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AIM: This study aims to report a rare case of an embolization protection device (EPD) entrapment during Carotid Artery Stent (CAS)
and to discuss the management strategy, including open surgery and concurrent carotid endarterectomy (CEA).
CASE PRESENTATION: A 71-year-old female presented with left limb weakness and unclear speech following CAS. Imaging revealed
a new cerebral infarction and right internal carotid artery stenosis. The patient underwent endovascular retrieval of the entrapped EPD,
which failed, leading to an emergency open surgical procedure.
RESULTS: The surgical approach involved a longitudinal incision along the anterior border of the right sternocleidomastoid muscle,
followed by carotid artery exposure and temporal artery clamps application. The entrapped EPD and stent were successfully retrieved,
and the thrombus was aspirated. Subsequent endarterectomy removed the stenotic plaque, and meticulous washing cleared the carotid
arteries. Post-operative indocyanine green fluorescence angiography confirmed patency of the arteries, and the patient was discharged
without new neurological symptoms after 11 days of hospitalization.
CONCLUSIONS: This case underscores the challenges in managing EPD entrapment during CAS and the necessity for a swift transition
to open surgical intervention when endovascular techniques fail. The concurrent performance of CEA in such cases offers a comprehen-
sive treatment strategy, highlighting the importance of a multidisciplinary approach in complex vascular interventions.
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Introduction
Carotid Artery Stent (CAS) is a treatment modality for
carotid artery stenosis. However, this procedure carries a
potential risk of plaque embolization. If plaque becomes
dislodged or fragmented during the procedure, it can lead
to cerebral embolism, causing symptoms ranging from lo-
cal paralysis to life-threatening conditions [1,2]. The in-
traoperative use of embolization protection devices (EPDs)
effectively prevents these complications by reducing the
risk of plaque dislodgment towards cerebral vasculature,
thereby decreasing the occurrence of cerebral embolism [3].
It significantly enhances surgical safety [4] and is widely
used in clinical practice [5]. While EPDs have significantly
reduced the risk of embolic events during CAS, they are
not without potential complications. Common complica-
tions associated with EPDs include difficulty in retrieving
the device and instances of retrieval failure [6,7], such as
EPD entrapment within the stent, as observed in our study.
EPD entrapment is a rare but serious complication, with an
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incidence ranging from 0.1% to 0.5% in some series [8].
This complication can lead to several issues including ves-
sel injury, thrombosis, and the requirement for open surgi-
cal intervention to retrieve the device. The rapid advance-
ments in interventional techniques and materials have pro-
videdmore effective tools and strategies for managing chal-
lenging EPD retrievals [9]. However, there are still cases
where interventional retrieval fails, demanding surgical in-
tervention [10]. In instances of retrieval failure, surgical
removal or rescue stents to secure EPDs within the stents
may be required, or even conservative measures might be
employed for EPDs that have drifted into the distal inter-
nal carotid artery system. Unfortunately, these measures
can result in unnecessary patient discomfort and iatrogenic
complications [11,12]. Open surgical retrieval of an en-
trapped EPD can lead to complications such as bleeding,
infection, and damage to surrounding tissues. Moreover,
manipulating the carotid artery during the procedure may
result in thrombosis or dissection, potentially compromis-
ing blood flow to the brain. Additionally, the concurrent
performance of carotid endarterectomy (CEA) adds further
complexity and elevates the risk of perioperative morbidity.
This study reports a patient who underwent carotid artery
open surgery for EPD and stent retrieval following entrap-
ment during CAS, accompanied by CEA, offering valuable
insights for clinicians facing similar challenges.
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Fig. 1. The cranial Magnetic Resonance Imaging (MRI) scan revealed a newly developed cerebral infarction in the right frontal,
parietal, and occipital lobes. The arrow indicates the location of the newly diagnosed cerebral infarction. Scale bar: 10 cm.

Case Report
A 71 years old female patient, admitted to the Neurosurgery
Department of the First People’s Hospital of Jining City,
Shandong Province, on 4 December 2021, was presented
with a 10-day history of left limb weakness and unclear
speech, occurring 4 hours after stenting of the right inter-
nal carotid artery. A cranial Magnetic Resonance Imag-
ing (MRI) at a local hospital revealed a new cerebral in-
farction in the right frontoparietal lobe (Fig. 1). Subse-
quently, she was diagnosed with right internal carotid artery
stenosis (Fig. 2) and underwent a procedure for “right inter-
nal carotid artery balloon dilatation and stent placement”.
However, during the procedure, following the release of the
carotid artery stent, the cerebral protection umbrella could
not be smoothly retrieved (Fig. 3), prompting an emergency
transfer to our hospital.
Upon admission, the patient was conscious and responsive,
with normal facial expressions, slight shallowing of the left
nasolabial fold, and midline tongue protrusion. The right
lower limb was immobilized, with the sheath retained at
the right femoral artery puncture site, undergoing contin-
uous compression and flushing. The remaining limbs ex-
hibited voluntary movement as instructed. Muscle strength
[13] was graded as V-, with normal muscle tone, and the bi-

lateral Babinski sign [14] was negative. The NIHSS score
[15] was 8 points. The patient had previously undergone
right carotid artery stenting (Protégé RX) at a local facility,
during which the cerebral protection umbrella (SpiderFX)
was entrapped within the carotid artery stent. This posed
an imminent risk of internal carotid artery occlusion, which
could lead to extensive cerebral infarction or even death.
Consequently, an emergency right internal carotid artery
endarterectomy was performed, during which the stenotic
plaque was removed, and the carotid artery stent and the
entrapped cerebral protection umbrella (device) were ex-
tracted, restoring normal blood flow.

The surgical approach involved a longitudinal incision
along the anterior border of the right sternocleidomastoid
muscle. The skin and subcutaneous tissue were sequen-
tially dissected to expose the carotid artery sheath, reveal-
ing the common carotid artery, internal carotid artery, and
external carotid artery. Temporal artery clamps were ap-
plied to occlude the internal carotid artery, external carotid
artery, and superior thyroid artery. A rubber loop was used
to occlude the common carotid artery, and the systolic blood
pressure was raised to approximately 150mmHg. The com-
mon carotid artery was then opened, revealing the carotid
artery stent and the tip of a guide catheter. The internal
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Fig. 2. Cerebrovascular angiography revealed severe stenosis of the right internal carotid artery. The red arrows indicate intravas-
cular plaques and stenosis sites. Scale bar: 2 cm (left), 0.5 cm (right).

Fig. 3. The embolization protection device (EPD) is lodged
within the stent, resulting in the retention of contrast media.
Scale bar: 0.5 cm.

carotid artery was further dissected upwards to fully ex-
pose the stent, where the protection umbrella was found to
be entrapped (Fig. 4). Thrombus formation was observed
within the stent and the internal carotid artery. The carotid
artery stent and the embolic protection device were ex-
tracted, and the thrombus was aspirated (Fig. 5). The thick-
ened and hardened plaque, approximately 2 cm in length,
was excised from the common carotid, internal, and ex-

ternal carotid arteries, comprising calcified plaque caus-
ing severe stenosis at the beginning of the internal carotid
artery. The plaque was completely removed, and meticu-
lous washingwas performed to clear any plaque debris from
the intima of the common, internal, and external carotid
arteries (Fig. 6). The arterial incisions were carefully su-
tured, and hemostatic gauze was applied to the sutured area.
Blood pressure control was strictly controlled, maintaining
the systolic pressure at 110 mmHg. Indocyanine green flu-
orescence angiography indicated the patency of the com-
mon, internal, and external carotid arteries. The carotid
artery sheath was then sutured, and the surgery was com-
pleted. After the surgery, a carotid Computed Tomography
Angiography (CTA) examination revealed that the blood
vessels were unobstructed (Fig. 7). The patient was dis-
charged after 11 days of hospitalization with no new neu-
rological symptoms at the time of discharge. A flow chart
of the treatment process for this case report is depicted in
Fig. 8.

Discussion

CEA, combined with drug therapy, was once considered
as the standard treatment option for carotid artery steno-
sis. Large-scale, multicenter randomized controlled tri-
als have confirmed the effectiveness and safety of CEA,
establishing it as the “gold standard” for treating carotid
artery stenosis [16]. With advancements in materials sci-
ence, particularly the advent of cerebral protection devices
and self-expanding stents, endovascular stenting for ex-
tracranial carotid artery stenosis has emerged as a recent
research hotspot and has shown promising outcomes. In
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Fig. 4. Entrapment of the EPD within the stent.

Fig. 5. Retrieval of Carotid Artery Stent (CAS) and EPD once thrombus is aspirated.

the 1990s, Diethrich et al. [17] successfully performed the
first CAS. However, due to relatively primitive interven-
tional instruments and limited technical expertise at that
time, the incidence of intraoperative embolism during CAS
was higher than that in carotid endarterectomy. As inter-
ventional technology and expertise have advanced, the ad-

vantages of CAS have gradually been recognized, leading
to its widespread use in clinical practice.
Distal embolization caused by plaque dislodgement is a
known perioperative complication of CAS. As a mechani-
cal device placed within the carotid artery, EPDs can effec-
tively reduce the entry of emboli into distal vessels during
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Fig. 6. After endarterectomy, the vessel is smooth.

Fig. 7. After the surgery, a carotid Computed Tomography
Angiography (CTA) examination showed unobstructed blood
vessels. RICA, retropharyngeal internal carotid artery.

surgery [18]. Theron et al. [15] first applied EPDs in CAS
in 1990, initially verifying their safety. However, the use of
EPDs also carries potential risks, primarily vascular spasms
and difficulties in their retrieval, with an occurrence rate of
7.7% (12/156) [10]. Reports suggest that the incidence of
difficulty in EPD retrieval ranges from 6.5% to 15.4%, with
a failure rate of retrieval between 0.1% and 0.5% [8,19].
EPD retrieval difficulties typically occur within the stent,

with risk factors including calcification at the stenosis site,
vascular tortuosity, vascular spasm, incomplete stent ex-
pansion, and stent fractures [20]. Another case by Nii et
al. [10] reported the use of manual carotid compression to
facilitate EPD retrieval. While this method is less invasive
than surgery, it may not be effective when the EPD is deeply
embedded within the stent, as was the situation with our
patient. This study reports a rare case of EPD entrapment
within the stent, requiring open carotid artery surgery for
retrieval and endarterectomy. However, there are limited
documented cases of such complications. In our case, the
decision to proceedwith carotid endarterectomy (CEA)was
influenced by the imminent risk of internal carotid artery
occlusion and the potential for extensive cerebral infarction
or death. Although this approach is more invasive, it al-
lowed for the complete removal of the stenotic plaque and
the entrapped EPD, thereby restoring normal blood flow
and preventing further complications. In this case, the pa-
tient experienced EPD entrapment during the neck internal
artery stenting procedure at an external facility. To main-
tain blood flow, continuous flushing was conducted, and
the patient was urgently transferred to our hospital. Emer-
gency carotid artery open surgery was performed to retrieve
the entrapped EPD, with carotid endarterectomy conducted
concurrently. Intraoperative observations confirmed that
the EPD was entangled with the stent.

Existing solutions for difficult EPD retrieval include ap-
plying pressure to the patient’s carotid artery, turning the
patient’s head to the opposite side, instructing the patient
to swallow, inserting the guide catheter near the stent or
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Fig. 8. A flow chart of the treatment of the case.

into the stent, and using a guide catheter with a bent tip [9].
However, in cases where EPD retrieval fails, open surgery
may be needed to remove EPD and residual parts alongwith
the stent through carotid artery endarterectomy [21]. Leav-
ing the EPD permanently retained in the body may increase
the risk of complications such as vascular spasm, thrombo-
sis, or embolism, emphasizing the significance of prevent-
ing such occurrences [12,22].
In summary, CAS has become crucial for treating carotid
artery stenosis. The routine application of EPDs in CAS has
enhanced its safety. However, clinicians need to be aware
of potential risks associated with EPDs to improve CAS
treatment outcomes. Combined surgical approaches inte-
grate traditional surgery with interventional treatment, pro-
viding a platform for patients to undergo surgical, interven-
tional, and imaging examinations simultaneously, thereby
opening new avenues for the treatment of ischemic cere-
brovascular disease.

Conclusions
This case underscores the complexities and challenges of
managing an entrapped embolic protection device during
carotid artery stenting. Although these complications are
rare, the successful outcome post-emergency open surgery
highlights the efficacy of a careful surgical approach. This
case emphasizes the need for clinicians to be prepared for
unexpected complications during routine procedures and
the significance of a swift transition to open surgical inter-
vention when endovascular retrieval fails. The uneventful
recovery and discharge of the patient underscore the impor-
tance of a comprehensive and well-executed treatment plan
in ensuring positive outcomes.

Availability of Data and Materials
The datasets used or analyzed during the current study are
available from the corresponding author upon reasonable
request.

Author Contributions
All authors have contributed significantly to this work.
GYF and WWG were responsible for the manuscript writ-
ing, conception and design of the study, data acquisition,
analysis, and interpretation. CHS contributed to conducting
experiments, drafting the manuscript and revising it criti-
cally for important intellectual content. LF andWYMwere
involved in the surgical procedures and provided critical re-
visions of the manuscript. All authors give final approval
of the version to be published. All authors have participated
sufficiently in the work to take public responsibility for ap-
propriate portions of the content and agreed to be account-
able for all aspects of the work in ensuring that questions
related to its accuracy or integrity.

Ethics Approval and Consent to Participate
This study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Ethics Committee
of The First People’s Hospital of Jining, with the reference
number [2023083]. Informed consent was obtained from
the patient involved in the study.

Acknowledgment
Not applicable.



13 Ann. Ital. Chir., 96, 1, 2025

Wenwen Guo, et al.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflicts of interest.

References
[1] Hussain MA, Alali AS, Mamdani M, Tu JV, Saposnik G, Salata

K, et al. Risk of intracranial hemorrhage after carotid artery stenting
versus endarterectomy: a population-based study. Journal of Neuro-
surgery. 2018; 129: 1522–1529.

[2] Yang X, Liu Z, Hu C, Li Y, Zhang X, Wei L. Incidence and risk fac-
tors for hypotension after carotid artery stenting: Systematic review
and meta-analysis. International Journal of Stroke: Official Journal
of the International Stroke Society. 2024; 19: 40–49.

[3] Miccichè E, Condello F, Cao D, Azzano A, Ioppolo AM, Man-
giameli A, et al. Procedural embolic protection strategies for carotid
artery stenting: current status and future prospects. Expert Review
of Medical Devices. 2023; 20: 373–391.

[4] Shrestha DB, Shtembari J, Lamichhane S, BaniyaA, ShahiM,Dhun-
gel S, et al. Safety and efficacy of cerebral embolic protection de-
vices for patients undergoing transcatheter aortic valve replacement:
An updated meta-analysis. Health Science Reports. 2023; 6: e1391.

[5] Stachon P, Kaier K, Heidt T, Wolf D, Duerschmied D, Staudacher
D, et al. The Use and Outcomes of Cerebral Protection Devices for
Patients Undergoing Transfemoral Transcatheter Aortic Valve Re-
placement in Clinical Practice. JACC. Cardiovascular Interventions.
2021; 14: 161–168.

[6] Patel NJ, Heuser RR. Which embolic protection device is ideal dur-
ing carotid artery stenting? Catheterization and Cardiovascular In-
terventions: Official Journal of the Society for Cardiac Angiography
& Interventions. 2018; 92: 1136–1137.

[7] Megaly M, Morcos R, Khalil C, Garcia S, Basir M, Maini B, et al.
Complications and failure modes of coronary embolic protection de-
vices: Insights from the MAUDE database. Catheterization and Car-
diovascular Interventions: Official Journal of the Society for Cardiac
Angiography & Interventions. 2022; 99: 405–410.

[8] Lian X, Liu W, Li M, Lin M, Zhu S, Sun W, et al. Risk factors and
complications associated with difficult retrieval of embolic protec-
tion devices in carotid artery stenting. Cardiovascular and Interven-
tional Radiology. 2012; 35: 43–48.

[9] Scullen T, Mathkour M, Carr C, Wang A, Amenta PS, Nerva JD, et
al. Anatomical Considerations for Endovascular Intervention for Ex-
tracranial Carotid Disease: A Review of the Literature and Recom-
mended Guidelines. Journal of Clinical Medicine. 2020; 9: 3460.

[10] Nii K, Nakai K, Tsutsumi M, Aikawa H, Iko M, Sakamoto K, et al.
A manual carotid compression technique to overcome difficult fil-
ter protection device retrieval during carotid artery stenting. Journal
of Stroke and Cerebrovascular Diseases: the Official Journal of Na-
tional Stroke Association. 2015; 24: 210–214.

[11] Page P, Niemann D, Son C, Li Y. Retained distal protection device
during carotid artery stenting necessitating carotid endarterectomy:
A complication and management considerations. Surgical Neurol-
ogy International. 2018; 9: 123.

[12] Sulhan S, Lyon K, Lesley WS. Successful Endovascular Bailout
Strategy for Retained Accunet Embolic Protection Device During
Vertebral Artery Stenting. Frontiers in Neurology. 2019; 10: 189.

[13] Urhausen AP, Berg B, Øiestad BE, Whittaker JL, Culvenor AG,
CrossleyKM, et al. Measurement properties formuscle strength tests
following anterior cruciate ligament and/or meniscus injury: What
tests to use and where do we need to go? A systematic review
with meta-analyses for the OPTIKNEE consensus. British Journal
of Sports Medicine. 2022; 56: 1422–1431.

[14] Drouin E, Drouin G, Péréon Y. The Babinski sign. The Lancet. Neu-
rology. 2017; 16: 180.

[15] Theron J, Courtheoux P, Alachkar F, Bouvard G, Maiza D. New
triple coaxial catheter system for carotid angioplasty with cerebral
protection. AJNR. American Journal of Neuroradiology. 1990; 11:
869–869–74; discussion 875–7.

[16] Hara T, Rai Y. Carotid Endarterectomy. Advances and Technical
Standards in Neurosurgery. 2022; 44: 187–207.

[17] Diethrich EB, Ndiaye M, Reid DB. Stenting in the carotid artery:
initial experience in 110 patients. Journal of Endovascular Surgery:
the Official Journal of the International Society for Endovascular
Surgery. 1996; 3: 42–62.

[18] Deveci OS, Okutucu S, Fatihoglu SG, Oto A. Cerebral embolic pro-
tection devices during transcatheter aortic valve implantation, the
current state of the art. Acta Cardiologica. 2022; 77: 196–203.

[19] Case BC, Forrestal BJ, Yerasi C, Khan JM, Khalid N, Shlofmitz E, et
al. Real-World Experience of the Sentinel Cerebral Protection De-
vice: Insights from the FDAManufacturer and User Facility Device
Experience (MAUDE) Database. Cardiovascular Revascularization
Medicine: Including Molecular Interventions. 2020; 21: 235–238.

[20] Kuhn AL, Puri AS, De Macedo Rodrigues K, Massari F, Singh J.
Trapped Embolic Protection Device: A Salvage Technique. Cureus.
2020; 12: e9228.

[21] Lamanna A, Maingard J, Barras CD, Kok HK, Handelman G, Chan-
dra RV, et al. Carotid artery stenting: Current state of evidence and
future directions. Acta Neurologica Scandinavica. 2019; 139: 318–
333.

[22] Tocco-Tussardi I, Kulyk C, Vindigni V, Avruscio G. Dislocation of
a cerebral protection device component during carotid stenting: A
case report of favorable outcome from conservative management af-
ter failure of retrieval. International Journal of Surgery Case Reports.
2018; 42: 254–257.

© 2025 The Author(s).

https://creativecommons.org/licenses/by/4.0/

	Introduction
	Case Report
	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

