
Objective: The present study was undertaken to determine which factors differenti-
ate patients with a good outcome after treatment for Thoracic Outlet Syndrome (TOS) 
from patients with a poor outcome.

Methods: A total of 85 patients, who were examined during one year, had at least 
6 months of follow up after treatment for TOS with either surgery or botulinum che-
modenervation. 

Results: Socioeconomic factors of work disability or workers’ compensation claims did 
not differentiate treatment-responsive TOS from treatment-resistant cases. There was 
no difference between the 2 groups regarding the presence of anomalous anatomy de-
tected by ultrasonography or regarding the presence of subclavian artery flow accel-
eration or occlusion detected by duplex sonography. Several factors were noted more 
frequently in treatment-resistant patients: sensory complaints extending beyond lower 
trunk dermatomes (42% vs. 10%), weakness extending beyond lower trunk myotomes 
(19% vs. 2%), histories of previous non-TOS surgery of the neck or upper limbs (50% 
vs.17%), comorbidities of fibromyalgia or complex regional pain syndrome (81% vs. 
12%), and depression (35% vs. 10%). Treatment-resistant patients complained about 
more widespread functional impairments on a validated Cervical Brachial Symptom 
Questionnaire (CBSQ) than treatment-responsive patients. Resistant cases responded 
less often to a scalene test block (38% vs. 100%), which is designed to simulate the ef-
fects of targeted treatment. 

Conclusion: In summary, compared to patients with a good outcome after targeted 
treatment, patients with a poor outcome had more diffuse complaints and responded 
less often to a scalene test block.
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Cervical brachial pain, pain in the neck, arm and 
shoulder, is a frequent complaint of patients 
presenting to pain medicine practices. Specific 

injection and surgical techniques may be considered for 
certain diagnoses including Carpal Tunnel Syndrome, 
Ulnar Neuropathy, Thoracic Outlet Syndrome (TOS) 
and Cervical Radiculopathy. In order to maximize the 
chances of a successful outcome, it is important to 
identify factors that would help determine if a patient 
is likely to benefit from an intervention. The present 
paper was offered to determine which factors may be 
considered in selecting patients with TOS who may 
benefit from specific treatment. 

When exercises and ergonomic adjustments fail, 
patients with TOS may be successfully treated with spe-
cifically targeted approaches such as surgery or botu-
linum chemodenervation (1-10). The various surgical 
approaches and botulinum chemodenervation share 
a common feature; they are designed to decompress 
the thoracic outlet so that clinical improvement should 
reflect an improvement in symptoms and functional-
ity resulting from decompression of the vascular and 
neurological elements. Although placebo effects and 
other non-specific factors may detract from the analy-
sis, improvement after application of either would not 
be expected unless the patient actually had TOS. Im-
provement after either treatment may be considered 
one way of retrospectively confirming a case of “true” 
TOS. After accumulating a group of such treatment suc-
cesses it should be possible to contrast such cases with 
a group of treatment failures so that it would be pos-
sible to identify factors which may be used to differ-
entiate the treatment-responsive cases from treatment 
resistant cases. The present study was undertaken to 
identify which factors differentiate cases of treatment-
responsive TOS from cases with treatment-resistant cer-
vical brachial pain.

Although a matter of some controversy, certain 
socioeconomic factors are often considered as con-
tributing to treatment resistance in cases with chronic 
pain; these factors include the presence of ongoing 
workers’ compensation claims, disability status and a 
history of personal injury litigation (11-25) In design-
ing this study it was expected that socioeconomic fac-
tors would be associated with treatment resistant cas-
es of cervical brachial pain. Psychological factors have 
also contributed to treatment failure in other studies; 
it would be expected that the presence of depression 
would be associated with treatment resistance in TOS, 
as well (26, 27)

Individual clinical features such as ultrasound evi-
dence of positional arterial occlusion, the presence of 
interscalene triangle anomalies on ultrasound and the 
results of diagnostic “scalene blocks” have also been 
used to diagnose patients with potentially treatable 
TOS (28-33). It would be expected that certain comor-
bid factors such as the presence of more widespread 
neuropathic complaints or the presence of chronic pain 
syndromes such as fibromyalgia and CRPS would be 
associated with treatment resistant cases (34). Further-
more, the performance on symptom questionnaires, 
pain diagrams and muscle testing has been used to 
diagnose patients with specific cervical brachial pain 
syndromes (36-38). It was expected that patients with 
TOS should not demonstrate an overabundance of 
symptoms when responding to the symptom surveys. 
These patients should also demonstrate patterns of 
sensory disturbance and motor weakness that more of-
ten localizes to the lower trunk of the brachial plexus 
rather than to more widespread levels of the neuraxis. 
How the latter clinical factors differentiate treatment-
responsive TOS from treatment-resistant cases was also 
the focus of this study.

Methods

The study protocol and consent process was ap-
proved by the Institutional Review Board for the pro-
tection of human subjects. Initially, a Cervical Brachial 
Symptom Questionnaire (CBSQ) (Appendix 1) was 
developed and tested for reliability and validity in a 
sample of patients presenting with cervical brachi-
al complaints and being evaluated for TOS at UCLA 
which has established a tertiary referral practice for 
the evaluation and treatment of patients with TOS so 
that 85 patients could be entered into this study ac-
cording to criteria outlined. The numbers of subjects 
used for the various phases of reliability and valid-
ity testing are noted in the results section. The CBSQ 
questionnaire was based on a structured interview 
that had been used over the past 25 years in our prac-
tice that included 14 questions and a symptom dia-
gram. The subjects were asked to scale how often the 
performance of certain activities resulted in symptoms 
that were severe enough to result in the cessation or 
modification of the activities. Each question had a 
numerical value of 0 to 10 and scoring consisted of a 
simple addition of all line item scores. In addition, a 
pain map and sensory disturbance diagram was filled 
out by each patient as part of the CBSQ. Patients were 
asked to label the diagram for areas of pain and also 
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for areas of sensory change including “numbness” or 
“other sensory change including tingling.” Content 
validity of the CBSQ was determined upon review by 2 
vascular surgeons and 3 neurologists. Concurrent va-
lidity was determined by comparison with the Brief 
Pain Inventory. Test-retest reliability was determined 
by correlating full scale scores in tests that were per-
formed less than one month apart in subjects that 
were clinically unchanged. Internal consistency was 
determined by calculating Cronbach’s alpha. Respon-
siveness was determined by comparing questionnaires 
from patients in a baseline state versus questionnaires 
from patients after targeted treatment, which includ-
ed either botulinum chemodenervation or surgery for 
TOS; the standardized response mean and the effect 
size were calculated.

Every patient seen within one calendar year was 
entered into the study if the patient was followed up 
for at least 6 months after a targeted treatment for 
TOS, consisting of either botulinum chemodenervation 
or TOS consisting of a first rib resection. The protocol 
for botulinum chemodenervation has been previously 
described (10). Two changes to the chemodenerva-
tion protocol are 1) an expanded muscle target set to 
include the subclavius and pectoralis minor muscles 
along with the previously targeted anterior scalene 
and middle scalene and 2) the use of intraoperative 
ultrasound for targeting rather than fluoroscopic 
guidance. Using a 7.5 to 10 megahertz ultrasound 
probe each targeted muscle was individually imaged 
in transverse or longitudinal plane. A 25-gauge nee-
dle, which was insulated except at the tip, was placed 
under continuous ultrasound and electromyographic 
monitoring into each target muscle. Botulinum type A 
was injected with the following fixed doses: anterior 
scalene 10 units, middle scalene 12 units, subclavius 20 
units, and pectoralis minor 35 units. 

Each patient presenting with a cervical brachial 
pain syndrome and possible TOS was examined clini-
cally for pulse obliteration in 90-degree and 130-
degree abduction, for Tinel’s sign over the brachial 
plexus, over the ulnar nerve at the elbow, and over 
the median nerve at the wrist. A one minute elevated 
arm stress test was performed and subjects rated to-
tal discomfort (including pain, fatigue and dysesthe-
sia or numbness) on a 0 to 10 numerical scale. After 
the one minute elevated arm stress test, all patients 
had a “scalene test block” according to a previously 
published protocol. Twenty-five gauge needles, insu-
lated except at the tips, were inserted into the ante-

rior scalene, subclavius, pectoralis minor and at least 
two control muscles including the sternocleidomas-
toid and trapezius muscles. Concordant or discordant 
pain was noted after motor threshold level stimula-
tion of the motor point at each target with acceptable 
stimulation levels at less than 2 milliamps. The patient 
was blinded from the identity of each stimulation site 
with hand signals between technician and physician. 
Injections of anesthetics were performed in a double 
blinded fashion with either Lidocaine 2% or Marcaine 
.75% for a total of one mL of injectant into the ante-
rior scalene and 1.5 mL into the subclavius and pecto-
ralis minor. Control muscles were injected with saline. 
Immediately after injection and every hour thereafter 
for nine hours, a pain diary was filled out by the pa-
tient noting total discomfort at rest and after a one 
minute elevated arm stress test as noted above (33). 
The only change in the protocol is that 1) additional 
targets include the subclavius and pectoralis minor in 
addition to the originally targeted anterior scalene 
and 2) intraoperative ultrasound is used for imaging 
guidance rather than fluoroscopy. A duplex ultra-
sound was performed for the subclavian artery in an 
infraclavicular window in neutral position and in 90 
and 130 degrees of abduction. A 7.5 to 10 megahertz 
probe was used to evaluate anatomical images of the 
interscalene triangle, the infraclavicular space, the cu-
bital tunnel, and the carpal tunnel. The presence of 
any extra structure between the lower trunk of the 
plexus and the first rib or any extra muscle tissue be-
tween the middle and lower plexus and subclavian ar-
tery was noted as an “anomaly” whether or not there 
was any obvious displacement or compression of the 
neurovascular elements.

The diagnosis of TOS was made if a subject had a 
history of positional pain or paresthesias induced with 
overhead activity, which was reproduced in a concor-
dant fashion with a one minute elevated arm stress 
test. Patients who appeared to have a clinical presen-
tation more characteristic of another peripheral com-
pression neuropathy or a cervical radiculopathy were 
not included in this study. In addition to TOS, patients 
were diagnosed with concomitant CRPS if there was 
allodynia, hyperalgesia as well as the presence of signs 
that may be attributed to sympathetic nervous system 
dysfunction including a prolonged periods of a red or 
blue hand, persistent swelling in the absence of venous 
occlusion, excessive warmth or sweating compared 
to the opposite hand. Transient pallor and coolness 
was not considered a sign of CRPS for the purposes 
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of this study since these findings are common in pa-
tients with evidence of vascular compression and TOS. 
Concomitant Fibromyalgia was diagnosed according 
American College of Rheumatology guidelines (39). 
After interview, the presence of depression was de-
termined if the patient fulfilled DSM-IV-TR criteria for 
a Major Depressive Episode, however, in contrast to 
DSM-IV-TR, no exclusion was made because of pos-
sible side effects of drugs or the effects of a medical 
condition (40).

Results

The CBSQ had a test-retest reliability of 0.87 
(Spearman Rank Order Correlation test) in 50 patients 
who were able to be retested within one month and 
who were clinically unchanged. Internal consistency 
was 0.93 (Cronbach’s alpha). In 140 patients, some of 
whom were not included in the final analysis because 
they did not have a full 6 months of follow-up com-
pleted as noted in the methods section, the correla-
tion with the Brief Pain Inventory (total of pain and 
interference scales) was 0.70 (Spearman Rank Order 
Correlation test). Responsiveness to change as mea-
sured by the standardized response mean was 2.04 
and the effect size was 1.53 when comparing patients 
before and after successful treatment, as determined 
by at least a 20 percent improvement in numerical 
pain scores on a 0 to 10 linear scale, improvement in 
BPI of at least 20 percent and the patient’s overall ver-
balized self-assessment of improvement.

Eighty-five patients who had been prospectively 
followed in one calendar year had at least 6 months of 
observation after targeted treatment for TOS includ-
ing 63 (74%) women and 22 (26%) men with a mean 
age of 41.1 ± 10.8 years. Twenty-three (27%) of the 
cases were treated with surgery for TOS, the remain-
der (73%) were treated with botulinum chemode-
nervation. Surgical treatment was independently de-
termined by the surgical team at UCLA. Surgery was 
reserved for patients with a clinical diagnosis of TOS 
as defined above who had failed to improve accord-
ing to patient satisfaction in terms of pain control and 
improvement in work and daily activities after more 
than one month of physical therapy, home exercises 
and correction of ergonomic factors. Twenty-nine 
(34%) of the cases related their chronic pain condi-
tion to a personal injury. Sixty-two (73%) of the cases 
had occupational or recreational exposures associ-
ated with prolonged and repetitive reaching, grasp-
ing and fingering activities which appeared to trigger 
symptoms. Thirty-nine patients (46%) described using 

a computer keyboard and mouse for at least 5 hours 
per day. Two patients did not identify either a single 
traumatic event or a repetitive trauma as a factor in 
symptom causation. Thirty-four (40%) cases had ongo-
ing worker’s compensation claims; none of these cases 
had settled their claims at the time of the treatment 
and throughout the follow up period. Forty-seven 
(55%) were completely disabled. Twenty-three (27%) 
cases had at least one surgery for a cervical brachial 
pain syndrome other than TOS.

Fifty-nine of the 85 (64%) patients had a good 
outcome after botulinum chemodenervation or first 
rib resection for TOS as defined by a 50 percent de-
crease on a numerical pain scale, an improvement 
in daily activities and a decrease of medications for 
breakthrough pain when evaluated within 6 months 
after the targeted intervention and were therefore 
considered to have treatment-responsive TOS. The 
remaining 26 patients were considered to have treat-
ment resistant cervical brachial pain for the purposes 
of this study. There were no differences between these 
2 groups for disability status (29 of 59 vs. 18 of 26, re-
spectively, Fisher exact p = .1019, 2 tailed) or for the 
presence of ongoing worker’s compensation claims 
(27 of 59 vs. 7 of 26, Fisher exact p = .1492, 2 tailed).

All of the treatment-responsive TOS patients had 
a positive “scalene block.” Only 10 of 26 (38%) of the 
treatment resistant cases had a positive block; the re-
mainder had a negative block. Ultrasound examina-
tion revealed transverse cervical bands or anomalous 
muscles in 45 of 56 (80%) of the responsive cases and 
17 of 26 (65%) in the non-responsive cases. There was 
no difference between the 2 groups for the presence 
of flow acceleration more than 300 cm/sec or occlu-
sion by ultrasound in hyperabducted position (23 of 
67 arms tested in treatment-responsive TOS vs. 10 of 
29 arms tested in treatment-refractory patients; Fisher 
exact p = 1.00, 2 tailed).

Treatment-responsive TOS patients were much 
less likely to have a comorbid diagnosis of a more 
widespread pain syndrome; 7 of 59 (12%) had a co-
morbid diagnosis of CRPS or fibromyalgia compared 
to 21 of 26 (81%) cases with treatment-refractory cer-
vical brachial pain (Fisher exact p = .0000, one tailed). 
Treatment-responsive TOS patients were less likely 
to have surgeries for conditions other than TOS (10 
out of 59, 17% vs. 13 out of 26, 50%, Fisher exact p 
= .0023), less likely to have widespread sensory symp-
toms involving the upper arm and face (6 out of 59, 
10% vs. 11 out of 26, 42%; Fisher exact p = .0013) and 
less likely to have weakness extending beyond the 
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lower trunk myotomes (14 out of 118 hands, 12% vs. 
15 out of 52, 29%, hands; Fisher exact p = .0087). There 
was a significant difference between the 2 groups for 
the presence of depression (9/26, 35% for the treat-
ment resistant group vs. 6/59, 10% for the treatment-
responsive group; Fisher exact p = .0095). There was 
no difference between the groups on combined BPI 
pain and interference scales (78.47 ± 25.01 vs. 79.19 
± 16.22), however, treatment-responsive TOS patients 
as a group scored lower on the CBSQ than treatment-
refractory patients (78.47 ± 25.01 vs. 94.15 ± 17.51; 
Mann Whitney U test p = .039490).

Combining the two of the above factors, it should 
be pointed out that 24 out of 26 (92%) cases with re-
fractory cervical brachial pain had either a negative 
scalene block or a comorbid diagnois of a widespread 
pain syndrome compared with 7 out of 59 (12%) cases 
with treatment-responsive TOS (Fisher exact p = .0000, 
one tailed). 

discussion

The present study demonstrated that 2 socioeco-
nomic factors did not differentiate treatment-respon-
sive cases from those resistant to treatment, including 
the presence of a worker’s compensation claim, or an 
ongoing disability unemployment status. Consistent 
with these results is the finding that both groups 
scored similarly on combined pain and interference 
scores on the BPI. The interference scores reflect the 
patients own assessment of overall disability for daily 
activities including work related activities. We had 
suspected that there might have been differences be-
tween groups in these socioeconomic factors; these 
same socioeconomic factors have been previously 
studied with various degrees of correlation or no cor-
relation being detected in relation to treatment out-
comes for chronic pain patients(12-25). 

In the present study, depression was observed 
more frequently in the group of treatment resistant 
patients. In previous studies of chronic pain treat-
ments, the presence of depression was predictive of 
poor outcomes (26,27).

The ability of the scalene test block to differenti-
ate treatment-responsive cases from treatment-refrac-
tory cases was the subject of a previous report (33). 
The frequency of false negatives has been reduced 

compared to the prior study, probably as a result of 
adding more injection sites to the original single sca-
lene target; combining the subclavius and pectoralis 
minor sites was expected to yield lower false negatives 
since there is a better chance of temporarily decom-
pressing the costoclavicular space and sub pectoral 
space with the extended target set.

Besides the findings on the scalene block, the 
main findings can be summarized by pointing out 
that treatment-responsive TOS patients have more 
restricted and localized signs and symptoms than the 
treatment resistant patients. The former group had 
sensory complaints more often confined to the hand 
and forearm as opposed to more widespread sensory 
complaints involving the upper arm or face. When pa-
tients with treatment-responsive TOS have weakness, 
it is more likely to be confined to the lower trunk myo-
tomes rather than involving more widespread levels of 
motor involvement. Patients with treatment-respon-
sive TOS are also less likely to have had failed surger-
ies directed at non-TOS surgical targets; furthermore, 
these patients complain of fewer specific functional 
disturbances on a validated CBSQ symptom survey 
compared to treatment resistant patients. 

Other factors, not explored in this survey may also 
predict treatment responsiveness in patients with TOS 
such as the presence of certain body postures, and the 
presence of certain body types including those with 
asthenia or obesity.

conclusions

Based on the present study, it would appear that 
selection criteria for TOS surgery or chemodenerva-
tion should include the present iteration of the sca-
lene block (scalene-subclavius-pectoralis minor block) 
and an exclusion for comorbid pain syndromes and for 
widespread sensory and motor findings that would in-
dicate a problem that has extended beyond the more 
restricted neurological localizations typical for treat-
ment-responsive TOS. Further research is needed to 
determine whether widespread or multifocal pain, 
including concomitant CRPS or fibromyalgia, would 
predict a poor outcome in other cervical brachial pain 
syndromes including radiculopathy, Carpal Tunnel 
Syndrome, and Ulnar Neuropathy. 
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Appendix I: Cervical Brachial Symptom Questionnaire.
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limited sensory disturbance in a patient with treatment responsive TOS
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widespread sensory disturbances in a patient with treatment resistent pain
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