am) unab

Universidad Autonoma de Bucaramangas
POSGRADOS

VIGILADA MINEDUIC f\fl()_'\f




Comparison of clopidogrel and ticagrelor for the dual antiplatelet therapy of patients with
unruptured cerebral aneurysms undergoing endovascular treatment.

Estudiante
Kevin Davin Hurtado Ortiz. Residente Radiologia Intervencionista Il afio. Universidad Autonoma de
Bucaramanga, Foscal/Foscal Internacional.

Director de tesis
Daniel Eduardo Mantilla Garcia. Director programa de Radiologia intervencionista. Universidad
Auténoma de Bucaramanga, Foscal /Foscal Internacional.

Asesor epidemiologico

Sergio Serrano Gomez. Docente epidemiologia. Universidad Auténoma de Bucaramanga.

Especializaciéon. Radiologia intervencionista.
Febrero 2022.




Introduction

Endovascular surgeries are the standard treatment for patients
with brain aneurysms.

These surgeries, especially those using stents, require
antiplatelet therapy to minimize complications before and
after the procedure (1).

Dual antiplatelet therapy (DAPT) with clopidogrel and aspirin is soeoure sl

the most common antiplatelet therapy for preventing METAL COVERAGE FOR

thromboembolic events. BLEQEQEC(E)THEUAUZATION

The use of DAPT has increased as multiple studies have shown
that platelet inhibition prevents acute or subacute thrombosis
in the endovascular treatment of patients with cerebral
aneurysms (4,5,6), and aspirin monotherapy is insufficient
(2,3).
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Introduction

Between 30 % and 44 % of the patients' population show
variability in the therapeutic response of clopidogrel.

Drug interactions, comorbidities, genetic predisposition, race,
age, among others (1,7,8).

Clopidogrel hyporesponsiveness has been associated with
ischemic events, whereas clopidogrel hyperresponsiveness
with hemorrhagic events during and after cerebral
embolization procedures.

1. Kim KS, Fraser JF, Grupke S, Cook AM. Management of antiplatelet therapy in patients undergoing neuroendovascular procedures. Journal of Neurosurgery [Internet]. 2017 Dec 1;129(4):890-905. Available from: https://thejns.org/view/journals/j-neurosurg/129/4/article-p890.xml|
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Introduction

Antiplatelet drugs

Clopidogrel has been replaced in DAPT with other
antiplatelets, such as ticagrelor.

! ! ! !

P; Y, Receptor GP Il Il inhibitors Phosphodiesterase

This antiplatelet, unlike clopidogrel, is a reversible inhibitor of Cox inhibitors

: . o block inhibit
P2Y12 and does not require metabolic activation aioadln inhibitors
(9,10,11,12,13). {_k_} }_‘_]
Aspirin Irreversible| |Reversible| [Monoclonal| | Synthetic

Ticagrelor is effective and safe for preventing ischemic events antibody | | molecules
in patients with the acute coronary syndrome.

r {
Despite its advantages, the use of ticagrelor for endovascular Ticlopidine| | Ticagrelor | | Abciximab| |Epfifibatide []ip_yridamule
treatment of unruptured cerebral aneurysms is rare Clopidogrel| | Cangrelor Tirofiban Cilostazol

(1,14,15,16). Prasugrel
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Introduction

This study compared the effectiveness and safety of DAPT
using clopidogrel and aspirin and using ticagrelor and aspirin
for patients with unruptured cerebral aneurysms undergoing
endovascular treatment with stents.

Also, it evaluated the development of associated
thromboembolic and hemorrhagic complications in patients
subjected to these two DAPT regimens.
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Methodology

Retrospective cohort study of patients with endovascular treatment for unruptured cerebral aneurysms.
The study received the approval of the institutional medical ethics committee.
Although, it did not collect the patient's informed consent due to the nature of the study.

The analyzed data came from the institutional database.
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Methodology
Study cohort:

Included patients from a FOSCAL reference center diagnosed

with cerebral aneurysms and subjected to endovascular . —
treatment with diverting and non-flow diverting stents Yoy S
. S J’/VO“, ’\, \\" .\,
between April 1, 2015, and December 30, 2020. e & o
& ° S y/ ’

Y/ i
These patients had clopidogrel and aspirin or ticagrelor and /_/‘" ¢
aspirin as antiplatelet agents, and their PRU values were > 3
measured with the VerifyNow® test to assess clopidogrel - ! yl
response. -'/'+f—; :

08 o o e

The cohort excluded patients with no record of VerifyNow®
test, under 18 years of age, or with a history of acute
treatment of subarachnoid hemorrhage.
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Methodology

Study cohort:

The demographic characteristics were aneurism characteristics, type of endovascular device, whether balloons or coils
were necessary, antiplatelet protocol, and VerifyNow?® test results.

The study also included intraoperative and six-month complications, mortality rate, and death causality.
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Methodology
Antiplatelet and anticoagulation protocol:

Patients received daily dosages of 100 mg of oral aspirin and 75 mg of oral clopidogrel for the seven days preceding
and six months following the procedure.

The VerifyNow® test was performed before the surgery, and PRU values between 60 and 200 were considered as
normal responses.

Patients with low antiplatelet responses (i. e., PRU > 200) also received a loading dose of 180 mg of oral ticagrelor the

day before the procedure and maintenance doses of 90 mg of this antiplatelet every 12 hours for the following six
months.
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Methodology
Antiplatelet and anticoagulation protocol:

Patients with high antiplatelet responses (i.e., PRU < 60) received maintenance doses of 75 mg of oral clopidogrel
every 48 hours or 72 hours or daily doses of 37.5 mg, instead of the daily 75 mg dosage.

A second VerifyNow® test was performed seven days following the procedure in these high-responder patients.

Fifty IU/kg of unfractionated heparin was administrated during the endovascular procedure for anticoagulation, and
subsequently an activated coagulation time test was performed.
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Methodology
Statistical analysis:
The demographic and clinical characteristics of patients were analyzed using descriptive statistics.

The categorical variables were reported as counts and percentages, and continuous variables as median and 95 %
confidence intervals (CI95%).

Fisher's exact test was used to evaluate differences in the complications between the two groups of patients (i.e.,
subjected to DAPT with clopidogrel and aspirin or with ticagrelor and aspirin), and a confidence level of 95 % was
considered.

The data were gathered and cleaned in Microsoft Excel® (version 16.39).

The database validation, variables processing, and analysis used the STATA/SE v 14.0 software (2003-5 Stata corp.
College Station, Texas, release 9.0).
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Results:

One hundred and forty-eight patients were included in
the analysis.

Our evaluation excluded 110 patients, 91 lacked a
VerifyNow® registry, 18 underwent acute treatment for
aneurysms, and one had an aneurysm in the cervical
segment of the internal carotid artery.

258 patients with unruptured cerebral
aneurysms and undergoing endovascular
treatment with diverting and non-diverting
flow stents

110 excluded patients

148 elected patients
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| patient with an aneurvsm in the
cervical segment of the internal
carotid arterv
18 patients with aneurysms acutely
treated
91 patients with no record of
VerifyNow® results.




Results:

Patients' median age was 61.33 years, with a minimum Variable

N (%) /median (CI95 %)

of 24 years and a maximum of 86 years. Most patients

(80.41 %) were women, and arterial hypertension was Demographic variables

the most frequent pre-existing condition (50 %) Ages in years
Sex
Masculine
Feminine
Medical history
Smoking
Hypertension

Family history of anaurism

61.33 (569.17 — 63 .49)

29 (19.59)
119 (80.41)

20 (13.51)
74 (50.00)
23 (15.54)
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Results:
Aneurysm characteristics.

The largest diameter of the aneurysm had a mean of 6.60
mm, with the shortest diameter being 1.50 mm, and the
longest 55.00 mm.

Nearly half of the patients (52.03 %) had one aneurysm, while
30.41 % had two.

The most frequent aneurysm’s location was the ophthalmic
segment of the internal carotid artery (30.41 % of the
aneurysms), and 47.30 % of the aneurysms occurred in the
right hemisphere.

Seven aneurysms presented rupture and underwent a second
treatment after the period of acute bleeding.

Aneurysm characteristics

Largest diameter of the aneurysm
(mm)

Number of aneurysms
1

|5 AT =S ¥ N A8

Aneurysm localization

Internal carotid artery (1CA)

ICA ophthalmic segment

ICA posterior communicating segment
ICA choroidal segment

ICA anterior communicating segment
ICA cavernous segment

Anterior communicating artery
Middle cersbral artery

Anterior cerebral artery

Posterior cerebral artery

Vertebral artery

Basilar artery

Laterality of the aneurysm

Left

Right

History of ruptured aneurysm
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6.60 (5.66 — 7.55)

77 (52.03)

45 (30.41)

17 (11.49)
4 (2.70)
5 (3.38)

7 (4.73)
45 (30.41)
19 (12,84)
6 (4.05)
18 (12.16)
5(3.38)
8 (5.41)
31 (20.95)
5 (3.38)
1(0.68)
2 (1.35)
1(0.68)

67 (45.27)
70 (47.30)
7 (4.73)




Results:
Stent.

Also, 16.22 % of aneurysms underwent prior treatment with
coils.

The most common stent type was the Pipeline
(39.19 %), followed by the Leo + Baby (20.95 %).

Coils were used in 52.70 % of the patients, and balloons in
10.81 %.

The Hyperform balloon was the most used during the intra-
stent balloon angioplasty (8.11 %), followed
by the HyperGlide (1.35 %) and the Scepter XC (1.35 %).
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Stent treatment

Previous treatment

Used stents
1
2

Stent kind
Silk
Phenox
Solitaire
Pipeline
Leo + Baby
Leo
Meuroform
Fred

Fred Junior

Concurrent use of coils and stents

Concurrent use of balloons and stents

HyperGlide
SCEPTER XC
HYPERFORM

24 (16.22)

146 (98.65)
2 (1.35)

6 (4.05)
2 (1.35)
22 (14.86)
58 (39.19)
31 (20.95)
6 (4.05)
17 (11.49)
5(3.38)
1(0.68)
78 (52.70)

2 (1.35)
2 (1.35)
12 (8.11)




Results: Antiplatelet treatment and VerifyNow® tests results

Initial clopidogrel dose (mg [ day) 8h 64 (76.68 — 94.60)
Clopidogrel dose and VerifyNow® results. 127 56 (117.06 -
Pre-chirurgical PRU 138.086)
Pos-chirurgical PRU (n = 21)* 69.76 (43.81 - 95.70)
Regarding the maximum dosage, one patient received Number of VerifyNow® tests
a loading dose of 600 mg of clopidogrel the day before 1 126 (85.14)
the procedure, followed by daily dosages of 75 mg. 2 20 {(13.51)
3 2 (1.35)
Most patients (70.27 % (104 patients)) had Clopidogrel responsiveness
expected Verifynow® results (i.e., PRU values between 60 Normal 104 (70.27)
and 200) prior to the procedure. Hyperesponse (PRU<60) 26 (17.57)
Hyporesponse (FRU=200) 18 (12.16)
Only 12.16 % of the patients (18 patients) had PRU values clopidogrel regimen modification
above 200, and 17.57 % (26 patients) below 60. Dose modification 26 (17.57)
Regimen suspension 24 (16.22)
Antiplatelet replacemsant for ticagrelor 24(16.22)
No six-months follow-up 16 (8.10)

*Only 21 patients had records of post-chirurgical PRU as only those patients received a second

VerifyNow® tests
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Results:
Clopidogrel dose and VerifyNow?® results.

Clopidogrel was replaced by ticagrelor in the
antiplatelet protocol of 24 patients (16.22 %), which had
a mean PRU of 194.

Twenty-six patients (17.57 %) had changes in
their clopidogrel dosage.

Twenty four patients had their clopidogrel dose reduced
in half, the mean PRU of these patients was 29.44.

The remaining two patients received a loading dose of
300 mg as they presented some level of subtherapeutic
platelet inhibition and continued with 75 mg per day.

Antiplatelet treatment and VerifyNow® tests results

Initial clopidogrel dose (mg [ day) 8h 64 (76.68 — 94.60)

127.56 (117.06 -
138.06)

69.76 (43.81 - 95.70)

Pre-chirurgical PRU
Pos-chirurgical PRU (n = 21) *
Number of VerifyNowE tests

1 126 (85.14)
2 20 {13.51)
3 2(1.35)
Clopidogrel responsiveness

MNormal 104 (70.27)
Hyperesponse (PRU<60) 26 (17.57)
Hyporesponse (PRU=200) 18 {12.16)
Clopidogrel regimen modification

Dose modification 26 (17.57)
Regimen suspension 24 (16.22)
Antiplatelet replacemsant for ticagrelor 24(16.22)
No six-months follow-up 16 (8.10)

*Only 21 patients had records of post-chirurgical PRU as only those patients received a second

VerifyNow® tests
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Results: N (%) P

value**
Clopidogrel Ticagrelor
Complications. and
and aspirin 35PN
. . . . Number of pati
Five thrombotic (3.37 % of the patients) and six umber ot patients
. . . . During the procedure 127 21 MN.A.
hemorrhagic (4.05 % of the patients) complications Imep
. In the following six 124* 24 MA

occurred during the study. months i
Complications

Most complications occurred during six months follow- Thrombotic

up period. During the procedure 1(0.81) 0(0.00) 0.838
In the following six 4(
months 0 (0.00) 1.000
Hemorrhagic
During the procedure 1(0.81) 0(0.00) 0.838
In the following six 4(3.23)
months 1(4.17) 1.000
Death 1(0.81) 1(4.17) 0.299

* Three of the starting 127 patients undergoing DAPT with clopidogrel and aspirin
had changes in their antiplatelet therapy after having a thromboembolic
complication. These patients received DAPT with ticagrelor and aspirin following the
complication.

** p-value according to the Fisher's exact test.
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Results:

Thrombotic and hemorrhagic complications during the
procedure.

Only one patient in the group treated with clopidogrel and
aspirin had a hemorrhagic and a thrombotic complication
during the procedure.

The hemorrhagic complication was a subarachnoid
hemorrhage (Fisher V), and the hemorrhage resulted from
the right internal carotid artery (RICA) rupture secondary to
stent placement.

This patient had reconstruction of the artery during the
procedure but presented thrombosis in-stent segment with
subsequent refractory neurogenic shock. These complications
led to patient death.
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N (% p-
(%) value**

Clopidogrel Ticagrelor

and

and aspirin aspirin
Number of patients
Ouring the procedure 127 21 N.A.
In the following six 124+ 24 NA
months
Complications
Thrombaotic
During the procedure 1(0.81) 0.(0.00) 0.838
In the following six 4(3.15)
maonths 0 (0.00) 1000
Hemorrhagic
During the procedure 1(0.81) 0 (0.00) 0833
In the following six 4(3.23)
months 1(4.17) 1.000
Death 1(0.81) 1(4.17) 0.299

* Three of the starting 127 patients undergoing DAPT with clopidogrel and aspirin
had changes in their antiplatelet therapy after having a thromboembalic
complication. These patients received DAPT with ticagrelor and aspirin following the
complication.

** p-value according to the Fisher's exact test.




Results:
Hemorrhagic complications in the following six months.

Five patients presenting hemorrhagic complications in
the following six months, four of these patients received
clopidogrel and aspirin and one ticagrelor and aspirin.

One of the patients treated with clopidogrel and aspirin
presented an intraparenchymal hemorrhage (Fisher V)
in the nucleus basalis of the right hemisphere.

The hemorrhage occurred six days after the procedure
and did not compromise the aneurysm area.

Another one of these patients had a hematoma in the
puncture site 48 hours following the procedure. This
patient required surgical intervention.
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N (%) 1'3.15_&**

Clopidogrel Ticagrelor
and

and aspirin ~ 25pmn

Number of patients

During the procedure 127 21 N.A.
In the following six 124* 24 NA
months

Complications

Thrombotic

During the procedure 1(0.81) 0.(0.00) 0.838
In the following six 4(3.15)

months 0(0.00) 1000
Hemorrhagic

During the procedure 1(0.81) 0 (0.00) 0838
In the following six 4(3.23)

months 1(4.17) 1.000
Death 1(0.81) 1(4.17) 0.299

* Three of the starting 127 patients undergoing DAPT with clopidogrel and aspirin
had changes in their antiplatelet therapy after having a thromboembuolic

complication. These patients received DAPT with ticagrelor and aspirin following the
complication.

** p-value according to the Fisher's exact test.




Results:

N (%) valhe®+
Hemorrhagic complications in the following six months. Clopidogrel Tieagrelor
and aspirin  aspifin
Regarding the other two patients receiving clopidogrel and Number of patients
aspirin, one presented an episode of self-limited rectal During the procedure 127 21 NA.
bleeding and the other self-limited gingival bleeding. in the following six 1247 24 NA.

Complications

These bleedings occurred 33 days and 66 days after the Thrombotic

procedure, respectively. During the procedure 1080 g0 0838
In the following six 4(3.15)
months 0(0.00) 1.000
The patient treated with ticagrelor and aspirin presented Hemorrhagic
hematochezia with severe anemia one month after the During the procedure 10081 g0 0.838
; ; i ; ; In the following six 4(3.23)
procedure. This patient hac! no abnormalities in his e YEn 1 om
endoscopy and colonoscopies. Death Tosn 1410 g0

* Three of the starting 127 patients undergoing DAPT with clopidogrel and aspirin
had changes in their antiplatelet therapy after having a thromboembuolic
complication. These patients received DAPT with ticagrelor and aspirin following the
complication.

** p-value according to the Fisher's exact test.
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Results:
Thromboembolic complications in the following six months.

Four patients presenting thromboembolic complications in
the following six months, all in the group treated with
clopidogrel and aspirin.

Three of these patients developed thrombosis within the 48
hours following the procedure.

One of these patients had an occlusion in the precentral
artery secondary to thrombus migration.

Another one developed a 100 % occlusion of the anterior
cerebral artery and the recurrent Heubner artery due to
thrombus.

The last developed an in-stent occlusion in the anterior
cerebral artery.
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N (% P~
(%) value**
Clopidogrel 1icagrelor
and
and aspirin 35PN

Number of patients
During the procedure 127 21 MN.A.
In the following six 124* 24 NA
months
Complications
Thrombetic
During i d ,

uring the procedure 1(0.81) 0.(0.00) 0.838
In the following six 4(3.15)
months 0(0.00} 1000
Hemorrhagic
During the procedure 1(0.81) 0(0.00) 0.838
In the following six 4(3.23)
months 1{4.17) 1000
Death 1(0.81) 1(4.17) 0.299

* Three of the starting 127 patients undergoing DAPT with clopidogrel and aspirin
had changes in their antiplatelet therapy after having a thromboembolic

complication. These patients received DAPT with ticagrelor and aspirin following the
complication.

** p-value according to the Fisher's exact test.




Results: N (%) P

value®*

Clopidogrel Ticagrelor

Thromboembolic complications in the following six months. and
and aspirin ~ 35piAin
The PRU values for these patients were 110, 152, and 148, Number of patients
respectively, and all of them underwent intravenous During the procedure 121 21 NA
. . . . . . . In the followi [ N

tirofiban infusion with successful recanalization. Honthe g S 124 24 N.A

Complications
These patients had their DAPT modified for one, including Thrombotic
ticagrelor and aspirin. During follow-up, they did not During the procedure 1(0.81) 0(0.00) 0.838
present new thrombotic events. In the following six 4(3.18) |

months 0 (000} 1000

L. ] . ] Hemorrhagic

The remaining patient presenting a thromboembolic During the procedure 1 081) 0000 2538
complication in the following six months had a stroke that In the following six 4(323)
occurred six weeks following the procedure due to months 1(4.17) 1.000
occlusion of the right anterior choroidal artery. This patient Death 1081y 117 0.299
had an mRS of three at one year. * Three of the starting 127 patients undergoing DAPT with clopidogrel and aspirin

had changes in their antiplatelet therapy after having a thromboembolic
complication. These patients received DAPT with ticagrelor and aspirin following the

One hundred and thirty six patients in the study cohort had complication.
record of a six-month fO”OW-Up. ** p-value according to the Fisher's exact test.
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Results:

[:] P-
Deaths. N (%) value™*
Clopidogrel Ticagrelor
. and

Two patient deaths occurred. and aspirin  4Spirin

One of these cases is the hemorrhagic complication during the  Number of patients

procedure described above. During the procedure 127 21 NA
In the following six 174 24 NA
months o

The other was a patient with a history of hypothyroidism,
chronic atrial fibrillation managed with low molecular weight

Complications

Thrombotic
heparin, and focal epilepsy. This patient presented Fisher II- During the procedure 1(0.81) 0 (0.00) 0.838
Hunt and Hess ll-subarachnoid hemorrhage adjacent to a In the following si 4(3.15) 0 000)
. i . months L. 1.000
second aneurysm occurring one month after his postoperative Hemorai
emorrnagic
discharge. i ,
g During the procedurs 1 |:U.B1j 0(0.00) 0.838
In the following six 4(3.23)
. . . I 1{417
A second embolization was performed, but the patient months @17 1.000
. . Death . 1(4.17)
presented focal epilepsy two days later. He received - : 1(089) : 0.299 _ N
. . Three of the starting 127 patients undergoing DAPT with clopidogrel and aspirin
anticonvulsant treatment Ieadlng to the recovery and had changes in their antiplatelet therapy after having a thromboembalic
: : : : complication. These patients received DAPT with ticagrelor and aspirin following the
discharge of the patient. However, the patient was admitted
’ complication.

again with a difficult-to-manage status epilepticus and septic
shock refractory to vasoactive support ending in the patient's
death.

** p-value according to the Fisher's exact test.
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Discussion

DAPT with clopidogrel and aspirin is typical for preventing thromboembolic events in patients undergoing
neuroendovascular procedures (9,17,18).

However, previous studies have shown that nearly one-third of patients show resistance to clopidogrel and that the
use of this antiplatelet is associated with a high incidence of embolic events (19,20,21,22,23,24,25).

The VerifyNow® test is the standard method for identifying high- and low-clopidogrel responders (26,27,28), but the
optimal range for patients’ PRU remains uncertain. The literature suggests a 240 PRU cut-off for hyporesponsive

patients. However, Farrokh et al. found that several centers (44 %), like our institution, use PRU of 210 or less.

Only 16 % of centers use PRU between 230 and 240 as cut-offs for identifying hyporesponsive responders (29,30,31).
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https://journals.sagepub.com/doi/abs/10.1177/15910199211054959
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22. Serebruany VL, Steinhubl SR, Berger PB, Malinin Al, Bhatt DL, Topol EJ. Variability in platelet responsiveness to clopidogrel among 544 individuals. Journal of the American College of Cardiology [Internet]. 2005 Jan 18;45(2):246-51. Available from:
https://www.sciencedirect.com/science/article/pii/S0735109704020686?via%3Dihub
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Discussion

Ticagrelor, contrasting to clopidogrel, has shown an increased rate of platelet inhibition and fewer thromboembolic
complications when used in patients with coronary artery disease undergoing endovascular procedures.

Therefore, this antiplatelet seems to be an effective alternative to clopidogrel for patients treated with stents for
cerebral aneurysms (32,33,34,35). Hanel et al. were the firsts to describe the ticagrelor's use for neuroendovascular
treatment. In their study, 18 patients with poor response to clopidogrel showed an immediate platelet inhibition after
receiving a loading dosage of 180 mg of oral ticagrelor. None of these patients presented associated complications
during or after the procedure (30).

Two retrospective cohort studies also showed that DAPT with ticagrelor and aspirin is a safe alternative to prevent
embolic complications in patients treated with diverting and non-diverting stents for unruptured intracranial
aneurysms. These studies showed that including ticagrelor instead of clopidogrel in the DAPT of patients with an
inadequate response to clopidogrel resulted in a similar antiplatelet response (34,35,36,37).
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36. Cazayus M, Berge J, Marnat G, Menegon P, Gariel F, Dousset V, et al. Efficacy and safety of ticagrelor versus clopidogrel associated with aspirin for dual antiplatelet therapy in cerebral aneurysm stenting treatment: Monocentric cohort experience. Journal of Neuroradiology [Internet]. 2018 Mar 1;45(2):74.
Available from: https://www.sciencedirect.com/science/article/abs/pii/S015098611730559X
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Discussion

Podlasek et al. published a meta-analysis addressing the use of dual antiplatelet regimens in patients treated with
flow-diverting stents, which have a 30% to 35% higher thrombosis risk due to the increased metallic coverage resulting
from the stents.

The authors found that patients undergoing DAPT with ticagrelor had a similar risk of embolic or hemorrhagic
complications than patients undergoing DAPT with clopidogrel but had better survival rates (38).

A more recent study by Narata et al. described a single-center retrospective study that included 154 patients treated
with diverting and non-diverting stents for unruptured intracranial aneurysms. These patients underwent DAPT with
ticagrelor and aspirin and had rates of neurological complications comparable to those of previous evaluations using
DAPT with ticagrelor and aspirin or with clopidogrel and aspirin (39).

38. Podlasek A, Sultan AAA, Assis Z, Kashani N, Goyal M, Almekhlafi MA. Outcome of intracranial flow diversion according to the antiplatelet regimen used: a systematic review and meta-analysis. Journal of Neurolnterventional Surgery [Internet]. 2020 Feb 1;12(2):148-55. Available from:
https://inis.bmj.com/content/12/2/148

39. Narata AP, Amelot A, Bibi R, Herbreteau D, Angoulvant D, Gruel Y, et al. Dual Antiplatelet Therapy Combining Aspirin and Ticagrelor for Intracranial Stenting Procedures: A Retrospective Single Center Study of 154 Consecutive Patients With Unruptured Aneurysms. Neurosurgery [Internet]. 2019 Jan 1;84(1):77—
83. Available from: https://journals.lww.com/neurosurgery/Citation/2019/01000/Dual_Antiplatelet Therapy Combining Aspirin_and.10.aspx
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Discussion

In our study, only one patient (4.17 %) receiving DAPT with ticagrelor and aspirin presented hemorrhagic
complications.

These rates of hemorrhagic complications are comparable to those reported by Shuo-Chin Chien et al. (10.00%), Narata
et al. (3.9%), and Park et al. (6.5%). (14,39,40).

We evidence no thromboembolic complications in patients treated with ticagrelor and aspirin. The lack of
thromboembolic complications in these patients contrasts with the thromboembolic complications rates between 2.6
% and 7.5 % observed in other evaluations (14,39,40).

Our observations and previous evaluations show that ticagrelor is an effective and safe alternative for preventing
thromboembolic events in patients undergoing neuroendovascular procedures, especially in patients with an
inadequate response to clopidogrel.

Using ticagrelor during the DAPT reduces thrombotic episodes without increasing hemorrhagic episodes in patients
undergoing endovascular treatment with stents for unruptured intracranial aneurysms. However, ticagrelor has some
disadvantages, including its increased cost and the strict dosage-administration regimen that patients must follow.
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https://journals.sagepub.com/doi/abs/10.1177/15910199211054959

39. Narata AP, Amelot A, Bibi R, Herbreteau D, Angoulvant D, Gruel Y, et al. Dual Antiplatelet Therapy Combining Aspirin and Ticagrelor for Intracranial Stenting Procedures: A Retrospective Single Center Study of 154 Consecutive Patients With Unruptured Aneurysms. Neurosurgery [Internet]. 2019 Jan 1;84(1):77—
83. Available from: https://journals.lww.com/neurosurgery/Citation/2019/01000/Dual_Antiplatelet Therapy Combining Aspirin_and.10.aspx

40. Park KY, Ozaki T, Kostynskyy A, Kortman H, Hilario A, Nicholson P, et al. Ticagrelor versus Clopidogrel in the Dual Antiplatelet Regimen for Intracranial Stenting or Flow-Diverter Treatment for Unruptured Cerebral Aneurysms: A Single-Center Cohort Study. American Journal of Neuroradiology [Internet]. 2021
Sep 1;42(9):1638-44. Available from: http://www.ajnr.org/content/42/9/1638
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Limitations

The main limitation of our observations is that they originated from a single-center, retrospective, and non-randomized
study, which might have led to a biased comparison of the groups studied.

Another limitation is that not all patients treated with ticagrelor and aspirin had the control Verifynow® test.

Finally, the number of adverse events observed during our evaluations was low, and the sample size was not enough
for the analysis as we lacked statistical power.

All of the above considered, we recommend realizing further evaluations, including prospective, randomized,
controlled, and multicenter studies.
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Conclusion

Our study showed that DAPT with ticagrelor and aspirin is a safe and effective alternative to DAPT with clopidogrel and
aspirin for patients with an inadequate response to clopidogrel.

Using ticagrelor during DAPT reduced thromboembolic complications without increasing hemorrhagic complications in
patients undergoing endovascular treatment with diverting and non-diverting stents.
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