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(S I N

Abstract: The anatomy of the human shoulder predisposes the neurovascular bundle to compression
at different levels of the thoracic outlet during abduction of the arm. There are four possible levels of
compression at the thoracic outlet pathway: at the costo-clavicular angle, the inter-scalenic angle,
under the pectoralis minor muscle or at the level of the humeral head. The positional thoracic outlet
compression (TOC) often remains completely asymptomatic. When symptomatic, compressions
are collectively referred to as thoracic outlet syndrome (TOS) and may require surgery if physical
therapy fails to improve symptoms. The “thoracic outlet compression with complications or sequelae”
(the acronym of which is “TOC-CS”, which can be simplified as “TOX”) will almost invariably lead
to surgery to release the compression, and other possible treatment targeting the complications as
required. There is a continuum between TOC, TOS and TOX, which are simply different clinical
stages of the same mechanical issue, just like the Rutherford grades represent different stages of
lower extremity arterial disease. We believe that discriminating between TOC, TOS and TOX clarifies
clinical definitions and their respective treatment options. TOC is to be considered as a physiological
positional phenomenon, TOS requires medical or surgical treatment and surgery should be considered
as a primary option in TOX.

Keywords: thoracic outlet syndrome; upper limb; peripheral artery disease; classification; diagnosis

1. Introduction

The anatomy of the human shoulder, with the evolutionary changes in its morphologi-
cal characteristics from our simian ancestors [1,2], predisposes the neurovascular bundle
to compression at different levels of the thoracic outlet. This is mostly evident during
abduction of the arm [3,4]. There are four different levels of potential compression: the
costo-clavicular angle, behind the pectoralis minor muscle, the inter-scalenic angle, and in
front of the humeral head. The possibility of conflict between the neurovascular bundle and
the adjacent structures was reported in the 19th century and often described as “scalenius
anticus syndrome” [5,6] or “costo-clavicular syndrome” [7,8], while the expression “tho-
racic outlet syndrome” (TOS) has prevailed since the fifties to describe all four positional
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compressions. The recent suggestion to individualize symptoms resulting from pectoralis
minor compressions with the PMS acronym [3] does not account for the other two possible
sites of compression and, although it may influence treatment options, is scarcely used.
Lastly, there is some confusion in the literature, with TOS being used to describe compres-
sions with or without complications or sequelae (CS) and a lack of an accepted abbreviation
to describe positional compressions that can be found in asymptomatic subjects.

2. New Paradigm for Clinical Classification

The positional thoracic outlet compression (TOC) may remain completely asymp-
tomatic. Indeed, it has been estimated that TOC may be present in about 30% of the
completely asymptomatic adult population [9,10]. When symptomatic, the compression
of nerves or vessels by adjacent structures during upper limb movements can result in a
large variety of signs and symptoms, which are collectively referred to as thoracic outlet
syndrome (TOS) [3,4,11]. It is clear that patients with TOC but without any signs or symp-
toms cannot be classified as having TOS, as by definition, a ‘syndrome’ is a group of signs
and symptoms that characterize a particular abnormality or condition. It is proposed that
the term TOC should be used specifically to refer to the asymptomatic form of positional
neurovascular compression at the thoracic outlet level.

Most symptomatic patients with TOS are known to benefit from physical therapy [12,13].
Physical therapy leads to the resolution of symptoms in the majority of these patients
despite the persistence of TOC. Indeed, most of these patients will never require surgery
and this is reserved only when physical therapy fails to improve the symptoms [14].
Ultimately, a significant number of patients with TOC will develop complications or
sequelae (CS) as a result of the chronic conflict between the neuro-vascular bundle and the
adjacent structures. Remarkably, in accordance with the reporting standards of the Society
of Vascular Surgery [3], only vascular CS are considered when it comes to classifying
patients into different TOS sub-groups. This is likely inadequate as CS can affect veins
(Paget Schroetter syndrome) or arteries (sub-clavicular aneurysm or ischemia from distal
emboli) but also nerves (amyotrophy and abnormal nerve conduction at rest, specifically of
C8 or T1 roots) [15-17]. Further, it is currently difficult to provide clinical proof of ischemia
or arm swelling. As a result, to date, more than 90% of TOS cases are considered to be of
neural origin [11].

Vascular complications may present as primary events in previously asymptomatic
patients with undiagnosed TOC [18,19]. The “thoracic outlet compression with complica-
tions or sequelae” (the acronym of which should be spelled TOC-CS but can be simplified
as “TOX”) will almost invariably lead to surgery to release the compression, and other
possible treatment targeting the complications as required. There is no obvious reason why
a neurological cause would not also be sought, only in cases of neurological complications.
Electromyographic signs of denervation affecting the lower plexus branches at rest, with
or without amyotrophy, provide clear evidence of neural complications, as much as ul-
trasound or angiography provide evidence for vascular sequelae [18,19]. Consequently,
thoracic outlet compression with complications or sequelae could be classified as being of
neural (nTOX), arterial (aTOX) and/or venous (vTOX) origin, depending on the nature
of the complication, which should be objectively recorded. Simultaneous neural, arterial
and/or venous complications could lead to letter associations such as anTOX, nvTOX,
avIOX and anvTOX.

Patients with TOS should be classified as neural (nTOS), arterial (aTOS), and/or
venous (vTOS) origin depending on the clinical positional symptoms together with any
objective evidence of neuro-vascular bundle compression during provocative tests. The
combination of symptoms of arterial, venous, and/or neural origin would then result in
anTOS, avTOS, nvTOS, or anvTOS encoding. Optionally, and for treatment possibilities, in-
dices may indicate whether the compression is found at the costo-clavicular (CC), pectoralis
minor (PM), inter-scalenic angle (IS) or humeral head (HH) levels (Figure 1).
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Figure 1. Schematic representation of the proposed new paradigm. TOC, TOS and TOX are for
“thoracic outlet compression”, “Thoracic outlet syndrome” and “thoracic outlet compression with
complications or sequelae”, respectively.

The remaining asymptomatic thoracic outlet positional compression (TOC) shall
become a specific clinical entity that should be called neither TOS nor TOX. Note that,
to the best of our knowledge, asymptomatic positional compression has been reported
for veins and/or arteries during vascular investigations, but has never been reported for
nerves, and then conceptually, one could discriminate aTOC and vTOC, but not nTOC.
There is a continuum between TOC, TOS and TOX, which are simply different clinical
stages of the same compression of the neurovascular bundle at the thoracic outlet, just like
the Rutherford grades represent different stages of the same pathology in lower extremity
arterial disease. This TOC/TOS/TOX paradigm might help to put an end to some old
controversies of the literature.

3. Discussion

Multiple reports suggest that clinical, ultrasound and radio-vascular investigations
show a high rate of positive positional results in control subjects or in the asymptomatic
arm of patients with unilateral symptoms [9,20]. Consequently, several authors suggest
that many of these tests are inadequate in the diagnosis of TOS, especially in extreme arm
positions [20-22]. This suggestion attributes the inconsistency between the results of the
investigation and the symptoms to sub-optimal investigations. However, in our opinion,
the problem is inadequate use of the expression TOS. TOS should be considered only in
the presence of symptoms and TOX only when CS arise. The other situations where there
are no symptoms or CS should be classified as TOC and not TOS. Clearly, the presence
of a compression (TOC) does not imply that symptoms will occur, and not all arm and
shoulder symptoms result from TOC. Furthermore, TOX (e.g., sub-clavicular aneurysms)
may remain completely asymptomatic and be discovered accidentally [23]. In the absence
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of complications or sequelae, symptoms that are present at rest in a limb with TOC are
very unlikely to be secondary to the positional compression of the neurovascular bundle as
this occurs mainly in the non-resting state. TOC with resting symptoms only shall remain
TOC, whereas compressions with symptoms occurring following upper limb provocative
movement might indicate TOS. It should be noted that the movement itself rarely causes
immediate pain. As seen in claudication, from our experience, there is generally a pain-free
interval during the first seconds of the provocative maneuver. Pain occurring during initial
mobilization of the arm is rather indicative of an osteo-articular or tendinous problem.

Finally, the major issue in symptomatic patients remains attributing the symptoms
to the presence of TOC, thus establishing a diagnosis of TOS. The first question here is
why does TOC remain asymptomatic? There are many possible explanations that should
be investigated in the future. Inflammation could be proposed as a factor that results in
the conversion of TOC (asymptomatic) to TOS (symptomatic). Another possibility is that
TOS occurs if the frequency or duration of compression and, hence, of its consequences
on neurovascular function surpasses the level of post-compression recovery. This might
explain the high prevalence of TOS in certain professions that are characterized by repetitive
movements [24-26]. It is likely that many symptomatic individuals develop avoidance
behavior when facing difficulties in their daily routine (such as using a headset or earplugs
to use their phone rather than holding it in their hand) [27]. As a consequence, they no
longer report complaints once their avoidance techniques have become totally integrated
in their behavior.

The second question to ask is is the presence of vascular compression diagnostic of
the vascular origin of pain per se? Obviously not! Firstly, vascular compression is only
an indicator of the presence of a conflict between the neurovascular bundle and adjacent
structures and can be associated with neurological symptoms only and thus classified as
nTOS. Secondly, a compression of the subclavian vein is very unlikely to result in symptoms
(and thus is classified as vTOS) if collateral or pre-clavicular veins normalize venous outflow.
Similarly, a non-occlusive compression of the subclavian artery is very unlikely to result in
symptoms (and thus is classified as aTOS) if the persisting arterial inflow is sufficient to
cover oxygen requirements. Lastly, with the current classification, an arterial etiology is
considered only in the presence of complications, leading to the suggestion that a white
hand (a relatively frequent observation in TOS during provocative movement) results from
an adrenergic vasoconstriction of neural origin. This is quite odd as the presence of a white
foot is exceptional in sciatica (another example of neural compression). Once again, the
underlying etiology is mislabeled in view of the patients” symptomatology with the current
classification. It should be noted that hand ischemia resulting from arterial positional
occlusion may result in paresthesia [28,29]. Therefore, paresthesia is not specific to nTOS.
Ischemia-induced paresthesia will rather affect the whole hand, while neural compression
is more likely to result in paresthesia in the C5-T1 dermatome.

The TOC/TOS/TOX classification proposed here is quite simple. We believe that
discriminating between TOC, TOS and TOX clarifies clinical definitions and their respective
treatment options. TOC is to be considered as a physiological positional phenomenon,
TOS requires medical or surgical treatment and surgery should be considered as a primary
option in TOX.

Ultimately, attributing symptoms to the presence of compression of the neurovascular
bundle to ascertain a diagnosis of neural, arterial and/or venous TOS remains based
on a holistic diagnostic approach. Currently, this relies heavily on a careful description
of symptoms (either self-reported or induced by provocative maneuvers) which clearly
requires some clinical experience and expertise. In an ideal world, objective measurements
of positional neural dysfunction and objective proof of positional measurable ischemia
or positional measurable swelling would strengthen the association between symptoms
and neurovascular compression to diagnose TOS [3]. Indeed, many possible causes of
upper limb pain may be erroneously labeled as TOS. Recent approaches such as STIR-
MRI [30,31] or positional ENMG for diagnosing objective neural functional impairment [32],
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transcutaneous oximetry for arterial ischemia [33,34], and venous photo-plethysmography
for venous positional edema [35] are future options for attributing the symptoms to the
TOC, thus providing more robust evidence for neural, arterial or venous TOS, respectively.
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