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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 (vT'OS)

3. subclavian artery produing arterial (aTOS)
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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
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Advantages of Robotic FRR

Supraclavicular Approach

Broussard & Donahue. Thor Surg Clin 2021
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Advantages of Robotic FRR

Supraclavicular Approach

Dissection of anterior scalene _
from superior direction toward
underside of retracted clavicle
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Phrenic nerve mobilized
medially with protective fat

Omohyoid retracted
inferiorly

Insertion of anterior
scalene on 1st rib
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Advantages of Robotic FRR

Supraclavicular Approach
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Upper, middle & lower
branches of brachial plexus

Scalene fat pad retracted
laterally with traction suture

Subclavian artery

Broussard & Donahue. Thor Surg Clin 2021



Advantages of Robotic FRR

Supraclavicular Approach

Brachial plexus retracted laterally
1st rib

Subclavian artery
retracted medially

Intercostal muscles
divided with bipolar cautery

Broussard & Donahue. Thor Surg Clin 2021



Advantages of Robotic FRR

Supraclavmular Approach Robotic Transthoracm Approach
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1. Placement of Ports
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2. Survey of Anatomy
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5. Division of Posterior Rib
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5. D1ivision of Posterior Rib
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6. Enter the Thoracic Outlet
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8. Scalenectom
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10. Closure
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Advantages of Robotic FRR

Outstanding Exposure of
the First Rib

[llustration: Scott Holmes, BCM



Advantages of Robotic FRR

Safety of robotic first rib resection for thoracic
outlet syndrome

Bryan M. Burt, MD,” Nihanth Palivela, BS,” Davut Cekmecelioglu, MD,” Paul Paily, MD,°
Bijan Najafi, PhD,” Hyun-Sung Lee, MD, PhD,* and Miguel Montero, MD"

JTCVS 2021
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Advantages of Robotic FRR

Immediate Post-op (In Hospital)

R-FRR cases SC-FRR cases

Variables m="72) (n=151) P value
In-hospital VAS score 4.7 (1.3) 52(1.2) .049
MME 37.5 (42.1) 81.1 (59.0) <.001

at POD1 28.0 (34.3) 49.7 (48.8) <.001
at POD2 6.0 (12.5) 22.0 (34.5) <.001

Early Post-op (Clinic)

P=0.008
[ |
100 — eeceoe
< 754 e
§ 50 - = e
E 250 —eadte
. . N
Improvement in Pain & £ i '
. e < 81 .
Disability 4T . .
SC-FRR R-FRR

Palivela, Lee, ...Burt. Ann Thorac Surg 2021



Advantages of Robotic FRR

Disability

P<0.001 P=0.003

. . Pre-op 1st Post-op 2nd Post-op
Improvement in Pain & (N=40) (N=40)  (N=16)

Disability Palivela, Lee, ...Burt. Ann Thorac Surg 2021



Digital Biomarkers of TOS-impacted Function

Position 1 Position 2

Wearable sensor [
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) |

Brachial plexus compression

I Bijan Najafi, PhD

('0C e‘gc‘rof
sl Professor of Surgery /
Brachial plexus First rib

#) Middle scalene muscle

Anterior scalene muscle
Najafi, ...Burt. Sensors 2022

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



Digital Biomarkers of TOS-impacted Function
60-sec Office Test
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Problem 1: Lack of a reproducible test to measure objective response to nTOS therapy



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

Function after Scalene Muscle Block

Brachial plexus compression
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Problem 2: No objective test to diagnose NTOS









Recurrent TOS
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vI'OS w thrombosis
Thrombolysis

Left supraclavicular FRR x2
Left subclavian stent

Left neck & arm swelling




Case 3: recurrent TOS
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