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Background: Pipeline flow diverters (PFDs) are becoming increasingly common. Antiplatelet medication is required to minimize
periprocedural ischemic events. Short-acting GPIIb/llla inhibitors are frequently administered intraprocedurally; however, the role of
these agents in postprocedural PFD management in the neurocritical care unit (NCCU) has been overlooked.

Case Report: A patient with an unruptured internal carotid artery aneurysm presented for PFD placement. PFD placement was compli-
cated by post-procedure intra-PFD thrombosis and hemispheric ischemia. Aspirin and ticagrelor were restarted, and the surgery de-
partment consulted for tracheostomy and percutaneous endoscopic gastrostomy tube placement. Short-half-life GPllb/llla infusions

served as bridges to surgery after aspirin and tirofiban washout.

Conclusion: NCCU management of complications of PFD placement remains under-researched. The use of long-acting antiplatelet
agents post-PFD limits the safe administration of surgical procedures. Bridging with GPIIb/llla infusion may facilitate the safe delivery

of intensive care in these cases.
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INTRODUCTION

In recent decades, endovascular approaches for treating unrup-
tured intracranial aneurysms (IA) have become increasingly com-
mon. Coil embolization has been the mainstay endovascular ap-
proach for the treatment of IA for many years; however, pipeline
flow diverters (PFD) are an alternative endovascular approach
that have been used with increasing frequency. PFDs offer an al-

ternative approach to aneurysm treatment with high rates of com-

plete aneurysmal occlusion. However, PFD placement is associat-
ed with several potential complications, including intracranial
hemorrhage and ischemic stroke [1]. These complications and
routine postprocedural care for IA treated with PFD placement
are likely to be managed in a neurocritical care unit (NCCU) and
may be encountered in that setting with increasing frequency as
PED placement becomes more common.

In a meta-analysis, Brinjikji et al. [2] found that 6% of patients

with IAs experienced ischemic stroke after PFD placement, with

© 2023 The Korean Neurocritical Care Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.orglicenses/by-nc/4.0f) which
permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

34

www.e-jnc.org


http://crossmark.crossref.org/dialog/?doi=10.18700/jnc.230016&domain=pdf&date_stamp=2023-06-30

Journal of Neurocritical Care

higher rates found in patients with large and giant aneurysms. In-
traprocedurally, GPIIb/IIIa inhibitor infusions are often used to
prevent thrombosis. Additionally, several PED design innovations
have been tested and implemented in recent years to decrease the
likelihood of thromboembolic formation within the device after
placement, such as covalently bonded coatings composed of polar
molecules [3]. Nevertheless, careful antiplatelet management,
preferably in the NCCU setting, in post-PFD IA patients is cru-
cial.

There is no consensus on antiplatelet regimens for post-PFD IA
patients, and the approaches differ greatly among institutions.
Dual aspirin-clopidogrel therapy is common, with ticagrelor
sometimes used instead of clopidogrel [4]. Both clopidogrel and
ticagrelor have relatively long half-lives (7-8 and 7-9 hours, re-
spectively) and, when administered without a loading dose at
steady-state dosing, can require as many as seven days to reach
maximum platelet inhibition [5,6]. At steady-state concentra-
tions, commonly used antiplatelets, such as clopidogrel, require
long washout periods to eliminate their antiplatelet effects [7].
Therefore, in patients requiring surgical intervention after PED
placement, especially early after placement, antiplatelet therapy
should be temporarily discontinued. Given its relatively long half-
life, a washout of typically 7 days is suggested for both clopidogrel
and ticagrelor, and neuroaxial procedures should be required [8].
Should emergent neuroaxial intervention be required, in the ab-
sence of any acute, direct reversal agents, platelet transfusion in
addition to medication cessation is typically employed to mini-
mize the risk of life-threatening hemorrhage [9]. Whether related
to an emergent complication or a planned elective procedure, an
interdisciplinary intensive care team must conduct patient-specif-
ic consideration of the risk of thromboembolic and hemorrhagic
complications and administer antiplatelet agents to mitigate the
risk. To date, no guidelines have been established for the manage-
ment of this condition. However, the interim transition to a short
half-life and rapidly reversible antiplatelet infusion with rapid
washout periods, such as with a GPIIb/Illa inhibitor, may be use-
fulin post-PFD IA patients requiring elective surgical intervention

in an intensive care setting.

CASE REPORT

A 47-year-old female with no prior history of ischemic or hemor-
rhagic stroke and without any known coagulopathy presented for
planned staged treatment of bilateral internal carotid artery aneu-
rysm (right side 6-7 mm in diameter with a depth of 2-3 mm; left
side significantly larger) with PEDs (left-sided PFD first, followed
by the right side eight weeks later, with comparable preparation
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and procedure carried out for each). The left-sided PFD was
placed on March S, 2021, without complications. The patient was
discharged after left-sided PFD placement, and ticagrelor and as-
pirin were initiated and continued through and after right-sided
placement 8 weeks later. Three days prior to left-sided placement
and antiplatelet initiation, the baseline P2Y12 level was 237. After
48 hours of ticagrelor and aspirin therapy, the P2Y12 value was
48. Three days before right-sided PFD placement, the P2Y12 val-
ue was 9, suggesting a therapeutically appropriate response.

The patient continued the 8-week course of preprocedural aspi-
rin/ticagrelor antiplatelet therapy until April 29, 2021, when the
patient was admitted for scheduled right-sided PFD placement.
Immediately after the placement, the patient was admitted to the
NCCU for routine recovery. In the acute post-procedural phase,
the patient developed drowsiness and headache (initially attribut-
ed to a post-anesthesia effect). Several hours later, the patient be-
came increasingly unresponsive and developed posturing and
right gaze deviation. Emergency endovascular intervention re-
vealed in-stent thrombosis causing complete right hemispheric
ischemia (Fig. 1). Revascularization was successful and completed
within 8 hours of the initial documentation of drowsiness and
headaches. Subsequent head computed tomography revealed a
resultant complete hemispheric ischemic stroke complicated by
subarachnoid hemorrhage and diffuse cerebral edema with sub-
falcine herniation (Fig. 2). Ticagrelor and aspirin were discontin-
ued to allow decompressive hemicraniectomy. Following the pro-
cedure, ticagrelor and aspirin were reinitiated due to concerns re-
garding repeat in-stent thrombosis. The P2Y12 value immediately
before antiplatelet initiation was 403, suggesting normal platelet
function.

One week later, the patient was admitted to the NCCU for sup-

A)

Fig. 1. Digital subtraction angiography performed on the sec-
ond day of admission. Images were captured by interventional
radiologist utilizing digital subtraction angiography. (A) Image
demonstrates thrombus present in the internal carotid artery with
downstream circulation blocked. (B) Image demonstrates revascu-
larization after successful removal of thrombus via thrombectomy.
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Fig. 2. Head computed tomography imaging captured on the third
day of admission. Decompressive right hemicraniectomy evident.
Continued subfalcine herniation also demonstrated.

portive care. As per family discussion, and in line with the patient
and family wishes, the surgery department was consulted to begin
planning for a scheduled tracheostomy and percutaneous endo-
scopic gastrostomy tube placement. The risk of hemorrhage oc-
curring during these surgeries in patients on ticagrelor and aspirin
was weighed against the risk of repeat thrombosis if antiplatelet
therapy was discontinued for washout and for the procedure. The
surgery and NCCU teams agreed to use a perioperative bridging
strategy to mediate these risks and facilitate the planned proce-
dures. To implement this plan, ticagrelor and aspirin were discon-
tinued, and an eptifibatide (GPIIb/I1la inhibitor; half-life, 2.5
hours) bridge infusion was initiated during the washout period
[10]. Due to medication shortages, eptifibatide was replaced by
tirofiban (GPIIb/IIla inhibitor; half-life, 2 hours) [11]. After a
planned five-day washout with a GPIIb/IIla bridge, tirofiban was
administered the morning of the scheduled surgery and restarted
in the evening. No excessive bleeding was observed during the
surgery. The following day, ticagrelor and aspirin were reinitiated
with the agreement of the general surgery team, and tirofiban in-

fusion was discontinued.

DISCUSSION

Careful management of platelet activity and antiplatelet medica-
tion use in patients with unruptured IA undergoing endovascular
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treatments is important. As PFD utilization increases, cases simi-
lar to the one described above are likely to occur with increasing
frequency and are likely to be managed in NCCUs. This case
highlights a challenging conundrum: balancing the risk of hemor-
rhage during urgent surgery with the risk of intra-PFD thrombo-
sis. Although the general conundrum of balancing the risks of
hemorrhage and thrombosis is regularly encountered in intensive
care settings, there are no established guidelines for antiplatelet
management within the specific context of PFD placement for IA.

In this case, we propose a potential approach to balance these
risks: a short-half-life antiplatelet bridge via GPIIb/IIIa inhibitor
infusion. The GPIIb/Illa inhibitor clears rapidly, allowing surgery
to be performed on the same day as discontinuation. This mini-
mizes the at-risk period for thromboembolic events with anti-
platelet discontinuation, thereby reducing the risks of hemorrhage
and thrombosis during surgery. In our case, the theoretical platelet
activity and risk were estimated and tracked using the P2Y12 val-
ues (Fig. 3).

However, one potential concern is that the antiplatelet effects of
these agents may persist for a long time despite discontinuation
and plasma clearance. Studying the pharmacokinetics of tirofiban,
Kereiakes et al. [12] found that ex vivo platelet aggregation was
restored rapidly after the discontinuation of tirofiban infusion,
lagging only slightly behind the tirofiban clearance rate at higher
doses. At lower doses of tirofiban, the time taken to restore plate-
let aggregation was closely in line with its half-life. Kam and Egan
[13] stated that platelet aggregation is also restored rapidly after
discontinuation of eptifibatide infusion, again closely in line with
its half-life. They also noted that along with restored platelet ag-
gregation, hemostasis was clinically normal within a few hours
after discontinuation. Evidently, the plasma concentrations of
tirofiban and eptifibatide closely align with platelet inhibition;
as these agents clear, platelet function and hemostasis rapidly re-
cover.

Cangrelor is a P2Y12 inhibitor that was recently Food and Drug
Administration-approved. The drug rapidly reaches a plasma
steady state and has a short half-life of 3-5 minutes. Currently,
cangrelor is increasingly being used as a “bridge” antiplatelet. A
small number of pharmacokinetic studies have found that platelet
aggregation is restored rapidly after discontinuation; most patients
show baseline aggregation within an hour or less [ 14]. Van Tuyl et
al. [15] compared eptifibatide, tirofiban, and cangrelor as anti-
platelet-bridging agents in patients with perioperative cardiac dis-
ease. They found that eptifibatide and tirofiban had similar effica-
cies in this role. However, because of their significant reliance on
renal clearing, cangrelor may be a better option for patients with
elevated creatinine levels. While not explored, to the best of the
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Fig. 3. Day post-pipeline flow diverters (PFD) placement vs. patient's theoretical platelet activity. PEG, percutaneous endoscopic gastrosto-

my.

authors’ knowledge, this approach of using bridging antiplatelets
will likely play an increasingly important role in the NCCU, as
PED devices are used with increasing frequency. Most clinical tri-
als on cangrelor have explored its use in a cardiac context. Overall,
there is a dearth of literature on the use of GPIIb/IIla inhibitors
or cangrelor as antiplatelet bridges in neurocritical care settings.

This study has several limitations. First, this was a single-patient,
single-center study. Additionally, no extensive pharmacokinetic
analysis was performed on our patient. Clinically available labora-
tory studies, such as P2Y12 analysis, have been used to represent
real-world clinically applicable experiences. Thromboelastograph
platelet mapping, an assay that provides detailed numerical data
to better gauge clotting and bleeding risk, could also have been
considered; however, at the time of patient management, it was
not routinely used in our NCCU.

In light of these limitations, the authors present this report as a
real-world, hypothesis-generating case, illustrating the dearth of
literature and suggesting further exploration of short-half-life
GPIIb/IIIa inhibitors or cangrelor as antiplatelet bridging agents
in the neurocritical care context. Antiplatelet management tech-
niques in acute neurology, specifically in the perioperative and in-
tensive care management of patients with PFD for IA, require fur-
ther research to minimize risk. Irrespective of the specific pharma-
cological antiplatelet agents used, the efficacy of this regimen and
bridging strategies require further study. We present this case to il-
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lustrate the clinical framework. However, large-scale clinical data
and guidelines are needed to establish an effective approach for

antiplatelet management in the NCCU for PFD complications.
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