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 Background: The aim of this study was to introduce a novel method combining contrast-enhanced magnetic resonance an-
giography (CE-MRA), short inversion time inversion recovery sampling perfection with application-optimized 
contrasts using different flip angle evolutions (T2-STIR-SPACE) and volumetric interpolated breath-hold exam-
ination (VIBE) sequences in the assessment of thoracic outlet syndrome (TOS).

 Material/Methods: CE-MRA, T2-STIR-SPACE, and VIBE techniques were employed to evaluate neurovascular bundles in 27 patients 
clinically suspected of TOS. Images were evaluated to determine the cause of neurovascular bundle compres-
sion. Surgical exploration was performed in patients with abnormal magnetic resonance imaging (MRI) results.

 Results: Twenty patients were found to be abnormal: 6 cases showed only neurogenic TOS and the correlates includ-
ed infraclavicular hemangiomas (n=1) and transverse cervical artery (n=5). Arterial-neurogenic TOS was found 
in 4 cases, including subclavian lymph node metastasis from breast cancer (n=3) and schwannoma (n=1). 
Arterial-venous-neurogenic TOS was found in 1 subject, and the correlates included a fibrous band from the 
cervical rib and elongated C7 transverse process. In this case, the subclavian artery/vein was compressed dy-
namically. Venous–neurogenic TOS was noted in one subject. Nine patients were considered as post-traumat-
ic TOS, including brachial plexus edema (n=3), the brachial plexus rupture (n=2), peri-brachial plexus effusion 
(n=3), and stenosis of the SCA (n=1). In the remaining 7 patients, MRI did not detect abnormalities.

 Conclusions: TOS can be evaluated by CE-MRA, T2-STIR-SPACE, and VIBE during a single examination, with a reduced con-
trast material dose. This imaging modality performs well in showing the anatomical structure of the neurovas-
cular bundle and the cause of the compression.
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Background

Thoracic outlet syndrome (TOS) is caused by abnormal com-
pression of the brachial plexus and/or subclavian artery/vein 
(neurovascular bundle) as they traverse the thoracic outlet [1]. 
TOS can be classified as vascular or neural diseases, or both, 
depending on the compromise to specific structures in the cer-
vico-axillary canal [2]. The neurovascular compression due to 
many different causes.

The diagnosis of TOS is usually accomplished by careful medical 
history, physical examination (irritant examination), radiolog-
ical examination, and electrodiagnostic examination. Imaging 
examination is helpful for diagnosis. However, because of the 
complex structure of the thoracic outlet, imaging is a challenge.

In most cases, plain film examinations are used to detect skele-
tal abnormalities. Contrast-enhanced CT is used to detect bone 
and vascular structures. Catheterography is another invasive 
technique for the diagnosis of vascular TOS.

Ultrasound imaging can detect vascular pathologies and may 
also be applied to NTOS [3,4]. This technique, however, is lim-
ited by skeletal coverage and obesity [5], and requires more 
rigorous evaluation [6]. These methods are difficult to repeat 
and perform poorly in demonstrating the neurovascular bun-
dles, accessory muscles, or fibrous bands. This information is 
important because the purpose of treating thoracic outlet symp-
toms is to alleviate or reduce compression in narrow spaces. 
Contrast-enhanced MRA and equilibrium phase are useful in 
this process [7]. Post-contrast 3D-T2-STIR is another tool used 
in assessing the brachial plexus [8].

To establish a reliable noninvasive imaging method to demon-
strate the neurovascular bundle, localize the site of compres-
sion, the compressing structure, and the compressed vessel 
or mass among patients with suspected TOS, a new technique 
involving CE-MRA, 3D T2-STIR-SPACE, and 3D-VIBE was used 
to assess neurovascular bundle with a single contrast injec-
tion. We successfully assessed 27 consecutive cases on a stan-
dard 1.5T magnetic resonance scanner within 10 min, with ex-
cellent visualization of the nerve and vascular bundles at the 
thoracic outlet.

Material and Methods

Patients

This study was approved by the local Human Experiment and 
Ethics Committee. Written informed consent was obtained from 
each participant. A total of 27 patients (9 men and 18 women) 
with a mean age of 44.8±14.7 years were studied. The inclu-
sion criterion was clinical suspicion of TOS. Symptoms included 
arm pain, paresthesia, numbness, muscle weakness, heaviness, 
ischemic changes, edema, arm fatigue, ulcers, and gangrene. 
The physical examination results were normal, except that in 6 
patients raising the hands over the head caused symptoms to 
appear (n=6). Underlying injuries resulted from sports injuries, 
motor vehicle crashes, and factory accidents (n=9). Three pa-
tients suffered from clavicular fractures and 1 was diagnosed 
as soft tissue injury of the neck or shoulder.

Image acquisition

All imaging was performed on a 1.5-T Avanto MRI scanner 
(Siemens, Erlangen, Germany) from June 2014 to December 
2018. The combination of the body coil and neck coil was 
used to improve signal reception. Gadopentetate dimeglumine 
(Magnevist Bayer HealthCare) was used as a contrast agent. 
An intravenous catheter was placed on the patient’s upper ex-
tremity on the asymptomatic side.

The pulse sequence and imaging parameters of the protocol 
used by our organization are summarized in Table 1. Sequences 
were programmed as follows: First, breath-hold arterial phase 
contrast-enhanced MR angiography (CE-MRA) covering from 
the aortic arch to the distal radial artery with arms alongside 
the body was acquired. An automated power bolus injector 
was used for administration of 15 ml of contrast medium and 
20 ml of saline at a rate of 3 ml/s. Then, the coronal post-con-
trast isotropic 3D T2-STIR-SPACE sequence was performed. 
The scan range was from the anterior vertebral body to the 
posterior vertebral body, including both sides of the brachial 
plexus. Last, a coronal 3D volumetric interpolated breath-hold 
examination (3D VIBE) was performed.

Sequence Orientation
FOV 
(mm)

Slice thickness 
(mm)

TR/TE 
(ms)

Voxel size

3D contrast-enhanced MRA Coronal 320 0.85 3.49/1.32 0.8×0.8×0.8

3D VIBE Coronal 300 1.2 7.33/2.39 1.2×1.2×1.2

3D STIR SPACE Coronal 360 1.2 3800/350 1.2×1.2×1.2

Table 1. The set of sequences used for MRI investigation of the thoracic outlet.
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Six of the examinations were repeated with the same ap-
proaches with the arms extended overhead, which was spe-
cifically requested by the clinicians [9].

Image interpretation

All images were evaluated on a 3D workstation (GE Advantage 
Workstation, GE Healthcare, Milwaukee, WI, USA) in a consen-
sus manner by 2 radiologists blinded to clinical symptoms. 
Radiologists are allowed to use source images to obtain any 
or all of the available post-processing image reconstruction al-
gorithms, including 2D and 3D maximum intensity projection 
(MIP), multiplanar reconstruction (MPR), cross-section analy-
sis, 3D synchro-view, and volume-rendered image.

Since previous publications reported a correlation between 
neurovascular compression and bone abnormalities in 90% 
of cases [10–12], we first reviewed chest X-rays to determine 
if there were anatomical abnormalities (such as cervical spine 
fractures or cervical ribs). Then, we evaluated the potential com-
pression of the brachial plexus by adjacent structures and the 
signal changes of T2W indicative of nerve damage.

In the evaluation of vessels, the source image and maximum 
intensity projection were retrospectively reviewed and assessed 
for significant persistent stenosis or impingement. The rela-
tionship of the vessels to the brachial plexus was analyzed by 
3-dimensional synchro-view.

The positive imaging findings were then confirmed by the di-
agnostic criterion standard of surgery, and the cause of the 
impingement was then removed. Symptoms were significant-
ly improved in all surgical patients.

Results

All subjects completed the study. Seven of the 27 patients were 
normal and 20 of the 27 patients were found to be abnormal. 
In the normal neurovascular bundles, 5 cases were related to 
cervical spondylosis and 2 cases were associated with medi-
an and ulnar nerve injuries related to the patients’ symptoms.

Among the abnormal-appearing neurovascular bundles, 6 cases 
showed only neurogenic TOS, and the correlates included infracla-
vicular hemangiomas (n=1) and transverse cervical artery (n=5).

Four patients had arterial-neurogenic TOS due to subclavian 
lymph node metastasis – from breast cancer in 3 patients and 
from schwannoma in 1 patient (Figure 1).

Arterial-venous-neurogenic TOS was noted in 1 subject; cer-
vical rib and elongated C7 transverse process were found on 
plain radiographs in this patient. 3D T2-STIR-SPACE sequence 
showed the brachial plexus was compressed by hypointense 
fibrous bands. The subclavian artery/vein was compressed by 
the clavicle when the affected arm elevated, which resolved 
at rest (Figure 2).

In 1 subject, venous-neurogenic TOS was noted, and the com-
pression was due to a hematoma (Figure 3).

Nine patients were considered as post-traumatic TOS. The bra-
chial plexus edema was detected within the compressed plexus 
portion due to clavicular fractures (n=3) or the roots or trunks 
of the brachial plexus rupture (n=2). The peri-brachial plexus 
effusion was detected in 3 patients (n=3). CE-MRA revealed 
persistent moderate stenosis of the SCA in only 1 patient.

A B C

Figure 1.  Pathologically proven schwannoma of brachial plexus in a 40-year-old patient with right arm dysesthesia. (A) 3D T2-STIR-
SPACE volume rending (VR) image of the brachial plexus revealed a round mass (arrow) in the upper trunk. (B) The tumors 
showed inhomogeneous contrast enhancement on the venous phase coronal VIBE image (arrows head). (C) 3D-synchro-
view demonstrates the relationship of the mass to the surrounding vessels, and the subclavian artery was compressed and 
displaced (arrow).
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Discussion

In the present study, we introduced a CE-MRA, VIBE, and 3D-T2-
STIR SPACE sequence to demonstrate the neurovascular struc-
tures and to identify causes of neurovascular compression in 
the thoracic outlet. We found this method is useful to demon-
strate the brachial plexus and the subclavian artery/vein (neu-
rovascular bundle) situated between the clavicle and the first 
thoracic rib, as well as to localize the site of compression, the 
compressing structure, and the compressed vessel or mass 
among patients with suspected TOS.

The subclavian artery/vein can be assessed by MR angiogra-
phy and post-contrast 3D-VIBE. CE-MRA has been explored and 
proven to be helpful for the diagnosis of vascular TOS [13]. 
Arterial TOS is most often associated with the cervical or ab-
normal first rib [14]. In our TOS cases, 5 subjects displayed 

compression of both the brachial plexus and the subclavian 
artery. We were able to evaluate the subclavian vein in all pa-
tients because contrast-enhanced 3D-VIBE can better char-
acterize veins and more reliably diagnose venous stenosis or 
thrombosis. In our study population, we encountered 1 case of 
significant venous stenosis. Contrast-enhanced 3D-VIBE also 
helps identify other chest pathological abnormalities, such 
as external masses that compress neurovascular structures.

Post-contrast 3D-STIR SPACE after CE-MRA can significantly 
suppress background signals, improving contrast for better de-
lineation of the brachial plexus. It is useful for displaying tu-
mors and compression of the brachial plexus [15]. In our study, 
contrast-enhanced 3D-T2-STIR SPACE sequence was helpful in 
the visualization of the brachial plexus and soft tissue masses 
within the thoracic inlet owing to suppressing background sig-
nals of surrounding tissues and paraspinal vessels. STIR SPACE 

A

D

B

E

C

F

Figure 2.  A 40-year-old patient with left arm pain and Adson test showed loss of radial pulse with arm abduction. (A) Plain radiograph 
shows an elongated C7 transverse process on the right (arrowhead) and an incomplete cervical rib on the left (arrow); 
(B) 3D-T2-STIR SPACE clearly shows the impingement of the brachial plexus by hypointense fibrous bands; (C) CE-MRA with 
the arms abducted shows significant compression in the mid-left subclavian artery (arrows). (D) Venous phase VIBE image 
coronal maximum-intensity-projection (MIP) image shows significant compression of left SCV (arrow) at the costoclavicular 
region during arm abduction. (E) A coronal MIP image of arterial phase MRA during armrest shows the resolution of stenosis. 
(F) Venous phase VIBE image coronal maximum-intensity-projection (MIP) image shows resolution of left SCV compression 
during arm rest.
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can be used to assess congenital fibromuscular abnormalities 
and their relationship to neurovascular bundles. Chest radio-
graphs can demonstrate bony abnormalities. In our study, 
3D-T2-STIR SPACE provided other useful information beyond 
the plain radiograph. A sharp fibrous band was shown by 3D-
T2- STIR SPACE, which was verified during surgery. Fibrous 
bands as compressive structures were reported by Thomas 
and Cushing in 1903 and has since been observed regularly 

in situ by anatomists and surgeons [16–19].In addition to the 
described anatomy of the compressed brachial plexus, T2W 
abnormality within the affected nerves and peri-brachial plex-
us effusion was also observed on STIR SPACE.

The postural factor was regarded as the underlying pathol-
ogy of non-specific TOS. Postural abnormalities are attribut-
ed to muscle imbalance caused by hypertrophy or atrophy of 

A

C

B

D

Figure 3.  A 72-year-old man with left arm swelling and finger numbness after shoulder trauma. (A) 3D-T2-STIR SPACE shows 
compression of left brachial plexus and wide-spread soft tissue edema of the left shoulder (arrow). (B) Contrast-enhanced 
MR angiography shows the left subclavian artery was normal. (C) Venous phase coronal VIBE image revealed a large axillary 
hematoma (arrows head). (D) Venous phase VIBE maximum-intensity-projection (MIP) image shows significant compression 
(arrows) of left subclavian veins (SCVs) and suprascapular vein.
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various muscle groups [20–22]. In our study, 6 of the exam-
inations were performed with the arms extended overhead, 
which was specifically requested by the clinicians. Linear com-
pression of the subclavian artery was shown with arms raised, 
which resolved in 2 subjects with the arms down. Thus, MRI 
sequences with the arms raised can be useful in the assess-
ment of dynamic compression of vessels.

Traumatic neurovascular TOS is a common disorder that most 
often results from mid-clavicular fractures [23,24]. The blood 
vessels or the brachial plexus located between the clavicle 
and the first thoracic rib are injured secondarily [25]. In our 
study, clavicular fracture and brachial plexus injury coexisted 
in the majority of cases.

In our study, MR did not detect abnormalities in 7 patients 
with clinically suspected TOS. Five patients were associated 
with cervical spondylosis, which explained the patient’s symp-
toms, rather than as a type of TOS. Two patients were associ-
ated with median and ulnar nerve injuries demonstrated us-
ing electromyography.

In our study group, many patients had mixed causes. This imag-
ing modality could classify thoracic outlet syndrome into neu-
rogenic, arterial, venous, or mixed causes during a single ex-
amination. Thus, the contrast material dose can be decreased.

This imaging approach has some advantages over other non-
invasive imaging modalities. In our study population, vascu-
lar and neurologic compression could be observed together. 
However, 3D CE-MRA, contrast-enhanced equilibrium phase 

imaging, and T2-weighted pulse sequence alone can only de-
fine the type of TOS as arterial TOS, venous TOS, or neurogen-
ic TOS separately. Moreover, the patients with clinical suspi-
cion of TOS can be evaluated by our imaging approach during 
1 examination with a reduced contrast material dose.

There are some limitations to our study. First, bone abnormal-
ities can be difficult to identify at MR imaging but are best 
identified on plain radiograph. Second, gadolinium is a contrast 
agent that is toxic to people with kidney and liver disease. MRA 
cannot be performed in patients with low glomerular filtration 
rate. Third, we did not investigate the differences in findings 
of magnetic resonance imaging (MRI) at neutral and provoca-
tive locations. Lastly, our patients had various causes of bra-
chial plexus diseases. Further prospective studies are recom-
mended in future work to focus on certain types of brachial 
plexus neuropathy.

Conclusions

For evaluation of patients with clinical suspicion of TOS, com-
bined CE-MRA, 3D T2-STIR-SPACE, and 3D-VIBE is feasible dur-
ing a single examination, can inform the clinician about the 
exact cause and precise sites of the compression, and is also 
useful for surgical intervention planning.
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