
Introduction

Percutaneous transluminal angioplasty (PTA) is increas-
ingly used for treatment of stenosis of extracranial arteries
on an experimental basis [2, 4–6, 12, 16, 23, 24, 26]. Expe-
rience with risks and complications of this procedure is still
accumulating [1]. There have been three major categories
of complications: embolism associated with intravascular
manipulation, haemodynamic compromise during balloon
inflation, and early restenosis or occlusion [1, 2, 4–6, 12,
16, 23, 24, 26]. There have been no reports of reperfusion
injury after successful PTA, similar to that encountered af-
ter carotid endarterectomy (CEA) [3, 7, 8, 11, 14, 17–19,
21, 22]. We report here two cases of reperfusion injury with
subarachnoid haemorrhage (SAH) and intracerebral haem-
orrhage (ICH) from our series of 86 patients treated with
PTA of extracranial arteries from 1989 to 1995 [5].

Case reports

Case 1

A 49-year-old right-handed man was admitted to our hospital for
PTA of multiple extracranial artery stenoses. He gave a history of
acute transient left-sided sensorimotor hemiparesis 6 weeks be-
fore. On admission, neurological examination was completely nor-
mal. CT of the brain showed left-sided borderzone infarction. Se-
lective digital subtraction arteriography revealed high-grade steno-
sis of the left internal carotid artery (ICA), both subclavian arteries
(SA) and both proximal vertebral arteries (VA). He underwent
PTA with dilatation of the left ICA and both VA and stent inser-
tion into the right SA. Immediately after PTA, he developed oc-
cipital headache, vomiting, mild confusion and increased arterial
blood pressure (160/90 mmHg), but no neurological deficit. Six-
teen hours after the intervention, he suddenly developed arterial
hypertension (240/100 mmHg), severe coma, tonic seizures, bilat-
eral dilated unresponsive pupils, and decorticate posturing. CT re-
vealed diffuse basal SAH, swelling of the brainstem and acute hy-
drocephalus (Fig. 1). Transcranial Doppler sonography (TCD)
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showed marked increase of mean blood flow velocities in the VA
and basilar artery (120–160 cm/s, pulsatility index (PI) 1.7; pre-
PTA 40–60 cm/s, PI 0.7). Aggressive treatment of elevated in-
tracranial pressure did not prevent neurological deterioration. The
patient died with upward transtentorial herniation within 20 h.
Necropsy was not performed.

Case 2

A 59-year-old woman with a history of minor depression for sev-
eral years was admitted to our hospital for PTA of a high-grade
stenosis of the left ICA. On examination, she exhibited a mild
right-sided sensorimotor hemiparesis. CT of the brain showed a
left-sided borderzone infarction. Three days after left carotid PTA,
she developed left-sided temporal headache, vomiting, confusion,
and arterial hypertension (240/100 mmHg). Within 7 h, she rapidly
developed right-sided hemiplegia, global aphasia and simple par-
tial seizures on the right. CT disclosed a small left-sided putaminal
ICH and subcortical oedema (Fig. 2). TCD showed an increase of
mean blood flow velocity and pulsatility index in the left middle
cerebral artery (150 cm/s, PI 2.2; pre-PTA 50–70 cm/s, PI 0.6), but
normal mean blood flow velocities in the right middle cerebral
artery (80 cm/s, PI 0.8). The patient recovered with a mild right
upper limb paresis.

Discussion

To our knowledge, this is the first report of cerebral reper-
fusion injury after PTA of extracranial arteries. Our two
patients became symptomatic with severe localized
headache, vomiting, confusion, seizures, and arterial hy-
pertension. These symptoms are typical of the hyperper-
fusion syndrome after CEA and commonly occur prior to
intracranial bleeding [3, 7, 8, 11, 14, 15, 17–19, 21, 22].
Four-vessel angiography in our patients did not reveal any
aneurysm or vascular malformation. The mechanism of
impaired autoregulation in the hyperperfusion syndrome
after CEA might relate to: (1) damage of carotid barore-
ceptors, resulting in carotid baroreceptor insensitivity; (2)
secondary arterial hypertension after a short period of
bradycardia and hypotension immediately after CEA [8];
(3) increased expression of metabolic factors, e.g. lactic acid,
adenosine, free oxygen radicals and vasoactive neuropep-
tides from perivascular nerve endings, e.g. calcitonin
gene-related peptide, which are known to contribute hy-
perperfusion [15] and (4) long-lasting hypoperfusion dis-
tal to the tight stenosis resulting in maximal vasodilatation
[10]. Impaired autoregulation [3, 7, 8, 10, 11, 14, 17–19,
21, 22] combined with hyperperfusion, as suggested by
increased mean blood flow velocities and pulsatility in-
dices on ultrasound [9–11, 21], might contribe to high-
pressure autoregulatory failure in which very high perfu-
sion pressure overwhelms arteriolar vasoconstriction abil-
ity. Finally, capillaries may leak through disruption of
tight junctions of capillary endothelial cells with extrava-
sation of protein and fluid, causing cerebral oedema and
haemorrhage [3, 10]. There are no reports in the literature
of SAH as a reperfusion injury after CEA. In patient 1, al-
though ultrasonic evaluation and four-vessel angiography
were normal, we cannot exclude an intracranial dissection
or a vertebral or basilar arterial aneurysm. However, the
reperfusion injury after transluminal recanalisation of the
vertebrobasilar territory combined with the autoregulatory
failure and hyperperfusion as a result of simultaneous
transluminal carotid recanalisation may also cause SAH
by overwhelming the existing weakness of the arterial wall.
Thus, SAH as a reperfusion injury after multiple angioplas-
ties might be a distinct entity, which needs further evalua-
tion and discussion. The mechanisms of complications
and clinical similarities of the hyperperfusion syndrome
after PTA and CEA are obvious. Therefore, like the re-
ported hyperperfusion syndrome after CEA, we can de-
scribe a hyperperfusion syndrome after PTA as consist-
ing of localized headache, vomiting, confusion and sei-
zures.

To ensure adequate post-interventional management,
observation in an intensive care unit for at least 24 h with
monitoring of arterial blood pressure, treatment of hyper-
tension and seizures, and access to ultrasonic, electroen-
cephalographic and CT examination is necessary. Medical
treatment after PTA commonly includes full-dose antico-
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Fig.1 Diffuse basal SAH with
swelling of the brainstem and
acute hydrocephalus

Fig.2 Left-sided putamial
ICH with left-sided borderzone
infarction and subcortical
oedema



agulation for 24 h and antiplatelet therapy to avoid em-
bolism. Because of the above-mentioned possible compli-
cations, careful control of arterial blood pressure is highly
recommended. Detection of increased mean flow velocity
and PI on ultrasound and clinical signs suggestive of HI
should lead to increased intensive care monitoring for HI.
Whether full-dose anticoaguation in this phase might be
better avoided should be studied in larger series [10]. New
management strategies of the hyperperfusion syndrome,
e.g. by blocking perivasular sensory nerve fibres, have not
yet been evaluated [15]. Like others [8, 20], we use cloni-
dine for treatment of arterial hypertension after PTA in or-
der to reduce the sympathoneural outflow associated with
injured baroreceptors after PTA. Multiple angioplasties of
vessels supplying the brain in one session may also pre-
dispose to reperfusion injury.

To summarise, reperfusion injury after PTA is a very
rare, but serious complication. The frequency of intracere-
bral haemorrhage after CEA ranges from 0.3% to 1.2%
[3]. Reperfusion injury with intracerebral haemorrhage or
SAH after PTA might be in the same range; therefore, in
addition to the above-mentioned risk factors, distinct new
risk factors of autoregulation failure will have to be deter-
mined. The detection of subcortical oedema by early CT
might be helpful in future [3]. The predictive power of el-
evated blood flow velocities and PI on TCD to discrimi-
nate between simple hyperaemia and harmful reperfusion
injury needs to be further evaluated [10]. Future studies
combining transcranial ultrasound [10], magnetic reso-
nance flow quantification [25] and near-infrared spec-
troscopy [13] could prove useful in detecting reperfusion
injury after both PTA and CEA.
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