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Female, 28-year-old

Nutcracker phenomenon ¢ Wilkie syndrome

Epigastric pain ¢ rapid weight loss ¢ abdomen was tense and painful and pain increased after
compression

Radiology

Unusual clinical course

Eagle syndrome is a vascular compression syndrome that is caused by a very elongated styloid process and/or
calcification of the stylohyoid ligament compressing the vascular or nerve structures of the neck, resulting in
vascular congestion, thrombosis, or neurological symptoms (eg, dysphagia, neck pain, ear pain). Stylo-jugular
venous compression syndrome is a subtype of Eagle syndrome and is caused by compression of the internal
jugular vein. Treatment varies according to the symptoms and the severity of the compression, and it can be
pharmacological or surgical, with vascular stenting and/or removal of the styloid process. We describe a rare
case of left cerebral venous sinus thrombosis and ipsilateral internal jugular vein stenosis sustained by exces-
sive length of the left styloid process.

A 36-year-old woman presented with recurrent episodes of drug-resistant headache and recent memory dis-
turbances. She underwent cerebral and neck multidetector computed tomography-angiography and Doppler
ultrasound of the epiaortic vessels that respectively revealed thrombosis of the left cerebral venous sinus and
left internal jugular vein stenosis due to a very long styloid process. The patient was treated with anticoagu-
lant drugs and experienced a gradual remission of symptoms.

Compression of the jugular vein by the styloid process is a rare entity, and it often goes undiagnosed when it
is asymptomatic. Doppler ultrasound is a sensitive method for identifying jugular vein stenosis and can provide
an estimated degree of stenosis, which is useful for treatment planning. Doppler ultrasound should be com-
bined with multidetector computed tomography-angiography to rule out compression of other vascular struc-
tures and other causes of compression. Failure to treat these patients could have serious health consequenc-
es for them.

Cerebral Veins ¢ Eagle Syndrome ¢ Jugular Veins ¢ Multidetector Computed Tomography e
Ultrasonography ¢ Ultrasonography, Doppler
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Background

Eagle syndrome [1] is a vascular compression syndrome that
is caused by a very elongated styloid process (SP) and/or cal-
cification of the stylohyoid ligament compressing arterial vas-
cular structures (carotid arteries) [2], venous structures (inter-
nal jugular vein) [3], or nerve structures [4]. Eagle syndrome is
uncommon and has a higher incidence in women compared
with men, with a ratio of 3: 1 [5]. The asymptomatic presence
of 1 or 2 longer SPs occurs in 4% of the population [6]. Eagle
syndrome can be unilateral or bilateral, and typical symptoms
occur in only 4% of patients with a longer SP [7]. The symp-
toms most commonly associated with this pathology are recur-
rent episodes of pain in the face and throat, dysphagia, foreign
body sensation in the pharynx, neck pain, and ear pain. The
differential diagnosis should therefore be made with all oth-
er pathologies that can cause the above symptoms. Discovery
occurs very often after routine multidetector computed tomog-
raphy (MDCT) or Doppler ultrasound (DUS) examination of epi-
aortic vessels. A recent study suggested that the SP elongation
or ossification may be explained by the occurrence of devel-
opment abnormalities and/or altered bone homeostasis [8].

Eagle syndrome has been classified into subtypes based on
the structures that are compressed: classic jugular venous
compression syndrome, stylo-carotid syndrome, and stylo-
jugular venous compression syndrome (SJVCS). The classical
syndrome involves glossopharyngeal nerves but may also in-
volve the V-VII and X nerves. The range of possible symptoms
include tinnitus, otalgia, pharyngeal pain, dysphagia, foreign
body sensation, pain on extending tongue, change in voice, and
hypersalivation sensation, among others [9]. Stylo-carotid syn-
drome is caused by impingements of internal carotid arteries
and leads to transient ischemic attack and stroke. Neurological
symptoms such as hemiparesis and speech disturbance have
also been reported [10]. SJVCS (Figure 1) is little known, and
only a few reports mention it. The first study was published in
2012 [11], and a proposal was subsequently made to consid-
er it an Eagle syndrome subtype and rename it Eagle-like jug-
ular syndrome [12]. An elongated SP occurs in 4-28% of the
population and is more common in women, with a mean age
of 50+15 years [13]. Jayaraman et al [14] found that the right
and left sides are equally affected, but the incidence of the left
side is more common (right 24.1% vs left 30.6%). Compression
occurs because the jugular vein wall, which is thinner than
that of the artery and devoid of smooth muscle and elastic fi-
bers, is more likely to be compressed by extrinsic structures in
the upper neck, such as the transverse process of C1 and SP.
SP induces jugular vein compression and causes venous flow
congestion, which predisposes to thrombosis [15]. The J3 seg-
ment of jugular vein has been found to be the most frequent-
ly involved [16]. SJVCS has received more attention in recent
years and several comorbidities have been found, including
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Figure 1. Summary diagram of the anatomical structures
involved in stylo-jugular venous compression
syndrome. The left internal jugular vein (LIJV) is
compressed on the external side (long arrow) by the
ipsilateral styloid process (SP; arrow head) against the
transverse process of C1. The right SP is indicated with
the short arrow. LCA — left carotid artery.

intracranial hypertension and a high-pressure gradient due to
stenosis [17], thrombosis of the transverse sigmoid sinus, and
perimesencephalic subarachnoid hemorrhage.

Three-dimensional computed tomography (CT) is the best meth-
od for evaluating the anatomical relationship between the SP
and surrounding structures, such as nerves and blood vessels,
and to measure the length and angle of the SP. CT also enables
the exclusion of other causes of compression, and it provides
details for the surgeon performing any extra- or intraoral exci-
sion. Therapy varies according to the symptoms and vascular
compression. It can be conservative, with steroid, anticoagu-
lant, or anesthetic drugs [18], or surgical, with SP removal [19]
or endovascular stenting, which has been shown to be an ef-
fective treatment [20]. In this study, we describe a case of he-
modynamically significant unilateral compression of the left
internal jugular vein (LIJV) caused by a very long and anteri-
orly angled SP that resulted in ipsilateral transverse cerebral
venous sinus thrombosis.

Case Report

A 36-year-old woman presented at our hospital owing to in-
creased episodes of drug-resistant headache and recurrent
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Figure 2. Left internal jugular vein (LIJV) duplex Doppler ultrasound. (A) The peak speed velocity (PSV) measurement in the prestenotic
tract shows severe flow congestion, and (B) the PSV increase can be seen in the poststenotic tract.

D1 22,5 mm

Vel 38 cm/s

Figure 3. Color Doppler ultrasound and duplex Doppler ultrasound of the right internal jugular vein (RIJV). The RIJV shows an increase
in caliber and flow (A) compared with the contralateral vein (B).

memory disturbances worsening in the past 2 weeks. The pa-
tient reported no past episodes of deep vein thrombosis or
anemia, recent infections, or kidney or pulmonary disorders.
In laboratory tests, the D-dimer value was above normal (1500
mg/L). The patient underwent MDCT-angiography of the brain
and epiaortic vessels, DUS of the epiaortic vessels, and conven-
tional X-ray examination of the head. The DUS study was per-
formed with a MyLab 9 XG device (Esaote) using a 5- to 15-MHz
linear probe. MDCT was performed with an Optima 64-slice de-
vice (GE Healthcare). Ultrasound scans were performed in the
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laterocervical region and measurements were made at 3 lev-
els of the jugular veins in a cranio-caudal direction: )3, below
the jugular foramen before the passage of the internal jug-
ular vein (JV); J2, at the level of the thyroid gland; and J1, in
the segment where the I}V joins the subclavian vein to form
the brachiocephalic vein.

DUS was used to assess the caliber of the jugular veins and
carotid arteries and the peak speed velocities (PSVs) of the
common, internal, and external carotid arteries and the right
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Video 1. B-Mode ultrasound. The left internal jugular vein shows
a very slow flow in the prestenotic section.

Table 1. Summary of ultrasound results.

Lyv Lyv

Poststenotic RUV

Caliper

Prestenotic
PSV PSV
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Video 2. Color Doppler ultrasound. The right left internal jugular
vein appears dilated with regular flow.

Lyv Lyv Lyv
Prestenotic Poststenotic Minimum
caliper caliper caliper

32 cm/s 4.5 cm/s 16.2 cm/s 22.5 mm

18 mm 16 mm 6 mm 3.6

LJV — left internal jugular vein; RIJV — right internal jugular vein; PSV — peak speed velocity.

and left JVs (Figures 2, 3). The flow ratio of the LIJV was cal-
culated from the prestenotic PSV divided by the poststenotic
PSV). DUS showed stenosis of the LJV (minimum caliber of 6
mm) with dilation of the prestenotic (maximum diameter of 18
mm) and poststenotic (maximum diameter of 16 mm) tracts
and a flow ratio of 3.6 (prestenotic PSV, 4.5 cm/s; poststenotic
PSV, 16.2 cm/s), which was equal to 72% stenosis. No morpho-
logical or fluximetric changes affecting the carotids bilaterally
were highlighted. Compared to the left (Figure 3A, 3B; Video 1),
right jugular vein was dilated (maximum diameter: 22.5 mm),
with increased flow (Video 2) (PSV 38 cm/s). Ultrasound was
performed by an operator with 20 years of experience, and the
results are summarized in Table 1. On MDCT examination, the
right SP had a length of 14.8 mm (Figure 4A). The left SP was
longer than normal at 54.8 mm (Figure 4B) and lay at an an-
gle anterior, compressing the ipsilateral 1)V against the trans-
verse process of C1 (Figure 4C). CT acquisitions with contrast
medium showed a thrombosis of the left cerebral venous si-
nus, which could be seen in the reconstructions based on the
axial (Figure 4D) and coronal (Figure 4E) planes. The patient
declined to undergo surgical resection of the SP and was there-
fore only subjected to conservative drug treatment with low-
molecular-weight heparin (100 U/kg subcutaneously twice
daily) for 2 weeks followed by long-term oral anticoagulants
(6 months). After 1 month the patient had a gradual and sig-
nificant remission of headache episodes and a restoration of
the normal values of D-dimer (<500 mg/L). We therefore ad-
vised the patient to continue the drug treatment and after 3
months to undergo cerebral MDCT-angiography.
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Discussion

Given the clinical and laboratory data and the patient’s clin-
ical history, particularly the recurrent episodes of headache,
memory loss, and high D-dimer values, we suspected a ce-
rebral problem (eg, embolism, ischemia, venous thrombosis)
and decided to perform MDCT-angiography. Subsequently, the
findings from DUS and the severity of the stenosis (>70%)
highlighted vascular hyperflow in the contralateral jugular
vein, demonstrating circulatory compensation. The discov-
ery of a longer SP often happens by chance during routine CT
or conventional radiographic examinations as it does not al-
ways cause compression of the vascular or nerve structures.
Moreover, symptoms can also be caused by an SP of regular
length but with an anomalous tip deviation [15]. Among the
various radiological diagnostic criteria described in the liter-
ature, most authors define an SP length greater than 2.5 cm
as abnormal [13], while others suggest 4.0 cm [16]. The aver-
age length of the SP found in SJCVS is 3.5-3.7 cm and the dis-
tance between the transverse process SP and C1 is 3.9 mm.
Different imaging modalities can be used for Eagle syndrome
study, including conventional head radiographs in lateral pro-
jection (Figure 5). However, radiographs do not always allow
a correct visualization and measurement of the SP for the su-
perimposition of the images. CT with contrast medium and
3-dimensional CT are the reference examinations that allow
correct measurement of the length and angulation of the SP
and evaluation of its relationships with the vascular and lat-
erocervical nerve structures. In our case, the severe stenosis
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Figure 4. Cerebral multidetector computed tomography-angiography. (A) Coronal plane reconstruction shows a regular length and
course of the right styloid process (SP; arrow). (B) The left SP (arrow) shows a longer length than the norm. (C) Sagittal
plane reconstruction shows the left SP (short arrow) compressing the left internal jugular vein (LIJV; arrow heads) against
the transverse process of C1 (long arrow). (D) In the axial acquisitions after contrast medium injection, the left transverse
venous sinus does not show enhancement because it is thrombotic (long arrow), while the contralateral transverse venous
sinus is impregnated by contrast medium (short arrow). (E) Thrombosis of the left transverse sinus (long arrow) is also well
highlighted in the coronal plane reconstructions, which show normal impregnation of the right transverse venous sinus

(short arrow).

of the LIV and the consequent venous hypertension probably
induced the ipsilateral cerebral venous thrombosis. LIJV ste-
nosis was revealed by DUS with a significant reduction or ab-
sence of flow in the stenotic tract, predominantly J3, and an
increase in the contralateral flow (>30%). In the normal contra-
lateral jugular vein, the maximum flow velocity was between
24 and 36 cm/s. A jugular vein contralateral dilation or tortu-
ous vertebral venous plexus can be considered an expression
of compensatory flow and may be a sign of SJVCS, but only
occurs in 55.6% of severe strictures. Important data emerged
in our study from the flow ratio measurement of the LIJV. The
ratio was 3.2, corresponding to stenosis of 72%. These val-
ues indicate a very high risk of thrombosis, and the therapy
of choice should be surgical removal of the SP. Endovascular

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932035-5

therapy [17] could be a valid alternative but still requires more
extensive case series and long-term data. In our case, the pa-
tient declined a styloidectomy, and we were not confident that
there were sufficient guarantees for endovascular stenting in
accordance with previous claims [18]. Long-term anticoagulant
drug therapy should only be reserved for symptomatic cases
with a flow ratio less than 2.5 (stenosis <50%).

Conclusions

IJV compression by the SP is a rare entity and can be asymp-
tomatic, and most of the time it goes undiagnosed and treat-
ment is delayed. DUS is a sensitive method for identifying 1)V
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Figure 5. Conventional radiograph of the skull in lateral
projection showing a very elongated left styloid
process (arrows) and regular length of right styloid
process (arrow head).
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stenosis and can provide an estimate of the degree of steno-
sis, which is very useful for treatment planning. DUS exam-
ination should be combined with MDCT-angiography of the
neck to rule out compression of other vascular structures and
other causes of compression. In cases with light compression
of the 1)V and in patients who decline surgical treatment, we
recommend a follow-up with DUS at 6 or 12 months. Failure
to treat these patients, as in the case of other vascular com-
pression syndromes [19-21], could have very serious conse-
quences for the patients’ health.
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