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I- Préambule

1. Embryologie

Décrit pour la premiére fois en 1743 par Haller les paraganglions du glomus carotidien sont
situés a la face postéro-médiane de la carotide commune au niveau de la bifurcation
carotidienne. Les paraganglions cervico-faciaux dérivent embryologiquement des cellules de
la créte neurale, et sont présents sur tout le trajet de migration depuis la base du crane jusqu’a
la crosse de 1’aorte (paraganglions tympaniques, jugulaires, vagaux, glomus carotidiens,

laryngés, aortico-pulmonaires). lls appartiennent au systeme neuroendocrinien diffus (SNED).

2. Epidémiologie

Les paragangliomes cervico-faciaux sont des tumeurs rares (1/30 000 a 1/ 100 000) se
développant aux dépends des paraganglions parasympathiques. La localisation la plus
fréquente se trouve au niveau du glomus carotidien (60 %). Ces tumeurs sont nommeées
paragangliomes du glomus carotidien ou chémodectomes du fait de leur fonction

chémoréceptrice.

3. Génétique

Environ 30% des paragangliomes sont génétiqguement déterminés : la survenue a un age plus
précoce et les formes multiples sont alors plus fréquentes. Le syndrome paragangliome/
phéochromocytome (PGL), dii a I’inactivation du complexe II mitochondrial ou succinate
déshydrogénase (SDH) par la mutation d’une de ses sous unités est I’expression clinique la

plus fréquente. Différents syndromes ont été décrits :
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e PGL 1 (mutation géne SDHD): forme fréquente, multiple, familiale, association
fréquente avec un phéochromocytome

e PGL 2 (mutation géne SDHAZ2) : forme rare familiale

e PGL 3 (mutation gene SDHC) : forme tres rare avec paragangliome unique, bénin

e PGL 4 (mutation gene SDHB) : fréquence des formes malignes, familiale, association

a un phéochromocytome et cancer du rein.

mutation Expression clinique
1 | SDHD Paragangliomes cervicaux multiples (glomus carotidien + vagal)
2 | SDHD Parangangliomes du glomus carotidien bilatéraux
3 | SDHD Parangangliomes du glomus carotidien bilatéraux + phéochromocytome + médiastinal
4 | SDHD Parangangliomes du glomus carotidien bilatéraux
5 | SDHD Parangangliomes du glomus carotidien bilatéraux
6 | SDHD Paragangliomes cervicaux multiples (glomus carotidien + vagal)
7 | SDHD Paragangliomes multiples (glomus carotidien +aorto-pulmonaire)
8 | SDHB Paragangliome du glomus carotidien unique
9 | SDHB Parangangliomes du glomus carotidien bilatéraux
10 | SDHB Paragangliome du glomus carotidien unique

Mutations génétigues et expressions cliniques retrouvées parmi les 49 patients sur 18 bilans génétiques effectués
dans cette série.

Les paragangliomes peuvent également s’intégrer dans d’autres syndromes génétiques plus
rares (Néoplasie endocrinienne multiple type | ou IlI, maladie de Von Hippel Lindau,

neurofibromatose de type 1).

4. Histoire naturelle

Les paragangliomes sont des tumeurs a croissance lente, principalement bénignes. Cependant
les paragangliomes du glomus carotidien peuvent présenter une forme maligne (6%) et du fait
de leur localisation anatomique peuvent évoluer avec un risque de compression des structures

neurovasculaires adjacentes (vaisseaux carotidiens et nerfs craniens).
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5. Bilan pré thérapeutigue

Le bilan doit étre exhaustif avant toute décision thérapeutique.

Suspicion de paragangliome du
glomus carotidien:

bilan complet

|1. Clinique I . Imagerie: 2. Métabolique: 1. Génétique:

L Angio IRM 3D en temps de vol I métanephrines fractionnées sur les echerche de mutations sur les génes codant pour les
- . - rines de 24h (rapportée a |a trois sous-unités de la succinate déshydrogénase
I Scintigraphie par le pentetréotide o o ) T
adiomarqué a I'indium 111 {Octreoscan®) créatininurie) L SDHD (en premiére intention pour les formes isolées,
[en premigre intention L ou métanephrines libres plasmatiques | fmultiples ou familiales)

L Ou scintigraphie 3 la méta-iodobenzyl- | SDHB (en premiére intention si forme métastatiques)

puanidine radiomarquée par Iiode 123 | et SDHC.

123|.mIBG) si paragangliome fonnctionnel

Bilan pré thérapeutigue des paragangliomes du glomus carotidien (d’aprés Gimenez-Roqueplo A-P, Le
Syndrome Paragangliome/Phéochromocytome Héréditaire, 2006 et Burnichon N, Abermil N, Buffet A, Favier J,
Gimenez-Roqueplo A-P. The genetics of paragangliomas. Eur Ann of Otorhinolaryngol Head and Neck Dis.
2012;129(6):315-8)

6. Classification

La classification de Shamblin (1971) est la plus utilisée. Elle permet de distinguer trois stades
anatomo-cliniques en fonction de I’engainement vasculaire (décrit initialement sur les

constations peropératoires puis radiologiques):

- Stade | : Iésion de petite taille sans engainement des vaisseaux carotidiens

- Stade Il : Iésion engainant partiellement les axes artériels, et présentant une adhérence
modérée avec 1’adventice, permettant leur dissection en sous-adventitiel

- Stade Ill: Iésion plus volumineuse avec engainement circonférentiel d’au moins un

des vaisseaux carotidiens, nécessitant une résection carotidienne avec pontage.
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7. Traitement

L’exérese chirurgicale est le traitement de référence et le seul traitement curatif. Les principes
fondamentaux de la chirurgie reposent sur une exérése complete de la tumeur par une voie de
cervicotomie large permettant un bon contréle des éléments vasculo-nerveux. L’intervention
doit étre programmée afin qu’une équipe de chirurgiens vasculaire soit disponible, la
possibilité de prélever une veine saphene doit étre prévue, apres un repérage par echographie-
doppler. L’exérése du paragangliome est réalisée en sous adventitielle en terminant par la
région du bulbe carotidien. La résection du paragangliome doit étre complétée par 1’exérése

des ganglions péri tumoraux.

Les autres possibilités de stratégie thérapeutique sont principalement la radiothérapie ou
I’abstention thérapeutique et doivent étre considérées en cas de contre-indication chirurgicale
ou anesthésique, ou de traitement complémentaire a la chirurgie (chirurgie incomplete,

récidive).

8. Complications post-opératoires

La morbidité vasculaire post-opératoire a considérablement diminuée ces dernieres décennies
(<1% AVC) grace aux améliorations des techniques opératoires (dissection sous adventitielle,
réduction du temps de clampage, héparinisation). Or la morbidité neurologique périphérique
reste élevée : entre 14 et 49% des patients présentent en post-opératoire immédiat un déficit
neurologique périphérique, et 6 a 23% seront définitifs. Ainsi peuvent persister des troubles
de déglutition, de phonation, ou respiratoire qui peuvent impacter durablement la qualité de

vie des patients.
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9. Problématique

Il est reconnu que la classification de Shamblin, basée sur 1’engainement vasculaire est
directement liée au risque vasculaire per-opératoire. Cependant des séries préalables montrent
des résultats controversés concernant le lien entre la classification de Shamblin et la survenue

de déficits neurologiques périphériques post-opératoires.

10. Objectifs

Nous souhaitons par une analyse rétrospective de tous les patients opérés entre 1980 et 2011
d’un paragangliome du glomus carotidien, reporter notre expérience dans la prise en charge
de cette pathologie rare. Ainsi nous ferons une analyse descriptive des complications neuro-
vasculaires per et post-opératoires précoces (<1 mois) et tardives ainsi que des séquelles a 18

mois.

Enfin, nous chercherons & montrer si la classification de Shamblin et/ou la taille de la tumeur
peuvent étre des facteurs prédictifs des complications vasculaires d’une part et des

complications neurologiques périphériques d’autre part.
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1. Abstract

Objectives: Our retrospective study aims to report our experience in the management of
carotid body tumors and to evaluate the early and late postoperative neurovascular
complications according to the Shamblin classification and tumor size.

Study Design: We performed a retrospective study on 54 carotid body tumor resections in 49
patients, between 1980 and 2011. The data was analyzed including early and late
postoperative complications and sequelae at 18 months.

Results: The median follow-up was 17 months (IQR, 10-67 months). Carotid body tumors
were classified according to Shamblin classification: group | (n=17), group Il (n=25), and
group Il (n=12). Early postoperative complications occurred in 31 cases, including 30 cases
of cranial nerve deficit. Cranial nerve deficit occurred in 83% of Shamblin 11l tumors and the
mean tumor size was significantly larger in patients with deficit (4cm £1.4 versus 2.9 +1.3;
p<0.01). Shamblin Il tumors and tumor >3.2 cm were considered as predictive factors for
early postoperative peripheral neurological complications. There was no cranial nerve deficit
recovery in 8 patients, even after 18 months of follow-up; no predictive factor was identified.
Conclusion: Surgical resection remains the only curative treatment with low vascular
morbidity. However early postoperative nerve deficits are still frequent, most of them are
temporary and they show recovery within 18 months. Tumor size and Shamblin classification

correlate with neurovascular complications.

Keywords: carotid body tumor, paraganglioma, surgery, neurovascular complications,

Shamblin classification.
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2. Introduction

Paragangliomas are rare tumors that are usually benign. They develop from diffuse neuro
endocrine system cells, which are distributed from the skull base to the pelvic floor. Cervical
paragangliomas account for 0.6% of head and neck tumors®. Carotid body tumors (CBT) are
the most frequent parasympathetic ganglia tumors occurring in the global population, at a rate

of 1/30,000 to 1/100,000°.

Complete surgical resection is the only curative treatment for CBT, even in slow-growing
tumors, because of the risk of local compression and the slight risk of associated
malignancies®®. Breakthroughs in genetic screening, imaging technology as three-
dimensional time-of-flight Magnetic Resonance Angiography’ (3D TOF MRA), and surgical
techniques have resulted in a significant decrease in mortality (< 1%) and vascular morbidity
for CBT resection (perioperative stroke < 1%)®. However, morbidity related to cranial nerve
deficits is still high and ranges from 14 to 49% for early postoperative deficit>°, and from 6 to

23% for permanent nerve deficit, but the latter was only reported in a few recent studies * .

It is widely accepted that the Shamblin classification (Fig. 1), which is based on the
involvement of carotid vessels is directly related to the risk of vascular damage***. Previous
studies reported controversial results regarding the relationship between the Shamblin

classification and postoperative cranial nerve deficits® %14,
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Fig 1. The Shamblin classification of carotid body tumors allows predicting the difficulty of surgical resection.
Group | tumors are local and easily resected. Group Il tumors adhere to or partially surround the carotid arteries.
Group Il tumors completely encase at least one of the arteries. ECA, External carotid artery; ICA, internal
carotid artery; X, vagal nerve; XII, hypoglossal nerve.

Other treatment strategies include preoperative embolization, adjuvant, salvage or exclusive
radiation therapy (conventional, stereotactic or intensity modulated radiotherapy), or

observation*>*°.

We analyzed the criteria that could predict neurovascular complications following CBT
surgical resection. The aim of our study was to report our experience in the management of
CBT and to evaluate the early and late neurovascular postoperative complications according

to the Shamblin classification and tumor size.
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3. Patients and Methods

Patient inclusion

We performed a retrospective study that included all patients that underwent CBT surgery at
Grenoble University Hospital (France) between January 1980 and December 2011. Data
consisted of patient characteristics, surgical management, early and late postoperative
complications (before and after one month postoperatively), permanent peripheral
neurological deficit at 18 months, and long-term follow-up. Patients were classified according
to Shamblin by imaging (on CT or MRI). The tumor size was defined by measuring the

longest axis on pathological examination.

Surgery

CBT resections were usually performed by a surgical team that included an otolaryngologist
and a vascular surgeon. A curved skin incision was performed to obtain a large surgical field
for neurovascular structure dissection. The vagus, spinal, and hypoglossal nerves were
identified early in the course of the dissection. The proximal and distal portions of the
common, internal, and external carotid arteries (ICA and ECA) were localized before tumor
resection (Fig. 2). Then a careful subadventitial plane dissection was performed
craniocaudally up to the carotid bulb where the glomus artery arises from the posterior part of
the carotid bifurcation?®. A primary repair with a venous patch or a venous bypass graft was
performed by a vascular surgeon when vascular reconstruction was planned, especially in
large tumors or those that are adherent to the ICA. The removal of adjacent lymph nodes was

usually performed for all patients, since 2000.
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Fig 2. View of the neurovascular structures during right CBT resection. XII, vagus nerve; ECA, external carotid
artery; CC, common carotid artery; ICA, internal carotid artery; T, tumor.

Statistical analyses

We reported baseline patient characteristics as medians and interquartile ranges (IQR; i.e.,
25™ and 75™ percentiles) for continuous variables, and percentages for categorical variables.
Univariate analysis was used to identify the Shamblin classification or tumor size as possible
predictive factors for neurovascular complications. The data was analyzed with a Chi? test or
Fisher's exact test for categorical variables and Kruskal-Wallis test or Mann-Whitney-
Wilcoxon test for continuous variables. A receiver operating characteristics (ROC) curve
analysis was performed to determine the accuracy of tumor size as a predictor for peripheral
neurological deficit. Two sided p values <0.05 were considered as statistically significant. All

statistical analyses were performed with R version 3.0.1.
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4. Results

Patient characteristics

Characteristics of patients, symptoms, and preoperative data are listed in table 1. Forty-nine
patients underwent 54 CBT resections. 36 cases showed a lateral neck swelling that was
present for a median period of 38 months (IQR, 1-48 months). The median length of follow-
up was 17 months (IQR, 10-67 months). Forty-three patients presenting 48 CBT were

followed-up for 18 months or more.

The most common diagnostic imaging was arteriography or CT-angiography. However,
ultrasonography or fine needle aspiration was performed primarily for 12 patients. This group
of patients underwent cervical exploration without any complication (10 before 1992, referred
to our department by other hospitals). These patients underwent CBTs resection in a second

time following an additional radiologic work-up that allowed to establish the diagnosis.

Most patients with multiple paraganglioma (12 patients) presented with bilateral CBT. Other
associated localizations were also found: 3 tympano-jugular, 1 vagal, 1 mediastinal, 1
pancreatic, and 1 adrenal (pheochromocytoma). Six patients with bilateral CBTs underwent
bilateral resections: the smallest was usually the first to be excised. In some cases treatment
consisted of contralateral radiotherapy (because of post-operative ipsilateral vagal palsy) or

routine follow-up.

Genetic studies were systematically offered to all patients and families, including search for
germline mutations of the succinate dehydrogenase subunits D, B (SDHD, SDHB). Ten
patients had mutations, mostly in the SDHD gene. Eight of them presented multiple
paragangliomas with SDHD mutation in 7 cases. Four patients showed a significant high level

of catecholamine that was related to functional CBTSs.
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Variable Number of
patient (n=49)

Demographics

CBT resection 54

Age, years” 49 (38.2-57.7)

Female gender 27 (55)

Right side CBT 32 (59)

Multiple CBT 12 (24)
Bilateral CBT 9 (83)

Malignant CBT 2 (4)

Follow-up, months” 17 (10-67)

Reasons for consulting

Duration of symptoms before diagnosis, months” 38 (1-48)
Neck mass 36 (67)
Lesion staging 7(13)
Neurovascular work-up 7(13)
Flush 2(4)
Family screening 1(2)
Related symptoms
hypertension 18 (37)
fainting 10 (20)
tinnitus 2(4)
cough and dysphonia 12 (25)
related to preoperative vagus nerve palsy 3 (25)

Investigation

Genetic studies 14 (29)
germline mutation 10 (71)
SDHD gene mutation 7 (70)

SDHB gene mutation 3 (30)
Catecholamine urine or blood test 38 (78)
Significant elevation 7 (18)
Significant elevation related to a functional CBT 4 (11)
Arteriography or CT-angiography 48 (98)
Computed Tomography 32 (65)
MRI 16 (33)
Scintigraphy 16 (33)

Values in parenthesis are percentages unless indicated otherwise;
“values are medians (interquartile range). CBT, carotid body tumor;
SDHD-B, succinate dehydrogenase sub unit D-B; CT, computed
tomography; MRI, magnetic resonance imaging

Table 1. Clinical features and preoperative data of the study group.

All CBTs were histologically confirmed as paragangliomas. Two patients presented regional
metastases that were incidental findings in lymph nodes adherent to the tumor. The tumor

could not be completely resected in 4 patients with Shamblin 111 because of the extension to
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the skull base around the vessels (2 patients with a tumor size of 6 cm), or due to a positive

surgical margin (2 patients).

The tumor size was significantly larger in higher Shamblin grades (p < 0.01, Fig. 3).
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Fig. 3. Boxplots representing tumor size according to the Shamblin classification (Kruskall-Wallis test; *,
p<0.01).

Surgical management

All patients underwent surgical resection. Preoperative tumor embolization was performed in
2 cases treated prior to 1992. The median surgical time was 135 minutes (IQR, 120-180
minutes). A positive correlation between both Shamblin classification and tumor size with

surgical time was observed (Fig. 4).
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Fig. 4. Relationship between both Shamblin classification (a) and tumor size (b) with length of surgery. a:
boxplot representing length of surgery operating time depending on Shamblin classification. b: bi plot points
graph representing length of surgery depending on tumor size. Mean length of surgery correlated with Shamblin
group (Kruskal-Wallis test: *, p<0.05) and tumor size (Pearson correlation test: r=0.50; p<0.001).

Intraoperative complications occurred in 20 cases (37%). Seven patients (13%) required nerve
resection: 3 resections of the vagus and superior laryngeal nerve and 1 of the hypoglossal
nerve. Vascular procedures were performed in 19 cases (35%): 18 external carotid artery
ligations were performed and internal carotid artery repairs were required in 13 cases (9
venous bypass grafts, 2 venous patches, 1 suture, and 1 ligation). The Shamblin classification
and the tumor size were positively correlated to intraoperative complications, including nerve

resection and vascular repair (p<0.05, Table 2 and 3).
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Variable Shamblin | Shamblin 11 Shamblin 111 p value*
n=17 n= 25 n=12
Intraoperative complications: 1(6) 8 (32) 11(92) <0.001%
Cranial nerve adherence 3(18) 7 (28) 6 (50) 0.201%
Cranial nerve resection 1(6) 1(4) 5 (42) 0.0087
Vascular procedure 0 (0) 9 (36) 10 (83)  <0.0017
Internal carotid repair 0 (0) 4 (13) 9 (75  <0.001f
Early postoperative complications: 5 (29) 16 (64) 10 (83) 0.003
Peripheral neurological deficit 5 (29) 15 (60) 10 (83) 0.013
Central neurological deficit 0 (0) 0(0) 3 (25) 0.008+
Extra neurological complication 0 (0) 2 (8) 5 (42) 0.003+
Postoperative complications at 18 months: n=17 n=22 n=9
Permanent cranial nerve deficit 1(6) 4 (18) 3(33) 0.179%
Values in parenthesis are percentages unless indicated otherwise; *y° test, except tFisher test.
Table 2. Neurovascular complications according to the Shamblin classification.
Variable No complication, n Complication, n p value*
n=56 Median tumor size, cm (IQR) Median tumor size, cm (IQR)
Intraoperative complication: 34 (63) 20 (37) <0.001
3 (2-4) 4 (3.1-6)
Cranial nerve adherence 38 (70) 16 (30) 0.153
3(2-4) 3.3(3-5)
Cranial nerve resection 47 (87) 7 (23)
3.3(2.9,3.7) 4.8 (3, 6.6) 0.04
Vascular procedure 35 (65) 19(35)
3(2-4) 4 (3.3-5.5) 0.001
Internal carotid repair 41 (76) 13 (24)
3 (2-4) 4 (3.2-5) 0.03
Early postoperative complications 24 (44) 30 (56)
<1 month: 2.5(2-3.2) 4 (3-5) 0.006
Peripheral neurological deficit 24 (44) 30 (56)
2.75 (2-3.25) 4 (3-5) 0.007
Central neurological deficit 51 (98) 3(2)
3(2.2-4) 5 (4-6) 0.13
Extra neurological complication 47 (87) 7(23)
3 (2-4) 6 (3.5-6) 0.001
Postoperative complications
at 18 months: (n= 48)
Permanent cranial nerve deficit 40 (83) 8 (17)
3(2-4) 3.25(3-4.25) 0.3

Values in parenthesis are percentages unless indicated otherwise; * Mann-Whitney-Wilcoxon test.

Table 3. Neurovascular complications according to the tumor size.
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Early postoperative complications < 1 month

The postoperative complications consisted of neurovascular accidents in 3 patients (1 case
experienced a stroke after internal carotid artery ligation and 2 patients presented a transient
ischemic attack), and peripheral neurological deficit in 30 cases. The deficit involved several
nerves in 18 cases, and a complete deficit in 11 cases. The most commonly involved nerves
were the vagus nerve (37%), the hypoglossal nerve (32%), the sympathetic chain (13%), the
glossopharyngeal nerve (10%), and superior laryngeal nerve (6%). Other early postoperative
non-neurological events included local complications (1 case of abscess and 2 cases of
hematoma requiring drainage), vascular complications (1 graft thrombosis requiring
revascularization), or general complications (1 case of pulmonary embolism, 1 case of
gastrointestinal bleeding, 1 case of pneumonia, and 2 cases of hypertension). No mortality
was observed in the perioperative period. The incidence of early postoperative complications,
including peripheral neurological deficits and postoperative non-neurological events, was
significantly higher in patients with a higher Shamblin classification and a larger tumor size

(Table 2 and 3).

We compared the incidence of deficits predicted according to the tumor size cut-off value, to
determine the accuracy of the tumor size in predicting early peripheral neurological deficits.
The best sensitivity and specificity was found for a tumor size > 3.2cm (table 4). The positive
predictive value for peripheral neurologic deficit occurrence for a tumor size > 3.2 cm was

76%.
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Table 4. Accuracy of a tumor size > 3.2 cm in predicting early postoperative peripheral neurological deficits. 4a:
Performance measures at the optimal cut-off value (3.2cm) 4b: Receiver operating characteristic (ROC) curve
figure at the optimal cut-off value.

Late postoperative complications

The outcomes were assessed after 18 months for 43 patients (48 CBT resections), 5 patients
who presented with initial nerve deficits were lost to follow-up. The nerve deficits were
transient in 17 cases (68% with initial deficits recovered completely). The median time for
recovery was 6 months (IQR, 2-12 months). Speech therapy was systematically prescribed for
30 patients with vagus nerve involvement. Nevertheless, 8 cases (17% of all CBT resection
population) of cranial nerve deficits were permanent. Persistent symptoms showed
swallowing difficulties in 4 cases, dysphonia in 3 cases, and 1 case of tongue paralysis. The
univariate analysis for permanent cranial nerve deficits did not reveal any significant

predictive factors (Table 2 and 3).

One patient died 10 months after surgery from a stroke. In 3 patients, other late post-operative
non-neurological complications were observed (persistent uncontrolled hypertension,

pneumonia, and graft thrombosis). Three patients complained of first bite syndrome?®.
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Follow-up
One patient presented post-operative local residual tumor progression 1 year following
resection. This case showed incomplete excision without additional treatment. The patient

underwent surgery 6 years ago, without any signs of recurrence till the present time.

Two patients presented local recurrences associated with distant localizations. The first
patient showed a local recurrence associated with mediastinal localization, one year after a
bilateral Shamblin 111 CBTs resection with regional lymph node metastasis. The cervical
recurrence was treated by radiation (because of contralateral permanent vagus nerve deficit),
and the mediastinal metastasis was removed, without any recurrence during follow-up for 10
years. The second case showed local recurrence associated with multiple cervical
localizations 27 years following resection: he presented positive surgical margins and
incidental regional lymph node metastasis on initial pathological examination. No additional

treatment was initiated for this patient given his age and multiple cervical localizations.

Bone and liver metastases occurred in one case 4 years after a bilateral resection of functional
CBTs. Clinical course was rapidly unfavorable for this patient despite radiotherapy and the

patient died few weeks later.
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5. Discussion

The clinical evaluation of a lateral neck mass should be performed cautiously to avoid
missing a rare differential diagnosis such as that of a paraganglioma. More than two thirds of
patients with carotid body tumors present with a pulsatile lateral neck mass at the time of the
diagnosis. This mass has usually a restricted mobility in the vertical axis % and can be present

for several years.

The Doppler ultrasound sensitivity is too low for the diagnostic work-up of paragangliomas.
MRI (especially 3D TOF MR angiography’) provides more data than CT scan in case of
uncertain diagnosis. However the gold standard is still Digital Subtraction Angiography’ for
the detection of small paragangliomas, because it reveals the specific vascular supply of the
paraganglioma by the ascending pharyngeal artery?®. Fine needle aspiration or open biopsy

should be avoided.

The clinical value of embolization is still controversial®'***%. We do not usually perform
preoperative embolization (only 2 patients before 1992) even though some authors have
recently suggested that it is not associated with an increased incidence of stroke?. Many
authors have suggested that embolization is little beneficial for the outcome and management
of the CBT and recent studies do not show any decrease in the morbidity rate, especially for
cranial nerve deficit**. On the other hand, it could facilitate the resection of large adherent
tumors, especially the ones located high in the neck with a low need for carotid clamping and

subsequent reduced blood loss®%.

According to recent studies, 30% of CBT are hereditary and present mainly SDHD gene
mutation®*’. Systematic genetic studies should be considered for all patients, due to the high

prevalence of mutations in patients presenting with an apparently sporadic paraganglioma
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(from 6 to 25%)"?%°. Several authors®*' have suggested that multifocal CBT were
frequently observed in SDHD mutation carriers (71% in this study). The results of a recent
meta-analysis demonstrated that the risk of malignant paraganglioma was higher in case of

SDHB gene mutation™".

Two patients presented with histologically documented regional lymph node metastases and
one with distant metastases®2. Malignancy may only be diagnosed when there is metastasis to

non neuroendocrine tissue 3%

, since there are no accurate histopathological characteristics of
malignant forms. It should be noted that the diagnoses of regional metastasis were incidental
in both cases: cervical lymph node metastases are not uncommon feature in patients with

CBT. We performed regional lymph node removal in the surgical site to identify possible

T15'33. |15

occult metastasis, for patient with apparently benign CB Boedecker et a
recommended selective neck dissection for levels Il and IIl, but the extent of
lymphadenectomy remains to be defined. Our results were consistent with those of previous
studies indicating that malignancy ranged around 6% for CBT, and that distant metastasis
were less frequent than in other head and neck paraganglioma sites****. The authors of two
large studies focusing on malignant head and neck paraganglioma reported that patients with
regional metastasis had significantly better five-year overall survival rate (76.8-82.4%) than
those with distant metastasis (11.8-41.4%). For patients with regional and distant metastasis,
there is no evidence that postoperative radiotherapy improves the five-year overall survival

rate. On the other hand, in cases of incomplete removal, adjuvant radiation therapy may slow

tumor growth and prolong patient survival®*,

Three patients showed residual tumor progression or recurrences 1 and 27 years after surgery.
Elshaik et al*® reported a long median time before recurrence of head and neck paraganglioma

(36 months, range 15-350): long follow-up is needed to detect late recurrences. Their results

32



also confirmed that surgery allowed to control local recurrence but there are few studies have

assessed the role of radiotherapy in the local control of CBT recurrence *°.

Complete surgical excision is the aim of any operative procedure and is the only curative
option. Nevertheless radiation therapy in patients who cannot undergo surgery because of
advanced age or comorbidity, aggressive or unresectable tumors can be discussed™*®. The
goal of radiotherapy is disease control or growth inhibition rather than tumor elimination.
Indeed a recent review'® on CBT management shows no significant differences in tumor
control and deaths between surgery and radiotherapy, but a higher rate of major complication
and cranial nerve palsies in surgical series. Other factors to be considered are radiation side
effects: radiation induced malignancy (1% at 10 years), making surgery more challenging
with higher risk of neurovascular complication. Some adverse effects could be minimized by
the use of intensity- modulated radiotherapy. Tumor doubling time is very slow; hence
conservative treatment, such as a wait-and-see strategy, can also be discussed in elderly

patients.

The most important aspect of the Shamblin classification'? is the carotid artery vessel wall
involvement, assuming that tumor size is related to the arterial involvement %. But a non-
linear relationship has been reported in a few studies™®. The Shamblin classification was
significantly associated with tumor size in our study. The Shamblin classification was initially
based on intraoperative and pathological findings*?, but in our study it was assessed according
to preoperative radiological data. Nevertheless, the Shamblin groups were distributed as
usually reported: one third in group 1, almost one half in group 2, and one fourth in group
3%1% Other accurate imaging criteria should also reflect the artery involvement such as those
based on the angle of the circumferential encasement of the ICA, or the identification of a
lucent zone between the tumor and the ICA**%_ We could not collect these features due to

the inconsistency of preoperative radiological data. The tumor size was assessed according to
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the longest axis calculated in pathological reports. The assessment of the tumor volume by

imaging could also provide a more objective preoperative criterion®?’.

Twenty-four percent of cases required ICA reconstruction in our study. This was consistent
with published rates ranging from 6 to 52%>**We included all types of ICA
reconstructions, even minor ones. This could account for the difference with the results of
recent studies since there was limited information on the specifics of vascular repair'®.
Vascular damage decreased over the past few decades, especially for ICA ligation®.
Consequently, postoperative stroke is no longer a major risk: only one patient in our study
experienced a stroke, consequently to an ICA ligation in 1991. Seventeen percent of patients
presented a stroke® in the oldest large series published in 1988. Furthermore, vascular repair
has become safer with improved surgical techniques. Thus, early proximal and distal control
of the carotid vessels, subadventitial tumor dissection, intravenous heparinization when
vascular repair is needed, and the short carotid clamping time reduce postoperative vascular
complications. The higher Shamblin classification and larger tumor size in our study were
accurately correlated with a higher rate of vascular damage. Hence, both items could be used

to estimate the risk of vascular repair''.

Peripheral neurological morbidity has remained high and unchanged for 50 years® despite
improved surgery techniques. Peripheral neurological deficit occurred in 56% of our cases, in
the early postoperative period. We demonstrated that early neurological deficit was also
related with both the Shamblin classification and tumor size. Hence, the Shamblin
classification, as well as the tumor size, could also be used to predict the risk of early cranial
nerve deficit®. Some authors suggested using an arbitrary 4 cm tumor size limit to predict a

13,20

higher risk of neurological morbidity . We showed that a tumor size >3.2 cm was the best

cut-off value defined by the ROC analysis to predict early neurological deficit. The larger the
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tumor the higher the risk for nerve deficits, therefore an early diagnosis and surgery for tumor

< 3 cm are crucial *°.

Nerve deficit was transient in 68% of cases with initial deficit, and permanent nerve deficit
was observed clinically after 18 months in 17% of operated cases. Appropriate rehabilitation
is important, including early speech therapy. We did not observe any nerve deficit recovery at
follow-up after 18 post-operative months; however authors do not always report the deficit
recovery time * or only with a follow-up of 12 months®. We did not find any predictive
factors for permanent nerve deficits at 18 months. Power et al ° reported that permanent
cranial nerve deficit at 1 year was correlated to the Shamblin group. Further investigation is

required with studies taking 18 months as the cut-off value for permanent nerve deficit.
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6. Conclusion

Surgical resection remains the only curative treatment with low vascular morbidity. However
immediate postoperative nerve deficits are still frequent but most of them are temporary as
they recover within 18 months. Tumor size and Shamblin classification correlated with
neurovascular complications. Early detection of CBTs is primordial for the operative
outcome. Other objective imaging criteria should be assessed in order to optimize planning

for multidisciplinary management.
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I1I-  Conclusion
THESE SOUTENUE PAR : Eléa LAMBLIN

TITRE : Neurovascular outcomes and predictive factors following carotid body tumor
surgical resection

La prise en charge thérapeutique des paragangliomes du glomus carotidien doit se faire aprés un bilan
complet dans le cadre d’une prise en charge multidisciplinaire (ORL, chirurgiens vasculaires,
endocrinologues, radiologues et généticiens).

Le traitement de référence est 1’exérése chirurgicale avec exérése des ganglions adjacents péri
tumoraux du fait de la fréguence de découverte de métastases ganglionnaires occultes (4%).

La chirurgie expose le patient a des risques per- opératoires : dans 24 % des cas un geste est réalisé sur
la carotide interne, et dans 13 % des cas un sacrifice nerveux est nécessaire. Les complications neuro-
vasculaires post-opératoires immédiates (<1 mois) décrites sont la survenue d’accidents vasculaires
dans 3 cas (1 AVC et 2 AIT), et la présence de déficits neurologiques périphériques dans 30 cas. Ces
évenements indésirables per et post-opératoires immédiats sont directement liés au stade de la
classification de Shamblin ainsi qu’a la taille de la tumeur. Ainsi, il est montré qu’une lésion de taille
supérieure a 3.2 cm exposait le patient a la survenue d’un déficit neurologique périphérique dans 74%
des cas. Cependant ces déficits étaient transitoires dans 68 % des cas, et seulement 8 patients
présentaient un déficit permanent a 18 mois de suivi.

Ces résultats soulignent I’importance d’un diagnostic précoce de ces tumeurs a un stade de
développement limité, passant avant tout par un dépistage génétique systématique chez tous les
patients.
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Résumé

Titre : Complications neuro-vasculaires apres traitement chirurgical des paragangliomes du glomus

carotidien. A propos de 54 cas.

Obijectifs : Evaluer les complications neuro-vasculaires post-opératoires précoces et tardives aprés
traitement chirurgical de paragangliome du glomus carotidien (PG). Evaluer la classification de
Shamblin et la taille de la lésion comme facteurs prédictifs de survenue des complications

neurologiques et vasculaires.

Matériel et méthode : Etude rétrospective incluant tous les patients opérés pour un PG de 1980 a
2011. Analyse des données médicales préopératoires, complications post-opératoires immédiates (<1
mois), et tardives (séquelles a 18 mois).

Résultats : Cinquante-quatre PG ont été réséqués chez 49 patients avec une médiane de suivi post-
opératoire de 17 mois (EIl, 10-67 mois). Selon la classification de Shamblin : 17 PG appartenaient au
groupe I, 25 au groupe 1l et 12 au groupe II1. 1l existait des complications post-opératoires immédiates
dans 31 cas, dont 30 paralysies d’au moins un nerf cranien. Il s’agissait de PG de groupe III selon la
classification de Shamblin dans 83 % des cas, et la taille de la Iésion était significativement plus
importante chez ces patients présentant des complications neurologiques périphériques immédiates
(4cm £1.4 versus 2.9 £1.3; p<0.01). Huit patients présentaient un déficit d’au moins un nerf crénien

persistant aprés 18 mois : aucun facteur prédictif n’a été mis en évidence.

Conclusion : La chirurgie est le traitement de référence des PG avec une morbidité vasculaire faible.
La morbidité reste principalement liée aux complications neurologiques périphériques,
majoritairement transitoires et dont la fréquence est corrélée a la classification de Shamblin et la taille

de la lésion.

Mots clés: paragangliome du glomus carotidien, chémodectome, chirurgie, complications

neuro-vasculaires, classification de Shamblin.
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