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a b s t r a c t 

Thoracic outlet syndrome (TOS) is defined as compression of neurovascular components 

passing the thoracic outlet. While neurologic compression is the most common form, rare 

cases of arterial comprssion could result in concerning cerebral thromboembolic events. 

Here we present a 15-year-old female with repeated left hemiparesis and radiologic signs 

of cerebrovascular accident (CVA) in right middle cerebral artery. Further investigations 

revealed stenosis of the right subclavian artery, saccular aneurysm, and occlusion of the 

right brachial artery which suggested the diagnosis of arterial TOS. Based on this report, we 

present this diagnosis as a rare but important cause of CVA, especially in young patients. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

Introduction 

Thoracic outlet syndrome (TOS) is a broad term referring to
a set of disorders with distinct etiologies that lead to com-
Abbreviations: TOS, thoracic outlet syndrome; CVA, cerebrovascular
middle cerebral artery. 

✩ Acknowledgments: Not applicable. 
✩✩ Competing Interests: The authors declare that they have no compe

∗ Corresponding author. 
E-mail address: m.ghaffari@sbmu.ac.ir (M. Ghaffari). 

 

https://doi.org/10.1016/j.radcr.2022.02.072 
1930-0433/© 2022 The Authors. Published by Elsevier Inc. on behalf of U
CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4
pression of neurovascular components passing through and
around the thoracic outlet [1] . Thoracic outlet anatomy is de-
fined by a bony circle consisting sternum in front, first rib in
lateral side and vertebra posteriorly, additionally the clavicle
provides a superior margin for it [2] . The subclavian artery and
vein pass through this outlet, while the brachial plexus runs
over the top of this area [2] . 
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Fig. 2 – Brain angiography after first stroke and before 
treatment. Middle cerebral artery occlusion is clearly 

visible. MCA, middle cerebral artery, ACA, anterior cerebral 
artery, ICA, internal carotid artery. 
TOS has congenital or acquired types and is divided into
3 categories: arterial, venous, and neurogenic, based on etiol-
ogy [3] . Arterial TOS is the rarest and account for only 1%-2%
of TOS cases. Cervical ribs are a common cause of TOS, and
given the possibility of subclavian artery compression, they
have been particularly associated with arterial TOS in a way
that they are present in up to 85% of patients [4] . Arterial TOS
common presentations range from asymptomatic findings to
limb ischemia, and stenosis of arteries. Some studies have re-
ported post-stenotic aneurysms and cerebral thromboembolic
events as a rare but important complications of arterial TOS
[5–9] . Left untreated, they can result in severe morbidity. Here,
we present a case of multiple common carotid embolic stroke
in a young teenager. 

Case presentation 

A 15-year-old girl with a history of COVID-19 infection 4
months ago was admitted to the hospital with a sudden on-
set of left hemiparesis, vertigo, and dysarthria. These symp-
toms started 8 hours before the admission and were alleviated
before reaching the hospital. The patient reported intermit-
tent paresthesia and numbness of the left upper limb, which
started last year. On the physical exam, the muscle strength
of the upper, and lower limbs were both 3:5 on the Medical Re-
search Council (MRC) manual muscle testing grading system
[10] . She had mild left hemifacial paresis, and on the National
Health Institute of Stroke Scale (NIHSS), she was scored 8. 

Due to the delay in hospitalization, the golden time was
elapsed, and she did not receive recombinant tissue plasmino-
gen activator for thrombolysis. Brain CT scan raised suspicion
for temporal ischemia ( Fig. 1 ). 

She underwent mechanical thrombectomy in which an oc-
clusion in the right middle cerebral artery (MCA) due to a fresh
clot was seen and eliminated ( Figs. 2 and 3 ). 
Fig. 1 – Initial brain CT scan suggestive of temporal 
ischemia. 

Fig. 3 – Post-treatment brain angiography after first stroke. 
Reperfusion is evident in middle cerebral artery.MCA, 
middle cerebral artery, ACA, anterior cerebral artery, ICA, 
internal carotid artery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A few hours after the procedure, the muscle force of both
affected limbs improved and changed to 4:5; also, dysarthria
and facial paresis ameliorated relatively. After that, cardio-
logic workup, COVID-19 PCR, and vasculitis tests were per-
formed, which did not reveal any pathologic findings. Besides,
cervical color-doppler ultrasonography showed no arterial nor
venous abnormality. Two days later, the patient’s symptoms
disappeared, and she was discharged with aspirin 325 mg
daily, rosuvastatin 80 mg daily, and pantoprazole 40 mg daily.

Two weeks later, and while playing basketball, the same
symptoms but with more severe characteristics recurred. This
time, the muscle strength was 0:5 for both upper and lower
left limbs; the patient also had mild dysarthria, left hemifa-
cial paresis, upward plantar reflex, and the calculated NIHSS
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Fig. 4 – Brain angiography after second stroke and before 
treatment. Middle cerebral artery is again obstructed. MCA, 
middle cerebral artery, ACA, anterior cerebral artery, ICA, 
internal carotid artery. 

Fig. 5 – Post-treatment brain angiography after second 

stroke. Middle cerebral artery occlusion is resolved. MCA, 
middle cerebral artery, ACA, anterior cerebral artery, ICA, 
internal carotid artery. 

 

 

 

 

 

 

 

 

 

 

Fig. 6 – Subclavian artery angiography revealing 
pseudoaneurysm formation and artery occlusion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

was ten. Brain CT scan showed a hypodense area in the left
basal ganglia. Once again, mechanical thrombectomy was per-
formed, and another occlusion in the right MCA was detected
( Figs. 4 and 5 ). 

After the occluded artery was reopened, the symptoms re-
solved, and NIHSS reached zero. We found that the right up-
per limb was pulseless during the admission, and the blood
pressure between the right and left sides was different (right
brachial artery systolic blood pressure: 70 mm Hg and left:
120 mm Hg). In addition, her right upper limb was ischemic
(Rutherford-Fontaine stage: IIA). A CT angiography was per-
formed to rule out Takayasu’s arteritis and examine other vas-
cular abnormalities. It exhibited mild stenosis of the right sub-
clavian artery, saccular aneurysm right after that, and occlu-
sion of the right brachial artery due to a massive fresh clot
( Fig. 6 ). 

Adson’s test and Roos stress test were performed with a
suspicion for TOS. Based on the clinical presentations and
examination results, patient was diagnosed with TOS, and
was treated with heparin infusion to resolve the clot. The pa-
tient became a candidate for emergent TOS surgery and right
subclavian, axillary, brachial, radial, and ulnar thrombectomy.
However, it was decided that operation should be performed
after 3-6 months of anticoagulation therapy and organization
of the thrombosis. 

Further workups showed heterozygote plasminogen acti-
vator inhibitor 4G and/or 5G polymorphism and heterozygote
methylenetetrahydrofolate reductase C677T polymorphism in
this patient. Due to these coagulation factors disorder and 2
life-threatening thrombosis, indefinite anticoagulation ther-
apy with warfarin was indicated, with an INR goal between
2.5, and 3.5. 

Discussion 

Trauma, repetitive motions and muscle hypertrophy, and
anatomic variations such as cervical ribs are some factors that
may give rise to TOS [11] . While neurogenic TOS is more com-
mon in females, arterial TOS has an equal distribution be-
tween genders [3] . Embolic stroke as a rare result of arterial
TOS, which is not that common itself, has been long known,
and its first hints in literature dates back to 1884 [12] . To date,
this condition has not been systematically reviewed. In a re-
view by Meumann et al [6] ., 33 patients with stroke or tran-
sient ischemic attack associated with subclavian artery dis-
ease were identified. In this review, cervical ribs were seen in
26 (78%) patients, the median age among them was 21, and
50% were male. A majority of them (81%) were symptomatic
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before the occurrence of stroke. In a similar study by Palmer
et al [13] ., 19 cases were described in which 56% were male,
and the mean age was 26.6. In all of these cases, prior signs,
and symptoms of limb ischemia were present. As demon-
strated above, this problem is mainly seen in young adults. 

The prolonged subclavian artery compression by a cervi-
cal rib or any other abnormality can lead to intimal dam-
age and, subsequently, atheroma formation. These chronic
intimal changes result in turbulent blood flow, which prop-
agates thromboembolic events. In addition, in some cases,
post stenosis aneurysms form, and furthers the possibility of
thrombosis. In this context, thrombosis is most often present
distal to the compression site, but retrograde thrombosis, and
central nervous ischemia are still possible[ 14 ,15 ]. Retrograde
advancement and formation of thrombosis into the vertebral
or common carotid arteries or brief retrograde blood flow in
the subclavian artery have been suggested as 2 main explana-
tions for this phenomenon [ 5 ,6 ]. 

In our case, both thromboembolic events were right-sided,
and happened after physical activity. Furthermore, in the sec-
ond mechanical thrombectomy and angiography, a clot was
also observed in the right external carotid artery. No other ar-
terial or venous thrombosis was diagnosed in any other re-
gion. These factors suggest TOS as the most probable cause of
strokes. As to why the patient’s vertebral artery, being more
proximal to the compression site, was not thrombosed, it
should be noted that given the large emboli in the upper limb
and the patient’s hypoplastic artery, it was not possible for the
clots to pass through and common carotid artery got involved.

Despite the scarcity of arterial TOS, its consequences are
more severe, and morbid than neurogenic or venous TOS. Af-
ter diagnosis, immediate thrombolysis followed by surgical
decompression of the thoracic outlet should be performed to
alleviate symptoms, and prevent future recurrence. Neverthe-
less, if thrombectomy is not possible or the artery is compro-
mised, bypass graft is the alternative [14] . Given the serious
complications, all physicians should consider arterial TOS, es-
pecially in young patients with cervical ribs, pulselessness,
different blood pressures across the limbs, and cerebrovascu-
lar strokes. 
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