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ABSTRACT

Background Large fat embolus is a rare but potential
reversible cause of ischaemic stroke.

Methods and results We describe the neurosurgical
management of a complete right internal carotid artery
occlusion due to a large fat embolus, caused by a mitral
valve replacement.

Gonclusion Knowledge of acute cerebral ischaemia
due to large fat embolism and its hallmark ‘hypodense
artery’ is mandatory. Extracranial to intracranial bypass is
a feasible rescue treatment after failure of endovascular
embolectomy.

INTRODUCTION

Cerebral fat embolism (CFE) is the depo-
sition of lipid droplets or fatty tissue in the
cerebral blood circulation.'

Microvascular manifestations are most
common, typically occurring after trauma or
orthopaedic surgery, with multiple fat micro-
emboli migrating to the lungs, or, in the
presence of a patent foramen ovale, to the
brain.' The neurological findings vary greatly,
ranging from no signs or symptoms to coma.

Macrovascular manifestations of CFE are
extremely rare and are almost exclusively of
iatrogenic origin during cardiac surgery, for
example when cannulating the aorta for a
cardiopulmonary bypass, aortic clamping,
median sternotomy or dislodged pericar-
dial or epicardial fat.” Recently, another
cause has been reported where large fat
emboli occurred secondary to the injection
of facial fat in aesthetic procedures resulting
in migration via extracranial to intracranial
collaterals.*

Imaging confirmation of CFE is preferably
made with MRI, where a typical ‘starfield’
appearance is seen on DDiffusion weighted
Imaging (DWI) sequences.” On CT brain,
it is more difficult to visualise microvascular
CFE; however, larger fat emboli can be seen
as hypodense intra-arterial nodules (density
of about 60 HU), the so-called hypodense
artery sign.’
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We describe the management of a patient
with a right internal carotid artery (ICA)
occlusion due to a fat embolus, caused by
an open mitral valve replacement. This case
report illustrates two key points. First, due to
the rarity of large vessel CFE, it can be misdi-
agnosed, resulting in a crucial loss of time.
Second, although controversial, surgery can
have an important role in the treatment of
acute cerebral large vessel occlusion.

CASE DESCRIPTION

A 69-year-old patient underwent an open
mechanical mitral valve replacement, seem-
ingly an uncomplicated procedure. The
patient awoke in the intensive care unit with
a Glasgow Coma Scale (GCS of 9 (E2V2M5)
and a complete left hemiplegia (National
Institutes of Health Stroke Scale (NIHSS)
of 25). An urgent CT brain and CT angiog-
raphy (CTA) was performed that showed a
low density abnormality on CT in the right
distal internal carotid artery (ICA) and first
segment of the middle cerebral artery (MI)
(figure 1A and B), without evidence of cere-
bral infarction. On the arterial sequences,
no filling of the right M1 was seen; the first
segment of the right anterior cerebral artery
(Al) and the posterior communicating artery
(Pcom) were patent. This was initially misdi-
agnosed as an air embolus and the patient was
urgently transferred for hyperbaric therapy,
which was initiated 10hours after surgery.
Because there was no clinical improvement,
the imaging was reviewed and the diagnosis
of fat embolus was made. Multiple attempts
at endovascular retrieval were then under-
taken, but no adequate reperfusion could be
obtained. Only a small channel was able to
be formed around the fat embolus (Throm-
bolysis in Cerebral Infarction Scale, Grade
1). It was considered that the vessel was likely
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Figure 1 (A) Axial CT brain, showing a hypodense right
distal MCA. (B) Close up coronal CT angiography, showing a
normal left configuration with patent left M1, A1 and terminal
ICA ("), on the right, we see a fat embolus (white arrow)
extending in the right M1, with no contrast enhancing distal
of the embolus. Furthermore, we clearly see the difference
in density between the air in the sphenoid sinus (SS) and fat
embolus. ICA, internal carotid artery.

to reocclude given the residual stenosis and thromboge-
nicity of the fat embolus.

At this stage, the neurosurgical department was
contacted. As 24 hours had passed since the initial cardiac
surgery, a new CTA with perfusion images was performed,
which showed reocclusion of the right ICA. Perfusion
images showed the infarct core at the level of the basal
ganglia, defined by a prolonged Time To Maximum
(Tmax) and markedly decreased Cerebral Blood Flow
(CBF) and Cerebral Blood Volume (CBV). The cortex
had prolonged Tmax but only moderately reduced CBF
and near normal CBV (figure 2A, B and C). Clinically, the
patient was unchanged. As there was a large penumbra,
the patient was considered likely to benefit from reperfu-
sion therapy by removal of the fat embolus or Superficial
Temporal Artery to Middle Cerebral Artery (STA-MCA)
bypass.

Figure 3 (A) Intraoperative image illustrating the distal

ICA, M1 and A1 segment with the obvious blue clot shining
through. (B) Perioperative image showing the arteriotomy
with the organised fat embolus as well as the gold temporary
clips.

SURGICAL TECHNIQUE

A right pterional, transsylvian approach to the right ICA
was performed. The fat embolus was visualised through
the arterial wall at the ICA bifurcation extending into
the middle cerebral artery (figure 3A). The segment was
trapped using temporary clips on the internal carotid,
anterior cerebral and middle cerebral arteries. An arte-
riotomy was performed and an organised fat embolus
was found (figure 3B). The fat embolus was too adherent
to the intima to be completely removed, and a subtotal
piecemeal embolectomy was performed. The temporary
proximal ICA clip was removed in an attempt to help in
dislodging the embolus, but this was unsuccessful. At this
stage, it was decided to trap the occluded segment and
perform a bypass. The arteriotomy was closed. A perma-
nent aneurysm clip was placed across the ICA just prox-
imal to the embolus and distal to the anterior choroidal
artery, proximal to Al and M1. This was done because it
was considered unsafe to reperfuse through the partially
removed embolus for fear of dislodgement into the distal
vasculature. The other temporary clips were removed.
A superficial temporal artery to middle cerebral artery
bypass graft was then performing using interrupted 10/0
nylon on a temporal branch of the middle cerebral artery.

Figure 2

(A) CT perfusion showing markedly increased Tmax at the level of the basal ganglia in the right hemisphere and at
the level of the right frontal and temporal cortex. (B) CT perfusion showing markedly reduced rCBYV at the level of the basal
ganglia in the right hemisphere, and near normal rCBYV at the level of the right frontal and temporal cortex. (C) CT perfusion
showing markedly reduced rCBF at the level of the basal ganglia in the right hemisphere, and moderately reduced rCBF at the
level of the right frontal and temporal cortex.
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Figure 4 Postoperative 3D CTA, white arrow indicating the
patent STA-MCA bypass. CTA, CT angiography.

Figure 5 Axial CT brain, 6 months postoperatively. The
well-defined right-sided basal ganglia infarct is noted with
secondary right ventricular dilation.

Perioperatively aspirin was started. Good flow was demon-
strated in the bypass. The cross clamp time was 35 min.
An intraparenchymal pressure monitoring catheter was
placed and the dura, bone flap, temporal muscle and skin
were closed in standard fashion.

RESULTS

On postoperative day 1, the intracranial pressures
remained stable, a CT brain and CTA showed ischaemia
of the basal ganglia, but a patent bypass (figure 4). The
patient was extubated. On postoperative day 2, there was
a GCS of 14/15 (E4V4M6) NIHSS of 16, but a persisting
complete left hemiplegia and neglect. Therapeutic anti-
coagulation was started postoperative day 7. Postoperative
week 3, the first signs of recovery started to appear, there
was motor contraction in the left lower limb (2/5) and
upper limb (1/5) NIHSS of 14. After 4 weeks, the patient
was transferred to a rehabilitation centre.

At 6 months follow-up, the patient made a good
recovery in the left lower limb (4-/5) and was able to walk
independently; NIHSS of 9. In the left upper limb, there
was no recovery. A CT brain and CTA show infarction
of the basal ganglia but no infarction in the previously
demonstrated penumbra (figure 5).

DISCUSSION

With only few reports of large artery occlusion due to a
fat embolus, the diagnosis can be a challenge, delaying
correct diagnosis and management." Knowledge of the
hallmark hypodense artery sign and the differentiation
with an air embolus, which typically has a density less than
-1000 HU (vs -30 to =70 HU for fat) is mandatory.

In patients with acute or evolving stroke, outcome
is related to timing of reperfusion.” Unlike thrombo-
embolic arterial occlusion, no guidelines exist for the
management of ischaemic stroke secondary to fat emboli.
Endovascular thrombectomy is now the standard of care
for patients with acute ischaemic stroke secondary to
acute large vessel occlusion, and seems the most appro-
priate first-line treatment for large fat emboli.* Multiple
successful fat emboli retrievals have been reported.! In
our case, endovascular retrieval was unsuccessful, possibly
due to the time elapsed between initial onset and the
endovascular attempt (24 hours).

As the patient was further deteriorating, the next
treatment option could have been conservative, or an
attempt for surgical reperfusion. The role of surgery in
the treatment of acute ischaemic stroke is controversial.
Minimally invasive and rapid surgical embolectomy has
been proposed as a rescue procedure when endovascular
embolectomy fails.*? Another surgical option in restoring
blood flow if endovascular (or open) embolectomy fails is
a bypass. Literature looking at Extracranial to intracranial
(EC-IC) bypass for emergency cerebral revascularisation
is sparse, probably provoked by the general aversion of
bypass surgery after the publication of both the ECIC
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bypass study and the COSS trial, and a general trend to
less invasive treatment modalities.'’ ! Nonetheless, as
shown by Nussbaum et al and Burkhardt et al, in selected
patient groups, an emergency bypass can arrest progres-
sion of stroke or result in neurological improvement.'? ?

Further deterioration despite maximal standard treat-
ment options and the presence of ‘salvageable brain’
on perfusion imaging were key in the decision making.
A surgical reperfusion was thought to give the patient
the best chance for a better outcome. The goal of the
surgery was a complete embolectomy, with bypass as a
salvage option. An adequate thrombectomy could not be
obtained because of adherence of the fat to the intima
of the vessel, possibly due to the time elapsed between
onset and surgery, so a STA-MCA bypass was performed.
Due to the involvement of a centre experienced in bypass
surgery, the outcome of this patient was favourable.'*
This view is supported by the rapid clinical improvement
after surgery and sparing of the distal MCA territory on
follow-up imaging.

CONCLUSION

Knowledge of acute cerebral ischaemia due to large
fat embolism and its hallmark ‘hypodense artery’ is
mandatory. Extracranial to intracranial bypass can be a
feasible rescue treatment after failure of endovascular
embolectomy.
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