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Abstract 

 

Introduction 

Thoracic outlet syndrome (TOS) is a set of symptoms that arise when neurovascular 

bundles are compressed in the course of passage through three spaces: the 

costoclavicular junction, the scalene triangle, and the pectoralis minor space. This study 

aims to review the literature regarding the proper management of recurrent TOS.  

Methods 

We conducted a systematic literature search using various databases up to December 

20, 2022. The study included those articles in which the symptoms were regarded as 

recurrent if TOS-related symptoms like pain and/or discomfort recurred following an 

initial resolution of symptoms. Multiple data were gathered from the included studies, 

including the publication year, first author, country, sex, age, type of primary 

intervention, duration of physiotherapy, type of reoperation, compressing structures, 

and the outcome. 

Results 

The study included 14 articles. Two of the articles were case reports, 10 were case 

series, and the remaining were cohort studies. A total of 686 patients were included, of 

whom 506 (73.7%) were female. The ages ranged from 17 to 79 years, with varying 

means across the age groups. Nine out of 14 (64%) studies reported the first rib remnant 

as one of the causative factors in the recurrence of TOS. Excellent or good results were 

reported in 474 (69%) patients.  

Conclusion 

Recurrent TOS is a relatively common finding after primary treatment for neurogenic 

TOS. Management is similar to primary TOS, including conservative management and 

surgical intervention. The latter should not be delayed if conservative treatment fails. 
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1. Introduction 

Thoracic outlet syndrome (TOS) is a set of symptoms that arise 

when neurovascular bundles are compressed in the course of 

passage through three spaces: the costoclavicular junction, the 

scalene triangle, and the pectoralis minor space [1,2]. According 

to the structure being compressed, TOS is classified into three 
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main categories; neurogenic (nTOS), arterial (aTOS), and 

venous (vTOS) [1]. nTOS is more prevalent among women and 

is most often seen in otherwise healthy, moderately active, and 

relatively young adults [3]. Frequently, nTOS is demonstrated 

by pain in the neck and upper extremities, numbness, 

paresthesia, and weakness, with positional exacerbation of the 

symptoms [4]. However, there is controversy about the overall 

knowledge of nTOS, like pathogenesis, diagnosis, treatment, 

and prognosis. Favorable outcomes have been obtained among 

a large group of properly selected patients who undergo thoracic 

outlet decompression, as indicated by multiple studies [4-6]. 

Even the vast majority of affected patients with nTOS, including 

those who sustained work-related injuries and sought 

compensation, reported post-surgery symptom improvement 

and expressed willingness to undergo decompression surgery 

again when necessary [7]. Decompression may include first rib 

and/or cervical rib resection, anterior and middle scalene muscle 

division or resection, anomalous fibro-facial band resection, 

and/or brachial plexus mobilization with perineural fibrous 

tissue (external neurolysis) resection [4]. 

Following the first rib resection or scalenectomy, recurrent 

symptoms of TOS are possible. Regardless of the type of 

surgical procedure that has been carried out, a recurrence rate of 

15%–30% has been reported [8]. This study aims to review the 

literature regarding the proper management of recurrent TOS.  

 

2. Methods 

2.1. Study protocol 

This review was designed based on the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) 

2020 guidelines [9]. 

2.2. Data sources and search strategy 

A systematic literature search was conducted using Google 

Scholar, PubMed/MEDLINE, Web of Science, CINAHL, 

Cochrane Library, and EMBASE databases to identify 

published studies up to December 20, 2022. The search was 

performed using these keywords: (recurrence OR recurrent OR 

reoperation) AND (TOS OR Thoracic outlet syndrome). The 

search was focused on English language studies.  

2.3. Eligibility criteria 

The study included those articles in which the symptoms were 

regarded as recurrent if TOS-related symptoms of pain and/or 

discomfort recurred following an initial resolution of symptoms. 

Studies with minimal improvement or persistent symptoms and 

only abstracts available were excluded. All cited resources were 

assessed for eligibility according to Kscien’s criteria [10]. 

2.4. Study selection process 

At first, two independent researchers (BAA and SOK) screened 

the titles and abstracts of the searched studies and later 

performed a full-text screening based on the eligibility criteria. 

Then, the eligible studies were selected. The third author (FHK) 

resolved any disagreement through discussion and debate with 

the former ones. 

2.5. Data items 

Multiple data were gathered from the included studies, including 

the publication year, first author, country, sex, age, type of 

primary intervention, duration of physiotherapy, type of 

reoperation, compressing structures, and the outcome. 

2.6. Data analysis and synthesis 

The extracted data were analyzed qualitatively using the 

Statistical Package for Social Sciences (SPSS) 25.0 software. A 

summary table containing relevant variables was produced and 

presented as frequency, mean, range, and percentage. 

 

3. Results 

After removing the excluded articles according to the eligibility 

criteria (Figure 1), the study included 14 articles [1,3,4-6,7,11-

18]. Two of the articles were case reports, 10 were case series 

and the remaining were cohort studies. The study included 686 

patients, and 506 (73.7%) were female. The ages ranged from 

17 to 79 years, with varying means across the age groups. Nine 

out of 14 (64%) studies reported the first rib remnant as one of 

the causative factors in the recurrence of TOS. Excellent or good 

results were reported in 474 (69%) patients. Table 1 and 2 show 

the details of each study.   

 

Figure 1. Study selection PRISMA flow chart. 

https://doi.org/10.58742/bmj.v1i2.45
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4. Discussion 

Regardless of the initial operative approach, recurrence or 

persistent symptoms of nTOS have been reported in 15% to 30% 

of patients, in spite of the magnificent outcome of surgical 

treatment [4,8]. Although it is rare, concurrent TOS with nTOS 

can occur after inadequate first and/or cervical rib excision [1]. 

Recurrence differs from immediate failure. The former is 

considered when the patient initially experiences symptomatic 

improvement for a period, then develops symptoms and can 

benefit from reoperation. While the latter includes patients with 

no symptomatic improvement after the initial surgery, either 

from diagnosis error or dominating another diagnosis, they can 

take no benefit from reoperation [12]. 

It is common for the residual first rib to be the cause of symptom 

recurrence. However, the incidence of first rib regrowth is 

unknown. As the literature reported, the fewest number of 

patients after the initial operation were noted to have the first rib 

regrow [12,18]. 

Bone regrowth needs the presence of fibroblasts and precursor 

cells, presumably from the periosteum. These precursor cells 

develop to form chondroblasts and osteoblasts. Bone growth is 

preceded by hyaline cartilage production from chondroblasts, 

which is the probable explanation for fibrocartilaginous 

extensions to the regrown bone, as seen in several specimens. In 

addition, residual elements of incompletely resected original 

ribs have been noted. It is worthwhile to note that first rib 

regrowth is probably correlated with residual rib portions, 

including non-resected periosteum and bone [12]. 

Diagnostic testing is advised for two reasons: to rule out the 

differential diagnosis and to assist in the diagnosis of TOS [19].  

 

Additionally, recurrent TOS is rather easier to diagnose than 

establishing the diagnosis with initial symptoms. A short period 

of symptom relief could be considered evidence that the TOS 

diagnosis was probably correct [12]. 

Differential diagnosis exclusion is carried out through physical 

examination, electroconductive testing, and evaluation of 

cervical spine magnetic resonance imaging (MRI). These 

assessments are carried out for all patients at the time of the 

initial surgery. As recurrent symptoms have been recognized, 

repeating these tests is considered. A number of tests are 

considered to assist and support the diagnosis of recurrent TOS, 

including anterior scalene muscle block, electroconductive 

testing, and brachial plexus MRI studies [19,20]. Venography of 

the upper extremities is carried out whenever congestive 

symptoms are present [11]. 

Moreover, the presence of other differential diagnoses makes 

TOS diagnosis difficult but does not exclude it, as the majority 

of the patients have more than one diagnosis. Sometimes, when 

no neurologic improvement is observed after TOS surgery, 

brachial plexus injury, which is a diagnosis of exclusion, can be 

considered after ruling out entrapment in all other areas (spine, 

wrist, elbow) [5,11]. 

Recurrent TOS is categorized, based on the location of brachial 

plexus fixation, into lower tract recurrence (Roos type 1) and 

upper tract recurrence (Roos type 2). The former, Roos type 1, 

roots of C8-T1 are fixed to the chest wall by the scar of the 

retained first rib stump, while the latter nerve roots of one or all 

of the C5, C6, or C7 are attached almost through anterior scalene 

muscle re-attachment, which is tied down to the neck. 

Additionally, complete recurrence is also described, and its  

Table 1. Full description of the cases and corresponding recommendations. 

Author/Reference Country/Year Study design No. of patients Age/ age range Gender 

Gadiwalla et al. [1] USA/2022 Case Report 1 30 F 

Wiley et al. [15] USA/2022 Case Report 1 40 F 

Jammeh et al. [3] USA/2021 Cohort Study 90 39.9* 25M/65F 

Greenberg et al. [18] USA/2015 Case series 20 34.8* 8M/12F 

Likes et al. [2] USA/2014 Case Series 15 36.5* 4M/11F 

Gelabert et al. [9] USA/2014 Case Series 8 40.8* 2M/6F 

Sanders [10] USA/2011 Cohort study 86 17-71 17M/69F 

Chalela et al. [4] USA/2004 Case series 17 23-50 2M/15F 

Stephen et al. [6] USA/1994 Case series 38 40* 5M/33F 

Sanders et al. [11] USA/1990 Case Series 97 32* 20M/77F 

Urschel et al. [12] USA/1986 Case series 225 23-68 79M/146F 

Sessions [13] USA/1982 Case series 29 NR 6M/23F 

Sanders et al. [16] USA/1979 Case Series 29 20-51 3M/26F 

Urschel et al. [14] USA/1976 Case series 30 21-70 9M/21F 

https://doi.org/10.58742/bmj.v1i2.45
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diagnosis and treatment are challenging as the brachial plexus 

scar is fixed to both the chest wall and the neck [13]. 

Some literature considers incomplete rib excision during the 

initial operation of TOS as the principal iatrogenic cause of 

recurrence. Besides, it is also stated that the brachial plexus can 

be compressed by fibrous cartilage and bone formed after 

incomplete rib resection. As reported, the majority (87%) of 

TOS recurrence comes with the posterior stump of the first rib, 

and the least number of patients show non-improvement after 

the second operation [3]. Furthermore, scar tissue in the bed of 

the first rib or compression between the second rib and clavicle 

have been suggested as causative factors. Herein, it is 

recommended to carry out axillary re-exploration for scar tissue 

division in the bed of the first rib and second rib midpoint 

removal when costoclavicular compression is noted [14]. 

Many surgeons are reportedly dissatisfied with anterior 

scalenotomy due to its high failure rates [21]. However, different 

studies revealed different outcomes, since some of the studies 

reported similar outcomes in describing success rates of first rib 

resection alone and scalenectomy alone when anterior 

scalenotomy was substituted by anterior and middle 

scalenectomy. Further studies support scalenectomy with better 

outcomes and fewer complications compared to transaxillary 

first rib resection [11,22-25]. 

Similar to primary TOS, management of recurrent TOS should 

start with conservative treatment, including physiotherapy, 

injections in the trigger point, job modifications, and 

medications (analgesic soothing cream, liniments, and muscle 

relaxants). When surgical treatment is required as the last resort, 

depending on the previous procedures that have been carried 

out, the type of surgical approach is chosen [25]. 

The surgical outcome of recurrent TOS is very similar to the 

outcome of primary TOS, with 84% of patients showing initial 

improvement, falling to 59% after 1-2 years and 41% at 10-15 

years [11]. 

Two years after the initial operation, recurrence is possible but 

less common. The cause of recurrence significantly influences 

the outcome of reoperation. Additionally, continuous scarring at 

the site of the previous operation is considered to be the cause 

of spontaneous recurrence, resulting in a less favorable outcome 

of reoperation [11]. 

 

5. Conclusion 

Recurrent TOS is a relatively common finding following 

primary treatment for neurogenic TOS. Management is similar 

to primary TOS, including conservative management and 

surgical intervention. The latter should not be delayed if 

conservative treatment fails. 
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