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Abstract: Internal jugular vein (IJV) stenosis is associated with several central nervous system disorders 
such as Ménière or Alzheimer’s disease. The extrinsic compression between the styloid process and the C1 
transverse process, is an emerging biomarker related to several clinical manifestations. However, nowadays 
a limited number of cases are reported, and few information are available about treatment, outcome and 
complications. Our aim is to collect and identify clinical-radiological characteristics, diagnosis and treatment 
of the styloidogenic internal jugular venous compression. We performed a comprehensive literature 
review. Studies reporting patients suffering from extracranial jugular stenosis were searched. For every 
patient we collected: demography, clinical and radiological characteristics and outcome, type of treatment, 
complications. Thirteen articles reporting 149 patients were included. Clinical presentation was non-
specific. Most frequent symptoms were headache (46.3%), tinnitus (43.6%), insomnia (39.6%). The stenosis 
was monolateral in 51 patients (45.9%) and bilateral in 60 (54.1%). Anticoagulants were the most common 
prescribed drug (57.4%). Endovascular treatment was performed in 50 patients (33.6%), surgery in 55 
(36.9%), combined in 28 (18.8%). Improvement of general conditions was reported in 58/80 patients (72.5%). 
Complications were reported in 23% of cases. Jugular stenosis is a complex and often underestimated 
disease. Conservative medical treatment usually fails while surgical, endovascular or a combined treatment 
improves general conditions in more than 70% of patients. 
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Introduction

Several central nervous system disorders, such as Ménière 
disease, idiopathic intracranial hypertension, multiple 
sclerosis, transient monocular blindness and Alzheimer’s 
disease have been reported to be associated with internal 
jugular vein (IJV) stenosis (1-5). The stenosis can be caused 
by thrombosis, wall issues or various extrinsic compressions 
(6-8).

In particular, IJV extrinsic compression at the passage 
between the C1 transverse process and the styloid process, 
is an emerging nosological entity that can be related to 
several clinical manifestations (9-13).

It presents with anatomical features of Eagle syndrome 
(an elongated styloid process impinging the surrounding 
blood vessels) and has been associated with intracranial 
hypertension and venous outflow reduction (11). In the 
jugular variant the impingement is usually between the 
styloid process and the arch of C1. The elongation of the 
styloid process is not the only causative factor, but the 
process itself could present a specific orientation causing an 
impression on the jugular vein.

Clinical presentation may be variable and nonspecific 
(headache, anxiety and neck discomfort, head noises,  
tinnitus, hearing loss, memory loss, visual disorders, 
insomnia) (14), and due to the limited number of cases 
reported in literature, no clear definitions or classifications 
are nowadays available. Several treatments have been 
proposed including diuretics, surgery or endovascular 
procedures.

Aim of our study is to perform a comprehensive literature 
review in order to identify the clinical characteristics of 
the styloidogenic-cervical spondylotic internal jugular 
venous compression (SJVC), to better define its clinical 
characteristics, diagnosis and treatment.

Materials and methods
 
We performed a literature review, following the preferred 
reporting items for systematic review and meta-analysis 
(PRISMA) statement. The review question was formulated 
according to the PICO criteria, as follows: (P—patients) 
in patients with styloidogenic jugular compression, (I—
intervention) what kind of treatment are proposed (C—
comparison) and what are the results, (O—outcomes) in 
terms of clinical-radiological outcomes? 

Study selection 

Common medical databases such as PubMed, Ovid 
Medline, Ovid EMBASE, Scopus, and Web of Science were 
used to conduct this systematic review. The search terms 
were “jugular”, “stenosis”, “extracranial”, “C1 transverse 
process”, “styloid process”, “styloidogenic compression”, 
“spondylotic compression”, “eagle”, “cervical”, [MeSH], 
combined using the Boolean operators. 

Studies reporting data on patients suffering from 
extracranial jugular stenosis were searched. Inclusion 
criteria: papers written in English language, availability 
of clinical and radiological data for single patients. We 
excluded guidelines, commentaries, letters to the editor. 

Two reviewers (LM and NN) conducted the first-round 
search and independently screened Titles and Abstracts for 
eligibility. They selected full-texts and performed a forward 
search for their references list including further papers in 
the second round. 

Afterwards, papers were screened for, jugular site 
stenosis, demographics, clinical status, treatment modalities, 
clinical and radiological outcomes, procedural-related 
complications. The paper was then excluded in case of 
improper data reporting (exclusion with reason). In the last-
round data were collected and databased for pooling and the 
numerical analysis (inclusion). Discordances were discussed 
and solved by consensus with the senior author (AS). 
 

Outcomes measurement 

We collected the following data for every patient: 
demography, clinical (headache, visual impairment, 
papilledema, soft tissue swelling, neck pain or discomfort, 
t innitus,  dizziness,  ICP hypertension, nausea and 
vomiting, insomnia, hearing impairment) and radiological 
(monolateral or bilateral stenosis, stenotic segment, styloid 
process elongation, arch of C1 hypertrophy, collateral 
venous circulation, intracranial venous thrombosis, type 
of imaging diagnostics) characteristics, type of treatment 
(medical conservative, surgery or endovascular), clinical and 
radiological outcome, perioperative complications. Clinical 
outcome was scored as resolved, improved or unchanged.
 

Results

Following the search strategy, 16 articles in English 
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language were retrieved through the electronic literature 
search. 

Two papers were primarily excluded after abstract 
reading, while 14 (meeting our inclusion criteria) were 
considered for eligibility and analyzed in detail. 

After full-text reading and a forward search from the 
bibliography of the selected papers, 13 articles (9-11,13-22)  
(12 retrospectives and 1 prospective) published between 
2012 and 2020 reporting 149 patients suffering from SJVC, 
were finally included in this review (Figure 1). 

We launched the last search in October 2020. 
The flow chart of the data selection is reported in Figure 2.

 

Demographic characteristics 

We collected 149 patients, 75 males (50.3%) and 74 females 
(49.7%). Mean age was 38.6 years (standard deviation was 
reported in a minority of series). 

RA
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Figure 1 A patient suffering from the Eagle Jugular Syndrome. The internal jugular vein is impinged between the styloid process and the 
arch of C1 (yellow circle). (A) CT angio axial cut; (B) CT angio sagittal cut; (C) 3D reconstruction of the CT angio; (D) Oblique view. 
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Figure 2 Flow chart of the data selection.
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Clinical characteristics 

Clinical presentation was very non-specific. Most frequent 
symptoms were headache (46.3%), tinnitus (43.6%), 
insomnia (39.6%) and visual disturbances (28.9%). 
Increased intracranial pressure (ICP) was reported in 36.2% 
of patients. 

See Table 1 for further details.
 

Radiological characteristics 

The stenosis was monolateral in 51 out of 111 patients 
(45.9%) and bilateral in 60 (54.1%) (Figure 1). The most 
frequent stenotic segment was J3 (91.2%), the styloid 
process elongation was reported in 32.2% of patients, while 
the C1 arch hypertrophy in 24.2% of patients. All patients 
underwent CT or MR angio and arterial DSA, while 
83 patients (55.7%) underwent venography, 28 (18.8%) 
manometry and 25 (16.8%) both. See Table 2 for further 
details. 
 

Type of treatment

All patients were medically treated, and anticoagulants 
were the most common prescribed drug (57.4%). Other 
treatments were statins, antithrombotics or xueshuantong. 

Endovascular treatment was performed in 50 out of  
149 patients (33.6%) and stenting was performed in 45  
of them. 

Surgery was performed in 55 out of 149 patients (36.9%) 
and consisted of: styloidectomy in 41 patients (27.5%), C1 
tubercolectomy  in 2 patients (1.3%), styloidectomy and C1 
tubercolectomy in 12 patients (8.1%).

A combined treatment (styloidectomy and stenting) was 
reported in 28 out of 149 patients (18.8%).

Further details are reported in Table 3.
 

Clinical and Radiological outcome 

Improvement of general conditions was reported in 58 
out of 80 patients (72.5%). In detail, tinnitus resolved or 
improved in 13 out of 15 patients (86.7%), papilledema 
in 17 out of 22 (77.2%) patients and visual disturbances 

Table 1 Patients’ clinical characteristics (N=149)

Clinical symptoms n (%)

Headache 69 (46.3)

Visual impairment 43 (28.9)

Papilledema/optic nerve atrophy 19 (12.6)

Visual impairment 13 (8.7)

Soft tissue swelling 1 (0.7)

Neck pain or discomfort 22 (14.8)

Tinnitus 65 (43.6)

Dizziness 33 (22.1)

ICP hypertension 54 (36.2)

Nausea and vomiting 6 (4.0)

Insomnia 55 (39.6)

Hearing impairment 36 (24.2)

ICP, increased intracranial pressure.

Table 2 Patients’ radiological characteristics 

Radiological findings No. of patients (%)

Monolateral stenosis 51/111 (45.9)

Bilateral stenosis 60/111 (54.1)

Jugular stenotic segment

J1 4/136 (2.9)

J2 8/136 (5.9)

J3 124/136 (91.2)

Styloid process elongation 48/149 (32.2)

Arch of C1 hypertrophy 36/149 (24.2)

Collateral venous circulation 28/149 (18.8)

Intracranial venous thrombosis 9/149 (6.0)

Venous DSA

No 13/149 (8.7)

Venography 83/149 (55.7)

Manometry 28/149 (18.8)

Both 25/149 (16.8)

DSA, digital subtraction angiography.
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Table 3 Patients’ treatment characteristics

Type of treatment Drug/procedures No. of patients (%)

Medical treatment Acetazolamide 17/141 (12.1)

Anticoagulants 81/141 (57.4)

Others 43/141 (30.5)

Endovascular treatment Balloon angioplasty 4/149 (2.7)

Balloon angioplasty + stent 1/149 (0.7)

Stent 45/149 (30.2)

Surgery Styloidectomy 41/149 (27.5)

C1 tubercolectomy 2/149 (1.3)

Styloidectomy + C1 tubercolectomy 12/149 (8.1)

Combined Styloidectomy + stenting 28/149 (18.8)

improved in 10 out of 23 patients (43.5%). Poor 
improvements were reported for headache and dizziness, 
which remained unchanged for 71.6% and 90.9% of 
patients respectively (see Table 4).

Stenosis was radiologically improved in 45 out of 63 
surgically treated patients (71.4%), while was improved 
in 16 out of 63 patients who underwent endovascular 
treatment (25.4%).

Complications were reported in 9 out of 39 cases 
(23%): 1 wound infection, 1 wound hematoma, 3 transient 
neurological deficits <24 h, 1 permanent neurological 
deficit (accessory nerve palsy), 1 facial droop and dysphagia,  
2 numbness of jaw, neck and ear.

List of authors, year of publication, study type and 
number of patients of the published studies included in the 
review are summarized in Table 5.

Discussion 
 
Extra-cranial IJV compression is not a rare finding in 
routine clinical practice (23) and it is difficult to refer to 
particular symptoms or syndromes. Jayaraman et al. (6) 
published a study, enrolling 108 patients which underwent 
CT angios. The incidence of IJV compression by extrinsic 
structures in the upper neck was investigated. They 
considered jugular vein compression as an anatomic variant 
and unlikely to be pathologic in nature. Indeed, no data 
about the reasons why these CT angio were performed or 
patient’s clinical history were reported. In our opinion, it 
can be considered only a radiological report with a lack of 
clinical correlation.

However, styloidogenic jugular compression is an 
increasingly described new nosological entity, named with 
different titles, such as “styloidogenic-cervical spondylotic 
internal jugular venous compression”, “eagle jugular 
syndrome” or “styloid-induced internal jugular vein 
stenosis”. The lack of awareness of this disease entity could 
lead to misdiagnose and treatment delay. 

Aim of our review was to collect all clinical and 
radiological data about this disease in order to better define 
its characteristics and provide reference for its diagnosis and 
treatment. 

There is no prevalence between female or male 
population and the mean age of onset is 38.6 years. The 
underlying etiopathological mechanism is still not clear 
and is more frequently being discussed in the scientific 
community. The clinical presentation seems to be mostly 
characterized by headache (46.3%), tinnitus (43.6%) and 
visual disturbances (28.9%). Surprisingly, insomnia, a 
very aspecific and often underestimated symptom, affects 
nearly 40% of patients. These symptoms could be partially 
ascribed to an increased ICP, which was measured and 
reported in 36.2% of patients. 

In addition to tinnitus, hearing impairment or dizziness 
were reported in about ¼ of patients, suggesting also 
blood flow circulatory disturbances in auditory-related  
structures (14).

The rationale to hypothesize a possible pathological 
potential of styloidogenic jugular compression lies in the 
following considerations.

In the Gadda-Ursino hemodynamic model for the study 
of cerebral venous outflow, a jugular stenosis may have a 
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Table 4 Final clinical and radiological outcomes

Outcome No. of patients

Clinical outcome General conditions Improved 58/80 (72.5)

Unchanged 22/80 (27.5)

Visual disturbance Improved 10/23 (43.5)

Unchanged 13/23 (56.5)

Papilledema Resolved 5/22 (22.7)

Improved 12/22 (54.5)

Unchanged 5/22 (22.7)

Headache Resolved 19/88 (21.6)

Improved 6/88 (6.8)

Unchanged 63/88 (71.6)

Dizziness Resolved 1/33 (3.0)

Improved 2/33 (6.1)

Unchanged 30/33 (90.9)

Tinnitus Resolved 10/15 (66.7)

Improved 3/15 (20.0)

Unchanged 2/15 (13.3)

Radiological outcome Stenosis improvement After surgery 45/63 (71.4)

After endovascular treatment 16/63 (25.4)

After combined treatment 2/63 (3.2)

Complications 9/39 (23.0)

strong effect on venous sinuses pressure (24). These findings 
were clinically confirmed by Esfahani with quantitative 
magnetic resonance venography (qMRV) (25). The venous 
pressure is strongly correlated to cerebrospinal fluid (CSF)  
dynamics (26). A computational study investigated the effect 
of internal-jugular vein function on intracranial venous 
haemodynamics, in particular focusing on venous reflux 
and intracranial venous hypertension. This study concluded 
that the clinical implications of the findings are unknown, 
though they may relate to recent hypotheses linking some 
neurological conditions to extra-cranial venous anomalies (27).

A venous flow impairment, even if monolateral, due to 
the styloidogenic compression could bring an imbalance 
in this sensitive venous-CSF mechanism, resulting in 
causing symptoms (headache, tinnitus, insomnia, visual 
impairment etc.) not unexplainable otherwise with common 
neurosurgical/ENT pathologies. In addition, the venous 
system itself can be considered as a pure mechanical parallel 

system. However, the relationship and the balance with the 
CSF dynamics is a more complex system. In 2012 a group 
of researchers hypothesized the existence of the “glymphatic 
system”. According to them, CSF quickly enters the brain, 
along the paravascular spaces of the penetrating arteries, 
then exchanges with the surrounding interstitial fluid. 
Likewise, interstitial fluid is dismissed from the brain 
parenchyma through paravascular spaces surrounding large 
draining veins (28).

Impairment in venous drainage reflects on CSF dynamics 
that could be responsible of several symptoms associated to 
styloidogenic jugular vein compression (headache, tinnitus, 
visual disturbances) (29-31).

Probably IJV stenosis clinical manifestations may 
originate by more complex pathological mechanisms, most 
of them still unknown, rather than only by a mechanical 
compression with subsequent venous flow reduction. 

The diagnosis still remains radiological, with the 
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evidence of extracranial jugular stenosis usually due to an 
elongated styloid process or the arch of C1 hypertrophy 
(Figure 1). 

The most common involved jugular segment is J3, and in 
more than 50% of patients the stenosis is bilateral. 

Interestingly, CT or MR angio were performed in all 
patients, however a DSA venography was performed in 
about 50% of patients, and only 19% of them underwent 
a manometry, resulting in poor data about the venous flow 
and pressure. 

The styloid process elongation was reported in only ⅓ 
of patients. This confirmed data by Ho et al. that even in 
the setting of normal length styloid process, a narrowed 
distance between the styloid process and C1 transverse 
process may lead to IJV compression (32).

The first choice of treatment is usually conservative, 
and anticoagulation was the most common reported 
approach (57%). Diuretics, such as acetazolamide, were 
limited to few cases; while other types of drugs, like statins 
or antithrombotics, were administered in ⅓ of patients. 
However, in most cases medical therapy has shown to be 
not effective.

Forty-five (30.2%) patients underwent a stenting 
procedure and in 28 cases it was associated with surgery. 
Despite styloidectomy is the treatment of choice in most 
cases of classic Eagle syndrome or involving carotid arteries, 
data about cases of symptomatic IJV compression are 

limited (32). Indeed, often in order to obtain a good jugular 
flow restoring, endovascular treatment and surgery need 
to be combined: on one hand the endovascular procedure 
alone could not be effective if the mechanical compression 
by the bony structures (styloid process or arch of C1) is not 
relieved (15); on the other hand surgery alone could not be 
sufficient to completely re-expand the chronic compressed 
vein, because of the venous wall structure itself lacking of 
muscular layers; because of this, stent placement allows to 
mechanically restore the vessel diameter (9).

Styloidectomy was the most common surgical procedure 
and was performed as primary or rescue treatment (15). 
Major risks are represented by vascular or facial nerve 
injuries (10,20,33).

As alternative, the resection of the arch of C1 has been 
proposed (17) especially when deep indentation of the 
lateral mass is seen exactly at the point of stenosis during 
the computed tomography (33,34).

In terms of clinical outcome, difficulties were found in 
the interpretation of reported data, which were generic, 
available in a small number of patients (from 15 to 80, 
depending on the outcome) and with a short time of follow-
up (maximum 14 months).

Beyond that, general conditions were improved in more 
than 70% of patients; tinnitus, papilledema and visual 
disturbances seem to benefit from operative treatments, 
while headache and dizziness usually do not respond (see 

Table 5 List of authors, year of publication, study type of number of patients of the published studies included in the review

First author Year Study type No. of patients

Dashti et al. 2011 Case series 2

Higgins et al. 2016 Retrospective review 29

Aydin et al. 2016 Case series 2

Zhang et al. 2017 Case series 15

Bai et al. 2019 Case series 27

Ding et al. 2019 Prospective study 46

Li et al. 2019 Case report 1

Li et al. 2019 Case series 5

Zamboni et al. 2019 Case series 8

Zhao et al. 2019 Retrospective review 10

Mooney et al. 2020 Case report 1

Fritch et al. 2020 Case report 1

Pokeerbux et al. 2020 Case report 1
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Table 4). 
Radiological outcome was reported in 63 patients out 

of 149. Surgery alone seems to guarantee better results 
(71.4% of stenosis improvement). Unfortunately, the larger  
study (15) describing a combined treatment (styloidectomy 
and stenting), does not report the radiological outcome.

Complications were reported in 9 out of 39 patients 
(23%) and mostly correlated to surgical procedures. 

Although complications are rarely reported and discussed 
in the included papers, these must never be underestimated. 
Endovascular venous stenting has been associated to stent 
migration or fracture, pseudoaneurysms formation, stent 
thrombosis, cerebral sino-venous thrombosis, cranial nerve 
injury and injury associated with venous catheterization (35).

Surgical complications are represented by wound 
infection, postoperative hematoma, facial weakness, 
dysphasia, accessory nerve or facial nerve injury (15).

While some complications can be asymptomatic (like 
vein thrombosis and stent migration), these future risks 
including the potential need for long-term anticoagulation 
and the possibility of stent thrombosis need to be seriously 
considered. When performing this kind of procedures, 
physicians should be aware of potential risks, and continue 
to develop strategies to monitor and manage these patients.

Evidence nowadays available in the literature does not 
allow to support any kind of robust conclusion but hints at 
the imperative to collect more data about this pathology 
and its treatment. The surgical or endovascular treatments 
should be considered after failure of conservative treatment 
and need to be carefully evaluated and validated with 
stronger evidence (RCTs) in order to really understand 
beneficial effects and possible complications. Our results 
only suggest these kinds of treatment could have a role in 
the treatment of styloidogenic jugular compression.

Styloidogenic jugular compression should be considered 
as a complex pathological entity, which deserves more 
attention due to the limited current available information 
and the long-lasting neurological symptoms not attributable 
to other known diseases.
 

Open issues and future perspectives

The complete pathogenesis of SJVC is still not clear. A 
color doppler ultrasound of jugular vein is a non-invasive 
diagnostic exam which could allow us to collect information 
about the flow velocity, flow rate and diversion of flow 
through the collaterals normalized to the individual 
inflow (36,37). The same parameters can be non-

invasively collected by the means of cervical strain-gauge 
plethysmography (38). Both can be very useful tools, either 
for the screening or for the follow-up of patients suffering 
from this condition. 

Indeed, more invasive exams such as DSV (digital 
subtraction venography) and manometry should also be 
performed in all patients in order to collect adjunctive 
physio-pathological parameters. 

One of the major issues of styloidogenic jugular 
compression is the lack of a standardized definition. We 
carefully analyzed definitions and methodologies reported 
in the 13 papers we included in the review. Indeed, most of 
the papers are case reports and refer generally to “elongated 
styloid process”, or “jugular stenosis” or “compression from 
the transverse process of C1 combined with the styloid 
process”. Only 2 papers by Ding et al. and Bai et al. reported 
clear and defined criteria to define styloidogenic jugular 
compression (14,19). Nevertheless, for future studies on 
this topic we should advice the use of a clear definition of 
jugular stenosis such as a reduction of vessel caliber >80%, 
based on diameter reduction on axial cuts compared with 
diameter of normal vein proximal to the stenosis [according 
to Jayaraman criteria (6)] or the use of criteria described by 
Ding and Bai (14,19).

Limits

Most of the studies were case reports or case series, with a 
poor quality of evidence. 

Moreover, timing, specific type and dosage of medical 
treatments were not reported in most of the studies.

Clinical and radiological outcomes were reported in 
a small number of patients. Lack of manometry data is 
very concerning and may constitute a bias in the results 
evaluation. 

Long term follow up is missing for most of the cases.
Unfortunately, statistics was not applied, because of 

the heterogeneity of the data. Indeed, we tried to obtain 
individual data from each selected study, however in several 
studies this was not possible, and we collected only overall 
data of patients
 

Conclusions

Eagle jugular syndrome is a very complex and nowadays 
often underestimated disease. The clinical presentation 
is mainly characterized by headache, tinnitus and visual 
disturbances. Conservative medical treatment usually fails 
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while surgical, endovascular or a combined treatment 
improves general conditions in more than 70% of patients. 
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