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Thoracic outlet syndrome: single-center experience on

the transaxillary approach with the aid of the TRIMANO

Arthrex arm
Mohammed Alkhani, MBBS,a Matthieu Arsicot, MD,a Alexandre Oliny, MD,a Antoine Millon, MD, PhD,a,b

Nellie Della Schiava, MD, PhD,a,b and Marine Bordet, MD,a,b Bron and Villeurbanne, France
ABSTRACT
Thoracic outlet syndrome (TOS) is a pathology caused by compression on the neurovascular bundle by the first rib. The
treatment of TOS is conservative management by analgesia and physiotherapy; however, if there is no response to
conservative treatment, surgery is indicated through thoracic outlet decompression by first rib resection. Several surgical
techniques are available, including supraclavicular, transaxillary, and transthoracic first rib resection approaches. The
transaxillary approach provides better visualization on the neurovascular bundle and, thus, is sometimes the preferred
method of treatment. The transaxillary approach has been criticized due to safety concerns regarding the neural bundle
during surgical exposure. During surgery, hyperabduction of the arm is obtained by a surgical assistant, and the quality of
exposure can decrease with time, or an iatrogenic injury to the neural bundle (brachial plexus) can occur from the
hyperabduction. The use of the TRIMANO Arthrex arm can help in the exposure, instead of a surgical aide, because it
provides stable exposure and visualization for the operating surgeon. We performed a retrospective review of patients
undergoing transaxillary first rib resection using the TRIMANO Arthrex arm between June 2021 and December 2022.
During installation, the patient is placed in the lateral decubitus position and the TRIMANO Arthrex arm is fixed at the
operating table at the height of the patient’s shoulder. Thus, the surgical aide can help the surgeon during the surgery,
rather than placing the arm into and out of hyperabduction. The use of hyperabduction is limited to 15 minutes, followed
by 5 minutes of rest, to decrease the tension on the neurovascular bundle. The surgeon then performs the transaxillary
approach and systematically resects the first rib, scalene muscles, and subclavian muscles. By this approach, the inferior
brachial plexus is also lysed. In our review, we found a total of 15 procedures of first rib resection for the treatment of TOS
with the aid of the TRIMANO Arthrex arm that met our inclusion criteria. All procedures were performed by the same
surgeon. None of the patients sustained an injury to the neurovascular bundle. All the patients had an uneventful hospital
stay postoperatively, and none presented with a hematoma. The drain placed during surgery was removed on post-
operative day 2. All patients had at least one radiograph taken during their hospitalization, with no pleural effusion or
pneumothorax found. The use of the TRIMANO Arthrex arm is safe and can help in the positioning and installation of the
patients undergoing transaxillary first rib resection. It decreases the number of surgical assistants and offers great comfort
for the surgeon because it provides stable exposure for the operating surgeon. (J Vasc Surg Cases Innov Tech
2024;10:101400.)
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Thoracic outlet syndrome (TOS) is a pathology in which
there is compression on the neurovascular bundle by the
first rib as it travels through the thoracic outlet.1 Surgical
managementof TOSconsistsoffirst rib resection todecom-
press the thoracic bundle. However, surgery is reserved for
patients for whom conservative treatment has failed.
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Various surgical approaches have been described for first
rib resection, including the transthoracicapproach, transax-
illary approach, and subclavian approach.2,3

Many studies have described the differences between
these approaches.4 The transaxillary approach provides
better global visualization for three elements (venous,
arterial, and neurological structures [ie, inferior branch
of the brachial plexus]). However, when venous recon-
struction is needed, the clavicular approach is preferred.
The clavicular approach has also shown better outcomes
postoperatively compared with other approaches.4,5 The
transaxillary approach has been criticized due to safety
concerns regarding the neural bundle and the need for
hyperabduction of the arm that can result in neural
injury.6 Injury to the neural bundle occurs either through
direct injury to the nerve or extensive hyperabduction to
the arm, resulting in a traction type injury to the nerve.7

The transaxillary approach usually requires a human
aide to place the arm into hyperabduction. However, as
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the procedure progresses, the quality of exposure de-
creases, which results in a decrease in quality throughout
the intervention. Vuoncino and Humphries8 presented
the transaxillary approach using the Machleder retractor
and explained their surgical approach.
In our transaxillary surgical approach, we use the TRI-

MANO Arthrex arm as the retractor. Because it is easy
to manipulate, the TRIMANO Arthrex arm can help in
the installation of the patient undergoing transaxillary
first rib resection with better exposure and visualization
for the operating surgeon. Also, we believe that using
the four-angled arm can help and aid with positioning,
especially as the surgeon is required to reposition
the arm multiple times during the operation to limit
the hyperabduction to 15-minute period to decrease
the risk of injury to the neurovascular bundle. We
describe our experience using the TRIMANO Arthrex
arm in the aid of transaxillary first rib resection.
METHODS
A retrospective cohort study was performed at our

vascular and endovascular surgical unit of patients who
underwent first rib resection with the aid of the TRI-
MANO Arthrex arm between June 2021 and December
2022 as treatment of TOS. The institutional review ethics
board approved the study with a waiver of informed con-
sent because all data were de-identified. Only a descrip-
tive analysis was performed rather than a prescriptive
analysis due to the low number of cases.

Preoperative diagnosis and evaluation. As a regional
referral center, many of the patients are referred with a
differential diagnosis of TOS. During the clinic appoint-
ment, a thorough history is obtained, including a history
of trauma and the specific history regarding each type of
TOS (ie, arterial, venous, neurogenic). All the patients un-
dergo a full physical examination focused on the diag-
nosis of TOS, including palpation of pulses, an upper
arm stress test, an elevated limb tension test, and the
Adson test. All the patients also undergo diagnostic im-
aging and investigations, including chest radiography
searching for a cervical rib, duplex ultrasound with a
compressibility test to determine the patency of the sub-
clavian artery and vein and evaluate any aneurysmal
changes after stenosis by the first rib, computed tomog-
raphy, cervical magnetic resonance imaging, a nerve
conduction study to evaluate nerve conduction and
determine the presence of any sequelae due to
compression on the brachial plexus.
Once TOS is diagnosed and while waiting for the results

of the complementary diagnostic tests, the patients are
referred to physiotherapy as the first line of treatment
of TOS. All the patients undergo 10 to 12 sessions of phys-
iotherapy. The physiotherapy sessions are specific for the
treatment of TOS.
No consensus has been reached regarding the indica-
tions for surgical intervention in the management of
TOS for the neurogenic and venous types. Thus, failure
of conservative treatment after 3 to 6 months and the
persistence of symptoms are the main indications for
surgical decompression of the thoracic outlet.9 For the
arterial subtype, the indication for operative manage-
ment is guided by the Scher classification of surgical
treatment for subclavian artery pathology.

Surgical installation and approach. Under general
anesthesia, the patient is prepared and placed in the
lateral decubitus position at 45�. The TRIMANO Arthrex
is fixed at the operating table at the height of the pa-
tient’s shoulder. During surgical preparation, the TRI-
MANO Arthrex arm is prepared with a disposable
TRIMANO Arthrex cover.

Installation process. First, the affected arm is prepared
and placed in a stockinette. The retractor is then
attached to the operating table and covered with a ster-
ile drape (Fig 1, A). Next, the arm is placed in the beach
chair kit to prevent any pressure injuries (Fig 1, B). The arm
is then wrapped with self-adhesive tape. The arm is then
connected to the TRIMANO arm (Fig 1, C), and the
retractor is ready to use. The arm in the resting position is
shown in Fig 1, D, and the arm in the operating position is
shown in Fig 1, E.
The use of hyperabduction (Fig 1, E) is limited to 15 mi-

nutes, followed by 5 minutes of rest to decrease tension
on the neurovascular bundle and, thus, decrease the risk
of injuring the neural bundle. The 15-minute period is
calculated from the start of the surgery. During installa-
tion, the arm is placed in the resting position (Fig 1, D).
Also, it is crucial to correctly install the beach chair kit
and the stockinette to prevent any pressure injuries to
the arm or dispatchment of the arm. The surgeon then
uses the transaxillary approach to systematically resect
the first rib, scalene muscle, and subclavian muscle. By
this approach, the inferior brachial plexus is also lysed.

TRIMANO Arthrex arm. The TRIMANO FORTIS is a four-
angled retractor arm that is used mainly in orthopedic
surgeries as a retractor. The retractor is easily maneu-
vered by a single handle (Fig 1, A). The device is used by
orthopedic surgeons at our institute (different site). The
retractor was first tested and shared with the orthope-
dics surgery team. Because our hospital is a regional
referral center for the treatment of TOS, it was justifiable
and cost-effective to obtain one for the vascular surgery
team. The cost of the device is V9999; however, our
experience and results have justified the cost of the
retractor.
The TRIMANO FORTIS support arm (model no. AR-1740;

Fig 2) was used in all operations. The arm is prepared in
the surgical field using a disposable sterile drape (model
no. AR-1648). The arm is placed in a beach chair kit to



Fig 1. Installation process. A, Retractor attached to the operating table and covered with a sterile drape. B, Arm
wrapped with self-adhesive tape. C, Arm connected to the TRIMANO arm. D, Arm in the resting position. E, Arm
in operating position (hyperabduction).
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ensure safety to the arm during manipulation. The beach
chair kit is a disposable attachable sponge in which the
arm is placed before it is connected to the TRIMANO
arm (model no. AR-1644; Fig 1, B). The use of the retractor
system is simple; thus, the operating surgeon will
become familiarized with its functionality during surgery
with no need for a learning curve to use the device.

RESULTS
In our review, we found a total of 15 procedures of first

rib resection for the treatment of TOS with the aid of
the TRIMANO Arthrex arm that met our inclusion criteria.
All 15 procedures were performed by the same surgeon.
All the patients underwent surgery after conservative
medical therapy had failed.
All 15 procedures were performed for the treatment of

TOS (6 arterial, 6 venous, and 3 neurogenic) on 14 pa-
tients. The laterality was on the right side for 10 proced-
ures (66.6%) and the left for 5 procedures (33.3%), with
one bilateral case. Of the 14 patients, 8 were women
and 6 were men. Their mean age was 33.5 6 10.8 years.
The average surgery time was 119.06 6 37.5 minutes.
None of the patients experienced intraoperative compli-
cations, no patient died, and none sustained an injury to
the neurovascular bundle. Also, none of the patients pre-
sented with a positioning injury, whether cutaneous such
as pressure ulcers, or compressive such peripheral nerve
compression.
All patients had an uneventful hospital stay postopera-

tively. None of the patients presented with a hematoma
or thoracicduct injury,with thesubcutaneousdrainplaced
during surgery removed after 1.8 days postoperatively.
During their hospital stay, all the patients underwent at
least one chest radiograph to ensure no pneumothorax
or pleural effusion was present.
After discharge, all the patients were referred to physio-

therapy to continue their rehabilitation process. All the
patients were seen 1 month after surgery in the postoper-
ative clinic and were assessed by a complete physical ex-
amination and symptom assessment. All the patients
reported amelioration of their symptoms.
One of the patients presented with Horner syndrome

(HS) as an early surgical complication. It was discovered
the second day postoperatively. The mechanism of HS
postoperatively is still unclear; however, the most appli-
cable theory is the use of retractors in the surgical field
and irritation of the cervical sympathetic trunk. Four pa-
tients presented with paresthesia on the median cuta-
neous nerve territory. The chest radiograph at 1 month
postoperatively revealed no pneumothorax or pleural
effusion. The outcomes and follow-up data are summa-
rized in the Table.

DISCUSSION
Use of the TRIMANO Arthrex arm provides adequate

exposure through its mobilization via its four joints.
With the hyperabduction achieved using the TRIMANO
arm, the surgical aide will be able to assist the surgeon
rather than positioning the patient’s arm into
hyperabduction.
The transaxillary approach first, described by Roos,10 is a

well-recognized method for first rib resection in the
treatment of TOS. The technique has showed better
postoperative results compared with other surgical



Fig 2. The TRIMANO FORTIS support arm.

Table. Summary of patient complications

Complication Patients, No. (%)

Bleeding 0 (0)

Pneumothorax 0 (0)

Pleural effusion 0 (0)

Thromboembolic events 0 (0)

Paresthesia 5 (33.3)

Wound complication 1 (6.6)

Surgical site infection 0 (0)

Hypertrophic scar formation 1 (6.6)
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techniques.4 The importance of the transaxillary
approach lies its exposure to bony structures such as
the first rib and, if found, the cervical rib.11 However, it is
not the preferred or recommended approach for
vascular reconstruction, if needed. Due to the possibility
of postoperative complications, it is sometimes under-
used. Largescale studies showed that pneumothorax is
the most serious complication with the classic transaxil-
lary approach for first rib resection.12,13 This has led to the
development of different surgical techniques to improve
the transaxillary surgical approach, including robotic and
endoscopic techniques.7,14

As discussed, the transaxillary approach requires
adequate visualization toavoid injury to theneurovascular
bundle. This is usually provided by placing the patient’s
arm into hyperabduction. Visualization of the surgical
field is usually achieved by retraction by the surgical assis-
tant. However, the quality of exposure decreases during
the surgery due to either timeor the fatigue of the surgical
assistant.
To the best of our knowledge, this is the largest series

describing the use of the TRIMANO Arthrex arm as an
operative aid. In our series, we encountered only one ma-
jor complication. One patient developed HS. The devel-
opment of HS has not yet been described in the
literature as a possible complication of the transaxillary
approach for first rib resection. However, HS has been
described as a complication of thoracic surgery, thyroid-
ectomy, and minimally invasive thyroidectomy.15,16

CONCLUSIONS
Our results show that the use of the TRIMANO Arthrex

arm is safe. It provides help in positioning and the instal-
lation of patients undergoing transaxillary first rib resec-
tion. It also decreases the necessity of having multiple
surgical aides and provides comfort for the operating
surgeon.

DISCLOSURES
None.

REFERENCES
1. Illig KA, Donahue D, Duncan A, et al. Reporting standards of the

Society for Vascular Surgery for thoracic outlet syndrome: executive
summary. J Vasc Surg. 2016;64:797e802.

2. Burks SS, Wolfe EM, Yoon JW, Levi AD. Supraclavicular resection of a
cervical rib causing thoracic outlet syndrome: 2-dimensional opera-
tive video. Oper Neurosurg (Hagerstown). 2020;19:E520.

3. Costantino CL, Schumacher LY. Surgical technique: minimally inva-
sive first-rib resection. Thorac Surg Clin. 2021;31:81e87.

4. Sheth RN, Campbell JN. Surgical treatment of thoracic outlet syn-
drome: a randomized trial comparing two operations. J Neurosurg
Spine. 2005;3:355e363.

5. Ajalat MJ, Pantoja JL, Ulloa JG, et al. A single institution 30-year re-
view of abnormal first rib resection for thoracic outlet syndrome. Ann
Vasc Surg. 2022;83:53e61.

6. Dale WA. Thoracic outlet compression syndrome: critique in 1982.
Arch Surg. 1982;117:1437e1445.

7. Martinez BD, Albeshri H, Chulkov M, Alharthi S, Nazzal MM, Sferra J.
Development and evolution of a robotic surgical technique for the
treatment of thoracic outlet syndrome. J Vasc Surg. 2021;74:938e945.

8. Vuoncino M, Humphries MD. How I do it. Thoracic outlet syndrome
and the transaxillary approach. J Vasc Surg Cases Innov Tech. 2023;9:
101128.

9. Dengler NF, Ferraresi S, Rochkind S, et al. Thoracic outlet syndrome
part I: systematic review of the literature and consensus on anatomy,

http://refhub.elsevier.com/S2468-4287(23)00309-X/sref1
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref1
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref1
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref2
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref2
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref2
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref3
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref3
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref4
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref4
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref4
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref5
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref5
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref5
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref6
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref6
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref7
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref7
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref7
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref8
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref8
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref8
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref9
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref9


Journal of Vascular Surgery Cases, Innovations and Techniques Alkhani et al 5

Volume 10, Number 2
diagnosis, and classification of thoracic outlet syndrome by the Eu-
ropean Association of Neurosurgical Societies’ Section of Peripheral
Nerve Surgery. Neurosurgery. 2022;90:653e667.

10. Roos DB. Transaxillary approach for first rib resection to relieve
thoracic outlet syndrome. Ann Surg. 1966;163:354e358.

11. Stilo F, Montelione N, Vigliotti R, Spinelli F. Transaxillary decom-
pression of thoracic outlet syndrome. Ital J Vasc Endovasc Surg.
2019;26:6e9.

12. Leffert RD, Perlmutter GS. Thoracic outlet syndrome. Results of 282
transaxillary first rib resections. Clin Orthop Relat Res. 1999;368:
66e79.

13. Hosseinian MA, Loron AG, Soleimanifard Y. Evaluation of complica-
tions after surgical treatment of thoracic outlet syndrome. Korean J
Thorac Cardiovasc Surg. 2017;50:36e40.
14. Furushima K, Funakoshi T, Kusano H, et al. Endoscopic-Assisted
transaxillary approach for first rib resection in thoracic outlet syn-
drome. Arthrosc Sports Med Rehabil. 2021;3:e155ee162.

15. Giannaccare G, Gizzi C, Fresina M. Horner syndrome following thyroid
surgery: the clinical and pharmacological presentations.
J Ophthalmic Vis Res. 2016;11:442e444.

16. Hu X, Zhang X, Gan H, Yu D, Sun W, Shi Z. Horner syndrome as a
postoperative complication after minimally invasive video-assisted
thyroidectomy: a case report. Medicine (Baltimore). 2017;96:e8888.
Submitted Jul 23, 2023; accepted Nov 28, 2023.

http://refhub.elsevier.com/S2468-4287(23)00309-X/sref9
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref9
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref9
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref10
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref10
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref11
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref11
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref11
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref12
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref12
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref12
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref13
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref13
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref13
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref14
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref14
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref14
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref15
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref15
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref15
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref16
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref16
http://refhub.elsevier.com/S2468-4287(23)00309-X/sref16

	Thoracic outlet syndrome: single-center experience on the transaxillary approach with the aid of the TRIMANO Arthrex arm
	Methods
	Preoperative diagnosis and evaluation
	Surgical installation and approach
	Installation process
	TRIMANO Arthrex arm

	Results
	Discussion
	Conclusions
	Disclosures
	References


