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Abstract 
Purpose: Historically the classification of Thoracic Outlet Syndrome (TOS) 
has been based on symptoms rather than the underlying pathology. There-
fore, TOS has been classified into Neurogenic (NTOS), Venous (VTOS or 
Paget Schroetter Syndrome) and Arterial (ATOS) subgroups. This classifica-
tion has resulted in confusion among medical practitioners, difficulty in 
making the diagnosis, and the poor results with surgical intervention. Me-
thods: The published papers from PubMed on the newer understanding of 
the pathogenesis and the surgical treatment of TOS were reviewed. Results: 
More recently TOS has been classified based on the underlying pathologic 
entity. Based on this classification, patients who are suspected of having TOS 
should be classified as having 1. Cervical Rib Disease (CRD), or 2. TOS as the 
result of “Subclavian Vein Compression Syndrome”. This classification has 
resulted in more accurate diagnosis, better patient selection for surgery, and 
excellent surgical results. This paper outlines the algorithm for making the 
appropriate diagnosis in patients who present with neurovascular symptoms 
of the upper extremity and the selection of the appropriate patients for sur-
gery. Conclusion: Based on the algorithm for surgical decision making, pa-
tients with Cervical Rib Disease should undergo cervical exploration and re-
section of the pathologic entity which results in compression of the brachial 
plexus or the subclavian artery in the neck. Patients with Thoracic outlet 
Syndrome who are found to have extrinsic compression of the subclavian 
vein by a pathologic tubercle at the sternocostal joint on Multiphasic MRA 
should undergo robotic first rib resection. 
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1. Introduction 

Since 1956, with the publication of a paper by Peet, a diverse group of patients 
with symptoms in the shoulder and upper extremity who present with pain, 
numbness, tingling, and swelling, have been classified under the umbrella of 
“Thoracic Outlet Syndrome” (“TOS”) [1]. Since that report, TOS has been clas-
sified based on symptoms, rather than the underlying pathology, with the sub-
groups of neurogenic (NTOS), Venous (VTOS or Paget Schroetter Syndrome, 
PSS), and Arterial (ATOS) TOS [2]. Neurogenic TOS accounts for over 95% of 
the cases, followed by Venous (3% - 5%) and Arterial (1% - 2%) [2]. Less than 
1% of patients with the diagnosis of neurogenic TOS are found to have a cervical 
rib or cervical bands. The majority of patients with symptomatic NTOS have 
non-specific findings on physical examination, and almost all present with nega-
tive nerve conduction velocity (NCV) studies. In the 1980s, Wilbourne asserted 
that a positive NCV study should be a sine qua non for the diagnosis of neuro-
genic TOS. Wilbourne further reasoned that patients with an identical clinical 
picture, but without a positive NCV study, should be considered as having ‘Dis-
puted’ NTOS (“D”NTOS) [3]. Notwithstanding impressive evidence over the 
past four decades that NCV demonstrates little sensitivity or specificity in pa-
tients with NTOS, some physicians still consider all cases of NTOS as “Dis-
puted”. Thus, historically, in patients with “Disputed” NTOS, surgery has been 
used as a last resort in order to establish the diagnosis. Using surgery as both a 
diagnostic and therapeutic modality in patients with “D”NTOS has resulted in a 
high rate of false positive findings, a heterogenous patient population, poor sur-
gical results, and a high rate of complications [4] [5]. Furthermore, this ap-
proach has added to the confusion in diagnosing TOS, and surgical decision 
making.  

In the past decade, a number of observations have resulted in reevaluation of 
the pathogenesis, diagnosis, and treatment of TOS. This communication out-
lines the results of the newer research which has led to a better understanding of 
the pathologic cause for TOS, and outlines an algorithm for surgical decision 
making in these patients. 

2. Venous TOS (Paget Schroetter Syndrome PSS) 

Examination of the medial aspect of the resected first ribs in patients with PSS 
has demonstrated the presence of a congenitally malformed bony tubercle which 
forms a tighter and wider joint at the junction of the first rib and the sternum [6] 
(Figure 1). It has been observed that the wider and less mobile cost-sternal joint 
“locks” the medial aspect of the first rib into place and results in extrinsic com-
pression by the boney tubercle onto the Subclavian Vein (SV) at its junction 
with the innominate vein. This abnormal tubercle on the medial aspect of the 
first rib can be seen on Three-Dimensional (3D) reconstruction of computerized 
axial tomograms and can be demonstrated on Multiphase Magnetic Resonance 
Angiography (MRA) with maneuvers as well as dynamic venography (Figure 2).  
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Figure 1. The resected specimen of the “offending” portion of the first rib 
from a patient with Venous TOS (Paget Schroetter Syndrome) showing the 
abnormal bony tubercle on the medial aspect of the first rib (arrow) that com-
presses the subclavian vein at the subclavian-innominate junction. 

 

 
Figure 2. Multiphasic Magnetic resonance angiogram (MRA) with elevation of 
the left upper extremity shows compression of the subclavian vein by the ab-
normal bony tubercle in a patient with Paget-Schroetter Syndrome. 

 
Furthermore, these studies have demonstrated that the SV compression increas-
es with elevation of the arm above the shoulder. In patients with PSS, it has been 
shown that disarticulation of the Costo-Sternal (SC) joint and resection of the 
“offending portion” of the first rib (portion of the rib medial to the SA) results in 
decompression of the SV and relief of Paget Schroetter Syndrome with return to 
full function of the affected upper extremity [7] [8] [9].  

3. Neurogenic TOS 

Detailed assessment of symptoms in patients who present with VTOS or Paget 
Schroetter Syndrome (PSS), has revealed a significant history of unrecognized 
upper extremity neurologic symptoms which predated the clotting of the subcla-
vian vein and onset of Paget Schroetter Syndrome (PSS). The neurologic symp-
toms were relieved after undergoing resection of the abnormal portion of the 
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first rib for PSS. Therefore, it has been hypothesized that in a subset of patients, 
NTOS may be the manifestation of compression of the subclavian vein, and 
venous congestion resulting in venous ischemia of the upper extremity nerves 
which lead to diffuse neurologic symptoms unrelated to nerve compression. This 
hypothesis has been supported by 4 observations: 1. The anatomic features of the 
first rib in normal individuals was compared to the first ribs resected from pa-
tients with NTOS who experienced complete postoperative symptom relief fol-
lowing first rib resection. In patients with NTOS, the first rib exhibited an ab-
normal bony tubercle immediately lateral to the costo-sternal joint [10] (Figure 
3). The tubercle was found in place of the subclavian groove which is seen in 
normal first ribs. In normal individuals, the rib thickness at the subclavian 
groove was 0.2 cm which represented an indentation of 0.8 cm from the rib sur-
face. It was surmised that at the time of extension of the upper extremity above 
the shoulder and elevation of the first rib, the presence of this groove prevents 
compression of the subclavian vein by the rib. On the other hand, in patients 
with NTOS the thickness of the first rib at the abnormal tubercle was 1.4 cm, 
which represents a differential elevation of 1.2 cm above the subclavian groove. 
Given the fact that the subclavian vein has an average diameter of approximately 
1 cm in its position over the first rib, it was concluded that the tubercle com-
pressed the subclavian vein at rest, and significantly occluded the vein with ex-
tension of the arm above the shoulder. 2. A study of patients with neurogenic 
TOS who experienced persistent upper extremity pain following first rib resec-
tion revealed persistent extrinsic compression of the subclavian innominate 
junction on dynamic MRA (Figure 4). These patients underwent video-assisted 
exploration of the chest which showed a persistent SC joint despite evidence for 
prior removal of the first rib. Disarticulation of the cost-sternal joint and remov-
al of the remaining portion of the first rib which bore an abnormal tubercle alle-
viated the extrinsic compression of the subclavian-innominate vein junction on 
 

 
Figure 3. The resected specimen of the “offending” portion of the first 
rib from a patient with “Disputed” Neurogenic TOS showing the abnor-
mal bony tubercle on the medial aspect of the first rib (arrow) that com-
presses the subclavian vein at the subclavian-innominate junction. This 
pathologic abnormality is similar to that found in patients with Paget 
Schroetter Disease. 
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Figure 4. Multiphasic Magnetic resonance angiogram (MRA) in a patient 
with Disputed Neurogenic TOS. With elevation of the arms, there is bila-
teral compression (arrows) of the subclavian innominate vein junction. 

 
postoperative dynamic MRA and resulted in relief of Neurogenic symptoms in 
all patients [11]. 3. In a proof-of-concept study, 97% of patients with NTOS had 
complete relief of symptoms after robotic resection of the medial aspect of the 
first rib and disarticulation of the SC joint and relief of the extrinsic boney com-
pression of the SV [12]. 4. Studies have demonstrated that the blood-nerve bar-
rier in the nerve root was more easily broken by venous congestion than by ar-
terial ischemia. Venous congestion may be an essential factor precipitating cir-
culatory disturbance in nerve roots and inducing neurogenic intermittent clau-
dication [13]. Therefore, compression of the SV at its junction with the innomi-
nate vein may result in elevation of venous pressure (venous congestion), a de-
crease in arterial flow, and relative ischemia of the nerves of the upper extremity. 
Venous congestion of the upper extremity nerves may manifest as pain, tingling, 
paresthesia and numbness, and varying degrees of neurogenic intermittent clau-
dication depending on the degree and duration of venous compression. Eleva-
tion of the extremity above the shoulder may result in greater compression of 
the SV, further venous congestion, further decrease in arterial flow, greater de-
gree of ischemia of the upper extremity nerves, and exacerbation of symptoms. 
This phenomenon is demonstrated on dynamic Magnetic Resonance Imaging 
(MRI) and venography. The pathophysiology of nerve pain in this setting has 
been likened to symptoms that result from “crossing one leg over the knee”. 
These observations have led to the hypothesis that NTOS may be caused by 
“Venous Congestion” resulting in secondary neurologic symptoms as opposed 
to the direct “compressive” of the nerves themselves. 

4. Classification of Thoracic Outlet Syndrome 

Peet’s classification of TOS was based on anatomic rather than symptomatic 
presentation of the disease. Based on recent studies, in order to decrease confu-
sion and to improve therapeutic results with TOS, it is proposed that the disease 
should be classified based on the underlying pathologic entity. Acquired and 
traumatic abnormalities of the clavicle and first rib should be classified separate-
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ly. Clearly after the more common and objectively supported diagnoses of con-
ditions that result in neurovascular symptoms of the upper extremity such as 
cervical spine disease, carpal tunnel disease and nerve entrapment syndromes 
have been ruled out, there remains a group of patients who are suspected of 
having TOS. In these patients rather than the historic classification such as ar-
terial, venous, or neurogenic, the more accurate approach from a diagnostic and 
therapeutic approach may be to classify them as: 

4.1. Cervical Rib Disease (CRD) 

In these patients an abnormal cervical rib or the associated bands that insert 
onto the first rib result in compression and displacement of the nerves or vessels 
in the neck. These patients can present with neurologic or vascular compromise. 
Patients with CRD can have complications relating to compression of the SA 
and the brachial plexus secondary to a well-formed cervical rib, or to an incom-
pletely formed first rib, fibrous band associated with a rudimentary cervical rib, 
or a giant transverse process of C7. Although in the past, these patients have 
been classified as TOS, separation of these patients into CRD allows for a more 
precise diagnostic and therapeutic strategy and perhaps more importantly clears 
the way to a better understanding of diseases that result from anomalies of the 
first rib.  

In patients with neurologic symptoms (previously classified as NTOS) due to 
variations of Cervical Rib Disease and compression of the brachial plexus, nerve 
conduction studies and needle electromyography (EMG) may provide useful in-
formation [14]. Historically, these cases are classified as true NTOS by most au-
thoritiesbut are quite rare. In these cases, EMG findings that localize to conduc-
tion defect with the branches of the brachial plexus are pathognomonic and cor-
relate with the clinical symptoms and the findings on the neurologic exam. The 
diagnostic algorithm in these patients consists of Sensory and Motor Nerve 
Conduction studies along with radiographs of either the cervical spine or chest. 
Some clinicians will perform MRI of the cervical spine to rule out neural fora-
minal stenosis as a cause of polyradiculopathy. 

4.2. Thoracic Outlet Syndrome (TOS) 

In these patients an abnormal first rib at the costo-sternal joint results in com-
pression of the SV at the subclavian-innominatejunction [15]. Compression of 
the vein results in venous hypertension and congestion of the nerves of the up-
per extremity and resultant neurologic symptoms. With prolonged compression 
of the subclavian-innominate junction, the vein clots giving rise to PSS. There-
fore, patients who have been previously classified as neurogenic and venous TOS 
represent a variable symptomatic presentation of the same pathologic entity 
which affects the SV. The term arterial TOS should be abandoned as these pa-
tients are better classified under cervical rib disease or under traumatic causes. 
On the other hand, neurogenic and venous TOS appear to be caused by the same 
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pathophysiologic process which compresses the SV at its junction with the in-
nominate vein. They represent different clinical manifestations of the same dis-
ease and represent the spectrum from pain to venous thrombosis. It is suggested 
that these conditions may best be classified “subclavian vein compression syn-
drome”. 

Historically, no diagnostic test has been well established for the vast majority 
of patients who present with neurologic symptoms of the upper extremity, 
without cervical ribs, but who have a normal neurologic exam and nerve con-
duction studies. Unfortunately, these patients have been classified as having 
“Disputed” TOS (“D”TOS).  

A recent report by the American College of Radiology which addressed guide-
lines for different radiologic modalities for the diagnosis of TOS concluded that 
MRA of the chest is one of the most appropriate diagnostic tests for NTOS. In a 
study that spanned a 10-year period, 157 patients with “D”NTOS underwent 
robotic resection of the medial aspect of the first rib with disarticulation of the 
costo-sternal joint. Preoperative Multiphasic MRA showed extrinsic compres-
sion of the subclavian-innominate junction at rest and increase of the compres-
sion with elevation of the arm in all patients. Intraoperatively the subcla-
vian-innominate junction was decompressed with the disarticulation of the cos-
to-sternal joint (Figure 5). Postoperative Multiphasic MRA showed relief of the 
extrinsic compression of the subclavian-innominate junction at rest and with 
arm elevation. Following the procedure, all patients experienced relief of symp-
toms. The Predictive Value (PV) of preoperative MMRA with maneuvers in de-
termining the success of surgery was 97.5%. 

4.3. Algorithm for Surgical Decision Making: 

Figure 6 depicts the algorithm for diagnostic strategy and surgical decision 
making in patients who are suspected as having TOS. Clearly after the more  

 

 
Figure 5. Intraoperative photograph during the robotic resection of the 
medial right first rib in a patient with Disputed Neurogenic TOS. The ab-
normal boney tubercle at the costo-steral joint results in compression of the 
subclavian vein (SV) at its junction with the innominate vein (IV). 
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Figure 6. Algorithm for the workup and surgical decision making in patients who are 
suspected of having Thoracic Outlet Syndrome. 

 
common and objectively supported diagnoses of conditions that result in neu-
rovascular symptoms of the upper extremity such as cervical spine disease, car-
pal tunnel disease and nerve entrapment syndromes, have been ruled out, there 
remains a group of patients who are suspected of having TOS. When a patient is 
suspected of having TOS, they need to undergo: 

1) Complete History and Physical examination; 
2) Neurologic Examination;  
3) Cervical Spine Films; 
4) Chest Radiograph; 
5) Nerve Conduction Velocity Study (NCV); 
6) MRI of the Cervical Spine; 
7) Multiphasic MRA of the Thoracic Outlet. 
If there are localizing signs for nerve compression or compression of the sub-

clavian artery in the neck, patients should be classified as having Cervical Rib 
Disease (CRD). Examples of CRD include anomalies of the cervical vertebral 
bodies which would include an elongated transverse process of a cervical verte-
bral body, a true cervical rib, or bands extending from the anomalous cervical 
vertebral body to the first rib. In all these conditions, neurologic exam, NCV, 
and imagining studies would show the specific entity that can be addressed 
through a cervical surgical approach. 

Patients with Paget Schroetter Disease (VTOS) should undergo lysis of the 
clot in the subclavian vein (SV), anticoagulation and robotic first rib resection 
with the purpose of relieving extrinsic compression on the SV.  

Patients who do not have objective findings on Neurologic Examination, Cer-
vical Spine Films, Chest Radiograph, Nerve Conduction Velocity Study (NCV), 
MRI of The Cervical Spine would be classified as “Disputed” NTOS. These pa-
tients should undergo Multiphasic MRA with maneuvers. If extrinsic compres-
sion of the SV by the abnormally developed medial aspect of the first rib at the 
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costo-sternal joint is identified, these patients should undergo robotic first rib 
resection. 

5. Conclusion 

This paper presents an algorithm for differentiating patients with Cervical Rib 
Disease from patients with Thoracic Outlet Syndrome based on objective testing 
in patients who present with neurovascular symptoms of the upper extremity. 
Patients with Cervical Rib Disease should undergo cervical exploration and re-
section of the pathologic entity which results in compression of the brachial 
plexus or the subclavian artery in the neck. Patients with Thoracic outlet Syn-
drome who are found to have extrinsic compression of the subclavian vein by a 
pathologic tubercle at the sternocostal joint on Multiphasic MRA should under-
go robotic first rib resection. 
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