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TOS: Three Syndromes 
A group of 3 disorders all having in common 

compression at the thoracic outlet
Three structures are at risk: 

1. brachial plexus producing neurogenic (nTOS)

2. subclavian vein producing venous (vTOS) 

3. subclavian artery producing arterial (aTOS)
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Anatomy 

1. Scalene Triangle

2. Costoclavicular Space

nTOS (+aTOS)

vTOS



TOS Surgery = Decompression
First Rib Resection & Scalenectomy 
• 10 approaches: Supraclavicular, infraclavicular, 

paraclavicular, transaxillary, VATS transaxillary, 
VATS transthoracic, VATs transaxillary, robotic 
transthoracic, robotic transaxillary, posterior

• 5 Specialties: Vascular (90%)*, thoracic, plastics, 
neurosurgery, orthopedics

*JVS2017 Rinehardt (NSQIP)



Robotic Transthoracic FRR

Illustration: Scott Holmes, BCM
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1. Placement of Ports



2. Survey of Anatomy



3. First Intercostal Muscle



4. Division of Costal Cartilage & Preparation of Posterior Rib



5. Division of Posterior Rib



5. Division of Posterior Rib



6. Enter the Thoracic Outlet
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Subclavius Anterior 
Scalene
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7. Separation of Rib



8. Scalenectomy



9. Neurolysis



10. Closure



vTOS



Venolysis



• 1.1% in cadavers
• 1-10% in nTOS 
• W:M 2:1
• BL 48%

Complete

Incomplete

~1/3

~2/3

nTOS
Cervical Rib



Cervical rib

Scalene 
muscles

nTOS
Cervical Rib



Cervical rib

Scalene 
muscles

nTOS
Cervical Rib



Background & Rationale

Operation (3 cases)

Results



Advantages of Robotic FRR
Outstanding Exposure of 
the First Rib

No Retraction of 
Neurovascular Structures

Improvement in Pain & 
Disability

Illustration: Scott Holmes, BCM
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29.4%

4.3%

17.6%

2.1%

5.9%

2.1%

P=0.6P=0.01P<0.001

JTCVS 2021



Advantages of Robotic FRR
Outstanding Exposure of 
the First Rib

No Retraction of 
Neurovascular Structures

Improvement in Pain & 
Disability

Palivela, Lee, …Burt. Ann Thorac Surg 2021

Immediate Post-op (In Hospital)

Early Post-op (Clinic)



Advantages of Robotic FRR
Outstanding Exposure of 
the First Rib

No Retraction of 
Neurovascular Structures

Improvement in Pain & 
Disability Palivela, Lee, …Burt. Ann Thorac Surg 2021

Disability
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Bijan Najafi, PhD

Problem: Lack of a reproducible test to measure objective response to nTOS therapy

Professor of Surgery

Digital Biomarkers of TOS-impacted Function



60-sec Office Test
Digital Biomarkers of TOS-impacted Function

Problem 1: Lack of a reproducible test to measure objective response to nTOS therapy

Najafi, ...Burt. Sensors 2022



Digital Biomarkers of TOS-impacted Function
24h At-home Test



Problem 2: No objective test to diagnose NTOS
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Function after Scalene Muscle Block 

Digital Biomarkers of TOS-impacted Function



Thank you 





Recurrent TOS
• 48y F
• vTOS w thrombosis
• Thrombolysis
• Left supraclavicular FRR x2
• Left subclavian stent
• Left neck & arm swelling
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