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Neurogenic Thoracic Outlet Syndrome:
Learning Objectives
• To review the  pertinent anatomy of the thoracic outlet

• To appreciate the different clinical presentations of thoracic outlet 
syndrome

• To understand the results of recent randomized clinical trials for 
thoracic outlet syndrome treatment

• To digest a proposed randomized clinical trial design from Gonda 4 
Vascular Center
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Resource



37 year-old right-handed female
• 1998 Right clavicular fracture

• 2011 Self employed “sewing factory”

• 2015 Self employed “painter”

• 2018 Began to note “shooting pain” right shoulder to finger-tips.  

Ortho: “Radial tunnel syndrome”,  try physical therapy

• 2019 Vascular Surgery: “neurogentic TOS”, try physical therapy

• 2020 Ortho: Scalene block with complete symptom relief

Surgery offered but deferred

• 2021 Thoracic surgery: Repeat scalene block successful

Botox offered but deferred



37 year-old right-handed female

• 2021 Gonda Vascular Center Referral TOS Clinic

“Daily Stabbing pain begins in shoulder radiating to 
fingers.  

Aggravating: unloading dishwasher, painting, 
any overhead activity.”

“Fatigue with intermittent numbness”

Pain severely impacting her life.  No longer paints.



Thoracic Outlet Syndrome

What is the Thoracic Outlet?
What are the disease categories?
Where does “pinching” occur?
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Right Thoracic Outlet

Scalene Triangle (N, A)
Costoclavicular Space (V)
Pectoralis Minor Space (N)



Thoracic Outlet Syndrome Categories

•Neurogenic (90%)

•Venous (8%)

•Arterial (2%)



Neurogenic TOS
• Most common (90%)

• Brachial plexus compressive/irritation at 
scalene triangle or pec minor space

• Symptoms
• Arm pain, paresthesias, weakness
• Neck and shoulder pain/tenderness
• Other: headache, chest wall, upper back, 

trapezius pain
• Exacerbated with overhead activities

• Palpable tenderness scalene triangle or 
pectoralis minor space

• History of trauma is common



Nerves of Thoracic Outlet

Long Thoracic N
Serratus Anterior m: Upward 
scapula rotation (overhead 
lifting, throwing a punch).

Brachial Plexus
(C5-T1) Shoulder girdle and arm
Everything motor/sensory arm

Phrenic N
Diaphragm
Breathing!!



Subclavian vein 
passes anterior to 
the anterior scalene 
muscle
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Venous TOS



• 5 – 8% of TOS

• Venous injury between 1st

rib and clavicle

• Acute or chronic thrombosis 
of Subclavian vein

“Paget Schroetter or 
Effort thrombosis”

• Positional arm swelling
“McCleery Syndrome”
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Venous TOS



• 1 - 2% of TOS

• Aneurysm, thrombosis 
and embolization

• Hand ischemia

• Ischemia is central to 
documentation
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Arterial TOS

Bony abnormality
Cervical rib

Repetitive injury
Aneurysm formation



Neurogenic TOS

What is the evaluation?



nTOS Evaluation
Detailed History

• Symptoms/distribution
• Aggravation/Relief
• Trauma (single/repetitive)
• Occupation/hobbies
• Prior treatment

• Differential diagnosis
• Cervical disk disease, brachial plexopathy, peripheral 

neuropathy, chronic regional pain syndrome, shoulder 
pathology, carpal tunnel, cubital tunnel……….  



Extension – Flexion Injury



Occupation Injury: Repetitive Motion 



nTOS Evaluation

Physical Examination

• Neurovascular
• TOS maneuvers
• Careful palpation for 

point tenderness & 
symptom reproduction

Elevated Arm Stress Test (EAST)



Upper limb tension test
• Stretch of the brachial plexus 
• Reproduce symptoms



37 year-old right-handed female

• 2021 Gonda Vascular Center Referral TOS Clinic

Monday

Vasc Med
Eval

Vasc US

Vasc Lab

Shoulder Xray

C-spine Xray

Tuesday Wednesday Thursday Friday



Vascular Lab



Vascular Lab

Our patient Comparison
“Normal” exam



Cervical Ribs

Cervical Spine Xray



Vascular Ultrasound

Neutral position Provocative Maneuver

Arterial Evaluation



Vascular Ultrasound

Neutral position

Venous Evaluation

Provocative Maneuver



37 year-old right-handed female

• 2021 Gonda Vascular Center Referral TOS Clinic

Monday Tuesday

Pain Med: 
Scalene inject

EMG

Wednesday Thursday Friday

Neuro Eval



US Guided Scalene Lidocaine Injection

Lidocaine:   22 ga needle; 2 mL injected (20 mg/mL )



37 year-old right-handed female

• 2021 Gonda Vascular Center Referral TOS Clinic

Monday Tuesday Wednesday

PMR eval

PT 

Thursday

US neck

Vasc Surg 
Eval 

Friday

Vasc Med



Neurogenic TOS

What is the treatment?



Physical Therapy

Goals: 
• identify and alleviate 

compression at symptomatic 
anatomic sites

• Improve biomechanics 
• Facility range of motion
• Exercises, passive and assisted
• Minimum 4 – 8 weeks

• Efficacy:  20 – 30%



Surgery
Approaches
• Supraclavicular
• Infraclavicular
• Paraclavicular
• Transaxillary
• Posterior

Rib resection
• Total
• Posterior
• Anterior
• Partial
• Transfers process

Muscle resection
• Total scalenectomy
• Partial scalenectomy
• Subclavius
• Scalene minimus

Other
• Claviculectomy
• Neurolysis
• Ligamentous band





Neurogenic TOS

Which is better; PT or surgery?



STOP nTOS TRIAL

Eur J Vasc Endovasc Surg 2022;64: 119

46 patients

Inclusion: nTOS refractory to PT
Exclusion: Prior TOS surgery

Surgical Decompression

Physical Therapy

Primary Outcome: DASH survey
Cross-over allowed at 3 months



(sum of responses)
n

- 1 x 25 = score

Where n= number of completed responses
Minimum = 0
Maximum = 100



DASH Results*

Eur J Vasc Endovasc Surg 2022;64: 119

P<0.001

* Recall: surgical cross over allowed at 3 months



Secondary Outcome Results*

Eur J Vasc Endovasc Surg 2022;64: 119* Recall: surgical cross over allowed at 3 months

P<0.001P<0.001

TOS Disability Score Cervical Brachial Score



STOP nTOS TRIAL Conclusions

Eur J Vasc Endovasc Surg 2022;64: 119

• Surgical decompression significantly improved DASH, TOS 
Disability and CBSQ scores relative to continued PT. 

• After 3 months, all conservative treatment patients 
crossed over to surgery.

• At 6 months, there was no difference between groups



Neurogenic TOS

Are there any new treatment options?



Normal motor neuron function
• Motor neurons (efferent neurons) 

carry signals from CNS to muscle cells. 

• At neuromuscular junction, 
acetylcholine (neurotransmitter) is 
released into synaptic cleft

• Acetylcholine attaches to the nicotinic 
receptor resulting in muscle 
contraction



Botulinum Toxin
• Clostridium Botulinum

• BT blocks acetylcholine release

• Results in flaccid muscle paralysis

• 7 serotypes (A - G)

• BT-A serotype most often used for 
therapies

• Onset 2 – 3 days

• Offset 2 – 3 months

• Side effects: muscle atrophy



Neurogenic TOS

Are there any trials of Botox for nTOS?



Pain 2011;152: 2023



Study Hypothesis

•BTX-A would decrease pressure on the neurovascular 
structures at the interscalene triangle by relaxing the 
scalene muscles, which would result in decreased 
pain, decreased paresthesias, and improved function.

Pain 2011;152: 2023



Canadian Botox TOS Trial

38 patients

Botox A 75 U (½ anterior, ½ middle scalene)

Normal Saline

Patients:  Sx > 6 mos, EMG negative, Cervical spine imaging negative

(Sample size: 40 to detect 20 mm difference in VAS; assume 20% drop out)

Blood. 2018;132:1365

1◦ endpoint composite: 100 – mm horizontal visual analogue scale (VAS)

Pain 2011;152: 2023



Subject selection (Diagnostic criteria for TOS)

3 of 4 criteria required for nTOS Diagnosis

• Pain or paresthesias involving the medial arm, forearm, and/or hand

• Symptoms aggravated with arm abduction

• Tenderness over the brachial plexus

• Positive EAST maneuver

Pain 2011;152: 2023



Pain Outcome, No Difference at any time interval

Pain 2011;152: 2023



Pain Outcome per individual, No consistent change



“Which group were you randomized to?”

Only 50% guessed correctly



Why was this a negative trial?



Demographics may have Limited study success



6 BTX and 2 placebo had only modest baseline pain (≤ 30 mm)

If start with modest, 
There is no where to go



Summary
Subjects:
• Average symptoms duration 4 years (BTX) vs. 1.5 years (placebo)

• Chronic pain with central sensitization may have masked any benefit

• 27/38 subjects involved in workman’s comp or MVA settlement

Study Methods
• Injection guidance by EMG (vs. US or CT)

• Muscle injection site (scalene vs. scalene plus pect minor plus subclavius)

• Dose 75 units, was this correct

Statistical Methods
• Powered for 20 mm reduction of VAS yet 20% had baseline < 30



Clin J Sport Med 2022;00:1–7

Retrospective (2011-2020)
Choreographed clinical care
• Initial PT minimum 2 months 3x/week
• Everyone received BTX-A first 50 U
• If BTX-A response, then offered surgery
• DASH survey outcomes (improvement)

• Significant > 67% 
• Moderate 34 – 66%
• Mild 1 – 33%
• No improvement



Clin J Sport Med 2022;00:1–7

Stanford Study

•77 patients received BTX-A

•Median number of treatments 2 (range 1 – 4)

•31 patients went on to have surgery

•46 patients had BTX-A alone without surgery



Surgical Outcomes

Clin J Sport Med 2022;00:1–7



Stanford Study Results

Variable BTX-A BTX-A + Surgery P-Value

Relief after BTX 70% 90% 0.03

Mild 15% 10% 0.8

Moderate 22% 20%

Significant 63% 70%

DASH change 78% 81% 0.6

Clin J Sport Med 2022;00:1–7



Predictors of Symptom Relief
Univariate analysis

• Higher initial DASH score 
• Younger age (p=0.008)
• Shorter symptom duration (p=0.03)

Multivariate analysis
• Females (OR 6.6; p<0.05)
• Positive examination findings (OR 9.0; p<0.05)

Abstract only: Eugene Roh; Stanford CA



Stanford Author Comments
• Used for both diagnosis and treatment

• Allows for temporary relief to facilitate PT

• Botox alone provided significant improvement in 63% (similar to others):

Torriani 66% 

Rochlin 64%

Jordon 64%

Donahue 63%

• Dose is unclear (reported range 50 – 100 U)

• Symptom improvement is sustained for 2 – 3 months



37 year-old right-handed female
10/18/2021:  Original consultation

12/8/2021:  US guided injectate: 1.5 mL lidocaine BTX-A 25 units

“Able to do PT for three months, the first six weeks was full physical 
therapy but has continued more limited physical therapy since.  She is very 
happy with results and wanted to do another Botox injection.  For the first 
6 weeks after her injection, her symptoms were roughly a 0 to 2/10 after 
which they did spike some to roughly a 5 or 6 but now have settled to 
about a 3 – 4/10.”  

4/1/2022:  US guided injectate: 1.5 mL lidocaine BTX-A 50 units



37 year-old right-handed female
Dear Ryan, 

Good news. The pain in my arm and shoulder/scap/rotator/pec area 
feels pretty under control. For the first time. It's been such a long time 
with the pain, I hope it's not a fluke. But i believe lately the PT has 
kicked in. Scaling the exercises back a little, to focus on the tinier 
muscles, def helped reduce the flare. It's like the Botox allowed me to 
do any PT whatsoever, and that was the ticket. It was too painful pre-
botox. So I got a little better, but felt like a plateau in May/June, and 
then threw in the celery juice and tweaked the exercises. And now i can 
do the nerve glides and exercises without pain. Finally. And I can't 
believe i'm saying this but I don't think I need another botox shot. It's 
like, a new day. I am so grateful, I can't articulate a proper thank you at 
the moment.”



Summary Comments
• Neurogenic Thoracic Outlet Syndrome is a complicated disease entity.

• Complicated to diagnose

• Complicated to manage

• Physical Therapy alone is limited by both efficacy and implementation

• Surgery is not for everyone

• Botox therapy may facilitate PT implementation for many patients.

• Botox therapy may reduce the need for surgery in some patients.  


