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Abstract: Neurogenic thoracic outlet syndrome (NTOS) represents a disorder believed to
involve compression of one or more neurovascular elements as they exit the thoracic outlet.
This comprehensive literature review will focus on the occurrence, classification, etiology,
clinical presentation, diagnostic measures, and both nonoperative and operative therapies for
NTOS. NTOS represents the most common subtype of thoracic outlet syndrome and can
significantly impair quality of life. Botulinum toxin injection into the anterior scalene
muscle, or even the middle scalene or pectoralis minor muscles, can reduce the symptoms
of this syndrome. The best available evidence for botulinum toxin therapy to the cervicothor-
acic muscles supports the value of this treatment for reducing pain in the affected extremity,
and for an approximate duration of 2 months or more. Surgical approaches and newer
minimally invasive surgical approaches offer high rates of improvement in select centers.
Keywords: thoracic outlet syndrome, neurogenic thoracic outlet syndrome, anterior scalene
muscle, brachial plexus, compression neuropathy

Introduction

The term “thoracic outlet syndrome” (TOS) was coined in 1956 by Peet et al' and is
used to describe compression of one or several neurovascular structures (ie brachial
plexus, subclavian artery or vein or axillary artery or vein) that cross the thoracic
outlet. This group of disorders with a presumed compressive or nerve entrapment
etiology has been described by multiple terms that reflect either the region of

pathology or the maneuver that precipitated the symptoms.” Some of these prior
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terms include “cervical rib and band syndrome”,
9 2

scalenus anticus syndrome,” and
“pectoralis minor syndrome”.” The most vulnerable structures to compression are
generally understood to be the brachial plexus and the subclavian vessels. Three
areas of compression likely exist: scalene triangle, costoclavicular space, or the
pectoralis minor space.** TOS can be further subclassified based on whether the
etiology involves the vasculature (e.g. venous or arterial) or the brachial plexus (e.g.
neurogenic).

Neurogenic thoracic outlet syndrome (NTOS) can present with a wide variety of
symptoms including ipsilateral upper extremity pain, sensory loss, paresis, edema,
shoulder and neck discomfort, and even sympathetic nervous impairment. NTOS
symptoms can range from mild to severe; however, if left untreated, NTOS is

associated with significant detrimental impacts on functional status and quality of
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life. For example, the impact matches those suffering from
chronic heart failure.” Unfortunately, because there is
a wide spectrum of presenting symptoms, there are no
uniform criteria for diagnosis, treatment, patient selection,
or treatment approaches.® Further, no definitive test exists
for TOS, which may suggest that TOS is relatively under-
diagnosed. This lack of consensus and poor physician
awareness (and therefore recognition) make it difficult to
estimate the true incidence of TOS,” though several arti-
cles report an incidence of 3-80/ 1,000,% while Roos
describes an incidence of 0.3 and 2%.” Interestingly,
even these incidences are disputed, with a more recent
study analysis suggesting that NTOS may be considered
a “rare” disorder, with an incidence of 2-3/
100,000 per year.’

In addition to the controversy surrounding the diagno-
sis of NTOS, the treatment of NTOS also lacks consensus.
This comprehensive literature review focuses on the clas-
sification, etiology, clinical presentation, diagnostic mea-
sures, and treatment of NTOS, including nonoperative
therapies such as physical modalities, pharmacological
therapies, minimally invasive therapies including intra-
muscular botulinum toxin, and surgical interventions.

Search Strategy

This article intends to provide readers with the most relevant
and up-to-date information regarding the diagnosis and treat-
ment of NTOS.
a comprehensive electronic literature search (1956-2021)

In the first phase of the search,

process was conducted through PubMed using the MeSH
term: “thoracic outlet syndrome” with the following filters:
article types (meta-analysis; systematic reviews), text avail-
ability (abstract available), publication dates (from January 1
2006 to January 30, 2021), species (humans), and language
(English). Following this methodology, we found 0 meta-
analysis and 6 systematic reviews. Due to the scarce litera-
ture of meta-analysis on the topic, other articles were
included, including a literature search process that included
PubMed, Clinical Key, and Google Scholar. References
cited in relevant articles were also reviewed. Search terms
and criteria were further globalized to include clinical trials,
reviews, multicenter studies, guidelines, and practice guide-
lines. For each article, pertinence was considered. Articles
solely focused on vascular TOS were excluded.

Classification
There are three generally recognized forms of TOS that are
classified based on their pathophysiology: neurogenic

(secondary to presumed brachial plexus compression),
arterial (subclavian artery compression), and venous (sub-
clavian vein compression).'® Neurogenic TOS accounts
for the vast majority of TOS cases, with studies generally
estimating about 90%, but as high as 95%.'° Neurogenic
TOS can be further subclassified as “true” NTOS, also
“classic TOS” or
syndrome”;” and “nonspecific,” which is also known as
“common,” or “disputed” NTOS.®'""'> Classic NTOS is
associated with objective findings including a complete or

known as “cervical rib and band
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incomplete cervical rib with a tight band and accompanied
electrodiagnostic (EDX) changes. Classic NTOS repre-
sents a minority of patients and affects just 1% of all
NTOS cases.”'> The common or nonspecific type is
defined as having symptoms suggestive of brachial plexus
compromise, but without objective findings, and accounts
for 95-99% of all neurogenic cases.'> When discussing the
neurogenic form of TOS, we are referring to the nonspe-
cific type unless otherwise stated.

These groups (NTOS, VTOS, and ATOS) can be
further subclassified based on their etiologies, including
congenital, functionally acquired, or traumatic causes. For
example, congenital causes include an elongated C7 trans-
verse process, cervical first rib, or other structural abnorm-
alities such as fibrous bands.”’ Functionally acquired
causes can be due to repetitive motion, such as frequent
overhead movements, typing, and assembly line work, or
athletes participating in volleyball, swimming, or baseball
for instance. Traumatic causes include whiplash injuries
(hyperextension-flexion injury), motor vehicle accidents,
and falls."?

Anatomy, Etiology, and
Pathophysiology

The thoracic outlet encompasses the space from the supra-
clavicular fossa to the axilla. The brachial plexus and the
subclavian vessels are vulnerable to compression as they
cross three areas: (1) the interscalene triangle, (2) the
(3) the
Neurovascular compression more commonly occurs in

costoclavicular triangle, subcoracoid  space.’
the proximal regions such as the interscalene triangle and
the costoclavicular triangle.'*

The interscalene triangle is bordered by the anterior
scalene muscle anteriorly, the middle scalene posteriorly,
and the medial surface of the first rib inferiorly."* The vast
majority of cases of TOS involve neural and/or vascular
compression within the interscalene triangle.'> Notably,
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the trunks of the brachial plexus and subclavian artery lie
within the triangle; however, the subclavian vein travels
anteriorly and posteriorly to the anterior scalene muscle
and joins the internal jugular vein to form the brachioce-
phalic vein.'®

The costoclavicular space is bordered by the clavicle
superiorly, inferiorly by the first thoracic rib, and poster-
iorly by the anterior scalene muscle at its insertion site.” Its
components include the brachial plexus at the level of the

cords, as well as the subclavian artery and vein.'?

4,12,17 :
12,17 49

The subcoracoid or retropectoralis minor space
bordered by the pectoralis minor muscle anteriorly, poster-
iorly by the 2nd-4th ribs, and superiorly by the coracoid
process. Its contents include the axillary artery and vein,
and the brachial plexus generally at the level of the
branches.'?

There may be varying etiologies involved in NTOS.
Brantigan and Roos’ suggest that there may be congenital
abnormalities with superimposed trauma, muscle spasm,
and fibrosis leading to a “space problem.” This “space
problem” caused by congenital anomalies such as cervical
ribs and fibrotic bands can result in compression of the
brachial plexus and ultimately symptomatology.® Notably,
the structure most implicated in the symptomatology of
NTOS is the anterior scalene muscle.>*° Interestingly,
histologic studies demonstrate that injury to either the
anterior scalene muscle or the middle scalene muscle
may be the most likely causative factor.'™'? Moreover,
examination of these excised scalene muscles reveals sig-
nificant muscle fibrosis and the presence of three times
more scar tissue compared to controls.

Nerve conduction anomalies occur in patients with the
classic form of NTOS that leads to muscle atrophy,’
although a definitive pattern of neurophysiological
changes has not been identified.?° In contrast, consistent,
reproducible findings of pathological dysfunction in the
brachial plexus or scalene muscles have yet to be uncov-
ered for nonspecific NTOS. Neuroimaging and electro-
studies fail to
neurophysiological dysfunction;*® however, there is some

diagnostic demonstrate  consistent
evidence of a compressive etiology at least in some
patients. For instance, 3T MR neurography in seven out
of 30 patients with a diagnosis of NTOS showed the
presence of an anatomical structure compressing the bra-
chial plexus which surgical exploration confirmed.?'

The anterior scalene muscle (ASM) originates from the
anterior tubercles of the transverse processes of the C3-C6

vertebrae and inserts into the scalene tubercle of the first

rib. In a study by Swank and Simeone®” that evaluated
“scalenus anticus” syndrome in 1944, all patients demon-
strated hypertrophy of the anterior scalene muscle. The
ASM acts as an accessory muscle of respiration that raises
the first rib and assists in bending and rotating the neck.'?
Congenital anomalies located where the ASM inserts
along the first rib, or an abnormally broad insertion of
the ASM to the scalene tubercle can predispose a patient
to the development of NTOS. Brantigan and Roos’ note
that in addition to the anatomical variants that predispose
patients to developing NTOS, there may also be super-
imposed injury that precipitates onset of symptoms.
Injuries such as trauma or whiplash, blows to the
shoulders, or repetitive trauma can all result in muscle
spasm of the ASM. In turn, these injuries may cause
edema, and exacerbate the “space problem” in NTOS.
Further, scar development and fibrotic changes may con-
tribute to neural compromise of the brachial plexus, thus
perpetuating the pain cycle. It is for this reason that many
surgical and minimally invasive treatments target the
ASM. Specifically, these interventions aim to relieve pre-
sumed neural compromise of the brachial plexus by easing
tension or spasm of the muscle.®

Clinical Presentation

The clinical presentation of TOS varies depending on the
type, ie NTOS vs VTOS vs ATOS. Especially within the
NTOS population, the clinical presentation can be diverse.
The presentation can range from mild discomfort that is
exacerbated by certain upper extremity or neck positions
to the more common description of pain, paresthesias and/
or numbness in the fingers, hands, forearm, or arm on the
affected side.

In general, NTOS occurs more frequently in women
(3—4:1), and typically presents between the ages of 20—40
years.®”?* Furthermore, certain vocations such as violi-
nists, jobs that involve significant computer usage in non-
ergonomic positions, and assembly line workers appear
vulnerable given the physical nature of their occupation.
Another population at risk includes athletes incorporating
repetitive overhead motions such as volleyball players,
swimmers, pitchers, and weightlifters.

Symptoms and clinical features include a history of
neck trauma, whiplash injury, or repetitive overhead
motions, pain exacerbated with certain positions, and
pain often consistent with nerve irritation including com-
plaints of pain, paresthesias, and weakness in the arm and
hand.®'%? In general, these symptoms can involve all five
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fingers, and can even occur in the entire upper extremity
in a non-dermatomal pattern. The symptoms can be further
subdivided based on the areas of possible dysfunction.
This includes compression of the upper brachial plexus,
which involves compression of the C5-C7 nerve roots,
causing complaints of ipsilateral neck, trapezius, mastoid
or anterior chest wall pain, or even occipital headaches.® In
contrast, compromise of the lower plexus, involving the
C8-T1 nerve roots can result in symptoms around the
posterior aspect of the shoulder, with radiculopathy down
the arm in the ulnar distribution.'> Despite these specific
subdivisions, patients often feel that the entire limb is
affected without dermatomal preference, which contributes
to the controversy and difficulty surrounding the diagnosis.

Diagnosis
Diagnosis - History
Although NTOS is the most common subtype, represent-
ing up to 95% of TOS diagnoses, it is also the most
controversial because it is difficult to diagnose, and
remains  without objective  measures/criteria  for
diagnosis.®** As a result, the diagnosis remains one of
exclusion, and relies heavily on a detailed and thorough
history and physical examination.*'® Unlike ATOS and
VTOS, which can be diagnosed using ultrasound or
CTA, objective measures and testing procedures for diag-
nosing NTOS remain limited. Further obscuring the diag-
nosis is confounding diagnoses that present with similar
symptoms. For instance, patients who present with neck
and arm pain may be misdiagnosed with cervical radiculo-
pathy, rotator cuff injury, or peripheral nerve entrapment.

More recently, the Society for Vascular Surgery devel-
oped reporting standards for Thoracic outlet syndrome,
including standardized nomenclature, definitions, and
more consistent reporting standards. The most recent defi-
nition from 2016 by Illig et * defines NTOS as the pre-
sence of three of the four criteria:
1. Local symptoms in an area of compression (e.g., chest
wall, trapezius, neck) and confirmed with pain on palpa-
tion in the specific area

2. Peripheral findings of arm or hand symptoms based
on history, and confirmed by provocative maneuvers that
reproduce or worsen the symptoms.

3. Absence of other reasonable/likely diagnoses such as
cervical, shoulder, or peripheral nerve pathology.

4. Positive response to a scalene injection (typically
local anesthetic)

Patients may also note a history of trauma.'* It is impor-
tant to evaluate occupational, avocational, or sports activ-
ity risk factors.*®'? Other key symptoms that can be
obtained from a thorough history include complaints of
pain, numbness, tingling, sleep disturbances, and weak-
ness, while exacerbating factors can include exercising,
overhead arm motion, and driving.**'? Symptom distribu-
tion generally involves all five fingers but can be more
pronounced in the fourth and fifth digits and the ulnar
forearm.!' Symptoms can sometimes be distinguished
from cervical disc syndrome since NTOS generally pre-
sents without dermatomal preference, while cervical ste-
nosis or disc syndrome may often present with a more
defined dermatomal pattern; however, this can also make it
difficult for general physicians, as the patient may com-
plain of a nonspecific clinical presentation thereby con-
founding the picture and leading to an inaccurate or
delayed diagnosis.°®

Diagnosis — Physical Exam

In addition to obtaining a history, a complete examination
helps rule out other diagnoses. This includes observation
of posture, bulk, and tone of muscular components includ-
ing the ipsilateral shoulder, arm, and hand as well as
a vascular, neurologic, and motor exam. What is typically
regarded as “true-type” NTOS can lead to muscular atro-
phy including the “Gilliatt-Sumner hand”, described as
wasting of the thenar eminence, interossei muscles, and
the abductor pollicis brevis.'> However, these objective
findings are not found in the nonspecific form of NTOS.
Finally, provocative and stress maneuvers can be per-
formed. In NTOS, thumb pressure applied over the bra-
chial plexus in the region of the supraclavicular fossa or
scalene muscles for a few seconds may reproduce patient’s
symptoms, leading to pain in the neck, shoulder, or radi-
cular symptoms down the ipsilateral arm.® Two provoca-
tive tests that may better aid in the diagnosis of NTOS,
both of which offer relatively high sensitivity, include the
elevated arm stress test (EAST), and the upper limb ten-
sion test (ULTT).*!?

The EAST test, also known as the Roos test, is
designed to reproduce symptoms that occur when the
scalene triangle narrows.”> The patient is seated with
shoulders abducted 90 degrees and in external rotation,
with elbows flexed to 90 degrees. Interestingly, the length
of time to perform the test is debated — some publications
suggest maintaining the position for one minute,”> while
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others including the article by Brantigan and Roos’ sug-
gest maintaining the position for 3 minutes. A positive test
result precipitates the onset of pain, paresthesias, heavi-
ness, or weakness of the ipsilateral extremity.

The ULTT is also known as the Elvey test,'* and is
performed by stretching the brachial plexus. The position
involves a stepwise movement, starting with arms
abducted and elbows at 90 degrees. If the patient remains
asymptomatic, the arm is extended at the elbow, and hands
are pronated. Finally, the wrists are extended, and the head
is tilted away from the arm being tested.'>?> " The test is
considered positive if at any point during the stepwise
positioning, the patient reports the onset or exacerbation
of neck and/or arm pain.

In addition to the EAST and ULTT test, the Adson’s
maneuver is commonly performed to distinguish or elicit
a response in the setting of a vascular-type thoracic outlet
syndrome. This maneuver is accomplished by extending
the neck and rotating the head towards the symptomatic
side while holding deep inspiration. The test is considered
positive if there is a reproduction of symptoms or loss of
radial pulse.'"!%!7:28

These neurogenic and vascular provocative maneuvers
are often used together to improve specificity: the Adson’s
and EAST test when used alone have a specificity of 76%
and 30%, respectively, while performing the two together
yields a specificity of 82% for general TOS (not
subclassified).?’

Diagnosis —Diagnostic Testing

Imaging

Although imaging, particularly ultrasonography, can pro-
vide support for diagnosing vascular forms of TOS, the
efficacy of imaging modalities in NTOS remains unclear.
However, imaging studies such as CT, chest radiography,
MRI, and ultrasound are frequently used to detect under-
lying conditions that could cause the observed symptoma-
tology. For example, CT and chest radiography can
identify an elongated C7 transverse process or the pre-
sence of a cervical rib.>>*® These studies can also be
informative for possible surgery regarding TOS subtypes
(eg vascular vs neurogenic), as well as patient’s anatomy
of the thoracic inlet including scalene musculature, liga-
mentous bands, and first rib. %

MRI has also been considered as a potentially useful
diagnostic measure for NTOS; however, its utility is
dependent on the technique utilized.*® MRI specificity
and sensitivity are 41% and 33% respectively based on

one study of 42 cases of TOS, but not NTOS however.®' In
contrast, MR Neurography (MRN) may be a more bene-
ficial tool for imaging any abnormalities associated with
NTOS.?' In particular, high-resolution scanners with 3.0
T magnetic field strength, with a focus on Short Tau
Inversion Recovery (STIR) sequence and Spectral
Adiabatic Inversion Recovery (SPAIR) module can pro-
vide a more complete anatomical description of the nerves

of the brachial plexus.*

Electrodiagnostic Testing

Historically, electrodiagnostic studies were used to stratify
or subclassify NTOS into “true” vs “nonspecific” NTOS.
However, since the advent of the Journal of Vascular
Surgery reporting standards in 2016, this distinction has
been phased out.* Hence, the role of electrodiagnostic test-
ing including nerve conduction studies and needle electro-
myography in the diagnosis of NTOS remains unclear.
However, a study by Tsao et al in 2014 found that testing
the medial antebrachial cutaneous nerve and median motor
nerve supplying the abductor pollicis brevis commonly
revealed conduction deficits in both nerves, which derive
from C8 and T1 fibers. Findings were abnormal in 89% of
patients with NTOS when electrodiagnostics were combined
with medial antebrachial cutaneous nerve and median motor
nerve testing.*” This may suggest a role for electrodiagnostic
testing in distinguishing NTOS from other neuropathies, and
specifically identifying peripheral neuropathies as a possible
etiology of the patient’s symptoms.*°

Local Anesthetic Injection

Another diagnostic measure that is perhaps even more
valuable, given the most recent 2016 guidelines by the
Journal of Vascular Surgery is an injection of local anes-
thetic, typically into the scalene muscles. This technique
was first described in 1939,* and has been incorporated as
a supportive diagnostic maneuver for NTOS. The injection
can assist with diagnosis and help predict positive surgical
outcomes for NTOS.%%3 1t is hypothesized that the
intramuscular anterior scalene block acts by temporarily
blocking or paralyzing the muscle in spasm, thereby
allowing the first rib to descend to decompress the thoracic
outlet.®?33° One study by Weaver et al in 2019 showed
that after injection of local anesthetic, there was a small
but statistically significant change in baseline height of the
anterior scalene muscle in patients who responded to the
block.** The anterior scalene muscle injection can be
performed with anatomical landmarks,***”  EMG,*®
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EMG and
ultrasonography,>* CT,® and MRI** A retrospective

ultrasonography,>> EMG and fluoroscopy,*

review suggests that CT guidance can minimize the rate
of complications such as Horner’s syndrome, dysphonia,
brachial plexus block, and dysphagia.®**** Diagnostically,
injection of local anesthetic into the ASM could be used as

a confirmatory maneuver if the
£4:6:30.40

patient reports

relie

Treatment

There is a wide range of treatment options including life-
style changes and conservative approaches as well as
surgical intervention. The consensus for appropriate pro-
gression from conservative to interventional treatment
options remains controversial, although most physicians

suggest physical therapy as an initial first step.

Conservative Treatment

In general, conservative management focuses on
a multimodal approach with a combination of patient
education, physical therapy, behavior modification, and

cognitive behavioral therapy.®'?

Physical Therapy

Traditionally, physical therapy focuses on exercises that
aim to create and increase the space between the first rib
and clavicle, and decrease the tensile load of the limb.
Additionally, it targets postural retraining and optimizing
diaphragmatic breathing to reduce accessory muscle over-
use that can contribute to compression of the thoracic
outlet.*! One study by Balderman et al in 2019 showed
that 27% of patients with NTOS obtained satisfactory
improvement with physical therapy alone,** while another
study demonstrated symptomatic relief in 25 of 42 patients
after 6 months of physical therapy.'’

More recently, physical therapists are applying
novel techniques in neuroscience and cognitive beha-
vioral in the form of informed physical therapy for
improving outcomes.*' For example, physical thera-
pists strive to improve patient function and symptoms
through several techniques that target various domains:
external support such as a shoulder girdle, usually used
in the initial short term to help control symptoms,
function and ergonomics (such as postural training),
neural glides, and psychologically informed physical
therapy.*'

Medications

Pharmacological strategies can help ease painful symp-
toms. Those that treat an underlying spasm symptomatol-
ogy include muscle relaxants (e.g. tizanidine), NSAIDS (e.
g. meloxicam or ibuprofen), and trigger point injections
containing local anesthetic to the trapezius muscle most
frequently.®'® Given the presentation of neuropathic
symptoms in NTOS (eg, radicular pain, sensory deficits,
burning pain), serotonin-norepinephrine reuptake inhibi-
tors (e.g. duloxetine), tricyclic antidepressants (eg nortrip-
tyline), and 028 calcium channel ligands (e.g. gabapentin)
can be considered as adjuncts or even primary therapies
for pain control. Opioids including short acting agents, or
sustained-release formulations of morphine or oxycodone,
transdermal fentanyl, or methadone can be trialed as well;
however, opioid therapy should be reserved for pain that
impairs quality of life significantly and that persists despite
appropriate trials of other pharmacotherapies, physical
therapy, minimally invasive therapies, and/or surgery.®

Minimally Invasive Treatment
There is evidence that supports the administration of botu-
linum toxin (BTX) to the cervicothoracic musculature as
a treatment for NTOS.*®4%434% This toxin is produced by
Clostridium botulinum, which can cause severe muscle
weakness, nervous system dysfunction, and respiratory
distress if poisoning occurs.**® BTX has 7 known sero-
types, two of which are approved by the FDA for clinical
use in humans: BTX type A and B.** All types cleave
SNARE proteins, thereby preventing the synaptic fusion
that promotes release of neurotransmitters for muscle con-
traction (eg acetylcholine).* Ultimately, the therapeutic
use of this toxin results in reduced muscle overactivity,
and possibly decreased pain and inflammation.**> Other
approved uses of botulinum toxin include hemifacial
spasm, blepharospasm, strabismus, cervical dystonia, and
chronic migraine.*® At present, the use of botulinum toxin
has expanded to include treatment of cervicothoracic mus-
cular pain, lumbosacral myofascial pain, piriformis syn-
drome, lateral epicondylitis, and neurogenic thoracic outlet
syndrome.*?

In NTOS, injection of BTX-A (eg onabotulinum toxin
A) into the ASM, MSM, or even the pectoralis minor
muscle can be a beneficial therapeutic intervention. One
study suggests that BTX-A can also be used to predict
patients who will respond positively to operative interven-
tion. For instance, a recent study demonstrated that a better
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response to BTX injections correlated positively with
a better response to surgery (generally first rib resection
and scalenectomy) with a high degree of specificity (90%).
This same study also noted that there was a positive pre-
dictive value of 99% for patients who responded to BTX
and subsequently responded to surgery.*® Therapeutically,
a retrospective analysis of 41 patients with suspected
NTOS who underwent 92 BTX injections in total (58
ASM, 33 pectoralis minor, and 1 subclavius) showed
a 69% rate of pain relief.** The mean time to symptom
improvement was 12 days, with an average duration of 31
days (range of 5-75 days).** A prospective analysis by
Christo et al®*®
months with extension to three months.

The technique of BTX-A injection into the ASM or
pectoralis

showed significant pain reduction at two

minor has been described with various
approaches, similar to those used for diagnostic local
anesthetic blockade. Several studies describe a CT-guided
technique for ASM injection, which affords an efficient,
safe, and reliable method of needle insertion and local
anesthetic or BTX-A delivery.>® The additional benefit of
CT in comparison to EMG or fluoroscopic guidance
includes the ability to visualize local structures that are
important to avoid while performing the procedure.
Moreover, this allows for real-time imaging capabilities
when performing the injection. In a retrospective analysis
of 106 patients, or 146 scalene injections, including 63
BTX-A injections, CT guidance minimized undesired side
effects including Horner syndrome, dysphonia, BP block,
and dysphagia.*

To date, there is only one double-blind, randomized,
controlled trial of NTOS with BTX-A by Finlayson et al in
2011.*" This study evaluated a total of 38 patients (20 in
the treatment arm, 18 in the placebo arm) and compared
the primary outcome measure of change in VAS scores for
pain at 6 weeks. The BTX-A group received 37.5 units in
the anterior scalene and 37.5 units in the middle scalene
for a total of 75 units, while the placebo group received
a saline injection. Although the VAS scores between pla-
cebo and BTX-A failed to find a significant difference
between them, the VAS scores did show a change from
baseline of 5.03 mm in favor of the BTX-A group at 6
weeks. The needles were placed using EMG guidance in
contrast to other practitioners who perform this procedure
under ultrasound or CT guidance. Furthermore, the study’s
population had a mean duration of symptoms that varied
largely between the BTX-A and the placebo control arm —
with a mean pain duration of 6 years and 3 years,

respectively. It is speculated that this increased duration
and delay in treatment prior to their diagnosis may have
contributed to the development of chronic pain with asso-
ciated central sensitization. Also, in both groups, there was
possibly a floor effect due to a low baseline pain score
(5mm in the BTX-A group and 14 mm in the placebo
group). Because this study was underpowered, a true dis-
tinction between placebo and the treatment group of VAS
scores could not be determined. Finally, this study may
have been subject to allocation bias from suboptimal
blinding methods.

Surgical Interventions
Surgical intervention for thoracic outlet syndrome (TOS)
depends largely on the specific type of thoracic outlet
syndrome. For instance, in cases of neurogenic TOS
(nTOS), surgical intervention is offered to those who
have failed conservative management. On the other hand,
patients with arterial TOS (aTOS) most often require sur-
gery as the initial step in their treatment. Patient selection
is particularly important in the success of the operative
management of TOS. In a retrospective study done at our
institution, 538 patients who underwent first rib resection
(FRR) for all three forms of TOS were studied in a ten-
year period. In the span of a decade, when comparing the
first and second halves of the study period, improved or
fully resolved symptoms increased from 93% to 96%.
More vTOS patients and fewer nTOS patients were treated
during this time. These findings were likely due to changes
in surgical practice, appropriate selection of patients with
nTOS, use of a standard protocol for patients with vTOS,
and expedient intervention in patients with aTOS.*®

Patients with neurogenic TOS who are refractory to
conservative management should be considered for
decompression of brachial plexus by means of resection
of the cervical rib, the first rib or other anomalies that may
be causing impingement in the thoracic outlet. This is
often combined with scalenectomy or scalenotomy and
brachial plexus neurolysis. Decompression of the brachial
plexus is accomplished via different approaches including
transaxillary, supraclavicular, and infraclavicular techni-
ques. All three techniques have comparable results in
high-volume centers. The ideal approach should be based
on patient’s anatomy and symptoms, as well as the sur-
geon’s operative experience.

In our practice, surgical decompression of the thoracic
outlet is achieved via a transaxillary approach. The trans-
axillary approach was first described by Roos in 1966.*

Journal of Pain Research 2021:14

3091

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lim et al

Dove

Our institutional studies suggest greater than 90% rate of
improvement in symptoms using this technique.®® The
transaxillary approach is advantageous, as it allows for
excellent visualization and exposure of the anterior portion
of the first rib, where the compression occurs. In this
approach, the patient is placed in the lateral decubitus
position, and the arm of the affected side is placed in
a Machleder retractor. A transverse skin incision is made
at the lower border of the axillary hairline, which extends
from the anterior border of the latissimus dorsi to the
lateral edge of the pectoralis major. The chest wall is
encountered above the serratus fascia. Subclavius muscle,
subclavian vein, anterior scalene muscle, subclavian
artery, brachial plexus and middle scalene muscles are
then identified. The first rib is then dissected circumferen-
tially using a large periosteal elevator and freed from the
intercostal muscle fibers and the middle scalene muscle
fibers. If a cervical rib is present, the periosteal elevator is
used again to remove any muscle fibers from the rib. Care
is taken not to enter the pleural space. A bone cutter is
then used to divide the rib anteriorly and posteriorly. The
rib should be cut behind the nerve root without causing
injury to the nerve root. This usually requires the rib to be
cut more than once. Blunt and sharp dissection are then
used to dissect between the subclavian artery and the
trunks of the brachial plexus to identify the roots of the
brachial plexus, and to remove any fibroconnective tissue
in between the trunks.

Venous TOS causes compression and thrombosis of the
axillosubclavian vein. This is also known as effort throm-
bosis or Paget—Schroetter syndrome. In cases of vTOS, the
mainstay of treatment consists of one or a combination of
the following: anticoagulation, thrombolysis, and surgical
decompression. Despite the complex nature of the disease,
if it is addressed expeditiously, it has excellent outcomes.
One of the main predictors of outcomes is the initiation of
14 days of
Historically, the treatment has been centered around antic-

treatment  within symptoms ~ onset.’
oagulation with relatively poor outcomes. In recent years,
catheter-directed thrombolysis has become the initial man-
agement strategy in the treatment of vTOS, and has high
rates of success in re-establishing luminal patency if per-
formed within 14 days of symptoms.’” This is accom-
plished by percutaneously accessing the wvein, and
inserting a catheter in an antegrade fashion into the throm-
bus. If the lesion can be crossed, a catheter with side ports
is placed across the area of thrombosis, and tissue plasmi-

nogen activator (r-tPA) is infused via the catheter for up to

48 hours. If the lesion cannot be crossed, attempts at
mechanical aspiration of the thrombus are made with
a catheter with an endport. This tends to be less successful
in re-establishing patency.”' Repeat venography should be
performed after these procedures to assess luminal
patency. Although the short-term outcomes of catheter-
directed thrombolysis including reduced pain, swelling,
and luminal patency are excellent, it is not the definitive
treatment for vTOS, with up to 23% rate of re-thrombosis
in 13 months following thrombolysis.>> FRR with scale-
nectomy is therefore advocated to achieve durable results.
In our institution, after surgical decompression, patients
are discharged home on therapeutic anticoagulation. They
will then return after 2-3 weeks for a follow-up venogra-
phy. Anticoagulation is discontinued if the vein is found to
be patent. Angioplasty is used in cases where the vein is
patent but has intrinsic defects.

Arterial TOS can manifest either as symptomatic in
cases of ischemia and embolization, or asymptomatic in
cases of aneurysmal degeneration, occlusion or silent
embolization. Surgical treatment is indicated for all symp-
tomatic patients. The main tenants of treatment in cases of
arterial TOS include removing the source of arterial com-
pression and arterial embolus and restore distal perfusion.
Therefore, the first principle of treatment involves decom-
pression of the thoracic outlet by means of FRR and
scalenectomy. Patients who have upper extremity ischemia
with any degree of motor deficit or significant sensory
deficit due to distal embolization should undergo immedi-
ate operation including thrombectomy. In patients with
chronic embolization, bypass surgery may be necessary.
Thrombolysis may be appropriate in cases of mild ische-
mia. Subclavian artery aneurysms associated with aTOS
have traditionally been treated with open repair. However,
reports of endovascular repair of subclavian artery aneur-
ysm have shown promising results.>*

The approach to first rib resection varies among surgeons
and institutions, with no single approach regarded as the
standard of care. Although open surgical approach is the
most prevalent technique, there has been several reports
describing thoracoscopic and video-assisted techniques with
successful outcomes for neurogenic, venous, and arterial TOS.
Minimally invasive techniques including video-assisted thor-
acoscopic first rib resection (VATS), robotic-assisted trans-
thoracic first rib resection, and endoscopic transaxillary first
rib resection have been described in the literature. Soukiasian
et al®® reported a retrospective case series of 66 VATS proce-
dures for FRR performed on 58 patients, 80% of which were
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performed for nTOS, with complete resolution of symptoms in
89% of the patients. In contrast to the traditional transaxillary
technique, VATS allows for less traction on the arm and better
visualization of the neurovascular bundle and the attachments
to the scalene muscle.”

Gharagozloo et al®® described the results of 83 robotic
FRR performed for vTOS from a single surgeon. Robotic
FRR resulted in subclavian vein patency in 69% of the
patients, while 25% of the patients had residual stenosis
requiring balloon angioplasty. The remainder of patients
required angioplasty and stenting of the subclavian vein.
In this cohort, patients experienced greater pain and
required drainage of the chest, which resulted in a longer
hospitalization. The outcome of this study was comparable
to FRR with VATS.>® Endoscopic transaxillary FRR has
also been described as a safe and effective technique in the
management of TOS. Abdellaoui et al’’ performed 28
endoscopic-assisted transaxillary FRR, 85% of which
was performed for nTOS. This was done through
a single 6-7 cm incision, without lung collapse. In this
cohort, 82% of the patients had complete resolution of

their symptoms.’” Martinez et al®®

reported their results
on 131 endoscopic transaxillary FRR (n= 105) using two
different robotic platforms. This technique required multi-
ple incisions and collapse of the lung. The authors stated
enhanced visualization allowing for more precise tissue
manipulation and noted comparable results to conventional
transaxillary FRR.® Although further research with larger
series is required to fully examine the safety and efficacy
of minimally invasive techniques in the management of
TOS, the existing published studies show promising
results when compared to conventional approaches.

Conclusions

NTOS represents the most common subtype of TOS and can
affect quality of life significantly. Minimal pathophysiologic
advances have occurred which have hampered the diagnosis
and treatment. Therefore, the diagnosis remains controversial,
particularly due to its lack of objective findings, and non-
specific presentation. Many patients report significant delays
in or an absence of a diagnosis, which naturally leads to
frequent progression of their symptoms. The 2016 reporting
standards suggest that the diagnosis of NTOS remains highly
dependent on eliciting symptoms from a patient’s history, and
the physician’s index of suspicion based on experience treating
the syndrome. A significant update to the criteria used for
establishing a diagnosis of NTOS includes a positive response
to an injection of local anesthetic.™

Treatment includes BTX-A to the anterior scalene mus-
cle, or the middle scalene or pectoralis minor muscles as
well as surgery. The best available evidence for BTX-A
therapy to the cervicothoracic muscles supports the value
of this treatment for reducing pain in the affected extre-
mity, and for an approximate duration of 2 months or
more. Surgical approaches and newer minimally invasive
surgical approaches offer high rates of improvement in
select centers. An evidence-based approach to the
sequence of treatments remains elusive, but many practi-
tioners rely on physical therapy initially followed by BTX-
A interventions, and then decompressive surgery. Some
physicians may offer surgery prior to BTX-A injections.
Although decompressive surgery is considered the defini-
tive therapy, there may be an increasing role for minimally
invasive modalities as the etiology is better understood,

and management evolves.
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