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ABSTRACT
Objective: Neurogenic thoracic outlet syndrome (NTOS) is caused by dynamic compression of the brachial plexus at the
level of the supraclavicular scalene triangle or the subcoracoid (pectoralis minor) space, or both. The purpose of this study
was to characterize relationships between 14 clinical diagnostic criteria (CDC) and seven pretreatment patient-reported
outcomes measures (PROMs) in a prospective cohort of patients with NTOS.

Methods: There were 183 new patient referrals between July 1 and December 31, 2015, with 150 (82%) meeting an
established set of predefined CDC for NTOS. PROMs were evaluated across five domains: pain severity, functional
disability, depression, quality of life, and pain catastrophizing. Linear regression and Pearson correlation statistics were
used to analyze associations between CDC and PROMs.

Results: Mean 6 standard error patient age was 37.1 6 1.1 years (range, 12-66 years), and 107 (71%) were women. Five (3%)
had a cervical rib, and 15 (10%) had recurrent NTOS. The most frequently positive CDC were neck or upper extremity pain
(99%), upper extremity or hand paresthesia (94%), symptom exacerbation by arm elevation (97%), localized supra-
clavicular or subcoracoid tenderness to palpation (96%), and a positive 3-minute elevated arm stress test (94%; mean
duration, 102.0 6 5.1 seconds). The number of positive CDC (mean, 9.6 6 0.1) correlated with the degree of tenderness to
palpation and the duration of elevated arm stress test, as well as with PROMs for pain severity, functional disability,
depression, physical quality of life, and pain catastrophizing (all P < .0001). PROMs across multiple domains were also
strongly correlated with each other. Patients with clinically significant pain catastrophizing exhibited a greater level of
functional disability than noncatastrophizing patients (P < .0001).

Conclusions: This study illustrates the relative strengths of 14 CDC and seven PROMs to evaluate patients with NTOS,
helping validate the selected CDC and highlighting the potential role of pain catastrophizing in functional disability.
This cohort will provide valuable information on the utility of different CDC and PROMs to predict treatment
outcomes. (J Vasc Surg 2017;66:533-44.)

Neurogenic thoracic outlet syndrome (NTOS) is caused
by dynamic compression of the brachial plexus at the
level of the supraclavicular scalene triangle or the sub-
coracoid (pectoralis minor) space, or both.1 NTOS is
considered to be the result of predisposing variations in
anatomy combined with local responses to tissue injury,
with symptoms ranging from numbness and paresthesia
in the fingers to disabling pain in the neck and affected
arm, potentially leading to pronounced functional
disability.2-4 Establishing the diagnosis of NTOS is chal-
lenging, because it is a relatively rare condition outside
the training or experience of many specialists, it requires
the exclusion of diverse conditions that might cause
similar or overlapping symptoms, physical examination
maneuvers are often nonspecific, and there are no labo-
ratory or radiographic testing approaches with sufficient
accuracy to establish or exclude the condition.4-6

The clinical evaluation for NTOS can thereby vary widely
between different medical centers and individual practi-
tioners, and the need for more consistent diagnostic
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standards has been repeatedly emphasized.7,8 Toward
this goal, we and other investigators in the Consortium
for Research and Education on Thoracic Outlet Syn-
drome (CORE-TOS) have used a consensus-based Delphi
approach to develop a consistent set of clinical diag-
nostic criteria (CDC) for NTOS, and we have imple-
mented these criteria in our center during the past
several years.9-12

Physical therapy and symptom management are the
first lines of treatment once a diagnosis of NTOS has
been established.3,4 Surgical treatment for NTOS is
reserved for patients who have substantial levels of
disability and have failed to obtain sufficient improvement
with conservative measures. Several approaches to
thoracic outlet decompression can clearly produce excel-
lent results.11-17 However, there remain patients who do
not improve to the extent predicted after surgical treat-
ment, despite attempts to identify various risk factors
that may be associated with unsatisfactory outcomes.
To better quantify the level of physical and mental

disability experienced by patients with NTOS and to pre-
dict treatment outcomes more accurately, a number of
patient-reported outcomes measures (PROMs) have
been applied to this population.11,12,15,16,18,19 This has
included PROMs responsive across several different but
related domains such as pain, functional disability,
depression, and physical and mental quality of life
(QOL). Pain catastrophizing is an additional domain
that has attracted increasing attention in recent years,
representing a long-standing concept in psychologic
research defined as “an exaggerated negative mental
set brought to bear during actual or anticipated painful
experience.”20-22 Despite its potential relevance to assess-
ing disability, improving predictions of treatment out-
comes, and potentially guiding targeted intervention,
pain catastrophizing has not been previously examined
in patients with NTOS.
The purpose of this study was to characterize a pro-

spective observational cohort of patients with NTOS
with regard to the prevalence of 14 CDC and results for
a broad series of PROMs, including pain catastrophizing,
and to evaluate potential associations between these
diagnostic and outcomes assessment measures.

METHODS
Study population. All patients in this study gave

informed consent for the publication of their medical
data, through a protocol approved by the Human
Research Protection Office at Washington University in
St. Louis, St. Louis, Mo. The study population consisted
of new patients referred to the Washington University
Center for Thoracic Outlet Syndrome at Barnes Jewish
Hospital (St. Louis, Mo) from July 1 to December 31,
2015, who met the predefined CORE-TOS CDC for
NTOS. Data collected from office notes, hospital records,
imaging studies, and records from treating physicians

and therapists were entered into a prospectively main-
tained database.

Clinical diagnosis. A standardized set of 14 individual
CDC were used throughout the study period, which were
previously developed by CORE-TOS investigators through
a consensus-based approach to guide more consistent
diagnosis of NTOS.9,10 In accord with these criteria, to reach
a sound clinical diagnosis of NTOS, a patient must have
upper extremity symptoms present for at least 12 weeks,
which extend beyond the distribution of a single cervical
nerve root or peripheral nerve, have not been satisfactorily
explained by another condition, and meet at least one
criterion in at least four of five categories that include (1)
principal symptoms, (2) symptom characteristics, (3) clin-
ical history, (4) physical examination, and (5) provocative
maneuvers (Table I). The specific CDC and total number of
positive CDC met by each patient were recorded. As part
of this assessment, the degree of focal tenderness to
palpation was graded on a 4-point scale (0, 1þ, 2þ, and 3þ)
by the examining physician and the duration of time the
patient was able to perform the 3-minute elevated arm
stress test (EAST) measured in seconds.
Results of imaging studies and electrophysiological tests

(nerve conduction velocities and electromyography) were
not considered necessary to establish a clinical diagnosis
of NTOS but were used in selected patients to help assess
or exclude other conditions (eg, degenerative cervical
spine disease, peripheral nerve compression disorders).
Anterior scalene and pectoralis minor muscle blocks
were used selectively as an adjunct to provide prognostic
information but were not considered necessary for a clin-
ical diagnosis of NTOS. A clinical worksheet using the
CORE-TOS diagnostic criteria for NTOS is provided in the
Supplementary Material (Form A), online only.

Patient-reported outcomes measures. All patients
were asked to complete the 11-item version of the Dis-
abilities of the Arm, Shoulder and Hand (QuickDASH)
survey instrument, the Cervical-Brachial Symptom Ques-
tionnaire (CBSQ), the McGill Pain Questionnaire (McGill),
the Brief Pain Inventory (BPI), the Zung Self-Rating

ARTICLE HIGHLIGHTS
d Type of Research: Retrospective analysis of prospec-
tively collected single center data

d Take Home Message: Pain at the base of the neck,
upper extremity paresthesias, symptom exacerba-
tion by arm elevation, tenderness at the scalene tri-
angle or pectoralis minor, and positive 3-minute
elevated arm stress test maneuvers were most pre-
dictive of neurogenic thoracic outlet syndrome.

d Recommendation: The presence of the above
criteria suggests that neurogenic thoracic outlet syn-
drome is present.
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