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Abstract

Cerebral venous air embolism (CVAE) is an extremely rare clinical entity, usually associated with certain iatrogenic procedures. 
To the best of our knowledge there are no reported cases of ear-related cerebral venous air embolism in the up-to-date literature. 
However, although quite uncommon in the antibiotic era, cerebral venous sinus thrombosis is a well known intracranial complication 
of otitis media. We are presenting a clinical case of a 53-year-old male patient who was treated at our department and was diagno-
sed with both of these rare conditions. Possible mechanisms that could contribute to the clinical presentation will be discussed and 
literature briskly reviewed. As the infections in the head and neck region account for only a minority of all cerebral venous sinus 
thrombosis (CVST) cases, other risk factors must be taken into consideration.
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Introduction

Otogenic CVST is an uncommon complication of the middle 
ear disease and results from either the direct spread of infec-
tion through a dehiscent temporal bone or thrombophlebitis of 
mastoid emissary veins draining to the sigmoid sinus. It can be a 
consequence of the chronic otitis media with or without choles-
teatoma or an aggressive form of the acute otitis media (AOM), 
the latter nowadays being the case mainly in paediatric patients 
[1,2]. Signs and symptoms of the CVST depend on the severity of 
the disease. In most cases, patients present with a fever, headache, 
otalgia, otorrhea, vomiting and pain in the neck. Luminal occlusion 
causing disruption in the cerebral venous drainage can result in a 
raised intracranial pressure presenting as papilledema. Griesinger 
sign is pathognomonic for the sigmoid sinus thrombophlebitis and 
is described as tenderness and swelling over the mastoid plane. 
Clinical features can be masked by prior antibiotic treatment, the-
refore the patient may be relatively unaffected. Throughout histo-
ry, the incidence of sigmoid sinus thrombosis has changed from 

being the second most common intracranial complication (IC) in 
the pre-antibiotic era to being a rare finding nowadays, when it ac-
counts for around 6% of all IC otogenic complications [3]. Accor-
ding to the literature, head and neck infections are responsible for 
only 8% of all CVST, while 12,5% of them are idiopathic. Other risk 
factors include oral contraceptives, thrombophilia, malignancy and 
haematological diseases [4].

Cerebral venous air embolism is observed less frequently than 
cerebral arterial air embolism and is associated with high morbidi-
ty and mortality. Pathophysiology is still not completely clear. Most 
often it is associated with certain iatrogenic procedures: central or 
peripheral vein catheter placement, surgery, endoscopy and hae-
modialysis. Physical preconditions for the direct entry of gas into 
the venous system are mural impairment of non-collapsing veins 
and the presence of the subatmospheric pressure in these vessels. 
Non-collapsing veins include the epiploic and emissary veins plus 
the dural venous sinuses [5]. According to the literature, an injec-
tion of 2 to 3 mL of air into the cerebral circulation can cause neu-
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rologic deficits such as altered mental status, seizures, coma, tran-
sient focal neurological deficits and may be fatal [6,7]. It is difficult 
to estimate the true incidence as the course is often subclinical or 
the symptoms are non-specific. Besserau., et al. estimated the inci-
dence of the iatrogenic air embolism, both arterial and venous, at 
2.65 per 100 000 hospital admissions [8].

Case Description

A 53-year old male patient presented to the emergency neurolo-
gic clinic after a series of three partial epileptic seizures lasting 1-3 
minutes and a left-sided headache. His medical history revealed 
type-2 diabetes with diabetic neuropathy and arterial hyperten-
sion. Parenteral levetiracetam was applied, stopping the seizures 
altogether. A non-contrast CT head revealed significant air embo-
lism in the sagittal and left sigmoid sinus. There was also fluid in 
the middle ear and some of the mastoid cells on the same side, but 
no signs of mastoiditis or AOM were observed (Figure 1). The in-
flammatory markers were mildly elevated (CRP 67, WBC 11,7). He 
was referred to our ENT department where an additional anamnes-
is revealed that he had been receiving oral amoxicillin-clavulanic 
acid (AMX-CLA) in the week prior to the admission, which had been 
prescribed for left-sided otalgia by his family physician. Otoscopy 
revealed signs of serous middle-ear effusion on the left side. Audio-
metry showed a left-sided combined hearing loss with an air-bo-
ne gap of 20-40 dB. Intravenous AMX-CLA was reintroduced. The 
following day, a contrast-enhanced head MRI and MR venography 
was performed, which revealed a massive venous thrombosis of 
the sagittal, both transverse and sigmoid sinuses accompanied by 
extensive air bubbles (Figure 2). Middle-ear and mastoid effusion 
was noted on both sides, although it was more apparent on the left. 
A neck doppler ultrasound excluded the propagation of the throm-
bus into the jugular veins. He began receiving therapeutic doses 
of low-molecular-weight heparin (LMWH) and the antibiotic was 
switched to cefotaxime. We employed conservative measures (oxy-
gen, bed rest, negative Trendelenburg position). After one week, 
a follow-up CT imaging showed air resorption with a mild spread 
of thrombus noted intracranially. The patient required an increa-
sed dose of levetiracetam due to some minor seizure activity. A left 
tympanostomy was performed and serous fluid was drained from 
the ear. Microbiological analysis showed that the sample was ste-
rile. No further symptoms were noticed. He was discharged on the 

14th day with LMWH and antiepileptics.

Figure 1: Head CT revealing significant air embolism in the sagit-
tal and left sigmoid sinus (yellow arrows). Fluid is present in the 
middle ear and some of the mastoid cells on the same side (red 

arrow), but no signs of mastoiditis.

Figure 2: Contrast-enhanced head MRI and MR venography 
revealed a massive venous thrombosis of the sagittal, both trans-
verse and sigmoid sinuses accompanied by extensive air bubbles 

(blue arrows). Middle-ear and mastoid effusion on both sides, 
more apparent on the left (red arrows).

A follow-up contrast-enhanced head MRI and MR venography 
were performed 3 months later. The study revealed partial recana-
lisation of the sagittal, both transverse and sigmoid sinuses with 
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some residual filling defects. No cerebral or cerebellar ischemia 
and oedema were noted. There was still a noticeable effusion and 
mucosal thickening of mastoid cells on both sides, yet still more 
pronounced on the left (Figure 3). During the follow-up visit, the 
patient complained about occipital headaches and occasional spe-
ech difficulties. Otomicroscopy showed that the tympanostomy 
tube was patent and the ear was dry. We consulted a neurologist, 
who suggested continuing with the anticonvulsant and anticoagu-
lant therapy for a total duration of six months.

Figure 3: MRI and MR venography performed 3 months later. Par-
tial recanalisation of the sagittal sinus with some residual filling 

defects (blue arrow). Noticeable effusion and mucosal thickening 
of mastoid cells on both sides, yet still more pronounced on the 

left (red arrow).

Discussion

The following aspects of the presented case should be discus-
sed: the source of air embolism, the etiology of thrombosis and 
the cause of persistent mastoid effusion that was noted on the fol-
low-up MRI scan. When the patient was treated at the neurology 
department right after the seizures, a peripheral vein catheter was 
placed, which might have caused the air embolism. Considering a 
possibility that the thrombosis was not noted on a non-contrast 
CT scan (NCCT), this could be the case of a coincidental iatrogenic 
air embolism and otogenic CVST. A study from 2009 showed that 
a non-contrast CT scan detection sensitivity and specificity for ce-
rebral venous thrombosis are 64.4% and 97.2% respectively [9]. 

Schlimp., et al. explored the movement of air bubbles from pe-
ripheral veins to the cerebral sinuses and described the retrograde 
venous pathway in an upright positioned patient. Some anatomical 

traits such as patent foramen ovale or presence of pulmonary shunt 
can further increase the risk of this mechanism occurring [10-12]. 
The other theoretically possible route of air entry into the sigmoid 
sinus is through the dehiscent adjacent mastoid bone, though we 
were not able to find any published case depicting a direct passage 
of atmospheric air into the venous lumen in a patient with a middle 
ear infection. In order for luminal air entry to happen there would 
have to be a direct communication between the atmospheric air 
and non-collapsing venous lumen, as well as an adequate pressu-
re gradient of at least 5 cm H2O [5,6]. We also found two case re-
ports of the Lemierre syndrome, where the authors described air 
bubbles found on CT scan and attributed the condition to gas-pro-
ducing anaerobic bacteria [13,14]. Considering the patient‘s signi-
ficant amount of air inside the venous sinuses and negative middle 
ear swab culture, we believe that this option is not very likely. 

In our opinion, the most probable cause of CVST is AOM, as we 
could not identify any other risk factors. By the time of our inspec-
tion, the clinical picture was probably masked as the patient had 
already received antibiotics prior to admission. The persistent bi-
lateral mastoid effusion was most likely the result of a venous con-
gestion due to the posterior fossa CVST [15]. Only partial recanali-
sation of venous sinuses had occurred until the follow-up exam as 

it was already described.

Conclusion

As a coincidence of three separate clinical entities is very unli-
kely (AOM, CVAE, CVST), the concept of Occam’s razor points to the 
AOM as the likely culprit, with the CVAE being iatrogenic. We can-
not fully exclude that the CVST of an unknown origin was the initial 
event, with the middle-ear effusion and headache being mistaken 
for the AOM.

We hope that our case report could serve as an aid in the thin-
king process when dealing with these rare entities.
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