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WHAT THIS PAPER ADDS

This is the first single centre prospective cohort study to describe the implementation of a multidisciplinary
diagnostic care pathway for patients with neurogenic thoracic outlet syndrome (NTOS), and evaluates diagnostic
and treatment outcomes of patients with NTOS within the scope of the North American Society for Vascular
Surgery reporting standards for NTOS. The results suggest a prominent role for multidisciplinary care pathways
in NTOS diagnostics, underline the role of dedicated physiotherapy as the primary treatment, and show good to
excellent short term treatment outcomes in the majority of the surgically treated NTOS patients following
previous unsuccessful physiotherapy. The objective outcome measures of surgically treated patients allow for
reliable comparison with future cohort studies.
Objective: The North American Society for Vascular Surgery (SVS) reporting standards for neurogenic thoracic
outlet syndrome (NTOS) were published in 2016 to produce consistency in the diagnosis and treatment of
NTOS, but outcomes resulting from following these standards are not yet available. The results of a
standardised multidisciplinary care pathway for NTOS based on the North American SVS reporting standards
for NTOS are reported.
Methods: Patients referred between August 2016 and December 2019 with suspected NTOS were evaluated in
this single center prospective cohort study. Diagnosis and treatment were performed according to a care
pathway based on the North American SVS reporting standards. The outcome of surgically treated patients
was determined by the Derkash score, thoracic outlet syndrome disability scale (TDS), Cervical Brachial Score
Questionnaire (CBSQ), Disability of the Arm Shoulder and Hands Dutch language version (DASH-DLV) and
Short Form-12 (SF-12) at three, six, 12, and 24 months.
Results: Of 856 referred patients, 476 (55.6%) patients were diagnosed with NTOS. Dedicated physiotherapy was
successful in 186 patients (39.1%). Surgical treatment was performed in 290 (60.9%) patients of whom 274 were
included in the follow up. At a mean follow up of 16.9 � 9.2 months, significant improvement (p < .001) in TDS,
CBSQ, DASH-DLV, and SF-12 scores was seen in the surgical group between baseline and all follow up intervals.
Derkash outcome after surgical intervention was excellent in 83 (30.3%), good in 114 (41.6%), fair in 43 (15.7%),
and poor in 34 (12.4%) of the patients. Complications occurred in 16 (5.8%) patients, and 32 (10.4%) patients
experienced recurrent or persistent NTOS complaints.
Conclusion: A multidisciplinary care pathway based on the North American SVS reporting standards for NTOS
helped to confirm the diagnosis in 56% of patients referred, and guided the selection of patients who might
benefit from thoracic outlet decompression surgery after unsuccessful dedicated physiotherapy. Intermediate
follow up showed good outcomes in the majority of surgically treated patients.
Keywords: Brachial plexus, Physiotherapy, Reporting standards, Surgical treatment, Thoracic outlet decompression, Thoracic outlet syndrome, TOS
Article history: Received 17 November 2020, Accepted 22 February 2021, Available online 31 March 2021
� 2021 European Society for Vascular Surgery. Published by Elsevier B.V. All rights reserved.
responding author. Department of Vascular Surgery, Catharina Hospi-
helangelolaan 2, 5623 EJ Eindhoven, P.O. Box 1350, 5602 ZA, Eind-
the Netherlands.
il address: joep.teijink@catharinaziekenhuis.nl (Joep A.W. Teijink).
-5884/� 2021 European Society for Vascular Surgery. Published by
r B.V. All rights reserved.
://doi.org/10.1016/j.ejvs.2021.02.048

Downloaded for Anonymous User (n/a) at Maastricht University
2021. For personal use only. No other uses without permission
INTRODUCTION

Neurogenic thoracic outlet syndrome (NTOS) is considered
a controversial condition, caused by compression of the
brachial plexus in the thoracic outlet. Patients present with
a variety of symptoms mostly characterised by pain,
 from ClinicalKey.com by Elsevier on December 23, 
. Copyright ©2021. Elsevier Inc. All rights reserved.
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paraesthesia, and numbness or muscle weakness in the
neck, shoulder, arm, and/or hand. The diagnosis of NTOS
can be difficult owing to the lack of consensus on patho-
physiology, inconsistent definitions, non-specific symptoms,
potential overlap with other neurological disorders, and
limited applicability of adequate diagnostic testing proced-
ures.1,2 To address these shortcomings, the North American
Society for Vascular Surgery (SVS) published the reporting
standards for thoracic outlet syndrome (TOS) in 2016 in an
effort to produce more consistency in the diagnosis and
subsequent treatment of NTOS.2

Current treatment of NTOS is based on mainly retro-
spective cohort series that describe subjective and varying
diagnostic criteria.1 More recent prospective observational
studies have reported treatment outcomes after using the
consortium for research and education on thoracic outlet
syndrome (CORE-TOS) criteria.3,4 In the absence of diag-
nostic (imaging) techniques with high sensitivity and spec-
ificity for NTOS, a combination of diagnostic criteria is
considered as the near best option to define the diag-
nosis.2,4 A multidisciplinary care pathway based on the
North American SVS reporting standards for NTOS was
developed to standardise the diagnosis and treatment of all
referred patients suspected of having NTOS. The outcomes
of multidisciplinary care pathways based on the North
American SVS reporting standards of NTOS are not yet
available. In this prospective cohort study, the results of this
NTOS care pathway are reported, in order to evaluate the
results of a standardised treatment algorithm based on the
North American SVS reporting standards for NTOS.

MATERIALS AND METHODS

Diagnostic algorithm

All patients referred to the TOS outpatient clinic (Catharina
Hospital, Eindhoven, the Netherlands) from 1 August 2016
to 31 December 2019 suspected of having NTOS were
evaluated. The TOS clinic is the combined effort of the
vascular surgery, neurology, orthopaedic, pain anaesthetics,
radiology, and physiotherapy departments, and a nation-
wide tertiary referral centre for all types of TOS. Before
clinical evaluation, the patient’s medical records, including
previously performed imaging and treatment, were
assessed by the neurologist. Thereafter, patients were
evaluated following a multidisciplinary diagnostic care
pathway based on the North American SVS reporting
standards for NTOS.2 In advance of the first visit, a com-
bined questionnaire consisting of the TOS disability scale,
Cervical Brachial Symptom Questionnaire (CBSQ), Disabil-
ities of the Arm, Shoulder and Hand Dutch Language
Version (DASH-DLV), and the 12 item Short Form survey
(SF-12) was distributed to patients.5 Initial clinical evalua-
tion of all patients was performed by a nurse practitioner, a
vascular (TOS) surgeon, a neurologist, and a physiothera-
pist. Additionally, colour Doppler of the subclavian artery in
adduction, 90 degree abduction, and military attitude po-
sition was obtained, followed by a standardised elevated
arm stress test (EAST) measurement.6 Lastly, an Xray of the
Downloaded for Anonymous User (n/a) at Maastricht Univ
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superior thoracic aperture was conducted. After this first
clinical evaluation, the patient was discussed in a weekly
multidisciplinary meeting attended by a TOS surgeon, a
neurologist, a radiologist, physiotherapists, a pain anaes-
thetist, and an orthopaedic surgeon with a special interest
in shoulder pathology.

If a patient was suspected of having NTOS by both the
TOS surgeon and the neurologist, a local anaesthetic muscle
block with two mL bupivacaine 0.5% per muscle was per-
formed under ultrasound guidance in the anterior and
medial scalene muscle. The results of the EAST before and
one hour after the test were obtained using a standardised
EAST meter.6 The scalene muscle block was considered
positive if EAST time improved � 50% vs. the pre-test
measurement. Patients diagnosed with a Gilliatt-Sumner
hand or co-existing venous TOS (VTOS) or arterial TOS
(ATOS) did not undergo a scalene muscle block because
these patients already had an indication for thoracic outlet
decompression (TOD) surgery. If necessary, as decided by
the multidisciplinary meeting, additional nerve conduction
studies, magnetic resonance imaging, consultation with an
orthopaedic surgeon, and/or bilateral high resolution ul-
trasound of the brachial plexus were performed to exclude
differential diagnoses. After completing the scalene muscle
block and additional diagnostics, the patient was evaluated
again in a multidisciplinary meeting. The team of physicians
made the NTOS diagnosis if at least three of the four criteria
of the North American SVS reporting standards were pre-
sent: (1) local findings at the thoracic outlet consistent with
NTOS; (2) peripheral findings in the affected upper ex-
tremity; (3) absence of possible differential diagnosis; and
(4) a positive test injection. The diagnostic care pathway is
summarised in Fig. 1.
Treatment algorithm

All patients with NTOS underwent physiotherapy as the
primary treatment. This was initiated by one of three
experienced TOS physiotherapists participating in the care
pathway. The TOS physiotherapist instructed a specialised
physiotherapist in the patient’s community who was affili-
ated with the Dutch shoulder network (“Schoudernetwerk
Nederland”). The exercise programme consisted of posture
evaluation and improvement, shoulder girdle therapy, and
focused scapular mobility therapy. After a minimum of six
and a maximum of 12 weeks of supervised (at least once a
week) physiotherapy and daily unsupervised training,
changes in complaints were discussed by the physiothera-
pist in the weekly multidisciplinary meeting. Physiotherapy
was continued in patients with sufficient improvement.

All patients with NTOS with a significant level of disability
and insufficient improvement in symptoms with physio-
therapy were considered for TOD surgery. After an
appointment with the TOS surgeon, who explains the pros
and cons of TOD surgery (shared decision making), the
decision of whether or not to undergo surgical intervention
was made. TOD surgery without 6 e 12 weeks of physio-
therapy was only considered in patients with a Gilliatt-
ersity from ClinicalKey.com by Elsevier on December 23, 
ssion. Copyright ©2021. Elsevier Inc. All rights reserved.



Referral

Letter of acceptance 

Medical record
screening

History taking
+

physical
examination 

Colour Doppler
+

X-ray superior
thoracic outlet

Suspicion Neurogenic Thoracic Outlet Syndrome
(decided by a multidisciplinary meeting)

Diagnostic care pathway

On indication: NCS/HRUS/MRI and/or
consultation of orthopaedic surgeon

Three months of specialised
physiotherapy

Scalene test injection (with SEM) Conclusions of the physiotherapist

MDM

Start of physiotherapy

TOD + neurolysis Continuation of physiotherapy

Follow-up:
  6 weeks by TOD surgeon
  3, 6, 12, 24 months by neurologist
  Questionnaire 3, 6, 12, 24 months  

 

Follow-up by physiotherapist

Figure 1. Implemented care pathway for neurogenic thoracic outlet syndrome (TOS) based on the North
American Society for Vascular Surgery reporting standards for TOS. TOD ¼ thoracic outlet decompression;
NCS ¼ nerve conduction studies; HRUS ¼ high resolution ultrasound; MRI ¼ magnetic resonance imaging;
SEM ¼ standardised elevated arm stress test meter; MDM ¼ multidisciplinary meeting.
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Sumner hand, or in patients who had already undergone an
adequate physiotherapy programme, as decided at the
discretion of the TOS physiotherapist and discussed in the
TOS meeting.

All patients with written informed consent at intake were
eligible for inclusion. Patients aged < 18 years, unable to
complete the questionnaires owing to illiteracy or lack of
sufficient Dutch language skills, or who did not provide
informed consent were excluded. Data were obtained from
the electronic health record and included all criteria as
defined in the North American SVS reporting standards for
NTOS. Moreover, the results of baseline TOS disability score,
CBSQ, DASH-DLV, and SF-12 Physical Composite Scale (SF-12
PCS) and SF-12 Mental Component Summary (SF-12 MCS)
were collected prospectively. The study was approved by
the medical ethical committee of the Catharina Hospital.
Surgical treatment

In all patients transaxillary TOD (TA-TOD) consisted of a
partial anterior and medial (minimus if applicable) 1 e 2 cm
scalenectomy (caudal part), a complete first rib resection
medial to the subclavian vein (near or in the sternocos-
tochondral junction) just beyond its articulation with the
vertebral body’s transverse process (leaving only the neck of
the first rib in situ), and a thorough neurolysis of the
Downloaded for Anonymous User (n/a) at Maastricht University
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branches of the lower brachial plexus (C8 e T1), including if
possible C7. Additionally, a pectoralis minor tenectomy of
approximately 4 e 5 cm was performed if pressure over the
pectoralis minor muscle provoked symptoms during clinical
examination. If present, resection of a (partial) cervical rib
and/or fibrous band was performed in the same procedure.
In the case of a parietal defect, sometimes made inten-
tionally for drainage of wound fluid, a pleural catheter (8 F;
Rucomed, The Hague, the Netherlands) was inserted. This
catheter was removed after control chest Xray, most often
one day after surgery. In patients with morbid obesity (body
mass index > 40), TOD surgery was performed through a
supraclavicular approach (SC-TOD), which was performed
following the same principles as described for primary TA-
TOD surgery.

A hospital physiotherapist visited all patients the day
before and after surgery to explain exercises and daily
limitations for the immediate three week post-operative
period. Moreover, a three month instruction and exercise
programme was given to provide a structured rehabilitation
programme. As the majority of patients reside at a distance
from the hospital, most were treated by a shoulder phys-
iotherapist from the Dutch shoulder network who received
written instructions and the option to contact one of four
TOS physiotherapists if deemed necessary. Hospital stay, use
of chest drainage, post-operative pain control method, peri-
 from ClinicalKey.com by Elsevier on December 23, 
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and post-operative complications, and re-admissions within
30 days were recorded in a prospectively maintained
database.

Follow up

All patients were seen six weeks after TA-TOD by the TOS
surgeon who performed the surgery (J.T.). All patients were
evaluated by one of two neurologists three months after
surgery and then yearly for two years. The neurologist
specifically reported neuropathies and treatment outcome
by Derkash score (Table 1). Treatment outcomes and post-
operative complications were included in the prospective
database based on the reports of the neurologist and follow
up questionnaires, independent from the TOS surgeon.
Follow up TOS disability scale, CBSQ, DASH-DLV, and SF-12
scores were obtained online (Research Manager, Deventer,
the Netherlands) at three, six, 12, and 24 months or by
postal questionnaires if patients were unable to use online
questionnaires. Patients were contacted by telephone if
they did not complete the questionnaires on time. Patients
who did not complete the three and six month question-
naire within one month after contact or the 12 and 24
month questionnaire within three months after contact
were excluded for that particular follow up interval. Patients
who were treated by physiotherapy alone had no control
appointments and were not included in the follow up.

Patients with persistent symptoms (TOD surgery did not
reduce the complaints at all) or recurrent symptoms
(complaints returned after a period of no/minimal com-
plaints) were evaluated by the neurologist and TOD sur-
geon. Thereafter, these patients were discussed in the
multidisciplinary meeting and treatment options were
reviewed. If a patient experienced sequelae with severe
impact on daily activities and quality of life more than one
year after initial TA-TOD, especially after an initial period of
relief of complaints, and conservative therapy was insuffi-
cient, a SC-TOD was considered. If, after shared decision
Table 1. Patient reported outcomes by Derkash score during the foll
outlet syndrome

Classification
by Derkash
outcome

Complaints Return to work Daily activit

Excellent None Without
limitations

Without
limitations

Good No major
symptoms

Without
limitations,
minor sequelae

Without
limitations,
minor sequel

Fair Relief of
some
complaints

With limitations,
and/or sequelae

With limitati
and/or seque

Poor No relief of
complaints

No return Severely lim

TOD ¼ thoracic outlet decompression.
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making, the limiting complaints outweighed the possible
disadvantages of re-intervention, a SC-TOD with complete
anterior and medial scalenectomy followed by complete
brachial plexus neurolysis was performed.
Statistical analysis

Continuous data are presented as mean � standard devi-
ation or as median � interquartile range (IQR) (25th and
75th percentiles), depending on normality. Categorical data
are presented as frequency (%). One group comparisons
over time were performed using a paired samples t test. For
two group comparisons, an independent samples t test was
performed. Multiple group comparison was performed us-
ing a one way analysis of variance. For non-normally
distributed data, comparable non-parametric tests were
used. All confidence intervals of the follow up scores were
determined using the standard error of the mean to
compare differences between means. The follow up index
(FUI) was calculated using the last known follow up interval
divided by the last possible follow up interval.7 A p value <
.05 was considered to be statistically significant. Statistical
analysis was performed using SPSS 25 software (IBM,
Armonk, NY, USA).
RESULTS

During the study period, 856 patients were referred as
possibly having NTOS. Of these patients, 476 (55.6%) met
the North American SVS reporting standards and were
diagnosed with NTOS, of whom 186 (39.1%) were suc-
cessfully treated by a dedicated physiotherapy programme.
However, previous or initiated physiotherapy appeared to
be insufficient in relieving the complaints of 290 (60.9%)
patients and surgical treatment was offered. Bilateral NTOS
in 39 patients resulted in a total of 329 TOD procedures for
NTOS during the study period. In total, 376 TOD procedures
were performed: 329 for NTOS (87.5%); 41 for VTOS
ow up of 290 patients treated surgically for neurogenic thoracic

ies Latest
reported
Derkash
outcome
(n [ 274)

Latest reported
Derkash
outcome
excluding
re-interventions
(n [ 258)

Highest reported
Derkash outcome
at any post-TOD
moment (n[ 274)

83 (30.3) 81 (31.4) 95 (34.7)

ae

114 (41.6) 106 (41.1) 128 (46.7)

ons
lae

43 (15.7) 41 (15.9) 30 (10.9)

ited 34 (12.4) 30 (11.6) 21 (7.7)

ersity from ClinicalKey.com by Elsevier on December 23, 
ssion. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 2. Patient characteristics following the North American
Society for Vascular Surgery reporting standards for thoracic
outlet syndrome (TOS) of patients treated by thoracic outlet
decompression surgery for neurogenic TOS (NTOS)

Patient characteristics Patients
(n [ 274)

Female sex 211 (77.0)
Age e y 41.6 � 12.01
Time with complaints e y 3.0 (1.2e7.0)
Symptomatic side

Right side 104 (38.0)
Left side 93 (33.9)
Both sides 77 (28.1)

Dominant side
Right hand side 229 (83.6)
Left hand side 36 (13.1)
Unknown 9 (3.3)

NTOS diagnosis
Unilateral 257 (93.8)
Bilateral 17 (6.2)

Type of NTOS
Persisting 259 (94.5)
Recurrent 15 (5.5)

Symptoms
Pain 247 (90.1)
Numbness 116 (42.3)
Paraesthesia 217 (79.2)
Muscle weakness 140 (51.1)

Distribution
To the neck and/or head 100 (36.5)
To the shoulder 189 (69.0)
To the arm 252 (92.0)
To the hand and/or fingers 251 (91.6)

Pain pattern
Continuous pain level 236 (86.1)
Undulating pain 38 (13.9)

Problems with sleeping 134 (48.9)
Arm related intervention in history 100 (36.5)
Trauma in history* 155 (56.6)

Single episode 151 (97.4)
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(10.9%); and six for ATOS (1.6%). Of the 290 surgically
treated patients with NTOS, 274 (94.5%) patients gave
written informed consent and were included in the data-
base (307 TOD procedures). The median duration of com-
plaints was 3.0 years (IQR 1.2 e 7.0 years) and 199 (72.6%)
patients had previously undergone a variety of treatments
(range 1 e 12 treatments) before being presented to the
authors’ institution. Daily opioid and/or tricyclic antide-
pressant use was present in 68 (24.8%) patients. A scalene
muscle block was performed in 256 (93.4%) patients. All
patient characteristics following the North American SVS
reporting standards for NTOS are presented in Table 2.

In the surgical group of 274 patients, 17 were treated for
bilateral NTOS and 16 for recurrent NTOS after initial TOD
surgery, totalling “307 arms” treated by TOD surgery. All
primary TA-TOD procedures were performed by one TOS
surgeon (J.T.). Primary TA-TOD was performed in 272 arms
and primary SC-TOD in two arms. For recurrent or persis-
tent symptoms after TOD in another centre, TA-TOD was
performed in four arms and SC-TOD in 13 arms. Recurrent
symptoms after TA-TOD were treated by a SC-TOD in 16
arms. The initial TA-TOD or SC-TOD was combined with
pectoralis minor tenectomy in 186 arms (60.6%). A cervical
rib (type I e IV) was removed in 34 patients (11.1%). No
intra-operative complications occurred. Post-operative
complications occurred in 16 patients (5.2%) and are sum-
marised in Table 3 along with all surgical data. Re-admission
within 30 days was required in three patients (1.1%) for
wound infection, haematoma formation with re-
exploration, and pneumothorax. Neurapraxia of the sec-
ond intercostobrachial nerve related to surgical traction and
treated with medication was seen in 35 patients (11.4%)
and was transient in 18 of 28 patients (64.3%) with at least
one year follow up after TOD surgery. Mean length of
hospital stay was 1.3 � 0.59 days.
Direct impact on the arm 13 (8.6)
Fall from height 77 (51.0)
Whiplash trauma 46 (30.5)
Other 15 (9.9)
Repetitive motion injury 4 (2.6)

Occupation relevant for NTOS for repetitive
motion, arms overhead

105 (38.3)

Incapacitated for work due to complaints 113 (41.2)
Underwent physiotherapy prior to presentation 227 (82.8)
Underwent therapy other than physiotherapy 199 (72.6)
Daily use of opioids and/or tricyclic

antidepressants
68 (24.8)

Signs of a Gilliatt-Sumner hand 14 (5.1)
Tinel’s sign over MSA/MSM positive 206 (75.2)
Tenderness over scalene muscle 241 (88.0)
Tenderness over pectoral minor muscle 163 (59.5)
EAST positive 223 (81.4)
ULTT positive 234 (85.4)
Scalene test muscle block

Positive 187 (68.2)
Negative 69 (25.2)
Not performed for Gilliatt-Sumner hand,
ATOS, VTOS

18 (6.6)

Scalene muscle block patient reported outcomey

Positive response 232 (90.6)
Negative response 24 (9.4)

Continued
Follow up results

The mean follow up was 16.9 � 9.2 months. At the time of
writing, follow up was completed in 61% patients at three
month, 65% at six months, 77% at 12 months, and in 83% of
patients at the 24 month interval (FUI 0.82 � 0.34). In total,
239 patients (87.2%) completed at least one of the follow
up questionnaires. No follow up data were available for the
remaining 35 (12.8%) patients owing to some returning
incomplete questionnaires or some who did not respond to
any of the follow up questionnaires. The significant decline
in mean scores of the TOS disability scale, CBSQ, DASH-DLV,
SF-12 PCS and SF-12 MCS is presented in Fig. 2. The overall
latest reported Derkash, Derkash excluding re-interventions
and highest Derkash at any post-operative interval are
summarised in Table 1.

In total, 14 patients (5.1%) experienced persisting com-
plaints after TOD surgery without any improvement during
follow up. Recurrent symptoms after a period of good or
excellent results occurred in 18 patients, yielding a total of
32 (10.4%) patients with NTOS complaints at the same level
as before TOD surgery. A re-intervention was performed by
Downloaded for Anonymous User (n/a) at Maastricht University from ClinicalKey.com by Elsevier on December 23, 
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Table 2-continued

Patient characteristics Patients
(n [ 274)

Baseline scores
TOS disability scale 6.34 � 2.08
CBSQ 75.65 � 24.07
DASH 53.15 � 17.72
SF-12 PCS 33.67 � 7.83
SF-12 MCS 42.65 � 11.74

Data are presented as n (%), mean � standard deviation or median
(interquartile range). MSA ¼ scalenus anterior muscle; MSM ¼
scalenus medius muscle; EAST ¼ elevated arm stress test; ULTT ¼
upper limb tension test; ATOS ¼ arterial thoracic outlet syndrome;
VTOS ¼ venous thoracic outlet syndrome; CBSQ ¼ Cervical Brachial
Symptom Questionnaire; DASH ¼ Disabilities of the Arm, Shoulder
and Hands; SF-12 ¼ 12 item Short Form; PCS ¼ Physical Composite
Scale; MCS ¼ Mental Component Summary.
* Total of 155 patients for single episode, other, and repetitive motion
injury, and 151 for direct impact, fall, and whiplash.
y Total of 256 patients for scalene muscle block patient reported
outcomes.

1022 Niels Pesser et al.
SC-TOD in 16 (50.0%) of these patients leading to excellent
Derkash results in two, good in six, fair in three, and poor in
five patients after a mean follow up of 8.5 � 5.74 months.

DISCUSSION

Surgical outcomes for a large group of patients with NTOS
seen in a multidisciplinary care pathway within the scope of
the North American SVS reporting standards have been
reported. Using this care pathway, a significant proportion
of patients with NTOS responded successfully to dedicated
physiotherapy. For the remaining majority, good functional
outcomes of TOD surgery were found with a significant
Table 3. Surgical data of all thoracic outlet decompression
(TOD) procedures for neurogenic thoracic outlet syndrome

Surgical data Arms (n [ 307)

First intervention 274 (89.3)
Re-intervention after TOD in another institution 17 (5.5)
Re-intervention after TOD in our institution 16 (5.2)
Pectoralis minor muscle tenectomy performed 186 (60.6)
Intra-operative use of pleural catheter 99 (32.2)
Time of pleural catheter in situ e d 1.1 � 0.44
Length of stay e d 1.3 � 0.59
Readmission within 30 days 3 (1.0)
Complications 16 (5.2)

Haematoma formation* 3 (1.0)
Pneumothorax (1 week post-procedure) 1 (0.3)
Superficial wound infection 2 (0.7)
Long thoracic nerve palsy 2 (0.7)
Phrenic nerve palsy 3 (1.0)
Horner’s syndrome 2 (0.7)
Pulmonary embolism 1 (0.3)
Pneumonia 1 (0.3)
Brachial vein thrombosis 1 (0.3)

Data are presented as n (%) or mean � standard deviation. TOD ¼
thoracic outlet decompression.
* Re-exploration was needed for one patient.
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improvement in TOS disability scale, CBSQ, and DASH-DLV
score after a mean follow up of 16.9 � 9.2 months.
Moreover, quality of life, as measured by SF-12 PCS and SF-
12 MCS scores, improved significantly after TOD. As shown
by others, TOD surgery was safe, brachial plexus or major
vessel injury did not occur, and the mean hospital stay was
short.8,9 Comparably low complication rates and short
lengths of hospital stay have been reported from high vol-
ume (> 15 cases a year) teaching hospitals.10

Varying diagnostic criteria and outcome measures in the
TOS literature makes comparison of the results difficult. The
diagnosis and treatment outcomes of this cohort suggest a
more prominent role for multidisciplinary care pathways in
NTOS diagnostics, underlines the role of dedicated physio-
therapy as the primary treatment, and shows good to
excellent treatment outcomes in the majority of the surgi-
cally treated patients with NTOS following previous unsuc-
cessful physiotherapy. Following the North American SVS
reporting standards in a multidisciplinary care pathway
setting provides good guidance on both diagnostics and
treatment of a NTOS population, and makes reliable com-
parison between centres, surgeons, and surgical approaches
possible. The first results, as described in this study, allow
for reliable comparison with future cohort studies. This will
potentially help to reduce some of the controversy sur-
rounding NTOS and help to reduce the diagnostic and
treatment delay in patients with NTOS.

In the absence of level 1 evidence the optimal surgical
approach is generally based on surgeon preference.1 There
are multiple surgical approaches for TOD surgery, of which
the transaxillary (TA) and supraclavicular (SC) approaches
are those most commonly used in patients with NTOS.9

Both approaches allow for complete first rib resection
from the costochondral junction to the articulation with the
vertebral body’s transverse process (if necessary, combined
with cervical rib resection). Therefore, they minimise the
risk of residual rib stumps, which is important to prevent
regrowth with consequent persistent or recurrent NTOS
complaints.11e13 A TA approach is preferred by the authors
as the first option because this approach can easily be
combined with a pectoralis minor tenectomy. This makes
the TA approach favourable for cosmetic effects, certainly
when compared with a SC approach combined with a sec-
ond incision for a pectoralis minor tenectomy.14 Using the
TA approach as the primary approach also leaves an “un-
touched” SC approach for a secondary intervention, with
the further advantage of a preserved fat pad that can be
split at the level of the omohyoid muscle and so be used as
a boundary between the apex of the lung, as well as the
subcutis, protecting the brachial plexus. The SC approach is
therefore used for cases with recurrent symptoms or
persistent NTOS symptoms. In these cases, the SC approach
allows for a complete resection of the scalene muscle
remnants, any residual first rib stumps, anomalous fibrous
bands, and a thorough complete brachial plexus neurolysis.

Some favour the TA approach because it has a potentially
lower risk of peripheral nerve complications than the SC
approach.1 However, the literature does not support this
ersity from ClinicalKey.com by Elsevier on December 23, 
ssion. Copyright ©2021. Elsevier Inc. All rights reserved.
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Figure 2. (A) Thoracic Outlet Syndrome (TOS) disability scale; (B) Cervical Brachial Score Questionnaire (CBSQ) scores; (C) Disability of the
Arm, Shoulder and Hand (DASH) scores (Dutch language version); and (D) Short Form-12 (SF-12) Physical Composite Scale (PCS) and Mental
Component Summary (MCS) scores of 290 patients with thoracic outlet decompression (TOD) with neurogenic thoracic outlet syndrome
during follow up at three, six, 12, and 24 months. Confidence interval: standardised error of the mean. All differences between consecutive
time points were statistically significant p <.001.
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theory and the complication rates of both the TA and SC
approach are comparable.1,3,15e19 The complication rate in
this study (5.2%) is comparable to other cohorts, using
either approach.3,9,18,19 Although the complication rates are
comparable, the mean length of hospital stay of 1.3 � 0.59
days in this cohort is relatively short compared with most
other studies, which report a range of 2 e 5 days in hos-
pital.3,9,16,19 In addition, the 30 day re-admission rate of 1%
is lower than the range of 3% e 5% reported in several
other surgical cohorts.9,20 This may suggest that most pa-
tients can be discharged after one day of hospitalisation
without an increased risk of re-admission after TA-TOD
surgery.

This study has several limitations. First, as a tertiary
referral centre for NTOS complaints, patients in the pre-
sented cohort are likely to suffer from a greater degree of
disability at presentation than patients in more general
practice settings. Patients in general practice settings may
have an even higher chance of improving with physio-
therapy without the need for TOD surgery, because the
majority of patients presenting in the authors’ clinic have
long lasting complaints (median three years) and had un-
dergone extensive previous physiotherapy. This potentially
underestimates the success rate of conservative therapy in
Downloaded for Anonymous User (n/a) at Maastricht University
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the cohort. Second, history of trauma, age, duration of
complaints, socio-economic status, chronic pain syndromes,
and response to scalene or pectoralis minor muscle blocks
have been correlated with outcome after TOD
surgery.3,15,16,19,21e26 In this study, the relationship between
patient characteristics and surgical outcome was not
assessed because reliable decision making based on patient
characteristics requires more research with internal and
external validation of a prediction model. Moreover, long
term results must be awaited to show the predictive value
of patient characteristics on the durability of surgical
outcome. Future studies should therefore focus on deliv-
ering sound evidence for the long term durability of surgical
treatment after using the North American SVS reporting
standards. At this time, excluding patients with “negative”
patient characteristics for TOD surgery potentially results in
undertreatment of patients with NTOS.
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