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ABSTRACT
Background
Thoracic outlet syndrome (TOS) is one of the most controversial diagnoses in clinical medicine. Despite many reports of operative
and non-operative interventions, rigorous scientific investigation of this syndrome leading to evidence-based management is lacking.
This is the first update of a review first published in 2010.
Objectives
To evaluate the beneficial and adverse effects of the available operative and non-operative interventions for the treatment of TOS a
minimum of six months after the intervention.
Search methods
On 23 June 2014 we searched the Cochrane Neuromuscular Disease Group Trials Specialized Register, CENTRAL, The Database of
Abstracts of Reviews of Effects (DARE), MEDLINE, EMBASE, CINAHL Plus and AMED. We also searched reference lists of the
identified trials.
Selection criteria
We selected randomized or quasi-randomized studies involving participants with the diagnosis of TOS of any type (neurogenic, vascular,
and ’disputed’), without limitations as to language of publication.
We accepted studies that examined any intervention aimed at treating TOS.
The primary outcome measure was change in pain rating, measured on a validated visual analog or similar scale at least six months
after the intervention.
The secondary outcomes were change in muscle strength, disability, experiences of paresthesias (numbness and tingling sensations),
and adverse effects of the interventions.
Data collection and analysis
Three authors independently selected the trials to be included and extracted data. Authors rated included studies for risk of bias,
according to the methods recommended in the Cochrane Handbook for Systematic Reviews of Interventions.
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Main results
This review was complicated by a lack of generally accepted criteria for the diagnosis of TOS and had to rely exclusively on the diagnosis
of TOS by the investigators in the reviewed studies. We identified one study comparing natural progression with an active intervention.
We found three randomized controlled trials (RCTs), but only two of them had a follow-up of six months or more, which was the
minimum required follow-up for inclusion in the review. The first trial that met our requirements involved 55 participants with the
’disputed type’ of TOS and compared transaxillary first rib resection (TFRR) with supraclavicular neuroplasty of the brachial plexus
(SNBP). The trial had a high risk of bias. TFRR decreased pain more than SNBP. There were no adverse effects in either group. The
second trial that met these requirements analyzed 37 people with TOS of any type, comparing treatment with a botulinum toxin (BTX)
injection into the scalene muscles with a saline placebo injection. This trial had a low risk of bias. There was no significant effect of
treatment with the BTX injection over placebo in terms of pain relief or improvements in disability, but it did significantly improve
paresthesias at six months’ follow-up. There were no adverse events of the BTX treatment above saline injection.
Authors’ conclusions
This review was complicated by a lack of generally accepted diagnostic criteria for the diagnosis of TOS. There was very low quality
evidence that transaxillary first rib resection decreased pain more than supraclavicular neuroplasty, but no randomized evidence that either
is better than no treatment. There is moderate evidence to suggest that treatment with BTX injections yielded no great improvements
over placebo injections of saline. There is no evidence from RCTs for the use of other currently used treatments. There is a need for an
agreed definition for the diagnosis of TOS, especially the disputed form, agreed outcome measures, and high quality randomized trials
that compare the outcome of interventions with no treatment and with each other.

PLAIN LANGUAGE SUMMARY
Treatment for thoracic outlet syndrome
Review question
We reviewed the evidence about the effect of any treatment for thoracic outlet syndrome (TOS).
Background
TOS is one of the most controversial diagnoses in medicine. The term TOS represents three related syndromes: a form where the
brachial plexus (a collection of nerves in the neck and armpit) is compressed; a form where major blood vessels of the upper chest are
compressed; and painful non-specific or disputed TOS. The person with TOS may have symptoms such as pain in the shoulder and
neck that can spread into the arm and front of the chest; weakness; change in sensation; swelling; and a restricted blood supply to the
affected arm. The various causes of TOS include an extra rib in the neck, differences in the shape of the bones of the spinal column,
abnormal bands of tissue beneath the skin, and abnormalities of how muscles in the side of the neck attach to the bones. TOS is often
associated with past injury.
There is a lack of widely accepted standards for making the diagnosis of TOS, so for the purpose of this review we decided to rely on the
diagnosis of TOS made by the investigators in the reviewed studies. TOS is often diagnosed after other causes of one-sided symptoms
of arm pain, weakness, loss of feeling, or all three, have been ruled out. Most people diagnosed with TOS have the disputed form.
We searched widely for clinical trials of treatments for TOS. We wanted to discover whether any treatment is effective and whether
treatments have any harmful effects.
Study characteristics
From our systematic search we identified two trials. One trial compared surgery to remove the first rib (transaxillary first rib resection)
with surgery in which the surgeon freed the nerves from surrounding tissues (neuroplasty) without removing a rib, in 55 people with
the disputed type of TOS. The participants had not responded to non-surgical treatments. Average follow-up was 37 months. A second
trial analyzed 19 people who underwent double-blinded provision of a single injection of BTX (muscle relaxant) into the scalene
muscles of the neck, and 18 people in the placebo group who received no active injection, with follow-up at six weeks, three months
and, critically for the purpose of this review, six months.
Results and quality of the evidence
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There is very low quality evidence that removal of a rib reduced pain from ’disputed’ TOS more than a neuroplasty procedure. We
identified issues in study design that could have affected the outcome of the trial. There were no adverse effects in either group. There
were no trials of surgery versus no treatment. The trial comparing the intervention of BTX injection with placebo provided moderate
evidence that this procedure does not significantly reduce pain or disability scores long term, although there were no adverse events
associated with the procedure over placebo.
This systematic review demonstrated that there is not enough evidence that the established interventions for TOS are helpful in relieving
pain. Until high quality, randomized clinical trials comparing the various interventions for TOS are performed, the decision whether
to treat and the choice of appropriate treatment will have to be based on the preferences of the individual and health care provider.
The evidence is current to June 2014.

BACKGROUND

Description of the condition
Thoracic outlet syndrome (TOS) is one of the most controversial
diagnoses in clinical medicine. In this review, the term TOS represents three related syndromes, where the symptoms do not arise
from underlying conditions, such as tumours: compression of the
brachial plexus leading to confirmed neurophysiological abnormality (neurogenic TOS); compression of the subclavian artery or
vein leading to objectively-visualized vascular compression (vascular TOS); and a non-specific or disputed type of TOS, where no
objective tests can confirm either vascular or neurological abnormalities. The differential diagnosis of unilateral arm pain, weakness, or sensory loss, individually or combined, includes all of these
syndromes but they are rare. The majority of people with TOS
have the disputed form rather than neurogenic or vascular TOS.
The objective diagnosis of (disputed) TOS is a challenge and generally accepted diagnostic criteria are lacking. Various anatomical
anomalies have been offered as causes of TOS, including narrowing of the thoracic outlet by a cervical rib (cervical rib syndrome);
extra bands of fascia ;or an abnormal origin or insertion of the
anterior or medial scalene muscles. The person affected by TOS
may experience pain affecting the shoulder and neck region and
also radiating into the arm; paresis or paralysis of muscles innervated by the brachial plexus; and altered sensation. The arterial
pulses in the arm may be reduced and there may be ischemia and
edema (Huang 2004; Wilbourn 1999). Despite many reports on
conservative and surgical intervention, complications, outcomes
and success rates, rigorous scientific investigation of this syndrome
and its management is lacking. This review aimed to systematically examine the evidence for the effectiveness of established interventions for the treatment of TOS.

Epidemiology of TOS
Despite the fact that the term ’thoracic outlet syndrome’ was
coined in 1956 (Peet 1956), there are no good estimates of its
prevalence (Wilbourn 1990). Cadaver dissection has suggested
that only 10% of the population have what is considered ’normal’
anatomy bilaterally of the thoracic outlet (Junoven 1995). The
prevalence of symptomatic TOS has been estimated to be 10 per
100,000 people (Edwards 1999).

Etiology of TOS
The etiology and mechanisms underlying TOS are complex and
not well understood. Vascular compromise is estimated to account
for only five per cent of all cases (Fechter 1993). Vascular TOS
arises from compression in two different and distinct anatomic
spaces. Arterial TOS (ATOS) results from compression of the
subclavian artery as it passes through the triangle formed by the
scalenus anticus and medius muscles and the first rib. Venous
TOS (VTOS) results from compression of the subclavian vein
as it re-enters the chest more anteriorly, passing adjacent to the
junction of the clavicle and first rib which is further reinforced by
the subclavius muscle and tendon. VTOS may be further divided
into four distinct presentations: (1) acute thrombosis; (2) chronic
stenosis (effort thrombosis); (3) intermittent obstruction without
thrombosis; and (4) complete obstruction. Ninety-five per cent of
people with TOS have only neurological symptoms. Whilst ’true
neurogenic TOS’ with characteristic clinical findings in the C8/
T1 nerve root distribution is rare, and accounts for only about
one to three per cent of all cases of TOS, ’disputed TOS’ with its
neurological symptoms but unconfirmed objective confirmation
accounts for at least 90% of all operations for TOS in the United
States (Wilbourn 1990). Factors considered influential in the development of TOS include trauma and the presence of a cervical
rib (Sheth 2001).
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Symptoms of TOS
Common to all types of TOS, individuals frequently report pain,
which can lead to significant disability. The range of complaints reported in the literature includes pain affecting the neck, shoulder,
upper extremity or hand. Weakness is another common symptom.
Vascular TOS may also present with edema and cyanosis of the
upper extremity with diminished pulses. True neurogenic TOS
meanwhile can present with atrophy of the abductor pollicis brevis
and intrinsic muscles of the hand. Disputed TOS meanwhile will
still present with chronic pain of the upper extremity, but EMG
and nerve conduction studies will reject diagnosis of true neurogenic TOS (Huang 2004; Wilbourn 1999).

Description of the intervention
Successful prevention and treatment of pain, muscular weakness
and disability related to TOS are clinically challenging and heavily
dependent on which of the three types of TOS the person is suffering from. No prospective randomized trials concerning the treatment of VTOS exist. Accepted treatments for this entity include
heparinization, thrombolysis and thoracic outlet decompression,
either alone or in various combinations (Illig 2010). The severity
of any arterial compression guides treatment. Urschel 1998 describes the various surgeries: patients who have symptoms undergo
rib resection if cervical or first rib arterial compression is responsible for poststenotic dilatation of the axillary subclavian artery. The
transaxillary approach is preferred and the surgeon removes both
the first and cervical ribs, without resecting the artery. Following
decompression, the dilatation of the artery usually subsides. When
the first or cervical rib causes compression and an aneurysm, with
or without thrombus, is present, rib resection is accompanied by
excision and grafting of the aneurysm. In this case the surgeon uses
a combined supraclavicular and infraclavicular approach. In the
most severe cases, in which the TOS compression causes thrombosis of the axillary subclavian artery or emboli in the lower part of
the arm, the patient will undergo resection of the first rib with removal of the thrombus and emboli (thrombectomy and embolectomy), repair or replacement of the affected arteries, and undergo
destruction of the sympathetic nerve trunk in the thoracic region,
a procedure called “dorsal sympathectomy” (Urschel 1998).
While non-operative and operative approaches have been described in the literature, no firm evidence exists for any approach
in any of the three types of TOS. Non-operative management
typically involves strategies to reduce and redistribute pressure,
and traction through the use of physiotherapy (Lindgren 1997)
or orthoses (Nakatsuchi 1995). There are also several surgical approaches described in the literature. Surgical procedures fall into
three main groups: (1) soft-tissue procedures (scalenus release,
neurolysis); (2) cervical rib excision; and (3) excision of the first
thoracic rib (Sheth 2001). The outcome of treatment is said to be
influenced by a number of factors such as gender, workers’ com-

pensation schemes, the position of the arm during work, and fixed
joint abnormalities (Green 1991).

Why it is important to do this review
We undertook this review because of the complex nature of TOS,
because of the pain and chronic morbidity that affects people with
this condition, and the limited data available to guide treatment
decisions. We planned to investigate each of the three types of
TOS independently if evidence had been available. This is the first
update of a review first published in 2010.

OBJECTIVES
To evaluate the beneficial and adverse effects of the available operative and non-operative interventions for the treatment of TOS
a minimum of six months after the intervention.

METHODS

Criteria for considering studies for this review

Types of studies
We included randomized controlled trials (RCTs) and quasi-RCTs
of non-operative and operative interventions for the treatment of
TOS. We have reported evidence from high quality observational
studies in the Discussion. These were prospective studies of consecutive case series with the outcomes preferably assessed by an
individual who was not directly associated with delivering the intervention.
Types of participants
We included participants receiving any non-operative or operative
interventions for TOS of any etiology and type, though excluding
patients with compression from malignancies. There was no restriction for age, sex, socioeconomic status, method of diagnosis,
or duration of symptoms. We relied on the authors of the included
papers to have appropriately diagnosed the participants.
Types of interventions
Any intervention aimed at treating TOS. These included but were
not limited to the following:
1. appliances, for example orthoses and neck collar;
2. physical therapies, for example joint range of motion
exercises, muscle stretching and strengthening;
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3. medications, for example non-steroidal anti-inflammatory
drugs (NSAIDs), corticosteroid injections and muscle relaxants;
4. operation, both soft-tissue and bony procedures.

Types of outcome measures

Primary outcomes

The primary outcome was change in pain at least six months after
the intervention preferably measured as change on a validated
visual analogue scale (VAS) or similar.

Secondary outcomes

The secondary outcome measures were:
1. change in strength of potentially affected muscle groups at
least six months after the intervention, measured with the
Medical Research Council (MRC) scale which ranges from 0 =
complete paralysis to 5 = normal;
2. change in disability of the affected upper extremity at least
six months after the intervention, measured using the Disabilities
of the Arm, Shoulder and Hand questionnaire (DASH), and
physical and mental Short Form 36 Health Survey (SF-36) or
similar;
3. change in paresthesias of the affected upper extremity at
least six months after the intervention using VAS or similar;
4. adverse effects of any treatment regimen.

For ClinicalTrials.gov and ICTRP, the search terms used were ’thoracic outlet syndrome’, ’costoclavicular syndrome’, ’scalenus anticus syndrome’, ’superior thoracic aperture syndrome’, and ’cervical rib syndrome’.
Searching other resources
We reviewed the bibliographies of the identified trials for any
additional trials.

Data collection and analysis

Selection of studies
Three review authors independently and in duplicate, in a nonblinded fashion, examined the title, keywords and abstract of reports identified from electronic searching for evidence of two criteria:
• Is it a randomized or quasi-randomized clinical trial?
• Does it involve an intervention for the treatment of TOS?
If the report fulfilled these criteria or if the authors were not able
to assess this from the title, keywords or abstract then the full article was obtained. There were no disagreements amongst authors
regarding the inclusion or exclusion of any of the papers but any
disagreement would have been resolved by discussion, to reach a
consensus.
Data extraction and management

Search methods for identification of studies
On 23 June 2014, we searched The Cochrane Neuromuscular
Disease Group Specialized Register, CENTRAL (2014, Issue 6 in
The Cochrane Library), MEDLINE (January 1966 to June 2014),
EMBASE (January 1980 to June 2014), CINAHL Plus (January
1937 to June 2014), and Allied and Complementary Medicine
(AMED) (January 1985 to June 2014).
Furthermore,
we
performed additional searches of clinicaltrials.gov (15 July 2014)
and the World Health Organization International Clinical Trials
Registry Platform (ICTRP) (15 July 2014) for ongoing trials.

Electronic searches
The detailed search strategies are in the appendices: Cochrane
Neuromuscular Disease Group Specialized Register (Appendix 1),
CENTRAL (Appendix 2), MEDLINE (Appendix 3), EMBASE (
Appendix 4), CINAHL Plus (Appendix 5), and AMED (Appendix
6).
We would have considered studies in languages other than English,
but none of the studies required translation.

Two review authors independently extracted data from the included trial onto a data extraction form. The review authors contacted trial authors for further information when appropriate. One
author entered data into the Cochrane software Review Manager
5 (RevMan 5) (RevMan 2012) and a second author checked the
data entry. Any disagreement between authors in the extraction
would have been resolved by a final check by a third party.
Assessment of risk of bias in included studies
For each study included, two authors independently completed a
data extraction form to asses the risk of bias. We used the Cochrane
’Risk of bias’ tool as described in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). This takes into
account: secure method of randomization; concealment of allocation; blinding (including blinding of participants, blinding of
investigators, blinding of outcome assessors); attrition bias; completeness of follow-up; and other sources of bias. We obtained
missing information from the authors whenever possible. Any disagreement between authors in the assessment would have been resolved by comparison of notes and further discussion of the studies
until a consensus was reached.
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Measures of treatment effect

Subgroup analysis and investigation of heterogeneity

We planned to analyse the three types of TOS individually. Where
possible we would have calculated the mean difference (MD) and
95% confidence interval (CI) for continuous outcomes; and risk
ratio and 95% CI for dichotomous outcomes.
Since we identified only two randomized trials for inclusion, we
described in the Discussion some prospective trials reporting consecutive series of patients that were assessed by someone other than
the person providing the intervention. Furthermore, the number
assessed had to have exceeded 80% of those treated during a particular period.

Since only two trials were included, which investigated different
interventions, subgroup analyses were not possible.
For future updates of this review, if the data are available, we will
compare the effect of interventions in the following subgroups of
participants:
1. presence or absence of cervical rib or elongated C7
transverse process;
2. acute (symptoms of less than six months’ duration) or
chronic (symptoms for six months or more); and
3. male or female.

Unit of analysis issues

Economic issues

We reported the number of bilateral cases of TOS in included
studies. We stated whether randomization was applied to participants, or to arms, or noted that this information was not available.

We planned to consider cost and cost-effectiveness in the Discussion, but no data were available.

Dealing with missing data
When the data were not available we attempted to retrieve them
from the authors of the original trials, but neither main author of
Sheth 2005 had supplementary data available.

RESULTS

Description of studies
Assessment of heterogeneity
To identify heterogeneity we would have examined the forest plots.
If the CI of two studies had not overlapped or the I2 statistic had
exceeded 50%, we would have suspected heterogeneity. Heterogeneity would have been dealt with by examining causes for heterogeneity and performing analyses taking account of these differences. In the event of unexplained heterogeneity, we would have
used a random-effects model.
Assessment of reporting biases
Not applicable.
Data synthesis
Since only two trials were included and they compared different
treatment methods, no data synthesis was possible.
If more than one trial with a specific treatment or prevention
approach had been identified, we would have calculated a pooled
estimate of the treatment effect across the trials using RevMan.
The initial analysis would have been performed with a fixed-effect
analysis.

Results of the search
References found by the most recent searches were:
• MEDLINE - 116
• EMBASE - 37
• AMED - 6
• CINAHL Plus - 39
• NMD Register - 10
• CENTRAL - 12
• DARE - 4
The total number of studies was 224, but 25 of the studies overlapped, yielding a net total of 199 unique articles. Based on review of the abstracts, the authors obtained the full-text articles
for 34 studies, and reviewed these in detail. From the 34 studies
we identified three RCTs. We excluded one of them because of
an insufficient duration of follow-up (Taskaynatan 2007), after
we had contacted the trial authors, who were unable to provide
supplementary information. We included the other two RCTs in
this review. See Figure 1 for a flow diagram of the study selection
process.
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Figure 1. Study flow diagram.
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Searches of ClinicalTrials.gov and ICTRP yielded no results of
ongoing clinical trials.
Included studies
We included two trials: Sheth 2005 and Finlayson 2011.
Sheth 2005 evaluated the effects of transaxillary first rib resection
(TFRR) (n = 24; bilateral procedure in two cases) versus supraclavicular neuroplasty of the brachial plexus (SNBP) (n = 25),
on patient-reported pain and numbness in 55 participants with
the disputed type of TOS. Participants with anomalous elongated
C7 transverse processes (cervical ribs), intrinsic weakness (characteristic of neurogenic TOS), and vascular TOS were excluded.
For the two bilateral procedures, the participants, as opposed to
their arms, were randomized, although no explicit information
was available regarding whether the outcomes for each arm were
reported separately.
Finlayson 2011 evaluated the effects of injection of botulinum
toxin into the middle and anterior scalene muscles (n = 20; n = 19
analyzed) versus a placebo saline injection into the same muscles
(n = 18) on patient-reported pain, disability and paresthesias. The
37 analyzed participants were not limited by diagnosis of a specific
type of TOS, but were excluded if they had previously undergone
a scalenectomy. There was no information regarding occurrence
of bilateral TOS and how this would have been handled within
the framework of the study.

Excluded studies
We excluded 32 studies after full text review, see Characteristics
of excluded studies. All but one were not randomised trials. We

excluded one randomised trial for insufficient follow-up (shorter
than six months) after the trial authors of the original paper were
unable to provide additional data (Taskaynatan 2007).

Risk of bias in included studies
This review was complicated by a lack of generally accepted diagnostic criteria for the diagnosis of TOS. We had to rely exclusively
on the diagnosis of TOS as made by researchers in the reviewed
studies. This in itself creates a high risk of bias in all the identified
studies.
Sheth 2005 was at high risk of selection bias, as randomization was
based on odd or even hospital number. There was no blinding. It
was unclear how the VAS assessments were performed or whether
they were complete, and unclear whether there may have been
other sources of bias.
Finlayson 2011 was at a low risk of selection bias, with randomization carried out using a random number generator by a statistician who was not a co-investigator. The syringes, prepared by a
member of the team who was aware of the allocation sequence,
were subsequently passed to the blinded injector. The allocation
could in theory have been passed on to unblind the injectors, although the authors believe this not to have occurred. Participants,
assessors, and those carrying out the procedure were blinded to
the intervention. The distinction between self-reported adverse
events and adverse events subsequently reported via completion
of a checklist is unclear, and the duration of such events is not
mentioned.
The review authors’ judgments about each ’Risk of bias’ item for
these included studies are presented in Figure 2.
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Figure 2. Risk of bias summary: review authors’ judgments about each ’Risk of bias’ item for each included
study. Red (-) = high risk of bias, yellow (?) = unclear risk of bias, green (+) = low risk of bias.

Effects of interventions
Transaxillary first rib resection (TFRR) versus
supraclavicular neuroplasty of the brachial plexus
(SNBP)

3.7 ± 0.4 with TFRR versus 5.1 ± 0.5 with SNBP, an estimated
difference of -1.4 points (95% Cl -2.7 to -0.1).

Change in strength at least six months after the intervention
Change in pain at least six months after the intervention

Both interventions in Sheth 2005 resulted in significantly decreased pain and numbness after surgery at a mean follow-up of 37
months (SEM ± 5 months). The TFRR conferred superior results
to SNBP with respect to the pain rating on a zero to 100 mm range
VAS scale (39 ± 7 versus 61 ± 7) with an estimated difference in
the treatment effects of -22.0 (95% CI -41.9 to -2.1), percentage
of pain relief (52 ± 8% versus 30 ± 78%), equating to an estimated
difference of 22.0% (95% CI -0.8% to 44.8%). Pain rating on
a nine-point affective scale from “none” to “very intolerable” was

The study reports did not provide data on motor strength and no
further data were available from the authors.

Change in disability at least six months after the
intervention

The study reports did not provide data on change in disability and
no further data were available from the authors.
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Change in paresthesias at least six months after the
intervention

Sheth 2005 reported change in paresthesias, but did not use VAS or
similar to quantify the change, and we could not therefore include
data in this review.
Adverse events

of 0.01 mm in the placebo group, representing a non-significant
difference between groups at six months of 4.58 mm in favor of
decreased disability in the placebo group (95% CI -1.4 mm to
10.6 mm).

Change in paresthesias at least six months after the
intervention

Injection of botulinum toxin (BTX) versus placebo
injection of saline into the middle and anterior
scalene muscles

At six months’ follow-up, the treatment group had a mean reduction in paresthesias from baseline (using VAS) of 7.63 mm,
compared to a mean increase in paresthesias from baseline in the
placebo group of 3.89 mm. The resultant calculated mean difference between groups at six months was statistically significant: 13.63 mm in favor of more relief in the treatment group (95% CI
-26.3 mm to -1.0 mm).

Change in pain at least six months after the intervention

Adverse events

In Finlayson 2011, injection with BTX yielded no significant improvement in pain ratings on VAS over a placebo injection of
saline. Whilst at baseline, median pain ratings for the treatment
group was 46 mm (interquartile range 22 mm to 68 mm) and
63 mm for the placebo group (interquartile range 51 mm to 69
mm), at six months’ follow-up there was no significant difference
between the two groups in terms of pain ratings using VAS, with
a mean difference of -5.65 mm (95% CI -19.3 mm to 8.0 mm)
in favor of less pain in the treatment arm.

Over the course of the six-month follow-up period, patients were
encouraged to report any adverse events and subsequently filled in
a checklist of adverse events that they believed to have occurred at
some point during that period. In total, there were fewer adverse
events in the treatment group (21) compared with the placebo
group (40), suggesting no specific adverse effects were associated
with the injection of the botulinum toxin .

Change in strength at least six months after the intervention

DISCUSSION

None of the participants experienced adverse effects from the interventions.

Change in motor strength was not reported and no further data
were available from the authors.
Change in disability at least six months after the
intervention

At six months’ follow-up, there was no significant difference in
terms of change from baseline between the treatment and placebo
groups using any of the questionnaires used, namely DASH, or
SF-36 mental and physical health surveys. Using DASH, there was
a mean reduction in disability in the treatment group of 0.96 mm
compared to a mean reduction of 3.19 mm in the placebo group,
representing a non-significant mean difference between groups at
six months of 1.63 mm in favor of decreased disability in the
placebo group (95% CI -5.7 mm to 9.0 mm).
Using SF-36 physical, there was a mean increase in disability in
the treatment group of 1.01 mm compared to a mean increase
of 1.12 mm in the placebo group, representing a non-significant
difference between groups at six months of 0.09 mm in favor of
decreased disability in the placebo group (95% CI -3.7 mm to 3.9
mm).
Using SF-36 mental, there was a mean increase in disability in
the treatment group of 2.89 mm compared to a mean increase

This review was complicated by a lack of generally accepted diagnostic criteria for the diagnosis of thoracic outlet syndrome (TOS).
We had to rely exclusively on the diagnosis of TOS by researchers
in the reviewed studies. We aimed to evaluate the effectiveness of
various established interventions for TOS. An extensive search of
the literature identified only two studies that met our inclusion
criteria. Most studies were retrospective; the few prospective studies that we identified lacked randomization or adequate followup.
Sheth 2005 is one of only two prospective randomized trials for
any established intervention for TOS with a follow-up of at least
six months. Transaxillary first rib resection (TFRR) and supraclavicular neuroplasty of the brachial plexus (SNBP) are both associated with a reduction in pain postoperatively in people with the
disputed type of TOS. In this group of patients TFRR provided
superior results compared to SNBP for all outcome measures. A
limitation of this study is that it excluded people with an elongated C7 transverse process (anomalous cervical rib) or signs and
symptoms of neurogenic or vascular TOS. Thus, the diagnosis of
disputed TOS was based solely on the subjective criteria set forth
by the senior author. There is no report of the socioeconomic status of the participants or whether they were involved in ongoing
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litigation. Furthermore, the two cases of bilateral TOS, both of
which appeared in the TFRR group, appear to have been recorded
in the results as a single entry representing a patient instead of
reporting outcomes for each limb individually. This may affect
patient reporting of sensations of pain if the limbs were differentially affected by the procedure. Finally, the participants and assessors were not blinded to the specific intervention and importantly
there was no control group.
Finlayson 2011 was the second prospective randomized trial that
met our inclusion criteria. This study provides evidence to suggest that at six months, botulinum toxin injections into the scalene muscles offer no benefit in terms of reduction of pain and
disability, in patients with diagnosis of any type of TOS, over a
placebo injection of saline. However, there was a significant improvement in the experience of paresthesias in the treatment group
over placebo. There were no adverse effects associated with the
treatment procedure over placebo. The lack of change in pain and
disability at six months versus placebo could have been explained
by the effect of the drug wearing off; however, there were also no
significant improvements in these outcomes at six weeks or three
months. In fact, the only significant improvement reported in the
paper was an improvement in paresthesias at six months only.
Whilst this study has benefits over the design in Sheth 2005, in
that participants and assessors were blinded as to the intervention
and that a control group was included, there remain some limitations. Firstly, the possibility of a treatment allocation bias exists,
as the syringes were prepared by an investigator who was aware of
the allocation sequence, which could in theory have been passed
on to unblind the injectors. However, the trial authors believe
this not to have occurred. Secondly, given that the mean duration of TOS symptoms in each group was long (treatment arm,
six years; placebo, three years), participants could have suffered
from chronic pain syndrome with central sensitization, in which
case it would be expected that the treatment yielded no benefit.
However, this possibility was not assessed by the authors. Thirdly,
the authors state that their assessment was powered to detect a
change of 20 mm on VAS from a mean baseline pain level of 40
mm. However, no baseline pain levels were set for inclusion or
exclusion of participants, and there may well have been a floor
effect, confounding the conclusion that the treatment had no effect. Fourthly, whilst the interscalene triangle is often considered
the most common anatomical location of compression (Huang
2004), making injection into the scalene muscles seem ideal, botulinum toxin injections in themselves cannot be judged to have
no effect in the treatment of TOS until other potential anatomical locations are trialled, such as the pectoralis minor and subclavius muscles. Fifthly, as people with any type of TOS could be
included in this study, there remains a possibility that the treatment could have been beneficial for patients with a specific type
of TOS; however, this was not examined in the study. Sixthly,
although bilateral cases were reported in both the treatment and

placebo groups, as with Sheth 2005 such cases appear not to have
documented outcomes for each limb separately, potentially leaving the door open to patient-reporting bias. Finally, and perhaps
the most important point, causing us to downgrade the quality of
evidence in this paper from ’high’ to ’moderate’ despite the low
risk of bias and the direct study design comparing treatment arms
with placebo, there appeared to be some baseline heterogeneity
especially in pain scores between the treatment arm (median VAS
46 mm; interquartile range 22 to 68 mm) and the placebo group
(median VAS 63 mm; interquartile range 51 to 99 mm). This
baseline heterogeneity could affect the true interpretation of the
results when the groups are compared at six months’ follow-up;
however, the size of this effect cannot be quantified here, as this
paper offered no statistical analysis of this potential baseline group
heterogeneity.

Other evidence (from excluded studies)
Our search identified numerous retrospective studies and a few
prospective randomized clinical trials of non-operative interventions for TOS but none that had a follow-up of six months for the
primary outcome measure, pain.
Taskaynatan 2007 performed a randomized prospective trial to investigate the effects of cervical traction added to exercise and heat
pack therapy in 40 people with TOS of non-defined type. The
participants were randomly divided into two groups. The control
group received heat pack therapy and an exercise program; the experimental group received heat pack therapy, an exercise program,
and cervical traction. The final outcome was assessed three weeks
after the intervention. Outcome measures included the response
to provocative manoeuvres and a Likert Scale rating of improvement in pain and numbness. Both interventions produced improvement in some of the provocative maneuvers and pain in most
patients (75% control group versus 90% experimental group, P >
0.05). The difference in numbness scores between the groups was
statistically significant in favor of adding cervical traction (80%
versus 20%, P < 0.001). Although this study was a randomized
controlled trial, it was excluded from our review because it did not
meet the criteria for follow-up of at least six months. The authors
did not describe the method used for sequence generation or allocation concealment. In addition, neither the participants nor the
investigators were blinded to the interventions. Thus, the risk of
selection and assessment bias was high.
Lindgren 1997 published a prospective descriptive study of 119
people with possible TOS who were treated with a non-operative
inpatient rehabilitation program and instructions for home exercises to restore the normal function of their cervical spine and upper thoracic aperture. Patient satisfaction with the intervention at
the end of the mean 11.4 (range 4-24) days’ inpatient period was
88%. The authors reported following the patients for a mean of
24.6 months, but did not provide standardized data at the longterm follow-up timepoint. Further, 30 of the 119 participants in-
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cluded in the study were found to have pathology other than TOS
accounting for their symptoms. There was no assessment of compliance with the home exercises. The lack of comparison groups,
blinding, standardization of patient diagnosis, and use of validated
outcome measures introduced additional risk of bias.
Gülbahar 2005 reported a prospective series of 34 people with
a subtype of disputed TOS, known as droopy shoulder syndrome, who were prescribed postural correction and shoulder girdle strengthening exercises. Compliance and symptom outcome
were assessed at a mean (SD) follow-up of 13.7 (5.0) months, and
the patients were divided into two groups-regular or irregular-with
regard to their adherence to exercise programs. Patients that completed the exercise program had significantly better results in pain
on a VAS scale, satisfaction with the treatment, and radiographic
assessment. Pretreatment equivalence was not established between
the two groups and there was no randomization, therefore the risk
of selection bias was high.
Jordan 2000 conducted a prospective single-blind trial of people
with TOS of probable neurogenic type who received intrascalene
injections of either botulinum toxin, or lidocaine and steroids.
One month after injection, 14 of 22 participants (64%) in the
botulinum group reported greater than 50% reduction in symptoms compared to 4 of 22 participants in the lidocaine and steroid
group. There was no information available regarding the method
used to allocate the participants to a specific group, nor any information about the characteristics of the participants in each group.
Thus, there was a high risk of selection bias.
There are numerous retrospective case series supporting the various established surgical interventions for TOS including scalenectomy, scalenotomy, division of fibrous bands, first rib resection,
cervical rib resection or a combination of two or more of these
procedures from either a supraclavicular or transaxillary approach.
However, these retrospective studies lack randomization, blinding,
and standardized outcome assessment and therefore have a high
risk of selection, allocation, and assessment bias. There are a few
prospective series of consecutive patients that underwent surgical
intervention for TOS.
Martens 1980 reported on a consecutive series of 67 patients with
various types of TOS who had undergone surgical intervention
after failing non-operative therapy. The patients were contacted by
telephone or letter and their long-term outcomes were categorized
as excellent, satisfactory or poor. Surgical approaches included
supraclavicular, posterior thoracoplasty, and transaxillary. Satisfactory results were reported for 75% of posterior thoracoplasty, 64%
of supraclavicular, and 100% of transaxillary approaches. The paper did not report the statistical analysis used to compare the outcomes between the surgical groups. There was no attempt to randomize patients to the various surgical interventions, blind the patients or assessors, or attempt to account for unbalanced attrition
rates across the surgical groups and therefore the risk of selection
and assessment bias was high.
Sällström 1983 reported on a consecutive series of 63 patients with

TOS who underwent transaxillary first rib resection. Three had
venous thrombosis and the others were in no specific defined subgroup. The patients were evaluated at regular intervals after surgery
with a final evaluation at a mean of 2.5 years. Eighty-one per cent
of patients reported at least marked improvement of symptoms.
However, the lack of comparison groups, blinding, and validated
outcome measures introduce significant risk of assessment bias.
Balci 2003 prospectively studied 47 people with TOS. The authors subdivided the patients into four TOS subtypes: neurogenic
upper plexus, neurogenic lower plexus, arterial, and venous. Nineteen patients had an anomalous cervical rib. Forty-nine surgical
procedures were performed, including first rib resection (n = 28),
cervical rib resection (n =10), first and cervical rib resection (n =
9), and thrombectomy (n = 2). Follow-up, consisting of clinic
visit, phone conversation, or mailed questionnaire, was conducted
at one and two months postoperatively and with a long-term follow-up at a mean of 4.6 years. At long-term follow-up, 75% of
upper plexus and 50% of lower plexus patients remained asymptomatic. There was no difference in success when the various surgical groups were compared. The overall morbidity rate was 17%
and included incisional pain, pneumothorax, intercostobrachial
neuralgia, wound infection, and wound hematoma. The patients
were not randomized to undergo the various surgical interventions, and the outcome measurement was not standardized, therefore the risk of selection and assessment bias was high.
Landry 2001 reported a prospective observational cohort study of
people with disputed TOS who were evaluated by an independent medical examiner over an eight year period. The authors performed the initial examination, but were not involved with any
interventions. At a mean follow-up of 4.2 years, the study participants completed a standardized telephone interview or a mailed
questionnaire. Of the 79 survey respondents, 15 had undergone
surgical intervention. Most patients reported improved symptoms
and were able to return to work. Surgical intervention did result in
additional relief of symptoms compared to non-operative therapy.
The lack of randomization, high attrition rate (42%), and lack of
patient allocation conferred a high risk of selection and assessment
bias.
Bhattacharya 2003 reported an observational study of a consecutive series of 60 people who had undergone supraclavicular
neurolysis or transaxillary first rib resection for TOS of various
types. Study participants were identified from a prospective patient database and evaluated using a standardized questionnaire
that was mailed or completed via telephone. The median followup was 43 months (range 4 to 102 months). At least fair improvement of symptoms was reported in 90% of the cases. There was
no difference in outcome with regards to type of TOS or type of
surgical intervention. There was no attempt to randomize patients
to various surgical interventions, and the assessors were not blind
to which intervention had been performed, therefore the risk of
selection and assessment bias was high.
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Potential biases in the review process

Implications for research

We believe that there is a high likelihood that all studies of randomized controlled trials for the treatment of TOS as stipulated
by our inclusion and exclusion criteria have been identified, given
that only a few studies appeared, and that these few studies re-appeared across several databases. As a result, we believe the potential
bias in the review process with regards to study selection to be low.
However, there are areas in which the protocol gave insufficient
guidance, requiring ad hoc decisions to be made. For example,
in updates of this review we included additional secondary outcomes of disability and paresthesias that were not mentioned in
the protocol. We took the scales for measurement from the papers
in which these outcomes were reported. Furthermore, the protocol provided insufficient guidance for the method of reporting
the occurrence of adverse events. These too were included in the
review as reported by the individual study, which in the case of
Finlayson 2011 did not include duration of events, only the number of occurrences. As the first review that we know of to analyze
the field of randomized controlled trials for the treatment of TOS,
this review represents the first evidence of its kind.

Our findings suggest that further high quality prospective randomized controlled clinical trials are needed in this field, which
is dominated by a plethora of low quality, observer-biased observational studies. In particular, there was a lack of any randomised
controlled trials for the treatment of vascular thoracic outlet syndrome. Ideal studies would be randomized, double-blind trials
that compare the effects of different interventions with each other,
such as different types of surgeries, or surgeries versus more conservative treatments options, or commonly-used interventions versus no interventions. These trials should stratify patient groups
based on the subtype of thoracic outlet syndrome as the outcomes
of treatments may be different for each and given that different
procedures are available for the treatment of vascular thoracic outlet syndrome, such as venous endovascular angioplasty for venous
thoracic outlet syndrome. Assessment of outcomes at a follow-up
of at least six months will ensure that any reported improvement is
long-term. The outcomes of interest are those used in this review:
primarily pain (measured on a visual analogue scale or similar);
and secondarily change in strength; disability (physical and mental
subscales of the Short Form 36 Health Survey, and Disabilities of
the Arm, Shoulder and Hand questionnaire or similar); paresthesias (visual analogue scale or similar); and occurrence of adverse
events. In addition, research is needed to establish objective diagnostic criteria and standardized methods of outcome assessment
and reporting for the disputed type of thoracic outlet syndrome.

AUTHORS’ CONCLUSIONS
Implications for practice
This review was complicated by a lack of generally accepted diagnostic criteria for the diagnosis of thoracic outlet syndrome. There
is currently no evidence demonstrating the beneficial effects of established operative or non-operative interventions compared with
natural progression for pain relief in thoracic outlet syndrome.
There is very low quality evidence that transaxillary first rib resection is superior to supraclavicular neurolysis of the brachial
plexus for pain relief in selected people with the disputed type of
thoracic outlet syndrome who have failed non-operative interventions. However, there are no adverse events associated with either
treatment option. Meanwhile, there is moderate evidence to suggest that botulinum toxin injections into the scalene muscles have
no benefit over placebo for improvement in pain or disability, but
may improve paresthesias in the long term in people with thoracic
outlet syndrome of any type.

ACKNOWLEDGEMENTS
The authors are grateful for the assistance of the Cochrane Neuromuscular Disease Group. The Trials Search Co-ordinator of the
Cochrane Neuromuscular Disease Group (Angela Gunn) carried
out the literature searches for the review. A Belzberg and M Dorsi
contributed to the initial review, which formed the basis of this
update. The Cochrane Neuromuscular Disease Group editorial
base receives support from the MRC Centre for Neuromuscular
Diseases.

Treatment for thoracic outlet syndrome (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13

REFERENCES

References to studies included in this review
Finlayson 2011 {published data only}
Finlayson HC, O’Connor RJ, Brasher PMA, Travlos A.
Botulinum toxin injection for management of thoracic
outlet syndrome: a double-blind, randomized, controlled
trial. Pain 2011;152(9):2023-8. [PUBMED: 21628084]
Sheth 2005 {published data only}
Sheth RN, Campbell JN. Surgical treatment of thoracic
outlet syndrome: a randomized trial comparing two
operations. Journal of Neurosurgery: Spine 2005;3(5):
355–63. [PUBMED: 16302629]

References to studies excluded from this review
Abe 1997 {published data only}
Abe M, Shimamura T, Nishida J, Ichinohe K. Diagnosis
and treatment of thoracic outlet syndrome. Journal of
Orthopedic Science 1997;2(2):119–27.
Balci 2003 {published data only}
Balci AE, Balci TA, Cakir O, Eren S, Eren MN. Surgical
treatment of thoracic outlet syndrome: effect and results of
surgery. Annals of Thoracic Surgery 2003;75(4):1091–6.
Bhattacharya 2003 {published data only}
Bhattacharya V, Hansrani M, Wyatt MG, Lambert D,
Jones NAG. Outcome following surgery for thoracic outlet
syndrome. European Journal of Vascular and Endovascular
Surgery 2003;26(2):170–5.
Chang 2009 {published data only}
Chang DC, Rotellini-Coltvet LA, Mukherjee D, De Leon
R, Freischlag JA. Surgical intervention for thoracic outlet
syndrome improves patient’s quality of life. Journal of
Vascular Surgery 2009;49(3):630–7.
Derkash 1981 {published data only}
Derkash RS, Goldberg VM, Mendelson H, McVicker R.
The results of first rib resection in thoracic outlet syndrome.
Orthopedics 1981;4(9):1025–9.
Devin 1984 {published data only}
Devin R, Branchereau A, La Selve L, Hourtoule M.
Reflection and evolution of ideas on the thoracic outlet
syndrome and results regarding the resection of the first rib.
International Journal of Angiology 1984;3:189–90.
Divi 2003 {published data only}
Divi V, Proctor MC, Axelrod DA, Greenfield LJ. Thoracic
outlet decompression for subclavian vein thrombosis:
experience in 71 patients. Archives of Surgery 2005;140(1):
54–7.
Gockel 1994 {published data only}
Gockel M, Vastamäki M, Alaranta H. Long-term results
of primary scalenotomy in the treatment of thoracic outlet
syndrome. Journal of Hand Surgery. British Volume 1994;19
(2):229–33.
Goff 1998 {published data only}
Goff CD, Parent FN, Sato DT, Robinson KD, Gregory RT,
Gayle RG, et al.A comparison of surgery for neurogenic

thoracic outlet syndrome between laborers and nonlaborers.
American Journal of Surgery 1998;176(2):215–8.
Gülbahar 2005 {published data only}
Gülbahar S, Akalin E, Baydar M, Sahin E, Manisali
M, Kizil R, et al.Regular exercise improves outcome in
droopy shoulder syndrome: a subgroup of thoracic outlet
syndrome. Journal of Musculoskeletal Pain 2005;13(4):21–6.
Hanif 2007 {published data only}
Hanif S, Tassadaq N, Rathore MF, Rashid P, Ahmed
N, Niazi F. Role of therapeutic exercises in neurogenic
thoracic outlet syndrome. Journal of Ayub Medical College,
Abbottabad 2007;19(4):85–8.
Johnson 1974 {published data only}
Johnson CR. Treatment of thoracic outlet syndrome by
removal of first rib and related entrapments through
posterolateral approach: a 22 year experience. Journal of
Thoracic and Cardiovascular Surgery 1974;68(4):536–45.
Jordan 2000 {published data only}
Jordan SE, Ahn SS, Freischlag JA, Gelabert HA, Machleder
HI. Selective botulinum chemodenervation of the scalene
muscles for treatment of neurogenic thoracic outlet
syndrome. Annals of Vascular Surgery 2000;14(4):365–9.
Khalil 1975 {published data only}
Khalil A, Molokhia F, El-Shawarby A. On the cervical rib
syndrome. Alexandria Medical Journal 1975;21(1):48–58.
Krishnan 2005 {published data only}
Krishnan KG, Pinzer T, Schackert G. The transaxillary
approach in the treatment of thoracic outlet syndrome: a
neurosurgical appraisal. Zentralblatt für Neurochirurgie
2005;66(4):180–9.
Landry 2001 {published data only}
Landry GJ, Moneta GL, Taylor LM Jr, Edwards JM, Porter
JM. Long-term functional outcome of neurogenic thoracic
outlet syndrome in surgically and conservatively treated
patients. Journal of Vascular Surgery 2001;33(2):312–7.
Leffert 1999 {published data only}
Leffert RD, Perlmutter GS. Thoracic outlet syndrome.
Results of 282 transaxillary first rib resections. Clinical
Orthopaedics and Related Research 1999;368:66–79.
Lindgren 1997 {published data only}
Lindgren KA. Conservative treatment of thoracic outlet
syndrome: a 2-year follow-up. Archives of Physical Medicine
and Rehabilitation 1997;78(4):373–8.
Martens 1980 {published data only}
Martens V, Bugden C. Thoracic outlet syndrome: a review
of 67 cases. Canadian Journal of Surgery 1980;23(4):357–8.
Martinez 1982 {published data only}
Martinez NS. Posterior first rib resection for complete
thoracic outlet decompression: evolution, advantages and
new technical aspects. Vascular Surgery 1982;16(6):366–77.

Treatment for thoracic outlet syndrome (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

14

McGough 1979 {published data only}
McGough EC, Pearce MB, Byrne JP. Management
of thoracic outlet syndrome. Journal of Thoracic and
Cardiovascular Surgery 1979;77(2):169–74.
Nakatsuchi 1995 {published data only}
Nakatsuchi Y, Saitoh S, Hosaka M, Matsuda S. Conservative
treatment of thoracic outlet syndrome using an orthosis.
Journal of Hand Surgery. British Volume 1995;20(1):34–9.
Nannapaneni 2003 {published data only}
Nannapaneni R, Marks SM. Neurogenic thoracic outlet
syndrome. British Journal of Neurosurgery 2003;17(2):
144–8.
Norgren 1984 {published data only}
Norgren L, Ingesson E, Ribbe E. Results of physiotherapy
in thoracic outlet syndrome. Inter Angio 1984;3:139–40.
Qvarfordt 1984 {published data only}
Qvarfordt PG, Ehrenfeld WK, Stoney RJ. Supraclavicular
radical scalenectomy and transaxillary first rib resection
for the thoracic outlet syndrome. A combined approach.
American Journal of Surgery 1984;148(1):111–6.
Roos 1982 {published data only}
Roos DB. The place for scalenectomy and first-rib resection
in thoracic outlet syndrome. Surgery 1982;92(6):1077–85.
Sällström 1983 {published data only}
Sällström J, Gjöres JE. Surgical treatment of the thoracic
outlet syndrome. Acta Chirurgica Scandinavica 1983;149
(6):555–60.
Sanders 1979 {published data only}
Sanders RJ, Monsour JW, Gerber WF, Adams WR,
Thompson N. Scalenectomy versus first rib resection for
treatment of the thoracic outlet syndrome. Surgery 1979;85
(1):109–21.
Schneider 2004 {published data only}
Schneider DB, Dimuzio PJ, Martin ND, Gordon RL,
Wilson MW, Laberge JM, et al.Combination treatment
of venous thoracic outlet syndrome: open surgical
decompression and intraoperative angioplasty. Journal of
Vascular Surgery 2004;40(4):599–603.
Taskaynatan 2007 {published data only}
Taskaynatan MA, Balaban B, Yasar E, Ozgul A, Kalyon TA.
Cervical traction in conservative management of thoracic
outlet syndrome. Journal of Musculoskeletal Pain 2007;15
(1):89–94.
Terao 2008 {published data only}
Terao T, Ide K, Taniguchi M, Nakauchi J, Isoo A, Takahashi
H, et al.The management of patients with thoracic outlet
syndrome (TOS) and an assistant diagnosis to discriminate
between TOS and cervical spondylosis. Neurological Surgery
2008;36(7):615–23.
Urschel 1976 {published data only}
Urschel HC Jr, Razzuk MA, Albers JE, Wood RE, Paulson
DL. Reoperation for recurrent thoracic outlet syndrome.
Annals of Thoracic Surgery 1976;21(1):19–25.

Additional references
Edwards 1999
Edwards DP, Mulkern E, Raja AN, Barker P. Trans-axillary
first rib excision for thoracic outlet syndrome. Journal of the
Royal College of Surgeons of Edinburgh 1999;44(6):362–5.
Fechter 1993
Fechter JD, Kuscher SH. The thoracic outlet syndrome.
Orthopedics 1993;16(11):1243–51.
Green 1991
Green RM, McNamara J, Ouriel K. Long-term follow-up
after thoracic outlet decompression: an analysis of factors
determining outcome. Journal of Vascular Surgery 1991;14
(6):739–46.
Higgins 2011
Higgins JPT, Green S (editors). Cochrane Handbook
for Systematic Reviews of Interventions Version 5.1.0
[updated March 2011]. The Cochrane Collaboration,
2011. Available from www.cochrane-handbook.org.
Huang 2004
Huang JH, Zager EL. Thoracic outlet syndrome.
Neurosurgery 2004;55(4):897-902, discussion 902-3.
Illig 2010
Illig KA, Doyle AJ. A comprehensive review of PagetSchroetter Syndrome. Journal of Vascular Surgery 2010;51
(6):1538–47.
Junoven 1995
Juvonen T, Satta J, Laitala P, Luukkonen K, Nissinen J.
Anomalies at the thoracic outlet are frequent in the general
population. American Journal of Surgery 1995;170(1):33–7.
Peet 1956
Peet RM, Henriksen JD, Anderson TP, Martin GM.
Thoracic outlet syndrome: evaluation of a therapeutic
exercise program. Proceedings of the Staff Meetings of the
Mayo Clinic 1956;31(9):281–7.
RevMan 2012
The Nordic Cochrane Centre, The Cochrane Collaboration.
Review Manager (RevMan). 5.2. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2012.
Sheth 2001
Sheth RN, Belzberg AJ. Diagnosis and treatment of thoracic
outlet syndrome. Neurosurgery Clinics of North America
2001;12(2):295–309.
Urschel 1998
Urschel HC, Razzuk MA. Neurovascular compression in
the thoracic outlet: changing management over 50 years.
Annals of Surgery 1998;228(4):609–17.
Wilbourn 1990
Wilbourn AJ. The thoracic outlet syndrome is
overdiagnosed. Archives of Neurology 1990;47(3):328–30.
Wilbourn 1999
Wilbourn AJ. Thoracic outlet syndromes. Neurologic Clinics
1999;17(3):477–97.

Treatment for thoracic outlet syndrome (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

15

References to other published versions of this review
Povlsen 2008
Povlsen B, Belzberg A, Hansson T, Dorsi M. Treatment
for thoracic outlet syndrome. Cochrane Database of
Systematic Reviews 2008, Issue 3. [DOI: 10.1002/
14651858.CD007218]
Povlsen 2010
Povlsen B, Belzberg A, Hansson T, Dorsi M. Treatment
for thoracic outlet syndrome. Cochrane Database of
Systematic Reviews 2010, Issue 1. [DOI: 10.1002/
14651858.CD007218.pub2]
∗
Indicates the major publication for the study

Treatment for thoracic outlet syndrome (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16

CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]
Finlayson 2011
Methods

Double-blind, randomized clinical trial

Participants

Number: 38 participants randomized, 37 analyzed
Age: mean at time of surgery 37.7 years (SD ± 8.0)
Sex: 31/38 evaluated (82%) were female
Inclusion criteria: clinical diagnosis of TOS with symptoms present for at least six
months, age at least 19 years, medical stability, ability to give informed consent, prior
electromyography, and CT or MRI scan of the cervical spine to rule out alternate diagnoses
Exclusion criteria: prior treatment with or allergy to botulinum toxin, history of botulism,
prior scalenectomy, surgery for TOS planned within 6 months, use of blood thinners,
unfractioned or low-molecular-weight heparin, history of myasthenia gravis or EatonLambert syndrome, inability to complete follow-up assessments, pregnancy or planned
pregnancy within 6 months

Interventions

75-unit dose of botulinum toxin reconstituted with 0.75 cc of normal saline, with half
injected into the middle scalene and half injected into the anterior scalene for each patient

Outcomes

1. Pain (100 mm VAS)
2. Paresthesias (100 mm VAS)
3. Disability (Disabilities of the Arm, Shoulder and Hand questionnaire (DASH)),
SF-36 physical, SF-36 mental
4. Adverse events
Follow-up: 6 weeks, 3 months and 6 months

Funding

Includes a grant of 15,000 CAD and provision of intervention drug by Allergan Inc

Conflicts of interest

In addition to providing funding and the intervention drug, Allergan Inc have also given
honoraria totalling approximately 10,000 CAD to the authors for their work as peer
mentors in training physicians in the use of botulinum toxins for spasticity management.
Allergan Inc was not involved in study design; data collection, analysis or interpretation;
writing the report; or in the decision to submit the paper for publication

Notes

Location: Canada
Socio-economic status: not reported

Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Low risk
bias)
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Support for judgement
Random sequence was prepared by a statistician, who was not a co-investigator, by using
a computer random number generator
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Finlayson 2011

(Continued)

Allocation concealment (selection bias)

Low risk

Syringes were prepared by someone other
than the injector, and the syringes (botulinum
toxin versus saline only) were both odourless
and colourless

Blinding (performance bias and detection Low risk
bias)
All outcomes

Patients, injectors and outcome assessors were
all blinded, with injection and outcome assessment carried out by different individuals.
At study completion, patients were 51% accurate at guessing their assigned group

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Only one patient lost to follow-up (botulinum treatment group)

Selective reporting (reporting bias)

Unclear risk

All outcome measures except adverse events
were collected by a blinded assessor, with adverse events either self reported or reported
by patients completing a checklist. There was
no distinction between which adverse events
were self reported versus recorded via checklist, and no recording of how long or how severe individual adverse events were

Other bias

Low risk

No other sources of bias were identified.

Sheth 2005
Methods

Randomized clinical trial

Participants

Number: 55 participants randomized, 47 evaluated
Age: mean age at the time of surgery 37 (SD ± 7 years), range 18 to 58 years
Sex: 40/47 evaluated (85%) were women
Inclusion criteria: Aged 18 years or older with pain as predominant symptom and diagnosed with TOS by senior author. No improvement with previous physical therapy
Exclusion criteria: neurological deficits, symptoms of vascular occlusion, prior TOS
surgery, cervical spondylosis, cervical rib. If patients selected on procedure they were
excluded

Interventions

Supraclavicular neuroplasty of the brachial plexus (25 procedures)
Transaxillary first rib resection (24 procedures (in 2 participants bilateral))

Outcomes

1. Pain
i) score (100 mm VAS)
ii) relief (Likert scale)
iii) average, best, worst level
iv) location
2. Numbness
3. Tingling
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Sheth 2005

(Continued)

4. Symptom severity with arm raised
5. Adverse events
Mean duration of follow-up: 37 months
Funding

No information

Conflicts of interest

No information

Notes

Location: United States
Socio-economic status: not reported

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection High risk
bias)

Sequence generation: odd or even hospital record number
(not described in text; personal communication from authors)

Allocation concealment (selection bias)

Sequence generation: odd or even hospital record number
(not described in text; personal communication from authors)

High risk

Blinding (performance bias and detection Unclear risk
bias)
All outcomes

Surgeon knew about hospital number and was therefore not
blinded

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Four participants in each group lost to follow-up

Selective reporting (reporting bias)

Unclear risk

No description of which patients were interviewed in person
and who by phone. Unclear how VAS was performed over
the phone or if any of the included questionnaires were
incomplete

Other bias

Unclear risk

No description of how ongoing legal claims or dominant extremity were spread between groups. Both participants with
bilateral symptoms were in the same group. No description
of differences between participants interviewed in clinic versus via telephone

CAD: Canadian dollars; SD: standard deviation; SF-36: Short Form 36 Health Survey; TOS: thoracic outlet syndrome; VAS: visual
analogue scale
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Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Abe 1997

Not a randomized clinical trial. Retrospective series

Balci 2003

Prospective operative series, not randomized

Bhattacharya 2003

Prospective operative series, not randomized

Chang 2009

Prospective operative series, not randomized

Derkash 1981

Not a randomized clinical trial. Retrospective series

Devin 1984

Not a randomized clinical trial. Retrospective series

Divi 2003

Not a randomized clinical trial. Retrospective series

Gockel 1994

Not a randomized clinical trial. Retrospective series

Goff 1998

Not a randomized clinical trial. Retrospective series

Gülbahar 2005

Prospective non-operative series, not randomized

Hanif 2007

Prospective non-operative series, not randomized

Johnson 1974

Not a randomized clinical trial. Retrospective series

Jordan 2000

Prospective non-operative series, not randomized

Khalil 1975

Not a randomized clinical trial. Retrospective series

Krishnan 2005

Not a randomized clinical trial. Retrospective series

Landry 2001

Prospective operative series, not randomized

Leffert 1999

Not a randomized clinical trial. Retrospective series

Lindgren 1997

Prospective non-operative series, not randomized

Martens 1980

Prospective operative series, not randomized

Martinez 1982

Not a randomized clinical trial. Retrospective series

McGough 1979

Not a randomized clinical trial. Retrospective series

Nakatsuchi 1995

Not a randomized clinical trial. Retrospective series
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(Continued)

Nannapaneni 2003

Not a randomized clinical trial. Retrospective series

Norgren 1984

Not a randomized clinical trial. Retrospective series

Qvarfordt 1984

Not a randomized clinical trial. Retrospective series

Roos 1982

Not a randomized clinical trial. Retrospective series

Sanders 1979

Not a randomized clinical trial. Retrospective series

Schneider 2004

Prospective operative series, not randomized

Sällström 1983

Prospective operative series, not randomized

Taskaynatan 2007

Randomized clinical trial; Follow-up period < 6 months

Terao 2008

Not a randomized clinical trial. Retrospective series

Urschel 1976

Not a randomized clinical trial. Retrospective series
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DATA AND ANALYSES
This review has no analyses.

APPENDICES
Appendix 1. NMD REGISTER (CRS) search strategy
#1 MeSH DESCRIPTOR Thoracic Outlet Syndrome Explode All WITH DT RH SU TH [REFERENCE] [STANDARD]
#2 MeSH DESCRIPTOR Thoracic Outlet Syndrome [REFERENCE] [STANDARD]
#3 “thoracic outlet syndrome” [REFERENCE] [STANDARD]
#4 “Costoclavicular syndrome” [REFERENCE] [STANDARD]
#5 “Scalenus anticus syndrome” [REFERENCE] [STANDARD]
#6 “Superior thoracic aperture syndrome” [REFERENCE] [STANDARD]
#7 “cervical rib syndrome” [REFERENCE] [STANDARD]
#8 #2 or #3 or #4 or #5 or #6 or #7 [REFERENCE] [STANDARD]
#9 MeSH DESCRIPTOR Therapeutics Explode 1 [REFERENCE] [STANDARD]
#10 physiotherap* or therap* or treatment* or exercise* or corticosteroid* or relaxant* or ortho* or collar [REFERENCE] [STANDARD]
#11 #9 or #10 [REFERENCE] [STANDARD]
#12 #8 and #11 [REFERENCE] [STANDARD]
#13 #1 or #12 [REFERENCE] [STANDARD]
#14 (#1 or #12) AND (INREGISTER) [REFERENCE] [STANDARD]

Appendix 2. CENTRAL search strategy
#1MeSH descriptor Thoracic Outlet Syndrome explode all trees
#2“Thoracic Outlet Syndrome”
#3Costoclavicular syndrome
#4Scalenus anticus syndrome
#5Superior thoracic aperture syndrome
#6cervical rib syndrome
#7(#1 OR #2 OR #3 OR #4 OR #5 OR #6)
#8MeSH descriptor Therapeutics explode all trees
#9therap* or treatment or physiotherap* or exercis* or corticosteroid* or relaxant* or ortho* or collar
#10(#8 OR #9)
#11(#7 AND #10)
#12MeSH descriptor Thoracic Outlet Syndrome explode all trees with qualifiers: DT,RH,SU,TH
#13(#11 OR #12)
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Appendix 3. MEDLINE (OvidSP) search strategy
Database: Ovid MEDLINE(R) <1946 to June Week 2 2014>
Search Strategy:
-------------------------------------------------------------------------------1 randomized controlled trial.pt. (375822)
2 controlled clinical trial.pt. (88506)
3 randomized.ab. (274172)
4 placebo.ab. (146697)
5 drug therapy.fs. (1707233)
6 randomly.ab. (194380)
7 trial.ab. (284295)
8 groups.ab. (1248957)
9 or/1-8 (3205508)
10 exp animals/ not humans.sh. (3951750)
11 9 not 10 (2728082)
12 exp Thoracic Outlet Syndrome/dt, rh, su, th [Drug Therapy, Rehabilitation, Surgery, Therapy] (1020)
13 exp Thoracic Outlet Syndrome/ or Thoracic Outlet Syndrome.tw. (2066)
14 Costoclavicular syndrome.mp. (27)
15 Scalenus anticus syndrome.mp. (141)
16 Superior thoracic aperture syndrome.mp. (1)
17 cervical rib syndrome.tw. (48)
18 or/13-17 (2091)
19 exp Therapeutics/ (3357917)
20 [remove duplicates from 23] (0)
21 randomized controlled trial.pt. (375822)
22 controlled clinical trial.pt. (88506)
23 randomized.ab. (274172)
24 placebo.ab. (146697)
25 drug therapy.fs. (1707233)
26 randomly.ab. (194380)
27 trial.ab. (284295)
28 groups.ab. (1248957)
29 or/21-28 (3205508)
30 exp animals/ not humans.sh. (3951750)
31 29 not 30 (2728082)
32 exp Thoracic Outlet Syndrome/dt, rh, su, th [Drug Therapy, Rehabilitation, Surgery, Therapy] (1020)
33 exp Thoracic Outlet Syndrome/ or Thoracic Outlet Syndrome.tw. (2066)
34 Costoclavicular syndrome.mp. (27)
35 Scalenus anticus syndrome.mp. (141)
36 Superior thoracic aperture syndrome.mp. (1)
37 cervical rib syndrome.tw. (48)
38 or/33-37 (2091)
39 exp Therapeutics/ (3357917)
40 (physiotherap$ or therap$ or treatment$ or exercise$ or corticosteroid$ or relaxant$ or ortho$ or collar).mp. (4831081)
41 39 or 40 (6506962)
42 32 or (38 and 41) (1306)
43 31 and 42 (117)
44 remove duplicates from 43 (116)
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Appendix 4. EMBASE (OvidSP) search strategy
Database: Embase <1980 to 2014 Week 25>
Search Strategy:
-------------------------------------------------------------------------------1 crossover-procedure/ (39220)
2 double-blind procedure/ (113783)
3 randomized controlled trial/ (343948)
4 single-blind procedure/ (18403)
5 (random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or (doubl$ adj blind$) or (singl$ adj blind$) or assign$
or allocat$ or volunteer$).tw. (1323770)
6 or/1-5 (1399953)
7 exp animals/ (18677992)
8 exp humans/ (14771869)
9 7 not (7 and 8) (3906123)
10 6 not 9 (1256603)
11 limit 10 to embase (1034502)
12 thorax outlet syndrome/dt, rh, su, th [Drug Therapy, Rehabilitation, Surgery, Therapy] (1046)
13 (thorax outlet syndrome or thoracic outlet syndrome).mp. (2649)
14 Costoclavicular syndrome.mp. (31)
15 Scalenus anticus syndrome.mp. (72)
16 Superior thoracic aperture syndrome.mp. (2)
17 cervical rib syndrome.mp. (58)
18 or/13-17 (2684)
19 exp therapy/ (5882857)
20 (therap$ or treatment or physiotherap$ or treatment$ or exercise$ or corticosteroid$ or relaxant$ or ortho$ or collar).mp. (6923555)
21 19 or 20 (9154513)
22 18 and 21 (1445)
23 11 and (12 or 22) (37)

Appendix 5. CINAHL (EBSCOhost) search strategy
Monday, June 23, 2014 2:14:41 PM
S32 S30 and S31 1
S31 EM 20130721- 308,059
S30 S18 and S29 39
S29 S19 or S28 263
S28 S25 and (S26 OR S27) 237
S27 therap* or treatment or physiotherap* or exercise* or corticosteroid* or relaxant* or ortho* or collar 1,214,829
S26 (MH “Therapeutics+”) 918,214
S25 S20 OR S21 OR S22 OR S23 OR S24 378
S24 “cervical rib syndrome” 1
S23 superior thoracic aperture syndrome 0
S22 scalenus anticus syndrome 3
S21 “costoclavicular syndrome” 0
S20 thoracic outlet syndrome 378
S19 (MH “Thoracic Outlet Syndrome/DH/DT/RT/RH/SU/TH”) 158
S18 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 or S15 or S16 or S17 682,523
S17 ABAB design* 84
S16 TI random* or AB random* 137,485
S15 ( TI (cross?over or placebo* or control* or factorial or sham? or dummy) ) or ( AB (cross?over or placebo* or control* or factorial
or sham? or dummy) ) 276,971
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S14 ( TI (clin* or intervention* or compar* or experiment* or preventive or therapeutic) or AB (clin* or intervention* or compar* or
experiment* or preventive or therapeutic) ) and ( TI (trial*) or AB (trial*) ) 96,216
S13 ( TI (meta?analys* or systematic review*) ) or ( AB (meta?analys* or systematic review*) ) 31,329
S12 ( TI (single* or doubl* or tripl* or trebl*) or AB (single* or doubl* or tripl* or trebl*) ) and ( TI (blind* or mask*) or AB (blind*
or mask*) ) 21,669
S11 PT (“clinical trial” or “systematic review”) 119,003
S10 (MH “Factorial Design”) 918
S9 (MH “Concurrent Prospective Studies”) or (MH “Prospective Studies”) 235,766
S8 (MH “Meta Analysis”) 19,502
S7 (MH “Solomon Four-Group Design”) or (MH “Static Group Comparison”) 38
S6 (MH “Quasi-Experimental Studies”) 6,751
S5 (MH “Placebos”) 8,767
S4 (MH “Double-Blind Studies”) or (MH “Triple-Blind Studies”) 29,385
S3 (MH “Clinical Trials+”) 176,040
S2 (MH “Crossover Design”) 11,833
S1 (MH “Random Assignment”) or (MH “Random Sample”) or (MH “Simple Random Sample”) or (MH “Stratified Random Sample”)
or (MH “Systematic Random Sample”) 65,983

Appendix 6. AMED (OvidSP) search strategy
Database: AMED (Allied and Complementary Medicine) <1985 to June 2014>
Search Strategy:
-------------------------------------------------------------------------------1 Randomized controlled trials/ (1663)
2 Random allocation/ (312)
3 Double blind method/ (510)
4 Single-Blind Method/ (50)
5 exp Clinical Trials/ (3376)
6 (clin$ adj25 trial$).tw. (5900)
7 ((singl$ or doubl$ or treb$ or trip$) adj25 (blind$ or mask$ or dummy)).tw. (2424)
8 placebos/ (548)
9 placebo$.tw. (2664)
10 random$.tw. (14267)
11 research design/ (1769)
12 Prospective Studies/ (737)
13 meta analysis/ (123)
14 (meta?analys$ or systematic review$).tw. (2327)
15 control$.tw. (30099)
16 (multicenter or multicentre).tw. (822)
17 ((study or studies or design$) adj25 (factorial or prospective or intervention or crossover or cross-over or quasi-experiment$)).tw.
(10792)
18 or/1-17 (46513)
19 Thoracic Outlet Syndrome/ or Thoracic Outlet Syndrome.tw. (76)
20 Costoclavicular syndrome.mp. (0)
21 Scalenus anticus syndrome.mp. (2)
22 Superior thoracic aperture syndrome.mp. (0)
23 cervical rib syndrome.mp. (1)
24 or/19-23 (77)
25 18 and 24 (6)
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WHAT’S NEW
Last assessed as up-to-date: 23 June 2014.

Date

Event

Description

29 July 2014

New citation required and conclusions have changed

Major revision. An additional included trial of botulinum
toxin. Changes in authorship

22 July 2014

New search has been performed

Searches updated to June 2014

HISTORY
Protocol first published: Issue 3, 2008
Review first published: Issue 1, 2010

Date

Event

Description

20 April 2008

Amended

Converted to new review format.

CONTRIBUTIONS OF AUTHORS
B Povlsen wrote the first draft of the 2014 review and B Povlsen and SD Povlsen reviewed the updated database searches and co-ordinated
the subsequent comments into the final review. T Hansson made valuable comments to the subsequent drafts and all participated in
assessing the selected papers.

DECLARATIONS OF INTEREST
None of the members of the review team have conflicts of interest.

SOURCES OF SUPPORT
Internal sources
• Department of Orthopaedics, Guy’s & St Thomas Hospitals NHS Foundation Trust, UK.
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External sources
• No sources of support supplied

DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We did not search evidence-based medicine reviews: ACP Journal Club or the Cochrane Database of Systematic Reviews (CDSR).
The review authors assessed the quality of studies using the Cochrane ’Risk of bias’ tool (Higgins 2011) rather than the earlier
methodological quality assessment process described in the protocol.
At this update we added some comments on dealing with bilateral cases under ’Unit of analysis issues’.
At this update, secondary outcome measures of ’change in disability’ and ’change in paresthesias’ were included.
Finlayson 2011 was included for review as a double-blind randomized control trial. The protocol stipulated that we would accept the
author’s diagnosis of TOS if attempts had been made to stratify the patients’ diagnosis of TOS into the three sub-types. This criterion
could not be applied here; however, we felt this paper should be included due to the high quality of blinding, randomization, outcome
measurement, and low risk of bias.
A Belzberg and M Dorsi, who authored the protocol and original version of the review, were not involved in the update. Instead SD
Povlsen, who was not involved in authoring the protocol or original version of the review, was co-author of the update.

INDEX TERMS
Medical Subject Headings (MeSH)
Botulinum Toxins [therapeutic use]; Brachial Plexus [surgery]; Cervical Rib [surgery]; Follow-Up Studies; Neurotoxins [therapeutic
use]; Randomized Controlled Trials as Topic; Thoracic Outlet Syndrome [diagnosis; etiology; ∗ therapy]; Time Factors

MeSH check words
Humans
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