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ABSTRACT

Introduction: There is no consensus regarding ultrasound (US) duplex Doppler findings for diagnosing vascular thoracic 
outlet syndrome (TOS). Our aim was to determine the ultrasound findings of the subclavian vein using US duplex Doppler with 
dynamic maneuvers to diagnose venous TOS. Material and methods: This retrospective cohort study conducted from May 
2005 to December 2020 included patients with a clinical suspicion of vascular TOS examined by US duplex Doppler with 
dynamic maneuvers in three positions, 0°, 90°, and 180° by a single expert radiologist. Results: We included 110 US duplex 
Doppler scans from 97  patients (84 unilateral and 13 bilateral). Nineteen (17.2%) were normal and 91  (82.8%) abnormal; 
84 (76.4%) with pure venous TOS and 6 (5.4%) with mixed TOS (venous and arterial); only one case (1%) was pure arterial 
TOS. In patients with venous TOS, the mean baseline (0°) diameter was 7.42 ± 1.36 mm (pure) and 7.33 + 0.82 mm (mixed); 
during the dynamic maneuver at 180°, a complete diameter reduction (0 mm) and flow velocity (0 cm/s) were observed (p < 
0.001). In contrast, normal US duplex Doppler showed a mean diameter reduction of 50% or less from 7.37 ± 0.83 mm at 0° 
to 3.68 ± 0.48 mm during the dynamic maneuver at 180°. Flow velocity showed no significant change. Conclusion: We pro-
pose complete diameter reduction and absence of flow velocity in the subclavian vein during an ultrasound with a dynamic 
maneuver at 180° as criteria for diagnosing venous TOS. These diagnostic criteria have not been previously reported.
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INTRODUCTION

The diagnosis of thoracic outlet syndrome (TOS) is 
based on the medical history and physical examination. 
Imaging methods identify and evaluate normal and 
abnormal anatomic structures to locate affected sites 
and confirm or exclude a vascular origin and complica-
tions. In more than 90% of cases, TOS is neurogenic. 
The second most common type is venous TOS, and 
arterial TOS is uncommon (<3%)1. Ultrasound (US) 
duplex Doppler, a contrasted CT of the chest, or cath-
eter venography of the upper extremity are 

recommended for the initial diagnosis of venous TOS2. 
US duplex Doppler is a noninvasive procedure that 
provides dynamic assessment of the subclavian ves-
sels and detects compression and associated compli-
cations in the subclavian artery, subclavian vein, or 
both2. The extent of vascular compression may increase 
during dynamic maneuvers3, such as arm abduction, 
which may narrow the thoracic outlet in all three spaces 
(the scalene triangle, the costoclavicular space, and the 
retropectoral space). This reduction is evidenced by 
decreased vessel diameter, increased flow velocities, 
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and/or spectral wave change on US duplex Doppler. 
These parameters may be observed as physiologic 
(normal) or abnormal changes in patients with TOS1,3.

The US duplex Doppler parameters for the diagnosis 
of venous TOS have not been defined. Longley et al.4 
described significant venous compression with hyper-
abduction (90°, 135°, 180°) and a complete loss of the 
spectral waveform in the subclavian vein. The authors 
reported a US duplex Doppler sensitivity of 92% and a 
specificity of 95% compared with venography, which is 
the gold standard for diagnosing venous TOS. Spectral 
enhancement was not considered sufficient evidence 
for diagnosis and was associated with mild venous 
compression and turbulent blood flow. In another 
report, provocative maneuvers such as arm abduction 
to 90° and 180° were performed in patients with vas-
cular TOS. It was suggested that a flow velocity reduc-
tion of 50% or greater or a complete Doppler signal loss 
in the subclavian vein confirmed venous TOS5. However, 
the characteristics of the diameter and flow velocity of 
the subclavian vein in US duplex Doppler in patients 
with venous TOS have not yet been defined. The aim 
of this study was to determine the ultrasound findings 
of the subclavian vein using US duplex Doppler with 
dynamic maneuvers to diagnose venous TOS.

MATERIAL AND METHODS

This retrospective cohort study was conducted from 
May 2005 to December 2020 in the Radiology and 
Imaging Department of the Antiguo Hospital Civil de 
Guadalajara “Fray Antonio Alcalde” and the Laboratorio 
Vascular in Guadalajara Jalisco, Mexico. The US 
duplex Doppler studies of patients consecutively 
referred by angiologists, neurosurgeons, and orthope-
dists with a clinical suspicion of vascular TOS were 
included. Referring clinicians were experts in vascular 
and neurogenic TOS. Clinical suspicion was based on 
the medical history and physical examination with spe-
cific maneuvers described in the literature. Patients 
with a functional limitation of the shoulder to perform 
dynamic US duplex Doppler maneuvers were excluded. 
The study protocol and retrospective analysis of radio-
graphic data obtained during routine medical care were 
approved by the institutional ethics and research 
committees.

The included variables were age, sex, laterality, uni-
lateral or bilateral involvement, occlusion site, and sca-
lene muscle hypertrophy. The ultrasound parameters 
recorded for the subclavian vein were diameter (mm), 
patency (absent or present), flow velocity (cm/s), and 

thrombosis (absent or present); for the subclavian 
artery, diameter (mm), patency (absent or present), flow 
velocity (cm/s) and A/B ratio.

Definitions

Normal US duplex Doppler was a reduction in the 
vessel diameter equal to or less than 50% with variable 
changes in flow velocity. These findings were consid-
ered physiological changes in response to dynamic 
maneuvers1,3.

Abnormal US duplex Doppler was defined by a 
reduction of the subclavian vein and/or artery diameter 
to 0  mm and absence of flow velocity and during a 
dynamic assessment at 180°.

A/B ratio in the subclavian artery was performed 
with the modified measurement, specifically for the 
study of arterial TOS with the dynamic maneuvers at 
0° and 180° as follows: Flow velocity of the subclavian 
artery at 0°=B. Flow velocity of the subclavian artery at 
180°= A (e.g., flow velocity of A= 200 cm/s/flow velocity 
of B=50; the A/B ratio is 4). An A/B ratio >3 was con-
sidered positive.

US duplex Doppler imaging protocol

All studies were performed by a single radiologist 
with 26  years of experience in vascular US duplex 
Doppler (MFS). Aloka SSD4000TM devices with 10- and 
13-MHz linear transducers (Aloka Co. Tokyo, Japan), a 
LOGIG E9TM (GE, Wisconsin, USA) with 10-  and 
16-MHz linear transducers, and an Acuson S2000TM 
(Siemens, Mountain View, USA) with 9-, 14-, and 
18-MHz linear transducers were used. An endocavitary 
6-10-MHz transducer was also used. Imaging studies 
were performed with the patient supine. Transverse and 
sagittal projections were performed in B-mode, pulsed 
Doppler, color Doppler, and angio-Doppler with vascu-
lar presetting (venous and arterial). The US duplex 
Doppler technique was the same for all three devices. 
Resolution and image quality improved as the devices 
were updated, but ultrasound parameters were 
comparable.

The venous protocol started with a transverse 
approach in the proximal inframandibular region of the 
internal jugular vein and continued caudally along its 
trajectory with a supraclavicular and infraclavicular 
approach to the junction with the ipsilateral subclavian 
vein. The transducer was placed slightly oblique to 
obtain a true sagittal image of the subclavian vein. 
These areas correspond to the costoclavicular space 
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in supraclavicular and infraclavicular approaches, 
where dynamic maneuvers were performed in three 
positions: 0°, 90°, and 180° (Figure 1). The variables 
recorded in these positions were diameter, permeabil-
ity, flow velocity, scalene muscle hypertrophy, throm-
bosis, and concomitant findings such as tumors. In the 
90° and 180° abduction positions, the patient was 
asked to continuously flex and extend the fingers of 
the ipsilateral hand to increase venous flow. A  true 
sagittal projection was then continued to assess the 
subclavian vein in the infraclavicular approach through-
out its course to its junction with the axillary vein. At 
this point, the third minor retropectoral space was 
assessed, and an image of the axillary vein was 
obtained in the three positions mentioned before. In 
addition, the superior vena cava was examined through 
the suprasternal approach with an endocavitary trans-
ducer to determine the diameter, permeability, and flow 
velocity.

The study protocol of the subclavian artery was 
performed in a manner similar to that described pre-
viously, beginning with a transverse approach in the 
common carotid artery from its bifurcation to examine 
the triangle between the anterior, middle, and poste-
rior scalene muscles, continuing along the common 
carotid artery to its junction with the subclavian artery. 
This area was examined in the three positions (0°, 
90°, and 180°) and diameter, permeability, flow veloc-
ity, A/B ratio, and associated findings such as steno-
sis, aneurysm, and thrombosis were recorded. The 
infraclavicular approach was continued to the conflu-
ence of the subclavian and axillary arteries, where the 
third minor retropectoral space is located. The same 
variables were evaluated in the three described 
positions.

Statistical analysis

The mean, standard deviation, minimum, median, 
and maximum of quantitative variables were calculated 
and compared with the one-way ANOVA and the 
Kruskal-Wallis test. The statistical significance between 
categories of qualitative variables was determined 
using the Chi-squared test and Fisher’s exact test. 
A p-value < 0.05 was considered significant. The IBM-
SPSS statistical program version  20.0 (IBM Corp., 
Armonk, NY, USA) was used.

RESULTS

Ninety-seven patients were included, 33 (34%) men 
and 64  (66%) women with a mean age of 45.07 ± 
15.26 years; the age range was wide (9 to 89 years). 
A  total of 110 US duplex Doppler examinations were 
performed, of which 84 were unilateral and 13 bilateral. 
Nineteen (17.2%) were normal in 17 patients (bilateral 
US duplex Doppler was performed in two cases), while 
91  (82.7 %) were abnormal, confirming the diagnosis 
of vascular TOS in 80  (87.9%) of 97 patients; 73 with 
pure venous TOS (62 unilateral and 11 bilateral US 
duplex Doppler), 6 with mixed venous TOS (arterial and 
venous) and one case with arterial TOS. The results of 
110 US duplex Doppler are shown in Figure 2. In 
19  (17.2%) normal US duplex dopplers, a neurogenic 
etiology was considered the cause of the symptoms, 
defined by the clinicians based on the results of mag-
netic resonance imaging of the brachial plexus and 
electromyography (not shown).

Ultrasound findings of normal US duplex Doppler, 
pure venous TOS, and mixed (venous and arterial) TOS 
are shown in Table 1. Diameter of the subclavian vein 
with the maneuver at 90° was not reported. The mean 
basal (0°) diameter of the subclavian vein in pure venous 

Figure 1. Patient in supine position with the arm at 0°(A); dynamic maneuver with the arm abducted at 90°(B) and 180°(C) 
with continuous flexion and extension of the fingers of the ipsilateral hand to increase the subclavian vein flow.

BA C
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TOS (7.42 ± 1.36 mm) and mixed TOS (7.33 ± 0.82 mm) 
showed a reduction to 0 mm with the dynamic maneu-
ver at 180° (p<0.001). In contrast, the mean basal (0°) 
diameter of the subclavian vein in patients with a normal 
US duplex Doppler showed a reduction of 50% or less 
with 7.37 ± 0.83 at 0° versus 3.68 ± 0.48 with the 
dynamic maneuver at 180°. There was no significant 
difference in the flow velocity of the subclavian vein at 
0° between the groups. A lower mean flow velocity was 
observed at 90° in pure venous TOS (27.87 ± 17.28 cm/s) 
and mixed venous TOS (18.83 ± 11.25 cm/s) compared 
with normal US duplex Doppler (35.79 ± 12.79  cm/s). 
Flow velocity was not absent during the 90° maneuver 

in any of the venous TOS cases. In contrast, in patients 
with pure and mixed venous TOS, the flow velocity in 
the subclavian vein was absent during the dynamic 
maneuver at 180° (p<0.001); whereas a flow velocity at 
0°, 90°, and 180° showed no change in normal US 
duplex Doppler. A  complete diameter reduction and 
absence of flow velocity in the subclavian vein during 
the dynamic maneuver at 180° were ultrasound findings 
of venous TOS.

In pure venous TOS, the costoclavicular space was 
commonly involved (n=82, 97.6%). Only two (2.4%) 
cases were in the costoclavicular and retropectoral 
space. Thrombosis of the subclavian vein (Paget-
Schroetter syndrome) was found in 11 patients, seven 
with complete occlusion and four with partial occlu-
sion. One patient with mixed TOS was found to have 
non-occlusive thrombosis. In 68 (86.1%) of 79 patients 
with pure or mixed TOS, we found intermittent sub-
clavian vein compression (McCleery syndrome). On 
the other hand, hypertrophy of the scalene muscle 
was found in 13 (14%) of 97 patients. This finding was 
found in only one case with normal US duplex Doppler. 
Figure 3 shows a US duplex Doppler of a 31-year-old 
male patient with normal patency and flow velocity in 
the subclavian vein during dynamic maneuvers at 0°, 
90°, and 180°. A physiological decrease in diameter 
vein was observed from 6.6 mm to 2.2 mm at 180°. 
Figure 4 shows a US duplex Doppler of a 31-year-old 
male patient with normal diameter, patency, flow 
velocity, and spectrum of the subclavian artery during 
dynamic maneuvers at 0°, 90°, and 180°. Figure  5 
shows a US duplex Doppler of a 34-year-old male 
patient with venous TOS. The subclavian vein 

Table 1. Comparison of subclavian vein findings in normal and abnormal US duplex Doppler in pure and mixed venous TOS

Characteristics Normal US duplex 
Doppler 
(n = 19) 

Abnormal US duplex Doppler p‑value

Pure venous TOSa

(n = 84)
Mixed TOSb 

(Venous and arterial)
(n = 6)

Age, years 40.47 ± 11.08 (29 – 65) 46.65 ± 15.79 (9 – 89) 53.17 ± 10.03 (43 – 64) 0.093

Basal diameter at 0° (mm) 7.37 ± 0.83 (6 – 8) 7.42 ± 1.36 (5 – 13) 7.33 ± 0.82 (6 – 8) 0.984

Flow velocity at 0° (cm/s) 35.74 ± 17.67 (17 – 81) 29.98 ± 16.14 (0 – 86) 22.83 ± 7.31 (16 – 36) 0.155

Flow velocity at 90º (cm/s) 35.79 ± 12.79 (17 – 57) 27.87 ± 17.28 (0 – 90) 18.83 ± 11.25 (10 – 38) 0.023

Flow velocity at 180º (cm/s) 35.53 ± 10.25 (11 – 48) 0 0 0.001

Diameter at 180º (mm) 3.68 ± 0.48 (3 – 4) 0 0 0.001

US: Ultrasound; TOS: Thoracic Outlet Syndrome; a73 patients with 62 unilateral and 11 bilateral US duplex Doppler; b6 patients with unilateral US duplex Doppler; Data are 
mean ± SD (range) unless otherwise specified.

Pure venous TOD (n = 84)
76.4%

Mixed, venous and
arterial TOS (n = 6)

5.4%

Pure arterial TOS
(n = 1) 1.0%

Normal  US duplex Doppler
(n = 19) 17.2%

Figure 2. Normal and abnormal US duplex Doppler in patients 
with clinical suspicion of a vascular TOS. The diagnosis of 
venous (pure or mixed) and arterial TOS was defined based 
on ultrasound findings.
US: ultrasound; TOS: thoracic outlet syndrome.
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diameter, patency, and flow velocity were normal at 
0°; the diameter, patency, and flow velocity decreased 
during dynamic maneuvers at 90°, and a complete 
reduction in the diameter and flow velocity occurred 
at 180°.

Table  2 compares the subclavian artery findings in 
19 normal US duplex Doppler, one with pure arterial 
TOS and 6 with mixed arterial and venous TOS. No 
significant differences in diameter and flow velocity 
were observed at 0° and 90°. In contrast, an absence 
of subclavian artery flow velocity was observed in the 
dynamic maneuver at 180° with pure arterial and mixed 
TOS (p<0.001). In one patient, pure arterial TOS 
involvement was found in the scalene triangle; in addi-
tion, an accessory cervical rib was found on a chest 
x-ray. In no case was an A/B ratio >3 or hypertrophy of 
the scalene muscle observed.

The ultrasound findings of the superior vena cava 
from normal and abnormal US duplex Doppler are 
shown in table 3. No significant differences in diameter 

and flow velocity were found between groups. The 
superior vena cava was not visualized in only one 
patient because of severe extrinsic compression by a 
mediastinal mass diagnosed as lymphoma. Figure  6 
shows a US duplex Doppler examination of the superior 
vena cava with normal diameter, patency, and flow 
velocity. In contrast, in the case of a 42-year-old male 
patient with mediastinal lymphoma, the superior vena 
cava could not be visualized. A solid mediastinal mass 
measuring 6.4 x 5.9 cm was identified. A chest angio-
tomography (not shown) in this patient showed filiform 
passage of the contrast agent into the superior vena 
cava. This finding was due to extrinsic compression by 
the tumor.

DISCUSSION

In our study, the US duplex Doppler findings of 
venous TOS were complete reduction of the diameter 
to 0  mm and the absence of flow velocity in the 

Table 2. Comparison of subclavian artery findings on normal and abnormal US duplex Doppler in arterial, pure, and mixed 
TOS

Characteristics Normal US
duplex Doppler

(n = 19)

Abnormal US duplex Doppler p‑value

Pure 
arterial TOS 

(n = 1)

Mixed TOS
(Venous and arterial)

(n = 6)

Diameter (mm) 6.42 ± 0.77 (5 – 8) 7 7.17 ± 0.41 (7 – 8) 0.069

Flow velocity at 0º (cm/s) 76.11 ± 25.53 (40 –136) 41 70.67 ± 39.19 (40 – 144) 0.231

Flow velocity at 90º (cm/s) 75.95 ± 27.61 (44 – 148) 48 66 ± 40.09 (36 – 142) 0.186

Flow velocity at 180º (cm/s) 71.68 ± 19.27 (42 – 121) 0 0 0.001

Maximum velocity during dynamic maneuvers (cm/s) 80.26 ± 25.80 (45 – 148) 48 66 ± 40.09 (36 – 143) 0.113

A/B ratio 0.91 ± 0.26 (0.18 –1.27) 0.85 1.10 ± 0.11 (1.00 – 1.28) 0.065

US: Ultrasound; TOS: Thoracic Outlet Syndrome; Data are mean ± SD (range) unless otherwise specified.

Table 3. Comparison of superior vena cava findings on normal and abnormal US duplex Doppler in relation to pure venous, 
mixed, and arterial TOS

Characteristics Normal US
duplex Doppler

(n = 19)

Abnormal US duplex Doppler p‑value

Pure venous TOSa

(n = 83)
 Mixed TOS

(Venous and arterial)
(n = 6)

Pure arterial TOS
(n = 1)

Diameter (mm) 15.74 ± 2.28 (13 – 21) 15.76 ± 2.01 (12 –21) 16.17 ± 0.41 (16 – 17) 19 0.331

Flow velocity 
(cm/s)

47.58 ± 8.93 (33 – 36) 44.96 ± 11.77 (20 –76) 44.67 ± 9.58 (37 – 58) 67 0.264

US: Ultrasound; TOS: Thoracic Outlet Syndrome; aPatient with mediastinal lymphoma was not included; Data are mean ± SD (range) unless otherwise specified.
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subclavian vein with the dynamic 180° maneuver. We 
propose these findings as ultrasound criteria for the 
diagnosis of venous TOS. These diagnostic criteria 
have not been previously reported in the literature. US 
duplex Doppler is suggested as the primary imaging 
modality for evaluating patients with clinical suspicion 
of vascular TOS.

There is no consensus on the definition of ultrasound 
findings for diagnosing venous TOS in patients with clin-
ical suspicion2,4-8. In 1992, Longley et al.4 in a study of 
16 patients with clinical manifestations of vascular TOS 
and 20 healthy controls evaluated with US duplex 
Doppler, identified a complete loss of the spectral wave-
form in the subclavian vein as a criterion for significant 
venous compression during arm hyperabduction (90°, 
135°, and 180°) with a sensitivity of 92% and a specificity 
of 95%, compared with venography for the diagnosis of 
venous TOS. US duplex Doppler with dynamic arm 
abduction maneuvers at 90° and 180° is useful for eval-
uating subclavian vessels5. We included 97 patients with 
a clinical suspicion of vascular TOS, 73 cases with pure 

venous TOS, and 6 with mixed TOS. The mean basal 
(0°) diameter of the subclavian vein was comparable in 
both normal and abnormal US duplex Doppler. In pure 
venous and mixed TOS, a reduction of 0 mm was found 
with the dynamic maneuver at 180° (p < 0.001). In con-
trast, the mean basal (0°) diameter of the subclavian vein 
in patients with normal US duplex Doppler showed a 
reduction of 50% or less with the dynamic maneuver at 
180° (7.37 ± 0.83 and 3.68 ± 0.48, respectively). We 
propose a complete diameter reduction in the subclavian 
vein during the 180° dynamic maneuver as a diagnostic 
ultrasound criterion for venous TOS.

In a healthy population, physiological thoracic outflow 
changes are detected by variations in the diameter and 
flow velocity of the subclavian vein, the subclavian 
artery, or both during dynamic maneuvers in different 
arm positions3,5,9. Our study considered normal US 
duplex Doppler with physiological changes in response 
to dynamic maneuvers as a decrease in the vessel 
diameter of 50% or less with variable changes in flow 
velocity. There was no significant difference in the flow 

Figure 3. Normal US duplex Doppler of a 31-year-old male patient with dynamic maneuvers showing a normal diameter (A), 
patency (B), and flow velocity (C), in the subclavian vein at 0° 90° (D, E, F), and 180° (G, H, I), respectively. Physiological de‑
crease in diameter was observed from 6.6 mm at 0° (A) (arrow) to 2.2 mm at 180° (G) (arrow).
US: Ultrasound.

A B C

D E

G H

F

I
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acquisition of images in the costoclavicular space in 
muscular patients or in the presence of abundant adi-
pose tissue1. CT with IV contrast or catheter venogra-
phy are equivalent alternatives for venous TOS 
diagnosis2,10; however, these techniques have disad-
vantages related to the use of intravenous contrast 
agents, radiation, and high cost. The latter is a limita-
tion, especially in middle- or low-income countries such 
as ours. On the other hand, we recommend that cath-
eter venography be performed only in acute thrombosis 
when fibrinolytic therapy is used. US duplex Doppler is 
popular because it is a widely available, noninvasive, 
cost-effective method that does not use ionizing radia-
tion or contrast agents. In our study, US duplex Doppler 
was used as the primary diagnostic modality in patients 
with clinical suspicion of vascular TOS. Venous TOS 
diagnosis based on our proposed ultrasound criteria 
was established in 79 (81.4%) of 97 cases. In our study 
population, the diagnosis of pure or mixed venous TOS 
was confirmed in 4 of 5 cases, which represents a high 
diagnostic accuracy of US duplex Doppler.

velocity of the subclavian vein at 0° between the normal 
and abnormal US duplex Doppler. Furthermore, the flow 
velocity at 0°, 90°, and 180° did not change in normal 
US duplex Doppler. In these cases, symptoms were 
attributed to neurogenic TOS; in no case was catheter 
venography recommended. On the other hand, in 
patients with pure and mixed venous TOS, the flow 
velocity in the subclavian vein was absent during the 
dynamic maneuver at 180° (p < 0.001). Accordingly, we 
propose the absence of flow velocity in the subclavian 
vein with the dynamic 180° maneuver as another diag-
nostic ultrasound criterion of venous TOS. According to 
our proposed diagnostic criteria, identification of physi-
ological changes during dynamic US duplex Doppler 
maneuvers may avoid overestimation of venous TOS.

US duplex Doppler has undergone amazing techno-
logical development in the last 30  years. This fact 
together with a high level of experience of the operator 
makes US duplex Doppler the primary modality for 
diagnosing venous TOS. Its limitations are related to a 
reduced acoustic window that may restrict the 

Figure 4. Normal US duplex Doppler of a 31-year-old male patient with dynamic maneuvers showed normal diameter (A) patency 
(B), flow velocity, and spectrum (C) in the subclavian artery at 0° (A, B, C), 90° (D, E, F), and 180° (G, H, I), respectively.
US: ultrasound. 
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Figure 5. Abnormal US duplex Doppler in a 34-year-old male patient with venous TOS. The subclavian vein was assessed at 
0° with a normal diameter (A), patency (B), and flow velocity (C); with dynamic maneuvers at 90°, a decreased diameter (D), 
patency (E), and flow velocity (F) were observed, and at 180° a complete reduction in diameter (G) (arrow) absent patency 
(H) (arrow) and flow velocity (I) (arrow) were observed.
US: Ultrasound; TOS: thoracic outlet syndrome.

A B C

HG

D E F

I

Figure 6. Normal US duplex Doppler in a 36-year-old female patient with a normal diameter (A), patency (B), and flow velocity 
(C) of the superior vena cava with a suprasternal approach. Abnormal Doppler US in a 42-year-old male patient with a solid 
mass (lymphoma) (D) (arrow) of 6.4 cm x 5.9 cm (E) (arrow) with intralesional vascularity in the mediastinum (F) (arrow) that 
did not allow identification of the superior vena cava.
US: Ultrasound.

A B C

FED
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Traditionally, US duplex Doppler examination of the 
thoracic outlet does not include a description of the supe-
rior vena cava diameter, permeability, and flow velocity. 
Its evaluation in our study, was performed with an endo-
cavitary transducer that provided adequate visualization 
of the superior vena cava in 96  (99%) of 97  patients. 
A mean diameter of 15.74 ± 2.28 mm and a mean flow 
velocity of 45.72 ± 11.32 cm/s were found. No differences 
were observed between patients with normal and abnor-
mal US duplex Doppler. The superior vena cava was not 
visualized in only one patient because of severe extrinsic 
compression by a mediastinal mass diagnosed as lym-
phoma. We suggest that superior vena cava assessment 
should be included in the US duplex Doppler of patients 
with a clinical suspicion of vascular TOS.

Our study has several strengths. The sample size 
was the largest of patients diagnosed with venous TOS 
in any study. In addition, the US duplex Doppler exam-
ination was performed by the same radiologist in all 
cases. On the other hand, there were some limitations. 
The study design was retrospective, and catheter 
venography, the gold standard, was not performed. The 
ultrasound criteria proposed for the diagnosis of venous 
TOS could have limited applicability with less experi-
enced vascular ultrasound operators.

CONCLUSION

We propose two ultrasonographic criteria for diagnos-
ing venous TOS: a complete reduction in the subclavian 
vein diameter to 0 mm and the absence of flow velocity 
during a dynamic maneuver at 180°. The accuracy of 
US duplex Doppler for the diagnosis of venous TOS 
requires an experienced operator in vascular imaging 
and a systematic protocol of the thoracic outlet, and 
time (between 60 and 90  minutes for each thoracic 
limb). It is possible that, in the coming years, the diag-
nosis of venous TOS in young adults will increase due 
to sports activities that cause hypertrophy of the sca-
lene muscle. Other imaging modalities such as CT with 
IV contrast and catheter venography may be used as 
equivalent alternatives to US duplex Doppler2. Research 
studies with a prospective design in other populations 
are needed to apply and validate the proposed US 
duplex Doppler criteria for diagnosing venous TOS.
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