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Combined deficit of the four lower cranial nerves (CN IX, X, XI, and XIl) was originally
described by French physicians Collet (1915) and Sicard (1917) during World War I. To
date though, this rare neurological clinical picture lacks systematic evidence regarding
its epidemiology, clinical presentation, treatment strategies, and outcome. We con-
ducted a systematic review and meta-analysis concerning Collet-Sicard syndrome (CSS)
on Medline database in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. The research yielded 84 articles among which
73 individual case reports were eventually retained. Mean age was 53.7 (+ 16) years old
and the male-to-female ratio was 1.8/1. CSS was firstly caused by tumors (38.4%),
following by vascular etiologies (28.8%), trauma (16.4%), and infection (6.8%), among
others. Temporary enteral nutrition was required for 17 patients (23.3%). The four CN
presented significant chances of complete or partial recovery: 52.1% for CN IX
(p<0.001), 46.6% for CN X and CN XII (p <0.001), and 39.7% for CN XI (p =0.002).
Tumoral causes presented significantly lower chances of favorable CN recovery (7.1%)
compared to infection (60%), vascular (52.4%), and trauma (41.7%) (p < 0.001). Older
age (> 53 years old) was not associated with a dismal CN prognostic (p =0.763). Most
patients (71.2%) presented a favorable outcome (Glasgow Outcome Scale score > 4).
All the patients who died (6.8%) suffered from skull base tumors. CSS is a rare condition
requiring prompt clinical and radiologic diagnostic and multidisciplinary management.
Vascular or infectious-related CSS seem to present a rather good prognostic, closely
followed by trauma, whereas tumoral-related CSS seem to suffer from a more dismal
prognostic.
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Introduction

Wartime has always triggered notable surgical progress,
such as the creation of the ambulance for the forward triage
of wounded soldiers in 1792 by Dominique-Jean Larrey, Chief
surgeon in French emperor Napoleon’s army. More than one
century later during World War 1, a soldier suffering from a
ballistic head injury in the mastoid region allowed Frédéric-
Justin Collet, a French otolaryngologist, to describe the
traumatic deficit of the four lower cranial nerves (CNs).
The combined palsy of CN IX (glossopharyngeal nerve), CN
X (vagus nerve), CN XI (accessory nerve), and CN XII (hypo-
glossal nerve) was also reported by ]. Sicard, a French
internist and radiologist, thus coining such clinical picture
the Collet-Sicard syndrome (CSS).

CSS clinical manifestations are closely intermingled with
the peculiar course of the four lower CN through the jugular
and the hypoglossal foramens, and along the major blood
vessels of the neck. Timely recognition of this condition in
the emergency department is of paramount importance in
order to ask for proper imaging of the brain and the neck. To
date though, there is a lack of strong evidence regarding the
main causes of CSS. Thus, it may be difficult for both the
clinician and the radiologist to determine the most cost- and
time-effective radiologic exams aiming to discriminate the
most frequent etiologies of CSS, and allowing timely medical,
surgical, and/or interventional treatment.

Given the very rare occurring of the CSS in clinical
practice, this review aims to provide systematic evidence
regarding its causes, clinical manifestations, treatment
options, and functional prognostic. We hope that this work
will be able to support the caregivers in the therapeutic
decision making in the event that one day in their career they
encounter a patient harboring the CSS.

Materials and Methods

Database Research

We conducted a systematic review on CSS on Medline
database (https://pubmed.ncbi.nlm.nih.gov/) from inception
to 2023 using the advanced search mode with the Medical
Subject Headings term “Collet-Sicard” in the title.

Inclusion and Exclusion Criteria

All the English-language articles with individual extractable
data concerning a case of CSS were included in the quantita-
tive analysis. The exclusion criteria were articles without
English-written text or abstract, articles not directly relevant
to the subject, and articles that could not be found despite
being indexed in Medline database.

Data Extraction

All the articles included in the quantitative analysis were
screened in a systematic manner and the following informa-
tion was extracted as previously planned: first author and
year of publication; age and sex of the patient; mechanism
and precise causative disease; deficit of CN IX, X, XI, XII;
eventual presence of other CN deficit; diagnostic imaging;
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treatment modalities; necessity of enteral nutrition; CN
function improvement; and functional outcome according
to the Glasgow Outcome Scale (GOS) score.

This study was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses.'

Primary and Secondary Endpoints of the Study

The primary endpoint of the study was to determine the
improvement of CN function of patients presenting with CSS
according to a three-grade scale: complete recovery (CR),
partial recovery (PR), and no recovery. A significant CN
function recovery was defined as follows: PR of all the
impacted CN, plus CR of at least two impacted CN.

The secondary endpoints were to define the most com-
mon causes of CSS syndrome, to provide an overview of the
treatment strategies employed, and to assess the functional
outcome according to the GOS score.

Statistical Analysis

A meta-analysis of the relevant gathered data was conducted.
All statistical analyses were conducted using S software
version 4.0.3 (R Core Team [2020], R: A Language and
Environment for Statistical Computing, R Foundation for
Statistical Computing, Vienna, Austria; https://www.R-proj-
ect.org/). Categorical variables were presented as numbers
and percentages, and continuous variables were presented as
median and interquartile range. The improvement in CN
function was assessed using McNemar chi-square test. Dif-
ferences in CN function recovery depending on clinical data
(age and etiology) were assessed using Fisher’s exact test for
categorical variables given the small size of this series. A two-
sided p-value of less than 0.05 was considered to indicate
statistical significance.

Results

Database Research

The primary research yielded 83 articles and one article from
other sources. Ten articles were excluded after the first
screening and one article after reading of the full content,
accounting eventually for 73 works.>~’#4 The mean age was
53.7 years old (+ 16) and the male-to-female ratio was 1.8/1
(=Table 1, ~Fig. 1).

Mechanisms and Etiologies

Tumor was the main etiology for patients suffering from CSS
(38.4%, n=28/73), with mainly skull base metastases (17.8%,
n=13/73) and paragangliomas (9.6%, n=7/73). Vascular
etiologies accounted for 28.8% of the cases (21/73) and
were mostly represented by internal carotid artery (ICA)
dissection (17.8%, n=13/73) and internal jugular vein (IJV)
thrombosis (6.8%, n =5/73). Trauma was involved in 16.4% of
the cases (n=12/73), whether it was a fall (8.2%, n=6/73) or
a traffic accident (6.8%, n=>5/73). Infection accounted for
6.8% of the cases (n=5/73), with notably a few cases (4.1%,
n=3/73) of necrotizing external otitis in diabetic patients
(~Table 2).
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a PRISMA 2009 Flow Diagram
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Cal Records screened Records excluded n )
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F for eligibility > with reasons (n=1)
B (n=74) -not relevant (n = 1)
&
w
A
— Studies included in
qualitative synthesis
(n=73)
o
Q A
3
S Studies included in
= quantitative synthesis
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—

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting kems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit www.prisma-statement.org.

Fig.1 Medline-based systematic literature review of patients presenting with Collet-Sicard syndrome. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flowchart.

Treatment Among the patients with skull base tumors, 17.8%
Among the 18 patients suffering from ICA dissection or [JV  (n=13/73) benefited from palliative radiotherapy among
thrombosis, 11 were treated with blood thinners. Four =~ whom 11.0% (8/73) suffered from metastasis and 6.8%
patients were treated with endovascular treatment, whether  (5/73) suffered from glomus paraganglioma. Note that 6.8%
it was for posttraumatic pseudoaneurysm (n=2), ICA dis- (5/73) of the patients harboring skull base tumors were
section (n=1), or ICA aneurysm (n=1). operated on.
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Table 2 Causes of Collet-Sicard syndrome

Parameter Number of Percentage
patients
Total 73 100
Mean age 53.7+16
Male-to-female ratio 47 [ 26 (1.8/1)
Cause
Tumor 28 38.4
Metastasis 13 17.8
Paraganglioma 7 9.6
Multiple myeloma 3 4.1
XII schwannoma 2 2.7
Hemangiopericytoma 2 2.7
Fibrosarcoma 1 1.4
Vascular 21 28.8
ICA dissection 13 17.8
1|V thrombosis 5 6.8
Pseudoaneurysm 2 2.7
Aneurysm 1 1.4
Trauma 12 16.4
Fall 6 8.2
Traffic accident 6.8
Unspecified 1 1.4
Infection 5 6.8
Necrotizing otitis externa | 3 4.1
Congenital 1 1.4
immunodeficiency
Influenza A 1 1.4
Ballistic 2 2.7
Direct injury 1 1.4
Pseudoaneurysm 1 1.4
Congenital bone conflict 2 2.7
Craniocervical junction 1 1.4
Eagle syndrome 1 1.4
Systemic disease 2 2.7
Wegener disease 1 1.4
Cerebral amyloid-related 1 1.4
inflammation
Postoperative 1 1.4

Abbreviations: ICA, internal carotid artery dissection; I}V, internal

jugular vein.

Among trauma patients, 8.2% (6/73) benefited from orthopae-
dic treatment and 4.1% (3/73) of the patients were operated on.

Progressive Recovery of Cranial Nerves Deficit

CN IX was the most commonly involved in CSS (97.3%,
n=71/73), closely followed by CN X (95.9%, n=70/73) and
CN XII (93.2%, n=68/73). CN XI was involved in 84.9% of the
cases (n=62/73). Temporary enteral nutrition was reported
in 23.3% of the cases (n = 17/73), whether it was a nasogastric
tube (n=9/73) or a gastrostomy (n=38/73). The four CN
presented significant chances of CR or PR: 52.1% for CN IX
(n=38/73, p<0.001), then 46.6% for CN X and CN XII
(n=34/73, p<0.001), and finally 39.7% for CN XI
(n=29/73, p=0.002) (~Tables 3 and 4).

Infectious etiologies harbored the highest rate of favor-
able CN functional recovery (60%, n=3/5), closely followed
by vascular causes (52.4%, n=11/21) and trauma (41.7%,
n=>5/12). At the opposite, patients suffering from tumors
presented poor chances of CN recovery (7.1%, n=2/28)
(p<0.001, =~Table 5). Age older than 53 years old was not
associated with a lower rate of favorable CN functional
recovery (p=0.763, ~Table 5).

Functional Outcome

Most patients (71.2%, n=52/73) presented a favorable out-
come defined as a GOS score of 4 (n=29) or 5 (n=23). All the
patients who died (6.8%, n=5/73) suffered from skull base
tumors, whether they were metastases (n=4) or multiple
myeloma (n=1). Of note, the outcome according to the GOS
score was not reported in 23.3% of the patients (n=17/73).

Discussion

Historical Context

Wartime has always triggered important surgical progress
for the care of the wounded,’” such as the invention of the
ambulance for the triage of war casualties by Dominique-
Jean Larrey, chief military doctor in French emperor Napo-
leon’s army.’® At this time, and owing to the peculiar bone
anatomy of the craniocervical junction and the precise
course of the lower CN through the cranial base and along
the jugulo-carotid gutter, a few authors have reported spe-
cific eponym combinations of CN deficits:

-Vernet (1918) reported associated deficit of CN IX, X, and
XI, indicating lesions located right at the jugular foramen,
above the level of the hypoglossal canal and hypoglossal
foramen.”’

-Then, for the first time, Collet (1915) described the com-
bined deficit of the last four CNs (CN IX, X, and XI) in a soldier
suffering from a ballistic injury in the mastoid region.”®

-The same clinical picture was reported by J. Sicard 2 years
afterwards (1917).7°

-In the meantime, Villaret (1916) reported the association
of CSS and deficit of the carotid sympathetic chain, thus
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Table 3 Cranial nerve function upon admission and after treatment

Admission cranial nerve status Number Percentage
IX 71 97.3
X 70 95.9
Xl 62 84.9
XIl 68 93.2
Other 11 15.1
Vil 10 13.7
Vil 2 2.7
Long-term cranial nerve status
IX CR 22 30.1 52.1%
PR 16 21.9
NR 5 6.8
Not reported 30 41.1
X CR 18 24.7 46.6%
PR 16 21.9
NR 8 11.0
Not reported 31 42.5
Xl CR 15 20.5 39.7%
PR 14 19.2
NR 10 13.7
Not reported 34 46.6
Xl CR 15 20.5 46.6%
PR 19 26.0
NR 8 11.0
Not reported 31 42.5
Good CN recovery >4 PR+>2CR 22 30.1
Vascular 11 15.1
ICA dissection 6 8.2
Artery pseudoaneurysm 2 2.7
IJV thrombosis 2 2.7
Trauma 5 6.8
C1 Jefferson fracture 3 4.1
Infection 3 4.1
Skull base metastasis 2 2.7
Postoperative emphysema 1 1.4

Abbreviations: CN, cranial nerve; CR, complete recovery; ICA, internal carotid artery; 1)V, internal jugular vein; NR, no recovery; PR, partial recovery.

adding Claude-Bernard-Horner syndrome to the clinical  \yhjch continues with two thick intrajugular dura mater

; 80
picture of CSS. septa. The anteromedial part, historically known as the
pars nervosa, is the pathway for CN IX along with the inferior
Relevant Anatomy petrous sinus. The middle part, comprised between the two

The pathophysiology of CSS is closely related to the course of ~ dural septa, is coined the intrajugular compartment and
the four lower CN through the jugular foramen and along the  contains CN X and CN XI, while the ascending pharyngeal
major blood vessels of the neck (~Fig. 2). artery passes in between to provide the posterior meningeal

The jugular foramen is located right above and lateral to  artery. This intrajugular compartment is anatomically in-
the occipital condyle. This foramen is divided into three cluded within the posterolateral sigmoid portion of the
different compartments by a temporal intrajugular process  jugular foramen, which was historically known as pars
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Table 4 Comparison of cranial nerve function upon admission and after treatment according to the chi-square test

Upon admission After treatment Chi-square
CN IX palsy p <0.001
Yes 71 (97.3%) 33 (45.2%)
No 2 (2.7%) 40 (54.8%)
CN X palsy p<0.001
Yes 70 (95.9%) 36 (49.3%)
No 3(4.1%) 37 (50.7%)
CN XI palsy p=0.002
Yes 62 (84.9%) 33 (45.2%)
No 11 (15.1%) 40 (54.8%)
CN XII palsy p<0.001
Yes 68 (93.2%) 34 (46.6%)
No 5 (6.8%) 39 (53.4%)

Abbreviation: CN, cranial nerve.

Table 5 Odds of cranial nerves recovery depending on clinical variables (etiology, age) according to the Fisher’s exact test

Clinical variable Significant CN recovery Nonsignificant CN recovery Missing data Fisher’s exact test
Etiology p<0.001

Infection 3 (60%) 2 (40%) -

Vascular 11 (52.4%) 10 (47.6%) -

Trauma 5 (41.7%) 7 (58.3%) -

Tumor 2(7.1%) 26 (92.9%) -
Age p=0.763

<53 11 (52.4%) 10 (47.6%) 11

> 53 10 (43.5%) 13 (56.5%) 18

Abbreviation: CN, cranial nerve.

vascularis and is the gateway for the jugular bulb, which
constitutes the bulging angle between the sigmoid sinus and
the Jv.81.82

During its course outside the jugular foramen, CN IX is
tethered to the major blood vessels of the neck by dense
connective tissue and is thus particularly vulnerable to vessel
injury.8! The cranial accessory nerve separates from the
spinal accessory nerve to rejoin the middle ganglion of the
vagus nerve, to finally further become the recurrent laryn-
geal nerve. Last, the hypoglossal canal runs through the
occipital condyle. CN XII exits the hypoglossal canal medially
to the jugular foramen and courses between the IJV and the
ICA, before crossing the later laterally and heading forward.
Hence, the four lower CN and the major blood vessels of the
neck are closely intermingled.

Clinical Manifestations

CSS manifests with a recognizable constellation of clinical
symptoms. Our aim is not to provide an exhaustive list of
these symptoms, but rather to provide systematic and reli-
able clinical signs allowing proper recognition of the rare and
peculiar CSS in the emergency room (~Fig. 3)8:

-CN IX palsy results in soft palate anesthesia and loss of
gag reflex.

-CN X palsy results in vocal cord paralysis, generally stuck
in medial position.

-CN XI palsy manifests as a drooping shoulder indicating
trapezius muscle palsy and difficulty in turning the head
to the contralateral side indicating sternocleidomastoid
muscle palsy.

-CN XII palsy is identified by ipsilateral tongue wasting
(ipsilateral protraction).84

Urgent Imaging
Upon clinical suspicion of CSS, the clinical must seek the most
time- and cost-effective imaging exams allowing accurate diag-
nostic. Given the frequency of tumoral, vascular, and traumatic
causes, the imaging can include computed tomography scan of
the brain with or without angiography and/or magnetic reso-
nance imaging of the brain with or without angiography. If these
paraclinical explorations are unable to provide the diagnostic,
digital subtraction angiography becomes mandatory.

In this review, 60.3% of the patients (44/73) were sub-
jected to computed tomography, 57.5% of the patients
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Fig. 2 Three-quarter backside artistic view of the course of the four lower cranial nerves course through the jugular foramen and along the
major blood vessels of the neck. CL, clivus; FM, foramen magnum; IPS, inferior petrosal sinus; SS, sigmoid sinus. (Courtesy of Beucler et al. An
unusual posttraumatic dysphagia with special reference to cerebellopontine angle. JAMA Otolaryngol Head Neck Surg; 2020).

(42/73) were subjected to magnetic resonance imaging,
15.1% of the patients (11/73) patients were subjected to
digital subtraction angiography, and 9.6% of the patients
(7/11) were subjected to positron emission tomography or
scintigraphy.

Treatment

CSS is a very rare clinical condition arising from irritation or
direct compression of the four lower CN during their course
through the jugular foramen or along the major neck vessels.
Whether it is caused by a skull base tumor, vascular injury,
traumatic lesion, infectious disease, or more anecdotic
causes, the management of patients harboring CSS requires

multidisciplinary approach regarding both the CN deficits
and the patient’s general status.

Skull Base Tumors

The care of patients with skull base tumors involves evalua-
tion of the performance status.®> In case of metastasis, the
Graded Prognostic Assessment is a valuable preoperative
screening tool allowing to determine the best candidates for
surgical treatment.®® Surgical removal of tumors located in
the vicinity of the jugular bulb is a highly technical procedure
which often requires partial drilling of the occipital condyle.
Precise knowledge of this region’s surgical anatomy is a
prerequisite in order to perform functional sparing surgery,
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Fig. 3 Nonexhaustive display of clinical manifestations of Collet-Sicard syndrome. (A) Ipsilateral tongue wasting (deviation), indicating
hypoglossal nerve palsy. (B) Ipsilateral shoulder drooping indicating accessory nerve palsy (Courtesy of Villatoro et al. Collet-Sicard syndrome as
an initial presentation of prostate cancer: a case report. | Med Case Rep; 2011).

given the proximity of the bulbospinal junction, the presence
of the vertebral artery, and the lower CNs.8” Beyond its well-
known complications such as intracranial infection and
cerebrospinal fluid leak, the surgical procedure in itself
may worsen the CN deficits.®8-°° Given these considerations,
palliative radiotherapy may appear as a valuable alternative,
even more in case of very aggressive tumors or multimeta-
static patients.91

Traumatic Lesions

Fractures of the occipital condyles®? as well as C1 Jefferson
fractures most of the time require orthopaedic treatment.
Nevertheless, both nonconsolidation and symptomatic dis-
placed fractures (for example, when there are CN deficits)
can indicate the need for surgical treatment.®>%*

Vascular Lesions

The management of ICA dissection,>°® ICA aneurysm, and
IJV thrombosis®” is supported by widely accepted guidelines.
Most of the times, patients suffering from these vascular
diseases can be cured with modern management, which
combine blood thinners and sometimes endovascular
treatment.

Prognostic
From our point of view, the fact that “curable” medical
affections such as infectious and vascular etiologies display
the highest rates of favorable CN function improvement can
be explained by two factors. First, part of the CN palsy can be
caused by close contact inflammation which may resolve
over time. Second, in such context, another part of CN palsy
may be caused by the mass effect of the skull base abscess or
the intravascular clot. The shrinking of the mass effect,
thanks to proper treatment, may explain progressive symp-
tomatic recovery.

At the opposite, surgical excision of tumors located in the
vicinity of the jugular foramen is technically challenging. Most of

the time, patients undergo subtotal surgical excision followed by
radiotherapy, and their very fragile status makes them particu-
larly vulnerable to postoperative complications.98

Limitations

This study presents limitations inherent to its retrospective
nature. Considering that this work included only case
reports, there is a reporting bias in favor of patients with a
good functional outcome. There is a possible measurement
bias during the collection of information. Last, the functional
outcome was reported heterogeneously among the articles
included, which inevitably leads to a supplementary mea-
surement bias given our own interpretation of such infor-
mation. Last, this study presents a clear lack of power (n =73)
which possibly increases the beta risk.

Nevertheless, to our knowledge this study is the largest
concerning CSS. It has shed light on the most frequent causes
and treatment options in face with CSS syndrome. It has also
provided the odds of CN recovery depending on the most
common causes, thus giving precious clues to clinicians
facing this rare syndrome.

Conclusion

CSS characterizes combined deficit of the four lower CN.
Therefore, it has a localizing value to the jugular and the
hypoglossal foramens, or to the upper part of the major blood
vessels of the neck. Tumor is the most frequent cause of CSS,
followed by vascular and traumatic etiologies. Given the high
chances of CN function improvement, treatment must be
established on an individual basis, oftentimes with the
support of a multidisciplinary team if necessary. Infectious
and vascular causes present the highest rates of favorable CN
functional recovery, followed by traumatic etiologies,
whereas skull base tumors presenting with CSS suffer from
dismal CN recovery as well as poor general outcome. Age
does not influence CN functional recovery.
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