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ABSTRACT
Background and purpose  Hyperperfusion (HP) is a 
devastating complication associated with carotid artery 
stenting (CAS) or endarterectomy. The efficacy and safety 
of staged angioplasty (SAP) in patients with CAS at high 
risk of HP remains unclear. We sought to determine 
whether SAP is superior to regular CAS in patients with 
high risk of HP.
Methods  A randomised, multicentre open-label 
clinical trial with blinded outcome assessment (STEP) 
was conducted. Patients with severe carotid stenosis 
at high risk of HP were randomly assigned (1:1) to 
the SAP or regular CAS group. The primary endpoint 
was hyperperfusion syndrome (HPS) and intracerebral 
haemorrhage (ICH) within 30 days after the procedure.
Results  From November 2014 to January 2017, a total 
of 64 patients were enrolled in 11 centres. 33 patients 
were allocated to the SAP group and 31 to the regular CAS 
group. At 30 days, the rate of primary endpoint was 0.0% 
(0/33) in the SAP group and 9.7% (3/31) in the regular 
CAS group (absolute risk reduction (ARR), 9.7%; 95% 
CI −20.1% to 0.7%; p=0.11). As one of the secondary 
endpoints, the incidence of HP phenomenon (HPP) was 
lower in the SAP group than the regular CAS group (0.0% 
vs 22.6%, ARR,−22.6%; 95% CI −36.8% to −10.2%; 
p=0.04).
Conclusion  The rate of HPS and ICH was not significantly 
lower in SAP group; the extended secondary endpoint of 
HPP, however, significantly reduced, which suggested that 
SAP may be a safe and effective carotid revascularisation 
procedure to prevent HP.
Trial registration number  NCT02224209.

INTRODUCTION
Hyperperfusion (HP) is one of the most 
devastating complications associated with 
carotid artery stenting (CAS) and endarterec-
tomy.1 2 HP is caused by excessively increased 
cerebral blood flow (CBF) above the meta-
bolic needs of the brain tissue. Patients may 

have no symptoms (hyperperfusion phenom-
enon, HPP) or may present with ipsilateral 
headache, seizure and focal neurological 
deficit (hyperperfusion syndrome, HPS) and 
even intracerebral haemorrhage (ICH).1 The 
mortality rate of ICH is as high as 50%, and 
the majority of survivors suffer from severe 
disability. Even the relatively less severe mani-
festations such as cerebral dysfunction or 
seizures can lead to permanent morbidity and 
mortality.3 4

Although HP is normally considered a rare 
complication, the incidence ranges from 
14.1%–18.9% in patients at high risk.5 6 Efforts 
to prevent HP are limited to identifying 
patients with a high risk before the procedure 
and vigilantly monitoring and controlling 
systemic blood pressure after the procedure. 
However, evidence that such preventive 
measures actually reduce the incidence of HP 
is lacking.7 8

Staged angioplasty (SAP) was proposed 
by Yoshimura et al,9 as a potential method 
to reduce HP after carotid revascularisation. 
Patients underwent primary angioplasty with 
an undersized balloon as the first stage (Stage 
1), followed by stenting 1–2 months later as 
the second stage (Stage 2). As HPS is a result 
of rapidly increased CBF in excess of meta-
bolic demands, the rationale for SAP is to 
restore blood flow in a stepwise manner.10

According to a questionnaire survey in Japan 
in 2014 (JSNET), SAP was either attempted 
or performed in 27.1% of the participating 
centres for patients at high risk of HP.11 
Several reports have also discussed the poten-
tial benefits of SAP compared with regular 
CAS.12–16 However, these studies were case 
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series or retrospective analyses; therefore, randomised 
controlled clinical trials are needed to examine the effi-
cacy and safety of SAP for the treatment of carotid artery 
stenosis. The aim of this randomised trial was to examine 
whether SAP was superior to regular CAS in patients with 
carotid artery stenosis at high risk of HP.

METHODS
Study design and patients
Comparison of Staged Angioplasty and Routine Single-
stage Stenting in the Treatment of Carotid Artery 
Stenosis (STEP) was a prospective, randomised, multi-
centre, open-label trial performed at 11 high-volume 
interventional stroke centres in China (NCT02224209). 
Patients who met the following criteria were enrolled: 
(1) age 40–80 years old; (2) symptomatic carotid stenosis 
(defined as carotid stenosis associated with stroke or tran-
sient ischaemic attack within 90 days preceding randomi-
sation); (3) stenosis degree ≥85% (measured according 
to NASCET method) or near occlusion on angiography; 
(4) insufficient collateral circulation in the culprit vessel 
supplying area, which was defined as American Society of 
Interventional and Therapeutic Neuroradiology/Society 
of Interventional Radiology (ASITN/SIR)<2 on DSA,17 
(5) hypoperfusion of the culprit vessel supplying area on 
cerebral CT perfusion (CTP) (CBF of the culprit side is 
of 20% lower than the contralateral side) or haemody-
namic ischaemic lesion on MRI; (6) lesion length at the 
narrowest part <25 mm. Patients were excluded if they 
had (1) intracerebral haemorrhage at the culprit vessel 
surrounding area within 6 weeks preceding randomisa-
tion; (2) potential thrombus from the heart; (3) diffuse 
intracranial artery stenosis and (4) functional depend-
ence because of cerebral infarction in the culprit vessel 
supplying area (modified Rankins Scale score ≥3). 
Detailed protocol was available in the supplement.

The protocol was approved by the institutional review 
board of each participating centre. Written informed 
consent was obtained from the participants or their 
legal representatives. An independent data-monitoring 
committee had access to all study data and monitored the 
safety of participants on a quarterly basis throughout the 
trial.

Randomisation and masking
Patients were randomly allocated 1:1 to the SAP arm or 
the regular CAS arm. The randomisation sequence was 
generated using an online system. The interventional 
neuroradiologist received the randomisation number 
and assigned the result by messaging the patient after 
enrolment.

Patients were assessed at baseline, and 4 days and 30 days 
after each procedure (Stage 1, Stage 2 or regular CAS) by 
a neurologist who was unaware of the treatment assign-
ments. If an endpoint was suspected during the follow-up 
period, the patient was examined by the Endpoint Deter-
mination Committee, which was responsible for analysing 

and coding all study-related major clinical outcomes 
and identifying adverse events. All possible primary and 
secondary endpoints were independently analysed and 
determined by two members of the Committee by refer-
ring to established standards. If the two members had 
unanimous opinions, the event was confirmed and corre-
spondingly coded. If the members’ opinions differed, 
the possible endpoint was analysed by all members of the 
Endpoint Determination Committee.

Procedures
For patients assigned to the SAP arm, an embolic protec-
tion device and semicompliant balloon with a small diam-
eter of 2–3 mm was used in Stage 1. The balloon was 
inflated to a nominal pressure for 20 s before deflation. If 
angiogram after the inflation showed a residual stenosis 
of <70%, the procedure was considered successful. The 
operators could determine to perform stenting or other 
rescue treatments during Stage 1 if any complications 
occurred, such as dissection, recoil or occlusion. Stage 
2 of SAP was performed 2–4 weeks after Stage 1. An 
embolic protection device was also used. A semicompliant 
balloon with a diameter of 4–6 mm was chosen based on 
the lumen diameter that was distal to the stenotic lesion. 
The balloon was used to predilate the lesion before the 
deployment of a self-expanding stent. Additionally, post-
dilation was performed after the stenting if necessary. 
For patients assigned to the regular CAS arm, CAS was 
performed according to the published guidelines.18

Perioperative management
All patients underwent continuous blood pressure moni-
toring for at least 72 hours after the procedure. The goal 
was to control systolic pressure of no more than 120 mm 
Hg. Patients were given aspirin (100 mg/day) and clopi-
dogrel (75 mg/day) for at least 5 days prior to the proce-
dure (regular CAS or Stage 1 of SAP) or a loading dose of 
300 mg 24 hours (aspirin) or 6 hours (clopidogrel) before 
the procedure. The dual antiplatelet medication was 
used for 90 days before being changed to aspirin alone. 
Management of risk factors (hypertension, high low-
density lipoprotein (LDL), diabetes, smoking, overweight 
and lack of exercise) were recommended. For major 
risk factors, we defined target blood pressure as systolic 
blood pressure (SBP) <140 mm Hg (or for patients with 
diabetes, <130 mm Hg); LDL <70 mg/dL (1.81 mmol/L) 
or decreased by 50%.

Endpoints
The primary endpoint was HPS and ICH within 30 days 
after the regular CAS, Stage 1 or Stage 2 of SAP.9 14 HPS 
was defined as ipsilateral temporal, frontal or retro-orbital 
throbbing headache with or without nausea, vomiting, 
ipsilateral focal seizures, confusion or focal neurological 
deficit without evidence of infarction. ICH was defined 
as hyperdensities that were consistent with blood in the 
parenchyma of the culprit hemisphere on CT.
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The secondary endpoints within 30 days included HPP 
which was defined as an increase of CBF >100% than the 
baseline detected by transcranial Doppler (TCD) or CTP; 
procedure-related adverse events; myocardial infarction; 
major non-stroke haemorrhage (eg, epidural haemor-
rhage, intradural haemorrhage or other major systemic 
bleedings); death; stoke resulting in deformity.16

Statistical analysis
We assumed a sample size of 150 (75 SAP: 75 regular 
CAS) were required, to account for an estimated 5% 
dropout rate, approximately 158 patients were planned to 
be enrolled. Because of the difficulty in recruitment and 
lack of funds, our study stopped ahead of the schedule. 
According to previous studies,12 14 the rate of HPS and 
ICH was expected to be 16% for patients with high risk 
of HP in the regular CAS arm, and 2% for patients with 
high HP risk during the procedure in the SAP arm. In 
this condition, based on two-tailed superiority test α 0.05, 
the power of primary endpoint will be more than 85%. 
The sample size calculation was performed using SAS 
software, V.9.3 (SAS Institute).

Analyses were performed on all randomised patients 
in the assigned groups according to the intention-to-treat 
principle. Categorical variables are described as frequen-
cies and percentages. Continuous variables are described 
as means (SD) and compared with student’s t test for 
normally distribution, medians (IQR) and Wilcoxon test 
for skewed distribution. Categorical variables, rates of 
the primary and secondary endpoints were described as 

frequency (percentage) and compared between the two 
groups using χ² test or Fisher’s exact test. A sensitivity 
analysis was conducted in the per-protocol population.

RESULTS
Randomisation and baseline characteristics
Of the 113 screened patients, 64 patients (52 men 
(81.3%) and 12 women (18.8%); mean age: 66±7.4 
years) were enrolled and allocated to the SAP group 
(n=33) or the regular CAS group (n=31) between 
November 2014 and January 2017. The enrolment was 
halted because of the difficulty in recruitment and lack 
of funds (figure 1). Of the 33 patients in the SAP group, 
we excluded seven patients in the process; among these 
excluded patients, four changed SAP to regular CAS 
at Stage 1 because of dissection or recoil; one patient 
failed to get accessed at Stage 1; one patient rejected 
the Stage 2 operation after the Stage 1 procedure was 
performed and one with modified Rankin Scale (mRS) 
>3. Of 31 in the regular CAS group, one patient was 
excluded due to baseline stenosis degree less than 
85%. The two groups were balanced regarding the 
baseline characteristics (table 1).

The characteristics of patients during the perioperative 
period were also well balanced, except the patients in 
SAP group had higher postprocedural SBP, smaller max 
balloon diameter and larger postprocedural minimum 
lumen diameter (table 2).

Figure 1  Study flowchart for patients with carotid artery stenosis at high risk of hyperperfusion. CAS, carotid artery stenting; 
ITT, intent-to-treat; mRS, modified Rankin Scale; PP, per-protocol; SAP, staged angioplasty.
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Primary endpoint
Among the 64 enrolled patients, HPS occurred in two 
patients and ICH in one patient, all in the regular CAS 
group. The clinical manifestations of the three patients 
were detailed in table 3. The rates of primary endpoint 
of HPS or ICH within 30 days after each operation in the 
intention-to-treat population were 0/33 (0%) in patients 
of the SAP group and 3/31 (9.7%) in patients of the 
regular CAS group (absolute risk reduction, 9.7%; 95% 
CI −20.1% to 0.7%; p=0.11). Eight patients were excluded 
from the per-protocol analysis due to the following major 
protocol violations: not receiving allocated treatment 
(n=6), mRS >3 (n=1), carotid artery stenosis degree <85% 

(n=1). There were no statistically significant between-
group differences in the primary endpoint in sensitivity 
analyses restricted to the per-protocol population (0% 
vs 10.0%, SAP vs regular CAS group, absolute risk reduc-
tion, 10.0%; 95% CI −22.5% to 1.1%; p=0.24) (online 
supplemental table S1).

Secondary endpoints
TCD or CTP data were available for 30 patients 
(90.9%) in the SAP arm and 27 patients (87.1%) in 
the CAS arm. The incidence of HPP was lower in the 
SAP group than in the regular CAS group (0.0% vs 
22.6%, respectively; absolute risk reduction, −22.6%; 

Table 1  Characteristics of patients at baseline

Characteristics
Overall
(n=64)

Treatment

P value
SAP
(n=33)

Regular CAS
(n=31)

Age, year, median (IQR) 66±7.4 65±7.1 67±1.6 0.32

Female, n (%) 12 (18.8) 7 (21.2) 5 (16.1) 0.60

Risk factors, n (%)

 � Hypertension 48 (75.0) 23 (69.7) 25 (80.6) 0.31

 � Diabetes 23 (35.9) 15 (45.5) 8 (25.8) 0.10

 � Dyslipidaemia 27 (42.2) 13 (39.4) 14 (45.2) 0.64

 � Previous ischaemic stroke 19 (29.7) 9 (27.3) 10 (32.3) 0.66

 � Coronary heart disease 12 (18.8) 6 (18.2) 6 (19.4) 0.90

 � Current or previous smoking 35 (54.7) 15 (45.4) 20 (64.5) 0.12

 � Moderate to heavy alcohol 24 (37.5) 11 (33.3) 13 (41.9) 0.48

Index events, n (%) 0.07

 � Ischaemic stroke 44 (68.8) 26 (78.8) 18 (58.1)

 � TIA 20 (31.3) 7 (21.2) 13 (41.9)

Duration from last symptom to randomisation, day, median (IQR) 17 (5-35) 19 (6–40) 17 (5-34) 0.77

mRS, n (%) 0.35

 � 0 23 (35.9) 9 (27.3) 14 (45.2)

 � 1 25 (39.1) 14 (42.4) 11 (35.5)

 � 2 14 (21.9) 8 (24.2) 6 (19.3)

 � 3 1 (1.6) 1 (3.0) 0 (0.0)

 � 4 1 (1.6) 1 (3.0) 0 (0.0)

Systolic pressure, mm Hg, mean±SD 138±21.0 137±20.0 140±22.0 0.65

Mean systolic pressure during the operation, mm Hg, mean±SD 129±12.8 130±14.1 128±11.5 0.51

NIHSS, median (IQR) 0 (0–2) 1 (0–3) 0 (0–1) 0.16

Stenosis degree, %, mean±SD 92.3±4.1 92.4±4.0 91.6±4.2 0.43

Lesion length, mm 15.9±7.6 14.9±8.5 17.0±6.6 0.28

CT perfusion, n (%) 49 (76.6) 27 (81.8) 22 (71.0) 0.31

Concentricity, n (%) 0.43

 � Concentric 12 (18.8) 8 (24.2) 4 (12.9)

 � Moderately eccentric 29 (45.3) 15 (45.5) 14 (45.2)

 � Extremely eccentric 23 (35.9) 10 (30.3) 13 (41.9)

CAS, carotid artery stenting; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SAP, staged angioplasty; TIA, 
transient ischaemic attack.

 on M
arch 12, 2022 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2020-000391 on 24 S

eptem
ber 2020. D

ow
nloaded from

 

https://dx.doi.org/10.1136/svn-2020-000391
https://dx.doi.org/10.1136/svn-2020-000391
http://svn.bmj.com/


� 99Mo D, et al. Stroke & Vascular Neurology 2021;6:e000391. doi:10.1136/svn-2020-000391

Open access

95% CI −36.8% to −10.2%; p=0.04). Procedure-related 
adverse events occurred in one patient (3.0%) in the 
SAP group and two patients (6.5%) in the regular CAS 
group (relative risk, 0.64; 95% CI 0.13 to 3.21; p=0.61). 
Myocardial infarction was observed in one patient 
(3.0%) in the SAP group, and one patient (3.2%) in 
the regular CAS group (relative risk, 0.97; 95% CI 0.24 
to 3.96; p=1.00). No major non-stroke haemorrhage, 
death or stroke resulting in deformity occurred in any 
participant (table 4), and we found the same pattern 
of results for the postprocedure data (online supple-
mental table S1).

DISCUSSION
The findings of STEP showed that in patients with carotid 
artery stenosis at high risk of HP, the rate of HPS and ICH 
in the SAP group seemed to be lower than the regular 
CAS group, although the difference was not statistically 
significant. As one of the secondary endpoints, the inci-
dence of HPP was significantly reduced in SAP group. 
To our knowledge, this is the first randomised trial to 

compare SAP and regular CAS in patients with high risk 
of HP.

In this study, HPS or ICH occurred in three patients in 
the regular CAS group and no patients in the SAP group, 
but the difference was not statistically significant. Haya-
kawa et al16 conducted a retrospective study in 44 Japa-
nese centres to compare the efficacy of SAP and regular 
CAS. Among the 525 patients included in the analysis, the 
rate of cerebral hyperperfusion syndrome was lower in 
the SAP group than in the regular CAS group (4.4% vs 
10.5%, respectively; p=0.047). One possible reason that 
our results did not demonstrate the superiority of SAP 
might be the small sample size. We planned to recruit 158 
patients according to the protocol, but only 64 patients 
were enrolled because of difficulties in patient enrolment 
and lack of funds. As there was a potential trend towards 
a lower rate of HPS in the SAP arm, if the study could be 
completed according to the protocol, a potentially signifi-
cant difference cannot be completely excluded. Although 
evaluating patients for the primary outcome did not 
reach the expected purpose, results from our study and 
many other multicentre studies showed the advantages 

Table 2  Characteristics of patients during perioperative period

Variable SAP (n=26) Regular CAS (n=30) P value

First stage

 � Periprocedural BP, mm Hg, mean±SD

  �  Preprocedural SBP 141.46±18.33 138.97±22.36 0.74

  �  Preprocedural DBP 80.31±10.66 76.80±11.85 0.32

  �  Postprocedural SBP 130.00±22.09 115.43±20.49 0.01

  �  Postprocedural DBP 73.54±10.01 67.13±14.64 0.15

 � Max balloon diameter in mm, median (IQR) 3.00 (2.50–3.00) 4.00 (4.00–4.50) <0.01

 � MLD, %, mean±SD

  �  Preprocedure 89.48±17.09 92.32±2.98 0.85

  �  Postprocedure 61.80±19.72 23.42±16.16 <0.01

 � Preprocedural time of DSA agent from carotid to capillary, mean±SD 4.61±2.19 4.96±1.74 0.26

 � Postprocedural time of DSA agent from carotid to capillary, mean±SD 3.55±1.51 3.60±1.62 0.78

Second stage

 � Periprocedural BP, mm Hg, mean±SD

  �  Preprocedural SBP 136.48±13.78 – –

  �  Preprocedural DBP 81.12±10.65 – –

  �  Postprocedural SBP 113.35±20.61 – –

  �  Postprocedural DBP 67.69±14.69 – –

 � Max balloon diameter in mm, median (IQR) 4.00 (4.00–5.00) – –

 � MLD, %, mean±SD

  �  Preprocedure 61.80±19.72 – –

  �  Postprocedure 18.11±14.56 – –

 � Preprocedural time of DSA agent from carotid to capillary, mean±SD 3.88±1.66 – –

 � Postprocedural time of DSA agent from carotid to capillary, mean±SD 3.42±1.37 – –

BP, blood pressure; DBP, diastolic blood pressure; DSA, digital subtraction angiography; MLD, minimum lumen diameter; SAP, staged 
angioplasty; SBP, systolic blood pressure.
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of SAP in preventing HP and ICH complications;12 15 16 
therefore, it is still reasonable to consider SAP as a safe 
treatment for patients with carotid artery stenosis at high 
risk of HP. Furthermore, our experience suggested that 
the admission criteria for patients prone to high-risk 
complications should be widened in future studies to 
include prevention of high-risk complications by staging 
treatment in patients with carotid stenosis.

As a secondary endpoint, the incidence of HPP was 
higher in the regular CAS group than in the SAP group. 
Although HPP was not as devastating as HPS or ICH, HPP 
could deteriorate and convert to ICH or HPP, even with 
treatment. Yoshimura et al,9 who were the first to demon-
strate SAP, also used HPP as a sign of HP. Our study 

demonstrated that SAP effectively reduced the rate of 
HPP compared with regular CAS.

Our results suggested that angioplasty with an under-
sized balloon alone was associated with a higher risk of 
complications, such as dissection, recoil or even occlu-
sion, compared with regular CAS. Such complications 
were likely to lead to technical failure of SAP. Our early 
experience with SAP was that the strategy was safe. We 
(Mo et al)12 reported previously that three patients 
requiring stenting at the angioplasty stage for carotid 
dissections suffered no complications, in the retro-
spective 44 cases who accepted staged CAS. Recoil and 
occlusion also did not occur in the other cases.12 In a 
multicentre study, Yoo et al15 found no cases of severe 

Table 3  Characteristics of patients with hyperperfusion syndrome or intracerebral haemorrhage

Variable

Case no.

1 2 3

Index event Stroke Stroke Stroke

Duration from quality event to randomisation, day 30 47 76

Baseline mRS 2 2 1

Baseline NIHSS 3 4 0

Lesion Characteristics

 � Stenosis degree, % 93.1 90.7 92.0

 � Length, mm 10.4 19.2 22.5

 � Concentricity Extremely eccentric Extremely eccentric Extremely eccentric

Residual stenosis degree, % 21.3 28.9 22.1

Time of symptom onset 11 hours after the 
procedure

24 hours after the 
procedure

12 hours after the 
procedure

Symptoms Headache, confusion, left 
limb weakness

Headache, nausea Headache, right limb 
weakness

HPS or ICH HPS HPS ICH

Treatment Strict control of blood pressure, sedation, administration of mannitol

mRS at 30 days 4 2 1

HPS, hyperperfusion syndrome; ICH, intracerebral haemorrhage; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke 
Scale.

Table 4  Outcomes of primary endpoint and secondary endpoints from the treatment groups in ITT population

Outcomes

Treatment

Risk difference (95% CI) Relative risk (95% CI) P value
SAP 
(n=33)

Regular 
CAS (n=31)

Primary endpoint 0 (0.0) 3 (9.7) −9.7 (−20.1 to 0.7) NA 0.11

Secondary endpoints  �   �

 � HPP 0 (0.0) 7 (22.6) −22.6 (−36.8 to −10.2) NA 0.04

 � Procedure-related adverse events 1 (3.0) 2 (6.5) −3.5 (−13.9 to 6.9) 0.64 (0.13 to 3.21) 0.61

 � Myocardial infarction 1 (3.0) 1 (3.2) −0.2 (−0.86 to 0.82) 0.97 (0.24 to 3.96) 1.00

 � Haemorrhage 30 days to 1 year 0 (0.0) 0 (0.0) NA NA 1.00

 � Death at 30 days 0 (0.0) 0 (0.0) NA NA 1.00

 � Stroke resulting in deformity 0 (0.0) 0 (0.0) NA NA 1.00

CAS, carotid artery stenting; HPP, hyperperfusion phenomenon; ITT, intent-to-treat; SAP, staged angioplasty.
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recoil during the interval between balloon angioplasty 
and delayed definitive stenting in their 53 cases. In the 
current study, technical failure caused by these compli-
cations at Stage 1 was a potential drawback of SAP, and 
these complications occurred in four patients (12.1%); 
however, rescue treatment with stenting was success-
fully performed in all four patients. Another concern 
with SAP was that an additional operation may increase 
the risk of periprocedural complications, such as distal 
embolism or vascular perforation. Yoshimura et al9 
found no significant difference in the rate of distal 
embolism between the SAP group and regular group, 
in patients who accepted postoperative diffusion-
weighted imaging. In our trial, one procedure-related 
adverse event occurred in the SAP group, which was 
similar to the rate in the regular CAS group. Among 
patients who underwent the Stage 1 procedure success-
fully, none experienced reocclusion or other complica-
tions during the two stages. Therefore, a lack of safety 
might not be a concern regarding SAP.

Our experience in this study suggested that it is neces-
sary to be highly vigilant regarding individuals with a 
higher probability of HP and ICH after conventional 
stent implantation in patients undergoing CAS in clinical 
practice. It may be better for primary hospitals to eval-
uate patients’ cerebrovascular reactivity (CVR). If CVR is 
seriously decreased, SAP may be a safe and more effective 
strategy to prevent the complications of HP and cerebral 
haemorrhage.19–21

SAP requires two operations, and the interval between 
the two operations required in this study was 2–4 weeks. 
This interval likely requires patients to be admitted to 
hospital twice, leading to increased medical expenses. 
The ideal treatment staging interval is unclear, but 
most experts believe that the most appropriate interval 
is 2 weeks.16 19–21 Therefore, it is feasible to shorten the 
staging interval to 2 weeks or to within 2 weeks and strive 
to complete the two procedures in one hospital to reduce 
medical costs.

Our study has limitations. First, the small sample size 
and the low event rate were major problems; further-
more, the power was only 0.45 calculated with the 
final sample size, which may have led to false negative 
results. Because HPS is a relatively rare complication, 
a larger sample size is warranted to confirm the results 
in future studies. Second, we did not use single-photon 
emission computed tomography (SPECT) to screen 
patients for high risk of HP, as in previous studies, 
because SPECT was not available in some participating 
centres. These limitations should be considered, 
when interpreting our results. Future studies should 
use more strict criteria to enrol patients who are most 
likely to benefit from SAP.

CONCLUSION
Among patients with carotid artery stenosis at high risk of 
HP, the rate of HPS and ICH was not significantly lower in 

SAP group. However, the extended secondary endpoint 
of HPP significantly reduced, which suggested that SAP 
may be a safe and effective carotid revascularisation 
procedure to prevent HP.
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