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Abstract

Cerebral hyperperfusion syndrome (CHS) after surgical clipping for cerebral aneurysm is a rare
entity. The authors present a 76-year-old woman with a large left internal carotid-posterior com-
municating artery aneurysm. After successful clipping with temporary occlusion of the internal
carotid artery, the patient exhibited motor aphasia. **O-gas positron emission tomography (PET)
showed extreme elevation of the regional cerebral blood flow (rCBF) along with a mildly decreased
regional cerebral metabolic rate for oxygen (rCMRO,) and a remarkable decrease in the oxygen
extraction fraction (OEF) in the territory of the ipsilateral superior trunk of the middle cerebral
artery. These data indicated local hyperperfusion. She had fully recovered from the aphasia by
postoperative day (POD) 18. PET showed normalization of CBF on POD 27. To our knowledge,
this is the first case report to show hyperperfusion syndrome, clearly detected by *°0-gas PET,

after aneurysmal neck clipping.
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Introduction

Cerebral hyperperfusion syndrome (CHS) after clip-
ping for an unruptured aneurysm is extremely rare,
and few cases have been reported to date.!™ In
these cases, regional cerebral blood flow (rCBF) was
measured using perfusion computed tomography
(CT) or single photon emission computed tomog-
raphy (SPECT). Herein, we describe a patient devel-
oping CHS after clipping of a large unruptured
internal carotid-posterior communicating artery
(IC-PC) aneurysm. To our knowledge, this is the
first report of CHS diagnosed by '°O-gas positron
emission tomography (PET). Furthermore, *O-gas
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PET findings over time were evaluated in relation
to changes in symptoms.

Case Report

A 76-year-old woman presented with a 3-month
history of double vision and photophobia affecting
her left eye. She had no history of stroke or head
trauma. CT of the brain on admission showed no
hemorrhage. Neurological findings revealed mild
left oculomotor nerve paralysis. Digital subtraction
angiography (DSA) showed a large left IC-PC aneu-
rysm with a maximum diameter of 15.8 mm (Fig. 1).
Intracranial blood flow distal to the aneurysm did
not delay. Because this aneurysm was estimated to
be at risk for imminent rupture, we performed
surgical neck clipping on the day of admission.
During surgery, the internal carotid artery was
temporarily clipped four times for 23 minutes in
total (each clipping time <10 minutes), due to
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Fig. 1 Preoperative 3D-DSA showing a It. IC-Pcom aneurysm with a maximum diameter of 15.8 mm. 3D-DSA:
three-dimensional digital subtraction angiography, IC-Pcom: internal carotid-posterior communicating artery.

premature rupture of the aneurysm. The aneurysm
was completely clipped using four titanium clips.
CT just after surgery showed neither hemorrhage
nor brain edema. She was extubated 18 hours after
surgery and showed no clear symptoms at that time,
though slight motor aphasia was suspected. Thirty
hours later (48 hours after surgery), motor aphasia
became evident. Magnetic resonance (MR) images
showed neither infarction nor hemorrhage (Figs. 2A
and 2B) and DSA showed no spasm (Figs. 2C and
2D) on postoperative day (POD) 2. Her symptoms
gradually worsened, and by POD 4 had deteriorated
to total aphasia. Electroencephalography showed
no abnormalities. **O-gas PET performed on POD 5
showed remarkably increased rCBF in the territory
of the superior trunk of the middle cerebral artery
(MCA) (Fig. 3A), and the regional cerebral metabolic
rate for oxygen (rCMRO,) was slightly decreased in
this territory (Fig. 3B). Consequently, the regional
oxygen extraction fraction (rOEF) was extremely
decreased (Fig. 3C). Regional cerebral blood volume
(rCBV) was slightly elevated (Fig. 3D). Moreover,
crossed cerebellar diaschisis was recognized, along
with decreased blood flow and metabolism, in the
contralateral cerebellar hemisphere (Figs. 3E and
3F). These PET findings and the focal neurological
deficits strongly suggested CHS. She was maintained
in a normotensive state to prevent intracerebral
hemorrhage and medicated with levetiracetam (1000
mg/day) to prevent secondary epilepsy. Her symp-
toms showed amelioration starting on POD 9 and
the follow-up '®O-gas PET on POD 13 revealed
moderate improvement of hyperperfusion in the
MCA superior trunk area, whereas the MCA inferior
trunk area had newly become hyperemic (Fig. 4A).

Her symptoms showed full resolution by POD 18,
and rCBF normalization was confirmed on POD 27
(Fig. 4B).

Discussion

We experienced a rare case of CHS after clipping
for an unruptured cerebral aneurysm, and according
to our literature search, this is the first report to
show CHS clearly detected by *0-gas PET. To date,
only five cases developing CHS after clipping for
an unruptured cerebral aneurysm have been reported.'
In these cases, only rCBF was measured, using
either perfusion CT or SPECT. However, diagnosing
cerebral hyperperfusion based only on increased
CBF is unreliable because such elevation can also
occur during epileptic seizures.>” Ictal PET revealed
hypermetabolism both at the focus and in the
contralateral cerebellum.? In our case, CBF increased
remarkably with no elevation of CMRO, in the
operated cerebral hemisphere. Moreover, CBF and
CMRO, decreased in the contralateral cerebellar
hemisphere (crossed cerebellar diaschisis). These
findings strongly suggested CHS.

Autoregulatory failure caused by any form of
preoperative or intraoperative ischemia is a possible
mechanism of hyperperfusion after clipping of cere-
bral aneurysms. Large aneurysms are reportedly
among the reasons for hyperperfusion. In the area
distal to a large aneurysm, chronic hypoperfusion
may exist preoperatively because the aneurysm acts
as a reservoir.*'Y This phenomenon, reported as
“Damping effect” or “Windkessel effect” causes drop
in cerebrovascular reactivity (CVR).'Y In addition,
the maximum flow rate increased after clipping of
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Fig. 2 Post-surgical MRI showing no new infarction on DWI (A) or hemorrhage on T2* (B). And post-surgical
DSA showed no spasm (C, D). DSA: digital subtraction angiography, DWI: diffusion-weighed imaging.

an aneurysm lead to hyperperfusion.? As well as
neck clipping, flow-diverting stents for large aneu-
rysms can also reduce blood flow into the aneurysmal
sac by directing flow to the distal vessel, leading to
hyperperfusion.” Temporary clipping can also be
associated with hyperperfusion. It has been reported
that reperfusion after dysautoregulation of CBF caused
by temporary clipping can lead to cerebral hyper-
perfusion.!#12Y Among cases with ruptured aneu-
rysms, intraoperative total temporary clipping time
and the maximum single temporary clipping time
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were significantly longer in those with than in those
without cerebral hyperperfusion (31.9 vs 13.9 minutes,
p = 0.0157) (18.4 vs 8.6, p = 0.0313).'? In three
reported cases with unruptured aneurysms, cerebral
hyperperfusion developed after 7-10 minutes, in
total, of temporary clipping.'® The threshold of the
temporary clipping time as regards hyperperfusion
remains unknown, because it depends on the degree
of collateral flow which varies among individuals.
In our case, presurgical CVR might have been normal
because DSA did not show damping effect. During
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Fig. 3

130-gas PET performed on POD 5 shows elevated CBF (A) and CBV (D) in the area supplied by the It.

superior trunk of the MCA. CMRO, (B) was slightly decreased (arrowhead) while OEF (C) was decreased in the
same area. CBF (E) and CMRO, (F) were decreased in the contralateral cerebellar hemisphere (arrow). CBF:
cerebral blood flow, CBV: cerebral blood volume, CMRO,: cerebral metabolic rate for oxygen, MCA: middle cere-
bral artery, OEF: oxygen extraction fraction, PET: positron emission tomography, POD: postoperative day.

POD 13 POD 27

Fig. 4 CBF on ®0O-gas PET revealed the CHS involve-
ment to extend to the area of the lt. inferior trunk of
the MCA on POD 13 (A) and to have normalized by
POD 27 (B). CBF: cerebral blood flow, POD: postoper-
ative day, PET: positron emission tomography.

surgery, the maximum temporary clipping time was
10 minutes and the total temporary clipping time
was 23 minutes. Long time blockage of blood flow
caused autoregulatory failure. Compression of brain

tissue with a spatula and intraoperative injury to the
superficial sylvian vein might also cause hyperper-
fusion, according to one reported.?

In most unruptured aneurysm cases including ours,
CHS developed within 24 hours and disappeared
within 30 days after clipping surgery.'™ In our case,
the symptoms clearly manifested at 48 hours after
surgery and was revealed improvement tendency on
POD 9. However, the area of rCBF increasing was
spreading posterior to the MCA on POD 13 (Fig. 4A).
The reason of this phenomenon was unclear but may
have been related to heterogeneity of the cerebral
vascular response to chronic or transient ischemic
insult, or some electrophysiological factors could be
involved. The symptom had disappeared by POD 18
and rCBF showed normalization on POD 27 (Fig. 4B).
The resolution of her symptoms was followed by
improved imaging findings.

Conclusion

In the present case, CHS could be clearly demon-
strated by measuring both rCBF and rCMRO, using
0O-gas PET, after clipping of a large unruptured
aneurysm. °O-gas PET can easily distinguish CHS
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form post-surgical epilepsy. Although CHS after
clipping is extremely rare, this clinical entity must
be considered when a large aneurysm is treated by
clipping with the aid of prolonged temporary occlu-
sion of the parent artery.
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