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Abstract: Objective: To compare the safety and efficacy of an edoxaban-based, time-limited dual antithrombotic 
therapy followed by a de-escalation strategy versus a continuous dual antithrombotic strategy in patients with atrial 
fibrillation (AF) undergoing carotid artery stenting (CAS). Methods: A total of 120 patients with CAS and AF who 
underwent surgery at Guizhou Panjiang Investment Holding (Group) Co., Ltd. General Hospital from June 2023 
to December 2024 were retrospectively enrolled. According to the perioperative antithrombotic regimen, patients 
were divided into a de-escalation group (n=56) and a dual therapy group (n=64). Patients in the de-escalation 
group received edoxaban (standard dose) combined with aspirin (100 mg/d) preoperatively and during the first 6 
months postoperatively, after which aspirin was discontinued and edoxaban monotherapy was continued from 6 to 
12 months postoperatively. Patients in the dual therapy group received continuous treatment with edoxaban plus 
aspirin throughout the 12-month follow-up period. Platelet count, C-reactive protein (CRP), D-dimer, fibrinogen, and 
coagulation parameters, including prothrombin time (PT), thrombin time (TT), and activated partial thromboplastin 
time (APTT), were compared at 1, 6, and 12 months postoperatively. Bleeding events, embolic events, adverse reac-
tions, carotid artery restenosis, stent thrombosis, health-related quality of life (EQ-5D-5L), and treatment adherence 
were recorded. Results: Baseline characteristics were comparable between the two groups. After treatment, plate-
let count, CRP, D-dimer, and fibrinogen levels significantly decreased, whereas PT, TT, and APTT were significantly 
prolonged in both groups, with no significant intergroup differences. There was no significant difference in the inci-
dence of vascular restenosis or stent thrombosis between the two groups (P>0.05). At 12 months postoperatively, 
the de-escalation group had a significantly lower incidence of bleeding events than the dual therapy group (8.93% 
vs. 23.44%, P=0.033), whereas the incidence of embolic events was comparable between groups (14.29% vs. 
9.38%, P=0.403). The incidence of bleeding events during the 6-12-month postoperative period was significantly 
lower in the de-escalation group. Subgroup analyses stratified by CHA2DS2-VASc score and HAS-BLED score showed 
consistently lower bleeding rates in the de-escalation group, with no significant increase in embolism events. At 12 
months, the de-escalation group showed significantly higher EQ-5D utility index and VAS scores, higher overall medi-
cation adherence (87.50% vs. 73.43%, P=0.035), and a lower rate of permanent treatment discontinuation due 
to adverse reactions (3.57% vs. 14.06%, P=0.047). Conclusion: In patients with AF undergoing CAS, an edoxaban-
based de-escalation strategy involving conversion to monotherapy at 6 months postoperatively was non-inferior to 
continuous dual antithrombotic therapy in preventing ischemic events. This strategy significantly reduced bleeding 
risk at 12 months postoperatively and improved quality of life and treatment adherence, representing a safe and 
effective perioperative antithrombotic management regimen.
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Introduction

The human brain has extremely limited energy 
reserves and therefore relies primarily on cere-
bral blood circulation to continuously provide 
oxygen and glucose. Carotid artery stenosis 
can cause insufficient cerebral blood perfu-
sion, triggering compensatory mechanisms 
such as the establishment of collateral circu-
lation and the utilization of cerebral blood flow 
reserve or metabolic reserve. During the early 
stage of chronic hypoperfusion caused by inter-
nal carotid artery stenosis, the establishment 
of collateral circulation through the middle 
cerebral artery a critical compensatory role. 
When collateral circulation becomes insuffi-
cient, cerebral capillaries and arterioles dilate 
to regulate cerebral blood flow and maintain 
blood flow stability [1]. As cerebral perfusion 
pressure further decreases, cerebral vasodila-
tion reaches its maximum capacity, resulting 
in exhaustion of cerebral vascular reactivity 
(CVR) reserve. Consequently, normal brain met-
abolic demands cannot be maintained, cere-
bral blood flow decreases, and brain tissue 
maintains metabolic homeostasis by increas-
ing the oxygen extraction fraction [2]. When 
oxygen supply to brain tissue is further com- 
promised, cerebral infarction occurs [3].

Carotid artery stenting (CAS) is an effective 
method for carotid artery stenosis, which can 
significantly improve cerebral blood flow per- 
fusion, enhance CVR, improve cognitive func-
tion, and reduce the risk of cerebral infarction 
[4, 5]. According to the 2017 Chinese guide-
lines for the diagnosis and treatment of caro- 
tid artery stenosis, patients undergoing stent 
implantation are recommended to undergo 
dual antiplatelet therapy for at least 4 weeks. 
For patients with high-risk factors for coronary 
heart disease or restenosis, dual therapy 
should be extended for at least 3 months, fol-
lowed by long-term low-dose aspirin therapy 
[1]. However, when patients with CAS also 
have nonvalvular atrial fibrillation (AF), periop-
erative antithrombotic management becomes 
extremely complex. Such patients are exposed 
to a dual thrombotic risk: on the one hand, 
atherosclerotic plaque disruption and stent 
implantation may contribute to stent thrombo-

sis or distal embolization; on the other hand, 
atrial blood flow stasis caused by AF signifi-
cantly increases the risk of cardioembolic 
events [6]. Therefore, the optimal antithrom-
botic strategy after CAS in patients with AF 
requires a delicate balance between effective-
ly preventing ischemic events and minimizing 
bleeding risk.

The traditional antithrombotic strategies often 
involve triple antithrombotic therapy (oral anti-
coagulant combined with dual antiplatelet ther-
apy) in patients with AF undergoing percutane-
ous coronary intervention (PCI); however, this 
approach is associated with a higher risk of 
bleeding [7]. In recent years, a series of land-
mark clinical trials have gradually established 
that the dual antithrombotic therapy consisting 
of oral anticoagulants combined with a single 
antiplatelet drug is superior to conventional tri-
ple therapy in AF patients after PCI, and the 
recommended treatment duration of combina-
tion therapy has shown a trend toward short-
ening [8-10]. The core principle of these stu- 
dies - maintaining adequate antithrombotic 
efficacy while minimizing bleeding risk - has 
been widely recognized and incorporated into 
current international guidelines for antithrom-
botic management in patients with coronary 
heart disease and AF, which recommend short-
er duration of dual antithrombotic regimen for 
patients at high bleeding risk [11]. However, 
high-quality prospective randomized controlled 
trial evidence on the optimal perioperative anti-
thrombotic strategy for patients with carotid 
artery stenosis combined with AF remains la- 
cking, especially regarding the optimal dura- 
tion and combination of antiplatelet drugs. 

However, these findings are mainly derived 
from the field of coronary intervention. As a  
distinct vascular bed, carotid artery stents dif-
fer from coronary stents in several pathophy- 
siological aspects, including the mechanisms 
underlying postoperative thrombotic events, 
the process of stent endothelialization, and the 
assessment of stroke risk. Therefore, extrapo-
lating evidence from coronary intervention to 
patients undergoing carotid artery stenting 
lacks sufficient clinical validation. Direct oral 
anticoagulants (DOACs) provide a potential 
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solution to this clinical challenge due to their 
fixed dosing regimen, predictable pharmacoki-
netics, and favorable safety characteristics. 
Among DOACs, edoxaban, a highly selective 
factor Xa inhibitor, has demonstrated non-infe-
riority to warfarin in preventing stroke and sys-
temic embolism in patients with AF in large-
scale clinical trials, such as ENGAGE AF-TIMI 
48, while significantly reducing the risk of ma- 
jor bleeding and intracranial hemorrhage [12, 
13]. However, evidence regarding the perioper-
ative application of edoxaban in patients un- 
dergoing CAS, especially the safety and efficacy 
of a time-limited dual antithrombotic strategy 
followed by de-escalation to edoxaban mono-
therapy, remains insufficient.

Therefore, this study aimed to compare the 
safety and efficacy of two edoxaban-based an- 
tithrombotic regimens in patients with carotid 
artery stenosis and AF during the perioperative 
period: a time-limited dual therapy followed by 
a de-escalation strategy (edoxaban combined 
with aspirin for 6 months postoperatively, fol-
lowed by edoxaban monotherapy) and a sus-
tained dual therapy strategy (continuous edox-
aban combined with aspirin throughout the 
follow-up period). 

Materials and methods

Subjects

This retrospective study included 120 patients 
with carotid artery stenosis combined with AF 
who underwent CAS at Guizhou Panjiang In- 
vestment Holding (Group) Co., Ltd. General 
Hospital between June 2023 and December 
2024.

Inclusion criteria

(1) Patients aged 18-80 years; (2) Diagnosis  
of unilateral internal CAS by digital subtraction 
angiography (DSA) or computed tomography 
angiography (CTA), with symptomatic carotid 
artery stenosis ≥50%, asymptomatic carotid 
artery stenosis ≥70%; (3) Patients who met the 
indications for endovascular CAS treatment; (4) 
Complete clinical data and optical coherence 
tomography (OCT) imaging data before carotid 
stent implantation.

Exclusion criteria

(1) Patients with severe cerebral infarction 
accompanied by severe disability; (2) Patients 

with untreated unexplained intracranial he- 
morrhage within the previous 3 months; (3) 
Patients with extensive cerebral infarction or 
myocardial infarction within the previous 2 
weeks; (4) Patients with intracranial aneu-
rysms that could not be treated before, during, 
or within an appropriate limited period; (5) 
Patients with coagulation dysfunction or con-
traindications to heparin and antiplatelet the- 
rapy; (6) Patients with severe dysfunction of 
major organs, including the heart, lungs, liver, 
and kidneys; (7) Patients with malignant tu- 
mors or those undergoing radiotherapy and 
chemotherapy; (8) Patients who had recently 
received steroids or nonsteroidal anti-inflam-
matory drugs.

This study protocol was reviewed and approved 
by the Ethics Committee of Guizhou Panjiang 
Investment Holding (Group) Co., Ltd. General 
Hospital (Ethics Approval Number: ZYY-LL- 
2026009). The requirement for informed con-
sent was waived by the ethics committee due 
to the retrospective nature of the study. The 
technical workflow is shown in Figure 1.

Experimental grouping and perioperative anti-
coagulation regimen

According to the perioperative antithrombotic 
regimen, patients were divided into two groups: 
the de-escalation group (n=56) and the dual 
therapy group (n=64).

Patients in the de-escalation group received a 
time-limited dual antithrombotic therapy fol-
lowed by a de-escalation strategy. During the 
preoperative period and the first 6 months 
after CAS, patients received dual antithrom-
botic therapy consisting of edoxaban (stan-
dardized dosing: 60 mg/day for patients with 
creatinine clearance [CrCl] ≥50 mL/min and 
body weight >60 kg. 30 mg/d for patients with 
CrCl 15-50 mL/min, body weight ≤60 kg, or 
concomitant use of strong P-glycoprotein [P-gp] 
inhibitors) combined with aspirin (100 mg/d). 
From postoperative 6 to 12 months, aspirin 
was discontinued and edoxaban monotherapy 
was continued.

Patients in the dual group received a continu-
ous dual regimen, consisting of edoxaban (at 
the same standardized dose) and aspirin (100 
mg/d) throughout the preoperative period and 
the entire 12-month postoperative follow-up 
period.
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Other perioperative management was consis-
tent between the two groups, including preop-
erative dual antithrombotic therapy, discon-
tinuation of antithrombotic medication on the 
day of surgery, and temporary postoperative 
bridging therapy with a single dose of bemipa-
rin (0.1 mg/10 kg).

Treatment methods

A complete set of preoperative transfusion-
related examinations, routine blood and urine 
tests was performed 3 days before surgery. 
During surgery, routine disinfection was per-
formed, and local anesthesia was adminis-
tered. Percutaneous puncture of the right fem-
oral artery was performed using the Seldinger 
method, followed by placement of an 8F arte-

rial sheath and intravenous administration of 
heparin. Angiography was performed to deter-
mine the location, length, and severity of in- 
ternal carotid artery stenosis, as well as the 
status of distal vascular collateral circulation. 
Under the guidance of a guidewire and road-
map imaging, an 8F guiding catheter was slowly 
advanced to the proximal end of the internal 
carotid artery stenosis. After crossing the ste-
notic lesion, a distal protective device was 
deployed beyond the stenosis. For patients 
with severe vascular stenosis in whom the pro-
tective umbrella could not cross the lesion, 
balloon predilation was performed. The stent 
then delivered to the stenotic segment and 
positioned to cover the entire lesion. After angi-
ographic confirmation of the appropriate posi-
tion, the stent was slowly released. Residual 

Figure 1. Study flow chart.
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stenosis was confirmed to be less than 50% 
after stent implantation. The arterial sheath 
was removed 8 hours after surgery, and hemo-
static was achieved using a compression he- 
mostatic.

Data collection

Both groups of patients received long-term 
antithrombotic therapy and were followed up 
for one year. Follow-up visits were conducted 
once every three months through outpatient 
assessments.

(1) Baseline clinical characteristics: General 
demographic and clinical data were collected, 
including age, sex, body mass index (BMI), sys-
tolic blood pressure (SBP), diastolic blood pres-
sure (DBP), medical history (e.g., hypertension, 
diabetes mellitus, coronary heart disease, 
stroke, and transient ischemic attack), smok-
ing history, and alcohol consumption history. 
Blood pressure measurements were obtained 
in the early morning on the day of carotid artery 
stent implantation after patient had remained 
in a resting state for more than 30 minutes 
without taking antihypertensive drugs.

(2) Laboratory and coagulation parameters: 
Coagulation-related and laboratory parameters 
were compared between the two groups be- 
fore and after treatment. Prothrombin time 
(PT), thrombin time (TT), activated partial th- 
romboplastin time (APTT), fibrinogen (Fib), and 
D-dimer (D-D) levels were recorded before 
treatment and at 1, 6, and 12 months after 
treatment. Platelet count (PLT) and C-reactive 
protein (CRP) levels were also measured.

(3) Carotid restenosis, in-stent thrombosis, 
and health-related quality of life assessment: 
The incidence of carotid restenosis and in- 
stent thrombosis within 12 months after stent-
ing was recorded for both groups. Health-re- 
lated quality of life was assessed before sur-
gery and at 12 months postoperatively using 
the European Quality of Life 5-Dimension 
5-Level questionnaire (EQ-5D-5L). The EQ-5D-
5L utility index (range 0-1) and visual analog 
scale (VAS) score (range 0-100) were re- 
corded.

(4) Treatment adherence assessment: Treat- 
ment adherence was evaluated using the pro-
portion of days covered (PDC) calculated based 

on outpatient pharmacy dispensing records. A 
PDC ≥80% was defined as good adherence. 
The proportion of patients who permanently 
discontinued the study medication due to ad- 
verse reactions within 12 months postopera-
tively was also recorded.

(5) Time-cumulative risk and subgroup analy-
sis: To evaluate dynamic changes in bleeding 
risk, the first postoperative year was divided 
into three consecutive time intervals (0-3 
months, 3-6 months, and 6-12 months), and 
the incidence of first bleeding events occurr- 
ing within each window was calculated sepa-
rately. Furthermore, based on the CHA2DS2-
VASc score, patients were divided into a low-to-
moderate risk group (score ≤3) and a high-risk 
group (score ≥4). Prespecified subgroup analy-
ses were performed to compare the incidence 
of bleeding and embolic events between the 
two treatment strategies within each subgroup. 
Based on HAS-BLED score, patients were fur-
ther divided into a low bleeding-risk group 
(score 0-2) and a high bleeding-risk group 
(score ≥3), followed by subgroup comparisons 
of bleeding and embolic events between the 
two strategies.

(6) Bleeding events: Bleeding severity was  
classified according to the Bleeding Academic 
Research Consortium criteria (BARC) criteria. 
BARC type 1 bleeding: minor bleeding that 
resolved spontaneously, including self-limited 
epistaxis, skin bruising, and petechiae, without 
requiring adjustment of antithrombotic thera-
py or medical intervention. BARC type 2 bleed-
ing: bleeding requiring medical intervention. 
BARC type 3a bleeding: significant active 
bleeding associated with a decrease in hemo-
globin of 3-5 g/dl, typically requiring blood 
transfusion. BARC type 3b bleeding: more se- 
vere bleeding with a decrease in hemoglobin of 
≥5 g/dl, requiring surgical intervention or vaso-
active therapy. BARC type 3c bleeding: intra-
cranial hemorrhage confirmed by imaging, lum-
bar puncture, or other examinations. BARC type 
4 bleeding: coronary artery bypass grafting 
(CABG)-related bleeding. BARC type 5a bleed-
ing: clinically suspected fatal bleeding. BARC 
type 5b bleeding: Lethal bleeding confirmed by 
imaging examination or autopsy. Major bleed-
ing events included BARC type ≥3 bleeding 
events, excluding BARC type 4 bleeding.
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Table 1. Comparison of baseline characteristics between the two groups
Index de-escalation group (n=56) dual group (n=64) t/Z/χ2 P
Age 63.05±5.84 62.89±6.02 0.431 0.665
BMI (kg/m2) 23.74±2.74 24.02±2.69 -1.157 0.315
Sex 0.015 0.903
    Male 30 35
    Female 26 29
CHA2DS2-VASc score (score) 3.00 (2.00, 3.75) 3.00 (2.00, 4.00) -0.047 0.962
Duration of atrial fibrillation 6.40±0.62 6.48±0.71 -0.692 0.490
Smoking history 27 37 1.106 0.293
Alcohol consumption history 20 26 0.305 0.581
History of hypertension 41 50 0.393 0.531
History of hyperlipidemia 37 35 1.613 0.204
History of diabetes 35 33 1.455 0.228
Types of atrial fibrillation 0.664 0.718
    Persistent atrial fibrillation 26 25
    Permanent atrial fibrillation 17 22
    Paroxysmal atrial fibrillation 13 17
BMI: Body Mass Index.

(7) Thromboembolic events: The occurrence  
of thromboembolic events, including death, 
cerebral embolism, pulmonary embolism, and 
systemic embolism, was recorded for both 
groups during follow-up period.

(8) Adverse reactions: Treatment-related ad- 
verse reactions, including dizziness, transient 
ischemia, ischemic bowel disease, and isch-
emic encephalopathy, were recorded during 
the treatment period.

Statistical analysis

Statistical analyses were performed using 
SPSS 26.0 software. The normality of continu-
ous variables was tested using the Kolmo- 
gorov-Smirnov test. Normally distributed con-
tinuous variables were represented as mean ± 
standard deviation (SD) and compared between 
groups using the independent-sample t-test. 
Non-normally distributed continuous variables 
were expressed as median (interquartile range 
[IQR], P25-P75) and compared using the Mann-
Whitney U test. Count data were expressed as 
frequencies and percentages, and between-
group comparisons were performed using the 
chi-square test or Fisher’s exact test, as app- 
ropriate. The calibration performance of bleed-
ing risk prediction models was evaluated using 
the Hosmer-Lemeshow test. A two-sided P 
value <0.05 was considered statistically signi- 
ficant.

Results

Comparison of baseline characteristics be-
tween two groups 

No significant differences were observed be- 
tween the two groups in terms of age, BMI, 
sex, CHA2DS2-VASc score, duration of atrial 
fibrillation, smoking history, alcohol consump-
tion history, comorbidities, or type of AF (P> 
0.05) (Table 1).

Comparison of PLT, CRP, D-D, and Fib Levels 
before and after treatment between the two 
groups 

There were no significant differences in the lev-
els of PLT, CRP, D-D, or Fib between the two 
groups before treatment (P>0.05) (Table 2). 
Compared with baseline values, the levels of 
PLT, CRP, D-D and Fib significantly decreased  
at 1, 6, and 12 months after treatment in both 
groups (all P<0.05). However, no significant  
differences were observed between the two 
groups at the same postoperative time points 
(all P>0.05). 

Comparison of coagulation parameters before 
and after treatment between two groups

Before treatment, no significant differences 
were observed in coagulation parameters (PT, 
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Table 2. Comparison of PLT, CRP, D-D levels before and after treatment between the two groups

Group Time De-escalation group 
(n=56)

Dual therapy group 
(n=64) t/Z P

PLT (109/L) Before treatment 334.15 (322.30, 348.35) 339.70 (328.30, 351.30) -1.718 0.086
1 month after treatment 277.59±18.75* 283.57±18.47* -1.755 0.082
6 months after treatment 209.59±15.75* 204.39±15.20* 1.933 0.056
12 months after treatment 153.15±14.76* 148.54±13.38* 1.795 0.075

CRP (mg/L) Before treatment 44.35 (41.45, 49.33) 43.90 (38.83, 47.70) -1.436 0.151
1 month after treatment 33.7 (28.60, 37.73)* 31.75 (27.73, 35.70)* -1.783 0.075
6 months after treatment 16.65±3.88* 16.04±4.90* 0.761 0.448
12 months after treatment 7.63±2.79* 8.80±3.85* -1.916 0.058

D-D (mg/L) Before treatment 0.71 (0.55, 0.79) 0.65 (0.59, 0.75) -0.837 0.403
1 month after treatment 0.52±0.15* 0.49±0.12* 1.124 0.264
6 months after treatment 0.37±0.12* 0.39±0.11* -0.411 0.682
12 months after treatment 0.30 (0.19, 0.34)* 0.28 (0.21, 0.35)* -0.355 0.722

Fib (g/L) Before treatment 10.90±2.39 11.10±2.76 -0.422 0.674
1 month after treatment 7.10±2.48* 7.57±2.59* -0.997 0.321
6 months after treatment 3.97±1.49* 3.57±1.03* 1.712 0.090
12 months after treatment 2.86±0.63* 2.68±0.44* 1.825 0.071

Notes: PLT, platelet count; Fib, fibrinogen; D-D, D-dimer; CRP, C-reactive protein. *P<0.05, compared with baseline value.

Table 3. Comparison of coagulation parameters before and after treatment between the two groups

Group Time De-escalation group 
(n=56)

Dual therapy group 
(n=64) t/Z P

PT (s) Before treatment 12.11±2.11 11.72±1.89 1.063 0.290
1 month after treatment 13.57±2.41* 13.98±2.39* -0.940 0.349
6 months after treatment 15.20±1.14* 15.41±1.10* -1.030 0.305
12 months after treatment 16.66±1.08* 16.92±0.88* -1.457 0.148

TT (s) Before treatment 16.23±2.87 16.09±3.36 0.143 0.887
1 month after treatment 18.52±1.57* 18.86±1.14* -1.374 0.172
6 months after treatment 19.00±1.06* 19.30±1.18* 1.442 0.152
12 months after treatment 19.93±1.29* 20.23±1.46* -1.210 0.229

APTT (s) Before treatment 29.16±4.65 30.11±4.96 -1.076 0.284
1 month after treatment 43.57±7.87* 45.81±6.78* -1.675 0.097
6 months after treatment 51.75±6.96* 53.75±7.24* -1.536 0.127
12 months after treatment 51.79±6.52* 50.97±6.85* 0.652 0.506

Notes: PT, prothrombin time; TT, thrombin time; APTT, activated partial thromboplastin time. *P<0.05, compared with baseline 
value.

TT, APTT) between the two groups of patients 
(P>0.05) (Table 3). Compared with baseline  
values, PT, TT, and APTT were significantly pro-
longed at 1, 6, and 12 months after treatment 
in both groups (all P<0.05). However, there 
were no significant differences between the 
two groups at the same postoperative time 
points (all P>0.05).

Comparison of the incidence of carotid reste-
nosis and in-stent thrombosis between the two 
groups 

At 12 months after surgery, no significant dif-
ference was observed in the incidence of ca- 
rotid artery restenosis (14.29% vs. 10.94%, 
P=0.580) or in-stent thrombosis (10.71% vs. 
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9.38%, P=0.807) between the two groups 
(Figure 2A, 2B; Table 4).

Comparison of postoperative health-related 
quality of life (HRQoL) between the two groups

Patients’ quality of life was assessed using the 
European Quality of Life 5-Dimension 5-Level 
questionnaire (EQ-5D-5L) before surgery and  
at 12 months postoperatively. Compared with 
baseline values, both the utility index and VAS 
scores were significantly increased at 12 
months postoperatively in both groups (P= 
0.012). Crucially, at the 12-month follow-up, 
the EQ-5D utility index was significantly higher 
in the de-escalation group than in the continu-
ous dual therapy group (0.85 ± 0.10 vs. 0.78 ± 
0.12, P=0.021), and the VAS score showed a 
similar trend (75 ± 15 vs. 70 ± 16, P=0.045) 
(Figure 2C, 2D). These findings suggest that 
patients managed with the de-escalation strat-
egy achieved superior long-term health status 

and quality of life, which may be associated 
with the reduced incidence of bleeding events 
and associated discomfort.

Comparison of time-cumulative risk of postop-
erative thromboembolic and bleeding events 
between two groups 

No significant differences in embolic events 
were observed between the two groups at 1 
and 6 months after surgery. the main embolic 
events being cerebral embolism, pulmonary 
embolism, and systemic embolism. During the 
12-months postoperative follow-up, the cumu-
lative incidence of embolic events was slightly 
higher in the de-escalation group than in the 
dual group, without statistical significance 
(χ2=0.699, P=0.403) (Table 5). 

The bleeding events in both groups mainly 
included puncture-site bleeding or hematoma, 
hemoptysis, hematuria, gingival bleeding, and 

Figure 2. Comparison of carotid restenosis rate, stent thrombosis rate, and health-related quality of life between 
the two groups. A. Postoperative carotid artery restenosis rate. B. Incidence of in-stent thrombosis after surgery. C. 
EQ-5D utility index (range 0-1). D. EQ visual analogue scale (VAS) score (range 0-100). Notes: *P<0.05, compared 
with baseline value; #P<0.05, compared with the de-escalation group.
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nasal mucosal bleeding. To dynamically evalu-
ate differences in bleeding risk between the 
two strategies, the incidence of first bleeding 
events (BARC 1-5) within each postoperative 
time window (0-3 months, 3-6 months, 6-12 
months) was calculated. The results showed 
that during the first 6 months after surgery, no 
significant difference was observed in bleeding 
incidence between the two groups (3.57% vs. 
7.81%, P=0.622), which was consistent with 
the period of dual antithrombotic therapy in 
both groups. During the 6-12 months postop-
erative window, when aspirin had been discon-
tinued in the de-escalation group but continued 
in the dual therapy group, the bleeding inci-
dence was significantly lower in the de-escala-
tion group than in the dual therapy group 
(4.69% vs. 15.63%, P=0.047). The overall inci-
dence of bleeding events during the 12-month 
follow-up period in the de-escalation group 
was also significantly lower than that in the 
dual therapy group (8.93% vs. 23.44%, P= 
0.033) (Table 5). No significant difference was 
observed in the major bleeding events (BARC 
≥3) between the two groups (P=0.216). These 
findings indicate that the de-escalation strate-
gy, through timely discontinuation of aspirin, 

may reduce the cumulative bleeding risk as- 
sociated with prolonged dual antithrombotic 
therapy, with the most pronounced difference 
observed after the transition from dual therapy 
to edoxaban monotherapy.

Comparison of bleeding and thromboembolic 
risks between the two groups according to 
CHA2DS2-VASc and HAS-BLED scores

Patients were divided into two subgroups 
based on CHA2DS2-VASc score: a low-to-mod-
erate risk subgroup (score ≤3, n=62) and a 
high-risk subgroup (score ≥4, n=58). In the de-
escalation group, 31 and 25 patients were clas-
sified into the low-to-moderate-risk and high-
risk subgroups, respectively, whereas in the 
dual group, 31 and 33 patients were classified 
into these two subgroups, respectively. Within 
each subgroup, the 12-month cumulative inci-
dences of bleeding events and embolic events 
were compared between the two groups. In the 
low-to-moderate risk subgroup, the bleeding 
rate was significantly lower in the de-escalation 
group than in the dual therapy group [2 (6.45%) 
vs. 8 (25.8%), P=0.040], whereas no signifi-
cant difference was observed in embolic events 

Table 4. Comparison of postoperative carotid artery restenosis rate, in-stent thrombosis rate, medica-
tion adherence, and discontinuation rate between the two groups [n (%)]

De-escalation group 
(n=56)

Dual therapy group 
(n=64) χ2 P

Restenosis rate of blood vessels 8 (14.29) 7 (10.94) 0.306 0.580
Incidence of stent thrombosis 6 (10.71) 6 (9.38) 0.060 0.807
Medication compliance 49 (87.5) 47 (73.43) 3.691 0.035
Discontinuation rate 2 (3.57) 9 (14.06) 0.047

Table 5. Comparison of time-cumulative risk of postoperative embolism and bleeding events between 
the two groups [n (%)]

De-escalation group (n=56) Dual therapy group (n=64) χ2 P
Embolic events
    Postoperative 0-3 months 2 (3.57) 3 (4.68) - 0.563
    Postoperative 3-6 months 2 (3.57) 1 (1.56) - 0.450
    Postoperative 6-12 months 4 (7.14) 2 (3.13) - 0.279
    Overall incidence 8 (14.29) 6 (9.38) 0.699 0.403
Bleeding events
    Postoperative 0-3 months 1 (1.79) 3 (4.68) - 0.622
    Postoperative 3-6 months 1 (1.79) 2 (3.13) - 0.443
    Postoperative 6-12 months 3 (5.36) 10 (15.63) - 0.047
    Overall incidence 5 (8.93) 15 (23.44) 4.527 0.033
BARC ≥ type 3 3 (5.36) 8 (12.5) - 0.216
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Figure 3. Subgroup analysis of bleeding and embolic events according to CHA2DS2-VASc and HAS-BLED scores. A. 
Subgroup analysis of bleeding events according to the CHA2DS2-VASc score (low-to-moderate risk [score ≤3] and 
high risk [score ≥4]). B. Subgroup analysis of embolic events according to the CHA2DS2-VASc score. C. Subgroup 
analysis of bleeding events based on the HAS-BLED score. D. Subgroup analysis of embolic events based on the 
HAS-BLED score. Notes: *P<0.05. CHA2DS2-VASc: Congestive heart failure, hypertension, age ≥75 years (doubled), 
diabetes mellitus, prior Stroke/TIA/thromboembolism (doubled), vascular disease, age 65-74 years, sex category 
(female). HAS-BLED: H (Hypertension), A (Abnormal renal/hepatic function), S (Stroke history), B (Bleeding history), 
L (Labile INR), E (Elderly >65 years), D (Drugs/alcohol).

[4 (12.9%) vs. 2 (6.45%), P=0.336]. In the high-
risk subgroup, the bleeding incidence remain- 
ed lower in the de-escalation group than in the 
dual therapy group, but the difference did not 
reach statistical significance [3 (12.0%) vs. 7 
(21.21%), P=0.288]. Similarly, no significant dif-
ference was observed in the embolic events 
between the two groups [4 (16.0%) vs. 4 
(12.12%), P=0.479] (Figure 3A, 3B). These find-
ings indicate that, irrespective of thromboem-
bolic risk level, the de-escalation strategy was 
associated with a consistent reduction in 
bleeding risk without increasing embolic risk.

Patients were further divided into two sub-
groups based on the HAS-BLED bleeding risk 
score: the low-risk group (score 0-2, n=56) 
and the high-risk group (score ≥3, n=64). In 

the de-escalation group, 27 and 29 patients 
were classified into the low-risk and high-risk 
subgroups, respectively. In the dual therapy 
group, 29 and 35 patients were classified into 
the low-risk and high-risk subgroups, respec-
tively. Similarly, within each subgroup, the 
12-month cumulative incidences of bleeding 
events and embolic events were compared 
between the two treatment strategies. In the 
low bleeding-risk subgroup, the incidence of 
bleeding events was significantly lower in the 
de-escalation group than in the dual therapy 
group [2 (7.41%) vs. 8 (27.59%), P=0.040], 
whereas no significant difference was obser- 
ved in the incidence of embolic rate [4 
(14.81%) vs. 2 (6.90%), P=0.301]. In the high 
bleeding-risk subgroup, the bleeding incidence 
was lower in the de-escalation group than in 
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the dual therapy group, but the difference was 
not statistically significant [3 (10.34%) vs. 7 
(20.00%), P=0.240]. No significant difference 
was observed in embolic events between the 
two groups [5 (17.24%) vs. 4 (11.43%), 
P=0.378] (Figure 3C, 3D).

Comparison of treatment adherence and drug 
discontinuation rates between the two groups

Treatment adherence within 12 months after 
surgery was assessed based on pharmacy dis-
pensing records and patient follow-up ques-
tionnaires. Good adherence was defined as a 
proportion of days covered (PDC) ≥80%. The 
overall medication adherence rate was signifi-
cantly higher in the de-escalation group than  
in the dual therapy group (87.5% vs. 73.43%, 
P=0.035) (Figure 4A, 4B). Notably, the propor-
tion of patients who permanently discontinued 
any study medication due to adverse reactions 
(mainly minor bleeding or gastrointestinal dis-

comfort) was significantly lower in the de-esca-
lation group than in the dual therapy group 
(3.57% vs. 14.06%, P=0.047) (Figure 4C; Table 
4). These findings suggest that the simplified 
antithrombotic regimen (conversion to single-
agent therapy after 6 months) and the lower 
bleeding risk may improve treatment tolerabili-
ty and long-term treatment persistence, which 
could contribute to maintaining therapeutic 
effectiveness.

Comparison of adverse event rates between 
two groups 

Both groups of patients experienced treatment-
related adverse events, including nausea and 
vomiting, respiratory distress, and headache. 
However, the incidence of these adverse events 
showed no significant differences between the 
two groups (P=0.749, 0.722, 0.583, respec-
tively) (Table 6).

Figure 4. Comparison of treatment adherence 
and drug discontinuation rates between the de-
escalation and continuous dual therapy groups. 
A. Overall treatment compliance (%). B. Average 
adherence rate at each time point (%). C. Propor-
tion of permanent medication discontinuation 
(%). Notes: *P<0.05.
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Discussion

Perioperative antithrombotic management of 
patients undergoing carotid artery stenting 
(CAS) with non-valvular atrial fibrillation (AF) 
remains a major clinical challenge. Such pa- 
tients are exposed to dual thrombotic risk, 
including atherothrombotic events (such as 
ischemic stroke and stent thrombosis) asso- 
ciated with carotid atherosclerosis and stent 
implantation, as well as AF-related thrombo-
embolic events (such as cardiogenic stroke). 
However, intensifying antithrombotic therapy 
inevitably increases the risk of bleeding events. 
This study retrospectively compared the effi-
cacy and safety of two edoxaban-based anti-
thrombotic strategies in patients with CAS 
combined with AF: a time-limited dual therapy 
followed by a de-escalation strategy and sus-
tained dual therapy. There was no significant 
difference in the incidence of carotid artery 
restenosis or stent thrombosis between the 
two groups. Furthermore, the de-escalation 
strategy significantly reduced the incidence of 
bleeding events (8.93% vs 23.44%) at 12 
months postoperatively, without increasing the 
risk of embolic events. These findings provide 
valuable clinical evidence supporting individu-
alized antithrombotic management in this spe-
cific patient population.

Edoxaban, a highly selective inhibitor of factor 
Xa, effectively inhibits thrombus formation by 
directly inhibiting factor Xa activity and block- 
ing the production of thrombin [14]. Its stable 
pharmacokinetic profile and fixed-dose ad- 
ministration regimen provide a more conve-
nient and potentially safer option for periopera-
tive anticoagulation management during radio-
frequency ablation of atrial fibrillation or carotid 
artery stent implantation [15]. Factor Xa is a 
serine protease that plays a central role in 
thrombin generation. Edoxaban can directly 
bind to the active site of factor Xa, inhibits the 
conversion of prothrombin to thrombin, sup-
presses thrombin-mediated coagulation path-
ways, and consequently reduces thrombus pro-

duction. In addition to its anticoagulant effects, 
previous studies have suggested that edoxa-
ban may attenuate the pro-inflammatory and 
pro-fibrotic effects mediated by factor Xa and 
thrombin, thereby reducing the expression of 
pro-inflammatory cytokines [16]. A real-world 
cohort study conducted in German compared 
the safety and efficacy of edoxaban with other 
non-vitamin K antagonist oral anticoagulants 
(NOACs) and vitamin K antagonists (VKA) in 
patients with AF. The results showed that edox-
aban was associated with reduced risk of isch-
emic stroke/systemic embolism compared with 
apixaban (27%), dabigatran (40%), rivaroxaban 
(38%), and VKA (36%). In terms of major bleed-
ing, edoxaban showed a significantly lower risk 
compared to rivaroxaban (26%) and VKA (53%). 
In particular, edoxaban was associated with 
lower risks of major gastrointestinal bleeding 
compared with dabigatran (36%), rivaroxaban 
(36%), and VKA (56%), suggesting a favorable 
safety profile [17]. 

The main finding of this study is that transition-
ing to edoxaban monotherapy after a limited 
period of dual therapy significantly reduced 
the risk of bleeding without compromising 
antithrombotic efficacy, which is highly consis-
tent with the evolving concept of “de-escala-
tion” or “time-limited dual antithrombotic the- 
rapy” in recent years [18, 19]. Traditionally, 
management of patients with AF complicated 
by coronary or peripheral artery disease has 
long followed the triple antithrombotic the- 
rapy or prolonged dual antithrombotic therapy. 
However, the associated bleeding risk has 
remained a major limitation restricting the wi- 
despread clinical application of these strate-
gies [20]. The strategy of switching from dual 
therapy to anticoagulation monotherapy 6 
months after CAS adopted in this study repre-
sents a practical application of the de-escala-
tion concept in patients with peripheral arterial 
disease. Our findings suggest that a 6-month 
dual antiplatelet therapy may adequately cover 
the critical phase of stent endothelialization 
and vascular injury repair after CAS, whereas 

Table 6. Comparison of the incidence of adverse events between the two groups [n (%)]
Index De-escalation group (n=56) Dual therapy group (n=64) χ2 P
Nausea and vomiting 4 (7.14) 6 (9.38) 0.749
Respiratory distress 3 (5.36) 5 (7.81) 0.722
Headache 7 (12.5) 8 (12.5) 0.302 0.583
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subsequent transition to anticoagulant mono-
therapy can effectively reduce the cumulative 
bleeding risk associated with prolonged anti-
platelet therapy. Fukamachi D et al. [21] evalu-
ated the safety of edoxaban monotherapy in 
patients with stable CAD and NVAF. In their 
study, 147 patients from eight medical institu-
tions in Japan were assigned to receive either 
edoxaban monotherapy (n=74) or combination 
therapy with edoxaban plus clopidogrel (n=73). 
Two patients in the monotherapy group experi-
enced major or clinically relevant non-major 
bleeding (1.67% per patient-year), compared 
with five patients in the combination therapy 
group (4.28% per patient-year) (hazard ratio 
[HR] 0.39; 95% confidence interval [CI] 0.08-
2.02). No patients in either groups experienced 
myocardial infarction, stent thrombosis, unsta-
ble angina requiring revascularization, ischemic 
stroke, systemic stroke, or hemorrhagic stroke. 

In addition, the multidimensional outcome as- 
sessment in this study further expands the 
clinical implications of the findings. First, pa- 
tients in the de-escalation group demonstrat-
ed better health-related quality of life. This may 
be partially attributed to the lower incidence 
of bleeding events observed in this group. 
Edoxaban can inhibit thrombosis by selectively 
inhibiting factor Xa activity, thereby reducing 
ischemic damage to brain tissue, promoting 
neurological function recovery, and thereby 
enhancing the daily living ability of patients. 
Bleeding events, especially recurrent minor 
bleeding events such as ecchymosis and gin- 
gival bleeding, can adversely affect patients’ 
physical comfort, psychological well-being, and 
confidence in long-term treatment, ultimately 
impairing quality of life. More importantly, 
avoidance of major bleeding events (e.g., in- 
tracranial hemorrhage) is crucial for preserv-
ing neurological function and achieving favor-
able functional outcomes. Our findings are 
consistent with previous studies demonstrat-
ing that safety profile of antithrombotic thera-
py is closely associated with long-term func-
tional status and quality of life.

The European Society of Cardiology (ESC) 
guidelines for the management of acute co- 
ronary syndrome and the American Heart 
Association (AHA) scientific statement empha-
size that, for patients with a bleeding risk 
exceeding their ischemic risk, shortening the 

duration of dual antiplatelet therapy should be 
considered [22]. In this study, patients in the 
de-escalation group avoided unnecessary pro-
longed exposure to antiplatelet therapy during 
the 7-12 months after surgery by timely discon-
tinuation of aspirin. This approach is also con-
sistent with the pharmacological characteris-
tics of edoxaban [13]. Previous studies have 
demonstrated that the efficacy and safety pro-
files of edoxaban remain favorable in patients 
with concomitant arterial disease [12, 23]. In 
this study, edoxaban served as the cornerstone 
of antithrombotic therapy, with a standardized 
dosing regimen adjusted based on renal func-
tion and body weight. The de-escalation strate-
gy significantly improved long-term treatment 
compliance. Simplifying treatment plans (tran-
sitioning from dual therapy to monotherapy) is 
a well-established approach for improving com-
pliance in patients with chronic diseases. Good 
adherence is the essential for maintaining the 
effectiveness of anticoagulant therapy and 
reducing the risk of thromboembolic events 
associated with medication interruption or dis-
continuation. Therefore, the de-escalation stra- 
tegy may facilitate the achievement of long-
term treatment goals by establishing a safer 
and sustainable cycle.

The results of this study showed that PLT,  
CRP, D-D, TT, APTT, and PT were significantly 
improved in both groups at 3, 6, and 12 months 
after surgery, with no significant differences 
observed between the two groups. These find-
ings indicate that the de-escalation strategy 
did not weaken the overall antithrombotic 
effect. The risk of thrombosis after CAS is pri-
marily concentrated during the early postope- 
rative period, driven by vascular endothelial 
injury, plaque disruption, and local inflamma- 
tory reactions caused by stent implantation. 
During this period, anticoagulant combined 
with antiplatelet therapy can synergistically in- 
hibit thrombin production and platelet activa-
tion, thereby offering comprehensive throm- 
botic protection [24, 25]. After 6 months, with 
progressive completion of stent endotheliali- 
zation and resolution of vascular inflammation, 
the major contributors to thrombus formation 
may gradually shift toward atrial blood stasis 
caused by AF itself. At this stage, the incre- 
mental benefit of continued antiplatelet thera-
py may diminish, whereas anticoagulant mono-
therapy may be sufficient to prevent cardioem-



Edoxaban de-escalation in patients with AF undergoing CAS

6127	 Am J Transl Res 2026;18(7):6114-6129

bolic events. In this study, the de-escalation 
group showed a numerically higher incidence of 
embolic events compared with the dual group, 
although the difference was not statistically 
significant, indicating the importance of indi-
vidualized risk assessment and suggests that 
prolonged dual therapy may still be consider- 
ed in selected high-risk patients (such as 
those with a history of stroke, extremely high 
CHA2DS2-VASc scores, or complex carotid 
artery lesions).

From a methodological perspective, this stu- 
dy implemented standardized edoxaban dose 
adjustment based on creatinine clearance rate 
and body weight. However, an individualized 
stepwise anticoagulation transition pathway 
based on CHA2DS2-VASc thrombus risk score 
and HAS-BLED bleeding risk score has not yet 
been established. The current study only per-
formed post hoc subgroup analyses stratified 
by these risk scores. Such retrospective stra- 
tified comparisons can provide preliminarily 
insights into outcome differences among risk 
subgroups but cannot be considered a pre-
specified individualized anticoagulation strate-
gy and therefore cannot directly guide clinical 
adjustment of medication regimens.

Future studies should build on the preliminary 
efficacy and safety findings of this study to con-
struct a dynamic personalized anticoagulation 
conversion pathway using CHA2DS2-VASc and 
HAS-BLED scores as core stratification criteria 
at different postoperative time points. For pa- 
tients at high thromboembolic risk, the dura-
tion of enhanced anticoagulation therapy may 
be appropriately extended, whereas patients 
with high bleeding risk may benefit from earlier 
implementation of a de-escalation strategy.

However, this study has several limitations. 
First, as a retrospective cohort study, it was 
subject to potential confounding factors, and 
the relatively limited sample size may restrict 
the generalizability of the findings. Differences 
in patient characteristics, enrollment patterns, 
and baseline comorbidities among different 
centers may also introduce selection bias. 
Therefore, larger multicenter real-world studies 
are required to further validate the applicabi- 
lity of this strategy. Second, the postoperative 
follow-up period was only 12 months, and long-
term outcomes, including stroke, intracardiac 
thrombosis, and major bleeding events beyond 

1 year, were not evaluated. Longer follow-up is 
warranted to assess the durability of the 
observed benefits. Finally, this study was de- 
signed to evaluate clinical effectiveness and 
safety in real-world practice, without exploring 
underlying molecular mechanisms involved in 
endothelial repair or thrombus regulation. Fu- 
ture studies incorporating animal models of 
carotid atherosclerosis and endothelial cell 
experiments are needed to further elucidate 
the biological mechanisms underlying this ther-
apeutic strategy.

Conclusion

This study demonstrates that the edoxaban-
based de-escalation strategy effectively bal-
ances thrombotic and bleeding risks in pa- 
tients with AF undergoing CAS. Beyond ma- 
intaining comparable antithrombotic efficacy, 
this strategy provides additional clinical bene-
fits, including reduced bleeding risk, improved 
treatment adherence, and better patient-re- 
ported quality of life. Our findings support the 
concept of individualized antithrombotic man-
agement provide a potential therapeutic option 
for the perioperative management of patient 
with AF undergoing CAS.
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