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CHAPTER 74

THORACIC OUTLET 
SYNDROME
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Thoracic outlet syndrome (TOS); It is a syn-
drome that occurs after compression of at least 
one of the following: subclavian artery, subcla-
vian vein or brachial plexus. Symptoms differ 
in nerve and vascular compression. Neurogenic 
TOS (NTOS) accounts for between 90-95% of 
clinical cases and is caused by compression or ir-
ritation of the brachial plexus. The remainder of 
cases is venous TOS (VTOS), which results from 
stenosis of the subclavian vein. Arterial TOS 
(ATOS) is the least common type and has been 
shown to be 1-6% in case series [1-3]. There are 
many etiological factors in the development of 
TOS (Table 1).

History
TOS-related surgery was established in 1861 

by Mr Holmes in London with the resection of 
the 1st rib [5]. In 1912, after radiological devel-
opments, TOS was reported in a patient without 
presence of a cervical rib [4]. Technically, due to 
the difficulties in resection of the 1st rib, scalenec-
tomy was defined by Adson and Coffey [5]. Sca-
lenectomy gained popularity due to its technical 
simplicity, while the posterior approach for the 1st 
costal resection was defined by Clagett in 1962. 
Alternatively, transaxillary approach was shown 
by David Roos [6,7]. Recently, surgical approach 
using VATS has been defined.

Anatomy
For the management of TOS patients, the 

complex anatomy must be well understood. The 
areas where pressure is potentially seen, medial 
to lateral, are the interscalene triangle, the cos-
toclavicular space and the subcoracoid region. 
The space between the anterior scalene, middle 
scalene muscles and the 1st rib is defined as the 
scalene triangle. The brachial plexus and sub-
clavian artery exit the thorax on the 1st rib and 
travel between the muscles. Embryologically, 
scalene muscle mass originates from the C3-C7 
vertebrae and adheres to the 1st and 2nd ribs. As a 
result of incomplete separation of this mass and 
tight bands, compression develops in neurovas-
cular structures [8,9]. The costoclavicular space 
is formed by the clavicle and the 1st costa. There 
is the costoclavicular ligament in front and the 
middle scalene muscle at the posterior border. 
This space includes the brachial plexus, subclavi-
an artery, subclavian vein, and subclavian muscle. 
The subcoracoid space is located under the pecto-
ralis minor muscle, and the brachial plexus runs 
through this region and extends to the arm.

The compression of neurovascular structures 
may develop due to the length of the 7th  transvers 
process of cervical vertebra or the space formed 
by the accompanying cervical rib. In addition, 
fibrous bands between these structures may ac-
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not preferred in some centers, many centers pre-
fer the old incision. In a study where the results 
of 12 patients with recurrent TOS were shared by 
Kendall et al., they reported that they preferred 
the transaxillary approach in patients who un-
derwent supraclavicular surgery and the supra-
clavicular approach in patients who underwent 
transaxillary [35].

Our surgical experience for TOS surgery in 
our clinic encompasses 131 patients on who 138 
(7 bilateral) surgical operations were performed. 
Of these surgeries, 1 involved a recurrence of 
symptoms after surgery. The mean operation time 
was 89 (58-124) min. Before and after surgery we 
administer a survey for patient satisfaction. Based 
on this survery 85% of patients responded as ex-
cellent, 12% responded as satisfactory, while 3% 
as fair.

CONCLUSION

Surgical treatment of TOS is based on clinical 
diagnosis, the presence of symptoms, and the in-
ability of these symptoms to improve with appro-
priate physical therapy.

Imaging studies, electrophysiological tests, 
and vascular laboratory examinations may be 
useful in excluding other conditions, but they 
contribute little to the specific diagnosis of NTOS.

With appropriate surgery for well select-
ed patients, TOS surgery has very encouraging 
outcomes.

REFERENCES
1.	 Urschel HC, Kourlis H, Kourlis H, Jr. Thoracic out-

let syndrome: a 50-year experience at Baylor Uni-
versity Medical Center. Proc (BaylUniv Med Cent) 
2007;20(2):125–135

2.	 Cormier JM, Amrane M, Ward A, et al. Arterial compli-
cations of the thoracic outlet syndrome: fifty-five opera-
tive cases. J Vasc Surg1989;9(6):778–787

3.	 Nehler MR, Taylor LM, Moneta GL, et al. Upper ex-
tremity ischemia from subclavian artery aneurysm 
caused by bony abnormalities of the thoracic outlet. 
Arch Surg 1997;132(5):527–532.

4.	 Todd T. The descent of the shoulder after birth. Its sig-
nificance in the production of pressure symptoms on 
the lowest brachial trunk. Anat Anz 1912;41:385–395

5.	 Adson AW, Coffey JR. Cervical rib: a method of anterior 
approach for relief of symptoms by division of the scale-
nus anticus. Ann Surg1927;85(6):839–857.

6.	 Clagett OT. Research and prosearch. J Thorac Cardio-
vasc Surg 1962;44:153–166. http://www.ncbi.nlm.nih.
gov/pubmed/13879636.Accessed November 9, 2016

7.	 Roos DB. Transaxillary approach for first rib resec-
tion to relieve thoracic outlet syndrome. Ann Surg 
1966;163(3):354–358.

8.	 Makhoul RG, Machleder HI. Developmental anomalies 
at the thoracic outlet: an analysis of 200 consecutive cas-
es. J Vasc Surg1992;16(4):534–545.

9.	 Redenbach DM, Nelems B. A comparative study of 
structures comprising the thoracic outlet in 250 human 
cadavers and 72 surgical cases of thoracic outlet syn-
drome. Eur J Cardiothorac Surg 1998;13(4):353–360

10.	 Tague RG. Sacralization is not associated with elongat-
ed cervical costal process and cervical rib. Clin Anat 
2011;24(2):209–217

11.	 Rizk E, Harbaugh K. The muscular axillary arch: an an-
atomic study and clinical considerations. Neurosurgery 
2008;63(4 Suppl 2):316–319; discussion 319–320

12.	 Rochlin DH, Gilson MM, Likes KC, Graf E, Ford N, 
Christo PJ, et al: Quality-of-life scores in neurogenic 
thoracic outlet syndrome patients undergoing first rib 
resection and scalenectomy. J Vasc Surg 57:436–443, 
2013

13.	 Jordan S. Differential diagnosis in patients with possi-
ble NTOS. In: Illig K, Thompson R, Freischlag J, eds. 
Thoracic Outlet Syndrome. London: Springer-Verlag; 
2013:49–60.

14.	 Sanders RJ, Hammond SL: Venous thoracic outlet syn-
drome. Hand Clin 2004;20(1): 113-118, viii

15.	 Marine L, Valdes F, Mertens R,Kramer A, Bergoeing M, 
Urbina J:Arterial thoracic outlet syndrome: A 32-year 
experience. Ann Vasc Surg 2013;27(8):1007-1013

16.	 Mackinnon SE, Novak CB. Thoracic outlet syndrome. 
Curr Probl Surg. 2002;39(11):1070‐1145. doi:10.1067/
msg.2002.127926

17.	 Gergoudis R, Barnes RW: Thoracic outlet arterial com-
pression: Prevalence in normal persons. Angiology 
1980;31(8): 538-541.

18.	 Brantigan CO, Roos DB: Diagnosing thoracic outlet 
syndrome. Hand Clin 2004; 20(1):27-36

19.	 Klaassen Z, Serenson E, Tubbs RS, et al: Thoracic outlet 
syndrome: A neurological and vascular disorder. Clin 
Anat 2014;27 (5):724-732.

20.	 Moore, R.; Lum, Y.W. Venous thoracic outlet syndrome. 
Vasc. Med. 2015, 20, 182–189

21.	 Illig, K.A.; Donahue, D.; Duncan, A.; Freischlag, J.; Ge-
labert, H.; Johansen, K.; Jordan, S.; Sanders, R.; Thomp-
son, R. Reporting standards of the society for vascular 
surgery for thoracic outlet syndrome. J. Vasc. Surg.2016, 
64, 23–35

22.	 Kuwayama, D.P.; Lund, J.R.; Brantigan, C.O.; Glebova, 
N.O. Choosing surgery for neurogenic TOS: The roles 
of physical exam, physical therapy, and imaging. Diag-
nostics 2017, 7, 37

23.	 Torriani M, Gupta R, Donahue DM. Botulinum tox-
in injection in neurogenic thoracic outlet syndrome: 



Thoracic Outlet Syndrome 793

results and experience using a ultrasound-guided ap-
proach. Skeletal Radiol 2010;39(10):973–980.

24.	 Urschel HC, Kourlis H, Kourlis H, Jr. Thoracic out-
let syndrome: a 50-year experience at Baylor Uni-
versity Medical Center. Proc (BaylUniv Med Cent) 
2007;20(2):125–135

25.	 Urschel HC, Patel AN. Surgical technique: Transaxillary 
first-rib resection (with Dorsal Sympathectomy). In: 
Kaiser LR, Krohn IL, Spray TL, eds. Mastery of Cardi-
othoracic Surgery. 2nd ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2007:214–215.

26.	 Ohtsuka T, Wolf RK, Dunsker SB. Port-access first-rib 
resection. Surg Endosc 1999;13(9):940–942

27.	 Gharagozloo F, Meyer M, Tempesta BJ, et al. Robotic 
en bloc first-rib resection for Paget-Schroetter disease, a 
form of thoracic outletsyndrome: technique and initial 
results. Innovations (Phila) 7(1):39–44.

28.	 Nelson RM, Jenson CB. Anterior approach for excision 
of the fi rst rib surgical technique. AnnThorac Surg. 
1970;9(1):30–5.

29.	 Murphy TO, Piper CA, Kanar EA, McAlexander RA. 
Subclavicular approach to fi rst rib resection. Am J Surg. 
1980;139:634–6.

30.	 Leffert RD. Complications of surgery for thoracic outlet 
syndrome. Hand Clin. 2004; 1: 91–8.

31.	 Sanders RJ, Haug CE. Thoracic outlet syndrome: a com-
mon sequela of neck injury. Philadelphia: Lippincott; 
1991

32.	 Wehbé MA, Leinberry CF. Current trends in treatment 
of thoracic outlet syndrome. Hand Clin. 2004; 20: 119–
121.

33.	 Ambrad-Chalela E, Thomas GI, Johansen KH. Re-
current neurogenic thoracic outlet syndrome. Am J 
Surg2004;187:505e10.

34.	 Atasoy E. Thoracic outlet syndrome: recurrent thoracic 
outlet syndrome. Hand Clin. 2004; 20: 99–105

35.	 Likes K, Dapash T, Rochlin DH, Freischlag JA. Remain-
ing or residual first ribs are the cause of recurrent thorac-
ic outlet syndrome. Ann Vasc Surg. 2014;28(4):939‐945. 
doi:10.1016/j.avsg.2013.12.010

36.	 Atasoy E. Recurrent thoracic outlet syndrome. Hand 
Clin. 2004 Feb;20(1):99-105. doi: 10.1016/s0749-
0712(03)00085-4. PMID: 15005391.


