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Endoscopic-Assisted Transaxillary Approach for First  ®
Rib Resection in Thoracic Outlet Syndrome

updates.

Kozo Furushima, M.D., Tadanao Funakoshi, M.D., Hiroshi Kusano, M.D.,
Azusa Miyamoto, M.S., Toru Takahashi, M.D., Yukio Horiuchi, M.D., and
Yoshiyasu Itoh, M.D.

Purpose: To assess the feasibility, safety, and clinical outcomes of an endoscopic-assisted transaxillary approach of first rib
resection for thoracic outlet syndrome (TOS) and to compare the differences in demographic and clinical data between
satisfactory and unsatisfactory outcomes using this approach. Methods: We retrospectively identified patients who un-
derwent endoscopic-assisted first rib partial resection. A transaxillary approach for the first rib resection and neurovascular
decompression were undertaken under magnified visualization. Endoscopic classification of neurovascular bundle (NVB)
patterns and interscalene distance (ISD) between anterior and middle scalene muscles were evaluated intraoperatively.
We assessed the Roos and DASH scores. Results: We reviewed 131 cases of TOS (48 women and 83 men; mean age 26.2
years; range 12 to 57). Roos classification revealed 80.2% excellent or good results. DASH scores improved significantly
from 40.7 £+ 20.0 to 15.7 £ 19.6 (P < .001). The complication rate was low (5.3%), with 4 pneumothorax and 3 other
complications. Intraoperative NVB classification revealed 30 cases of parallel type, in which the artery and nerve travel in
parallel; 69 oblique types, and 30 vertical types, in which the nerve was completely behind the middle scalene muscle or
abnormal band. The ISD was narrower (5.4 £ 3.6 mm) than in previous cadaveric studies. The ISD in the parallel patterns
was wider than that in the vertical patterns. In the satisfactory group, we found a significantly larger number of men,
younger patients, athletes, and patients with a lower preoperative DASH score. Conclusions: An endoscopic-assisted
transaxillary approach for first rib resection in TOS provides an excellent magnified visualization, safely allowing suffi-
cient decompression of the neurovascular bundle and satisfactory surgical outcomes. Younger male athletes with TOS may
be better candidates for this procedure. Level of Evidence: IV, therapeutic case series.

horacic outlet syndrome (TOS) is a complex dis-

order of signs and symptoms resulting from
compression of the brachial plexus and subclavian
vessels supplying the upper limb.'”” Although TOS is a
well-described disorder, it is incompletely understood,
difficult to diagnose, and often poorly managed. Roos®
reported that TOS is underdiagnosed. A later article
reported that physicians who do not regularly treat
patients with TOS might not have an accurate view of
this disorder, its treatment, or the possible success rate
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of treatment.” It has also been proposed that orthope-
dists who usually see patients with disorders of the
upper extremities should consider the possibility of a
diagnosis of TOS.'® Accurately diagnosing TOS is chal-
lenging, since it has varied symptoms and atypical
radiographic findings, which may lead to less objective
diagnostic criteria being applied.

Both nonsurgical and surgical management for TOS
remain challenging. Transaxillary first rib resection is a
well-established surgical treatment for patients with
symptomatic TOS."''"'* The transaxillary approach
provides good exposure of the anterior and lateral part
of the first rib, with an excellent cosmetic result.
However, this approach sometimes does not allow
adequate exposure of the insertion point of the middle
scalene muscle to the posterior part of the first rib and
proximal neurovascular bundle. Because surgery for
TOS involves many complex and intimately related
structures, possible complications are numerous and
may be severe.” Reported complications include
brachial plexus dysfunction and fatal subclavian artery
or vein injury.'* "¢
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Recent articles have shown that with the help of an
endoscope, safer and less invasive surgery has been
achieved.'”?' In addition, endoscopic-assisted surgery
provides excellent visualization of the thoracic outlet.
We considered that endoscopic intraoperative obser-
vations could provide information on the portion, de-
gree, and pattern of neurovascular entrapment in the
thoracic outlet. Peek et al.”” reported that the surgical
treatment of TOS seems to be beneficial in most patients
and is relatively safe. However, most articles did not
focus on neurolysis for neurological symptoms. The
largest challenge remains the diagnosis of TOS, espe-
cially neurogenic TOS, because standardized diagnostic
criteria are lacking.

The purpose of this study was to assess the feasibility,
safety, and clinical outcomes of an endoscopic-assisted
transaxillary approach of first rib resection for TOS
and to compare the differences in demographic and
clinical data between satisfactory and unsatisfactory
outcomes using this approach. Our hypothesis was that
endoscopic-assisted surgery would provide adequate
visualization to identify the specific pathologies that
contribute to TOS and to safely achieve sufficient
decompression of the neurovascular bundle, and
further, that we can identify demographic factors that
demonstrate the best outcomes.

Methods

This study was approved by the institutional review
board (3114).

Data from consecutive patients who were treated for
TOS between November 2014 and September 2018 in
our hospitals were retrospectively reviewed. To be
included in this series, patients were followed up for a
minimum of 12 months from the time of surgery. Pa-
tients with a cervical rib seen on a plain cervical or chest
radiograph were included in the analysis. Patients with
obvious neurological disease that was related to cervical
spondylosis or obvious inflammatory disease and a
Pancoast tumor were excluded. Because patients are
often seen by multiple physicians, undergo misdiag-
nosis, or are informed that their condition is psycho-
somatic,” a psychological diagnosis was not excluded in
the current study. This study was approved by the
relevant institutional review board. The diagnosis of
TOS was based on clinical features, cervical plane ra-
diographs, ultrasonography (US), 3-dimensional
computed tomography angiography (3D angiog-
raphy), and magnetic resonance imaging (MRI).

Diagnosis

Patients’ presenting complaints included neurologic
symptoms such as pain, paresthesia, numbness,
tingling, motor weakness or dysfunction of the upper
extremity, or vascular symptoms such as coldness, easy
fatigability, pallor, swelling, discoloration, or a heavy
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feeling in the upper extremity. The patients with TOS
sometimes complained of head and neck symptoms,
including headache, dizziness, and tinnitus. The upper
extremity could be congested and edematous with
venous symptoms and might appear pale with arterial
symptoms.

We consider the Wright test”” and the Roos test™* as
the most reliable diagnostic examinations for TOS. The
Wright test was originally described as a decrease in the
radial pulse with the arm in hyperabduction and
externally rotated. The elevated arm stress test by Roos
was described as reproduction of symptoms with
opening and closing fist in brachium at right angles to
the thorax, and the forearm flexed 90°. The Roos test is
favored for neurologic symptoms, because this exami-
nation may evaluate irritation or compression of the
brachial plexus itself, regardless of radial pulse
alterations.

Indications for surgery included the failure of >6
months of conservative treatment, 3D angiography
evidence of artery interruption or decreasing peak
systolic velocity of the axially artery with elevated arm
position on Doppler US, and <10-mm narrowing of the
interscalene region on US. For conservative treatment,
we instructed patients to avoid heavy use of the upper
extremity, including sports activity, until symptoms
improved. Physical therapy and the gradual incorpo-
ration of stretching and strengthening exercises,
including improvement of scapulothoracic function and
costoclavicular narrowing, were monitored by physical
therapists.

Surgical Technique

Incision and Exposure

Patients are set up in a lateral decubitus position and
under general anesthesia, with local anesthesia. The
open surgical technique of transaxillary first rib resec-
tion has been described by Roos.''*>?® A 5- to 8-cm
incision is made over the third intercostal space at the
bottom of the hairline in the midaxillary line between
the pectoralis and latissimus dorsi muscles. A 4.0-mm
30° arthroscope is introduced with an additional small
port placed anterior to the latissimus dorsi. Elevation of
the axial fat nodes and vessels by a large retractor is
critical to open the ceiling of the operative field and
maintain viewing and working space.

Identification of Neurovascular Structures and Scalene
Muscles

The first rib may be identified by characteristic flat
surface and insertion of the posterior interscalene
muscle. The scope allows for visual identification and
confirmation of the first rib and the contents of the
thoracic outlet (Fig 1). The large fluttering of the sub-
clavian vein or artery in some patients would be good
landmarks for identification of the thoracic outlet.
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Fig 1. Endoscopic classification
of neurovascular bundle (NVB)
patterns was evaluated intra-
operatively based on alignment
of the nerve, artery, and vein,
following 3 types: parallel type,
in which the artery and nerve
travel parallel (A and D), oblique
type, in which the nerves are
partially behind the artery (B
and E), and vertical type, in
which the nerves are totally
behind the middle scalene mus-
cle or abnormal band (C and F).
Abbreviations: A, artery; ASM,
anterior scalene muscle; MSM,
middle scalene muscle; N, nerve;
V, vein.

However, these vital structures (the subclavian vein,
the subclavian artery, and brachial plexus) are carefully
identified. The lung does not need to be collapsed
during the procedure. The scalene and serratus anterior
muscles’ insertion to the first rib must be divided with
special care to avoid opening the cupola of the pleura,
which rises above the first rib in contact with the medial
and lateral surface.

Endoscopic Classification and Interscalene Distance
Measurement

Endoscopic classification of neurovascular bundle
(NVB) patterns is evaluated intraoperatively based on
alignment of the nerve, artery, and vein, according to 3
types; parallel, in which the artery and nerve travel
parallel (Fig 1A, D); oblique, in which the nerves are
partially behind the artery (Fig 1B, E); and vertical, in
which the nerves are totally behind the middle scalene
muscle or abnormal band (Fig 1C, F). In addition, the
distance between the anterior and middle scalene
muscles at the edge of the first rib is measured as the
interscalene distance (ISD) (Fig 2A).

Partial First Rib Resection

The anterior and middle scalene muscles are dissected
free of origin at the first rib and divided under good
visualization with great care to avoid injury to the
subclavian vein immediately anterior to the anterior
scalene muscles. A periosteal elevator or custom or-
dered elevator (Tanaka Medical Instruments, Tokyo,
Japan) is then used to dissect the lateral surface of the
rib. The first rib is transected anteriorly near the cost-
ochondral junction and posteriorly as close to the
transverse process as possible in a piece-by-piece
fashion. The endoscope assists in ensuring a safe
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removal of the first rib from the inside of a rongeur at
the transection, especially the posterior part of the first
rib (Fig 2B, C, D). We have found that the anterior
scalene attaches not only to the first rib but also to the
pleura. Therefore, at the release of the anterior scalene
muscle insertion, pleural injury must be avoided.

Confirmation of Release of Neurovascular Bundles and
Possible Pleura Injury

After partial resection of the first rib, the release of
the neurovascular bundles is confirmed (Fig 2E, F). A
congenital fibrous band, usually coming off the tip of a
rib or a long C7 transverse process (abortive cervical
rib), inserting at the scalene tubercle, must be
removed, not merely divided. In addition, release and
decompression of the brachial plexus is performed
under high magnification. Signs of fibrosis, palpated
hardness, or hypertrophic epineural sheath are
released to restore softness and ensure enough space
between the artery and nerve. Last, the existence is
confirmed of abnormal band patterns, as reported by
Roos.”” No evidence of pseudoneuroma was found in
our patients, and no epineuriotomy was performed.
The pleura was inspected by endoscopic visualization
and by inserting saline into the chest and having the
anesthetist overinflate the lungs. If a pneumothorax
was found, a chest drain was placed and left in place
for 2 days.

Preoperative and Postoperative Clinical
Assessment

Results were assessed according to the classifications
of Roos”” and Derkash® as follows: excellent: complete
relief of symptoms with return to full employment
and recreational sports; good: mild residual symptoms
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with return to employment and some recreational
sports; fair: partial relief of symptoms with return to
employment, but restricted to not lift heavy objects
above head height; and poor: no improvement (or
worsening) of symptoms. The Disability of the Arm,
Shoulder, and Hand (DASH) score were used for
general clinical outcomes. These clinical evaluations
were conducted preoperatively and at final follow-up
after surgery. We recorded complications related to
the procedures.

Statistical analyses

Chi-squared test was used to compare the clinical
findings preoperatively and at the final follow-up.
Wilcoxon signed rank test was used to compare the
DASH score recorded preoperatively and at the final
follow-up. We divided the postoperative classification
into 2 groups: satisfactory, which included the cate-
gories excellent and good, and unsatisfactory, which
included the fair or poor results. Chi-squared test was
used to compare the satisfactory and the unsatisfac-
tory group by sex, dominant limb involvement, sports
activity, and pattern of the neurovascular bundle.
Mann-Whitney U test was used to compare the
satisfactory and unsatisfactory groups for age, height,
body weight, body mass index, symptom duration,
ISD, and preoperative and the postoperative DASH
scores. P values <.05 were considered statistically
significant.
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Fig 2. (A) The scope allows for
visual identification and confir-
mation of the first rib and the
contents of the thoracic outlet.
The distance between the ante-
rior and middle scalene muscles
at the edge of the first clavicle
was measured as the interscalene
distance. (B, C, D) The first rib is
transected anteriorly near the
costochondral junction and pos-
teriorly as close to the transverse
process as possible in a piece-by-
piece fashion. The endoscope
assist to ensure safe removal of
the first rib from the inside of a
rongeur at the transection, espe-
cially posterior part of the first
rib. (E, F) The subclavian vein,
artery, and brachial plex nerves
were released after first rib
resection was relaxed. Anterior
and middle scalene muscles were
released by scalenectomy. Ab-
breviations: A, artery; ASM,
anterior scalene muscle; MSM,
middle scalene muscle; N, nerve;
V, vein.

Results

During the study period, 445 patients were diagnosed
as having TOS, and 159 underwent endoscopic-assisted
partial resection of the first rib. Eleven patients were
lost to follow-up, 7 had a short follow-up period, and 10
had insufficient images for evaluation, leaving 131 pa-
tients (48 women and 83 men; mean age 26.2 years;
range 12 to 57) whose data could be analyzed (Table 1).
The average follow-up was 26.3 months (range 12.0 to
55.5).

The findings of neurovascular patterns at surgery
were varied (Table 2). Intraoperative findings showed
that dense fibrous tissue (spider view), which caused
difficulty in visualizing the field immediately before the
operation, was found in half of the patients (61 cases).
In the endoscopic classification of NVB, 30 cases of
parallel type, 69 cases of oblique type, and 30 cases of
vertical type were noted. The ISD was small (average
5.4 mm; range 0 to 13) but tended to be wider in the
parallel patterns than in the vertical patterns (Table 2).
In the current study, abnormal band patterns, as re-
ported by Roos,”* were found in 38.2% of the patients.
We found 3 cases of cervical rib (Roos type 1 or 2), 18
cases of fibrous string (Roos 3 or 4), 15 cases of the
scalenus minimus muscle (Roos type 5 or 6), and 14
cases of other undefined anomalies. Adhesion between
the artery and nerves was found in 76% of patients.
Hypertrophy of the anterior or middle scalene muscle
was found in >50% of patients. The insertion of the
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Table 1. Demographic data (N = 131)
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Table 3. Clinical outcomes

Clinical Feature Value Outcome Preoperative Postoperative P Value

Sex (women/men) 48/83 Tenderness
Age at surgery (y) 26.2 +13.2 Scalene triangle 108 (80.4) 32 (23.9) <.001
Height (cm) 166.2 £ 8.6 Fossa scalene 120 (89.9) 26 (19.7) <.001
Weight (kg) 61.4 +£11.9 Neurological 69 (52.1) 18 (15.9) <.001
Dominant/nondominant 81/50 symptoms
Follow up duration (mo) 26.3 £ 11.0 Wright test 91 (71.0) 6 (4.3) <.001
Chietf complaint Roos test 125 (95.7) 28 (21) <.001

Upper extremity pain 81 (61.8) Grip power (kg) 284 £ 13.0 32.0 £ 13.1 .055

Shoulder pain 74 (56.5) Roos score

Elbow pain 63 (48.1) Excellent 52 (39.7)

Swelling of the upper extremity 5(3.8) Good 53 (40.5)

Coldness 23 (17.6) Fair 18 (13.7)

Upper extremity numbness 76 (58.0) Poor 8 (6.1)

Loss of range of motion 31 (23.7) DASH score 40.7 £+ 20.0 15.7 £ 19.6 <.001
Symptom duration (mo) 17.6 £ 30.2 DASH score 65.5 £ 33.9
Abnormal angiography 58 (44.3) recovery rate (%)*

Values are expressed as n, mean + standard deviation, or n (%).

anterior or middle scalene exceeded the scalene tu-
bercle and extended onto the superior surface of the rib
in half of the patients. Adhesion and hypertrophy were
thought to narrow the ISD.

Clinical outcomes of the surgery in all 131 cases are
summarized in Table 3. The characteristic clinical find-
ings, including tenderness, neurological symptoms,
Wright test, and Roos test, were significantly improved
after the operation. The outcomes of the Roos and
Derkash classifications revealed 80.2% excellent or
good results. DASH scores improved significantly from
40.7 to 15.7 points (P < .001) (recovery rate was
65.5%). Eight patients (6.1%) reported no significant
improvement in their symptoms during the follow-up
period. Table 4 shows the comparison of demographic
and clinical data between thesatisfactory and not satis-
factory groups. In the satisfactory group, we found a
significantly larger number of men; the patients were

Table 2. Intraoperative findings

Finding Value

Dense fibrous tissue (spider view) 61 (46.6)
NVB (parallel/oblique/vertical) 30/69/30
ISD (mm) 54+ 3.6
ISD in NVB (parallel/oblique/vertical) (mm) 8.1/5.6/2.3
Anomaly 50 (38.2)

Cervical rib (Roos 1 or 2) 3

Fibrous string (Roos 3 or 4) 18

Scalenus minimus (Roos 5 or 6) 15

Other 14
Adhesion neurovascular bundle 101 (77.1)
Anterior scalene muscle hypertrophy 69 (52.7)
Middle scalene muscle hypertrophy 68 (51.9)

Values are expressed as n (%), n, or mean =+ standard deviation.
ISD, interscalene distance; NVB, neurovascular bundle

Values are expressed as n (%) or mean =+ standard deviation.
DASH, the Disability of the Arm, Shoulder, and Hand.
*(Preoperative — postoperative)/preoperative.

also younger, and a greater number undertook sporting
activities and had a lower preoperative DASH score.

No major complications of intimately related struc-
tures, including intraoperative neurovascular injury,
were found. There was no snapping of the scapula or
infection, and no need to repeat the surgery. Compli-
cations in this group of patients included 4 cases (3.0%)
of pneumothorax, 1 case of incomplete long thoracic
nerve paralysis, and 2 cases of incomplete axially nerve
paralysis. All complications were resolved within 3
months.

Table 4. Comparison between satisfactory and unsatisfactory

Characteristic Satisfactory Unsatisfactory P Value

Number 105 26

Sex (women/men) 33/72 15/11 .013

Age at surgery (y) 23.6 £12.2 36.6 £ 12.1 <.001

Height (cm) 166.5 £+ 8.4 165.3 £ 9.7 524

Weight (kg) 61.0 + 11.4 63.2 + 14.4 876

Body mass 220+ 3.6 231 +£7.1 451
index (kg/m?)

Symptom 15.8 £ 29.7 25.3 +£31.7 .097
duration (mo)

Dominant rate (%) 76.9 71.0 672

Sports activity rate (%) 61.0 11.5 <.001

Inter Scale 54+ 3.6 5.6 £ 3.5 741
Distance (mm)

NVB (parallel/oblique 23/54/26 7/15/4 .559
/vertical)

Preoperative 37.6 £ 18.9 53.4 + 19.8 <.001
DASH score

Postoperative 7.5 £ 8.2 49.0 £ 17.0 <.001
DASH score

Values are expressed as n, or mean =+ standard deviation unless
noted otherwise.

DASH, Disability of the Arm, Shoulder, and Hand; NVB, neuro-
vascular bundle.
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Discussion

The current study showed that excellent visualization
of the vital structures and surrounding tissue provided
satisfactory results after the surgery, with a low per-
centage of complications. We found favorable outcomes
in men, younger patients, those who involved in sports
activity, and those who had lower preoperative DASH
scores. We believe that this success is achieved because
endoscopic-assisted surgery provides visualization of
the posterior stump of the first rib and sufficient release
and decompression under high magnification without
causing neurovascular injury.

Transaxillary first rib resection is a well-established
surgical treatment for patients with symptomatic TOS.
However, it is also well known that this procedure re-
quires a meticulous technique with special attention to
fine details to achieve the best results with the fewest
complications.”® Because surgery for TOS involves
many complex and intimately related structures, theo-
retical complications are numerous and may be severe.”
Therefore, many physicians may hesitate to diagnose
and treat TOS.

Several large studies have shown that pneumothorax
(10.1% to 31.6%) associated with first rib resection is
one of the most common complications.''”'*2>%
Roos”” showed a low complication rate (pneumo-
thorax 10.1%), and none serious, in 276 cases. Leffert
and Perlmutter' reported an incidence of pneumo-
thorax in 89 of 282 (31.6%).

Recent studies with more refined endoscopes and
video cameras have shown improved capability to
work at a closer range around the nerve, artery, and
vein.'”?! These advances provide the surgeon with
increased confidence to negotiate the difficulties of
the soft tissue cervical bands that interlace these vital
structures. We consider that the transaxillary
approach and direct visualization of the top surface of
the rib are suitable for protection of the subclavian
vein and artery during resection of the anterior part
of the first rib. Martinez et al.'” reported the feasi-
bility of using computer-enhanced instrumentation
during transaxillary first rib resection to improve
visualization, ensuring patient safety (2.3%
pulmonary-related problems). Abdellauoi et al."” also
showed that endoscopic-assisted transaxillary first rib
resection was a safe and effective procedure in the
management of thoracic outlet syndrome. Our
approach is similar to these techniques; however,
those authors focused on vascular decompression and
first rib resection. We consider that decompression of
the brachial plexus is as important as first rib resec-
tion. The endoscope provides excellent visualization
of the posterior stump of the first rib, the middle
scalene muscle, and the nerve in a deeper and nar-
rower surgical field.
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To decompress the brachial plexus completely and
permanently, almost the entire first rib must be resec-
ted. Mingoli et al."’ reported that a strong association
was found between long-term outcomes and the pres-
ence of a long posterior first rib stump measured on
chest x-ray film. Urschel and Razzuk’ described that
recurrent symptoms after first rib partial resection
involved a substantial posterior stump (>1 cm) of the
first rib. Although the transaxillary approach may be
more suitable for resection of the first rib from the
anterior to middle portion compared with the supra-
clavicular approach, the risk of the C8 or T1 cervical
root injury is unavoidable, because the posterior stump
of the first rib lies posterior to the root clearly seen at
operation.”” Therefore, Roos”” clearly showed that
specially designed rib shears and a root retractor help to
remove a posterior first rib with enough safety. We
believe that the most important thing for decreasing the
risk of neurovascular damage is to maintain excellent
visualization during the operation. We also consider
that our custom-ordered elevators were useful to help
endoscopic visualization. In addition to specially
designed instruments, micro-bleeding control and step-
by-step decompression of the neurovascular bundle
must be performed using a bipolar hemostat.
Endoscopic-assisted excellent visualization will help to
decrease cervical root injury during posterior rib stump
resection.

If peripheral nerve entrapment is the major cause of
the pathology of TOS, adequate decompression would
be one of the most important procedures in addition to
partial resection of the first rib and release of scalene
muscles. Surgeons specialized in the peripheral nerves
well know that inadequate decompression of the nerve,
such as cubital tunnel syndrome®® or tarsal tunnel
sydrome,”” leads to unsuccessful results. From the point
of view of neuralgic symptoms, adequate nerve release
and decompression for an adhesive or entrapped nerve
would be preferably performed under a clear, magni-
fied view for greater safety. Previous articles have
suggested that adequate neurolysis for TOS is one of the
important procedures for superior outcomes.'® "
Endoscopic-assisted surgery helps to achieve meticu-
lous release and decompression during the transaxillary
approach.

In addition, the magnified view allows appreciation
of minute anatomic detail and is invaluable in the
performance of the surgery. We believe that endo-
scopic evaluation will develop important information
related to appropriate diagnosis and surgical criteria.
The current study showed tightness between the
anterior and middle scalene and a correlation be-
tween NVB patterns and ISD: ISD in parallel patterns
was wider than that in vertical patterns. Roos’'
described 9 different clinical types of bands, and
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several experienced surgeons believe these are pre-
sent.'”?” Roos also identified the significance of sur-
gical bands in the pathogenesis of neurovascular
compression.”*’" Dahlstrom and Olinger’” showed
that the interscalene base was a mean of 10.7 mm in a
study of 60 cadavers. Other cadaveric studies reported
that the average was 1.1,”° 1.2, and 1.5 cm.”” Ata-
soy’’ described that the insertions of anterior and
middle scalene muscles on the first rib might vary and
cause elevation and pressure on the brachial plexus
and the subclavian artery from below. Therefore, we
consider that the oblique and vertical patterns in
endoscopic classification may be a risk factor for
failure of conservative treatment of TOS. These pre-
vious reports are consistent with the current endo-
scopic classification. Preoperative evaluation of the
NVB patterns and the ISD would help to diagnose the
condition and surgical indication. However, the cur-
rent study showed that there was no significant dif-
ference in the clinical score between NVB patterns.
This may be a result of several other pathologies of
TOS, which have not been clarified, including costo-
clavicular compression,’®’® pectoralis minor syn-
drome,””*? venous thrombosis (Paget-Schroetter
syndrome),*'*’ general joint laxity, and double crush
lesions.”* First rib partial resection and nerve
decompression would improve some pathologies but
perhaps not others. Further studies should be con-
ducted for analyses of pathology.

From the point of view of successful outcomes of
endoscopic-assisted transaxillary approach for first rib
resection, the current study showed that the satisfactory
group involved more younger males who undertook
sports activity. Therefore, younger male athletes with
TOS may be better candidates for this procedure.

Limitations

The current study was retrospective, and the follow-up
was short. The symptom recurrence rate should be
assessed with longer follow-up. The current study did not
quantify the feasibility of endoscopic visualization and
the amount of first rib resection. We did not compare
safety and clinical outcomes in this procedure with the
classic one. The diagnosis of TOS is still complicated by
alternative disorders with similar presentations. Nerve
compression at the cervical spine, shoulder, elbow, and
wrist may mask the presentation of TOS.

Conclusions

An endoscopic-assisted transaxillary approach for first
rib resection in TOS provides excellent magnified
visualization, safely allowing sufficient decompression
of the neurovascular bundle and satisfactory surgical
outcomes. Younger male athletes with TOS may be
better candidates for this procedure.
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