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ABSTRACT:

Objective: The aim of this study is to report long-term functional results following cervical rib
(CR) resection for thoracic outlet syndrome (TOS).

Methods: This monocentric study included all cases of resection of CR for TOS performed
between January 2004 and December 2016. Data were retrospectively collected from the
hospital electronic database including pre-operatively symptoms and the evaluation of
occupational well-being, intraoperative data, and early clinical evaluation and occupational
well-being during the post-operative period. Patients were categorized as neurogenic TOS
(NTOS), arterial TOS (ATOS), arterial and neurogenic (ANTOS), venous TOS (VTOS) or
asymptomatic according to preoperative evaluation. We evaluated the improvement in work
life between the preoperative and the post-operative period. Further assessment was a
negative Roos or elevated arm stress test (EAST) during the post-operative period.

Results: Thirty-three patients with a median age of 38.5 years (30-46) were included. Thirty-
six procedures were performed: 33 % to treat ATOS (12/36), 39% for NTOS (14/36), 19% for
ANTOS (7/36), 3% for VTOS (1/36) and 6% (2/36) for asymptomatic lesions. There were 9 cases
of subclavian artery aneurysms leading to additional arterial repair. Due to distal embolization,
a cervical sympathectomy was associated in 5 procedures. First rib resection (FRR) was
associated in 4 procedures (11%) and C7 transverse process resection was performed in 15
procedures (42%). The technical success rate was 100% and intra-operative complications
were observed in 4 patients (11%) with favorable postoperative outcomes. During the early
postoperative period, 3 Claude Bernard Horner’s syndrome and 1 asymptomatic subclavian
dissection were detected. Late complications included 2 bypass thromboses (6%) at 6 weeks

and 16 months. Post-operative EAST improved in 16 limbs (44%).



Prior to the procedure, only 27% (9/33) patients had normal work lives. After the procedure,

64% (21/33) of patients were able to return to their normal work activity.

Conclusion: Cervical rib resection for TOS seems to be a safe procedure leading to good short

and long-term clinical results with a favorable impact on recovering a normal work life in these

young patients.



INTRODUCTION:

Cervical rib (CR) is an abnormal bone originating from the seventh vertebra (1). CR is observed
in 0.2 to 1% of the general population (2,3). Only 10 % of CR are responsible of thoracic outlet
syndrome (TOS). TOS is secondary to the compression of the neurovascular bundle. CR is
associated with an increased rate of arterial compression in TOS (4,5) . Arterial injury is
classified as Gruber stage 3 or 4.

Surgical decompression in TOS without anatomical abnormality is indicated when
physiotherapy fails. Where CR is present, it must be surgically withdrawn. CR resection was
first described by Coote in 1861 (6). Many studies report short and long-term results of
surgical decompression for TOS (7). First rib resection and scalenectomy (FFRS) associated
with CR resection when it presents is the surgical treatment of TOS. The association of FRRS
and CR resection is controversial. Most studies report results of combined FRRS and CR
resection. There is a lack of literature about CR resection without FRRS for TOS. Nevertheless,
the presence of CR can cause specific vascular complications like subclavian aneurysms which
require appropriate treatment.

In this study, we report the monocentric experience of CR resection in TOS over 12 years. We
evaluate long term functional results following cervical rib resection for TOS and the

occupational impact of the surgery.
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METHODS:

Study population:

All patients who underwent CR resection were selected from the hospital electronical
database. Research was made with keywords “rib resection” and “thoracic outlet syndrome”
and all operative reports were reviewed. In this analysis, we only included patients who
required CR resection. Those with only FFRS without CR resection were excluded.
Demographic and clinical data such as gender, age at the time of surgery, medical history,
active smoking, pre-operative symptoms, and the orthopedic history of the upper limb,
medical therapy, professional activity and potential occupational disability were collected.
The Roos or elevated arm stress test (EAST) was performed as part of the clinical examination
before the procedure and 1 month following the procedure (8).

Patients were classified according to reporting standards (9). Preoperative symptoms could
be arterial (ATOS) (arm claudication, the absence of radial pulse, finger ulcer or necrosis, upper
limb acute ischemia or sub ischemia), neurogenic (NTOS) (paresthesia, weakness, muscle
atrophy of the upper limb), both arterial and neurogenic (ANTOS) or venous (VTOS) (edema,
deep vein thrombosis).

All patients underwent a chest X Ray, the primary examination to diagnose cervical rib (Figure
1). Patients were retrospectively categorized in accordance with Griber’s classification.
Gruber’s classification of cervical rib was described in 1968 and differentiates 4 anatomical
presentations (10) : 1: a rudimentary rib that does not penetrate the transverse process; 2: a
small cervical rib that extends beyond the transverse process of the seventh cervical vertebra
with a free distal end; 3: a cervical rib continued by a fibrous or fibromuscular band ending to

the first thoracic rib and 4: a cervical rib connected to the first thoracic rib with true cartilage.
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Dynamic Doppler ultrasound was systematically performed to confirm ATOS and to diagnose
potential associated arterial injuries. Computed tomography angiography (CTA) was
systematically performed to further analyze arterial impairment. An angiogram was
performed pre-operatively if distal emboli were depicted on CTA or in case of distal ulcers,
lack of radial or ulnar pulses. Electromyogram (EMG) was performed in patients with
symptoms evoking NTOS. The increase of distal nerve conduction and low velocities suggested
a brachial plexus impairment.

Surgical technique:

All surgeries were performed under general anesthesia as described by Sheinin 1971 (11). The
phrenic nerve was systematically assessed by external monitoring at the beginning and at the
end of the procedure. Access was supraclavicular (Figure 2). CR was systematically performed.
FRR and/or C7 transverse process resection was performed if dynamic maneuvers still
depicted a stress compression of vessels or of neurologic bundles after CR resection. Bone
resection was performed with a Kerisson clamp. Adjunctive cervical sympathectomy (CS) was
performed prior to 2015 in patients presenting with aneurysms and distal emboli. Data on
intra-operative complications and on additional arterial subclavian repair (aneurysmorraphy,
aneurysmal resection, bypass, embolectomy) were collected. At the end of the procedure,
dynamic maneuvers were systematically performed to confirm the release of the
neurovascular bundle during upper limb abduction. When confirmed, the procedure was
considered as a technical success. All patients but isolated NTOS received antiplatelet therapy
following surgery. A postoperative Doppler ultrasound was systematically performed in ATOS

and ANTOS at one month.
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For the purpose of this study, we updated the follow-up for each patient either using the
report of their last medical visit in the year (general practitioner, neurologist or Doppler
ultrasound) or by phone.

We evaluated each patient’s quality of work life pre-and post-operatively. We also evaluated
the EAST during the post-operative period.

Early outcome was the 30 first days follow up. Late outcomes were those thereafter.
Statistical analysis:

Categorical variables were presented as percentages and continuous variables were

expressed as median with interquartile ranges (Q1-Q3).
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RESULTS:

Demographic data

From January 2004 to December 2016, 36 cervical ribs were resected in 33 patients at the
Grenoble University Hospital. Three patients (9%) required bilateral treatment of TOS by CR
resection.

The population consisted in 27 women and 6 men with a median age of 38.5 (30-46) at the
time of surgery. The youngest patient was 13 years old and the oldest 58 years old. Nineteen
patients had cardiovascular risk factors including 1 dyslipidemia and 18 active in smoking. One
patient had a history of ipsilateral collarbone fracture and 7 were followed for upper limb
orthopedic disease. Details of demographic data are summarized in Table 1. Among the 36
cervical resections, 22 were on the right side and 14 on the left side. The most common
Griiber’s category treated was the fourth for the resected cervical rib side (61%). Contralateral
CR was present in 27 patients (82%) with a predominance of the category 3.

There were 14/36 procedures (39%) in patients suffering from NTOS, 12/36 (33%) from ATOS,
7/36 (19%) from ANTOS and 1/36 (3%) from VTOS. There were 2 asymptomatic patients (6%).
(Table 2). The youngest patient of this study a 13-year-old girl who presented with a severe
scoliosis treated with a back brace. A unilateral CR was discovered on the X Ray of the spine.
The CR was removed after multidisciplinary discussion including orthopedic and vascular
surgeons. A second asymptomatic rib was resected in a 28-year-old female who presented
with a left cervical rib complicated with a voluminous subclavian aneurysm. It was decided to
remove the contralateral CR preventively.

Preoperative EAST was positive for 23 limbs: 5 ATOS (42%) 12 NTOS (86%), and 6 ANTOS

(87%).
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On preoperative exams, 9 subclavian aneurysms, 6 subclavian stenosis and 6 subclavian post-
stenotic dilations (3 aneurysms and 3 ectasia) were depicted. EMG was performed in 23 limbs
and reported suffering of brachial plexus in 49% (11/23).

Procedure results

Details of surgical outcomes are summarized in Table 3.

Among patients with upper limb ischemia, 19% (7/36) two (6%) required CR resection
associated with urgent revascularization. The last required anticoagulation therapy before CR
resection.

The resection of CR was complete in 94% (34/36) of procedures. CR resection was left
incomplete when the release of the neurovascular bundle was obtained and the whole CR
could not be accessed without risking neurologic or vascular damage. Fifteen procedures
(42%) were associated with the resection of the C7 transverse process. Four procedures (11%)
were associated with first rib resection (FRR). There were 5 associated -cervical
sympathectomies.

Additional arterial procedures were required during 9 procedures (25%) with arterial
aneurysms: 1 aneurysmorraphy, 5 aneurysmal resection and direct reconstruction and 3
prosthetic bypasses. Three subclavian ectasias were left untreated.

The technical success rate was 100%.

Intraoperative complications were observed in 11% of procedures: 4 pleural effusion treated
by adjunctive chest tube. All pleural effusion resolved favorably at 48h. No brachial plexus or
phrenic nerve injury was described.

Early outcomes

The median length of hospitalization was 3.5 days (3-4).
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Postoperative complications were detected in 11% of the cases studied: 3 (8%) Claude Bernard
Horner’s (CBH) syndrome, spontaneously resolved and an asymptomatic subclavian dissection
(3%) depicted in a postoperative Doppler ultrasound. This dissection was treated only by
antiplatelet therapy with good results. No access complication was observed.

On clinical exam at 1 month, 7 limbs (19%) were EAST positive: 4 NTOS (29%) and 3 ATOS

(25%) (Table 4a). All patients treated with adjunctive CS had a radial pulse postoperatively.

Late outcomes:

The median follow-up was 91 months (39-123). The last procedure practiced had a follow-up
of eleven months and the earliest 165 months. Two patients were lost to follow up because
they could not be reached by phone. They were both considered as unable to have a normal
professional activity. One of them had no clinical evaluation during the postoperative period
and was considered worsened (EAST positive on follow-up).

Late complications were two bypass thromboses (6%), at 6 weeks and 16 months. One
required a secondary procedure. The embolectomy in emergency was not successful and a
thoracic sympathectomy by videothoracoscopy was required at one year to treat upper limb
claudication with a good clinical outcome. The last bypass occlusion was asymptomatic and
detected at 16 months by standard follow up Doppler ultrasound.

During follow-up, patients with ATOS, ANTOS or VTOS had control of permeability by Doppler
ultrasound or CTA. The patency rate was 75 % at 1 year, 67% at two years, 67% at 5 years.
Three patients presented with a reoccurrence of symptoms at 6 weeks, at 4 years and at 10
years after the surgery. The first patient was the patient who presented a bypass thrombosis.

The two other were NTOS.
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Professional activity:

During the pre-operative period, 9 patients (27%) had a normal work life and 24 (73%) couldn’t
work before the surgery. On follow up, 64% (21/33) had a normal work life: 14 (42%) were
improved and seven (21%) patients showed no improvement. Patients were unable to work
after the surgery in 36% of cases (12/33). Ten patients (30%) showed no modification and two
patients (6%) were worsened: one patient suffering from fibromyalgia who required a
reorganization of activity and one lost to follow-up considered as worsened. Details according

to symptoms are summarized in Table 4b.
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DISCUSSION:

This study suggests the safety and effectiveness of CR resection in the treatment of TOS.
Functional results and quality of life after surgery of TOS in the literature have already been
analyzed (7). Nevertheless, only few studies cover CR resection and the majority with FRRS.
CRis not common and is generally asymptomatic. We described in this study outcomes of our
surgical approach of CR resection for TOS with a supraclavicular access associated with FRR
only if neurovascular entrapment is persistent during intraoperative dynamic maneuvers. Our
postoperative outcomes are acceptable considering both clinical and functional evaluation.
Only a few studies evaluate postoperative pain and disability. We focused on the occupational

ability in our evaluation of postoperative functional outcome in this young population.

In our population 61% had symptoms on the right side. The majority of our patients were
women (82%, 27/33) and our population was young with a median age of 38.5 (30-46) similarly
to that described in the literature (3). The rate of bilateral CR in our study is higher than that
observed in the literature : CR was bilateral in 82% of our patients (1,3,12). TOS has been
associated with a history of neck trauma with or without CR (12). Interestingly, we report only
one patient with a history of collarbone fracture and eleven cases (31%) associated with
rheumatologic disease (shoulder or neck). TOS could be associated with neurological
compression disorder of the upper limb. It is the double crush syndrome, including carpal
tunnel syndrome, elbow nerve compression or cervical root compression. The rate is 51% of
patients for Degeorges et al (13) whereas we found only 9% of double crush syndrome (carpal
tunnel). In our series, two procedures were performed on asymptomatic patients with CR.

One was justified preventively in a context of contralateral CR associated with an aneurysm,
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the second was to allow orthopedic contention. The CR resection was performed in order to
prevent a TOS associated with rheumatologic disease.

Among symptomatic patients, arterial symptoms were observed in a majority (53%, 19/36).
This observation is similar to prior studies suggesting a strong association between the
presence of CR and the incidence of TOS, notably ATOS (3,14) but only few VTOS (4).

CR resection for TOS is mandatory (15). Little evidence is available when considering CR
resection alone (12,13,16,17). Whether CR resection must be associated with FRRS remains
controversial. Many studies described removing CR along with the first rib to prevent a late
recurrence (12,15,16). However, the FRR may increase the risk of morbidity because of a
deeper dissection (18). Our technique is to remove FRR only when the neurovascular bundle
is still compressed even after CR resection as described by Davies et al, Desai and Robbs and
Ambrad-Chalela et al (19-21). Interestingly, FRR resection was only required in NTOS patients
and was preformed partially in one half of cases. One of them was not improved after surgery.
Recurrence of symptoms appeared after three procedures (9%, 3/36). None was associated
with FRRS. Recurrence of TOS is described after FRRS in 11,5% with a reoperation rate of 2,5%
(22) . Recently, Gelabert et al (23) advocated the necessity to withdraw completely CR bone
or the first rib bone to avoid the recurrence of symptoms. Recurrent TOS after CR resection

only has not been studied to our knowledge.

C7 transverse process resection was performed in 42% of procedures when a large apophysis
was found. Cormier et al (24) also described a C7 process resection in their study in 1989. No
results considering the association with C7 process resection are available to our knowledge.
Two CR resections were not complete. In these two procedures, technical success was reached

as the complete release of neurovascular bundle was obtained after partial resection (18). We
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did not observe any recurrence of symptoms postoperatively. One of them was the only VTOS
of this study and required the release of the subclavian vein. The second is an ANTOS with a
negative EAST. He was able to return at work post-operatively.

In their ATOS patients, Marine and al (5) described favorable outcomes of revascularization of
the ischemic upper limber without CS. CS were described in cases of distal embolization,
particularly when associated with digital trophic disorder (20,24). In this study, all patients
treated with CS were improved by this technique and a radial pulse was detected after surgery
while absent prior to surgery. One thoracic sympathectomy was performed during the

postoperative period because of a symptomatic bypass thrombosis.

Long term functional results for limbs with additional arterial procedures were good.
Nonetheless, the patency rate of bypasses was low. Two bypasses (66%) were occluded during
follow-up. One was asymptomatic and depicted on regular ultrasound exam. The second
required an early thoracic sympathectomy to treat a claudication of the upper limb. Dacron
grafts were used in 3 bypasses. The patency rate is lower than described in TOS using veins or
PTFE grafts (90 a 100%) (5,25,26). These data suggest that an autologous vein graft or PTFE
graft must be preferred to Dacron graft. Aneurysm resection and direct anastomosis of
subclavian artery seem to provide good results as described previously (24). It should be
considered as the first treatment whenever feasible.

Subclavian ectasia were left untreated and were not associated with any aneurysmal

evolution once CR resected as reported in other studies (26,27).
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Association between CR and ATOS (5) and severity of ATOS could justify the preventive
resection of a complete CR in case of contralateral arterial injury (16,28). In this study, one
patient was treated preventively as described above.

CR resection is safe and associated in our experience with a low rate of early complications
(11%). No neurogenic injury was observed, according to the literature with a rate < 1% (29).
CBH and pleural breach (11%) were similar as other TOS studies (1 to 23%) (4,5,13,24,28) .
One asymptomatic subclavian dissection in the post-operative period was discovered on
scheduled Doppler ultrasound at 16 months. In a recent study, Rinehardt et al (29) found an
association between vascular symptoms of TOS and the reintervention or new admission rate

within 30 days.

Post-operative clinical results are good in our study with a real improvement of EAST. The
ability of patients to go back to their occupation in this chronic and disabling disease is
indicative of favorable long-term functional results. Outcomes are better in associated arterial
and neurogenic TOS (0% of positive EAST in post-operative period) and less favorable in NTOS
(29% of positive EAST in post-operative period). Divi et al in 2005 found the same results in
return to work for patients presenting venous and neurogenic TOS (30) .

Our study is one of the largest on CR resection in TOS. However, limits are numerous. It is a

retrospective and monocentric study with a small population due to the rarity of this disease.
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CONCLUSION:
CR resection is safe and efficient to treat TOS. Association with FRRS is not mandatory. This

technique is associated with favorable long-term outcomes in terms of occupation.
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ANNEXES

Table 1: Pre-operative demographics data (N=33)

Median age

Male
Female

Cardiovascular risk
Smoking
Obesity
Dyslipidemia

Associated orthopedic issues
Collarbone fracture
Rheumatoid polyarthritis
Scoliosis
Cervical discopathy
Cervical osteosynthesis
Shoulder tendinopathy
Shoulder capsulitis
Carpal tunnel

Ipsilateral
Bilateral

38.5[30;46]

N

27

18

N R WR R R WWN R

(%)

(18)
(82)

(55)
(9)
(3)

(3)
(6)
(9)
(9)
(3)
(3)
(3)
(9)
(3)
(6)
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Table 2: Pre-operative symptoms N = 36

ATOS
Upper limb Ischemia
Claudication of arm
Finger ulcer or necrosis
Radial pulselessness

NTOS
Paresthesia
Weakness
Muscle’s atrophy

ANTOS
Claudication
Paresthesia
Muscle weakness
Muscle’s atrophy

VTOS
Deep venous thrombosis

Asymptomatic

12

N oo N

14

13

[l ) I~ e ) N

[EEN

(%)

(39)
(19)
(22)
(14)
(19)

(33)
(22)
(36)
(11)

(19)
(17)
(11)
(17)
(3)

(3)
(3)

(6)

ATOS: Arterial Thoracic Outlet Syndrome. NTOS Neurogenic Thoracic Outlet Syndrome.
ANTOS: Arterial and Neurogenic Thoracic Outlet Syndrome. VTOS: Venous Thoracic Outlet

Syndrome.
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Table 3: Procedure data and complications N = 36

N (%)
Sub clavicular access 36 (100)
Bones resection
Cervical rib resection 36 (100)
Total 34 (94)
Partial 2 (6)
First rib resection 4 (11)
Total 2 (6)
Anterior bow 1 (3)
Posterior bow 1 (3)
C7 transverse process resection 15 (42)
Muscle resection
Anterior scalene
Section during access 35 (97)
Distal resection on first rib 19 (53)
Posterior scalene 1 (3)
Additional arterial procedure 9 (25)
Aneurysmorraphy 1 (3)
Aneurysm resection- anastomosis 5 (14)
Bypass 3 (8)
Proximal embolectomy 0 (0)
Distal embolectomy 2 (6)
Additional cervical sympathectomy 5 (14)
Technical success 36 (100)
Intraoperative complications
Pleural breach 4 (11)
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Figure 1: Right cervical rib on chest X- Ray.
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Figure 2: per operative visualization of cervical rib
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CONCLUSION

THESE SOUTENUE PAR: MOREL Jessica

TITRE: Functional results of cervical rib’s resection for thoracic outlet syndrome: impact on professional
activity.

RESUME :
Objectif : Cette étude évaluait les résultats a long terme de la résection de la cote cervicale (CC) dans le

syndrome du défilé thoraco-brachial (STTB).

Méthodes : Dans cette étude monocentrique, toutes les résections de CC pratiquées entre janvier 2004 et
décembre 2016 pour une décompression du défilé thoraco-brachial étaient inclues. Les données
recueillies de maniére rétrospective comprenaient les symptomes préopératoires, les examens
paracliniques, les techniques chirurgicales ainsi que I’évaluation clinique post-opératoire précoce
(inférieur ou égal a 30 jours) et tardive (supérieur a 30 jours). Les STTB étaient classés en 5 catégories :
artérielle (aSSTB), neurologique (nSTTB), artérielle et neurologique (anSTTB), veineuse (VSTTB) et
asymptomatique traité préventivement. Les résultats fonctionnels de la résection de CC évalués par le test

de Roos ainsi que I’impact sur I"activité professionnelle étaient comparés a la période préopératoire.

Résultats : Trente-trois patients d’dge médian de 38.5 ans (IQR 30-46) étaient inclus. Dans cette cohorte,
73% (24/33) ne pouvait exercer leur activité professionnelle (arrét de travail, adaptation du travail en
temps ou en activit€). Trente-six procédures étaient réalisées : 33% pour aSTTB (12/36), 39% nSTTB
(14/36), 19% anSTTB (7/36), 3% vSTTB (1/36) et 6% pour STTB asymptomatique (2/36). Dans le
méme temps opératoire, 9 anévrismes artériels (25%) étaient traités et 5 sympathectomies cervicales
(14%) réalisées. Le test de Roos était positif dans 23 cas (64%) en préopératoire versus 7 (19%) en
postopératoire. Le taux de complications précoces était de 11% (3 syndromes de Claude Bernard Horner
et 1 dissection sous-claviére) d'évolution spontanément favorable. La durée médiane de suivi était de 91
mois (IOR 39-123). Lors du suivi tardif, les complications étaient de 6% (2/36) (2 occlusions de pontage

a 6 semaines et 16 mois). Une reprise ou un maintien de I"activité professionnelle postopératoire était
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observé dans 64% des cas (43%, 14/33 et 21%, 7/33 respectivement). Aucune activité professionnelle
n’était possible pour 36% des patients : interruption de Iactivité dans 6% des cas (2/33) ou invalidité et
reclassement professionnel pour 30% des patients (10/33).

Conclusion : Le STTB est associé a des difficuliés professionnelles. Les résultats fonctionnels a long

terme de cette séric monocentrique sont associés a un taux satisfaisant de reprisc et de maintien de

I"activité professionnelle.
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ABSTRACT:

Objective: The aim of this study was to report long-term functional results following cervical
rib (CR) resection for thoracic outlet syndrome (TOS).

Methods: This study included all cases of resection of CR for TOS performed between
January 2004 and December 2016. Data were retrospectively collected including pre-
operative symptoms, occupational well-being, intraoperative data, and early clinical
evaluation in the post-operative period. Patients were categorized into neurogenic TOS
(NTOS), arterial TOS (ATOS), arterial and neurogenic (ANTOS), venous TOS (VTOS) or
asymptomatic. We evaluated the improvement in work life between the preoperative and
the post-operative period. Further assessment was a negative Roos test or elevated arm
stressed test (EAST) in the post-operative period.

Results: Thirty-three patient with a median age of 38.5 years (30-46) were included. Thirty-
six procedures were performed: 33 % to treat ATOS (12/36) of procedures, 39% for NTOS
(14/36), 19% for ANTOS (7/36), 3% for VTOS (1/36) and 6% (2/36) for asymptomatic lesions.
There were 9 cases of subclavian artery aneurysms leading to additional arterial repair.
Intra-operative complications were observed in 4 patients (11%) with favorable
postoperative outcomes. EAST was improved in 16 limbs (44%) in the postoperative period.
Prior to the procedure, only 27% (9/33) patients had a normal work life. After the procedure,
64% (21/33) of patients were able to recover a normal work activity.

Conclusion: Cervical rib resection for TOS seems to be a safe procedure leading to good
short and long-term clinical result with a favorable impact on recovering a normal work life

in these young patients.
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