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Background and Objective: Oral anticoagulation (OAC) for secondary stroke
prevention is recommended in atrial fibrillation (AF) and other sources of cardioembolic
stroke. Our objectives were to explore the differences in ischemic and hemorrhagic
events when using OAC for secondary stroke prevention according to the type of
anticoagulant treatment and to analyze the number and reasons for OAC switches during
long-term follow-up.

Methods: Ischemic stroke (IS) patients who were discharged on OAC for secondary
stroke prevention from January 2014 to October 2017 were recruited in a prospective,
multicenter, hospital-based registry. Follow-up at 3 months was scheduled at the
outpatient clinic with subsequent annual phone interviews for 3 years. Patients were
classified into three study groups according to OAC at discharge: Vitamin K antagonist
(VKA), Factor Xa inhibitor (FXa), or direct thrombin inhibitor (DTI). We compared stroke
recurrences, intracranial hemorrhage, major bleeding, and all-cause mortality during the
follow-up. We recorded any switches in OAC and the main reasons for the change.

Results: A total of 241 patients were included. An anticoagulant was indicated in the
presence of a source of cardioembolic stroke in 240 patients (99.6%) and lupus plus
antiphospholipid syndrome in one patient. Up to 86 patients (35.6%) were on OAC before
the index stroke; in 71 (82.5%) of them, this was VKA. At hospital discharge, 105 were
treated with FXa (43.8%), 96 with VKA (39.6%), and 40 with DTI (16.6%). The cumulative
incidences at 3 years were 17% for stroke recurrence, 1.6% for intracranial hemorrhage,
4.9% for major hemorrhage, and 22.8% for all-cause mortality, with no differences among
the OAC groups in any outcomes. During the follow-up, 40 OAC switches were recorded
(63% of them to FXa), mostly due to stroke recurrence.
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Conclusion: Long-term OAC in secondary stroke prevention is associated with a lower
frequency of bleeding complications than stroke recurrences. No differences between
anticoagulant drugs were found in any of the analyzed outcomes. The main cause for
OAC switch during follow-up was stroke recurrence.

Keywords: secondary stroke prevention, anticoagulant drugs, stroke recurrence, hemorrhage risk, multicenter

registry

INTRODUCTION

Current guidelines recommend oral anticoagulation (OAC)
for secondary stroke prevention in atrial fibrillation (AF)
and other sources of cardioembolic stroke (1, 2). Vitamin K
antagonists (VKA) were the only treatments available until the
publication of several clinical trials showing the non-inferiority
of direct oral anticoagulants (DOACs) in the prevention of
stroke and peripheral embolisms in patients with non-valvular
AF, with the advantage of lower risk of intracranial bleeding
complications (3). Therefore, since then, the prescription of
DOAGCs has increased for primary stroke prevention, with a
parallel decrease in VKA use (4, 5). Several real-life registries
found that DOACs are safe and effective drugs for primary
stroke prevention in AF patients (6-9). Moreover, evidence
supporting the efficacy and safety of DOACs comes from
randomized clinical trials that recruited AF patients at high
risk of stroke but with only about 19-52% of patients with
previous stroke or transient ischemic attack (TIA) (10-13).
All these trials have published the results of this subgroup of
patients showing consistently beneficial results in secondary
stroke prevention (14-17). Taking into account that stroke
patients are at high risk both of ischemic and hemorrhagic
strokes, and prevention of both are the main objectives in
this specific population, it seems necessary to monitor the
effects of OAC in non-selected patients in clinical practice.
Several registries have been published in recent years to
study the use of the various oral anticoagulant treatments in
stroke patients (18-26), mainly evaluating clinical outcomes
such as stroke recurrence, cerebral hemorrhage, or functional
outcome. Other published registries were focused on the use
of radiological markers such as cerebral microbleeds or white
matter hyperintensities in order to stratify the hemorrhagic risk
in this specific population (27, 28). Also, individual patient data
analysis of seven prospective cohort studies has been recently
published addressing the outcomes in patients with AF who
received anticoagulation treatment in secondary prevention after
stroke (29).

However, the “real-world” long-term outcomes of stroke
patients receiving OAC for any indication (not restricted to AF)
in secondary stroke prevention and the number and reasons for
OAC switches during follow-up are not well-known, missing
relevant information for the clinician.

Our aims were to evaluate the effects of OAC in long-
term outcomes in a secondary prevention clinical setting and
to analyze the number of, and reasons for, switches among
various anticoagulants.

METHODS

Study Design

The RESTAIC (acronym corresponding to the Spanish
name REgistro clinico para el Seguimiento de Tratamiento
Anticoagulante en prevencion secundaria tras un Infarto Cerebral;
Clinical registry for the follow-up of anticoagulant treatment
in secondary prevention following cerebral infarction) was a
multicenter, prospective, observational study supported by the
IdiPAZ research foundation, conducted in six departments
of neurology in Madrid, Spain (see the participant list in the
Acknowledgments section). Ischemic stroke (IS) patients who
were discharged on OAC were recruited from January 2014 to
October 2017. The prescription of OAC was the decision of
the treating physician. The study protocol did not provide a
recommendation for the prescription of one anticoagulant drug
over other.

The inclusion criteria were 18 years old or older (no upper
age limit), admitted with IS (TIA or cerebral infarction) with
indication of anticoagulation for secondary stroke prevention
(source of cardioembolic stroke or another indication), and able
to understand and sign the informed consent (in the event of
a patient’s incapacity, informed consent could be signed by a
relative). The exclusion criteria were participation in another
observational study or in clinical trials, severe disease with life
expectancy of <3 years, and patients who were not discharged on
OAC. The follow-up period after inclusion was up to 3 years. The
first assessment was during the hospital admission for the index
stroke, and the follow-up visits were scheduled as follows: one
visit at 3 months at the outpatient clinic and subsequent annual
telephone interviews for 3 years. These consultations were carried
out centrally from the main study center.

The study was approved by the ethics committee of each
participating hospital. The study was approved by the Spanish
Agency of Medicines and Medical Devices (Agencia Espafiola de
Medicamentos y Productos Sanitarios).

Outcomes

The primary outcomes were ischemic stroke recurrence,
intracranial hemorrhage, major bleeding [defined according to
the International Society on Thrombosis and Haemostasis
(ISTH)] (30), and all-cause mortality. The secondary
outcomes were clinically relevant non-major bleeding
(CRNMB), defined according to the ISTH criteria (31):
minor bleeding, peripheral embolism, and vascular-related
mortality (ischemic stroke, intracranial hemorrhage, acute
myocardial infarction, acute heart failure, arrhythmia,
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and pulmonary thromboembolism). We also recorded
any switches in OAC during follow-up and the main
reasons for the change (stroke recurrence, intracranial
hemorrhage, major bleeding, CRNMB or minor bleeding,
peripheral embolism, labile INR in those treated with
VKA, and other reasons not related to direct complications
of anticoagulation).

Data Collection

A specific electronic case report
for this study on enrollment:
(age, sex, educational level, and current
activity); previous history of hypertension, diabetes
mellitus (DM), tobacco smoking, previous IS (other
than index stroke), or TIA, the presence of a source

form was developed
demographic variables
occupational

241 patients enrolled from January 2014 to October 2017

——» 2 patients decline follow-up

3 months’ follow-up

n=239

——» 12 patients lost to follow-up

1 year’s follow-up

n=227

—— 23 patients lost to follow-up

2 years’ follow-up

n=204

—» 15 patients lost to follow up

3 years’ follow-up

n=189

FIGURE 1 | Flow chart of study enroliment.
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of cardioembolic stroke (AF, prosthetic valve, other
sources of cardioembolic stroke: other non-prosthetic
valvulopathy, intracardiac thrombus, ventricular akinesia,
left ventricular aneurysm, left ventricular ejection fraction
<35%, patent foramen ovale, atrial septal aneurysm, dilated
cardiomyopathy, chronic heart failure, endocarditis, and
atrial myxoma). OAC prior to index stroke, Charlson
comorbidity index (CCI) (32), modified Rankin Scale
(mRS), CHA2-DS2-VASc and HAS-BLED scores at discharge
were recorded.

Additional variables relating to the index stroke were
recorded: main indication of OAC (source of cardioembolic
stroke or another noncardiac indication for anticoagulation) and

type of anticoagulant at discharge: Vitamin K antagonists
(VKA), Factor Xa inhibitors (FXa), or direct thrombin
inhibitors (DTI). At the follow-up visits, occurrences
of any primary or secondary outcomes were recorded.

Statistical Analysis

The statistical analysis was performed using SPSS 26.0 for
Windows (SPSS Inc., Chicago, IL). First, we carried out a
descriptive analysis of the total cohort. Categorical variables
were presented as proportions and continuous variables as the
mean and standard deviation (SD) or median and interquartile
range (IQR).

TABLE 1 | Demographic characteristics of the total cohort.

Demographic data, n (%) Total cohort VKA FXa DTI p*
N = 241 N =96 N =105 N =40
(39.8) (43.6) (16.6)
Sex male, n (%) 132 (54.8) 59 (61.5) 53 (50.5) 20 (50) 0.23
Age; years, mean (+SD) 74.1(11.8) 70.2 (12.5) 77.87(10.2) 73.4(10.9) <0.001
Educational level, n (%)
Unable to read or write 15 (6.2) 10 (10.4) 4(3.8) 1(2.5) 0.20
Read and write only 40 (16.5) 11 (11.5) 21(19.8) 8 (20)
Primary/secondary education 110 (45.4) 47 (49) 49 (46.7) 18 (45)
Higher non-university studies 24 (9.9) 14 (14.6) 8 (7.6) 2 (5)
University/college degree 49 (20.2) 14 (14.6) 23 (22.6) 11 (27.5)
Occupational activity, n (%)
Not working 40 (16.5) 14 (14. 21 (20) 5(12.5) 0.08
Working 34 (14) 21 (21. ) 6 (5.7) 7(17.5)
Incapacity 93.7) 6 (6.3 2(2) 1(2.5)
Retired 159 (65.7) 55 (57.3) 76 (72.4) 27 (67.5)
Hypertension, n (%) 189 (78.4) 67 (69.8) 91(86.7) 1 31(77.5) 0.01
Diabetes mellitus, n (%) 61 (25.3) 8(18.8) 31(29.5) 12 (30) 0.16
Dyslipidemia, n (%) 148 (61.4) 0 (62.5) 65 (61.9) 23 (57.5) 0.85
Chronic kidney disease, n (%) 17 (7.1) 7(7.3) 8(7.6) 2 (5) 0.87
Tobacco smoking, n (%) n (%) 35 (14.5) 8(18.8) 12 (11.4) 5(12.5) 0.31
Previous TIA or IS, n (%) 63 (26.1) 17 (1 7.7)1 32 (30.5) 14 (35) 0.04
Previous peripheral embolism, n (%) 5(2.1) 2(2.1) 2(1.9 1(2.5) 0.97
Previous source of cardioembolic stroke, n (%)
AF 171 (70.7) 44 (45.8)1 92 (86.8) 35 (87.5) <0.001
Prosthetic valve 14 (5.8) 14 (14.6) 0 0
Others 27 (11.2) 26 (27.1) 1(0.9) 0 -
Previous anticoagulant, n (%)
VKA 71(29.5) 24 (25) 36 (34.3) 11 (27.5) 0.22
FXa 12 (5) 0 8(7.6) 4 (10) -
DTI 3(1.2) 0 2(1.9) 1(2.5) -
Main indication for anticoagulation at discharge, n (%)
AF 188 (78) 44 (45.8)1 104 (99) 40 (100) <0.001
Prosthetic valve 14 (5.8) 14 (14.6) 0 0 -
Other source of cardioembolic stroke 38 (15.8) 38 (39.6) 1(1) 0 -
Other non-cardiac conditions 1(0.4) 0 0 -
CCl at discharge; median (IQR) 1(0-2) 2(0-3) 1(0-2) 1(0-2) 0.36
mRS at discharge; median (IQR) 1(0-2) 1(0-2) 1(0-3) 1(0-3) 0.03
CHA2-DS2-VASc at discharge; median (IQR) 5 (4-6) 5% (3-6) 6" (5-7) 5 (4-7) <0.001
HAS-BLED at discharge; median (IQR) 2 (2-3) 21 (2-3) 3" (2-3) 2 (2-3) <0.01

*Comparative analysis of the 3 anticoagulant groups: VKA, FXa and DTI.

TStatistically significant differences after Bonferroni correction. CCI, Charlson Comorbidity Index; IS, Ischaemic stroke; TIA, Transient ischaemic attack; AF, Atrial fibrillation; VKA, Vitamin

K antagonist; FXa, Factor Xa inhibitor; DTI, Direct thrombin inhibitor.
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Baseline and demographic characteristics were then analyzed
and compared among the various types of anticoagulants at
discharge: VKA, FXa, and DTI. Categorical variables were
compared using X? or Fisher’s exact test where appropriate, and
quantitative variables were compared using ANOVA test and
underwent post hoc adjustment using the Bonferroni test. We
performed an intention-to-treat analysis.

We calculated the cumulative incidence for the primary
and secondary outcomes at 3-years follow-up, and those
were compared using a Kaplan-Meier and log rank
analysis, according to the anticoagulant type at discharge
(VKA vs. FXa vs. DTI). Moreover, we performed a
multivariate Cox regression analysis by the “enter” method,

adjusting by sex, age, Charlson comorbidity index, and
previous stroke.

Finally, a descriptive analysis of switches among anticoagulant
drugs and main reasons for them during the 3-years follow-
up was carried out. All tests were two-tailed; significance was
assumed when p < 0.05

RESULTS

A total of 241 patients were enrolled, but 52 patients dropped out
of the study during follow-up: two patients refused to continue
with the telephone interviews, and 50 patients could not be

Pre-stroke
pVKA: 71
FXa: 105
pNone: 155
VKA: 96
/
I pFXa: 12 DTI: 40
= pDTI: 3
direct thrombin inhibitor at 3 years of follow-up.

Hospital discharge

FIGURE 2 | Type of anticoagulant treatment at the time of index stroke, at hospital discharge, and at 3 years of follow-up. VKA, vitamin K antagonist; FXa, Factor Xa
inhibitor; DTI, direct thrombin inhibitor; pNone, no previous anticoagulant treatment; pVKA, previously treated with vitamin K antagonist; pFXa, previously treated with
Factor Xa inhibitor; pDTI, previously treated with direct thrombin inhibitor; 3yVKA, VKA at 3 years of follow-up; 3yFXa, Factor Xa inhibitor at 3 years of follow-up; 3yDTI,

3 years’ follow-up

3yFXa: 89

3yVKA: 61

Another FXa: 8 [

Lost: 52

3yDTI: 31
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contacted after several attempts (Figure 1). The study database
was closed in April 2020, after completion of a 3 years follow-up
in 189 patients. The mean time of follow-up was 31.2 months.
The total patient-years of follow up was 1,261.75 patients/year.
The patients who did not complete the entire follow-up were
younger (mean age 71.6 vs. 74.78 years) and had a lower
rate of dyslipidemia (48 vs. 65%), with no other differences in
demographics and baseline characteristics.

The demographics and baseline characteristics of the cohort
are described in Table 1. Two hundred forty patients had a source
of cardioembolic stroke as the main indication for OAC, and
only one patient had a non-cardioembolic disease (lupus plus
antiphospholipid syndrome). At hospital discharge, 105 patients
(43.6%) received FXa, 96 (39.8%) VKA, and 40 (16.6%) DTI
treatment. In general, patients given FXa were older, with a higher
proportion of hypertension and higher scores on the CHA2-DS2-
VASc and HAS-BLED scales. VKA-treated patients had a higher
proportion of non-AF sources of cardioembolic stroke as a main
reason for anticoagulation than the other groups.

For each participant, OAC before the index stroke and after
discharge is shown in Figure 2. Eighty-six patients (35.6% of the
total cohort) were on anticoagulation before the index stroke. Of
these, 71 (82.5%) were on VKA treatment. Noticeably, 61.1% of
the INR values were below the recommended range at admission
(according to specific indication: non-valvular AF or mechanical
prosthetic valve).

Another notable finding is that 63 patients (26% of the
total cohort) had already had a stroke before the index stroke.
Only 32 (50% of them) were on anticoagulation treatment
before the index stroke, the majority of them receiving VKA
(n = 23; 71.87%). Eighteen patients changed to DOAC, and
only five patients, previously VKA anticoagulated in secondary
stroke prevention, maintained VKA at discharge after the
index stroke—four of them because of the presence of a
contraindication to a DOAC (two patients with prosthetic valves,
one patient with valvular AF, and one patient with ventricular
akinesia). None of the patients previously treated with DOAC
changed to VKA for the index stroke.

The results for the primary and secondary outcomes are
shown in Table 2. Overall, we did not find any differences
in outcomes between the treatment groups. The cumulative
incidence at 3 years was 17% for stroke recurrence, 1.6% for
intracranial hemorrhage, 4.9% for major bleeding, and 22.8% for
all-cause mortality, with no differences between anticoagulant
groups in the Kaplan-Meier analysis (Figures 3, 4). Regarding
the baseline characteristics, patients with a previous stroke
presented higher stroke recurrence (22.2 vs. 9.5%, p = 0.01) and
overall mortality (33.3 vs. 19.1%, p = 0.021) after a 3-years follow-
up than patients without a previous history of stroke. The long-
term risk of stroke recurrence, intracranial hemorrhage, major
bleeding, and all-cause mortality was similar after adjustment for
age, sex, comorbidity, and previous stroke (Table 2).

Overall, there were no significant differences for the main
outcomes regarding the indication of anticoagulant therapy:
stroke recurrences (13.3 vs. 21.4% vs. 7.9%; p = 0.411),
intracranial hemorrhage (1.6% vs. 7.1% vs. 0%;p = 0.21), major
bleeding (4.3% vs. 14.3% vs. 5.3%; p = 0.25), and all-cause

TABLE 2 | Number of events, cumulative incidence, log-rank analysis, and hazard
ratio (HR) for primary and secondary outcomes.

Number of Cumulative Log rank P Adjusted HR
events incidence (95% ClI)

STROKE RECURRENCE
VKA 18 Ref.
FXa 20 0.94 (0.41-2.21)
DTI 4 0.68 (0.18-2.46)
Total 42 17% 1.07 0.58

INTRACRANIAL HEMORRHAGE
VKA 2 Ref.
FXa 1 0.43 (0.03-5.68)
DTI 1 1.45 (0.12-17.08)
Total 4 1.6% 61 0.73

MAJOR BLEEDING
VKA 6 Ref.
FXa 4 1.02 (0.06-15.53)
DTl 2 2.54 (0.17-37.17)
Total 12 4.9% 0.62 0.73

ALL-CAUSE MORTALITY
VKA 20 Ref.
FXa 25 0.44 (0.12-1.66)
DTI 10 0.83 (0.16-4.22)
Total 55 22% 0.43 0.78

CRNMH
VKA 15 Ref.
FXa 18 0.57 (0.15-2.02)
DTI 4 0.49 (0.08-2.78)
Total 35 14.4% 0.54 0.77

MINOR BLEEDING
VKA 17 Ref.
FXa 7 0.53(0.13-2.16)
DTI 4 0.34 (0.04-2.97)
Total 28 11.6% 5.77 0.057

PERIPHERAL EMBOLISM
VKA 2 Ref.
FXa 2 0.37 (0.01-10.24)
DTI 2 0.55 (0.01-17.23)
Total 6 2.4% 1.36 0.50

VKA, vitamin K antagonist; FXa, Factor Xa inhibitor; DTI, direct thrombin inhibitor;
CRNNMH, clinically relevant nonmajor hemorrhage. Cox regression analysis adjusted by
sex, age, Charlson comorbidity index, and previous stroke.

mortality (21.3% vs. 21.4% vs. 31.6%; p = 0.38) for AF, prosthetic
valves, and minor cardioembolic sources, respectively.

For secondary outcomes, we found a trend to a higher
frequency of minor bleeding with VKA treatment (17.7% vs. 6.6%
for FXa and 10% for DTI, p = 0.05). Among the 55 patients
deceased during the follow-up, only five had a vascular-related
cause of mortality; four of them were in the VKA group, and one
was in the FXa group. Similarly, there were no differences in the
long-term risk of secondary outcomes.

During the 3-years follow-up, none of the patients
discontinued the anticoagulation therapy, although 40 switches
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0 3 12 24 36
Number at risk Time, months
VKA 96 95 87 78 71
FXa 105 105 96 78 73
DTI 40 39 35 33 27
VKA: Vitamin K antagonist; FXa: Factor Xa inhibitor;, DTI: Direct thrombin inhibitor
FIGURE 3 | Kaplan-Meier curve for stroke recurrence.

to another anticoagulant were made; 62% were changed to FXa,
24.4% to DTI, and only 13.3% to VKA. The main reasons for
changing were stroke recurrence (30%) and INR instability
(20%), followed by minor bleeding (17%) (Figure5). None
of the patients changed the anticoagulant due to intracranial
hemorrhage; the two survivor patients who had intracranial
hemorrhage during follow-up were restored to the same DOAC
(FXa) for long-term anticoagulation.

The average last INR reported at each follow-up visit in the
VKA group was 2.6 (0.4 SD) at 3 months, 3.2 (1.1 SD) at 1
year, 1.5 (0.7 SD) at the second year, and 2.5 (0.7 SD) at the
third year.

DISCUSSION

In this prospective registry that reflected routine clinical practice
in secondary stroke prevention and included long-term follow-
up, we found a higher cumulative incidence of stroke recurrence
than of bleeding complications, without differences between
the different OACs prescribed. Some prospective registries have
analyzed the outcomes of patients on OAC in secondary stroke

prevention, and they showed similar results, with no differences
between VKA and DOACs regarding stroke recurrence (18, 33,
34). An individual patient data analysis of prospective studies
recently found that VKA was associated with higher rates
of mortality, intracranial hemorrhage, and combined vascular
events compared with DOACs, but again, the rates for stroke
recurrence were similar between groups (29).

Stroke patients represent a specific population in which the
risk of intracranial hemorrhage should be especially taken into
account (35, 36). In our study, we found a 17% cumulative
incidence for recurrent stroke at a 3-years follow-up, which is
comparable to other similar registries (17.5 and 18%) (4, 37). In
our cohort, only four intracranial hemorrhages (1.6% cumulative
incidence) were recorded at a 3-years follow-up, compared with
42 stroke recurrences. Similarly, in other registries, the rates
of stroke recurrence were higher than those of intracranial
hemorrhage (29, 38).

In our cohort, we did not find differences in the
anticoagulation treatments for intracranial hemorrhage, in
contrast to other registries that found a higher frequency of
intracranial hemorrhage and fatal intracranial hemorrhage with
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FIGURE 4 | Kaplan-Meier curve for mortality.

VKA (29, 39). The smaller sample size and the good baseline
functional status, with an average mRS of 1, of the patients
included could explain this result. Nevertheless, our results
also reinforce the idea of a higher risk of stroke recurrence
than intracranial hemorrhage in secondary stroke prevention at
long-term follow-up and, together with the MRI marker studies
(27, 28), could improve the clinician decision about long-term
anticoagulation in secondary prevention of stroke.

Patients with previous stroke before the index stroke
presented a significantly higher rate of stroke recurrence during
the follow-up. It is well-known that these patients are at higher
risk of ischemic events even if on OACs, and similar findings have
been previously reported (40). This should encourage us to look
for better strategies to improve secondary stroke prevention, such
as ensuring patients’ adherence to treatment. The NOACISP-
LONGTERM registry showed 78.4% of the patients to be
fully adherent with a median follow-up of 12 months, and a

recent systematic review showed that up to 30% of the patients
with AF are non-adherent to any OAC (22, 41). Likewise,
a Spanish study suggested that only 41.4% of the patients
are treated following the current Spanish recommendations in
clinical practice (42). In the Asian population, 18.8 and 13.1%
of patients are either undertreated or overtreated, respectively,
with a significant increase in adverse effects (43). Regarding the
type of anticoagulant used, almost 50% of the patients treated
with VKA are not well-anticoagulated, have diabetes, have labile
INR, and have a high HAS-BLED score being associated with
poor coagulation control (44). Although compliance is better
with DOACs than with VKA, it has been reported that 13% of
the AF patients receive DOAC doses that are inconsistent with
labeling (9.4% underdosed and 3.4% overdosed) (45). This may
reflect concerns about drug-related bleeding and may contribute
to a higher stroke recurrence rate. Therefore, usage of appropriate
dosage should be reinforced.
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Regarding secondary outcomes, we found no statistically
significant higher rates of minor bleeding with VKA treatment.
In fact, up to 17% of the patients reported switching the
anticoagulant drug due to minor bleeding. The concept of burden
due to anticoagulation treatment measured by the Anti-Clot
Treatment Scale (ACTS) (46) includes the perceived possibility
of bleeding as a result of vigorous and daily activities. Recent
studies found a strong association between patient dissatisfaction
with OAC treatment and increased stroke risk (47, 48), probably
due to lack of treatment adherence. In addition, another quality-
of-life registry showed that patients on DOACs experienced
higher satisfaction with oral anticoagulation than those on VKA
(49). In this sense, the 2019 AHA/ACC/HRS guidelines for
the management of patients with AF (50) recommend shared
decision making between clinicians and patients for better
adherence to treatment.

Another interesting finding in our study was the analysis of
the switches to another anticoagulant. Before the index stroke,
one third of the total cohort was on OAC, mostly VKA, and
about 61% of them had INR values below the recommended
range, consistent with other studies (21, 51). Therefore, in the
majority of patients previously treated with anticoagulants, the
index stroke was considered a therapeutic failure, and a change
to a DOAC was indicated. During the long-term follow-up,
the main reasons for a change of anticoagulant were stroke
recurrence and labile INR, the majority of switches being from
VKA to FXa. Current clinical guidelines recommend considering
changing to another OAC if the patient had a stroke while
already anticoagulated. However, the recommendation is weak
and based on expert opinion (52). While an INR test is easily
accessible for VKA, determination of DOAC activity is not
available in daily clinical practice. It would be interesting to
have a reliable test to anticipate the therapeutic failure and
then adapt a therapeutic strategy. In this regard a recent
study suggests that the activity of anticoagulation measured by
specific DOAC plasma levels on admission is associated with
stroke severity (53), and some studies support the reliability of
DOAC determination (54, 55) especially in patients with acute
ischemic stroke (56, 57). However, the ideal test is not yet widely
available, and more studies are needed to guide future treatment
decisions (58, 59).

The switch among anticoagulants could also reflect the
changes in recent years in anticoagulant drug prescriptions,
with the prescription of DOACs increasing in parallel with a
decline in the use of VKA. DOACs are associated with higher
adherence, easy use, fewer drug and food interactions, and lower
rates of all-cause mortality and bleeding events (4). Its simple
management without need of periodic ambulatory monitoring
has gained importance in current times during the COVID-19
pandemic, suggesting another advantage of DOAC treatment for
the future.

Our study has some limitations. First, the sample size was
small, and there was a clear selection bias because during
the inclusion period, recruiting centers participated in other
competing observational studies and clinical trials on acute
stroke and stroke prevention, a fact that could have limited the

50 37

= Stroke recurrence = Other
INR instability = Minor bleeding
Embolism recurrence Major haemorrhage

FIGURE 5 | Reasons for anticoagulant switch during 3-years follow-up.

number of patients who were finally included in our registry;
the study protocol did not include a registry of the possible
candidates to participate in the study and the reason for the
exclusion. Second, most of the patients had a good functional
status at study entry, with a median mRS score of 1; therefore,
our results may not be able to be extrapolated to disabled stroke
patients. Third, we lack information on TTR for patients on
VKA, information that would be very valuable for a deeper
evaluation of the study outcomes and treatment adherence in
that group. Instead, in order to obtain an approximated value
of anticoagulation, we asked the participants to provide the
information on the last INR value at each follow-up visit. The
main strengths are the multicenter approach, the long-term
follow-up (most published studies were carried out with 1- or
2-years follow-up), and the evaluation of multiple variables not
usually included in the previously published registries (minor
bleedings and anticoagulant switching during the follow-up and
reasons for them).

CONCLUSION

In this prospective hospital-based cohort, the rates of
stroke recurrence in patients treated with anticoagulant
drugs in a secondary prevention setting were higher than
those of hemorrhagic complications, with no differences
between the anticoagulant drugs. The majority of the
changes between anticoagulants as a consequence of the
index stroke and during the follow-up were from VKA to
a DOAC, and the most common reason for change was
stroke recurrence.

Frontiers in Neurology | www.frontiersin.org

October 2020 | Volume 11 | Article 575634


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Gutiérrez-Zuniga et al.

The Prospective Multicentre Restaic Registry

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by La Paz University Hospital ethics committee. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

RG-Z and RR: patients’ follow-up, data management, data
analysis, and writing the manuscript draft. GT-I, SS-V, MA, JM,
RA, IN, LI-E, JF-F, JR-P, GR-A, and GZ-W: patients’ recruitment,
data collection, and critical review of the manuscript. BF and
ED-T: study conception, study coordination, data interpretation,
and critical review of the manuscript. All authors contributed to
the article and approved the submitted version.

REFERENCES

1. Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz
MD, et al. Guidelines for the prevention of stroke in patients with stroke
and transient ischemic attack: a guideline for healthcare professionals from
the American heart association/American stroke association. Stroke. (2014)
45:2160-236. doi: 10.1161/STR.0000000000000024

2. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B,
et al. 2016 ESC guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. Eur Heart J. (2016) 37:2893-
62. doi: 10.1093/eurheartj/ehw210

3. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N,
Ezekowitz MD, et al. Comparison of the efficacy and safety of new oral
anticoagulants with warfarin in patients with atrial fibrillation: a meta-analysis
of randomised trials. Lancet. (2014) 383:955-62. doi: 10.1016/S0140-6736(13)
62343-0

4. Gundlund A, Xian Y, Peterson ED, Butt JH, Gadsbell K, Bjerring Olesen
], et al. Prestroke and poststroke antithrombotic therapy in patients with
atrial fibrillation: results from a nationwide cohort. JAMA Netw Open. (2018)
1:e180171. doi: 10.1001/jamanetworkopen.2018.0171

5. Singer DE, O’Brien EC, Peterson ED, Piccini JP, Piccini JP. Factors associated
with non-vitamin K antagonist oral anticoagulants for stroke prevention in
patients with new-onset atrial fibrillation: results from the outcomes registry
for better informed treatment of atrial fibrillation IT (ORBIT-AF II). Am Heart
J. (2017) 189:40-7. doi: 10.1016/j.ahj.2017.03.024

6. Staerk L, Fosbol EL, Lip GYH, Lamberts M, Bonde AN, Torp-Pedersen
C, et al. Ischaemic and haemorrhagic stroke associated with non-Vitamin
K antagonist oral anticoagulants and warfarin use in patients with atrial
fibrillation: a nationwide cohort study. Eur Heart ]. (2017) 38:907-
15. doi: 10.1093/eurheartj/ehw496

7. Anguita Sanchez M, Bertomeu Martinez V, Ruiz Ortiz M, Cequier Fillat
A, Roldén Rabadén I, Mufiz Garcia J, et al. Direct oral anticoagulants
versus vitamin K antagonists in real-world patients with non-valvular atrial
fibrillation. The FANTASIIA study. Rev Espafiola Cardiol. (2020) 73:14-
20. doi: 10.1016/j.rec.2019.02.021

8. Okumura Y, Yokoyama K, Matsumoto N, Tachibana E, Kuronuma K,
Oiwa K, et al. Three-year clinical outcomes associated with warfarin
vs. direct oral anticoagulant use among Japanese patients with atrial

FUNDING

This study was supported by grants from the Foundation for
Biomedical Research of La Paz University Hospital (PI 1131).

ACKNOWLEDGMENTS

The RESTAIC investigators: RG-Z, RR, MA, GT-1, SS-V, BE
Lucia Frade, Melissa Baez, Michal Kaviorski, Borja Sanz,
JR-P, GR-A, and ED-T (Neurology Department and Stroke
Center, Hospital Universitario La Paz, IdiPAZ Health Research
Foundation, Madrid, Spain); JM, RA, and Carla Anciones
Martin (Servicio de Neurologia. H Universitario Ramén y Cajal.
Departamento de Medicina. Facultad de Medicina. Universidad
de Alcala. IRYCIS. Madrid, Spain); IN (Neurology Department,
Hospital Universitario Fundacion Jiménez Diaz, Madrid, Spain);
LI-E (Neurology Department, Hospital Universitario Principe
de Asturias, Alcald de Henares, Madrid, Spain); JF-F and
Marta Guillan (Neurology Department and Stroke Unit,
Hospital Universitario Rey Juan Carlos, Madrid, Spain);
and GZ-W, Santiago Trillo, and Alvaro Ximénez-Carrillo
(Neurology Department, Hospital Universitario La Princesa,
Madrid, Spain).

fibrillation: findings from the SAKURA AF registry. Circ J. (2018) 82:2500-
9. doi: 10.1253/circj.CJ-18-0535

9. Haas S, Camm AJ, Bassand JP, Angchaisuksiri P, Cools E, Corbalan R, et al.
Predictors of NOAC versus VKA use for stroke prevention in patients with
newly diagnosed atrial fibrillation: results from GARFIELD-AF. Am Heart J.
(2019) 213:35-46. doi: 10.1016/j.ahj.2019.03.013

. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.
Dabigatran versus warfarin in patients with atrial fibrillation. N Engl ] Med.
(2009) 361:1139-51. doi: 10.1056/NEJM0a0905561

. Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna M,
etal. Apixaban versus warfarin in patients with atrial fibrillation. N Engl ] Med.
(2011) 365:981-92. doi: 10.1056/NEJMoal107039

. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL,
et al. Edoxaban versus warfarin in patients with atrial fibrillation. N Engl |
Med. (2013) 369:2093-104. doi: 10.1056/NEJMo0a1310907

. Patel MR, Mahaffey KW, Garg ], Pan G, Singer DE, Hacke W, et al
Rivaroxaban versus warfarin in non-valvular atrial fibrillation. N Engl ] Med.
(2011) 365:883-91. doi: 10.1056/NEJM0al009638

. Diener HC, Connolly SJ, Ezekowitz MD, Wallentin L, Reilly PA,
Yang S, et al. Dabigatran compared with warfarin in patients with
atrial fibrillation and previous transient ischaemic attack or stroke:
a subgroup analysis of the RE-LY trial (2010)
9:1157-63. doi: 10.1016/S1474-4422(10)70274-X

. Easton JD, Lopes RD, Bahit MC, Wojdyla DM, Granger CB, Wallentin
L, et al. Apixaban compared with warfarin in patients with atrial
fibrillation and previous stroke or transient ischaemic attack: a
subgroup analysis of the ARISTOTLE trial. Lancet Neurol. (2012)
11:503-11. doi: 10.1016/S1474-4422(12)70092-3

. Hankey GJ, Patel MR, Stevens SR, Becker RC, Breithardt G, Carolei A, et al.
Rivaroxaban compared with warfarin in patients with atrial fibrillation and
previous stroke or transient ischaemic attack: a subgroup analysis of ROCKET
AF. Lancet Neurol. (2012) 11:315-22. doi: 10.1016/S1474-4422(12)70042-X

. Rost NS, Giugliano RP, Ruff CT, Murphy SA, Crompton AE, Norden
AD, et al. Outcomes with edoxaban versus warfarin in patients with
previous cerebrovascular events: findings from ENGAGE AF-TIMI
48 (effective anticoagulation with factor xa next generation in atrial
fibrillation-thrombolysis in myocardial infarction 48). Stroke. (2016)
47:2075-82. doi: 10.1161/STROKEAHA.116.013540

Lancet  Neurol.

Frontiers in Neurology | www.frontiersin.org

10

October 2020 | Volume 11 | Article 575634


https://doi.org/10.1161/STR.0000000000000024
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1016/S0140-6736(13)62343-0
https://doi.org/10.1001/jamanetworkopen.2018.0171
https://doi.org/10.1016/j.ahj.2017.03.024
https://doi.org/10.1093/eurheartj/ehw496
https://doi.org/10.1016/j.rec.2019.02.021
https://doi.org/10.1253/circj.CJ-18-0535
https://doi.org/10.1016/j.ahj.2019.03.013
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1016/S1474-4422(10)70274-X
https://doi.org/10.1016/S1474-4422(12)70092-3
https://doi.org/10.1016/S1474-4422(12)70042-X
https://doi.org/10.1161/STROKEAHA.116.013540
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Gutiérrez-Zuniga et al.

The Prospective Multicentre Restaic Registry

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

Yoshimura S, Koga M, Sato S, Todo K, Yamagami H, Kumamoto M, et al.
Two-year outcomes of anticoagulation for acute ischemic stroke with non-
valvular atrial fibrillation — SAMURAI-NVAF study. Circ J. (2018) 82:1935-
42. doi: 10.1253/circj.CJ-18-0067

Suda S, Iguchi Y, Fujimoto S, Yagita Y, Kono Y, Ueda M, et al. Multicenter
prospective analysis of stroke patients taking oral anticoagulants: the PASTA
registry - study design and characteristics. ] Stroke Cerebrovasc Dis. (2019)
28:104456. doi: 10.1016/j.jstrokecerebrovasdis.2019.104456

Seiffge DJ, Traenka C, Polymeris A, Hert L, Peters N, Lyrer P, et al.
Early start of DOAC after ischemic stroke. Neurology. (2016) 87:1856—
62. doi: 10.1212/WNL.0000000000003283

Haeusler KG, Titiincii S, Kunze C, Schurig J, Malsch C, Harder J, et al. Oral
anticoagulation in patients with atrial fibrillation and acute ischaemic stroke:
design and baseline data of the prospective multicentre Berlin atrial fibrillation
registry. Europace. (2019) 21:1621-32. doi: 10.1093/europace/euz199
Polymeris AA, Traenka C, Hert L, Seiffge D], Peters N, De Marchis GM,
et al. Frequency and determinants of adherence to oral anticoagulants in
stroke patients with atrial fibrillation in clinical practice. Eur Neurol. (2016)
76:187-93. doi: 10.1159/000450750

Macha K, Volbers B, Bobinger T, Kurka N, Breuer L, Huttner HB, et al. Early
initiation of anticoagulation with direct oral anticoagulants in patients after
transient ischemic attack or ischemic stroke. J Stroke Cerebrovasc Dis. (2016)
25:2317-21. doi: 10.1016/j.jstrokecerebrovasdis.2016.06.031

Cappellari M, Carletti M, Danese A, Bovi P. Early introduction
of direct oral anticoagulants in cardioembolic stroke patients with
non-valvular atrial fibrillation. J Thromb  Thrombolysis. (2016)
42:393-8. doi: 10.1007/s11239-016-1393-9

Paciaroni M, Agnelli G, Falocci N, Caso V, Becattini C, Marcheselli S, et al.
Early recurrence and cerebral bleeding in patients with acute ischemic stroke
and atrial fibrillation: effect of anticoagulation and its timing: the RAF study.
Stroke. (2015) 46:2175-82. doi: 10.1161/STROKEAHA.115.008891

Paciaroni M, Agnelli G, Falocci N, Tsivgoulis G, Vadikolias K, Liantinioti
C, et al. Early recurrence and major bleeding in patients with acute
ischemic stroke and atrial fibrillation treated with non-Vitamin-K
oral anticoagulants (RAF-NOACs) study. ] Am Heart Assoc. (2017)
6:¢007034. doi: 10.1161/JAHA.117.007034

Wilson D, Ambler G, Shakeshaft C, Brown MM, Charidimou A, Al-Shahi
Salman R, et al. Cerebral microbleeds and intracranial haemorrhage risk in
patients anticoagulated for atrial fibrillation after acute ischaemic stroke or
transient ischaemic attack (CROMIS-2): a multicentre observational cohort
study. Lancet Neurol. (2018) 17:539-47. doi: 10.1016/S1474-4422(18)30145-5
Marti-Fabregas J, Medrano-Martorell S, Merino E, Prats-Sédnchez L, Marin R,
Delgado-Mederos R, et al. MRI predicts intracranial hemorrhage in patients
who receive long-term oral anticoagulation. Neurology. (2019) 92:e2432-
43. doi: 10.1212/WNL.0000000000007532

Seiffge DJ, Paciaroni M, Wilson D, Koga M, Macha K, Cappellari M,
et al. Direct oral anticoagulants versus vitamin K antagonists after recent
ischemic stroke in patients with atrial fibrillation. Ann Neurol. (2019) 85:823-
34. doi: 10.1002/ana.25489

Schulman S, Kearon C. Definition of major bleeding in clinical investigations
of antihemostatic medicinal products in non-surgical patients. ] Thromb
Haemost. (2005) 3:692-4. doi: 10.1111/j.1538-7836.2005.01204.x

Kaatz S, Ahmad D, Spyropoulos AC, Schulman S. Definition of clinically
relevant non-major bleeding in studies of anticoagulants in atrial fibrillation
and venous thromboembolic disease in non-surgical patients: communication
from the SSC of the ISTH. ] Thromb Haemost. (2015) 13:2119-
26. doi: 10.1111/jth.13140

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis. (1987) 40:373-83. doi: 10.1016/0021-9681(87)90171-8

Nakase T, Moroi ], Ishikawa T. Outcome of secondary stroke
prevention in patients taking non-vitamin K antagonist oral
anticoagulants. | Stroke  Cerebrovasc  Dis. (2018)  27:1174-
7. doi: 10.1016/j.jstrokecerebrovasdis.2017.11.032

Rasmussen LH, Larsen TB, Graungaard T, Skjoth E Lip GYH. Primary
and secondary prevention with new oral anticoagulant drugs for stroke
prevention in atrial fibrillation: indirect comparison analysis. BMJ. (2012)
345:€7097. doi: 10.1136/bmj.e7097

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Seiffge D, Werring D, Paciaroni M, Dawson J, Warach §,
Milling T, et al. Timing of anticoagulation after recent ischaemic
stroke in patients with atrial fibrillation. Lancet Neurol. (2019)
18:117-26. doi: 10.1016/S1474-4422(18)30356-9

Charidimou A, Boulouis G, Shams S, Calvet D, Shoamanesh A. Intracerebral
haemorrhage risk in microbleed-positive ischaemic stroke patients with atrial
fibrillation: preliminary meta-analysis of cohorts and anticoagulation decision
schema. ] Neurol Sci. (2017) 378:102-9. doi: 10.1016/j.jns.2017.04.042

Wu YL, Saver JL, Chen PC, Der Lee ], Wang HH, Rao NM, et al. Effect of statin
use on clinical outcomes in ischemic stroke patients with atrial fibrillation.
Med (United States). (2017) 96:€5918. doi: 10.1097/MD.0000000000005918
Xian Y, Xu H, O’Brien EC, Shah S, Thomas L, Pencina M]J, et al.
Clinical effectiveness of direct oral anticoagulants vs warfarin in older
patients with atrial fibrillation and ischemic stroke: findings from
the patient-centered research into outcomes stroke patients prefer
and effectiveness research (PROSPER) study. JAMA Neurol. (2019)
76:1192-202. doi: 10.1001/jamaneurol.2019.2099

Tsivgoulis G, Katsanos AH, Seiffge DJ, Paciaroni M, Wilson D, Koga M, et al.
Fatal intracranial haemorrhage occurring after oral anticoagulant treatment
initiation for secondary stroke prevention in patients with atrial fibrillation.
Eur ] Neurol. (2020) 27:1612-7. doi: 10.1111/ene.14280

Seiffge DJ, De Marchis GM, Koga M, Paciaroni M, Wilson D, Cappellari M,
et al. Ischemic stroke despite oral anticoagulant therapy in patients with atrial
fibrillation. Ann Neurol. (2020) 87:677-87. doi: 10.1002/ana.25700

Salmasi S, Loewen PS, Tandun R, Andrade JG, De Vera MA. Adherence
to oral anticoagulants among patients with atrial fibrillation: A systematic
review and meta-analysis of observational studies. BMJ Open. (2020)
10:e034778. doi: 10.1136/bmjopen-2019-034778

Sudrez Fernandez C, Mostaza JM, Castilla Guerra L, Cantero Hinojosa J,
Surifiach JM, Acosta de Bilbao F et al. Adherence to recommendations of
the therapeutic positioning report about treatment with oral anticoagulants in
elderly patients with atrial fibrillation. The ESPARTA study. Med Clin (Barc).
(2018) 151:8-15. doi: 10.1016/j.medcle.2018.05.002

Krittayaphong R, Winijkul A, Kunjara-Na-Ayudhya R, Apiyasawat S,
Siriwattana K, Kanjanarutjawiwat W, et al. Adherence to anticoagulant
guideline for atrial fibrillation improves outcomes in asian population. Stroke.
(2020) 51:1772-80. doi: 10.1161/STROKEAHA.120.029295

Contreras Muruaga MM, Reig G, Vivancos ], Gonzalez A, Cardona P,
Ramirez-Moreno JM, et al. Factors associated with poor anticoagulation
control with vitamin K antagonists among outpatients attended in internal
medicine and neurology. The ALADIN study. Rev Clin Esp. (2018) 218:327-
35. doi: 10.1016/j.rceng.2018.04.018

Steinberg BA, Shrader P, Thomas L, Ansell J, Fonarow GC, Gersh BJ, et al.
Off-label dosing of non-vitamin K antagonist oral anticoagulants and adverse
outcomes: the ORBIT-AF II registry. ] Am Coll Cardiol. (2016) 68:2597-
604. doi: 10.1016/j.jacc.2016.09.966

Cano §J, Lamping DL, Bamber L, Smith S. The anti-clot treatment
scale (ACTS) in clinical trials: cross-cultural validation in venous
thromboembolism  patients. Health Qual Life Outcomes. (2012)
10:1-11. doi: 10.1186/1477-7525-10-120

Hori K, Okumura Y, Koichi N, Yokoyama K, Matsumoto N, Tachibana E,
et al. Association of patient satisfaction with direct oral anticoagulants and the
clinical outcomes: findings from the SAKURA AF registry. J Cardiol. (2020)
76:80-6. doi: 10.1016/j.jjcc.2020.01.007

Perino AC, Shrader P, Turakhia MP, Ansell JE, Gersh BJ, Fonarow GC,
et al. Comparison of patient-reported care satisfaction, quality of warfarin
therapy, and outcomes of atrial fibrillation: findings from the ORBIT-
AF registry. ] Am Heart Assoc. (2019) 8:011205. doi: 10.1161/JAHA.118.0
11205

Reig-Rosell6 G, Contreras MM, Sudrez-Fernandez C, Gonzalez-Hernéndez
A, Cardona P, Pons-Amate JM, et al. Clinical profile and satisfaction with
anticoagulated treatment in patients with non-valvular atrial fibrillation
attended in internal medicine and neurology departments of Spain. Rev
Neurol. (2017) 65:361-7. doi: 10.33588/rn.6508.2017063

January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC,
et al. 2019 AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS
guideline for the management of patients with atrial fibrillation: a report
of the american college of cardiology/American heart association task force

Frontiers in Neurology | www.frontiersin.org

October 2020 | Volume 11 | Article 575634


https://doi.org/10.1253/circj.CJ-18-0067
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104456
https://doi.org/10.1212/WNL.0000000000003283
https://doi.org/10.1093/europace/euz199
https://doi.org/10.1159/000450750
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.031
https://doi.org/10.1007/s11239-016-1393-9
https://doi.org/10.1161/STROKEAHA.115.008891
https://doi.org/10.1161/JAHA.117.007034
https://doi.org/10.1016/S1474-4422(18)30145-5
https://doi.org/10.1212/WNL.0000000000007532
https://doi.org/10.1002/ana.25489
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1111/jth.13140
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.11.032
https://doi.org/10.1136/bmj.e7097
https://doi.org/10.1016/S1474-4422(18)30356-9
https://doi.org/10.1016/j.jns.2017.04.042
https://doi.org/10.1097/MD.0000000000005918
https://doi.org/10.1001/jamaneurol.2019.2099
https://doi.org/10.1111/ene.14280
https://doi.org/10.1002/ana.25700
https://doi.org/10.1136/bmjopen-2019-034778
https://doi.org/10.1016/j.medcle.2018.05.002
https://doi.org/10.1161/STROKEAHA.120.029295
https://doi.org/10.1016/j.rceng.2018.04.018
https://doi.org/10.1016/j.jacc.2016.09.966
https://doi.org/10.1186/1477-7525-10-120
https://doi.org/10.1016/j.jjcc.2020.01.007
https://doi.org/10.1161/JAHA.118.011205
https://doi.org/10.33588/rn.6508.2017063
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Gutiérrez-Zuniga et al.

The Prospective Multicentre Restaic Registry

51.

52.

53.

54.

55.

56.

on clinical practice guidelines the heart R. Circulation. (2019) 140:e125-
51. doi: 10.1161/CIR.0000000000000665

Guidoux C, Meseguer E, Ong E, Lavallée PC, Hobeanu C, Monteiro-Tavares L,
et al. Twelve-month outcome in patients with stroke and atrial fibrillation not
suitable to oral anticoagulant strategy: the WATCH-AF registry. Open Hear.
(2019) 6:€001187. doi: 10.1136/openhrt-2019-001187

Zapata-Wainberg G, Masjuan ], Quintas S, Ximénez-Carrillo, Garcia Pastor
A, Martinez Zabaleta M, et al. The neurologist’s approach to cerebral infarct
and transient ischaemic attack in patients receiving anticoagulant treatment
for non-valvular atrial fibrillation: ANITA-FA study. Eur J Neurol. (2019)
26:230-7. doi: 10.1111/ene.13792

Macha K, Marsch A, Siedler G, Breuer L, Strasser EF, Engelhorn
T, et al. Cerebral ischemia in patients on direct oral anticoagulants:
plasma levels are associated with stroke severity. Stroke. (2019) 50:873-
9. doi: 10.1161/STROKEAHA.118.023877

Tripodi A, Chantarangkul V, Legnani C, Testa S, Tosetto A. Interlaboratory
variability in the measurement of direct oral anticoagulants: results from
the external quality assessment scheme. J Thromb Haemost. (2018) 16:565—
70. doi: 10.1111/jth.13949

Silva VM, Scanavacca M, Darrieux F, Cavalheiro C, Strunz CC. Routine
coagulation tests in patients with non-valvular atrial fibrillation under
dabigatran and rivaroxaban therapy: an affordable and reliable strategy? Clin
Appl Thromb. (2019) 25: 1076029619835053. doi: 10.1177/1076029619835053
Seiffge DJ, Traenka C, Polymeris A, Hert L, Fisch U, Peters N,
et al. Feasibility of rapid measurement of rivaroxaban plasma levels

in patients with acute stroke. J Thromb Thrombolysis. (2017) 43:112-
6. doi: 10.1007/s11239-016-1431-7

Marsch A, MacHa K, Siedler G, Breuer L, Strasser EF, Engelhorn T,
et al. Direct oral anticoagulant plasma levels for the management of
acute ischemic stroke. Cerebrovasc Dis. (2019) 48:17-25. doi: 10.1159/0005
02335

Samuelson BT, Cuker A, Siegal DM, Crowther M, Garcia DA. Laboratory
assessment of the anticoagulant activity of direct oral anticoagulants a
systematic review. (2017) 151:127-38. doi: 10.1016/j.chest.2016.08.1462

Diep R, Garcia D. Should we monitor the direct oral anticoagulants? ] Thromb
Thrombolysis. (2020) 50:30-2. doi: 10.1007/s11239-020-02119-2

57.

58.

59.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Gutiérrez-Ziiiiiga, Rigual, Torres-Iglesias, Sdnchez-Velasco,
Alonso de Lecifiana, Masjuan, Alvarez Velasco, Navas, Izquierdo-Esteban,
Ferndndez-Ferro, Rodriguez-Pardo, Ruiz-Ares, Zapata-Wainberg, Fuentes and
Diez-Tejedor. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

12

October 2020 | Volume 11 | Article 575634


https://doi.org/10.1161/CIR.0000000000000665
https://doi.org/10.1136/openhrt-2019-001187
https://doi.org/10.1111/ene.13792
https://doi.org/10.1161/STROKEAHA.118.023877
https://doi.org/10.1111/jth.13949
https://doi.org/10.1177/1076029619835053
https://doi.org/10.1007/s11239-016-1431-7
https://doi.org/10.1159/000502335
https://doi.org/10.1016/j.chest.2016.08.1462
https://doi.org/10.1007/s11239-020-02119-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Long-Term Anticoagulation in Secondary Ischemic Stroke Prevention: The Prospective Multicenter RESTAIC Registry
	Introduction
	Methods
	Study Design
	Outcomes

	Data Collection
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


