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Article Highlights 

Type of Research: Single-center retrospective cohort study. 

Key Findings: A bony tubercle at the site of the subclavian vein groove in a subgroup of patients affected with DNTOS is the 

pathologic entity which causes extrinsic compression of the subclavian vein at rest. In these patients the neurologic symptoms resolve 

following disarticulation and resection of the medial aspect of the first rib. 

Take Home Message: A subgroup of patients with Disputed Neurogenic Thoracic Outlet Syndrome may have neurologic 

symptoms caused by venous ischemia of the upper extremity which is caused by extrinsic compression of the subclavian vein by a 

bony tubercle on the first rib at the costo-sternal joint. 

Table of Content Summary 

This retrospective study compared normal human cadaver first ribs with first ribs from patients with proven NTOS (N). Proof of 

NTOS was symptom resolution following resection of the medial aspect of the first rib. The study suggests that in a subgroup of 

patients with Disputed Neurogenic Thoracic Outlet Syndrome, neurologic symptoms caused by venous ischemia of the upper 

extremity which is caused by extrinsic compression of the subclavian vein by a bony tubercle on the first rib at the costo-sternal joint 

Abstract 

Most patients with Neurogenic Thoracic Outlet Syndrome (TOS) have upper extremity pain and paresthesia with normal neurologic 

examination and objective tests. The purpose of this study was to determine the pathologic nature of the resected first ribs in a 

subgroup of patients TOS who experienced resolution of symptoms postoperatively. 

Methods: In a retrospective study, we compared normal human cadaver first ribs (control, C) with first ribs from patients with 

proven NTOS (N). Ribs were examined for anatomic features. Preoperative and postoperative dynamic Magnetic Resonance 

Angiograms (MRA) of the affected and contralateral upper extremities were examined. 

Results: There were 41 first ribs from patients with DNTOS and 12 normal first ribs from human cadavers. In all patients (100%) 

with DNTOS there was a bony tubercle which corresponded to the area of subclavian vein groove in the normal ribs.  

Conclusion: A bony tubercle at the site of the subclavian vein groove in patients with DNTOS may be the pathologic entity which 

causes extrinsic compression of the subclavian vein at rest. The neurologic symptoms resolve following disarticulation and resection 

of the medial aspect of the first rib.  In a subgroup of patients, NTOS may be the manifestation of venous ischemia of the nerves of 

the upper extremity as opposed to nerve compression. 

Key Words: neurogenic; thoracic outlet syndrome (TOS); bony tubercle; first rib; robotic first rib resection 

Introduction 

In 1956, a group of diverse patients with symptoms in the shoulder, neck, 

and the upper extremity who presented with pain, numbness, tingling, and 

swelling, were placed under the umbrella of “thoracic outlet syndrome” 

(“TOS”) [1]. Since that publication, Thoracic Outlet Syndrome has been 

classified as Neurogenic, Venous (Paget Schroetter Syndrome), and 

Arterial varieties. In the past six decades TOS has been characterized by 

  Open Access      Research Article 

             Journal of Clinical Surgery and Research 
                                                                                                                  Farid Gharagozloo *                                                                                                                                                        

AUCTORES 
Globalize your   Research 



J. Clinical Surgery and Research                                                                                                                                                               Copy rights@ Farid Gharagozloo et.al. 

 

 
Auctores Publishing LLC – Volume 3(4)-45 www.auctoresonline.org  
ISSN: 2768-2757                                                                                                                                     Page 2 of 7 

confusion about the actual pathophysiology of the disease, the appropriate 

diagnostic tests, and the appropriate therapeutic interventions [2, 3]. As a 

result, further subtypes have been proposed: True neurogenic TOS, 

Disputed Neurogenic TOS (DNTOS), Traumatic neurovascular TOS. It 

has been postulated that the common pathologic feature of these 

conditions is the compression of the brachial plexus and/ or subclavian 

vessels just above the first rib. Although the role of the first rib seems to 

be a unifying feature of TOS, the exact mechanism by which the first rib 

results in compression, and specifically what is compressed, has remained 

unclear. Furthermore, given the fact that in the absence of rarely seen 

cervical rib or cervical bands, anatomically the first rib is not in the 

vicinity of the brachial plexus, the exact role of the first rib in the majority 

of patients with “Neurogenic” TOS (Disputed Neurogenic TOS) has been 

an enigma. 

Based on the comparison of the resected first ribs from patients with 

Venous TOS, or Paget Schroetter Syndrome (PSS) and normal first ribs, 

Gharagozloo et. al. proposed that an abnormal bony tubercle at the costo-

sternal joint of the first rib is the pathologic entity [4]. The hypothesis was 

tested in 83 patients who underwent transthoracic robotic resection of the 

medial aspect of the rib and disarticulation of the costo-sternal joint with 

relief of the extrinsic compression of the subclavian vein [5,6]. Two years 

after robotic resection of the offending portion of the first rib and 

obtaining patency of the SV, all patients remained asymptomatic and had 

full function of the affected upper extremity. Unexpectedly, detailed 

preoperative assessment in these patients revealed a significant history of 

unrecognized upper extremity neurologic symptoms which predated the 

clotting of the subclavian vein and onset of Paget Schroetter Syndrome. 

The neurologic symptoms resolved after undergoing resection of the first 

rib for PSS. Therefore, it was hypothesized that in a subgroup of patients 

with DNTOS neurologic symptoms may be a manifestation of 

compression of the subclavian vein, venous congestion resulting in 

venous ischemia of the upper extremity nerves which lead to diffuse 

neurologic symptoms unrelated to nerve compression.  

In order to test the above hypothesis, the present study compared the 

anatomic features of the first rib in normal individuals to the first ribs 

resected from a subgroup of patients with DNTOS who experienced 

postoperative symptom relief following the resection of the costo-sternal 

joint and the medial aspect of the first rib resection. 

Materials and Methods 

This study is a retrospective analysis comparing normal human cadaver 

first ribs (Control, C) with first ribs from a subset of patients affected with 

“Neurogenic” TOS (N).  

First ribs from human cadavers were obtained from individuals without 

an ante-mortem history of upper extremity symptoms or pathology.  

 Neurogenic TOS was suspected in patients who had a clinical history of 

upper extremity, shoulder, and neck pain in whom cervical spine disease, 

shoulder disease, and other orthopedic conditions were ruled out. 

Preoperative diagnosis of DNTOS was made after all specific localizing 

diagnostic findings were ruled out. All patients underwent robotic 

transthoracic resection of the medial aspect of the first rib with 

disarticulation of the costo-sternal joint. Definitive diagnosis of DNTOS 

was made only after the patient experienced complete resolution of 

symptoms on postoperative follow-up. Only the rib specimens from 

patients who experienced complete resolution of their neurologic 

symptoms were included in this study. 

The study included postmortem (C group) or postoperative (N group) 

pathologic anatomic observations, review of the preoperative and 

postoperative MRA, and review of video recording of the operation.  For 

each rib, the following anatomic observation points were recorded: 1) 

width of the rib at the costo-sternal junction, 2) the presence of a groove 

for the subclavian vein, 3) the presence of a groove for the subclavian 

artery, and 4) the presence of tubercle at the medial aspect of the rib. The 

preoperative MRA study with maneuvers were examined for the presence 

of extrinsic compression of the subclavian vein. The area of extrinsic 

compression on the MRA was then correlated with the anatomic findings. 

The post-operative MRA study with maneuvers were examined for the 

presence of extrinsic compression of the subclavian vein.  The 

relationship of the first rib to the subclavian vein was assessed at rest and 

with elevation of the extremity above the shoulder. The intraoperative 

videos from transthoracic robotic surgical resection of the first rib were 

examined for surgical observations in terms of the relationship of the 

medial aspect of the first rib to the subclavian vein. The anatomic features 

of the first rib in relation to the subclavian vein were recorded. 

Data Analysis: 

Data were exported from Excel (Microsoft Corp., Redmond, WA.). 

Information was obtained through hospital databases, medical records, 

and our prospective database. The data was prospectively accrued and 

retrospectively analyzed. Individual consent was waived for inclusion in 

this study; however, it was required and obtained to enter patient data in 

the prospective database. This study was reviewed institutional review 

board and determined to be exempt under 45 CFR 46.101 (b) 

Results 

Control (C) Group: There were 12 first ribs obtained from human 

cadavers in the C group. There were 6 right first ribs and 6 left first ribs 

in the C group. The ribs in the C group had a thickness of   0.5 +/- 0.1cm   

at the midpoint of the rib and   1.0 +/- 0.08cm at the costo-sternal junction.  

All of the ribs in the C group exhibited a groove at the subclavian vein 

with a thickness of 0.2 +/- 0.04cm. In addition, in all ribs in the C group 

there was a groove at the subclavian artery with rib thickness 0.2 +/- 

0.04cm.  

Experimental (N) Group: There were 41 first ribs resected from patients 

who had the definitive postoperative diagnosis of Neurogenic TOS based 

on complete resolution of the preoperative neurologic symptoms. There 

were 29 right first ribs and 12 left first ribs in the N group. The ribs in the 

N group had a thickness of 0.6+/-0.1 cm at the midpoint of the rib and 1.3 

+/-0.4cm at the costo-sternal junction. All of the first ribs in the N group 

demonstrated a bony protuberance at the site of the subclavian vein 

groove with a thickness of 1.4 +/- 0.1cm. 

In all (100%) patients in the N group, the surgeon reported a bony tubercle 

just lateral to the costo-sternal joint.   

Preoperative MRA with maneuvers of the ipsilateral side in all patients 

(100%) in the N group revealed extrinsic compression of the subclavian 

vein at its junction with the innominate vein by a bony protuberance on 

the underside of the vein.  (Fig. 1)  
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Figure 1: Preoperative MRA with maneuvers in a patient with Disputed Neurogenic TOS. The Arrows point to the extrinsic compression of the 

subclavian vein at its junction with the innominate vein by a bony protuberance on the underside of the vein. 

In all patients (100%), elevation of the arm above the shoulder resulted in 

greater compression of the subclavian vein by the bony protuberance.   

The postoperative MRA with maneuvers showed relief of extrinsic 

compression of the subclavian vein in all patients. There was no statistical 

difference between the C and N groups in terms of thickness of the rib at 

its midpoint.  The thickness of the first rib at the subclavian vein groove 

and costo-sternal joint was significantly different between the C and N 

Groups (p<0.05). 

Discussion 

In 1956 Peet, attempted to classify patients who presented with a variety 

of symptoms that affected the upper extremity, the ipsilateral neck and 

shoulder. Curiously, as a result of Peet’s classification which was based 

on symptoms rather than the underlying pathology, it was extrapolated 

that TOS represents a group of diverse disorders that result from 

compression of the neurovascular bundle exiting the thoracic outlet. 

Compression of this area has been thought to result in a constellation of 

distinct symptoms, which can include upper extremity pallor, paresthesia, 

weakness, muscle atrophy, pain, and swelling [8,9]. Historically, the 

subgroups of TOS have consisted of Neurogenic (NTOS), Venous (VTOS  

or Paget Schroetter Syndrome, PSS), and Arterial (ATOS) (85). 

Neurogenic TOS accounts for over 95% of the cases, followed by venous 

(3–5%) and arterial (1–2%). (10) Neurogenic TOS (NTOS) has been 

further divided into True (TNTOS) and Disputed NTOS (DNTOS), with 

disputed reportedly representing 95–99% of all neurogenic cases [11]. 

The symptoms of TTOS and DNTOS are largely the same, although 

objective findings from nerve conduction studies and needle 

electromyography are notably absent in the DNTOS [12]. TNTOS most 

commonly affects a younger woman in their teenage years, is associated 

with cervical ribs or cervical bands, and is usually unilateral. Disputed 

NTOS is most commonly seen in women ranging from their 20s to 60s 

and is often bilateral [13]. One possible mechanism for the pathogenesis 

of a subgroup of patients with DNTOS who present with neurologic 

symptoms of the upper extremity who have negative nerve conduction 

studies and a normal neurologic exam is the subject of the present paper. 

Recently, examination of the medial aspect of the resected first ribs in 

patients with Paget–Schroetter syndrome has demonstrated the presence 

of a congenitally malformed bony tubercle that forms a tighter and wider 

joint at the junction of the first rib and the sternum [4-6]. (Fig. 2)  

 

Figure 2: Preoperative MRA with maneuvers in a patient with Paget Schroetter Syndrome. The Arrows point to the extrinsic compression of the 

subclavian vein at its junction with the innominate vein by a bony protuberance on the underside of the vein. 
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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 

compression of the boney tubercle onto the subclavian vein at its junction 

with the innominate vein. It can be surmised that without the benefit of 

the sophisticated modern imaging, and relying only on intraoperative 

observations, it is likely that historically surgeons have erroneously 

referred to this tubercle as the hypertrophied costoclavicular ligament and 

the hypertrophied scaleneus anticus tubercle. This abnormal tubercle on 

the medial aspect of the first rib can be seen on 3-D reconstruction of 

computerized axial tomograms in patients with PSS. (Fig. 3) In addition, 

the extrinsic compression of the subclavian vein by the tubercle at the 

medial aspect of the first rib can be demonstrated on dynamic magnetic 

resonance angiography (MRA) with maneuvers and dynamic 

venography. (Figs. 4a, 4b)  

 

Figure 3: 3-D reconstruction of computerized axial tomograms of the first rib in a patient with PSS. The abnormal tubercle and costo-sternal joint is 

clearly demonstrated (arrow). 

 

Figure 4: A) Bilateral subclavian venogram in a patient with PSS on the right side. There is partial occlusion of the right subclavian vein with 

collateral formation. B) With elevation of the arms, both the right and left subclavian veins become occluded at the subclavian-innominate junction. 

Furthermore, these studies clearly demonstrate that the subclavian vein 

compression increases with elevation of the arm above the shoulder. 

Prolonged compression stemming from activities that elevate the arm 

above the shoulder, result in thrombosis of the vein (PSS).  As a definitive 

proof of the proposed pathogenesis of Paget Schroetter Syndrome, 

Gharagozloo et al. have demonstrated that disarticulation of the costo-

sternal joint and resection of the medial aspect of the first rib results in 

decompression of the subclavian vein and complete resolution of 

symptoms [6].   

Observations in patients with a previous diagnosis of Neurogenic TOS 

who had persistent upper extremity neurologic symptoms following first 

rib resection by the transaxillary and supraclavicular approaches, revealed 

persistent extrinsic compression of the subclavian innominate junction on 

dynamic MRA.  Disarticulation of the cost-sternal joint and removal of 

the remaining portion of the first rib, which bore a tubercle similar to that 

which was seen in patients with Paget Schroetter syndrome, resulted in 

relief of neurologic symptoms in all patients. In turn, Postoperative MRA 

and Venogram showed relief of extrinsic compression and decompression 
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of the subclavian innominate junction. (Figs. 5a, 5b) This observation, in 

addition to the observation that patients with PSS have diffuse neurologic 

symptoms of the upper extremity prior to clotting of SV, led to the 

hypothesis that in a subgroup of patients with DNTOS, upper extremity 

neurologic symptoms may be due to venous compression and the resultant 

venous ischemia of the nerves in the upper extremity. This hypothesis is 

supported by the fact that the upper extremity is fed by a single artery and 

a single vein as an “end organ.” In such a setting, studies have 

demonstrated that the blood-nerve barrier in the nerve root was more 

easily broken by venous congestion than by arterial ischemia. Venous 

congestion may be an essential factor precipitating circulatory 

disturbance in nerve roots and inducing neurogenic intermittent 

claudication. This phenomenon is illustrated by the feeling of a leg 

“falling asleep” or pain and paresthesia which is experienced in the lower 

extremity after crossing the leg for a prolonged period of time. Of interest, 

patients with DNTOS liken their symptoms to their arms “falling asleep”.  

 

Figure 5: A) Venogram (left) and MRA (right) of a patient with persistent neurologic symptoms following right first rib resection. Partial occlusion 

of the subclavian innominate junction can be seen. (Arrows). B) Venogram of the right subclavian vein following resection of the residual boney 

tubercle at the costo-sternal joint. The vein is open and the neurologic symptoms have resolved. 

In a proof-of-concept study, surgical outcomes in patients diagnosed with 

DNTOS who underwent robotic first rib resection were reviewed. 

Diagnosis was made by history, physical exam, MRI of C-spine, 

orthopedic and neurologic examination, nerve conduction studies, and 

MRA of the thoracic outlet with maneuvers. Patients with specific nerve 

compression, cervical ribs or cervical bands we excluded. Patients with 

compression of the subclavian vein by the medial aspect of the first rib 

underwent robotic resection of the first rib. Subjective symptoms were 

assessed by Disabilities of the Arm, Shoulder and Hand Questionnaire 

Score (QuickDASH), at 1 week, 1 month, and 6 months. With relief of 

extrinsic compression on the subclavian vein, 97% of patients with 

Disputed Neurogenic TOS experienced complete relief of symptoms [14, 

15]. Significant relief of symptoms was reported in the remaining 3% of 

patients.  

In this study we compared the resected ribs from patients with DNTOS 

who experienced complete postoperative relief of symptoms to normal 

ribs. In patients with Disputed Neurogenic TOS, the first rib exhibits an 

abnormal bony tubercle immediately lateral to the costo-sternal joint. The 

tubercle is found in the same location as the subclavian groove which is 

seen in normal first ribs.  The tubercle results in a wider and tighter costo-

sternal joint and traps the subclavian vein at its junction with the 

innominate vein. In this study, in normal individuals, the rib thickness at 

the subclavian groove was 0.2cm which represented an indentation of 

0.8cm from the rib surface. It can be 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 DNTOS 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 

1cm [16] in its position over the first rib, it can be concluded that the 

tubercle compresses the subclavian vein at rest, and significantly occludes 

the vein with extension of the arm above the shoulder.  

These observations support the “ischemic” versus the “compressive” 

pathogenesis of a subgroup of patients with DNTOS. In these patients 

DNTOS appears to be the manifestation of a congenital malformation of 

the first rib. The congenital malformation is in the form of a pronounced 

tubercle, which results in an abnormal costo-sternal joint and the 

compression of the subclavian vein at its junction with the innominate 

vein. (Fig. 6) The compression of the subclavian vein in the thoracic outlet 

results in a spectrum of neurologic symptoms which are the result of 

venous ischemia of the upper extremity nerves. The ischemic 

pathogenesis of DNTOS is consistent with the normal neurologic exam 

and lack of objective evidence for nerve compression in these patients. 
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Figure 6: Resected specimen of the medial aspect of the first rib at the costo-sternal junction showing the abnormal bony tubercle which results in 

compression of the subclavian vein (SV) at its junction with the innominate vein (IV). 

Magnetic Resonance Angiography clearly demonstrates the extrinsic 

compression at the subclavian innominate junction and can guide the 

decision for surgery. The most compelling evidence for ischemic 

pathogenesis of DNTOS is the relief of symptoms following 

disarticulation of the costo-sternal joint and removal of the medial aspect 

of the first rib. 

Conclusion: 

A bony tubercle at the site of the subclavian vein groove in patients with 

DNTOS may be the pathologic entity which causes extrinsic compression 

of the subclavian vein at rest. The neurologic symptoms resolve following 

disarticulation and resection of the medial aspect of the first rib.  In a 

subgroup of patients, NTOS may be the manifestation of venous ischemia 

of the nerves of the upper extremity as opposed to nerve compression. 
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