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Hyperperfusion syndrome after aneurysm surgery: a case report
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Abstract A 74-year-old woman exhibited sensory aphasia
with abrupt blood pressure elevation 3 h after clipping of an
unruptured large left middle cerebral artery aneurysm.
Perfusion computed tomography and single-photon emission
computed tomography demonstrated hyperperfusion in one of
the distal parent artery areas. She gradually improved and was
discharged without neurological deficits. Increased distal
blood flow after occlusion of the large cerebral aneurysm
and postischemic reperfusion after temporary occlusion of
the parent artery during surgery presumably played an impor-
tant role in the occurrence of this fairly rare condition associ-
ated with aneurysm surgery.
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Introduction

Hyperperfusion is a known complication of neurovascular
interventions including carotid endarterectomy, percutaneous
transluminal angioplasty, and extracranial-intracranial bypass
surgery [5]. However, the development of hyperperfusion
syndrome in association with aneurysm surgery is extremely
rare [2, 4, 6]. We herein describe a case of hyperperfusion
syndrome after clipping of an unruptured large middle

cerebral artery (MCA) aneurysm. The mechanism of this fair-
ly rare condition is discussed.

Case report

A 74-year-old woman was admitted to our institution for re-
pair of an incidentally found large left MCA bifurcation an-
eurysm. She had no history of stroke or other vascular risk
factors except for mild hyperlipidemia. Neurological exami-
nation results were normal. Digital subtraction angiography
(DSA) and three-dimensional computed tomography angiog-
raphy (3D-CTA) revealed a large MCA bifurcation aneurysm
with a maximum diameter of 20mm (Fig. 1a and b). Magnetic
resonance (MR) angiography showed the lesion with attenu-
ation of the M2 inferior trunk (Fig. 1c, arrowheads).

The patient underwent left frontotemporal craniotomy, and
the aneurysm was totally exposed via the transsylvian ap-
proach without damage to the venous system. Multiple clips
were placed to obliterate the lesion during temporary proximal
MCA occlusion for a total of 10 min in three sessions. The
MCAwas preserved without stenosis, and intraoperativemon-
itoring of motor-evoked potentials and somatosensory evoked
potentials showed no change. Intraoperative Doppler ultra-
sound flowmetry (DVM-4500; Hadeco, Inc., Kanagawa,
Japan) revealed that the blood flow of the M2 segments distal
to the aneurysm before and after clipping were 75 and 50 ml/
min (superior trunk) and 22 and 48 ml/min (inferior trunk),
respectively.

The patient showed no neurological deficits soon after sur-
gery, but sensory aphasia with abrupt elevation of the blood
pressure was observed 3 h later. She received edaravone,
hydroxyethyl starch, and fosphenytoin sodium, and her blood
pressure was strictly controlled. 3D-CTA and perfusion CT on
postoperative day (POD) 1 demonstrated complete obliteration
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of the aneurysm, a patent MCAwithout stenosis (Fig. 2a). We
also observed increased cerebral blood flow (CBF) (Fig. 2b),
increased cerebral blood volume, and a shortened mean transit
time.

On POD 2, the patient’s blood pressure stabilized and her
sensory aphasia gradually improved. An MR image obtained
on POD 4 showed no abnormality on fluid-attenuated inver-
sion recovery imaging (Fig. 2c) or diffusion-weighted imag-
ing, but MR angiography demonstrated higher intensity of the
inferior trunk than shown on the preoperative image (Fig. 2d,
arrowheads). The results of the Standard Language Test of
Aphasia on POD 10 were normal, but single-photon emission
computed tomography (SPECT) showed a persistent increase
in the CBF in the left temporoparietal lobe (right vs. left an-
gular area, 47.42 vs. 54.16 ml/100 g/min, respectively; right

vs. left temporal area, 43.65 vs. 46.95 ml/100 g/min, respec-
tively) (Fig. 2e). She was clinically well 3 months after sur-
gery, and SPECT demonstrated no laterality in the CBF.

Discussion

Hyperperfusion is thought to be caused by an acute, excessive
increase in CBF into a chronically hypoperfused area, where
microvessels are pathologically dilated to restore CBF with
dysautoregulation [2].

The association of this syndrome with aneurysm surgery is
extremely rare. A review of the literature revealed only four
previously reported cases (unruptured aneurysm cases) [2, 4,
6]. Although the small number of cases precludes statistical
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Fig. 1 Preoperative images. a
Preoperative DSA and b 3D-CTA
showing a large aneurysm of the
left MCA bifurcation. c MRA
demonstrating the lesion with
attenuation of the M2 inferior
trunk (arrowheads)
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Fig. 2 Postoperative image. a
3D-CTA on POD 1 showing
complete obliteration of the
aneurysm and a patent MCA
without stenosis. b Perfusion CT
on the same day demonstrating
increased CBF in the left MCA
territory. c FLAIR-MR image
obtained on POD 4 showing no
abnormal findings. dMRA of the
same day demonstrating higher
intensity of the inferior trunk than
on the preoperative image
(arrowheads). e SPECT image on
POD 10 showing slightly
increased CBF in the left
temporoparietal lobe
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analysis, accumulated clinical data suggest that the causative
factors include increased distal blood flow after clipping of a
large or giant aneurysm [3, 4], postischemic reperfusion after
temporary occlusion of the parent artery [1, 2], and disturbed
venous return by brain compression with a spatula or injury to
the intracranial veins [6].

Large or giant aneurysms are known to cause decreased
systolic blood flow through the distal parent artery due to
the retained blood in the lesion during diastole [4].
Consequently, neck clipping of the aneurysm may cause an
exponentially increased systolic velocity of the artery that the
dilated microvessels cannot regulate, leading to hyperperfu-
sion. The present case supports this notion for three reasons:
preoperative MRA suggested decreased flow velocity of the
inferior trunk of the MCA, increased blood flow of the affect-
ed artery due to clipping was confirmed intraoperatively by
Doppler ultrasound flowmetry, and postoperative MRA re-
vealed higher intensity of the artery compared with the preop-
erative image with a patent MCAwithout stenosis. The calcu-
lated increase in the velocity of the M2 inferior trunk in this
case was not particularly high (26 ml/min), but it may have
been sufficient for capillary breakthrough.

Postischemic reperfusion after temporary occlusion also
might have contributed to the circulatory disturbance.
Several authors have reported that the total duration and max-
imum single duration of temporary occlusion during clipping
are significant risk factors for hyperperfusion, especially in
cases involving a total duration exceeding 20 min [1, 3].
Although the duration was only about 10 min in three sessions
in this case, efforts should be made to shorten the time of
temporal occlusion of the parent artery, especially during sur-
gical repair of large to giant aneurysms.

The symptoms of hyperperfusion are similar to those of
brain ischemia, but the treatments differ. The pathophysiology
is usually not visualized by routine postoperative CT or MRI.
Physicians must be aware of this rare but potentially disabling
condition following aneurysm surgery.
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Comments

Very well written case report describing a case with transient hyperper-
fusion syndrome after elective surgery for a large MCA bifurcation an-
eurysm. The authors describe the possible mechanisms, including tempo-
rary occlusion of 10 min in total divided into three rounds, but their main
hypothesis is that aneurysm occlusion led to an increase in flow through
the inferior M2 trunk and hence a hyper perfusion syndrome in the an-
gular area. This is substantiated by their intro flow measurements. Intra-
operative Doppler ultrasound flowmetry revealed that the blood flow of
the M2 segments distal to the aneurysm before and after clipping were 75
and 50 ml/min (superior trunk) and 22 and 48 ml/min (inferior trunk),
respectively. In my personal experience, I have had similar cases, but
never performed this thorough intro and post investigations, something
I commend the authors for. I use temporary clipping in the vast majority
of aneurysm cases and have never seen hyperperfusion syndrome postop
unless there was a large or giant aneurysm, so I believe that the hyper
perfusion is secondary to clipping of the aneurysm, thereby leading to
reduced attenuation of flow in the M2 branches.

Torstein Meling
Oslo, Norway
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