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Abstract

Background: Cerebral vasospasm still results in high morbidity and mortality rates in patients after aneurysmal
subarachnoid hemorrhage (SAH). The aim of this study was to establish a protocol for the management of
vasospasm and demonstrate our experience of angioplasty using the Scepter XC balloon catheter.

Methods: In this retrospective study, a computed tomography angiography and perfusion image was arranged if
early symptoms occurred or on the 7th day following aneurysmal SAH. In patients with clear consciousness, balloon
angioplasties were performed for symptomatic vasospasms, which were not improved within 6-12 h after maximal
medical treatments. In unconscious patients, balloon angioplasties were performed for all patients with
angiographic vasospasms.

Results: Fifty patients underwent Scepter XC balloon angioplasty among 396 consecutive patients who accepted
endovascular or surgical treatments for ruptured aneurysms. All angioplasty procedures were successful without
complications. 100% angiographic improvement and 94% clinical improvement were reached immediately after the
angioplasties. A favorable functional outcome (modified Rankin Score of <2) could be achieved in 82% of patients.
Even in patients with poor clinical grading (Hunt-Hess grade 4-5), a clinical improvement rate of 87.5% and
favorable outcome rate was 70.8% could be achieved.

Conclusion: Balloon angioplasty with Scepter XC balloon catheter is safe and effective for post-SAH vasospasm.
This device's extra-compliant characteristics could considerably improve the quality of angioplasty procedures. For
all patients, even those with poor neurological status, early treatment with combined protocol of nimodipine and
angioplasty can have good clinical outcomes.
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Background

Cerebral vasospasm remains a major cause of delayed cere-
bral ischemia for patients following subarachnoid
hemorrhage (SAH) from ruptured intracranial aneurysms.
Of patients with aneurysmal SAH, 30 to 70% develop cere-
bral angiographic vasospasm, with delayed neurologic defi-
cits manifesting in 30 to 50% of patients [1-3]. Noninvasive
management approaches, including induction of hyperten-
sion, maintenance of euvolemia, and infusion of oral form
or intravenous vasodilators, are the most common strat-
egies [3—6]. However, vasospasm still results in mortality
rates of 7 to 20% or permanent disability [1, 6, 7]. Balloon
angioplasty is a more invasive procedure that can lead to an
immediate and satisfying angiographic result in proximal
vasospasm [8, 9]. However, it is usually postponed and re-
served for when symptoms are refractory because of a po-
tential risk of thromboembolic complications and even
vessel rupture [10-12]. The Scepter XC balloon (4x11mm;
Microvention, Tustin, CA, USA) is a user-friendly tempor-
ary consisting of a dual coaxial lumen attached to a low-
inflation pressure-compliant balloon. It has excellent track-
ability and stability, and the extra-compliant design repre-
sents technical advancements in endovascular treatment
[13-16]. Few studies have reported on the feasibility of the
Scepter balloon for vasospasm treatment [9, 13, 14, 17]. In
this study, we detailed the largest single-center case experi-
ence of Scepter XC balloon angioplasty and provided an
early protocol that combined with simultaneously intra-
arterial (IA) nimodipine infusion to treat vasospasm after
aneurysm rupture.

Methods

Management of post-SAH vasospasm

Between January 2014 and January 2018, 396 consecutive
patients accepted endovascular or surgical treatments for
ruptured aneurysms in our institution. After securing the
aneurysms, patients were sent to the neurosurgical inten-
sive care unit. Standard medical management for vaso-
spasm was continued, including nimodipine usage, fluid
infusion to maintain euvolemic status, blood pressure con-
trol, and intensive monitoring. Clinically, vasospasm was
suspected when new neurological deficits occurred. How-
ever, in unconscious patients, the new neurologic deficits
were difficult to identify and the vasospasm might happen
very early since aneurysm ruptured. We used bedside
transcranial Doppler patients after aneurysmal SAH.
However, transcranial Doppler was limited by lower sensi-
tivity and poor acoustic window in some patients [18, 19].
If clinical or ultrasound diagnosis leaded to early detection
of abnormalities, a computed tomography angiography
(CTA) and perfusion (CTP) study would be arranged. If
not, CTA/CTP would be routinely arranged on the 7th
day following aneurysmal SAH to evaluate the level of
vasospasm, brain perfusion, and to eliminate a diagnosis
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of hydrocephalus or re-hemorrhage. The high accuracy
and sensitivity of CTA/CTP were well published and
established in the literature [18, 20, 21]. All CTA/CTP im-
ages were critically reported and reviewed by two experi-
enced neuroradiologists.

Hyperdynamic therapy was then be maximized to the
point of elevating the mean arterial pressure by 15-20%
and central venous pressure higher than 8-10cmH20 [8].
If the patients did not demonstrate neurological reversal
totally within 6—12 h, they were transferred to the endo-
vascular suite for angiography. In the patients with clear
consciousness, endovascular treatments (Scepter XC bal-
loon angioplasty and IA nimodipine) were administered
for symptomatic vasospasms regarded as refractory to
medical treatment. In unconscious patients, because
their symptoms were difficult to recognize, balloon
angioplasties were performed for all patients with radio-
logic vasospasms. The angiographic improvement was
estimated immediately after post-angioplasty DSA and
was compared with the routine pre-angioplasty DSA or
baseline images before aneurysm treatment. Angiog-
raphy improvement was defined as at least 30% improve-
ment of vessels diameter after angioplasty; symptoms
improvement were defined any clinical improvements of
conscious level, muscle power, cognition, or speech. The
protocol and treatment strategy for patients with post-
SAH vasospasm are represented in Fig. 1.

Before angiography, vessel conditions for balloon
angioplasty were analyzed, and a DSA was arranged to
confirm the location and degree of vasospasms. For pa-
tients without larger vessel spasms or with only mild lar-
ger vessel spasm (<25% stenosis) [9, 12], simple IA
nimodipine infusions were arranged without angioplasty.
The nimodipine infusion would continue at least 20—
60 min depending on the angiographic improvement. If
the patient’s symptoms did not recover, the procedure
would be repeated again everyday for 1-3days. If the
angiographic improvement was not obvious after simple
nimodipine or re-stenosis occurred, scepter balloon
angioplasty will be performed. By this paradigm, 50 pa-
tients underwent Scepter XC balloon angioplasty from
2014 to 2018. Endovascular procedures including coils
embolization and balloon angioplasty were performed by
3 neurosurgeons and 2 neurointerventionalists. Surgical
clipping was performed by 7 neurosurgeons. All of them
were coauthors and had over 5-years’ experience per-
forming clipping or embolization. We retrospectively
reviewed clinical, radiological, and endovascular findings
for these patients, and the correlation between clinical
characteristics and functional outcomes were analyzed.
Good functional outcome was defined as modified Ran-
kin Score (mRS) < =2, followed at least 3 months and re-
corded by the above surgeons in the outpatient
department. Baseline characteristics and good outcome
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Fig. 1 Flowchart of treatment for patients with post-SAH vasospasms in our institution

were compared using Chi-Square test. A P value < 0.05
was considered statistically significant. No adjustment of
multiple testing (multiplicity) was made in this study.
Data analyses were conducted using SPSS 25 (IBM SPSS
Inc., Chicago, Illinois). This study was approved by the
institutional review board (201800342B0).

Procedure of scepter XC balloon angioplasty

All interventions were performed under general
anesthesia. Initial DSA was performed to reveal the cere-
bral vasculature. Prior to cerebral angioplasty being per-
formed, a bolus (6000 IU) of heparin was given after the
sheath was introduced. A 6 Fr. guiding catheter with a
pressure line (50 mg nimodipine in 1000 mL of normal
saline solution at a rate of 1 to 2 mL/minute) was navi-
gated to the vessel with the most severe vasospasm.
After the guiding catheter reached the target vessel, the
dripping speed of the IA nimodipine line was adjusted
to 4 to 5mL/minute. Blood pressure was continuously
monitored via the arterial line throughout the procedure.
If a decrease in blood pressure occurred, the

anesthesiologist administered a dopamine infusion to
maintain systolic pressure at 100 to 120 mmHg.

A Scepter XC balloon catheter (4x11mm; Microven-
tion, Inc., Tustin, California, USA) was navigated to the
most distal part of the vasospastic segment with which
the operator was comfortable, such as anterior cerebral
artery segment 2 (A2) or middle cerebral artery segment
3 (M3), under the assistance of a 0.014-in. Traxcess
microwire (Microvention, Tustin, California, USA). The
Scepter XC balloon was then inflated with gentle pres-
sure with the lumen of the balloon not exceeding 60 to
70% of the normal diameter of the diseased vasculature.
Once the balloon reached the desired diameter, it was
deflated immediately. Because it takes less than 10s to
inflate and deflate the balloon in the diseased segment,
prolonged inflation was not necessary. After the vaso-
spastic distal segment was dilated, the balloon was
moved proximally to dilate the residual vasospastic ves-
sels. Occasionally, when the vasospasm was so severe
that navigation of the balloon catheter was not possible,
and if the proximal vessels were not dilated, angioplasty
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from the proximal to distal would be performed. During
the angioplasty procedure, the pressurized nimodipine
drip was maintained at 4 to 5 mL/minute. Balloon angio-
plasties were performed by experienced neurointerven-
tionalists and the whole procedure was usually
completed within 1 hour.

Results

Between January 2014 and January 2018, 396 consecu-
tive patients accepted endovascular or surgical treat-
ments (clipping) for ruptured aneurysms in our
institution. Among the 396 patients, 155 (39.14%) had
post-SAH vasospasms found during routine imaging and
only 72 patients (18.19%) had symptomatic vasospasms.
After 6 to 12h advanced medical treatment, 61 cases
(15.4%) still had symptoms caused by vasospasm and
underwent endovascular procedures. Twenty-one out of
61 patients, with no obvious large vessels spasms nor >
25% stenosis, exhibited improved symptoms after simple
endovascular IA nimodipine infusion (between 1 and 3
sessions). The remaining 40 patients underwent balloon
angioplasty. Ten patients, who had poor consciousness
after operations, presented diffused severe vasospasm in
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the images study without obvious focal neurologic defi-
cits. (Fig. 1).

A total of 50 patients with a mean age of 50 (range
28-68 years, 38 women and 12 men) underwent Scepter
XC balloon angioplasties and were enrolled in this study.
The clinical and angiographic characteristics and various
results for the 50 patients are summarized in Table 1.
Twenty-six patients (62%, 26/50) had a low clinical grade
(Hunt—Hess grade 1-3; ten patients were grade 3), and
24 patients (48%, 24/50) had a high clinical grade
(Hunt-Hess grade 4-5). Fifteen patients (30%) had
Fisher grade 1-2 bleeding pattern, and 35 patients (70%)
had Fisher grade 3—-4 hemorrhagic pattern. The most
commonly treated vessels were middle cerebral artery
(MCA) M1 segments (94%, 47/50), followed by M2 seg-
ments (70%, 35/50), distal internal carotid arteries (ICA)
(50%, 25/50), anterior cerebral arteries (ACA) (16%, 8/
50), and vertebral arteries (VA) (14%, 7/50). In four
cases, the balloon could reach proximal M3 branches for
successful angioplasties. All angioplasty procedures were
successful without any vessels rupture, dissection, or
thromboembolic complications. The severity of vaso-
spasm improved immediately and significantly (100%)

Table 1 Characteristics of patients who accepted Scepter XC balloon angioplasty

Total patients H-H Gr 1-3 H-H Gr 4-5 Fisher Gr 1-2 Fisher Gr 3-4

Patients number 50 26 (52%) 24 (48%) 15 (30%) 35 (70%)
Age 50.0 48.0 509 485 504
Gender

male 12 4 8 2 10

female 38 22 16 13 25
Symptomatic vasospasm 40 24 (60%) 16 (40%) 13 (32.5%) 27 (67.5%)
Unconscious without focal signs 10 2 (20%) 8 (80%) 2 (20%) 8 (80%)
Angioplasty Location:

ICA MCA 25 9 16 8 17

M1 47 15 32 16 31

M2 35 10 25 14 21

M3 ACA 4 0 4 0 4

Al 8 3 5 3 5

A2 8 2 6 2 [§

VA 7 1 6 0 7

BA 6 1 5 0 6

Need 2nd angioplasty 1° 0 1 0 1

Image Improving (%) 100% 100% 100% 100% 100%

Symptoms improving (%) 94% (47/50) 100% 87.5% (21/24) 100% 91.4% (32/35)

3 months good outcome (MRS < =2) (%) 82% (41/50)

92.3% (24/26)

70.8% (17/24) 100% (15/15) 74.3% (26/35)

p =00207

Mortality ° 2 0

H-H Hunt and Hess grade, mRS Modified Rankin scale

@ Mortality: 1 case of infarction with uncal herniation; 1 case of status epilepticus

b Vasospasm occurred and angioplasty was performed on a different vessel
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after angiography. 94% (47/50) of patients exhibited
symptom improvement within 24 h. Only one patient re-
quired secondary angiography for symptomatic vasospasm
3 days later on the opposite side, which exhibited no obvi-
ous vasospasm in the first angiography. Even in patients
with a high clinical grading and poor hemorrhagic pattern,
the immediate rate of improvement also reached approxi-
mately 90% (87.5 and 91.4%, respectively). Two of the pa-
tients in this study died. One death was resulted from
sustained cerebral ischemia, brain swelling, and uncal her-
niation. The other patient who died had intractable status
epilepticus with respiratory failure. Overall, after 3 months
of clinical follow-up, 82% of patients had favorable clinical
outcomes (modified Rankin Score, [mRS] <2). Even in pa-
tients with initial poor clinical grading (Hunt—Hess grade
4-5), the 3-month favorable outcome rate still reached
70.8% (Table 1 and Table 2). The lower initial clinical grade
is obvious effective to good outcome (p = 0.0207). A 92.3%
favorable outcome rate was observed for patients with a
low clinical grade (Hunt—Hess grade 1-3) and a 100%
favorable outcome rate was observed for patients with a
Hunt-Hess grade of 1-2. 60% (6/10) of patients with
unconsciousness before angioplasty could regain conscious-
ness; 70% of them could improve symptoms and 40% re-
cover to achieve an excellent clinical outcome (Table 2).

Discussion

Early and combined endovascular procedures

Cerebral vasospasm remains a major cause of morbidity
and mortality among patients after they survive initial
SAH and undergo definitive aneurysm treatment. Of pa-
tients with aneurysmal SAH, 30 to 70% develop cerebral
angiographic vasospasm, with death or permanent dis-
ability noted in 7 to 20% [1, 6, 7]. Younger age, poor
presenting grade, and diffused subarachnoid clot are
well-known risk factors for post-SAH vasospasm [2, 8,
22]. However, despite less favorable outcomes, patients
with poor neurological status and even ischemic changes
on CT scan, still appear to benefit from early endovascu-
lar therapy [6, 8]. Patients with poor consciousness sta-
tus need not be excluded from this life-saving
intervention [6, 8]. This is well demonstrated in our
study of patients with significant vasospasm: the majority
were of a younger age (mean age =50 years), 68% pre-
sented with at least a Hunt—Hess grade of 3, and 70%
had thick diffuse subarachnoid blood (Fisher grade > =3).
In our study, 70.8% of patients with a high clinical grade
(Hunt—Hess grade 4-5) could still attain a favorable
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outcome (mRS < =2); 60% (6/10) of patients with uncon-
sciousness before angioplasty could regain consciousness
and 40% recover to achieve an excellent clinical out-
come. In these patients, the symptoms of vasospasm
could not be detected easily and early. Therefore, early
diagnosis by routine image study during the high-risk
period of post-SAH vasospasm was necessary.

In the past, the endovascular approach was often re-
quired only in patients with symptoms that were refrac-
tory to medical management. However, no definite
waiting time was suggested for “refractory.” In our study,
100% of angiographic and 94% of symptomatic vaso-
spasms improved after angioplasty combined with balloon
angioplasty and IA nimodipine, without any complica-
tions. These results compare favorably to those of other
studies. In the recent literatures, the efficacy of mechanical
balloon angioplasty was nearly 90 to 100%, associated clin-
ical improvement rate of 60-75% and a complication rate
of 5% [8, 17, 22-24]. For comatose and high clinical
grading patients, the reports were rare and only 0 to 30%
patients had good clinical result [8, 24]. Our results dem-
onstrated that in patients with symptomatic or severe
vasospasm, even with high clinical grade, neurosurgeons
and neurointerventionalists should treat the condition
earlier and endovascular therapy should be performed as
soon as possible.

Simple IA vasodilator therapy is also effective but often
transient, time insufficient, and requires multiple treat-
ment sessions [12, 25]. Balloon angioplasty is suitable in
larger vessels and has been reported as a relatively safe, ef-
fective, and durable procedure [12, 25]. Therefore, we rec-
ommend a combined procedure of balloon angioplasty in
major vessels and continuous nimodipine infusion, which
was effective for distal and diffuse vasospasm during the
procedure. In our study, only one patient (2%) required a
secondary session of angioplasty treatment. However, be-
cause the target vessel was different, the durability of bal-
loon angioplasty remained apparent.

Superiorities of scepter XC balloon for angioplasty

The Scepter XC balloon had favorable performance in
the treatment of cerebral vasospasm in all consecutive
patients without procedure-related complications in our
series. The Scepter XC balloon was extremely trackable,
facilitated safe, and was able to navigate distally into the
intracranial circulation (the A2 and M3 segments). The
Scepter XC balloon accommodates a larger 0.014-in.
microwire, which provides significant stability to the

Table 2 Outcome of balloon angioplasty in unconscious patients and high clinical grading

Patients Patients number Angiography improving Clinical improving 3 months mRS <=2
High clinical grading (H-H Gr. 4-5) 24 100% 21 (87.5%) 17 (70.8%)
Unconscious patients 10 100% 7 (70%) 4 (40%)

H-H Hunt and Hess grade, mRS Modified Rankin scale
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balloon during navigation of tortuous vessels and distal
advancement [13, 16]. Furthermore, during the balloon
inflation, the 0.014-in. microwire provided increased sta-
bility, which resulted in less slippage along the vessel
wall relative to the single lumen balloons that have been
used previously. Last, we can use a single balloon for
multiple segments with repeated inflation and deflation
without the need to replace the balloon.

Studies have reported a complication rate of 1-4%;
such complications are arterial rupture, dissection, and
thrombus formation during angioplasty for vasospasm
[10, 12]. Theoretically, the improved stability of inflation
and the extra-compliant characteristic should be protect-
ive against arterial injury and rupture [15]. In our experi-
ence, during inflation, the extra-compliant design of the
Scepter XC balloon tended to conform to the course of
the vessel concurrent with radial expansion. The Scepter
XC balloon was elliptically shaped at full inflation with
two enhanced tips at both ends of the balloon. During
inflation, the balloon gradually dilated from the central
area and then bilaterally expanded evenly along the ves-
sel wall (Fig. 2a, b). This conformation to the native ves-
sel shape reflects the extra soft nature of the balloon
and, in our opinion, leads to a more controllable and
gentler balloon inflation. When the operator observes
the balloon gradually expand near the two end markers
of the balloon, the procedure could be ceased and defla-
tion should be initiated; this characteristic of Scepter XC
could prevent over-inflation, which causes vessel rupture
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(Fig. 2a & Fig. 3c). Generally, it takes less than 10s to
deflate the fully-inflated balloon in the diseased segment.
Careful planning prior to endovascular treatment can re-
duce procedure time and lead to maximal improvement
of cerebral vasospasm.

Moreover, simultaneous IA administration of nimodi-
pine or other calcium channel blockers through the
double lumen balloon catheter can augment the results
of cerebral angioplasty, especially at distal circulation
[9, 12]. In our experience, after a full angioplasty ses-
sion, both target vessels, which were treated by balloon
angioplasty, and distal vasospasms, treated by nimodi-
pine, were improved simultaneously (Fig. 2d & Fig. 3d).
After the diameter of proximal vessels was regained,
more cerebral blood flow and more vasodilator effects
could reach distal regions and increase cerebral perfu-
sion. That may be why the effect of angioplasty is so
durable and the functional outcome is so remarkable.
In the Fig. 3, we demonstrated a case with symptomatic
vasospasm (aphasia). Diffused vasospasms happened at
left MCA, M1, & M2 branches before angioplasty (Fig.
3a). Initially, continuous IA nimodipine infusion was
applied for over 30mins. The angiography revealed mild
improving but still M1 stenosis (Fig. 3b); and her symp-
toms persisted. Scepter XC balloon angioplasty was
performed with simultaneous nimodipine infusion dur-
ing procedure. The angiographic result was remarkable
(Fig. 3c) and the patient’s symptom recovered immedi-
ately after procedure.

Fig. 2 Demonstration of Scepter XC balloon angioplasty: a Middle cerebral artery vasospasm at M1 and M2 segments (black arrows). b Scepter
XC balloon gradually inflated from the central area. ¢ Even and gentle expansion of the balloon (blue arrows) along the vessel wall (red arrows). d
Improvement of vasospasm after angioplasty at M1 and nimodipine treatment in M2 segment during the same session
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angiographic improvement is obviously

Fig. 3 Case demonstration: a Diffused vasospasms at left MCA, M1, & M2 branches before angioplasty. b IA Nimodipine 30mins without
angioplasty (c) Scepter XC balloon angioplasty from distal M1 to distal ICA. ¢ After balloon angioplasty and simultaneous nimodipine infusion, the

Limitation

The limitation of this study includes retrospective nature
of the data analysis and absence of randomization be-
tween study groups. We were not able to distinguish the
improvement from IA nimodipine alone, angioplasty, or
combined effect; and to compare with diffident types of
balloons and time interval between onsets of new deficits
to intervention. However, we believed the result of the
combination protocol with Scepter XC balloon angio-
plasty is extremely reliable because of high successful
rate, good result, and low complications. Additionally,
the clinical results may come from multivariable factors,
such as hydrocephalus, surgical complications, infection,
underlying comorbidities, and rehabilitations. Despite
these factors, the effect might be minimized because of
the single center with the same treatment protocol.

Conclusion

Balloon angioplasty with Scepter XC balloon catheter is
safe and effective for the treatment of cerebral vasospasm
following SAH. Utilizing its extra-compliant characteristic
could significantly improve the quality of angioplasty pro-
cedures. For all patients, even those with poor neurologic
status, early endovascular intervention through combined
strategy could improve clinical results.

Abbreviations
SAH: Subarachnoid hemorrhage; CTA: Computed tomography angiography;
DSA: Digital subtraction angiography; MCA: Middle cerebral artery;

ICA: Internal carotid arteries; ACA: Anterior cerebral arteries; VA: Vertebral
arteries

Acknowledgments

The authors thank Chen-Ying Liu for assistance in the endovascular proce-
dures and Li-Ting Huang for drawing the figures. We also acknowledge Wal-
lace Editing Services Co. for editing this manuscript.

Authors’ contributions

CT performed the conception and design of the study, analysis and
Interpretation of data, grant funder, and drafting the article. CC contributed
to the design of the study, acquisition of data, analysis and interpretation of
data, critically revising the article, approved the final version of the
manuscript, statistical analysis, and study supervision. AYC contributed to the
interpretation of data, drafting the article, and study supervision. YM
contributed to the acquisition and analysis of data, technical and material
support of procedures. SC analyzed, interpreted, and reviews the images. PC
contributed to the acquisition of data and technical support of procedures.
MC contributed to the acquisition of data and technical support of
procedures. SY contributed to the acquisition of data and technical support
in this study. YJ helped to draw the figures. The authors read and approved
the final manuscript.

Funding

This work was supported by a grant (CMRPG3K0071 (CTC)) from Chang
Gung Memorial Hospital, Taiwan. Funding agency had no influence on the
design of the study and collection, analysis, and interpretation of data and in
writing the manuscript.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was approved by the Ethics Committee and the Institutional
Review Board of Chang Gung Memorial Hospital (IRB no. 201800342B0).
Informed consent was obtained in writing from every patient.



Chen et al. BMC Neurology (2020) 20:271

Consent for publication
Not Applicable.

Competing interests
All authors certify that there are no actual or potential competing interests in
relation to this article, and there are no financial interests to disclose.

Author details

'Department of Neurosurgery, Stroke Center & Neurointervention, Chang
Gung Memorial Hospital, Chang Gung Medical Center and University, 5,
Fu-Shin Street, Kwei-Shan Hsiang, Taoyuan 333, Taiwan. 2Deparm'\ent of
Neurosurgery, Guangdong Provincial Hospital of Chinese Medicine,
Guangzhou, Guangdong, China. *Department of Radiology, Division of
Neuroradiology, Linkou Chang Gung Memorial Hospital & Chang Gung
University, Taoyuan City, Taiwan. “Department of Neurosurgery, Kaohsiung
Chang Gung Memorial Hospital, Kaohsiung City, Taiwan.

Received: 17 February 2020 Accepted: 2 July 2020
Published online: 07 July 2020

References

1. Cooke D, Seiler D, Hallam D, Kim L, Jarvik JG, Sekhar L, et al. Does treatment
modality affect vasospasm distribution in aneurysmal subarachnoid
hemorrhage: differential use of intra-arterial interventions for cerebral
vasospasm in surgical clipping and endovascular coiling populations. J
Neurointerv Surg. 2010;2(2):139-44. https://doi.org/10.1136/jnis.2009.000919.

2. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J,
Higashida RT, et al. Guidelines for the management of aneurysmal
subarachnoid hemorrhage: a guideline for healthcare professionals from the
American Heart Association/american Stroke Association. Stroke. 2012;43(6):
1711-37. https;//doi.org/10.1161/STR.0b013e3182587839.

3. Kassell NF, Torner JC, Jane JA, Haley EC Jr, Adams HP. The international
cooperative study on the timing of aneurysm surgery. Part 2: surgical results. J
Neurosurg. 1990;73(1):37-47. https//doi.org/10.3171/jns.1990.73.1.0037.

4. Badjatia N, Topcuoglu MA, Pryor JC, Rabinov JD, Ogilvy CS, Carter BS, et al.
Preliminary experience with intra-arterial nicardipine as a treatment for
cerebral vasospasm. AJNR Am J Neuroradiol. 2004;25(5):819-26.

5. Kassell NF, Peerless SJ, Durward QJ, Beck DW, Drake CG, Adams HP.
Treatment of ischemic deficits from vasospasm with intravascular volume
expansion and induced arterial hypertension. Neurosurgery. 1982;11(3):337-
43. https://doi.org/10.1227/00006123-198209000-00001.

6. Rosenwasser RH, Armonda RA, Thomas JE, Benitez RP, Gannon PM, Harrop J.
Therapeutic modalities for the management of cerebral vasospasm: timing
of endovascular options. Neurosurgery. 1999;44(5).975-9discussion 9-80.
https://doi.org/10.1097/00006123-199905000-00022.

7. Velat GJ, Kimball MM, Mocco JD, Hoh BL. Vasospasm after aneurysmal
subarachnoid hemorrhage: review of randomized controlled trials and
meta-analyses in the literature. World Neurosurg. 2011,76(5):446-54. https://
doi.org/10.1016/j.wneu.2011.02.030.

8. Chalouhi N, Tjoumakaris S, Thakkar V, Theofanis T, Hammer C, Hasan D, et al.
Endovascular management of cerebral vasospasm following aneurysm
rupture: outcomes and predictors in 116 patients. Clin Neurol Neurosurg.
2014;118:26-31. https://doi.org/10.1016/j.clineuro.2013.12.012.

9. Chen CC, Yi-Chou Wang A, Chen CT, Hsieh PC. Coadjuvant treatment of
vasospasm in ruptured unsecured cerebral aneurysms with aggressive
angioplasty, intra-arterial Nimodipine, and aneurysm embolization. World
Neurosurg. 2018;116:e452-€9. https://doi.org/10.1016/j.wneu.2018.05.005.

10.  Linskey ME, Horton JA, Rao GR, Yonas H. Fatal rupture of the intracranial
carotid artery during transluminal angioplasty for vasospasm induced by
subarachnoid hemorrhage. Case report J Neurosurg. 1991,74(6):985-90.
https://doi.org/10.3171/jns.1991.74.6.0985.

11, Brisman JL, Roonprapunt C, Song JK, Niimi Y, Setton A, Berenstein A, et al.
Intentional partial coil occlusion followed by delayed clip application to
wide-necked middle cerebral artery aneurysms in patients presenting with
severe vasospasm. Report of two cases. J Neurosurg. 2004;101(1):154-8.
https://doi.org/10.3171/jns.2004.101.1.0154.

12. Cho YD, Han MH, Ahn JH, Jung SC, Kim CH, Kang HS, et al. Simultaneous
endovascular treatment of ruptured cerebral aneurysms and vasospasm.
Korean J Radiol. 2015;16(1):180-7. https://doi.org/10.3348/kjr.2015.16.1.180.

13. Heit JJ, Choudhri O, Marks MP, Dodd RL, Do HM. Cerebral angioplasty using
the scepter XC dual lumen balloon for the treatment of vasospasm

Page 8 of 8

following intracranial aneurysm rupture. J Neurointerv Surg. 2015;7(1):56-61.
https://doi.org/10.1136/neurintsurg-2013-011043.

14. John S, Spiotta AM, Turner RM, Chaudry MI, Turk AS, Hui F. Initial experience
with the coaxial dual-lumen scepter C balloon catheter for endovascular
management of cerebral vasospasm from subarachnoid hemorrhage. J
Neurointerv Surg. 2014;6(2):125-8. https://doi.org/10.1136/neurintsurg-2012-
010572.

15. Spiotta AM, James RF, Lowe SR, Vargas J, Turk AS, Chaudry M|, et al. Balloon-
augmented onyx embolization of cerebral arteriovenous malformations
using a dual-lumen balloon: a multicenter experience. J Neurointerv Surg.
2015;7(10):721-7. https://doi.org/10.1136/neurintsurg-2014-011285.

16.  Lin CM, Wu YM, Chang CH, Chen CC, Wang AY. The ANTRACK technique:
employing a compliant balloon or stent retriever to advance a large-bore
catheter to an occlusion during Thrombectomy procedures in acute stroke
patients. Oper Neurosurg (Hagerstown). 2019;16(6):692-9. https://doi.org/10.
1093/0ns/opy202.

17. Gross BA, Tonetti DA, Weiner GM, Panczykowski DM, Ares WJ, Kenmuir CL,
et al. Septoplasty: scepter balloon angioplasty for vasospasm after
aneurysmal subarachnoid hemorrhage. Interv Neurol. 2017;6(3-4):229-35.
https://doi.org/10.1159/000477467.

18. Laslo AM, Eastwood JD, Pakkiri P, Chen F, Lee TY. CT perfusion-derived
mean transit time predicts early mortality and delayed vasospasm after
experimental subarachnoid hemorrhage. AJNR Am J Neuroradiol. 2008;29(1):
79-85. https://doi.org/10.3174/ajnr.A0747.

19. Seidel G, Kaps M, Gerriets T. Potential and limitations of transcranial color-
coded sonography in stroke patients. Stroke. 1995,26(11):2061-6. https.//doi.
org/10.1161/01.5tr.26.11.2061.

20. Sanelli PC, Jou A, Gold R, Reichman M, Greenberg E, John M, et al. Using CT
perfusion during the early baseline period in aneurysmal subarachnoid
hemorrhage to assess for development of vasospasm. Neuroradiology. 2011;
53(6):425-34. https://doi.org/10.1007/500234-010-0752-z.

21, Greenberg ED, Gold R, Reichman M, John M, Ivanidze J, Edwards AM, et al.
Diagnostic accuracy of CT angiography and CT perfusion for cerebral
vasospasm: a meta-analysis. AJNR Am J Neuroradiol. 2010;31(10):1853-60.
https://doi.org/10.3174/ajnr.A2246.

22, Charpentier C, Audibert G, Guillemin F, Civit T, Ducrocq X, Bracard S, et al.
Multivariate analysis of predictors of cerebral vasospasm occurrence after
aneurysmal subarachnoid hemorrhage. Stroke. 1999;30(7):1402-8. https.//
doi.org/10.1161/01.5tr.30.7.1402.

23, Labeyrie MA, Gaugain S, Boulouis G, Zetchi A, Brami J, Saint-Maurice JP,
et al. Distal balloon angioplasty of cerebral vasospasm decreases the risk of
delayed cerebral infarction. AINR Am J Neuroradiol. 2019;40(8):1342-8.
https://doi.org/10.3174/ajnr.A6124.

24. Chaudhry NS, Orning JL, Shakur SF, Amin-Hanjani S, Aletich VA, Charbel FT,
et al. Safety and efficacy of balloon angioplasty of the anterior cerebral
artery for vasospasm treatment after subarachnoid hemorrhage. Interv
Neuroradiol. 2017;23(4):372-7. https://doi.org/10.1177/1591019917699980.

25. Murayama Y, Song JK, Uda K, Gobin YP, Duckwiler GR, Tateshima S, et al.
Combined endovascular treatment for both intracranial aneurysm and
symptomatic vasospasm. AJNR Am J Neuroradiol. 2003;24(1):133-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1136/jnis.2009.000919
https://doi.org/10.1161/STR.0b013e3182587839
https://doi.org/10.3171/jns.1990.73.1.0037
https://doi.org/10.1227/00006123-198209000-00001
https://doi.org/10.1097/00006123-199905000-00022
https://doi.org/10.1016/j.wneu.2011.02.030
https://doi.org/10.1016/j.wneu.2011.02.030
https://doi.org/10.1016/j.clineuro.2013.12.012
https://doi.org/10.1016/j.wneu.2018.05.005
https://doi.org/10.3171/jns.1991.74.6.0985
https://doi.org/10.3171/jns.2004.101.1.0154
https://doi.org/10.3348/kjr.2015.16.1.180
https://doi.org/10.1136/neurintsurg-2013-011043
https://doi.org/10.1136/neurintsurg-2012-010572
https://doi.org/10.1136/neurintsurg-2012-010572
https://doi.org/10.1136/neurintsurg-2014-011285
https://doi.org/10.1093/ons/opy202
https://doi.org/10.1093/ons/opy202
https://doi.org/10.1159/000477467
https://doi.org/10.3174/ajnr.A0747
https://doi.org/10.1161/01.str.26.11.2061
https://doi.org/10.1161/01.str.26.11.2061
https://doi.org/10.1007/s00234-010-0752-z
https://doi.org/10.3174/ajnr.A2246
https://doi.org/10.1161/01.str.30.7.1402
https://doi.org/10.1161/01.str.30.7.1402
https://doi.org/10.3174/ajnr.A6124
https://doi.org/10.1177/1591019917699980

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Management of post-SAH vasospasm
	Procedure of scepter XC balloon angioplasty

	Results
	Discussion
	Early and combined endovascular procedures
	Superiorities of scepter XC balloon for angioplasty
	Limitation

	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

