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BACKGROUND: There are several surgical treatment options for neurogenic thoracic
outlet syndrome (n-TOS). However, the first rib has been shown to be the commondenom-
inator of all TOS forms and the degree of its resection has been shown to correlatewith the
long-term success.
OBJECTIVE: To demonstrate the feasibility of posterior upper rib excision (PURE) and
report early outcomes.
METHODS: Nine patients presented with signs and symptoms of n-TOS. Preoperative
evaluation involved physical and neurological examination, arm visual analog score (VAS),
cervical X-ray, magnetic resonance imaging (MRI) of the cervical spine, and brachial plexus
MRI. All patients were operated at a single institution by a single surgeon. Postoperatively,
clinical and radiological data were collected.
RESULTS: There were 2 men and 7 women in the study with 10 procedures performed.
The age range was 18 to 45 with mean of 36.6 yr. Mean preoperative arm visual analog
scale score was 7.8. The patients underwent posterior upper rib excision (PURE) by a single
surgeon. Onepatient hadbilateral surgery. The causes of TOSwere fibrous bands, enlarged
C7 transverse processes, narrow scalene triangle, and accessory ribs. All patients improved
after surgery in termsof armpain andquality of life. Postoperativemeanvisual analog scale
score was 1.1 at 6 mo. In addition, neurological examination was normal at 6 mo postoper-
atively and all patients returned to their previous full-time jobs.
CONCLUSION: Posterior upper rib excision is a feasible surgical option for n-TOS.
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T horacic outlet syndrome (TOS) is an
elusive disease with no clear diagnostic
criteria and standard surgical treatment.1

Historically, several surgical approaches have
been developed for brachial plexus release. Adson
and Coffey2 reported anterior supraclavicular
neurolysis in the scalene triangle. The technique
was later modified to additionally resect the
scalene muscles.3 However, poor long-term
results led to abandonment of this technique.4

ABBREVIATIONS: MRI,magnetic resonance
imaging; PURE, posterior upper rib excision; TOS,
neurogenic thoracic outlet syndrome; VAS, visual
analog score

Supplemental digital content is available for this article at
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Anterior supraclavicular first rib resection was
developed, as the first rib resection was shown to
be an effective treatment.5-7 The main drawback
is the inability to completely remove the first rib
without excessive brachial plexus manipulation,
increasing the risk of neural injury.
The lateral transaxillary first rib resection was

developed and popularized by Roos.8 It is the
most frequently used technique for relieving
neurovascular compression. Themain drawbacks
are inability to completely resect the posterior
aspect of the rib and brachial plexus injury
due to manipulation.9 The procedure cannot
be performed by a single surgeon and usually
requires at least 2 assistants.10
Clagett11 emphasized the first rib as the

common denominator of all TOS variations
and proposed resection via posterior approach.12
Kline and colleagues pursued this technique for
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more than 40 yr to treat TOS, traumatic and neoplastic
lesions13 of the brachial plexus. His technique is called “posterior
subscapular,”14, 15 and requires scapula mobilization with signif-
icant muscle cutting which may result in postoperative muscle
atrophy and wing scapula.16 Recently, however, the same group
published a paper where they demonstrated feasibility of the first
rib resection from a much smaller incision in a cadaveric model17.
In addition, they described a clinical case of first rib stump
resection from “modified less invasive subscapular approach” for
recurrent TOS. This report is similar to previous papers where
smaller posterior incisions were used for resection of the posterior
stump of the first rib.4,16,18-20
In this paper, we present less invasive posterior upper rib

excision (PURE) technique as a feasible primary surgical option.
This article focuses on technical nuances, pearls, and pitfalls
of the approach. To our knowledge, this is the first paper
reporting microscopic posterior first rib resection as primary
surgical treatment of TOS.

METHODS

Patient Selection
From January 2015 to August 2016, 9 patients presented with signs

and symptoms of neurogenic TOS (n-TOS) and were operated at single
institution. All patients initially had conservative and physical therapy
with no permanent relief. Diagnostic work-up included detailed neuro-
logical and physical examination. Provocative tests including elevated
arm stress test (EAST-Roos test), Wright’s test, Adson’s tests, costo-
clavicular maneuver, Cyriax release, and supraclavicular tenderness were
performed in all patients. Electromyography examination of the affected
limb was obtained to rule out ulnar nerve compression neuropathy.
Radiological evaluation included cervical spine magnetic resonance
imaging (MRI) and X-rays to rule out disk pathology and the presence
of accessory ribs (Figure 1). The diagnosis was made by combination of
clinical and radiological findings. Pre- and postoperative visual analog
scores (VAS) were collected. Informed consent was obtained from all
patients for surgical procedure and study participation. Because data
were collected retrospectively and fully deidentified, no IRB approval was
needed.

Surgical Technique
The patients are operated under general anesthesia in prone position.

Selective intubation is performed to allow lung deflation during surgery.
The head is secured with Mayfield R© head-holder (Integra Life Sciences,
Plainsboro, New Jersey) and tilted to the contralateral side to allow extra
access to the surgical area between the head/neck and shoulder. Anatomic
landmarks used for planning are C7 spinous process and upper medial
corner of the scapula. A 5 to 7 cm horizontal incision is made parallel to
the trapezius muscle fibers between the landmarks. After fascia opening,
the muscle fibers are bluntly dissected and retracted. Patiently dissecting
the muscle fibers along their course (rather than cutting them) and
gradually deepening self-retaining retractors allow one to reach the first
rib at the costotransverse joint, which is the major landmark during the
resection phase. The posterior scalene muscle covers (but does not attach
to) the first rib at its junction with the T1 transverse process (T1TP). It
is sharply cut with Bovie cautery (Bovie Medical Corporation, Purchase,

FIGURE 1. Sample preoperative X-ray showing enlarged bilateral transvers
processes. The patient had only left-sided symptoms. Intraoperatively, a small
rudimentary rib softly attached to the transverse process was noted.

New York) in order to expose underlying first rib and T1TP. It is not
infrequent to encounter the second rib initially, which can resemble the
first one. Finger palpation can be performed to make sure that there is
no rib on top of the presumed first one. The bone structures need to
be exposed are: C7 transverse process (C7TP), T1TP, the first rib (FR),
and (if present) accessory rib (AR). Self-retaining retractors are used to
hold the superficial and middle muscle layers. Handheld Langenbeck
retractors are sometimes used by the scrub nurse to retract deep muscles
during bone removal.

The operating microscope is brought into the field (video
supplement). C7TP and T1TP are removed with high-speed drill
and Kerrison rongeurs up to the lateral aspect of the facet joints.
Care is taken not to violate the facet capsules. The C8 nerve root is
found directly under C7TP and care must be taken not to damage it.
Venous bleeding usually starts near the neural foramina at the end of
the transverse process resection and is stopped with gentle packing.
Electrocautery should be avoided since it may cause nerve damage. The
first rib is split into 2 pieces at the tubercle, which facilitates mobilization
of the remaining parts (see Video, Supplemental Digital Content).
The rib’s neck and head are skeletonized and removed. Care is taken to
lower the Bovie (Bovie Medical Corporation) setting as low as possible
to avoid T1 nerve injury, which is intrinsically related to the head of the
rib. It should be kept in mind that T1 nerve root exits the T1-2 neural
foramen below the first rib and passes over it, around the neck to join
the C8.

The microscope is tilted and focused on the lateral part of the rib.
At this point, the anesthesiologist deflates the lung to facilitate the
dissection. The lower surface of the rib is relatively easy to expose
in a subperiosteal fashion. However, the superior aspect provides an
attachment surface to middle scalene muscle. The skeletonizing is
performed with Bovie cautery (Bovie Medical Corporation) at low
settings and care is taken to stay on the bone. The exposed bone is
gradually resected with rongeur, which creates working cavity. Once the
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FIGURE 2. Intraoperative photograph after decompression. C7, C8, and T1
nerve roots are visualized. Note that C8 and T1 nerve roots join to form the
inferior trunk (IT) of the brachial plexus. S—superior, I—inferior, L—lateral,
M—medial.

middle scalene is detached from the bone, subclavian artery sometimes
may come to view, but if not, no attempt is made to expose it. The scalene
tubercle and anterior scalene muscle tendon are identified on the medial
part of the rib. Blunt dissection just lateral and deep to the tendon reveals
the subclavian vein. It has deep blue color and easily distinguishable from
the surrounding tissue. A cotton pad is placed between the tendon and
the vein to protect the latter during transection. The Bovie is checked
again for low settings andmuscle/tendon fibers are cut. The FR remnants
under the vein are removed. Costoclavicular ligament is identified and no
attempt is made to proceed beyond it. The bleeding surface of the rib is
waxed.

The microscope is focused on the paravertebral area to expose the
neural structures. C7, C8, and T1 nerve roots are identified at the neural
foramina and followed laterally. Fibrous/muscle bands running over and
compressing the nerves may be removed. C8 and T1 nerves join to form
the inferior trunk, which is followed up to 1 to 2 cm (Figure 2). If no
compression is encountered, no further dissection is pursued.

The wound is closed in a usual way. The patients are encouraged to
use the limb early. Usual hospital stay is approximately 2 d. Some patients
may benefit from short-term steroid treatment.

RESULTS

There were 7 women and 2 men in this series. The age range
was 18to 45 with a mean of 36.6 yr (Table). The main presenting
symptom was neck and limb pain. Other symptoms included
chest pain, underarm pain, occipital and retro auricular pain, and
numbness and weakness in the affected arm.
Radiological examination revealed the absence of the cervical

disk herniation in all but 1 patient. This patient had physical
examination suggestive of n-TOS, but the MRI revealed C5-6
disk herniation. She opted to have anterior cervical discectomy
and fusion as the initial treatment. The surgery was performed
but failed to completely control the symptoms. Therefore, PURE
was performed with complete symptom resolution and return to
full-time job. One patient presented with bilateral symptoms and
opted for bilateral surgery at the same session. Both sides showed
improvement postoperatively and patient returned to full-time
job.
Postoperatively, all patients showed improvement. VAS score

at 6 mo dropped from mean 7.8 to 1.1 (Table). Three patients
had residual pain in the chest and incisional area, which vanished
from 6 to 12 mo. All patients had postoperative neck X-ray to
evaluate the extent of resection. One patient had CT scan with
3-dimensional reconstruction for demonstration (Figure 3). No
significant muscle atrophy was noted in any patient (Figure 4).

DISCUSSION

Since recognition of first rib resection as the cornerstone of
TOS surgery transaxillary and anterior approaches dominated in
the field. The posterior approach was not considered as a primary
option by many surgeons due to extensive tissue mobilization and
subsequent morbidity. However, the efficacy was proven to be
superior to transaxillary approach from the beginning. Roeder
et al21 compared the relative effectiveness of transaxillary and
posterior approaches and found excellent results in 58% and 82%,
good in 35% and 9%, fair in 3% and 9%, poor in 3% and 0%,
respectively, clearly showing the superiority of posterior approach.

TABLE. Demographic, Pre- and Postoperative VAS Scores, and Follow-up Duration Data

Patient Gender Age Preop VAS Postop VAS (6mo) Follow-up

1. Male 39 10 2 8
2. Male 42 8 2 12
3. Female 43 8 1 8
4. Female 31 7 1 6
5. Female 18 6 0 7
6. Female 36 8 0 8
7. Female 35 9 2 18
8. Female 32 7 1 9
9. Female right side 45 7 2 6
10. Female left side 45 8 0 6

VAS, visual analog scale
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FIGURE 3. Postoperative 3-dimensional CT reconstruction showing the
extent of bone removal. The surgical drain is visible in the resection area.

FIGURE 4. Postoperative photograph of the incision.

Since the posterior approach is a very effective, yet highly
morbid procedure, we developed a less invasive technique and
here are some important hints:

� The microscope significantly improves visualization in terms
of illumination and 3-dimensional view and therefore is an
essential part of this approach.

� T1TP, C7TP, and AR can and should be totally removed
and FR is removed up to costoclavicular ligament. This
will allow fibromuscular bands to lose all bone attachments.
Such a “free floater” technique allows decompression event if
muscular/fibrous bands are not removed.

� Rib resection is performed in a piecemeal fashion, creating a
working cavity.

� Selective intubation and lung deflation significantly enhances
the exposure, but if not feasible, the resection is still possible.
One can safely disconnect the patient from the ventilator for
a short time. A healthy person can tolerate at least a couple
of minutes of disconnection before oxygen saturation starts to
drop.

� The rib is split into 2 pieces at the beginning of the resection,
significantly mobilizing the remaining parts, which in turn
facilitates the resection.

� Crude “bone work” is done first, without exposing the plexus,
which is covered with tissue until the end of bone resection, and
only then are the fibrous bands released. Themain advantage of
this technique is the ability to access the thoracic outlet from
posterior and inferior aspect leaving the neurovascular struc-
tures intact during the bone removal. Therefore, this technique
is superior to anterior and transaxillary approaches where the
access is provided by brachial plexus retraction and thus injuries
are not infrequent.22

Several studies have shown that the long-term results are
strongly affected by the extent of rib resection.23-28 Residuals
can cause recurrence of symptoms29,30 and re-resection from the
posterior has been shown to an effective option.19,27,31 From
that perspective, the complete first rib resection should yield
the maximal therapeutic benefit. Molina32 developed an elegant
technique, combining transaxillary and posterior approach with
double incision for total first rib resection. He reported only a
6% failure rate which is superior to transaxillary approach alone.
Although, Molina’s approach is highly efficient, it requires 2
incisions and a custom designed arm holder.
Roos33 described 7 types of fibromuscular bands as etiology of

TOS and emphasized the importance of resection. It is worth-
while to view PURE from this classification perspective.

� Type I is a fibrous band running from the tip of the cervical
accessory rib to the first rib near scalene tubercle. Type II is
the similar one, but originating from the tip of the elongated
C7 transverse process. Posterior approach provides excellent
exposure to cervical accessory rib and C7 transverse process
and resection frees Type I and II fibrous bands from all bone
attachments. This “free floater” technique is certainly superior
to “attached floater,” achieved by first rib resection only.

� Type III is a muscular band running from the neck of the rib
across the thoracic outlet and attaches to the rib just posterior
to the scalene tubercle. This is the most common cause (61%)
of brachial plexus compression affecting C8 and T1 nerve
roots and deserves special discussion. Anterior and transaxillary
rib resection usually spares the neck and head, detaching this
muscular band only from the rib’s body. Posterior resection
effectively eliminates all bony attachments leaving “free floater”
band.
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� Type IV is amuscular anomaly between the anterior andmiddle
scalene muscles compressing the neurovascular bundle. For this
pathology, one should expect similar results from any surgical
approach as long as the first rib’s body is adequately resected.

� Type V is scalenus minimus muscle running from the trans-
verse process of C6 and C7 to scalene tubercle in between the
brachial plexus and subclavian artery. Type VI is the similar
muscle with attachments to the suprapleural membrane (also
known as Sibson’s fascia). Roos mentioned that type VI is of
“particular importance because if it is not specifically sought and
excised at operation, it will be left intact after surgical removal
of the first rib, and the plexus symptoms may persist postoper-
atively.”33 From that perspective, the posterior approach is
clearly advantageous, because it allows resection of the C7TP
which is the major bone attachment for scalene minimus
muscle.

� Type VII is very uncommon band at the anterior aspect of the
thoracic outlet compressing the subclavian vein. Resection of
the first rib up to costoclavicular ligament and sternal cartilage
anterior to the vein addresses this issue no matter what is the
approach.

� In addition to resection of bone structures providing attach-
ments to fibromuscular bands, posterior technique allows
excellent direct visualization of the C7, C8, and T1 nerve roots
from neural foramina up to formation of the lower trunk.
The surgeon might pursue direct neurolysis by releasing and
removing these bands from the neural structures.

Recently, endoscopic, video-assisted thoracoscopic and robotic
surgery have been employed for the first rib resection.34-39
These techniques can be divided into 2 main categories:
endoscope assisted transaxillary resection and thoracoscopic first
rib resection. Endoscope assisted transaxillary resection has been
shown to lessen the incision size, provide better visualization,
decrease complications, and improve education.34,36,39 However,
since the procedure is more or less the same as traditional transax-
illary surgery, one should expect that long-term results would
be similar. The thoracoscopic approach, on the other hand, is
a different issue. It requires 3 ports placed into the chest wall
and the first rib resection is performed from inside the pleural
cavity after lung deflation.35,37,38 It has a major advantage over
the transaxillary approach since it allows early identification of
the first rib and crucial neurovascular structures. However, the
technique is difficult and the major drawback is the inability to
completely resect the posterior portion of the first rib as well as
C7 transverse process. The resection of the accessory cervical rib
has been reported but the extent of resection is not clear. Another
handicap is the necessity to enter the pleural cavity. Therefore, the
presence of pleural adhesion and inability to tolerate 1-lung venti-
lation are contraindications to this approach. Needless to say that
pleural adhesionsmay develop later, compromising lung function.
In contrast, PURE allows resection from “outside” leaving the
pleural cavity intact and can be performed even in cases when
lung deflation is not possible.

CONCLUSION

Microscopic PURE is a feasible technique for treating n-
TOS. Due to the smaller incision size and muscle sparing
technique, it avoids significant morbidity associated with classical
posterior subscapular approach. This approach allows exposure
from posterior and does not require brachial plexus and great
vessel manipulation during bone removal. Early postoperative
results are encouraging but longer follow-up and bigger patient
samples are required to outline the long-term results.
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COMMENT

I n this submission, the purpose of the study was to demonstrate the
feasibility of first rib resection through a posterior, transtrapezius

approach as a less invasive surgical technique, and to report early
outcomes. Through this approach, an improved resection is able to be
achieved of the posterior first rib, transverse processes, and ligamentous
attachments. All of the patients did well, there were no adverse events
reported. The authors believe that this approach is a safer approach as
compared to the supraclavicular or transaxillary approaches as it allows
no retraction of the neurovascular bundle and the surgeon would actually
only encounter these structures at the latter part of the procedure.

Ultimately, in all of these cases, it is whether adequate decom-
pression of the thoracic outlet and the compression of the neural, and
in many instances vascular, elements can be achieved. As is pointed
out, the posterior rib resection can be a challenge through the transax-
illary or thorascopic approaches. These approaches also cannot address
ligamentous band from cervical ribs. The supraclavicular approach does
provide adequate exposure for posterior rib resection and a cervical
rib if present but is challenged in some patients’ anatomy of access
to the anterior first rib. Though this rarely results in a poor outcome
with residual symptoms, it needs to be considered. Imaging, and in
some instances neurophysiology, to provide objective data to support the
diagnosis leads to better patient selection and improved outcomes. This
surgical technique may be considered as an added approach to the often
complex anatomy encountered in the brachial plexus and surrounding
structures.

P. David Adelson
Phoenix, Arizona
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