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Article / Clinical Case Report

ABSTRACT

Central nervous system (CNS) ischemic events, besides being a common and devastating disease, are accompanied by 
severe disability and other morbidities. The cause of such events is not always that simple to diagnose, and among the 
young, a broad spectrum of possibilities should be considered. We present the case of a young man who presented two 
episodes of CNS ischemia with a 1 year gap between them, which occurred in the same situation while he was walking 
and carrying a heavy backpack. The second event first presented as a transient ischemic attack followed by a stroke the 
day after. The diagnostic work-up showed an indentation of the greater cornu of the hyoid bone over the internal carotid 
artery, which injured the media and intimal layers. At the arterial injury site, a micro thrombus was found, which explained 
the source of the embolic event to the CNS. The patient was operated on, and the procedure included the resection 
of the posterior horn of the hyoid bone, the resection of the injured segment of the internal carotid artery followed by 
carotid–carotid bypass with the great saphenous vein. The postoperative period and the recovery were uneventful as was 
the 5-month follow-up. We call attention to this unusual cause of stroke and present other cases reported in the literature. 
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INTRODUCTION

Ischemic central nervous system (CNS) injury 
of atherosclerotic origin is not a common entity 
among the young. In this age group, disregarding 
the hematological diseases, the external or surgical 
traumas and post-extensive radiation of the neck play an 
essential role in the carotid artery lesion with subsequent 
embolization source to the CNS.1,2 Additionally, and 

regardless of age, rare cases have been reported on 
the particular vascular insult resulting from the close 
contact between the hyoid bone and the internal carotid 
artery (ICA).3-5

In the face of the available literature evidence, 
we should consider the possibility of carotid artery 
injury caused by the hyoid bone in cases of ischemic 
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cerebrovascular events of unknown origin, especially 
in the young population. We also call attention to 
the critical clue of repetitive events under the same 
situation, such as sports playing movements, carrying 
heavy weights on the back, shoulder or neck, which 
can bring the contact between the ICA and the hyoid 
bone even closer.

Case Report

A 29-year-old man sought the emergency room 
(ER) complaining of a short-term paralysis of the left 
upper limb that occurred 2 days prior, when he was 
hiking along a walking trail with a backpack; the 
paralysis completely subsided later that day. On the 
next day, a left facial paralysis ensued accompanied 
by dysphagia and recurrence of the left upper limb 
weakness. Once again, the latter partially subsided 
within a couple of hours. At the ER, the patient still 
presented with facial paralysis and left upper limb 
paresis, plus slight difficulty in walking, and slurred 
speech.

His past medical history was unremarkable 
except for a similar complaint 1 year before, when 
he underwent a thorough laboratory and CNS 
imaging work-up without a conclusive diagnosis. 
With the working diagnosis hypothesis of multiple 
sclerosis, the patient was hospitalized. On physical 
examination, he was conscious and alert with normal 
vital signs. The neurological examination disclosed 
(i) left central facial nerve paralysis; (ii) dysarthric 
speech; (iii) hyposensitivity in the inferior two-thirds of 
the left hemiface; (iv) deviation of the tongue to the 
right side; and (v) Grade 2 motor strength of the left 
upper limb and Grade 4 of the left leg with a hemiplegic 
gait requiring a four-point stick to walk. No spasticity 
or fasciculation was present. The remaining physical 
examination was unremarkable.

The laboratory work-up, which included renal 
function tests, electrolytes, lipid profile, hepatic 
function tests, peripheral blood count, erythrocyte 
sedimentation rate, hemoglobin electrophoresis, 
C-reactive protein, and thyroid function analysis, 
was within the normal limits. The serology for 
HIV, hepatitis B, and C, Chagas’ disease, syphilis, 
antinuclear antibody, and rheumatoid factor was 
negative. The research for anti-cardiolipin antibodies, 
lupus anticoagulant, and factor V Leiden were 

negative. The cerebrospinal spinal fluid analysis 
included biochemical, cytological, microbiological, 
and protein electrophoresis, which were normal. 
The brain computed tomography (CT) depicted 
a hypoattenuating area in the cortico-subcortical 
boundary of the right parietal lobe, which did not 
show enhancement after the contrast medium 
injection. The brain magnetic resonance imaging 
showed an extensive zone of altered signal in the 
cortical and subcortical areas of the right frontal and 
parietal lobes, as well as the insula, which presented 
diffusion restriction, T2-weighted hyper signal, and 
mild expansive effect. The aspect was compatible with 
an acute ischemic event in the territory of the right 
middle cerebral artery. Additional small foci of altered 
signal and diffusion restriction coexist in sparse regions 
of the parietal lobe and on the right periventricular 
white matter, which is consistent with ischemic events 
of undetermined chronology (Figure 1).

The Holter electrocardiogram (ECG), transthoracic 
Doppler echocardiography, and the carotid duplex scan 
were normal. However, the CT angiographic analysis 
of the carotid arteries depicted an enlarged greater 
horn of the hyoid bone, which had close contact with 
the ICA, where a hypoattenuating irregularity on 
the parietal wall was found, accompanied by a tiny 
flap of the endothelium consistent with a thrombus 
(Figures 2 and 3).

The patient was prescribed physiotherapy and 
300 mg daily of salicylate, with substantial improvement 
of the gait and the dysarthria, with Grade 4 motor 
strength in the left upper limb and Grade 5 in the left 
lower limb on the day of hospital discharge.

Based on the clinical features and the imaging 
study, the working diagnosis considered the external 
compression of the right ICA by the hyoid bone. 
Therefore, a right cervical surgical exploration was 
performed with dissection of the common, internal, and 
external carotid arteries. During the surgical procedure, 
the external compression of the ICA by the posterior 
horn of the hyoid bone was confirmed. There was 
no evidence of arterial perforation nor any presence 
of a pseudoaneurysm—only close contact between 
both structures. The surgical procedure included the 
resection of the posterior horn of the hyoid bone, the 
resection of the injured segment of the ICA, followed 
by carotid–carotid bypass with the great saphenous 
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Figure 1. Brain magnetic resonance imaging. Diffusion-weighted images (A and C) and apparent diffusion 
coefficient map (B and D) showing areas of water-free-motion restriction in the right frontal lobe, compatible with 
acute ischemic stroke.

Figure 2. Computed tomography of the neck after intravenous contrast injection. A – Impingement of the internal 
carotid artery (ICA) by the greater horn of the hyoid bone (arrow); B – The close contact between the hyoid bone 
(arrowhead) and the ICA (arrow). Note the irregularity on the arterial wall, which leans against the hyoid bone.
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vein. At the opening of the arterial segment, evident 
atherosclerosis and a small intimal thrombus adjacent 
to the compression site were seen (Figure 4).

The microscopic examination showed focal intimal 
thickening with fibrosis, and an accumulation of 

foam cells—typical of uncomplicated atherosclerotic 
plaques. Also, there was an organizing intimal 
thrombus (Figure 5).

At the external half of the medial layer a focal 
replacement of the smooth muscle cells by fibrosis and 
a scarcity of elastic fibers were detected, which were 
not accompanied by inflammatory infiltration (Figure 6).

The patient outcome was uneventful and he 
was discharged on day 3 of the postoperative period. 
The 5-month follow-up did not show new events or 
any other complaint.

DISCUSSION

Ischemic cerebrovascular events in young adults 
present a different etiologic distribution when 
compared with older patients.6 According to the 
Helsinki Young Stroke Registry, the most common 
identified cause of stroke in the young is cardioembolic 
(18.7%) followed by arterial dissection (15.5%), small 
vessel disease (13.9%), large artery atherosclerosis 
(8.4%), and a considerable amount of undetermined 
etiology (33.1%).7 Presumably, among the latter, the 
traumatic injury to the carotid artery caused by the hyoid 
bone is included but underdiagnosed. In this setting, 
the anatomical redundant variant of the of the greater 

Figure 3. 3D reformation of the neck computed tomography showing the indentation imprint in the internal carotid 
artery (arrows). A – Anterior left oblique view; B – Posterior view.

Figure 4. Intraoperative exposure of the internal carotid 
artery, which was resected (inset). Note the tiny plaques 
of atherosclerosis.
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Figure 5. Photomicrographs of the carotid artery showing a focal organizing thrombus (asterisk in A) and atherosclerotic 
plaques characterized by intimal fibrosis and accumulations of foam cells (arrows in B) (H&E 10X [A] and 20X [B]).

Figure 6. Photomicrographs of a segment of the carotid arterial wall showing, at the external half of the medial 
layer, a focal replacement of the smooth muscle cells with fibrosis (arrows in a) and a scarcity of elastic fibers in the 
same region (arrows in b). Compare with the normal-appearing arterial wall at the right extremities of the panels 
(asterisks). Masson’s trichrome stain 5X (a), and Verhoeff’s elastic stain 5X (b).

horn of the hyoid bone may entrap, hook, or protrude 
into the carotid artery causing structural injuries with 
subsequent dissection, thrombosis, or turbulent blood 
flow velocities, and shear stress speeding up early 
atherogenesis.8-10 In 1998, Abdelaziz et al.3 published 
a case of transient ischemic attack (TIA) in which the 
hyoid bone caused 90% of stenosis at the site of the 
artery injury caused by the greater horn. Since then, it 
has been observed that arterial intramural mechanical 
stress, endothelial damage, muscular hyperplasia, and 

increased connective tissue formation result in a rough, 
damaged, vascular surface and thrombi formation. 
In subsequent years, other cases involving vascular 
injury by the hyoid bone and ischemic cerebrovascular 
events were published. Schneider and Kortmann11 
retrieved three cases of pseudoaneurysm of the carotid 
artery caused by the mechanical trauma of the hyoid 
bone. One was diagnosed at autopsy after massive 
cervical bleeding; one presented as a cervical pulsatile 
mass and the other as an ischemic stroke. In their 
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case report, Schneider and Kortmann11 proposed an 
occupational relationship for the carotid injury, since 
their patient was a bricklayer and worked carrying 
heavy weights on his shoulder, which, in the authors’ 
interpretation, compressed the tissue of the neck 
against the hyoid bone. Kölbel et al.12 reported the case 
of a TIA caused by the interposition of the greater horn 
of the hyoid bone between the right carotid arteries, 
causing its entrapment. In this case, during the surgical 
procedure, even though the ICA was apparently 
normal in its structure and palpation it seemed ectactic. 
The authors speculated that repetitive traumatic injury 
to the arterial wall with subsequent intimal thrombus 
formation was responsible for the TIA. Pearlman et al.13 
showed the association of carotid wall bruising and 
intimal damage at the site of contact with the hyoid 
bone. Hong et al.14 described a case of repetitive 
symptomatic brain ischemic lesions associated with the 
movements of a golf player, which subsided after partial 
resection of the hyoid bone. The authors interpreted 
that the repetitive motion of the sternocleidomastoid 
muscle (during the head rotation) compressed the 
ICA against the greater horn of the hyoid bone, and 
was considered the culprit physiopathological process 
for this vasculopathy. Similarly, Tokunaga et al.15 
published a case in which the ICA moved inward 
and outward, depending on the head rotation and 
swallowing, because the origin of the ICA was hooked 
by the greater cornu of the hyoid bone. In this case, 
the surgical procedure revealed that the ICA was 
thickened at the site of the hyoid bone contact, and the 
histology demonstrated medial necrosis, inflammatory 
changes, and a mural organized thrombus, without 
atherosclerosis. Carotid artery dissection is another 
injury caused by an elongated hyoid bone associated 
with neck rotation, demonstrating constitutional 
damage to the artery layers by direct compression 
on the artery.16 Exceptionally, the elongated lesser 
horn of the hyoid bone also may be responsible for 
the compression or irritation of the carotid artery as 
reported by Janczack et al.17 in a case of recurrent 
syncope in a middle-aged man. Due to the scarcity of 
reported cases, or even the real paucity of cases, this 
entity is unknown to many doctors and is therefore 
not taken into account in the differential diagnosis of 
the cause of a stroke.

The case reported herein calls attention to 
the initial presentation as TIA followed by a stroke. 

The recurrence of a similar episode presented 1 year 
before, which happened in the same situation with 
the same patient when he was hiking and carrying 
a heavy backpack, was indeed intriguing. In the first 
episode, the diagnostic work-up failed to demonstrate 
any diagnosis and the neurological symptoms wholly 
subsided, most probably because the lesion was 
not detectable by the imaging study. The diagnostic 
approach in this second episode—although extensive, 
which included a carotid duplex—did not provide 
any abnormality that could explain the etiology of 
the stroke. However, a thorough and meticulous 
interpretation of the carotid angiogram, with the 
aid of the 3D reformation, identified the hyoid bone 
indentation on the ICA.

We interpreted that the elongated greater 
cornu of the hyoid bone associated with carrying the 
backpack may have enhanced the compression of the 
carotid artery by the hyoid bone, which is why the 
events occurred a second time in the same situation. 
The weight of the backpack pulling the patient’s trunk 
backward forced his neck forward (to maintain the 
center of gravity) and facilitated the impingement of 
the ICA by the greater cornu of the hyoid bone.

Atherosclerotic plaques were found on the gross 
and microscopic examinations of the resected arterial 
specimen, which were well-formed but not large 
enough to cause stenosis or obstruction. The patient 
had no risk factors for atherosclerosis, nor any familial 
history of early atherosclerosis. We considered the 
presence of these plaques as arising from the turbulent 
flow and the shear stress, and the elastic layer injury 
was caused by the continuous compression on the 
arterial wall by the hyoid bone. The damage to these 
arterial layers may have caused local thrombosis and 
embolization to the CNS. The option for the carotid 
resection and saphenous bypass, besides the hyoid 
corn removal, was based on the surgeon’s concern at 
the very moment during surgery. At that point, it was 
not possible to assure, based on the gross view of the 
artery injury, how extensive the mechanical damage 
to the vessel was. The surgeon’s decision took into 
account the possibility that an injured vessel wall could, 
in the future, be a site prone to the development of 
a pseudoaneurysm or dissection, as demonstrated in 
the literature review.
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The awareness of this harmful and disabling 
entity, which can be surgically treated, is of paramount 
importance to good medical practice.
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