help in the disign
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and distinguishing among the etiologies of TOSt buComputed tomographic (CT) angiography/venography

positive results of these tests can occur undenalocon-
ditions in some cases, hence they are not suffid@an
diagnosis. The Adson test, abolition or reductiérpa-
tient's radial pulse with externally rotated, exted and
slightly abducted arm and while patient is lookitty
wards the side being examined and taking in a de
breath; and the Roos test, developing of hand {ieegias
or pain after external rotation and abduction & #im
more than 90 degrees, are examples of these cosipres
maneuvers, but none of them is pathognomonic [31,22

A plain radiograph of the neck and chest with a=bi
spine view or thoracic inlet view is one of thetiali non-
invasive and simple procedures that can assisieimliag-
nosis of vascular TOS[23](Figure.1A). Although tkiad

of imaging is not essential in the diagnosis, ih&pful
and important to demonstrate the presence of ssgoos
abnormality including cervical ribs, prominent dore
gated C7 transverse processes, abnormal or eletated
rib caused by tight anterior or middle scalene rassc
large clavicle fractures, callus, or any other bpaghol-

ogy.

Doppler ultrasound or duplex is very useful anghelin
the diagnosis for both types of vascular TOS. Ar roed-
off of flow during the stress (hyperabduction) maver
with reproduction of symptoms is the most suggesitiv

this non-invasive test. Duplex also can detect -postt

stenotic subclavian artery aneurysms as well as t
thrombosis of axillary and other distal arterieworbbver,
this test is non-invasive, simple, and easily penfx
bilaterally in one sitting, making it an effectiveethod
and first step in confirming a suspicious clinid&gnosis

with positioning arm maneuvers is very useful iovd-
ing accurate information on the location and meidman
of vascular compression. Details of the relatiopsbf
bony deformity or any abnormal fibrous bands witte-a
eriaI or venous compression as well as identifyitigo&
t%e structures in the thoracic outlet can be eatgiyon-
strated by CT angiography/ venography, especiblige-
dimensional CT imaging, with the avoidance of invas
conventional arteriography/ venography complication
[26,27]. The CT angiogram is an important testhie &s-
sessment of TOS, and for pre-operative planningl an
even in asymptomatic or questionable TOS casesnt
improve surgical success and help for selectioapefra-
tive candidates [28] (Figure. 1C).

Magnetic resonance angiography and venography
(MRA/MRYV) is another choice of imaging modality tha
can be used for diagnosis and evaluation of vast@s.
Although an MRI scan is a promising noninvasivehtec
nique for the diagnosis of vascular causes of T8,
required cost and time are considerable, and theifgp
ity and sensitivity for diagnosing arterial or veisoTOS
seems to be low. Indeed, an MRI scan is more useful
identification and visualization of soft tissue abmali-
ties; or fibromuscular changes that might causentre
rowing at the thoracic inlet area rather than dsstaing
th diagnosis of vascular TOS, and it is still imaging
method of choice for evaluating the anatomy antigat
ogy of the brachial plexus in neurogenic TOS[29-31]

M anagement

of vascular TOS when compared to other conventional

methods [24,25].

Upper extremity conventional or catheter-based - art
riography and venography is an effective vasculaes-
tigation test, but is a highly invasive procedultecan
confirm vascular compression with exact localizatand
highlight subclavian stenoses, aneurysms, muratthus
or occlusion of the digital arteries as well ascabian
and axillary vein thrombosis (Figure. 1B) . In &,
arteriography permits dynamic views of the subeavi
and axillary arteries with the arms in abductionl au-
duction and provides evaluation of the distal datian.
This procedure remains a helpful tool and the gpbéh-
dard for assessment of vascular TOS and for preatipe
planning, but its role has become limited, graduad-
placed by advanced CT angiography/venography.
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Treatment of TOS in general can be either conseevat
surgical. The goal of the surgical option is tdeed the
ecompression over the neurovascular structures dsawe
reconstruct any involved vessel and restoratiopesfu-
sion to the distal extremity (e.g., with thromboerieiz-

tomy) in vascular cases.

Although conservative management is still recomreeind
for neurogenic cases including modification of bebis
by avoiding provocative activities, and using phgsi
therapy, analgesics and muscle relaxants, its waillke
vascular TOS is very narrow or even nonexistentinas
symptomatic arterial TOS cases [1,32]. Surgicarirgn-
tion represents the core of most treatment optians,
provides good and fast results in vascular TOS, thed
majority of patients appear to benefit from surgemmn-
cipally arterial TOS patients.
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Table 1. Types and characteristics of vascular thoracic outlet syndrome (TOS)
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Type Blood Etiology (compression Clinical Diagnosis Treatment
Vessel factor) Features (Imaging Stud-
affected ies)
Arterial Subclavian < Cervical rib ¢ Claudication <Neck/chest radi- 1. Decompression of the tho-
TOS Artery * First rib * Paresthesia ography racic outlet
eLong transverse process * Coldness *Duplexdoppler 2. Repair of the vascular
«Clavicle abnormalities  « Pallor ultrasound lesions (angioplasty +/- ar-
eScalenus anticus & me-+ Diminished < Conventional terial stenting +/- surgical
dius muscle or loss pulses arterio/venography  repair)
*Pectoralis minor muscle «Digital gan- < CT angio/- 3. Management of the associ-
& costocoracoid ligament grene venography ated ischemia of the hand
» Abnormal fibrous bands * MRA/MRV
Venous subclavian * Edema
TOS vein * Venous dis- 1. Anticoagulation if acute
tention thrombosis diagnosed
 Cyanosis 2. Decompression of the tho-
* Pain racic outlet
e Mild pares- 3. Repair of the vascular le-
thesia sions (thrombolysis +/-

venoplasty +/- vein stenting
+/- surgical repair)

Figure. 1 Different radiological modalities that used to diagnose and plan the management of thoracic outlet syn-
drome: A) Thoracic inlet plain x-ray showing bilateral cervical ribs. B) Conventional Arteriogram for left subclavian
artery showing a stenosis of the artery (left pictur) and complete occlusion (right picture). C) Reconstructive computed
tomography angiography showing the compression of the right subclavian artery between cervical rib and first rib.
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Figure 2. Intra-operative Images for thoracic outlet syndrome: A) Surgical specimen showing the excised cervical rib
and part of the first rib along with scaleneus muscles. B) Post decompression of the right thoracic outlet showing the

exposed right subclavian artery with an aneurysm.

In arterial TOS, surgical decompression is recondadn
for most cases. Decompression of the thoracic atka
includes resection of cervical rib or 1st rib, scactomy,
and/or fibrous bands removal (Figure. 2A). All bese

for this kind of treatment, as early thrombus if smd
easily treated, whereas chronic ones become omniz
adherent, and fibrotic[37,38]. Nevertheless, saigute-
compression of the thoracic outlet remains thelidga

can be provided surgically through many approachesion, even among venous cases, especially thogentsat

mainly supraclavicular and transaxillary. Each pohae

with persistent stenosis or signs of extrinsic caeapion

has some advantages but the same objectives. Bor-ex on venography after thrombolytic therapy, and nstst-

ple, supraclavicular scalenectomy with excision thoé
cervical rib and/or % rib resection provides good visuali-
zation of the thoracic outlet area, and excellequosure
for arterial reconstruction if needed, with excelleesults
in many cases[33,34]. Arterial reconstruction pthoes
include resection of the aneurysm of the subclasidery
with a replacement using either a vein or synthgig.,
Gortex) interposition graft(s), as well as distalombec-
tomy through these kind of approaches (Figure. ZBe
successes of surgical decompression of the thooatiet
area in arterial cases that have been reportdtkititera-
ture are impressive, and improvement in the symptmm
quick, especially with acute and critical cases,]2]1
Percutaneous transluminal angioplasty and thronsisly
are a potential treatment option for arterial TQ&t tcan
be used in some selected cases such as thoseetpaica
surgical candidates. However, their results areasofa-
vorable as the gold standard, surgical decompne$3t].

The principle of management for venous TOS is #raes
as arterial, whereas the role of non-surgical tneat is
respectable. All venous TOS patients should becanti
agulated for 3 to 6 months, and followed clinically

ies suggest performing decompression as early ssitpe
after thrombolysis, in order to decrease the riskeoc-
clusion [39,40].

Conclusion

Perhaps vascular TOS represents a low percentabe-of
racic outlet syndrome cases generally and is cersitla
rare disease, it is a serious disorder if not disoed
promptly, and treated professionally. Subclaviatersr
intimal injury, poststenotic aneurysm, mural thramsb
formation and embolization could result in sigrafit
complications; acute and critical upper extremgghie-
mia, and less commonly pulmonary embolism secondary
to venous cases. Thoracic outlet-related vascualampt-
cations may remain underestimated with delay ofals/
findings and may cause acute arterial complicati@is
fective treatment of vascular thoracic outlet symae
requires early recognition of the disease by piiagidic-
curate clinical assessment together with seleatiothe
proper type of investigative imaging. Careful soadi
planning for vascular TOS patients can yield satisfry

ultrasound scans [36]. Wire passage with thromlmlys outcomes. Table 1 summarizes the types, etiologgs; f

plays an important role in venous cases treatntéotv-
ever, timing of thrombolysis represents the keguifcess

Biomed Res- India 2012 Volume 23 Issue 4

tures, diagnosis, and management of vascular titorac
syndrome.
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