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Abstract

Hyperperfusion syndrome (HPS) after carotid artery stenting (CAS) may cause hemorrhagic or ischemic
events leading to serious sequelae. We previously reported the staged angioplasty (SAP) to prevent HPS.
In the present study, we analyzed our treatment results of SAP to know its effectiveness and problems. The
study included 43 patients scheduled for SAP in whom preoperative single photon emission computed
tomography (SPECT) showed severely impaired cerebral blood flow (CBF). The analyzed subjects were
38 males and 4 females, mean age was 73 + 8.5 years old. SAP was indicated for the patients whose CBF
ratio in the affected/unaffected hemisphere (asymmetry index) was below 0.8, and cerebrovascular reac-
tivity measured by acetazolamide challenge was below 10%. First, percutaneous transluminal angioplasty
(PTA) was performed. If PTA was successful, CAS was performed 2 weeks later. If PTA was not successful
due to inadequate dilatation or extensive dissection, a stent was placed. SPECT was performed immedi-
ately after PTA and CAS to confirm the presence or absence of hyperperfusion phenomenon (HPP) indicat-
ing radiologic hyperperfusion. In 39 of 43 patients (91%), SAP was successfully performed and HPP was
not observed. On the other hand, in the other four patients (9%), immediate stent placement was added
due to inadequate dilatations in three patients and vascular dissection in one. Among 43 candidates for
SAP, 41 patients (95.4%) had favorable course, but one hemorrhagic and one ischemic complications were
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observed after PTA. SAP was a relatively simple procedure, and its clinical results seemed acceptable.
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Introduction

Carotid artery stenosis is a part of arteriosclerotic
disease, for which the number of treatment has
been steadily growing. Carotid artery stenting
(CAS) was reported to have equivalent treatment
results with carotid endarterectomy (CEA) in two
studies of Stenting and Angioplasty with Protec-
tion in Patients at High Risk for Endarterectomy
(SAPPHIRE)Y and Carotid Revascularization Endar-
terectomy versus Stenting Trial (CREST).? In CAS,
embolic and hemorrhagic complications occur.
Among them, hyperperfusion syndrome (HPS)
is noted in 1.1% of patients after CAS and may
result in potentially serious sequelae secondary
to intracerebral hemorrhage in 0.7%.” The cause
is considered a transient dysfunction of cerebral
vascular autoregulation after revascularization. For
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HPS after CEA, rigorous postoperative control of
blood pressure is appropriate, although some reports
showed that it is ineffective after CAS.? Similarly,
HPS after CAS is also known to more likely to
develop in preoperative patients with impaired
cerebral blood flow (CBF), so we have previously
reported staged angioplasty (SAP) for avoidance
of this complication.” This study describes our
clinical experience of SAP including hemorrhagic
and ischemic complications.

Subjects and Methods

I. Patients

Of 293 patients who underwent CAS between April
2004 and February 2015, 43 patients in whom SAP
was performed were included in the study. Subjects
are as follows: 38 males and 4 females with mean
age of 73 + 8.5 years old, and 33 symptomatic and
10 asymptomatic lesions (Table 1).
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Table 1 Characteristics of the patients treated with
staged angioplasty

Age, mean + SD* (y) 73.3 £ 8.5
Male, n (%) 38 (88.4)
Stenosis, mean = SD* 93.0 = 3.8
Hypertension, n (%) 35 (81.4)
Diabetes, n (%) 17 (39.5)
Hyperlipidemia, n (%) 19 (44.4)

*. SD: standard deviation.
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Fig. 1 Treatment strategy of carotid artery stenosis.
CAS: carotid artery stenting, CBF: cerebral blood flow,
CVR: cerebrovascular reactivity, IVUS: intravascular
ultrasound, PTA: percutaneous transluminal angioplasty,
SPECT: single photon emission computed tomography.

II. Preoperative evaluation

CAS was indicated for patients who had symptomatic
lesions with stenosis rate of > 50% or asymptomatic
lesions with that of > 80% according to the North
American Symptomatic Carotid Endarterectomy
Trial (NASCET) criteria."® The patients with the
stenosis rate of > 80% was subject to preoperative
13- IMP single photon emission computed tomog-
raphy (SPECT) according to the report showing that
patients with more than 80% of severe ICA stenosis
exhibits a drop of CBF and a significant increase of
oxygen extraction fraction (OEF) on positron emis-
sion computed tomography (PET).?

SAP was indicated for patients in whom preopera-
tive cerebral blood test revealed that cerebrovascular
reactivity (CVR) was less than 10% and that the CBF
ratio of the affected to unaffected hemisphere (asym-
metry index: AI) was < 0.8 among these patients
(Fig. 1). Currently, we perform SAP only for the patients
at high risk of post procedure HPS, whose asymmetry
index was no more than 0.8 with CVR of less than
10% on preoperative SPECT. Basically, patients with
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Fig. 2 Schedule of SPECT. CAS: carotid artery stenting.
PTA: percutaneous transluminal angioplasty, SPECT:
single photon emission computed tomography.

soft plaques which was shown as high signal inten-
sity on time-of-flight MRA”® or with circumferential
calcification were excluded from this study.

III. Preoperative *I-IMP SPECT (Fig. 2)

MBq of N-Isopropyl-4-Iodoamphetamine (**I- IMP)
(Nihon Medi Physics Co. Ltd., Nishinomiya, Hyogo)
was intravenously injected twice, once at the time
of SPECT scan (t = 0 min) and again at 30 min later.
Arterial blood was sampled at 10 min for calibrating
the standardized arterial input function. Acetazolamide
was administered at 10 min before the second IMP
administration. SPECT just after each angioplasty
was qualitatively performed under IMP administra-
tion without acetazolamide (Diamox) load within 24
hours of the procedure.

Based on the previously mentioned criteria,?
patients whose asymmetry index was less than
0.8 with CVR of less than 10% were judged to
be at high risk for post-treatment hyperperfusion
phenomenon (HPP). HPP was defined as asym-
metrical index of CBF was over 1.2 on SPECT just
after angioplasty.

IV. SAP

1. Preoperative antiplatelet therapy

Treatment regimen with two antiplatelet agents
composed of aspirin (81-100 mg) and cilostazol
(100-200 mg) or clopidogrel (75 mg) were started
at least 1 week before percutaneous transluminal
angioplasty (PTA). When platelet aggregation test
just before PTA indicated that both drugs were
ineffective, the drug was switched to another one
and/or the dosage was increased. These two drugs
were concomitantly used for 3 months after CAS,
and then more effective drug in platelet aggregation
was continued.

2. SAP stage 1: balloon angioplasty
Proximal protection device such as MO.MA ultra
(Medtronic JAPAN Co. Ltd., Tokyo) was used. Each
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of the patients was systemically heparinized during
the operation, and activated partial thromboplastin
time (APTT) was controlled at 1.5—-2 times that before
the procedure. Semi-compliant 2.5 mm balloon
catheter was first used. The balloon was inflated at
nominal pressure for 30 seconds, and then intravas-
cular ultrasound (IVUS) imaging was performed to
confirm whether the minimal lumen diameter was
increased to > 2 mm. If successful, the procedure
was completed. In case of inadequate dilatation,
the balloon was further inflated for additional 2
min at rated burst pressure. In case of inadequate
dilatation or extensive dissection, stent placement
was added immediately.

3. SAP stage 2: CAS

Basically, CAS was performed at 2 weeks after the
PTA. Each of the patients under local anesthesia was
systemically heparinized during the operation, and
APTT was set at 1.5—2 times that before operation.
Following pre-dilatation with a semi-compliant balloon
under proximal cerebral protection, a self-expanding
nitinol stent was placed, and post-dilatation was
additionally performed if needed. After stenting,
IVUS was performed to identify the degree of stent
apposition and presence of plaque protrusion from
the stent strut.

V. Assessment of clinical outcome
We confirmed the presence or absence of HPP
or HPS after PTA and CAS. HPS was defined as a

Fig. 3 Changes of cerebral
blood flow (CBF) on *I-IMP
single photon emission computed
tomography (SPECT) in a
representative case. Preopera-
tive SPECT showing decrease
of rest-CBF (A) and cerebro-
vascular reactivity (CVR) (B)
in the right middle cerebral
artery (MCA) territory. SPECT
just after stage 1 angioplasty
(C) showing no hyperperfusion.
SPECT before stage 2 angio-
plasty showing no decrease of
CBF (D), but slight decrease in
CVR (E). Postoperative SPECT
showing no hyperperfusion
after stenting (F).

condition in which headache, seizures, and cerebral
hemispheric symptoms or intracerebral hemorrhage
develop after the procedure due to abrupt CBF
increase in a patient who had severely impaired
CBF. The clinical outcome was assessed by modi-
fied Rankin Scale (mRS) on discharge.

VI. Statistical analysis

Descriptive statistical analysis was performed
including mean =+ standard deviation or median
and interquartile range (IQR). Wilcoxon/Kruskal-
Wallis test was used to compare the two groups,
which found a statistically significant difference
between the both groups with P < 0.05. Data were
statistically analyzed using JMP 11 software (SAS
Institute, Cary, North Carolina, USA).

Representative Case

An 82-year-old male had right symptomatic carotid
artery stenosis. Preoperative SPECT revealed
severely impaired CBF of the right cerebral hemi-
sphere (Fig. 3), and then SAP was scheduled. PTA
was performed using the 2.5 mm x 3 cm balloon
at 14 atm for 120 seconds under proximal protec-
tion, and the lesion was successfully dilated
(Fig. 4A, B). After IVUS confirmed that the minimal
lumen diameter was > 2 mm, the procedure was
finished. SPECT indicated no HPP both after
PTA and after CAS performed 2 weeks later
successfully.
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Fig. 4 The change of angiographic findings before and
after staged angioplasty. A: Right carotid angiography
showing severe stenosis on the internal carotid artery
(ICA) before treatment. B: ICA stenosis was partially
dilated by stage 1 angioplasty with an undersized
balloon. C: The stenosis was fully dilated by stenting
at stage 2 treatment.

Table 2 Summary of staged angioplasty

No. of
case

HPP on Complication/
SPECT changes in mRS

Staged angioplasty 39 (91%) 0

Treatment

Hemorrhage:1/

mRS: 01
Minor stroke:1/
mRS: 01
Immediate CAS 4 (9%) 2 0
Inadequate 3
dilatation
Dissection 1
Total 43 (100%) 2 2
CAS: carotid artery stenting, HPP: hyperperfusion

phenomenon, mRS: modified Rankin Scale, SPECT: single
photon emission computed tomography.
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Results

I. Clinical results (Table 2)

Between April 2004 and February 2015, treatment
with this procedure was performed in 43 cases, and
39 (95.4%) were technically successful. Overall,
clinical course was uneventful in 41 patients, but
one intracranial hemorrhage and one minor stroke
were observed. In the patient who showed intrac-
ranial hemorrhage, extreme hypertension (> 220
mmHg) was observed after the angioplasty due to
abdominal pain caused by bladder cancer. After
this, consciousness was gradually disturbed. So,
uncontrollable hypertension was considered to be
the main reason of the hemorrhage.

In these patients, mRS score was changed from
0 to 2 and from 0 to 1, respectively. No patients
who completed SAP experienced hyperperfusion
symptoms including headache, seizure, or cerebral
hemispheric symptoms after PTA or CAS.

II. Stenosis rate (%)

Median (IQR) stenosis rate (%) decreased from 95
(90-95) at pretreatment to 70 (60-75) after stage 1
procedure and to 0 (0-10) after stage 2.

III. CBF change (Fig. 5A, B)

Median (IQR) CVR (%) increased from 0 (-12.3—4.7)
before stage 1 to 34.6 (21.5—45.9) before stage 2
procedure. Median (IQR) AI (%) was 84.2 (75.6—89.4)
before stage 1, 96.1 (89.4-101.8) after stage 1 proce-
dure, and 99 (91.8-103.6) after stage 2. Immediate
CAS group (only 4 cases) median (IQR) was 123
(105-136) after CAS. In the immediate CAS group,
the AI value just after CAS was significantly higher
than those of SAP (P = 0.0174).
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Fig. 5 A: Changes of cerebrovascular reactivity on single photon emission computed tomography. B: Changes

of asymmetry index.
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Discussion

To screen patients at high risk for hyperperfusion
and treat them uneventfully, we assessed CBF before
treatment of the carotid artery stenosis. A patient
whose pretreatment CVR was less than 10% and
Al was less than 0.8 was defined as a high-risk
patient for hyperperfusion. SAP was indicated
for these patients. CVR was improved in all the
patients after stage 1 angioplasty in SAP groups.
Additionally, there was no HPP in the completed
SAP group, whereas 2 of 4 cases showed HPP in
the immediate CAS group. Taken together, SAP
seemed effective to avoid HPP easily and safely in
patients with severely impaired CBF.

A possible mechanism avoiding HPS by SAP
is as below; the patients with severely impaired
CBF due to ICA stenosis were at high risk of post-
procedure hyperperfusion in our previous study.?
This means full dilatation of the stenosis in one-
stage CAS causes abrupt increase of CBF, leading
to hyperperfusion. So if we can dilate the stenosis
partially by first angioplasty using an undersized
balloon, it may lead to partial increase of CBF,
decreasing the incidence of HPS.

Yoshimura et al. compared nine patients who
had underwent one-stage CAS with other nine
who had underwent SAP in the patients with
severely impaired CBF whose CVR was less than
20% before CAS with Al of < 80% (i.e., high-risk
group for postoperative hyperperfusion). Results
showed that HPP was noted in five of nine and
HPS was in one among the one-stage CAS group,
whereas neither HPP nor HPS was found in the
SAP group. There was a significant difference in
incidence of HPP between both groups, which
demonstrates the effectiveness of SAP.® There
are other reports regarding revascularization for
carotid artery stenosis associated with severely
impaired CBF.'0-12

Egashira et al. reported that the stepwise revas-
cularization in which PTA followed by CEA was
performed successfully to avoid HPS in the patients
with severely impaired CBF.'™ Yoshimoto et al.
reported that CEA following the superficial temporal-
middle cerebral artery (STA-MCA) anastomosis was
performed to avoid HPS in 4 patients with severely
impaired CBF with CVR of < 10%.'¥

There is also a report that the frequency of
hemorrhage secondary to hyperperfusion was
1.1-5.0% in CAS.® Some physicians consider that
this method is not necessarily required because of
its low frequency. Also, there are negative opinions
that two sessions of procedures in SAP increases
procedural events. Additionally, an extended

interval between PTA and CAS might raise concerns
regarding the occurrence of restenosis or ischemic
complications. We previously set the interval as for
1 month.” However, based on our experience that
hyperperfusion did not occur even if the interval
until CAS was shorter, we recently performed CAS
2 weeks after PTA. The present study experienced
no patients who had acute occlusion and/or high-
grade restenosis during the time interval between
PTA and CAS, but ischemic event was noted in
only one patient. There was no increased hemor-
rhagic and/or ischemic event due to SAP with
achievement of safe and easy treatment.

Results of the nationwide questionnaire conducted
in 2014 in Japan Society of Neuroendovascular
Therapy indicated that the rate of HPS was 6.5% in
regular CAS group and 3.2% in SAP group, which
suggest SAP was effective in terms of avoiding HPS.

Limitations of the present study are as follows:
it was a retrospective analysis, the test and assess-
ment method of CBF varied, definition of the patient
selection is to be determined, and its sample size
was small.

In Japan, large scale multi-center studies are
being currently planned, in which it is expected
to more scientifically examine the appropriateness
of the treatment as well as the optimal conditions
including the time interval between PTA and
CAS, size of PTA balloon to be used, and how to
combine antiplatelet agents. It is anticipated that
the effectiveness of SAP would be investigated
through these trials.

Conclusion

SAP was performed in patients with a severely
impaired CBF owing to high grade carotid stenosis
who were regarded as at high risk of HPS. It is
anticipated that the effect of SAP would be tested
in larger trials in the near future.
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