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Background: Hyperperfusion syndrome (HPS) is a serious complication after stent implantation in
symptomatic intracranial atherosclerotic stenosis (ICAS). This study aims to explore the predictive value of
preprocedural computed tomography perfusion (CTP) for HPS after intracranial stenting.

Methods: In this retrospective case-control study we collected data from consecutive patients from June
2012 to September 2019 who underwent stent implantation due to severe symptomatic ICAS. Patients who
underwent CTP before the procedure were enrolled. CTP was postprocessed using the automated RAPID
software to assess the preoperative cerebral perfusion. According to the presence or absence of HPS, the
patients were classified into two groups: the HPS group and the non-HPS group. The baseline data, lesion
characteristics, and preoperative CTP parameters between the two groups were compared. The receiver
operating characteristic (ROC) curve analysis was performed to determine the optimal predictor of HPS.
Results: Among the 170 eligible patients, 6 patients (3.53%) had HPS, including 3 who presented with
intracranial hemorrhages (ICHs), 1 who had dysphoria, 1 who had delirium, and 1 who had a headache.
There were no significant differences in baseline and lesion characteristics between the HPS and non-HPS
groups. Compared with the non-HPS group, the HPS group had a significantly higher volume of time-to-
maximum (T,,) >4 s (429.5 vs. 93 mL; P=0.006) and T,,,, >6 s (200 vs. 0 mL; P=0.003). The optimal volume
threshold for maximizing sensitivity in predicting HPS was 65.5 mL with T, >4 s [area under the curve
(AUC), 0.832; 95% confidence interval (CI): 0.650 to 1.000; P=0.006].

Conclusions: T, >4 s volume may be a predictor of HPS after stent implantation in symptomatic ICAS.

Further prospective studies should be conducted to confirm our conclusion.
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Introduction

Intracranial atherosclerotic stenosis (ICAS) is an important
cause of ischemic stroke, accounting for approximately
10-20% of ischemic stroke in western populations and
30-50% in Asian populations (1). Despite aggressive
medical management, the 1-year rate of recurrent stroke
remained at 12.6% in the SAMMPRIS (Stenting and
Aggressive Medical Management for the Prevention of
Recurrent Stroke in Intracranial Stenosis) trial (2). For
patients with severe ICAS refractory to medical treatment,
stent implantation has been demonstrated to be an
effective therapy for reducing the risk of stroke recurrence
(3,4). However, hyperperfusion syndrome (HPS), an
uncommon but serious perioperative complication after
stent implantation, may affect the safety and efficacy of
stents (5). The symptoms of HPS after cerebrovascular
recanalization are characterized by headache, focal
neurological deficits, or seizures, and the symptoms
persistently deteriorate when accompanied by intracranial
hemorrhage (ICH) (6). The rate of HPS complicated with
ICH following intracranial arterial endovascular therapy is
approximately 2-3.37%, but the mortality can be as high
as 50% (7,8). Therefore, identifying predictors of HPS is
particularly crucial for its prevention following intracranial
stent implantation.

Previous studies have shown that excessive preprocedural
hypoperfusion is closely associated with HPS after
carotid artery stenting (CAS) (9,10). Some neuroimaging
tools can be used to evaluate cerebral perfusion and play
diagnostic and predictive roles in ischemic stroke (11,12).
Computed tomography perfusion (CTP) can accurately
assess cerebral perfusion and has been reported to predict
the HPS after CAS (13). However, the predictive value
of CTP for HPS after stenting in ICAS patients remains
unknown. RAPID (iSchemia View, Denver, CO, USA) is a
quantitative automated CTP post-processing software for
assessing cerebral hypoperfusion, and its effectiveness has
been confirmed by previous studies (14,15). The perfusion
assessed using CTP is more suitable for anterior circulation
than posterior circulation due to physiologic hemodynamic
delay and the tendency for anatomical variation in the
posterior circulation (16). Therefore, we conducted this
study to investigate the predictors of HPS after stent
implantation in patients with symptomatic severe anterior
circulation ICAS using the RAPID software. We present the
following article in accordance with the STROBE reporting
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checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-682/rc).

Methods
Study population

In this retrospective case-control study, we collected data
from consecutive patients who underwent stent implantation
due to symptomatic anterior circulation ICAS in a high-
volume stroke center from June 2012 to September
2019. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
protocol was approved by the Ethics Committee of Beijing
Tiantan Hospital (No. KY2013-013-01), and individual
consent for this retrospective analysis was waived. The
baseline data, including age, sex, atherosclerotic risk factors,
qualifying events, and medical history, were collected by a
central adjudication committee consisting of neurologists,
interventionists, and radiologists who were blinded to the
study design. The conduct of the study was supervised by an
independent data and safety monitoring board.

The patient inclusion criteria were as follows: (I) age
18-85 years old; (II) 70-99% stenosis of the responsible
arteries, including intracranial internal carotid artery (ICA)
and the M1 segment of the middle cerebral artery (MCA),
assessed using the WASID (warfarin-aspirin symptomatic
intracranial disease) method (17); (III) transient ischemic
attack (TTA) or non-disabling ischemic stroke attributed
to the territory of the target lesion, where ischemic stroke
was defined as a new focal neurologic deficit lasting for 24
h or longer or lasting less than 24 h with new infarction
on imaging, and TIA was defined as acute onset of a focal
neurologic deficit lasting less than 24 h without new
infarction on imaging; and (IV) resistance to medical
treatment (dual antiplatelet and risk factors management
including blood pressure, low-density lipoprotein
cholesterol, diabetes, smoking and weight).

Patients were excluded if they (I) had experienced acute
cerebral infarction within 2 weeks of the study; (II) had
non-atherosclerotic stenosis, including moyamoya disease,
muscle fiber dysplasia, or artery dissection; (III) had a
potential cardiac embolism; (IV) were complicated with an
intracranial tumor and cerebral arteriovenous malformation;
(V) had a tandem lesion with extracranial stenosis or
another intracranial large artery stenosis; and/or (VI) lacked
imaging data.
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Processing of CTP data

All the included patients received a CTP examination
before the procedure. CTP images were acquired using
a 256-slice axial computed tomography (CT) scanner
(GE Revolution CT; GE Healthcare, Chicago, IL, USA).
Contrast agent, 50 mL (Omnipaque, 350 mg I/mL;
GE Healthcare, Shanghai, CN), was injected into the
antecubital vein at a rate of 5 mL/s using an automated
injector (Ulrich Injection System; Ulrich GMBH &
Co. KG, Ulm, Germany). After a 5 s delay, CTP was
performed with the following acquisition parameters:
80 kV tube voltage, 150 mA, 5 mm slice thickness,
256%0.625 mm collimation, 0.5 s rotation time, 2.0 s cycle
time, 25-cm field of view (FOV), 512x512 image matrix
size, and 32 slices. A total of 512 slices were obtained
with a 160 mm scan length and scan time of about
40 s. CTP data were postprocessed with the automated
RAPID software (iSchemia View). Cerebral perfusion
was estimated from the volume of tissue for which there
was delayed arrival of an injected tracer agent (T,
(time-to-maximum of the residue function)). Cerebral
hypoperfusion was defined as voxels with T, >6 s and
Toa
previous study which showed that T, >6 s and T, >4 s
were reliable estimates of the volume of the ischemic

>4 s. These thresholds were chosen based on a

penumbra in ischemic stroke patients (18). The core
infarct volume was defined as a volume of cerebral blood

flow (CBF) less than 30%.

Interventional procedure and device selection

All interventional procedures were performed by
experienced neurointerventionists. Patients were given
either local or general anesthesia according to preoperative
assessment. A bolus dose (75 U/kg) of intravenous heparin
was administered after the right femoral artery puncture,
followed by half the dose 1 h later. A guide catheter was
advanced into the ICA. A 0.014-inch microwire was
carefully manipulated across the lesion. Device selection
was based on the access characteristics and lesion features
(Mori types) as well as operator experience. For smooth,
local, or Mori A lesions, an apollo balloon-mounted stent
was preferred. For long, tortuous arterial access, or Mori
C lesions, a balloon dilation plus a self-expanding stent
(Gateway balloon plus Wingspan stent system; Stryker,
Maple Grove, MN, USA) was preferred.
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Periprocedural management

All patients fasted for at least 12 h before the procedure.
Noncontrast head CT was obtained to detect ICH after
the procedure. Patients were given antihypertensive
medication when their blood pressure exceeded
140/90 mmHg to lower the risk of hyperperfusion
injury. The patient’s electrocardiogram, vital signs, and
neurological functions were strictly monitored at least

24 h after the procedure.

Medical treatment

Before the procedure, all patients received dual-antiplatelet
therapy (DAPT) (aspirin 100 mg/day plus clopidogrel
75 mg/day) for at least 5 days or a loading dose of DAPT
(300 mg aspirin plus 300 mg clopidogrel). All patients
received standard DAPT for 90 days after stenting and
suspended the use of either aspirin or clopidogrel 90 days later
based on the resistance testing for antiplatelet drugs. Risk
factors management included blood pressure lowering than
140 mmHg (130 mmHg in patients with diabetes mellitus),
low-density lipoprotein lowering than 1.81 mmol/L, cessation
of smoking, and lifestyle improvement.

HPS definition

According to whether HPS occurred after the procedure,
all patients were divided into the HPS group and the non-
HPS group. Patients who satisfied either of the following
2 criteria within 30 days after the procedure were defined
as HPS: (I) CT confirmed intracerebral hemorrhage
or subarachnoid hemorrhage with or without clinical
symptoms and ruled out technology-related hemorrhage;
or (I) the patient presented with an ipsilateral new-
onset headache, seizure, focal neurological deficit, altered
mental status, or decreased level of consciousness, but
these symptoms arisen from new ischemic stroke or other
metabolic or pharmacological causes was ruled out, and the
post-procedural peak blood flow velocity of normal vessels
in the distal ipsilateral MCA demonstrated by transcranial
Doppler sonography (TCD) increased by more than 100%
compared with the preoperative value.

We screened for patients with HPS. First, the post-
procedural head CT was screened to determine the presence
or absence of ICH. ICH due to vessel perforation caused
by a guidewire, vessel rupture after balloon dilatation, or
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Consecutive cases with stent implantation in Beijing
Tiantan hospital from June 2012 to September 2019,
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circulation, n=1,381
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artery stenosis, n=116
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Non-HPS, n=164

!

HPS, n=6

Figure 1 Flow chart of patient selection in the study. HPS, hyperperfusion syndrome.

other contrast media extravasation during the procedure
was identified as a technology-related hemorrhage. Second,
patients with the symptoms of focal neurological deficit
were screened for ischemic stroke by post-procedural
magnetic resonance imaging (MRI). Third, patients with
any symptoms suspected to be HPS were screened by TCD.
The diagnosis of HPS was ultimately determined based on
clinical manifestations, head CT, MRI, and TCD.

Statistical analysis

Continuous variables are presented as median (interquartile
range) or the mean + standard deviation and compared
using the Student’s z-test for variables with normal
distribution or the Mann-Whitney U test for variables with
nonnormal distribution. The Kolmogorov-Smirnov test was
used to test distribution normality. Categorical variables
were presented as a number (percentage) and compared
using the y test or Fisher exact test. The predictive values
of T, >4 sand T, >6 s in HPS were tested using receiver
operating characteristic (ROC) analysis. A 2-tailed P
value less than 0.05 was considered statistically significant.
Statistical analysis was performed using SPSS 23.0 IBM
Corp., Armonk, NY, USA).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Results
Baseline characteristics

Among a total of 1,960 screened patients, 170 cases
(mean age, 57.0+8.63 years; 70.6% men) were eligible
for our study. Figure 1 shows the flow chart of participant
selection. Out of those 170 patients, 125 (73.5%) had
hypertension, 76 (44.7%) had diabetes mellitus, 86 (50.6%)
had hyperlipidemia, and 85 (50%) were smokers. The
responsible lesions were ICA in 64 (37.6%) patients and
MCA in 106 (62.4%) patients. The median time from
the qualifying event to CTP was 55 [interquartile range
(IQR), 31.8-170.5] days, and the median time from CTP
to endovascular treatment was 4.5 (IQR, 2.5-8.7) days. The
medians of arterial stenosis, residual stenosis, and degree
of stenosis improvement were 80% (IQR, 70-90%), 10%
(IQR, 5-15%), and 70% (IQR, 60-80%), respectively.
Among all eligible patients, TCD was performed on 122
(71.76%).

Incidence of HPS

Among 170 patients, the post-procedural head CT showed
that 3 had ICH that was determined to be HPS without
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Table 1 Comparisons of baseline data, lesion characteristics, and hypoperfusion volume between the non-HPS and HPS groups

Variables Non-HPS (n=164) HPS (n=6) P value
Age (yean)’ 56.90+8.65 59.67+8.24 0.44
Sex (male), n (%) 115 (70.1) 5(83.3) 0.67
BMI (kg/m?)" 25.1 (23.6-27.3) 25.8 (24.1-29.4) 0.40
Smoking, n (%) 82 (50.3) 3 (50.0) >0.99
Hypertension, n (%) 120 (73.2) 5(83.3) >0.99
Diabetes mellitus, n (%) 71 (43.3) 5(83.3) 0.09
Hyperlipidemia, n (%) 82 (50.0) 4 (66.7) 0.68
Coronary artery disease, n (%) 19 (11.6) 2 (33.3) 0.16
Qualifying ischemic events, n (%) >0.99

Ischemic stroke 127 (77.4) 5(83.3)

TIA 37 (22.6) 1(16.7)
Time from qualifying event to endovascular treatment (days)’ 66.6 (37.6-179.8) 104.7 (26.6-274.2) 0.76
Time from qualifying event to CTP (days)" 55.0 (32.0-161.8) 103.0 (21.8-248.0) 0.64
Lesion location, n (%) 0.67

ICA 61(37.2) 3(50.0)

MCA 103 (62.8) 3 (50.0)
Systolic blood pressure at admission, mmHg' 139.1+18.1 146.0+1.5 0.41
Systolic blood pressure after procedure, mmHg' 128.8+15.2 128.7+1.4 0.99
Degree of stenosis (%)" 80.0 (70.0-90.0) 82.5 (73.8-90.0) 0.84
Length of lesion (mm)" 7.0 (4.8-9.0) 6.3 (5.8-9.3) 0.87
Degree of residual stenosis (%)" 10.0 (56.0-15.0) 15.0 (10.0-16.3) 0.08
Improvement of stenosis (%)" 70.0 (60.0-80.0) 70.0 (58.75-70.0) 0.22
CBF <30% volume (mL)" 0(0,0) 0(0, 1.3 0.17
Toax >4 s volume (mL)" 93.0 (17.0-177.0) 429.5 (122.3-582.5) 0.006*
Trax >6 s volume (mL)" 0 (0-31.8) 200 (25.5-288.3) 0.003*

*, mean = standard deviation; ¥, median (interquartile range). *, the difference between the two groups was statistically significant. HPS,
hyperperfusion syndrome; BMI, body mass index; TIA, transient ischemic attack; CTP, computed tomography perfusion; ICA, internal
carotid artery; MCA, middle cerebral artery; CBF, cerebral blood flow; T,..,, time-to-maximum of the residue function.

technology-related hemorrhage. Focal neurological deficits
symptoms occurred in 4 patients after the operation.
One patient had aphasia, 1 had alalia, 1 had numbness
of limbs, and 1 had weakness of limbs. Postprocedural
MRI confirmed that these 4 patients had a new ischemic
stroke. A total of 32 patients presented with headaches, and
1 patient was identified as having HPS by TCD. Two
patients presented with altered mental status, 1 with
dysphoria and 1 with delirium, and were determined to have
HPS by TCD. No patient presented with seizures after

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the procedure. A total of 31 patients for whom peak blood
flow velocity increased by more than 100% had no clinical
manifestations. The remaining 48 patients without TCD
had no clinical manifestations, and these patients were
classified as non-HPS.

Finally, a total of 6 (3.53%) cases developed HPS after
the procedure, including 5 males and 1 female with an
average age of 59.67+8.24 years. Three of the responsible
arteries were located in ICA and 3 were in MCA (Table 1).
All of their symptoms developed within 24 h after the
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Table 2 Profile of patients with hyperperfusion syndrome

) - Time from Preprocedural Postprocedural
) Agerange Lesion  Clinical Toax>4s Toa>6s
Patients ) endovascular treatment peak blood flow peak blood flow Outcome
(years) location feature . oy volume  volume
to symptom onset velocity velocity
Patient 1 50-60 MCA ICH 1h - - 456 mL 249 mL Death
Patient 2 70-80 ICA ICH 3h - - 611mL 243 mL Death
Patient 3 60-70 ICA Dysphoria 0h 57 cm/s 176 cm/s 573 mL 406 mL Recovery
Patient 4 60-70 MCA ICH 55h - - 403 mL 157 mL  Severe
disability
Patient 5 60-70 MCA Delirium 17.5h 60 cm/s 265 cm/s 141 mL 0OmL  Recovery
Patient 6 50-60 ICA Headache 2h 52 cm/s 124 cm/s 66 mL 34 mL Recovery

*, examination for the normal vessel of the distal ipsilateral middle cerebral artery with transcranial Doppler sonography. MCA, middle
cerebral artery; ICA, internal carotid artery; ICH, intracranial hemorrhage; T,...,, time-to-maximum of the residue function.

procedure. Among the 6 patients with HPS, 3 patients
presented with ICH, 1 with dysphoria, 1 with delirium, and
1 with a headache (7zble 2). Among the 3 ICH patients,
2 died, and 1 had a severe disability at discharge (Figure 2;
Figure S1). The other 3 patients recovered after medical
treatment.

Comparison of patients with HPS and non-HPS

There was no significant difference in demographic
characteristics between the two groups (Tuble 1). There
was also no significant difference in the qualifying ischemic
event, location of the lesion, systolic blood pressure after
the procedure, degree of stenosis, or degree of residual
stenosis (Table 1).

In terms of CTP, the volume of CBF less than 30%
showed no difference between the two groups. The HPS
group had a significantly higher volume of T, >4 s (429.5
vs. 93 mL; P=0.006) and T,,,, >6 s (200 vs. 0 mL; P=0.003)
compared with the non-HPS group (7able 2). The ROC
curve analysis showed an area under the curve (AUC) of
0.832 (95% CI: 0.650 to 1.000; P=0.006) for T, >4 s and
0.834 (95% CI: 0.615 to 1.000; P=0.006) for T, >6 s
(Figure 3). The optimal volume threshold in predicting HPS
was 65.5 mL with T, >4 s (sensitivity, 100%; specificity,
43.9%).

Discussion

In the current study, we proposed predictors of HPS after
stent implantation for ICAS based on CTP. Compared with
non-HPS patients, HPS patients had a higher volume of

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

T >4 s and T, >6 s, as shown by CTP postprocessed
with RAPID software. T, >4 s volume may be a predictor
of HPS after stent implantation in symptomatic ICAS.

HPS is a fatal complication of revascularization therapy
for carotid artery stenosis and has been relatively well-
studied in previous reports (6,19). However, few studies
have reported the incidence of HPS following stent
implantation for ICAS. According to Xu er 4/. (8), a total of
3.37% of patients with ICAS experienced HPS. The rate
of HPS in anterior circulation was 5.1%, which was higher
than that of this study (3.53%). The underlying reason
for this may be that patients in our study had a longer
time interval from the qualifying event to endovascular
treatment than those in Xu’s study. An interval of less than
3 weeks was reported as one of the risk factors for HPS after
intracranial or carotid arterial stenting (8,20). In our study,
the time from the event to intervention in the HPS group
was numerically longer than that in the non-HPS, but the
difference was not statistically significant. Furthermore,
we controlled this risk factor; hence, our study showed a
lower incidence of HPS. ICH is a serious presentation of
HPS (21). The incidence of ICH in our study was 1.8%,
which is similar to the 2.6% of nontechnical-related ICH
identified in previous studies on intracranial stenting (19).
Despite a low incidence of ICH, most of these patients had
a poor prognosis. Three patients experienced ICH in this
study, of which 2 died and 1 had a severe disability.

A previous study showed that poor collateral circulation
was significantly associated with HPS after endovascular
treatment for ICAS (8). CTP is widely used in evaluating
cerebral perfusion and hemodynamics in ischemic cerebral
diseases, which has been demonstrated to be a valuable
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Figure 2 An example of HPS after intracranial stenting. An adult patient presented with progressive right limb weakness with alalia for
2 months. (A) Diffusion-weighted imaging showed a new infarction in the left radiographic crown and lateral ventricle; (B) preprocedural
CTP post-processed with the automated RAPID software showed the volume of T, >4 s was 403 mL; (C) preprocedural digital subtraction
angiography revealed severe stenosis in the M1 segment of the left MCA (red arrow); (D) post-procedural angiography demonstrated the
residual stenosis was about 15%; (E) the patient experienced increased weakness in the right limbs 5.5 h after the procedure, and non-
contrast brain CT indicated high density in the left frontal lobe and sulcus (red arrowhead). After medical treatment, the patient left severe

disability with a modified Rankin scale of 4. MCA, middle cerebral artery; HPS, hyperperfusion syndrome; CTP, computed tomography

perfusion; CT, computed tomography.

predictor of HPS after carotid stenting (10,22-24) In
the present study, CTP data were postprocessed using
RAPID software, which is a quantitative automated system
to assess cerebral hypoperfusion. T, >4 s and T,,>6 s
were demonstrated to be optimal for the identification of
critically hypoperfused tissue (18). T, >4 s, T,,., >6 s, and
CBF <30% were used to evaluate the hypoperfusion volume
in acute large artery occlusion (14,15). However, CBF less
than 30% was 0 mL in 95.3% patients in our study, and it
was an unsuitable parameter to reflect the cerebral perfusion
injury in the setting of symptomatic ICAS. Therefore, in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

this study, T, >4 s and T, >6 s were selected to assess
cerebral hypoperfusion before the procedure and explore
the optimal threshold to predict HPS after the procedure.
The ROC curve analysis showed an AUC of 0.832 (95%
CI: 0.650 to 1.000; P=0.006) for T, >4 s and 0.834 (95%
CI: 0.615 to 1.000; P=0.006) for T, >6 s. Considering the
low morbidity but high mortality of HPS, the maximizing
sensitivity was selected, and the optimal threshold for
predicting HPS was 65.5 mL with T, >4 s (sensitivity
of 100%; specificity of 43.9%). For high-risk patients,
staged treatment consisting of primary balloon dilation

max max

Quant Imaging Med Surg 2023;13(2):1048-1057 | https://dx.doi.org/10.21037/qims-22-682



Quantitative Imaging in Medicine and Surgery, Vol 13, No 2 February 2023 1055

1.0
— T >6s
T >4 S
——Reference
0.8
> 0.6
=
=
c
o)
(2] 0.4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 3 ROC curve analysis showed an AUC of 0.832 (95%
CI: 0.650 to 1.000; P=0.006) for T, > 4 s and 0.834 (95% CI:
0.615 to 1.000; P=0.006) for T,,, >6 s. ROC, receiver operating

characteristic; AUC, area under the curve; CI, confidence interval.

followed by stent implantation may reduce HPS. Aggressive
periprocedural management needs to be implemented for
such high-risk patients.

As we know, the recognized pathogenesis of HPS is
impaired cerebral autoregulation due to long-term brain
tissue hypoperfusion (6). Exorbitant perfusion pressure
after relieving stenosis abolishes normal myogenic
autoregulation. Oxygen-derived free radicals produced
during surgery damage cerebrovascular endothelial function
and the blood-brain barrier, resulting in the development
of HPS (6,25). It is suggested that brain tissue with over-
hypoperfusion is more likely to exhibit impaired cerebral
autoregulation, causing HPS when perfusion pressure is
sharply restored (26). In this study, the volumes of T, >4 s
(429.5 vs. 93 mL; P=0.006) and T,,, >6 s (200 vs. 0 mL;
P=0.003) in the HPS group were significantly higher than
those in the non-HPS group. Furthermore, the volumes of
Tax >4 s of the 3 patients with ICH in our study were far
more than 65.5 mL. These findings may indicate a more
serious decompensated cerebral autoregulation, resulting
in more serious reperfusion injury and cerebral edema once
perfusion is restored, which means a worse prognosis (27).

There were some limitations in this study. First, this
study was a single-center study, which may have caused
selection bias. Second, the hemodynamic parameters of
CTP may vary according to different machines, contrast
agent type, and injection rate of the agent (28), which
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may result in unavoidable bias in a retrospective study to
influence the veracity of outcomes. Third, a multivariate
regression analysis failed to be performed due to the small
number of events. Forth, since this was a retrospective
analysis, the blood pressure and cardiac function before
CTP were not recorded, which may have affected the
perfusion data.

Conclusions

HPS is an uncommon complication after stent implantation
and has a poor prognosis. T, >4 s volume may be a
predictor of HPS after stent implantation in symptomatic
ICAS, and the optimal volume threshold for maximizing
sensitivity is 65.5 mL. Further prospective studies should be
conducted to confirm our conclusions.
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Supplementary

Figure S1 Postprocedural CT image of the remaining 2 ICH patients. (A) The details of patient 1 are presented in 7izble 2. The patient’s
symptoms worsened with a disturbance of consciousness 1 hour after stent implantation, and noncontrast brain CT showed high density
in the right frontal and parietal lobes with a midline shift to the left (A). (B) The details of patient 2 are presented in Zuble 2. The patient’s
symptoms worsened with a disturbance of consciousness 3 hours after the procedure, and noncontrast brain CT showed high density in the
right basal ganglia with compression of the right lateral ventricle and thalamus and a midline shift to the left (B). CT, computed tomography;

ICH, intracranial hemorrhage.
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