AAHS

AMERICAN ASSOCIATION
.. FOR HAND SURGERY
Original Research

HAND
Utilization and Effectiveness of © The Author(9) 2024
. . . Article reuseguidelines: o
Pectoralis Minor Tenotomy in the o
Surgical Management of Neurogenic fouralssagepubcominome/HAN

Thoracic Outlet Syndrome

Gayan De Silva'?, J. Westley Ohman', Karen M. Henderson/',
Danita M. Goestenkors', Richard D. Meyer?, and Robert W. Thompson'

Abstract

Background: Uncertainty exists concerning the optimal utilization and effectiveness of pectoralis minor tenotomy
(PMT) in neurogenic thoracic outlet syndrome (NTOS). Methods: Between January 2020 and July 2023, 355 patients
with NTOS underwent primary surgical treatment. Prospectively collected data were analyzed retrospectively. Results:
Overall mean patient age was 35.9 = 1.9 years, 76% were female, and the Quick Disabilities of the Arm, Shoulder, and
Hand (QuickDASH) score at presentation was 60.3 = 3.2, reflecting substantial disability. Surgical treatment was based
on localized tenderness/symptoms to palpation, with 322 (91%) undergoing combined supraclavicular decompression and
PMT (SCD + PMT) and 33 (9%) selected for isolated PMT when findings were solely confined to the subcoracoid space.
Mean operative time (29 = 5 vs 164 = 9 min, P<.0l) and hospital stay (0.3 = 0.1 vs 4.0 = 0.2 days, P<.01) were both lower
after isolated PMT, with no significant differences in postoperative complications or rehospitalization. During follow-up of
26.7 = 1.5 months, QuickDASH scores declined by 41.2% *2.3% (P<<.0001) and patient-rated outcomes were excellent
in 34%, good in 41%, fair in 22%, and poor in 4%. Fewer patients had poor-rated outcomes after SCD + PMT (2%) than
after isolated PMT (19%) (P <<.0l). Recurrent symptoms requiring supraclavicular reoperation occurred in 16 patients after
SCD + PMT (5%) and in 5 patients after isolated PMT (15%) (P <<.05). Conclusions: Pectoralis minor tenotomy (PMT)
has an important role in surgical treatment of NTOS, mainly as an adjunct in combination with SCD. While highly selected
patients can do well after isolated PMT as a short outpatient procedure with rapid recovery, there is a greater potential
for poor outcomes and supraclavicular reoperation than after SCD + PMT.

Keywords: thoracic outlet syndrome, pectoralis minor muscle, brachial plexus, compression neuropathy, surgical
treatment, patient-reported outcomes measures, reoperation

Introduction neck, shoulder, upper chest, back, arm, and/or hand, which
can be promptly exacerbated by position-related dynamic

There has been substantial progress in the past several neural compression, which can occur within the scalene

decades toward understanding the pathophysiology, diag-

nostic approaches, and optimal treatment strategies for
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triangle, costoclavicular space, and/or subcoracoid (pecto-
ralis minor) space. The clinical diagnosis of NTOS requires
the exclusion of other conditions as a principal source of
symptoms and the presence of specific clinical criteria.” '

Conservative treatment of NTOS with physical therapy
and multimodal pain management strategies can result in
symptomatic relief for many patients, but surgical decom-
pression is recommended for those with persistent and dis-
abling symptoms that affect daily function and quality of
life.!!"!3 Surgical treatment usually involves either supracla-
vicular or transaxillary approaches, including resection of
any cervical rib and/or the first rib, anterior and middle sca-
lenectomy, removal of anomalous fibro-fascial bands, and
external brachial plexus neurolysis.>'*! Each approach has
its specific advantages and disadvantages, but both have
demonstrated excellent results in the hands of experienced
surgeons at high volume centers.'>!72!

One of the unresolved issues regarding surgical treat-
ment for NTOS is the best management of brachial plexus
nerve compression within the subcoracoid space under-
neath the pectoralis minor muscle. The pectoralis minor
muscle was previously identified as a source of persistent or
recurrent symptoms during follow-up after surgery for
NTOS, with pectoralis minor tenotomy (PMT) emerging as
a potentially effective approach to reoperative treatment.?>2*
It was subsequently shown that subcoracoid compression is
frequently associated with nerve compression at the scalene
triangle at the time of initial clinical evaluation, and that for
some patients isolated PMT might suffice to prevent the
need for scalene triangle decompression.>>? Investigations
built on this work found that for selected patients, the inclu-
sion of PMT in combination with either supraclavicular
decompression (SCD) or transaxillary first rib resection
was an effective approach in treatment of NTOS with excel-
lent early results, suggesting that PMT is a valuable adjunct
to achieve sustained, long-term symptom relief.?’-8

The purpose of the present study was to elucidate current
utilization and long-term effectiveness of PMT in patients
with NTOS, in a case series comparison of patients that
underwent primary surgical treatment by either combined
SCD + PMT or by isolated PMT.

Materials and Methods

Derivation of the Study Population

The study population was derived from patients referred to
our institution for evaluation and management of NTOS,
for whom surgical treatment was performed between Janu-
ary 1, 2020, and July 1, 2023. Those with arterial or venous
forms of TOS or those undergoing treatment for recurrent
NTOS were excluded. Patient information was obtained
from a prospectively maintained database and summarized
from office notes, hospital charts, and other medical records.

This study was approved by the institutional review board
at our center, with all patients providing written informed
consent to study participation.

Clinical Diagnosis

Each patient met predefined clinical diagnostic criteria for
NTOS as developed by the Consortium for Outcomes
Research and Education on Thoracic Outlet Syndrome and
those described in the 2016 Society for Vascular Surgery
reporting standards publication.”!! Imaging studies and
electrophysiological tests were not considered necessary
to establish a clinical diagnosis of NTOS, but were rou-
tinely used to identify bony abnormalities (eg, cervical
ribs) and to help assess or exclude other conditions. In
some patients, anesthetic injections into the anterior sca-
lene muscle and/or pectoralis minor muscle were used as
an adjunct to clinical diagnosis and to help predict respon-
siveness to treatment. In each patient the level of func-
tional disability was assessed using the 11-item version of
the Quick Disabilities of the Arm, Shoulder, and Hand
(QuickDASH) survey instrument.?

Treatment Algorithm

All patients underwent initial physical therapy management
guided by a therapist aligned with our TOS Center. Patients
who experienced an improvement in symptoms were
encouraged to continue with conservative management.
Surgical treatment was offered for patients who had a sound
clinical diagnosis of NTOS, a significant level of functional
disability, and insufficient improvement with conservative
management. Patients with concomitant brachial plexus
compression at the level of the scalene triangle and the sub-
coracoid (pectoralis minor) space were offered combined
SCD + PMT, whereas those with brachial plexus compres-
sion confined solely to the subcoracoid space were offered
isolated PMT.

Surgical Treatment

Surgical treatment in the SCD + PMT group consisted of
standardized supraclavicular exposure with complete ante-
rior and middle scalenectomy, first rib resection (including
a cervical rib when present), external brachial plexus neu-
rolysis to remove perineural scar tissue (including full
mobilization of all 5 nerve roots and 3 trunks), and adjunc-
tive PMT without brachial plexus neurolysis performed
through a separate deltopectoral groove incision.'” In other
patients, surgical treatment consisted of isolated PMT alone
without brachial plexus neurolysis, when examination find-
ings were confined to the subcoracoid space.’® Postopera-
tive complications, hospital stay, and readmissions were all
recorded in the prospective database.
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Follow-up and Outcome Measures

Patients resumed physical therapy 3-4 weeks after the oper-
ation and were seen for office visits every 3-4 months after
the initial recovery from surgery, or more frequently when
necessary. At each visit, patients were asked to complete the
QuickDASH survey instrument and to rate their outcome of
treatment on a Derkash scale using the following descrip-
tors: “excellent” (no or minimal pain, easy return to profes-
sional and leisure activities, relief of almost all major
symptoms with only some mild residual symptoms that do
not significantly limit enjoyment of life); “good” (intermit-
tent pain well-tolerated, possible to return to professional
and leisure activities, relief of most major symptoms with
some mild residual symptoms that do not significantly limit
enjoyment of life); “fair” (intermittent or permanent pain
not consistently well-tolerated, difficult or no return to pro-
fessional and leisure activities, partial relief of some symp-
toms while other major symptoms persist); and “poor”
(symptoms not improved or aggravated after surgery, diffi-
cult or no return to professional and leisure activities, not
enough relief in symptoms to have made the operation
worthwhile).3!32

Statistical Analysis

Descriptive data are presented as mean * standard error
(SE), median and range, or the frequency (percent inci-
dence). For two-group comparisons, Fisher’s exact test (for
categorical variables) or the unpaired student #-test with
two-tailed distribution (for continuous variables) was used
to determine statistical significance. All statistical tests
were performed using Prism version 10.0.2 (GraphPad
Software Inc., San Diego, CA), with P-values < .05 consid-
ered significant.

Results

During the study interval, there were 355 patients who
underwent primary surgical treatment for NTOS, with 322
(91%) undergoing SCD + PMT and 33 (9%) undergoing
isolated PMT. The presenting characteristics of the patient
population are shown in Table 1, with the overall study pop-
ulation consisting of 270 women (76%) and 85 men (24%)
with a mean age of 35.8 1.9 years (median 37, range
13-70) at the time of presentation. The proportion of women
was slightly greater for the combined SCD + PMT group
compared to the isolated PMT group (P <<.05), but there
were no significant differences between groups in the side
affected (right side in 54%), body mass index (mean
28.2 + 1.5 kg/m?), history of injury that precipitated symp-
toms (48%), duration of symptoms > 2 years prior to refer-
ral (57%), presence of a cervical rib (8%), previous surgery
for the presenting symptoms (36%), overall abnormalities

on upper extremity electrodiagnostic testing (34%), mild
lower trunk brachial plexopathy on electrodiagnostic test-
ing (6%), current use of opioid pain medications (15%), or
>3 patient-reported allergies (17%) (Table 1). The types of
previous injury precipitating symptoms included competi-
tive sports or performance music (14%), repetitive strain
activity (12%), motor vehicle collision (10%), and a fall on
the arm (4%) (Figure 1A). Other surgical operations previ-
ously performed for the presenting symptoms included cer-
vical spine procedures (14%), shoulder procedures (11%),
carpal tunnel decompression (10%), cubital canal decom-
pression (9%), and others (2%) (Figure 1B). Nearly 60% of
patients had had symptoms for more than 2 years prior to
referral (Figure 1C).

Each patient presented with symptoms consisting of
pain, numbness, and paresthesia affecting the neck and
upper extremity. Characteristic physical examination find-
ings of localized tenderness in the supraclavicular and/or
subcoracoid spaces, with reproduction of upper extremity
symptoms upon palpation, were crucial in diagnosis and in
determining the principal site(s) of brachial plexus com-
pression. Using a 0-3 point scale on examination, patients in
the SCD +PMT group had significant tenderness and
reproduction of symptoms upon palpation at the supracla-
vicular space (mean rating 1.4 = 0.1, 98% reproduction) as
well as the subcoracoid space (mean rating 1.3 0.1, 94%
reproduction), whereas those in the isolated PMT group had
minimal tenderness or reproduction of symptoms upon pal-
pation at the supraclavicular space (mean rating 0.4 = 0.1,
21% reproduction) but significant findings at the subcora-
coid space (mean rating 1.6 0.3, 100% reproduction)
(Table 1 and Figure 2). The mean duration of the 3-min
Elevated Arm Stress Test was somewhat lower in the
SCD + PMT group compared to the isolated PMT group
(1207 vs 143 £25s, P<.05) and the total number of
positive diagnostic criteria was slightly greater for the
SCD + PMT group (10.2 £0.6 vs 9.5 = 1.7, P <.05) (Table
1). The overall mean QuickDASH score upon referral was
60.3 = 3.2, reflecting a substantial level of disability, but
there was no difference In QuickDASH scores between the
SCD + PMT and isolated PMT groups (Table 1). Overall
there were 125 patients (35%) that had an anterior scalene
and/or pectoralis minor muscle anesthetic block following
initial clinical assessment. There was no difference in the
utilization of muscle blocks between groups (SCD + PMT,
34%; isolated PMT, 42%; P>.05), but there was a higher
proportion of positive muscle blocks in the SCD + PMT
group compared to the isolated PMT group (104 of 111,
94% vs 10 of 14, 71%; P <.05) (Table 1).

All patients underwent successful SCD and/or PMT with
no intraoperative complications. As expected, the operation
time was longer in the SCD + PMT group compared to iso-
lated PMT (164.5 =9.2 vs 29.3 £5.1 min, P <.05), as was
the hospital length of stay (4.0*+0.2 vs 0.3+0.1 days,
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Table |. Presenting Characteristics of the Patient Population.

SCD +PMT Isolated PMT P-value®
Number of operations 322 (91%) 33 (9%)
Patient age (years) 35.6+2.0 37.7+6.6 NS
Female gender 251 (78%) 19 (57%) P<.05
Right side affected 176 (55%) 16 (48%) NS
Body mass index (kg/m?) 28.1 £ 1.6 293 £5.1 NS
History of injury precipitating symptoms 150 (46%) 20 (61%) NS
Duration of symptoms > 2 years 178 (55%) 23 (70%) NS
Bilateral NTOS symptoms 27 (8%) 6 (18%) NS
Cervical rib or other bone anomaly 28 (9%) 0 (0%) NS
Abnormal electrodiagnostic testing 112 (35%)* 10 (30%)° NS
Previous other surgery for same symptoms 113 (35%) 14 (42%) NS
Current opioid pain medications 47 (15%) 5 (15%) NS
Patient-reported medication allergies >3 58 (18%) 4 (12%) NS
Supraclavicular palpation
Tenderness (rated 0-3) 1.4=0.1 04=0.1 P<.05
Reproduction of arm/hand symptoms 314 (98%) 7 (21%) P<.05
Subcoracoid palpation
Tenderness (rated 0-3) 1.3+0.1 1.6+0.3 P<.05
Reproduction of arm/hand symptoms 302 (94%) 33 (100%) NS
Provocative maneuvers
Upper limb tension test positive 306 (95%) 29 (88%) NS
Duration of 3-min EAST (s) 1207 143 =25 P<.05
Diagnosis and disability
Total number of clinical diagnostic criteria® 10.2*+0.6 95+ 1.7 P<.05
QuickDASH score (0-100) 60.6 =34 57.7+10.5 NS
Able to work or attend school 230 (71%) 22 (67%) NS
Preoperative muscle block?
Muscle block performed 111 (34%) 14 (42%) NS
Proportion of muscle blocks positive 104 (94%) 10 (71%) P<.05

EAST, 3-min elevated arm stress test; QuickDASH, | |-item version of the Disabilities of the Arm, Shoulder, and Hand survey; PMT, pectoralis minor
tenotomy; SCD, supraclavicular decompression; CORE-TOS, Consortium for Outcomes Research and Education on Thoracic Outlet Syndrome;

NTOS, neurogenic thoracic outlet syndrome.

Patients undergoing primary surgical treatment for NTOS from January |, 2020 to July 1, 2023. Data shown indicate the mean = SE or the number and
proportion (%) of patients in the study population with various presenting characteristics.
*Mild brachial plexopathy (n=19, 6%), carpal tunnel syndrome (n=59, 18%), cubital canal syndrome (n= 14, 4%), cervical radiculopathy (n=17, 5%), or

other (n=3, 1%).

®Mild brachial plexopathy (n=4, 12%), carpal tunnel syndrome (n=3, 9%), or cubital canal syndrome (n=3, 9%).

Total number of 14 criteria met in accord with the CORE-TOS Clinical Diagnostic Criteria for NTOS.'%!!

9Muscle blocks were performed by imaging-guided local anesthetic injection into the anterior scalene and/or pectoralis minor muscles.®
¢Comparison between SCD + PMT versus isolated PMT groups, unpaired student t-test (continuous variables) or Fisher’s exact test (categorical

variables); NS, P> .05.

P <.05) (Table 2). There were no significant differences
between the SCD + PMT and isolated PMT groups with
respect to the proportion of those having prolonged hospital
stays more than 6 days, postoperative complications, early
reoperations, or 30-day readmissions, largely due to the low
incidence of these events.

The overall mean duration of follow-up after surgery
was 26.7 = 1.5 months (median 27.8, range 5-48 months)
(Table 3). For the patients with complete follow-up data
available (n=325, 91%), the mean lowest follow-up
QuickDASH score was 36.3 = 2.0, reflecting a significant

difference compared to preoperative QuickDASH scores,
for both SCD + PMT and isolated PMT patients (P < .0001)
(Figure 3A). For individual patients the mean decline in
QuickDASH scores was 24.4 = 1.4 and the mean percent
improvement was 41.2% = 2.3%. There were no differ-
ences between the SCD + PMT and isolated PMT groups
with regard to the extent of decline or percent improvement
in QuickDASH scores during follow-up.

The assessment of patient-rated outcomes during follow-
up corresponded with outcomes measured by changes in
QuickDASH score, with 34% of patients rating their outcome
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Figure |. Presenting characteristics of the study population. (A) Pie chart showing the proportion of patients with various types of
previous injury prior to development of the presenting symptoms. (B) Pie chart showing the proportion of patients having had various
previous surgical procedures for the presenting symptoms, prior to referral. (C) Bar graph depicting the duration of symptoms prior
to referral for NTOS.

C-spine, cervical spine; CTS, carpal tunnel syndrome; MVC, motor vehicle collision; PMT, pectoralis minor tenotomy; SCD, supraclavicular
decompression; NTOS, neurogenic thoracic outlet syndrome.
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A Patients Treated by SCD + PMT

Median Tenderness = 1.0 (Range 0 - 3)
Reproduction of Symptoms = 97.5%

Median Tenderness = 1.3 (Range 0 - 3)
Reproduction of Symptoms = 93.8%

B Patients Treated by Isolated PMT

Median Tenderness = 0.0 (Range 0 - 1)
Reproduction of Symptoms = 21.2%

Median Tenderness = 1.6 (Range 1 - 3)
Reproduction of Symptoms = 100%

Figure 2. Tenderness to palpation. lllustrations demonstrating the sites of localized tenderness to palpation and reproduction of
symptoms on initial physical examination, in patients that underwent SCD + PMT (A) and those underwent isolated PMT (B).

PMT, pectoralis minor tenotomy; SCD, supraclavicular decompression.

Table 2. Operative Treatment.

SCD +PMT Isolated PMT P-value®
Number of operations 322 (91%) 33 (9%)
Operative time (min) 1645*+9.2 29.3+5.1 P<.05
Postoperative hospital stay (days) 4.0+0.2 0.3*0.1 P<.05
Postoperative hospital stay > 6 days 7 (2.2%) 0 (0%) NS
Postoperative complication 2 (0.6%) 0 (0%) NS
30-day hospital readmission 12 (3.7%) 0 (0%) NS

PMT, pectoralis minor tenotomy; SCD, supraclavicular decompression; NTOS, neurogenic thoracic outlet syndrome.

Patients undergoing primary surgical treatment for NTOS from January |, 2020 to July I, 2023. Data shown indicate the mean = SE or the number and

proportion (%) of patients in the study population.

2Comparison between SCD + PMT versus isolated PMT groups, unpaired student t-test (continuous variables) or Fisher’s exact test (categorical

variables); NS, P> .05.
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Table 3. Postoperative Follow-Up.

SCD +PMT Isolated PMT P-value®
Number of operations 322 (91%) 33 (9%)
Mean duration of follow-up (months) 279=*1.6 24743 NS
Median, range of follow-up (months) 289, 5-48 24.9, 7-46 NS
Insufficient follow-up data 25 (8%) 5 (15%) NS
Functional outcome measures n=297 n=28
Mean duration of follow-up (months) 27.1 1.6 23.0+43 NS
Median, range of follow-up (months) 27.5, 5-47 24.7, 7-39 NS
Preoperative QuickDASH score (0-100) 61.1+35 57.7=10.5 NS
Follow-up QuickDASH score (0-100) 36.1 £2.1° 39.3+7.1° NS
Decline in QuickDASH score 250+ 1.4 188+ 3.5 NS
Percent improvement in QuickDASH score 41.8+2.4% 353+6.7% NS
Patient-rated outcomes?® n=284 n=21
Follow-up Derkash score =excellent 100 (35%) 4 (19%) NS
Follow-up Derkash score =good 118 (42%) 6 (28%) NS
Follow-up Derkash score =fair 59 (21%) 7 (33%) NS
Follow-up Derkash score =poor 7 (2%) 4 (19%) P<.0l
Late reoperation
SC reoperation during follow-up 16 (5.0%) 5 (15.1%) P<.05
Interval to SC reoperation (months) 19.1 4.8 7634 P<.05
PMT, pectoralis minor tenotomy; SCD, supraclavicular decompression; QuickDASH, I |-item version of the Disabilities of the Arm, Shoulder, and

Hand survey; SC, supraclavicular; NTOS, neurogenic thoracic outlet syndrome.
Patients undergoing primary surgical treatment for NTOS from January I, 2020 to July I, 2023. Data shown indicate the mean = SE or the number and

proportion (%) of patients in the study population.

?Patient-rated outcomes were recorded by Derkash score as excellent, good, fair, or poor.

P <.0001, preoperative versus follow-up, paired student t-test.

31,32

‘Comparison between SCD + PMT versus isolated PMT groups, unpaired student t-test (continuous variables) or Fisher’s exact test (categorical

variables); NS, P>.05.

as excellent, 41% as good, 22% as fair, and only 4% as poor
(Table 3 and Figure 3B). The proportion of patients with out-
comes rated as poor was significantly lower after SCD + PMT
(2%) than after isolated PMT (19%) (P<<.01). The percent
improvement in follow-up QuickDASH scores was no differ-
ent between patients that had undergone an anesthetic muscle
block compared to those who had no muscle block, and for
those who had a muscle block there was no difference in out-
come measures between those who had positive versus nega-
tive blocks (Figure 3C).

During long-term follow-up, 16 patients (5.0%) in the
SCD + PMT group and 5 patients (15.1%) in the isolated
PMT group underwent later supraclavicular reoperation for
recurrent symptoms (P <<.05), at mean intervals of
19.1 = 4.8 versus 7.6 = 3.4 months after the initial opera-
tion, respectively (P <<.05) (Table 3). No patient required
reoperation solely for recurrent symptoms localized to the
subcoracoid space.

Discussion

There is ample evidence that surgical treatment can have
substantial benefit for patients with a sound clinical diagno-
sis of NTOS, disabling symptoms, and an unsatisfactory

response to targeted physical therapy.!'"!> Successful out-
comes can be achieved by either supraclavicular or transax-
illary approaches, with 85% to 90% of patients having a
substantial improvement in symptoms and function.!>!7-2!
In the present study, we sought to elucidate the current uti-
lization and effectiveness of PMT in patients undergoing
primary surgical treatment for NTOS. One of the most
important findings is to reinforce previous observations that
the large majority of patients presenting with NTOS have
physical examination evidence for symptomatic brachial
plexus compression at both supraclavicular and subcora-
coid sites, with fewer than 10% having compression solely
at the subcoracoid space. This indicates that in most patients
subcoracoid compression is not a primary cause of NTOS
or a precursor to scalene triangle compression, but likely
arises as a later secondary feature due to prolonged postural
changes, chronic muscle spasm, and imbalances in shoulder
girdle mechanics. How to best assess and manage brachial
plexus compression at the pectoralis minor level is there-
fore an unresolved consideration in surgical treatment of
NTOS.

Careful physical examination is crucial in determining
the location of brachial plexus nerve compression in patients
with NTOS, particularly for surgical planning. In expanding
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Figure 3. Outcome measures. (A) Bar graph comparing mean
QuickDASH scores at initial presentation and in follow-up
after surgical treatment. Comparisons were made using the
paired student t-test. (B) Bar graph comparing the percent
improvement in QuickDASH scores for different patient-
reported outcome (Derkash score) groups for patients
undergoing SCD + PMT and isolated PMT. (C) Bar graph
comparing the percent improvement in QuickDASH scores for
patients who did or did not have a previous ASM and/or PMM
block with local anesthetic prior to undergoing SCD + PMT or
isolated PMT.

ASM, anterior scalene muscle; F/U, follow-up; Neg, negative; NS, not
significant (P> .05, unpaired student t-test); PMM, pectoralis minor
muscle; PMT, pectoralis minor tenotomy; Pos, positive; QuickDASH, | |-
item version of the Disabilities of the Arm, Shoulder, and Hand survey;
SCD, supraclavicular decompression.

the use of telemedicine during the COVID-19 pandemic,
we found it possible to establish a reliable clinical diagnosis
of NTOS in part by physician-guided patient self-examina-
tion.>* However, as our use of telemedicine progressed it

became clearer that defining the site of brachial plexus
compression by this approach was less reliable than desired,
and in making recommendations for surgical treatment it
was still necessary to have an in-person examination to dis-
tinguish those patients that were candidates for SCD + PMT
versus isolated PMT. To avoid recommending isolated PMT
for patients subsequently found to have significant tender-
ness at the scalene triangle, it has remained our recommen-
dation to conduct an in-person preoperative physical
examination before reaching a final determination of the
surgical procedure to be performed.

Some specialists advocate routine use of scalene and/or
pectoralis minor muscle injections with local anesthetic (or
botulinum toxin) prior to considering surgical treatment.>>3>
We have used muscle blocks much more selectively, both as
an adjunct to clinical diagnosis and as a potential predictor
of symptom responsiveness to treatment. During this study
muscle blocks were performed in 35% of patients and were
considered most helpful in patients with equivocal physical
examination findings or concomitant conditions associated
with overlapping symptoms, such as shoulder pathology or
degenerative cervical spine disease, but not in patients with
electrodiagnostic findings of brachial plexopathy, osseus
abnormalities (eg, cervical ribs), or strong physical exami-
nation findings. It is of interest that we observed no differ-
ence in long-term outcome measures in patients with or
without a previous muscle block, or between patients with a
positive or negative block, in either the SCD + PMT or iso-
lated PMT groups. These findings indicate that scalene and/
or pectoralis minor muscle injections are not necessarily pre-
dictive of clinical outcomes and that clinical decisions
should be primarily based on other factors.

With respect to surgical treatment, brachial plexus com-
pression at the pectoralis minor level can be addressed
either as part of a primary scalene triangle decompression
or later as a secondary consideration, if symptoms are not
sufficiently improved by the initial procedure. Indeed, unre-
solved/recurrent symptoms attributable to the pectoralis
minor led to the reintroduction of PMT as a potential treat-
ment for recurrent NTOS.?>?* [solated PMT can also be
considered as the initial procedure, with scalene triangle
decompression performed only if there is insufficient
improvement. Sanders et al found that this approach is not
optimal, as a substantial number of patients went on to
require SCD after failing to improve after isolated PMT.?*?
Vemuri et al championed use of PMT as an adjunctive pro-
cedure to be conducted in combination with primary sca-
lene triangle decompression, demonstrating excellent early
outcomes.?’” The timing and sequence of scalene triangle
decompression and PMT is therefore an unresolved consid-
eration in surgical treatment of NTOS.

Isolated PMT is an attractive surgical option for patients
with NTOS who present solely with subcoracoid space ten-
derness. Open operation with an incision in the deltopectoral
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groove allows for easy exposure and complete division of the
tendinous attachment of the pectoralis minor to the coracoid
process. Additional maneuvers require seeking the “costocor-
acoid ligament” and/or fascia of the subclavius muscle later-
ally, as well as addressing additional anatomic variations,
such as Langer’s axillary arch, but extensive neurolysis of the
brachial plexus is not necessary. Isolated PMT is typically an
outpatient operation, requiring less operative time and with
fewer potential complications than combined SCD + PMT,
and it can also be conducted under monitored local anesthesia
if desired.*® These factors may bias providers toward perform-
ing isolated PMT as a more attractive intervention for patients
who are older or have more medical comorbidity, or perhaps
in younger, athletic patients who wish to attempt an earlier
return to full activity. We did not find any measurable selec-
tion bias toward recommending isolated PMT in this study
and there were generally no differences in demographic or
preoperative characteristics between the two groups.

Recurrence requiring supraclavicular reoperation can
occur after any primary operation for NTOS, most typically
related to a retained first rib or long first rib remnant(s), reat-
tachment of partially resected scalene muscle, or fibrous peri-
neural scar tissue around the brachial plexus.’*’ It has been
previously reported that the recurrence rate after anatomi-
cally complete SCD (combined with PMT) is approximately
5%, with recurrences following transaxillary first rib resec-
tion as high as 20% to 30%.2"-3%3° The recurrence rate (5%)
observed for SCD combined with PMT in the present study is
thereby consistent with previous reports. In contrast, the
3-fold higher recurrence rate requiring SCD after isolated
PMT (15%), even in this highly selected patient group, raises
concern that this “minimally invasive” procedure may be
more frequently incomplete than previously recognized. This
finding, along with the higher frequency of poor-rated out-
comes, suggests that with less rigorous patient selection for
isolated PMT one can expect an even greater level of dissat-
isfying outcomes and the need for reoperation. This should
serve as a caution against expanding the use of isolated PMT
in patients with NTOS. While recent reports have described
other minimally invasive approaches for treating NTOS cen-
tered around arthroscopic PMT and/or endoscopic neurolysis
of the brachial plexus, we recommend these procedures be
conducted in the context of well-designed clinical trials with
appropriate quantitative endpoints.*’

One limitation of this and other studies is the reliance on
QuickDASH scores and Derkash ratings as outcome mea-
sures to assess symptomatic improvement after surgical
treatment. Such measurements taken at different times after
surgery may vary with fluctuating symptoms that might be
present at any given follow-up visit. Patient-specific fac-
tors, such as some individuals being more aggressive with
physical therapy or having greater adherence to postopera-
tive restrictions, may also influence these outcome scores.

Finally, QuickDASH and Derkash scores do not easily dis-
tinguish laterality, such that bilateral symptoms can compli-
cate accurate measurements of surgical outcomes. We
expect to develop more robust quantitative measures in the
future to address some of these limitations.

Conclusions

Pectoralis minor tenotomy (PMT) has an important role in
the surgical treatment of NTOS, mainly as an adjunct com-
bined with SCD. While highly selected patients can do well
after isolated PMT as a short outpatient procedure with
rapid recovery, there is a greater potential for poor outcomes
and the need for supraclavicular reoperation than after
SCD + PMT. These observations emphasize that isolated
PMT should be considered with caution in highly selected
circumstances, in which physicians and patients understand
the limitations of this approach and the significant potential
need for further treatment should outcomes not meet expec-
tations.
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