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Objective: To investigate the safety and effectiveness of direct oral anticoagulants (DOAC) versus vitamin K antago-
nists (VKA) after recent stroke in patients with atrial fibrillation (AF) aged ≥85 years.
Methods: Individual patient data analysis from seven prospective stroke cohorts. We compared DOAC versus VKA
treatment among patients with AF and recent stroke (<3 months) aged ≥85 versus <85 years. Primary outcome was the
composite of recurrent stroke, intracranial hemorrhage (ICH) and all-cause death. We used simple, adjusted, and
weighted Cox regression to account for confounders. We calculated the net benefit of DOAC versus VKA by balancing
stroke reduction against the weighted ICH risk.
Results: In total, 5,984 of 6,267 (95.5%) patients were eligible for analysis. Of those, 1,380 (23%) were aged ≥85 years
and 3,688 (62%) received a DOAC. During 6,874 patient-years follow-up, the impact of anticoagulant type (DOAC ver-
sus VKA) on the hazard for the composite outcome did not differ between patients aged ≥85 (HR≥85y = 0.65, 95%-CI
[0.52, 0.81]) and < 85 years (HR<85y = 0.79, 95%-CI [0.66, 0.95]) in simple (pinteraction = 0.129), adjusted
(pinteraction = 0.094) or weighted (pinteraction = 0.512) models. Analyses on recurrent stroke, ICH and death separately
were consistent with the primary analysis, as were sensitivity analyses using age dichotomized at 90 years and as a con-
tinuous variable. DOAC had a similar net clinical benefit in patients aged ≥85 (+1.73 to +2.66) and < 85 years (+1.90
to +3.36 events/100 patient-years for ICH-weights 1.5 to 3.1).
Interpretation: The favorable profile of DOAC over VKA in patients with AF and recent stroke was maintained in the
oldest old.

ANN NEUROL 2022;91:78–88

Atrial fibrillation (AF) becomes more prevalent with
increasing age, and both are independent risk factors

for ischemic stroke.1 As the population ages, the number of
patients aged 85 years and older – often termed the oldest
old – suffering AF-related ischemic stroke is growing.2

In the current guidelines,3 direct oral anticoagulants
(DOAC) are recommended in patients with AF for recur-
rent stroke prevention in preference to vitamin K antago-
nists (VKA) based on the results of the pivotal DOAC
randomized controlled trials (RCTs).4 However, it is less
clear whether this preference can be generalized to include
patients: (1) aged ≥85 years, who made up less than 5%
of the RCTs population5–7; or, (2) with recent ischemic
stroke, who had been excluded from the RCTs for at least
some weeks after stroke.8,9

Facing the paucity of randomized evidence, many
physicians are reluctant to prescribe DOAC to the oldest
old due to assumed safety concerns due to clinical situa-
tions particularly prevalent in the oldest old (eg, altered
DOAC pharmacokinetics in the presence of unstable or
declining renal function, polypharmacy, frailty, malnutri-
tion or reduced body weight),10,11 especially for fear of
intracranial hemorrhage (ICH).12,13 Instead, they may
favor VKA,11 or withhold oral anticoagulant (OAC) treat-
ment, even in patients who had had an ischemic stroke.12

To bridge this evidence gap, systematically ascertained,
standardized observational data – known as “real-world”
data – may be useful.9,14

With these considerations in mind, we investigated
the safety and effectiveness of DOAC compared to VKA
in the oldest old with AF and a recent ischemic stroke. In
the absence of randomized data, we used prospectively col-
lected, individual patient data pooled within an interna-
tional collaboration of cohort studies on the use of OAC
following ischemic stroke in patients with AF.

Methods
Study Design, Patient Population and Data
Collection
We used prospectively collected, individual patient data
pooled from an established international collaboration of
investigator-initiated cohort studies of patients with AF,
recent ischemic stroke or transient ischemic attack (TIA) and
OAC treatment, as described previously.15 This included
3 single-center (Basel, Switzerland [NOACISP-
LONGTERM; NCT03826927]16; Erlangen, Germany17;
Verona, Italy18) and four multicenter cohorts (CROMIS-2
[NCT02513316]19; RAF20; RAF-DOAC21; SAMURAI-
NVAF [NCT01581502]22,23). The number of patients
contributed by each cohort, as well as the recruitment
period and follow-up duration are summarized in Table S1.

In this study, we included consecutive patients with
(1) an index recent (ie, <3 months) ischemic stroke or
TIA (as defined previously15); (2) nonvalvular AF (either
known before index event or first diagnosed thereafter);
(3) treatment with DOAC [ie, apixaban, dabigatran,
edoxaban, rivaroxaban] or VKA [ie, phenprocoumon, war-
farin], initiated within 3 months after the index event;
and (4) prospectively ascertained follow-up data for at least
3 months after the index event for the outcomes recurrent
ischemic stroke, ICH and all-cause death, defined as
reported previously.15,16 We excluded patients with miss-
ing follow-up or information on age, those with OAC ini-
tiation >3 months or unknown, and those with outcome
events occurring before OAC initiation.

Data were collected as described in prior research15

using standardized forms with predefined variables and
pooled in the coordinating center in Basel, Switzerland, where
the analysis was performed. We used the following baseline
variables: age; sex; National Institutes of Health Stroke Scale
(NIHSS) score at baseline; dichotomized type of OAC after
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index event (DOAC or VKA); time to OAC initiation; con-
comitant antiplatelet use; history of ischemic stroke or TIA
before the index event; history of ICH; diabetes mellitus;
hypertension or dyslipidemia; the CHA2DS2-VASc score (con-
gestive heart failure, hypertension, age 65–74 or ≥ 75 years,
diabetes mellitus, IS or TIA, vascular disease, sex)24; estimated
glomerular filtration rate (eGFR) using the Chronic Kidney
Disease Epidemiology Collaboration [CKD-EPI] equa-
tion25 and current smoking, as described previously.15

Follow-up data included length of follow-up and
absence or occurrence and timing of any of the following
outcome events, which were defined in line with prior
research15,16: (1) recurrent ischemic stroke (defined as new
neurological deficits with a corresponding finding on neuro-
imaging); (2) ICH (defined as new neurological deficits with
detection of intracranial bleeding on neuroimaging); and
(3) all-cause death, defined as every death irrespective of the
cause and regardless of whether the cause was known or not.

Outcomes
The primary outcome was the time to occurrence of the
composite of recurrent ischemic stroke, ICH and all-cause
death, in accordance with prior research.15,16 Secondary
outcomes were the time to occurrence of each of these
outcomes separately.

Statistical Analysis
We stratified patients’ characteristics by dichotomized age
(≥85 vs. <85 years) and type of OAC (VKA vs. DOAC). We
presented categorical data using frequencies and percentages
and continuous data using the median and interquartile range
(IQR) or mean and standard deviation (SD) as appropriate.
We compared categorical variables using the χ2-test and con-
tinuous variables using the Mann–Whitney U test or t-test as
appropriate. We calculated the annualized rate of outcome
events as the total of observed events divided by patient-years
of follow-up for each outcome.

As for the main analysis, we modelled time to primary
outcome using Cox proportional hazards regression. For this,
we analyzed time to first event after OAC initiation, without
considering further events. To assess the effect of age on the
performance of OACs, we included type of OAC (DOAC
vs. VKA), dichotomized age (≥85 vs. <85 years) and an inter-
action term between these variables as fixed effects in the
model. A significant interaction would indicate that the associ-
ation between type of OAC and the composite outcome is
modified by age and therefore differs in the oldest old com-
pared to their younger counterparts. The model included the
participating cohort study as a stratum.

We fitted the model three times according to the
predefined analysis plan: (i) simple model including type of
OAC and dichotomized age, with and without interaction

term; (ii) adjusted model taking into account the known
prognostic importance of sex, NIHSS at baseline and
CHA2DS2-VASc score24 (without the age and sex compo-
nents, modified as in prior research16); (iii) weighted model,
using the stabilized inverse probability of treatment weights
(SIPTW).26 We constructed comparable treatment groups
(DOAC vs. VKA) with regard to the following potentially
outcome-modifying variables, as in previous research15,16: sex,
NIHSS at baseline, diabetes mellitus, hypertension, dys-
lipidemia, eGFR, history of prior stroke or TIA, history of
ICH, current smoking, concomitant antiplatelet use and
cohort study. We calculated the SIPTW using logistic regres-
sion and used robust standard errors for the 95% confidence
intervals (CI) and p-values of the weighted analysis. We
imputed missing values in the covariables used in the adjusted
and weighted models with simple imputation rules (ie, using
the median / mean for continuous variables and the mode
[most frequent category] for categorical variables), and report
the rate of missing values for all variables. For all models we
report the model-based hazard ratio (HR) estimates along
with the 95%-CI and p-values. We present the composite
outcome data stratified to type of OAC and age group in
weighted Kaplan–Meier curves using SIPTW (ie., by
weighting each observation by its stabilized inverse probability
of treatment with DOAC vs. VKA),27 for which we show
both the crude and weighted numbers at risk.

We performed the following secondary analyses:
(1) We fitted the Cox models (i) – (iii) described

above separately for the individual outcomes recurrent
ischemic stroke, ICH and death. To account for compet-
ing risks, for these analyses we fitted Cox proportional
cause-specific hazards models treating competing out-
comes as censored observations.28 With this approach, the
competing outcomes influence the measure of association
for the outcome of interest by removing at risk patient-
years from the risk set over time.

(2) We analyzed the net clinical benefit (NCB) of
DOAC over VKA in patients aged ≥85 and < 85 years.
We calculated the NCB by subtracting the weighted rate
of excess ICH attributable to DOAC from the rate of
excess ischemic stroke prevented by DOAC according to
the following formula, as in prior research29–32:

NCB¼ rate of recurrent ischemic stroke VKA group½ �
�

�rate of recurrent ischemic stroke DOAC group½ �
�

– ICHweight x rate of ICH DOAC group½ �
�

�rate of ICH VKA group½ �
�

The ICH weight reflects the more severe clinical impact
in terms of death and disability of ICH relative to ische-
mic stroke, with values ranging from 1.5 to 3.1 according
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to previously published weights.29–31 We performed the
NCB analyses for the entire range of weights according to
previously used methodology.32 We corrected the rate of
ischemic stroke and ICH for baseline imbalances between
DOAC- and VKA-treated patients using SIPTW as
described above and report the NCB in events per
100 patient-years along with 95%-CI, calculated based on
1,000 bootstrap replications. For the NCB analyses we con-
sidered all patients but those with death as first outcome.

As sensitivity analyses, we repeated the main analysis
for the primary (composite) outcome using age as:

(1) a categorical variable, dichotomized to ≥90
vs. <90 years. For this, we refitted all Cox models (i) –

(iii) as described above.
(2) a continuous variable, using cubic B-splines to

model the non-linear association between age and log-
hazard for the composite outcome. For this, we fitted the
weighted model (iii) described above twice, with and with-
out the interaction OAC type by age, and compared the
two models using a likelihood ratio test. We graphically
present the predicted rate of the composite outcome by
age stratified to OAC type.

Statistical analyses were performed using R version
3.6.2 (2019-12-20) (R Core Team, 2019).

We conducted this study in accordance with the
STROBE Statement for observational studies.33

Ethics
The NOACISP-LONGTERM registry and the current
analysis of pooled individual patient data were approved
by the ethics committee in Basel, Switzerland (EKNZ
2014–027; PB_2016_00662). Patients provided written
informed consent for participation in NOACISP-
LONGTERM. The requirement for additional local
ethical approval and patient informed consent differed
among participating studies and was acquired by the local
investigators as necessary. CROMIS-2 was approved by
the National Research Ethics Committee, London Queen
Square and patients with capacity gave informed written
consent. When patients could not consent, written con-
sent from a proxy was obtained as defined by relevant
local legislation. The SAMURAI-NVAF registry and the
current collaboration were approved by the ethics commit-
tee in the National Cerebral and Cardiovascular Center
(M23-18-3 and M29-077).

Results
In total, 5,984 of 6,267 (95.5%) patients were eligible for
analysis. Information on OAC type was complete. Seven
patients were excluded for missing age and 125 patients
for missing follow-up data (study flowchart in Fig 1).

Baseline Characteristics
The index event was ischemic stroke in 5,593 patients
(93.5%) and TIA in 391 (6.5%); 2,858 patients (47.8%)
were female. The median age was 78 years (IQR 71–84,
range 24–102); 1,380 (23.1%) patients were aged
≥85 years and 4,604 (76.9%) were aged <85 years. OAC
was initiated at a median (IQR) of 5 (2–11) days after the
index event with DOAC in 3,688 patients (61.6%) and
VKA in 2,296 patients (38.4%).

Patients Aged ≥85 vs. <85 years. The baseline characteris-
tics of the oldest old compared to their younger counter-
parts are displayed in Table 1. Patients aged ≥85 years
were more commonly female and had higher NIHSS
scores and lower eGFR, more often hypertension and pre-
vious ischemic stroke or TIA, as well as higher CHA2DS2-
VASc scores compared to younger patients. Diabetes
mellitus was more common among younger patients, as
was dyslipidemia and current smoking. Time to OAC ini-
tiation after index event was shorter in the oldest old.

Patients with DOAC vs. VKA. There were no substantial
differences between DOAC- and VKA-treated patients
regarding age (median [IQR] 78 [71–84] years in both
groups, p = 0.179), sex (48.8% vs. 46.2% female,
p = 0.055) and time to OAC initiation (median [IQR]
5 [2–10] vs. 5 [2–14] days, p = 0.075). Compared toFIGURE 1: Study Flowchart
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patients with VKA treatment, DOAC-treated patients had
less often ischemic stroke as index event (92.0%
vs. 95.8%, p < 0.001), reflected in their lower NIHSS
scores (median [IQR] 5 [2–10] vs. 6 [2–13], p < 0.001).
They had less often concomitant antiplatelets (26.0%
vs. 36.5%, p < 0.001) and diabetes (23.7% vs. 27.6%,
p = 0.001), but more commonly hypertension (79.1%
vs. 74.8%, p < 0.001) and dyslipidemia (53.8%
vs. 39.4%, p < 0.001). DOAC-treated patients had higher
CHA2DS2-VASc scores (mean [SD] 5.2 [1.5] vs. 5.0
[1.6], p < 0.001). This was largely consistent in the sub-
groups of patients aged ≥85 vs. <85 years (Table 1).

Main Analysis – Primary Composite Outcome
During a total follow-up of 6,874 patient-years we
observed a total of 279 recurrent ischemic strokes,
69 ICH and 737 deaths. This amounted to 994 primary
(composite) outcome events, a primary outcome event rate
of 14.5%/year. The follow-up time, number and crude
rate of events for the primary outcome stratified to age
group and OAC type are given in Table 2.

In the simple Cox model, age < 85 years was associ-
ated with a significantly lower hazard for the primary out-
come compared to age ≥ 85 years, as indicated by a HR of
0.46 (95%-CI [0.40, 0.52]). Likewise, DOAC-treated

TABLE 1. Patient Characteristics Stratified to Age Group and OAC Type

Age
≥85 years Age <85 years Missing

values
rate

Age ≥85 years Age <85 years

DOAC VKA DOAC VKA

Patients, n (%) 1,380 (23.1) 4,604 (76.9) p-value 865 (62.7) 515 (37.3) p-value 2,823 (61.3) 1,781 (38.7) p-value

Demographics

Age, years, median
(IQR)

88 (86–90) 75 (69–80) <0.001 0% 88 (86–90) 88.2 (86–91) 0.001 75.1 (69–80) 75.0 (69–80) 0.119

Female sex, n (%) 881 (63.8) 1,977 (42.9) <0.001 0% 549 (63.5) 332 (64.5) 0.753 1,249 (44.2) 728 (40.9) 0.027

Stroke characteristics

Ischemic stroke as index
event, n (%)

1,292 (93.6) 4,301 (93.4) 0.836 0% 794 (91.8) 498 (96.7) <0.001 2,599 (92.1) 1,702 (95.6) <0.001

NIHSS at baseline,
median (IQR)

6 (3–12.5) 5 (2–11) <0.001 7.8% 5 (2–11) 8 (3–16) <0.001 4 (2–10) 6 (2–12) <0.001

Medication details

Time to OAC initiation,
days, median (IQR)

4 (2–10) 5 (2–11) 0.001 5.1%a 4 (2-9) 4 (2–12) 0.620 5 (2–10) 5 (2–14) 0.081

Concomitant antiplatelet
use, n (%)

370 (30.9) 1,255 (30.1) 0.622 10.4% 196 (27.7) 174 (35.6) 0.005 620 (25.4) 635 (36.8) <0.001

Risk factors

Previous stroke/TIA, n
(%)

389 (28.2) 1,110 (24.1) 0.002 0.03% 250 (28.9) 139 (27.0) 0.497 686 (24.3) 424 (23.8) 0.724

Previous ICH, n (%) 17 (1.5) 37 (1.1) 0.322 24.0% 12 (1.7) 5 (1.1) 0.577 17 (0.8) 20 (1.5) 0.078

Diabetes mellitus, n (%) 309 (22.4) 1,200 (26.1) 0.006 0.07% 181 (20.9) 128 (24.9) 0.104 694 (24.6) 506 (28.4) 0.004

Hypertension, n (%) 1,146 (83.3) 3,474 (75.7) <0.001 0.3% 742 (85.9) 404 (79.1) 0.001 2,169 (77.0) 1,305 (73.6) 0.011

Dyslipidemia, n (%) 521 (43.4) 1,908 (48.7) 0.001 14.5% 365 (51.8) 156 (31.4) <0.001 1,177 (54.5) 731 (41.7) <0.001

CHA2DS2VASc-Score,
mean (SD)

6.0 (1.1) 4.9 (1.6) <0.001 1.1% 6.0 (1.2) 5.9 (1.1) 0.038 5.0 (1.6) 4.8 (1.6) <0.001

Modified
CHA2DS2VASc-Score
(without age and sex),
mean (SD)

3.3 (1.1) 3.1 (1.2) <0.001 1.1% 3.4 (1.1) 3.2 (1.0) 0.018 3.2 (1.2) 3.0 (1.3) <0.001

eGFR, ml/min, mean
(SD)

51.0 (24.4) 62.3 (29.3) <0.001 14.0% 50.4 (25.6) 51.9 (21.9) 0.303 64 (48–83) 66 (51–81) 0.039

Current smoking, n (%) 70 (5.3) 803 (18.0) <0.001 3.4% 49 (6.0) 21 (4.2) 0.205 501 (18.5) 302 (17.3) 0.331

DOAC = direct oral anticoagulant; eGFR = estimated glomerular filtration rate; ICH = intracranial hemorrhage; NIHSS = National Institutes of
Health Stroke Scale; OAC = oral anticoagulant; VKA = Vitamin-K-antagonist.
aexact time missing, but all <30 days.
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TABLE 2. Follow-up Time, Number and Crude Rate of Events for the Primary and Secondary Outcomes

Patient-years
of follow-up

Number of events (annualized rate)

Composite
outcome

Recurrent
ischemic stroke

Intracranial
hemorrhage All-cause death

All 6,874 994 (14.5%) 279 (4.1%) 69 (1.0%) 737 (10.7%)

Stratified to age

≥85 years 1,502 387 (25.8%) 72 (4.8%) 18 (1.2%) 337 (22.4%)

<85 years 5,372 607 (11.3%) 207 (3.9%) 51 (0.9%) 400 (7.4%)

Stratified to OAC type

DOAC 3,559 491 (13.8%) 150 (4.2%) 26 (0.7%) 351 (9.9%)

VKA 3,316 503 (15.2%) 129 (3.9%) 43 (1.3%) 386 (11.6%)

Stratified to age and OAC type

≥85 years DOAC 779 181 (23.2%) 40 (5.1%) 8 (1.0%) 152 (19.5%)

VKA 723 206 (28.5%) 32 (4.4%) 10 (1.4%) 185 (25.6%)

<85 years DOAC 2,780 310 (11.2%) 110 (4.0%) 18 (0.6%) 199 (7.2%)

VKA 2,593 297 (11.5%) 97 (3.7%) 33 (1.3%) 201 (7.8%)

DOAC = direct oral anticoagulant; OAC = oral anticoagulant; VKA = Vitamin-K-antagonist.

TABLE 3. Cox Models for Time to Composite Outcome

Model (n = 5,984) Variable Hazard ratio 95% confidence interval p-value

simple model DOAC (vs. VKA) 0.74 [0.63, 0.86] <0.001

Age < 85 years (vs. ≥85 years) 0.46 [0.40, 0.52] <0.001

simple model with interaction term DOAC (vs. VKA) 0.65 [0.52, 0.81] <0.001

Age < 85 years (vs. ≥85 years) 0.41 [0.34, 0.49] <0.001

Interaction OAC by age 1.22 [0.94, 1.58] 0.129

adjusted modela with interaction term DOAC (vs. VKA) 0.70 [0.56, 0.88] 0.002

Age < 85 years (vs. ≥85 years) 0.42 [0.35, 0.50] <0.001

Interaction OAC by age 1.25 [0.96, 1.61] 0.094

weighted modelb with interaction term DOAC (vs. VKA) 0.79 [0.61, 1.01] 0.060

Age < 85 years (vs. ≥85 years) 0.48 [0.37, 0.61] <0.001

Interaction OAC by age 1.12 [0.81, 1.55] 0.512

DOAC = direct oral anticoagulant; OAC = oral anticoagulant; VKA = Vitamin-K-antagonist.
aadjustment for sex, National Institutes of Health Stroke Scale score at baseline, modified CHA2DS2-VASc score (without the age and sex
components).
bweighting for sex, National Institutes of Health Stroke Scale score at baseline, history of prior stroke or transient ischemic attack, history of intracra-
nial hemorrhage, diabetes mellitus, hypertension, dyslipidemia, estimated glomerular filtration rate, current smoking, concomitant antiplatelet use,
cohort study.
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patients had a lower hazard than VKA-treated patients
with a HR of 0.74 (95%-CI [0.63, 0.86]). There was no
evidence for an interaction between age group and OAC
type on their impact on the composite outcome
(HR DOAC vs. VKA among patients aged ≥85 years
0.65, 95% CI [0.52, 0.81]; HR DOAC vs. VKA among
patients aged <85 years 0.79, 95% CI [0.66, 0.95];
pinteraction = 0.129). Consistent findings resulted from
repeated analyses refined by adjustment for potential con-
founders (HR≥85y 0.70, 95%-CI [0.56, 0.88] and HR<85y

0.87, 95%-CI [0.73, 1.05]; pinteraction = 0.094) and
weighting (HR≥85y 0.79, 95%-CI [0.61, 1.01] and
HR<85y 0.88, 95%-CI [0.71, 1.09]; pinteraction = 0.512).
Thus, the better performance of DOAC over VKA with
regard to the composite outcome was not dependent on
age and was maintained in the oldest old. The detailed
results of all Cox models for the composite outcome are
presented in Table 3. The weighted Kaplan–Meier esti-
mates for the composite outcome stratified to type of
OAC and age group are presented in Fig 2.

Secondary Analysis – Individual Outcomes
Recurrent Ischemic Stroke, ICH and Death
Table 2 shows the follow-up time, number and crude rate
of events for the secondary (individual) outcomes in the
entire study population and stratified to age group and
OAC type. In line with the main analysis of the composite
outcome, there was no evidence for an interaction between age
and OAC type on the recurrence of ischemic stroke nor the
occurrence of ICH in the simple, adjusted and weighted Cox

proportional cause-specific hazards models accounting for
competing risks (all pinteraction > 0.05). For the outcome
death, there was evidence for a weak interaction only in the
simple (pinteraction = 0.054) and adjusted models
(pinteraction = 0.029), indicating that the lower hazard for
death among patients treated with DOAC as compared to
VKA-treated patients was even more pronounced in the
oldest old than in their younger counterparts (simple
model: HR≥85y 0.61, 95%-CI [0.47, 0.79] and HR<85y

0.83, 95%-CI [0.65, 1.05]; adjusted model: HR≥85y 0.66,
95%-CI [0.51, 0.86] and HR<85y 0.94, 95%-CI [0.74,
1.19]). The detailed results of all Cox cause-specific haz-
ards models for the individual outcomes are presented in
Table S2 and Fig 3.

Secondary Analysis – Net Clinical Benefit
The point estimates for the NCB of DOAC over VKA were
similar in patients aged ≥85 (+1.73 to +2.66) and < 85 years
(+1.90 to +3.36 events per 100 patient-years) and remained
positive over the entire range of ICH weights used (1.5 to
3.1), with wide confidence intervals crossing zero in the
smaller group of patients aged ≥85 years. Fig 4 depicts the
NCB for three previously published ICH weights.29–31

The detailed results of the NCB analysis are presented in
Table S3.

Sensitivity Analyses – Age Dichotomized at
90 Years and as a Continuous Variable
The sensitivity analyses using age dichotomized to ≥90
(n = 451) vs. <90 years (n = 5,533) showed no evidence

FIGURE 2: Weighted Kaplan–Meier curves for the composite outcome stratified to anticoagulant type (DOAC / VKA) and age
group (≥85 / <85 years)
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for interaction between age and OAC type on the hazard
for the composite outcome in the simple (pinteraction =

0.283), adjusted (pinteraction = 0.514) and weighted
(pinteraction = 0.433) models, consistent with the main
analysis (Table S4).

Using age as a continuous variable, the favorable
profile of DOAC over VKA regarding the composite out-
come was maintained across the entire age spectrum in
the weighted model (Fig 5). There was no evidence that
the association between OAC type and composite out-
come was modified by age upon comparison of the
weighted model with vs. without interaction term
(plikelyhood ratio test = 0.623). The hazard for the composite
outcome continuously increased with increasing age in a
non-linear fashion.

Discussion
This study focused on the safety and effectiveness of
DOAC versus VKA in the oldest-old patients with AF
and recent stroke or TIA in a real-world setting. The key
finding was that the benefits of DOAC over VKA were
consistently maintained in the oldest old, even when
potential confounders were accounted for.

In our study, DOAC were associated with a lower
hazard than VKA for the composite outcome of recurrent

FIGURE 3: Hazard ratio estimates for the effect of DOAC vs. VKA on the primary composite outcome and all its individual
components (accounting for competing risks) stratified to patients aged ≥85 versus <85 years based on the weighted model

FIGURE 5: Rate of the composite outcome by age as a
continuous variable stratified to type of anticoagulant (DOAC /
VKA). The solid lines represent the estimates for each year of
age from the weighted model without interaction term and the
shaded areas the 95%-CI.

FIGURE 4: Net clinical benefit of DOAC over VKA with 95%
confidence intervals stratified to age group (≥85 /
<85 years), using three previously published ICH weights
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ischemic stroke, ICH and all-cause death in patients with
AF and recent ischemic stroke, independent of age. The
favorable profile of DOAC was maintained in the oldest
old, whether defined as aged 85 or 90 years or older. This
observation is highly relevant for clinical practice as it
contradicts the assumptions of many clinicians who are
reluctant to use DOAC in this age group, particularly in
multimorbid patients.10, 11 In this context, it is clinically
important that the beneficial effect of DOAC over VKA
persisted after taking into account the high-risk profile
of the oldest old. Reassuringly, simple, adjusted, as well
as weighted models which controlled for the non-
randomized treatment assignment, all yielded consistent
results.

Notably, there was no signal of a safety concern
regarding ICH risk among the oldest-old DOAC-treated
patients with recent ischemic stroke, which is a widespread
concern.12,13,34 In NCB analyses balancing the benefit in
stroke reduction against the weighted risk of ICH, the net
benefit of DOAC over VKA in these patients was pre-
served, as indicated by NCB point estimates that were
similar in the oldest old as in their younger counterparts,
and remained consistently positive across a broad spec-
trum of ICH weights. Taken together, these findings pro-
vide new evidence that the overall beneficial effect of
DOAC treatment following recent ischemic stroke is
maintained in the oldest old.

These results are clinically important because limited
randomized data exist for such patients, as patients with
recent stroke within 7 days,35 14 days,36,37 or 30 days,7

respectively, were excluded from the pivotal DOAC RCTs
and the oldest old were severely underrepresented, consti-
tuting less than 5% of the RCTs population.8,9 While sev-
eral large observational studies later confirmed the benefits
of DOAC in elderly patients with AF,38–43 they did not
examine patients with a recent ischemic stroke. The fact
that the elderly in our study had a recent stroke matters,
as such patients – compared to those without recent stroke
– have a higher risk for hemorrhagic complications,
including ICH44 and hemorrhagic transformation of the
ischemic infarct,45 concomitant active small vessel dis-
ease46,47 and stroke-induced motor and cognitive deficits
with an increased risk of falls.8,48

For patients with recent stroke, subgroup analyses in
observational studies suggested the safety of DOAC versus
VKA for the age groups of ≥7523 and > 80 years.15,49 As
we are not aware of any studies investigating AF patients
with both (1) age over 85 years and (2) a recent ischemic
stroke, our data address an important evidence gap, miti-
gating concerns about the applicability of the RCT find-
ings in everyday clinical stroke practice and supporting the
current guidelines for prevention of stroke recurrence.3

Strengths and Limitations
Our study has the following strengths: (1) we used indi-
vidual patient data pooled within an established collabora-
tion of prospective observational studies from Europe and
Asia; (2) the high data completeness limits the risk of spu-
rious findings; and (3) the consistency of results both in
unadjusted and in adjusted and – most importantly –

weighted analyses accounting for potential confounders, as
well as in net benefit analyses and in sensitivity analyses
focusing on patients ≥90 years or using age as a continu-
ous measure, underlines the robustness of our key finding.

We are aware of the following limitations: (1) as our
data are observational rather than randomized, baseline
imbalances in the allocation to the type of OAC that were
unaccounted for might have introduced bias or con-
founding; (2) our study included exclusively OAC-treated
patients, so age-matched stroke patients without OAC
treatment were not available for comparison. Of note, the
placebo-controlled ELDERCARE-AF trial suggested the
benefit of anticoagulation even in very elderly patients
with AF who were not appropriate candidates for standard
anticoagulant treatment10; (3) we did not consider extra-
cranial bleeding or myocardial infarction in our analyses,
as these outcomes were not available in all participating
cohorts; (4) the follow-up time in the participating cohorts
differed, with some reporting over 2 years of follow-up
data, while others were limited to 3 months; (5) our study
did not include information on adherence to oral antico-
agulants, which was not systematically assessed in most
cohorts, although our previous work from the single-center
NOACISP-LONGTERM cohort indicated high rates of
self-reported adherence both in VKA- and DOAC-treated
patients also among the oldest old50; (6) Dementia was not
an explicit exclusion criterion in any of the contributing
cohorts. However, as our study lacked information on the
frequency of dementia, it remains unclear whether our key
findings are applicable to demented patients, too.

In conclusion, our study provides new and compel-
ling evidence indicating that the benefits of DOAC over
VKA in patients with AF and recent stroke are maintained
among the oldest old.
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