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Background: This study aimed to investigate the association between direct oral anticoagulant (DOAC) concen-
tration upon acute ischemic stroke (IS) or intracranial hemorrhage (ICH) and stroke outcomes.

Methods: Patients aged >20 years treated with DOACs, including dabigatran, rivaroxaban, apixaban, or edox-
aban, and developed acute IS or ICH were enrolled to measure DOAC concentration at the time of hospital
presentation by using ultrahigh-performance liquid chromatography with tandem mass spectrometry. Ischemic
stroke patients was categorized into low (<50 ng/mL) and effective (>50 ng/mL) groups. The primary outcome
was poor functional outcomes at 3 months (modified Rankin Scale scores of 4-6).

Resulits: A total of 138 patients were enrolled, including 105 IS (76.1%) and 33 ICH patients. In the IS cohort, the
average DOAC concentration was 85.7 + 88.6 ng/mL (low DOAC concentration: 42.9%). Low level group had
numerically higher NIHSS (14 versus 9, p = 0.37), significantly poorer functional outcomes at 3 months (odds
ratio [OR], 5.08 [1.32, 19.63]), and higher chance of stroke-in-evolution (OR, 6.83 [1.64, 28.41]). In the ICH
cohort, the average DOAC concentration was 128.9 + 111.9 ng/mL. Reversal therapy was administered in 60.6%
of patients. Hematoma growth occurred in 35.7% patients. The DOAC concentration was similar across patients
with or without reversal therapy, and with or without hematoma growth.

Conclusion: Among DOAC users who developed IS, low drug concentrations at hospital presentation predicted
poor outcomes.

1. Introduction

Direct oral anticoagulants (DOAC), including dabigatran, rivarox-
aban, apixaban, and edoxaban, are commonly used to prevent throm-
boembolism in various populations. Nevertheless, ischemic stroke (IS)
and intracranial hemorrhage (ICH) still occur during DOAC therapy and
are difficult to manage [1]. Several studies have reported on the effects
of preceding anticoagulant (AC) therapy on stroke severity. In the case
of acute IS, data from the Get With the Guidelines-Stroke
(GWTG-Stroke) Registry in the United States revealed that therapeutic
warfarin and DOACs reduced the odds of moderate or severe stroke and
in-hospital mortality in patients receiving this treatment compared to
AC non-users [2]. Similarly, data from the Korean Stroke Registry (KSR)
showed that the pre-hospitalization use of AC therapy was associated
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with mild neurological deficit, defined as an initial National Institutes of
Health Stroke Scale (NIHSS) score of <5, and favorable outcomes at
discharge [3]. Conversely, in the case of acute ICH, preceding AC ther-
apy enhances stroke severity. According to the GWTG-Stroke Registry,
using warfarin or DOAC prior to hospitalization was associated with
increased in-hospital mortality or discharge to hospice care compared
with not using this treatment. Notably, compared to warfarin, DOAC still
resulted in lower rates of in-hospital mortality or discharge to hospice
care [4].

The management of acute IS or ICH among warfarin users is driven
by international normalized ratio (INR) levels. In case of DOAC use, the
most appropriate management strategy remains uncertain. According to
the Erlangen Registry of Patients on Oral Anticoagulation (ER-NOAC), a
low DOAC concentration is associated with higher NIHSS scores at
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admission and persisting neurologic deficit after acute IS [5]. Impor-
tantly, administering systemic thrombolytic therapy to IS patients with
low DOAC concentrations did not increase the risk of excessive bleeding
[6]. These data support the concentration-guided management of acute
stroke in patients receiving preceding DOAC therapy; this has also been
suggested by the European Heart Rhythm Association [1]. Currently,
data on the DOAC concentration at the time of acute stroke are sparse.
Therefore, in our study, we aimed to investigate the association between
the DOAC concentration and stroke outcomes in patients who developed
acute IS or ICH during treatment.

2. Patients and methods
2.1. Participants and study setting

This prospective observational study was conducted at a tertiary
hospital in Taiwan. The inclusion criteria were as follows: (1) age >20
years; (2) receiving treatment with DOACs, including dabigatran,
rivaroxaban, apixaban, or edoxaban; (3) development of acute cerebral
ischemia or ICH; and (4) DOAC concentration measured at hospital
arrival. Cerebral ischemia included IS and transient ischemic attack
(TIA). The exclusion criteria were as follows: (1) traumatic or sponta-
neous subarachnoid hemorrhage, (2) ICH associated with cerebral
venous sinus thrombosis, and (3) ICH associated with hemorrhagic
transformation or development of hemorrhagic transformation after
acute IS. The diagnosis of IS, TIA, or ICH was reached by experienced
neurologists (S.C. Tang and C.H. Chen) and was based on brain
computed tomography (CT) or magnetic resonance imaging (MRI).
Brain CT angiography or perfusion was performed in patients suspected
of having large vessel occlusion stroke. TIA was defined as a transient or
reversible episode of neurological dysfunction lasting less than 24 h [7].
The study protocol conformed with World Medical Association Decla-
ration of Helsinki, was approved by the NTUH Research Ethics Com-
mittee (No. 202112164RINA) and was registered at clinicaltrials.gov
(NCT05283174). Each participant provided informed consent before
enrollment in the study.

2.2. Study process

In all participants, blood samples were collected upon hospital pre-
sentation in order to measure the DOAC concentration using ultrahigh-
performance liquid chromatography with tandem mass spectrometry.
The method has been validated and published previously, and the details
are listed in the Supplementary Texts [8]. The index date was defined as
the onset date of IS, TIA, or ICH. All participants were prospectively
followed up from the index date to the occurrence of the study out-
comes, the time of death, the end of the medical record in our main or
branch hospitals, or 3 months after the index date, whichever came first.

The cutoff value of DOAC concentration to define active pharma-
cological effect remained unclear. According to the ER-NOAC, low
DOAC concentration was defined as <50 ng/mL, at which point
thrombolytic therapy can be administered [5,6]. Because the protocol of
ER-NOAC has been tested and proved not to increase risk of symptom-
atic ICH, we used the cutoff value in present study [5,6]. Low DOAC
concentration was defined as a drug level <50 ng/mL, at which value
intravenous (IV) recombinant tissue plasminogen activator (rt-PA) can
be administered. Due to the small patient number, we did not further
categorize patient into DOAC level into intermediate activity (50-100
ng/mL), or high activity (>100 ng/mL), at which value IV rtPA should
be carefully evaluated or avoided, respectively. Instead, we define
DOAC concentration >50 ng/mL as the effective drug level group. For
ICH, because data was lacking, we applied the same criteria as cerebral
ischemia. The universal cutoff value for different DOAC may not display
similar pharmacological activity. Therefore, we performed a sensitivity
analysis by applying the lower expected range of trough concentration
reported in clinical trials to see if the finding changed. The cutoff value is
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28 ng/mL for dabigatran, 12 ng/mL for rivaroxaban, 34 ng/mL for
apixaban and 12 ng/mL for edoxaban [1].

2.3. Study outcomes

The primary outcome was functional status, which was reflected by
the modified Rankin Scale (mRS) score calculated 3 months after the
index stroke. Poor functional outcomes were defined as mRS scores of
4-6 points. The secondary outcomes included stroke-in-evolution in case
of cerebral ischemia; hematoma growth in case of ICH; or the composite
outcomes of recurrent IS, TIA, ICH, major bleeding, or death at 3
months. Stroke-in-evolution was defined as a change of >3 points in the
NIHSS score occurring within 72 h, excluding that caused by hemor-
rhagic transformation or by other attributable medical or systemic
causes [9]. Hematoma expansion was defined as an increase of >6 mL in
the hematoma volume or of >33% on the follow-up image (usually
obtained 24-48 h after the initial scans) [10]. The hematoma volume
was calculated by using the ABC/2 formula [11]. Major bleeding was
classified according to the platelet inhibition and patient outcome
(PLATO) criteria [12]. Major life-threatening bleeding was defined as
ICH, intrapericardial bleeding, overt bleeding leading to hemorrhagic
shock, hypotension requiring inotropic agents or surgical intervention, a
reduction of >5 g/dL in hemoglobin levels, or requirement of a packed
red blood cell transfusion of >4 U. Other major bleeding events were
significant disabling bleeding or bleeding that resulted in a drop of 3-5
g/dL in hemoglobin levels, requiring a packed red blood cell transfusion
of 2to 3 U [12].

Moreover, the following outcomes were assessed in patients who
received endovascular thrombectomy (EVT): (1) successful reperfusion,
defined as modified thrombolysis in cerebral infarction (mTICI) graded
with a score of 2B, 2C or 3; (2) early neurological improvement, defined
as a reduction of 8 points or more in the NIHSS score at 3 days; and (3)
symptomatic ICH, defined as parenchymal hematoma type 2 observed
within 36 h after treatment combined with an increase of at least 4
points from the baseline NIHSS score. Clinical outcomes were evaluated
by S.C. Tang and C.H. Chen blinded to the DOAC concentration results.

2.4. Statistical analysis

Descriptive analysis was used to obtain the means, standard de-
viations, medians, and ranges. To compare between-group differences,
Student’s t-test or the Mann-Whitney U test was used for continuous
variables, and the chi-square test or Fisher’s exact test was used for
categorical variables. Ordinal logistic regression was performed to
compare the primary outcome: mRS score at 3 months. To investigate
the factors associated with poor functional outcomes, stroke-in-
evolution, and hematoma expansion, univariable logistic regression
was performed first. Subsequently, the factors with a p-value of <0.1,
DOAC concentration, and CHA,;DS,-VASc score were adjusted for in the
multivariable logistic regression model. A Cox proportional hazard
model was used to investigate the factors associated with composite
outcomes at 3 months. In all the analyses, statistical significance was
defined as a p-value <0.05.

3. Results
3.1. Participant enrollment

A total of 208 patients were enrolled in this study between March
2018 and April 2022, and 148 patients measured DOAC concentration
upon hospital presentation. After applying the exclusion criteria, 105
patients with IS and 33 patients with ICH were enrolled in the statistical
analysis. The participant enrollment process is shown in Fig. 1.

Among patients with available data of DOAC administration time (n
= 100, 72.5%), the median sampling time was 14.0 h (interquartile
range [IQR], 7.3 to 23.5 h) from last DOAC dose. The DOAC dosing
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Abbreviations: DOAC, direct oral anticoagulants; ICH,
intracranial hemorrhage; TIA, transient ischemic attack.

Fig. 1. The process of participant enrollment.

information was available in 94.2% patients. Among them, 58.7% used
on label dosing regimen, 33.3% used off label underdose regimen and
2.2% used off label overdose regimen.

3.2. Basic characteristics and DOAC concentrations among cerebral
ischemia patients

Among the 105 patients with cerebral ischemia, 90 (85.7%) had IS,
and 15 (14.3%) had TIA. The indication for DOAC therapy was AF for 87
patients (82.9%) and venous thromboembolism (VTE) for 18 patients
(17.1%). The type of DOACs before IS/TIA were as following: dabigatran
(n = 26, 24.8%), rivaroxaban (n = 13, 12.4%), apixaban (n = 32,
30.5%), and edoxaban (n = 34, 32.4%). The average DOAC concentra-
tion was 85.7 + 88.6 ng/mL, and 45 patients (42.9%) had DOAC con-
centration <50 ng/mL. The baseline characteristics and stroke
presentation were generally similar between patients with DOAC con-
centrations <50 ng/mL and those with concentrations >50 ng/mL.
Regarding laboratory test results, the low DOAC concentration group
exhibited a lower prothrombin time (PT) and activated partial throm-
boplastin time (aPTT), as presented in Table 1.

Details of stroke presentation, management, and outcomes are listed
in Table 2. The median NIHSS score was numerically higher in patients
with DOAC concentrations <50 ng/mL than in those with DOAC con-
centrations >50 ng/mL (median 14 vs. 9, p = 0.37). The proportion of
patients with NTHSS scores of >10 was 59.5% among those with DOAC
concentration <50 ng/mL in contrast to 44.8% among those with DOAC
concentration >50 ng/mL (p = 0.15). A total of 6 patients received
alteplase therapy. Among them, 2 patients administered idarucizumab
for dabigatran reversal before initiating thrombolytic therapy. None of
the patients developed symptomatic ICH within 24 h after thrombolytic
therapy.

A total of 29 patients underwent EVT, and 15 patients (51.7%) had
DOAC concentration <50 ng/mL. Only one patient received alteplase
therapy preceding EVT. The initial presentation of cerebral ischemia
among those underwent EVT was similar between patients with and
without DOAC concentration <50 ng/mL, as presented in Table S1.
Successful reperfusion was achieved in 73.3% of patients with DOAC
concentration <50 ng/mL in contrast to in 100.0% of patients with
DOAC concentration >50 ng/mL (p = 0.10).
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Table 1
Baseline characteristics between patients with different DOAC concentrations.

Ischemic stroke / TIA

<50 ng/mL >50 ng/mL p-value

(n=45) (n = 60)
Drug level 16.2 + 16.3 137.9 + 84.8 <0.001
Characteristics
Male 20 (44.4) 34 (56.7) 0.22
Age (year) 75.7 £12.4 75.7 £ 11.8 1.00
Atrial fibrillation 35 (77.8) 52 (86.7) 0.23
CHA,DS,-VASc score 45+ 1.4 47 +1.8 0.68
IS/TIA history 21 (46.7) 37 (61.7) 0.13
Hypertension 27 (60.0) 38 (63.3) 0.73
Diabetes mellitus 10 (22.2) 20 (33.3) 0.21
Cancer history 17 (37.8) 14 (23.3) 0.11
ICH history 2(4.49) 3(5.0) 1.00
Laboratory tests
CrCl (mL/min) 55.1 + 28.5 51.0 £ 23.3 0.42
Hb (g/dL) 12.1 £ 25 134+ 25 0.01
Platelet (K/uL) 193.4 + 69.5 203.3 + 87.4 0.53
ALT (U/L) 189 +£11.2 31.9 £ 38.3 0.03
PT (sec) 11.4 + 0.9 12.0 +1.3 0.01
aPTT (sec) 28.6 + 4.4 319+7.1 0.01
INR 11+0.1 11 +£0.1 0.02
d-dimer 5.0+ 84 3.6+7.3 0.10
T-CHO (mg/dL) 157.1 + 48.3 148.7 + 35.0 0.35
LDL-C (mg/dL) 94.7 £ 34.4 85.2 +£28.1 0.15
Triglycerin (mg/dL) 101.9 + 51.9 104.6 + 52.3 0.81
HbAlc (%) 5.8+ 0.8 6.3+1.2 0.04
From last DOAC dose (hour) 34.5 + 31.1 14.9 £17.9 <0.001
DOAC regimen
On labeled dose 22 (53.7) 37 (62.7) 0.42
Off label underdose 19 (46.3) 21 (35.6)
Off label overdose 0 (0) 1(1.7)

Data are presented as number (proportion) or mean =+ standard deviation. Bold
number indicates statistical significance.
Abbreviations: ALT, alanine transaminase; aPTT, activated partial thrombo-
plastin time; CrCl, creatinine clearance estimated by using the Cockcroft-Gault
formulation; DOAC, direct oral anticoagulant; Hb, hemoglobin; HbAlc, hemo-
globin Alc; ICH, intracranial hemorrhage; INR, international normalized ratio;
IS, ischemic stroke; LDL-C, low density lipoprotein cholesterol; PT, prothrombin
time; T-CHO, total cholesterol; TIA, transient ischemic attack.

 The CHA,DS,-VASc score was only calculated among patients with atrial
fibrillation.

3.3. Three-month functional outcomes in patients who developed cerebral
ischemia during DOAC therapy

The median mRS score at 3 months was 4 (IQR, 2-5) in patients with
DOAC concentration <50 ng/mL in contrast to 3 (IQR, 1-4) in patients
with DOAC concentration >50 ng/mL (common odds ratio [OR], 2.35
[1.01, 5.47]1; p = 0.047). The proportion of patients with poor functional
outcomes at 3 months was 53.3% (n = 24) in the DOAC concentration
<50 ng/mL group and 33.3% (n = 20) in the DOAC concentration >50
ng/mL group (p = 0.04, Table 2 and Fig. 2A). After adjustments, DOAC
concentrations of <50 ng/mL remained a significant predictor of poor
functional outcomes at 3 months (OR, 5.08 [1.32, 19.63]; p = 0.02;
Table 3). The details of the univariable and multivariable regression
models are presented in Table S2.

The outcomes of cerebral ischemia in patients who underwent EVT
are presented in Table S1. The proportion of patients with poor func-
tional outcomes was 66.7% among patients with DOAC concentration
<50 ng/mL in contrast to 42.9% among patients with DOAC concen-
tration >50 ng/mL (p = 0.20).

3.4. Other stroke outcomes in patients who developed cerebral ischemia
during DOAC therapy

Stroke-in-evolution occurred in 40.0% of patients with DOAC con-
centrations <50 ng/mL compared to in 21.7% of patients with DOAC
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Table 2
Stroke presentation, management and outcomes between warfarin and DOAC
groups.

Ischemic stroke / TIA

<50 ng/mL >50 ng/mL p-value
(n = 45) (n = 60)
Initial presentation
GCS 15 (11-15) 14 (11-15) 0.87
NIHSS' 14 (4-21) 9 (5-19) 0.37
SBP (mmHg) 148.1 +27.8 148.9 + 26.5 0.89
DBP (mmHg) 80.4 +13.6 849 +18.7 0.17
hematoma size (mL) N/A N/A N/A
> 30 mL N/A N/A N/A
ICH score N/A N/A N/A
Management
Reperfusion therapy 18 (40.0) 16 (26.7) 0.15
rtPA 4(8.9) 2(3.3) 0.40
EVT 15 (33.3) 14 (23.3) 0.26
Reversal agent 0 (0) 2(3.3) N/A
Outcomes
Stroke-in-evolution 18 (40.0) 13 (21.7) 0.04
Hematoma expansion N/A N/A N/A
mRS at 3M' 4 (2-5) 3(1-4) 0.12
Poor functional outcome at 3M 24 (53.3) 20 (33.3) 0.04
Composite outcome at 3M 13 (28.9) 9 (15.0) 0.08

Data are presented as number (proportion) or mean+standard deviation.
Abbreviations: DBP, diastolic blood pressure; EVT, endovascular thrombectomy;
GCS; Glasgow coma scale; ICH, intracranial hemorrhage; M, months; mRS,
modified Rankin scale; N/A, non-applicable; NIHSS, National Institutes of
Health Stroke Scale; rtPA, recombinant tissue-type plasminogen activator; SBP,
systolic blood pressure.

f The data is represented as median (interquartile range).

¥ Two IS patients who used dabigatran before stroke administered idar-
ucizumab before starting rtPA therapy.

% Poor functional outcome was defined as mRS 4 to 6 points.

concentrations >50 ng/mL (p = 0.04, Table 2). After adjustments, DOAC
concentration <50 ng/mL (OR, 6.83 [1.64, 28.41]; p = 0.01) and the
initial NIHSS score (OR, 1.15 [1.05, 1.27]; p = 0.003) predicted stroke-
in-evolution (Tables 3 and S1).

The incidence of the composite outcomes at 3 months, including
recurrent IS, TIA, ICH, major bleeding, and death from any cause, was
13.9% (8.4%-23.0%) per month among patients with an initial DOAC
concentration of <50 ng/mL in contrast to 6.3% (3.4%-11.9%) per
month among patients with an initial DOAC concentration of >50 ng/
mL (log-rank test, p = 0.08, Fig. S1A). After adjustments, an initial
DOAC concentration of <50 ng/mL (HR [hazards ratio], 4.27 [1.10,
16.56]; p = 0.04) was the only predictor of the composite outcomes at 3
months (Table S2).

Among patients who underwent EVT, patients with DOAC concen-
trations >50 ng/mL displayed a trend toward being more likely to have
early neurological improvement than those with DOAC concentration of
<50 ng/mL (50 versus 40%, p = 0.72). The incidence of composite
outcomes at 3 months was 27.3% (10.0%—59.4%) per month in patients
with DOAC concentration <50 ng/mL in contrast to 13.3% (3.6%—
34.1%) per month in patients with DOAC concentration >50 ng/mL (log
rank test, p = 0.52, Fig. S2).

3.5. Outcome at 3 months for ischemic stroke patients with or without
atrial fibrillation

We performed subgroup analyses among patients who used DOAC
for AF (87 patients). The results were in line with the main analysis.
DOAC concentration <50 ng/mL predicted worse functional outcome at
3 months (OR=4.80 [1.23, 18.73], P = 0.02), stroke-in-evolution
(OR=6.02 [1.55, 23.42], P = 0.01) and composite outcomes at 3
months (0.98 [1.83, 50.04], P = 0.01), as listed in Table S3.

Among patients without AF (18 patients), all used DOAC for VTE. A
total of 16 patients (88.9%) also had cancer, and the most common type
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Score on modified Rankin Scale
00 H1 B2 m3 E4 E5 HG6
DOAC level
<50 ng/mL 8.9 m 111 20.0 111 22.2
(n=45) -
TS~ p=0.04
DOAC level ‘ ]
250 ng/mL 133 16.7 183 100 100 133
(n=60)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Fig. 2. Modified Rankin scale among ischemic stroke patients with different drug concentration.
bl (15.2%) patients in the other group (p = 0.01). After adjustments, lower-
Table 3

Factors associated with clinical outcomes among patients with ischemic stroke.

Poor functional outcome at 3 months'

Factors 0Odds ratio P-value
Initial NIHSS 1.23 (1.12, 1.34) <0.001
CHA,DS,-VASc score 1.61 (1.02, 2.53) 0.04
Cancer history 1.35 (0.31, 5.88) 0.69
Drug level < 50 ng/mL 5.08 (1.32, 19.63) 0.02
Stroke in-evolution

Factors 0Odds ratio P-value
HbAlc 0.52 (0.20, 1.38) 0.19
Initial NIHSS 1.15 (1.05, 1.27) 0.003
Reperfusion therapy 1.01 (0.23, 4.51) 0.99
CHA,DS,-VASc score 0.63 (0.38, 1.02) 0.06
Cancer history 1.90 (0.40, 8.97) 0.42
Drug level < 50 ng/mL 6.83 (1.64, 28.41) 0.01

Poor functional outcome was defined as modified Rankin Scale 4 to 6 points.
Reperfusion therapy is defined as rt-PA administration or endovascular
thrombectomy.

Abbreviations: NIHSS, National Institutes of Health Stroke Scale.

1
i

of cancer was lung cancer (11 patients), followed by pancreatic cancer
(3 patients). The average age for non-AF patients was 66.4 + 11.9 years,
mean CrCl was 67.0 &+ 33.0 mL/min and mean DOAC concentration was
67.8 + 84.9 ng/mL (<50 ng/mL, 55.6%). The proportion of patients
with clinical outcome in low DOAC concentration group in contrast to
the rest of patients were listed as following: Poor functional outcome at
three months, 40.0% versus 25.0% (P = 0.64), stroke-in-evolution,
30.0% versus 62.5% (P = 0.34), and composite outcome at three
months, 30.0% versus 75.0% (P = 0.15).

3.6. Sensitivity analysis of individualized cutoff value for different DOAC

The lower expected range of trough reported in clinical trials for each
DOAC was used to reclassify patient with low DOAC concentration. The
proportion of patients with DOAC concentration less than the lower
expected range of trough concentration was 24.8% (26 patients, 23.1%
of dabigatran users, 46.2% of rivaroxaban users, 28.1% of apixaban
users and 14.7% of edoxaban users). The proportion of patients with
poor functional outcomes at 3 months was 53.8% in lower-than-
expected-range DOAC concentration group and 38.0% among the rest
of patients (p = 0.16). After adjustments, lower-than-expected-range
DOAC concentrations was a significant predictor of poor functional
outcomes at 3 months (OR, 5.60 [1.40, 22.38]; p = 0.02). Stroke-in-
evolution occurred in 46.2% of patients with lower-than-expected-
range DOAC concentration compared to 24.1% of the rest of patients
(p = 0.03). After adjustments, lower-than-expected-range DOAC con-
centration (OR, 5.56 [1.41, 21.93]; p = 0.01) and the initial NIHSS score
(OR, 1.15 [1.05, 1.26]; p = 0.003) predicted stroke-in-evolution. The
composite outcomes at 3 months occurred in 10 (38.5%) patients in the
lower-than-expected-range DOAC concentration group, in contrast to 12

35

than-expected-range DOAC concentration (HR 6.19 [1.76, 21.82]; p =
0.005) was the only significant predictor for composite outcome at 3
months. The results of sensitivity analyses were displayed in Table S4.

3.7. Basic characteristics and DOAC concentrations among ICH patients

Among the DOAC users who developed ICH, 3 (9.1%) patient used
dabigatran, 7 (21.2%) used rivaroxaban, 14 (42.4%) used apixaban and
9 (27.3%) used edoxaban. Their mean age was 77.8 & 9.3 years and CrCl
was 44.9 + 13.3 mL/min. The indication for DOAC therapy was AF for
27 patients (81.8%), VTE for 3 patients (9.1%) and unknown for 3 pa-
tients (9.1%). The median DOAC concentration was 128.9 + 111.9 ng/
mL.

3.8. ICH patients underwent reversal therapy

A total of 20 (60.6%) patients received treatment with reversal
agents: one dabigatran user administered idarucizumab, and 19 factor
Xa inhibitor users were administered prothrombin complex concentrate.
The comparison of ICH presentation and outcomes between patients
with or without reversal therapy were listed in Table S5. The average
duration from the last DOAC dose to hospital presentation was signifi-
cantly shorter in patients receiving reversal treatment than in those not
receiving this treatment (10.5 + 9.8 vs. 26.7 + 17.2 h, P = 0.01). The
average DOAC concentration was 106.2 + 108.4 ng/mL in reversal
group, in contrast to 163.9 + 112.2 ng/mL in non-reversal group (P =
0.15). Patient in reversal group had numerically lower initial NIHSS (8
[IQR, 4 —13] versus 19 [IQR, 2-28], P = 0.28) and smaller baseline
hematoma (12.7 + 12.9 mL versus 18.4 + 16.2 mL, P = 0.32). Poor
functional outcome at three months occurred in 40% of patients
receiving reversal therapy, in contrast to 53.8% of patients without
reversal therapy (P = 0.44).

3.9. Hematoma expansion among DOAC users with ICH

Hematoma volume was unable to be estimated in 5 patients with
subdural hemorrhage. Among the rest 28 patients, hematoma expansion
occurred in 10 (35.7%) patients. The basic characteristics, stroke pre-
sentation and outcomes were listed in Table S5. The DOAC concentra-
tion was 82.6 + 65.4 ng/mL in hematoma expansion group, in contrast
to 166.3 + 128.8 ng/mL for hematoma non-expansion group (P = 0.09,
Table S5). Patient in reversal group had numerically lower initial NTHSS
(6 [IQR, 4 —15] versus 11 [IQR, 4-27], P = 0.52) and smaller baseline
hematoma (19.3 + 18.8 mL versus 12.1 & 10.4 mL, P = 0.45).

4. Discussion

The present study reports the DOAC concentration during acute
stroke and its association with stroke outcomes. Our data showed that in
approximately 60% of cases, cerebral ischemia occurred while the
DOAC concentrations were exerting active pharmacological effects. In
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addition, a low DOAC concentration predicted poor functional outcomes
at 3 months and stroke-in-evolution.

In studies reporting the DOAC concentration in different cohorts of
patients with acute IS, the proportion of patients with low DOAC
exposure ranged from 27 to 67% [5,13]. The proportion in our study was
approximately 40%, which was within this range. Notably, the DOAC
concentration at the time of acute stroke is associated with stroke
severity. As mentioned previously, data from the ER-NOAC registry
showed that low DOAC concentrations were associated with higher
initial NIHSS scores [5]. Another study on a German cohort reported
similar results: low DOAC exposure was linked to increased stroke
severity [13]. In our cohort, patients with low DOAC concentrations also
exhibited numerically higher initial NIHSS scores than the rest of the
patients did. The association between DOAC concentrations and stroke
outcomes has not been discussed extensively. Rizos et al. reported that
stroke severity and premorbid functional outcomes, but not DOAC
exposure, were predictors of unfavorable outcomes [13]. Conversely,
our data showed that low DOAC concentrations were associated with
worse stroke outcomes, including a higher mRS score at 3 months,
higher risk of stroke-in-evolution, and higher likelihood of developing
composite outcomes at 3 months.

In patients being treated with DOAC therapy who develop acute
cerebral ischemia, EVT is an effective treatment option for large vessel
occlusion, especially in cases in which alteplase therapy is unsuitable
[14]. A meta-analysis showed that in comparison with not using DOACs,
preceding DOAC therapy did not increase the rate of successful reper-
fusion in EVT, but increased the risk of poor functional outcomes [15].
Of note, the risk of symptomatic ICH after the procedure was similar.
Nevertheless, there was a lack of data regarding the DOAC concentration
at the time of acute cerebral ischemia. Our results showed that patients
with active DOAC concentrations, defined as those >50 ng/mlL,
exhibited the following trends: they were more likely to have successful
reperfusion and early neurological improvement and were less likely to
have poor functional outcomes or to develop the composite outcomes at
3 months. However, the incidence of symptomatic ICH was low in our
cohort, and we were not able to reach a conclusion on whether pre-
ceding DOAC treatment increased the risk of ICH in comparison with not
using DOACs.

The association between low DOAC concentration and increased risk
of IS / systemic thromboembolism has been reported in real-world
observational study [16,17]. Of note, investigations conducted in pa-
tients under steady-state DOAC therapy used individualized cutoff value
to define low concentration varied across different DOAC [16,17].
Contractively, our main analysis used a universal cutoff value (i.e., < 50
ng/mL) to define low DOAC concentration, which can be debatable.
There were some rationales behind our design. First, the time of DOAC
concentration measurement is random, neither peak nor trough. In
addition, delayed or additional DOAC dose can happen during acute IS,
leading to non-steady-state of DOAC therapy. Using the concentration
range for peak or trough elucidated at steady-state as reference to define
high or low drug level is inappropriate. Second, the main purpose of
DOAC concentration measurement upon acute stroke is to guide the
decision of thrombolytic therapy. A universal cutoff value with absent or
low DOAC pharmacological effect for all DOAC is feasible for this pur-
pose and easy to apply in clinical practice. The cutoff value to determine
low DOAC concentration was inconclusive. Unlike the ER-NOAC registry
which defined low DOAC concentration as <50 ng/mL, the 2021 Eu-
ropean Heart Rhythm Association practical guide on NOAC proposed
the feasibility of thrombolytic therapy among patients with DOAC
concentration lower than 30 ng/mL [18]. Because the cutoff value of 30
ng/mL has not been tested in real-world practice, we used the cutoff
value applied in the ER-NOAC registry. In sensitivity analysis, we used
individualized cutoff value to define low DOAC concentration, and the
results were in line with the main analysis. Although the most appro-
priate cutoff value is unclear, our data proves the link between low
DOAC concentration upon acute IS and worse outcome or
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stroke-in-evolution.

The incidence of ICH during DOAC therapy is low at approximately
0.2%, according to real-world data [19-22], which may explain the
difficulty in the participant enrollment in our ICH cohort. Despite the
small sample size, our investigation is the first one to report real-world
DOAC concentration in patients with acute ICH. In our cohort, approx-
imately 60% of ICH patients received reversal treatment, which reflects
the awareness of physicians in the management of DOAC-associated
ICH. Upon acute treatment, the DOAC concentration was not dis-
closed. The decision for reversal therapy is driven by clinical presenta-
tion and medication history. Therefore, we did not find a correlation
between DOAC concentration and reversal therapy. In Taiwan, the
reversal agent for factor Xa inhibitors, andexanet alpha, is not available.
In addition, patients need to pay out of pocket to treat with prothrombin
complex concentration. Introducing the test to evaluate anticoagulant
effect with rapid turnaround time, such as chromogenic anti-Factor Xa
activity assay, is essential to guide acute management. We did not find
increased DOAC concentration among patients with hematoma growth,
neither. In addition, these patients paradoxically displayed a trend of
numerically lower initial NIHSS and smaller initial hematoma size.
However, hematoma growth is affected by the time from symptom onset
to hospital presentation, which can occur before hospital arrival in pa-
tients with delayed transposition.

These data elucidate the DOAC concentration at the time of acute IS
or ICH, which is a strength of this study. In addition, we demonstrated an
association between low DOAC concentrations and worse outcomes in
IS/TIA, which has not been discussed in previous studies. Nevertheless,
we acknowledge the following limitations. First, the sample size of this
study was small; therefore, we were not able to draw a robust conclu-
sion, especially in the case of patients with ICH. Second, we did not
implement DOAC concentration-guided management of acute stroke in
this observational study. Therefore, we were not able to judge whether
the use of a concentration-based decision tree for treating acute stroke
during DOAC therapy would improve stroke outcomes. And we were not
able to answer the most appropriate cutoff value to determine the
feasibility of thrombolytic therapy. Third, we collected the results of
only one DOAC concentration measurement performed at the time of
hospital presentation, which may not accurately reflect the extent of
DOAC exposure before stroke. However, DOAC concentration after
hospital presentation can be affected by the reversal agent, which may
not be appropriate for pharmacokinetic parameter estimation.

5. Conclusion

Our data showed that low DOAC concentrations at the time of acute
IS were associated with poor functional outcomes, stroke-in-evolution,
and worse clinical outcomes. The measurement of DOAC concentra-
tion at the time of acute IS is essential, as it could serve as a guide in
acute management and identifying patients who are at a risk of
deterioration.

Funding/support

This work was supported by a research grant from the Ministry of
Science and Technology in Taiwan (109-2320-B-002-041), Ministry of
Education for financial assistance, and NTUH (111-X0007; 111-S0087,
112-S0123).

The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly
available due to privacy or ethical restrictions.

CRediT authorship contribution statement
Shin-Yi Lin: Conceptualization, Investigation, Data curation, Formal

analysis, Writing — original draft, Writing — review & editing, Funding
acquisition. Sung-Chun Tang: Conceptualization, Investigation. Ching-

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



S.-Y. Lin et al.

Hua Kuo: Resources, Formal analysis, Data curation, Funding acquisi-
tion. Chih-Hao Chen: Conceptualization, Investigation, Data curation,
Formal analysis. Yuan-Chang Chao: Investigation. Chih-Fen Huang:
Writing — review & editing. Jiann-Shing Jeng: Conceptualization,
Investigation, Data curation, Formal analysis.

Declaration of Competing Interest
None.
Acknowledgments

We would also like to thank Chia-Chi Chang from National Taiwan
Univeristy Pharmacy School for the measurement of DOAC
concentration.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ejim.2023.03.02.3.

References

[1] Steffel J, Collins R, Antz M, et al. 2021 European heart rhythm association practical
guide on the use of non-vitamin K antagonist oral anticoagulants in patients with
atrial fibrillation. Europace 2021;23(10):1612-76. https://doi.org/10.1093/
europace/euab065. In eng.

Xian Y, O’Brien EC, Liang L, et al. Association of preceding antithrombotic
treatment with acute ischemic stroke severity and in-hospital outcomes among
patients with atrial fibrillation. JAMA 2017;317(10):1057-67. https://doi.org/
10.1001/jama.2017.1371. In eng.

Jung YH, Kim YD, Kim J, et al. Initial stroke severity in patients with atrial
fibrillation according to antithrombotic therapy before ischemic stroke. Stroke
2020;51(9):2733-41. https://doi.org/10.1161/strokeaha.120.030138. In eng.
Inohara T, Xian Y, Liang L, et al. Association of intracerebral hemorrhage among
patients taking non-vitamin K antagonist vs vitamin K antagonist oral
anticoagulants with in-hospital mortality. JAMA 2018;319(5):463-73. https://doi.
org/10.1001/jama.2017.21917. In eng.

Marsch A, Macha K, Siedler G, et al. Direct oral anticoagulant plasma levels for the
management of acute ischemic stroke. Cerebrovasc Dis 2019;48(1-2):17-25.
https://doi.org/10.1159/000502335 (Basel, Switzerland)In eng.

Macha K, Marsch A, Siedler G, et al. Cerebral ischemia in patients on direct oral
anticoagulants. Stroke 2019;50(4):873-9. https://doi.org/10.1161/
strokeaha.118.023877. In eng.

Easton JD, Saver JL, Albers GW, et al. Definition and evaluation of transient
ischemic attack: a scientific statement for healthcare professionals from the
American Heart Association/American Stroke Association Stroke Council; Council
on Cardiovascular Surgery and Anesthesia; Council on Cardiovascular Radiology
and Intervention; Council on Cardiovascular Nursing; and the Interdisciplinary
Council on Peripheral Vascular Disease. The American Academy of Neurology

[2

—

[3

=

[4

=

[5

—

[6

iy

[7

—

37

[81

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

European Journal of Internal Medicine 113 (2023) 31-37

affirms the value of this statement as an educational tool for neurologists. Stroke
2009;40(6):2276-93. https://doi.org/10.1161/strokeaha.108.192218. In eng.
Jhang RS, Lin SY, Peng YF, et al. Using the PCI-IS method to simultaneously
estimate blood volume and quantify nonvitamin K antagonist oral anticoagulant
concentrations in dried blood spots. Anal Chem 2020;92(3):2511-8. https://doi.
org/10.1021/acs.analchem.9b04063. In eng.

Chen CH, Huang PW, Tang SC, et al. Complexity of heart rate variability can
predict stroke-in-evolution in acute ischemic stroke patients. Sci Rep 2015;5:
17552. https://doi.org/10.1038/srep17552. In eng.

Dowlatshahi D, Demchuk AM, Flaherty ML, Ali M, Lyden PL, Smith EE. Defining
hematoma expansion in intracerebral hemorrhage: relationship with patient
outcomes. Neurology 2011;76(14):1238-44. https://doi.org/10.1212/
WNL.0b013e3182143317. In eng.

Kothari RU, Brott T, Broderick JP, et al. The ABCs of measuring intracerebral
hemorrhage volumes. Stroke 1996;27(8):1304-5. https://doi.org/10.1161/01.
str.27.8.1304. In eng.

Schulman S, Kearon C. Definition of major bleeding in clinical investigations of
antihemostatic medicinal products in non-surgical patients. J Thromb Haemost
2005;3(4):692-4. https://doi.org/10.1111/j.1538-7836.2005.01204.x. In eng.
Rizos T, Meid AD, Huppertz A, et al. Low exposure to direct oral anticoagulants is
associated with ischemic stroke and its severity. J Stroke 2022;24(1):88-97.
https://doi.org/10.5853/j05.2020.04952. In eng.

Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early management
of patients with acute ischemic stroke: 2019 update to the 2018 guidelines for the
early management of acute ischemic stroke: a guideline for healthcare
professionals from the American Heart Association/American Stroke Association.
Stroke 2019;50(12):e344-418. https://doi.org/10.1161/str.0000000000000211.
In eng.

Chen JH, Hong CT, Chung CC, Kuan YC, Chan L. Safety and efficacy of
endovascular thrombectomy in acute ischemic stroke treated with anticoagulants:
a systematic review and meta-analysis. Thromb J 2022;20(1):35. https://doi.org/
10.1186/512959-022-00394-y. In eng.

Testa S, Paoletti O, Legnani C, et al. Low drug levels and thrombotic complications
in high-risk atrial fibrillation patients treated with direct oral anticoagulants.

J Thromb Haemost 2018;16(5):842-8. https://doi.org/10.1111/jth.14001.

Lin SY, Kuo CH, Yeh SJ, et al. Real-world rivaroxaban and apixaban levels in asian
patients with atrial fibrillation. Clin Pharmacol Ther 2020;107(1):278-86. https://
doi.org/10.1002/cpt.1601. In eng.

Steffel J, Collins R, Antz M, et al. 2021 European heart rhythm association practical
guide on the use of non-vitamin K antagonist oral anticoagulants in patients with
atrial fibrillation. Europace 2021. https://doi.org/10.1093/europace/euab065.
European pacing, arrhythmias, and cardiac electrophysiology : journal of the
working groups on cardiac pacing, arrhythmias, and cardiac cellular
electrophysiology of the European Society of CardiologyIn eng.

Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients
with atrial fibrillation. N Engl J Med 2009;361(12):1139-51. https://doi.org/
10.1056/NEJMo0a0905561. In eng.

Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients
with atrial fibrillation. N Engl J Med 2013;369(22):2093-104. https://doi.org/
10.1056/NEJMoal310907. In eng.

Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus warfarin in
patients with atrial fibrillation. N Engl J Med 2011;365(11):981-92. https://doi.
org/10.1056/NEJMoal107039. In eng.

Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular
atrial fibrillation. N Engl J Med 2011;365(10):883-91. https://doi.org/10.1056/
NEJMo0al009638. In eng.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1016/j.ejim.2023.03.023
https://doi.org/10.1093/europace/euab065
https://doi.org/10.1093/europace/euab065
https://doi.org/10.1001/jama.2017.1371
https://doi.org/10.1001/jama.2017.1371
https://doi.org/10.1161/strokeaha.120.030138
https://doi.org/10.1001/jama.2017.21917
https://doi.org/10.1001/jama.2017.21917
https://doi.org/10.1159/000502335
https://doi.org/10.1161/strokeaha.118.023877
https://doi.org/10.1161/strokeaha.118.023877
https://doi.org/10.1161/strokeaha.108.192218
https://doi.org/10.1021/acs.analchem.9b04063
https://doi.org/10.1021/acs.analchem.9b04063
https://doi.org/10.1038/srep17552
https://doi.org/10.1212/WNL.0b013e3182143317
https://doi.org/10.1212/WNL.0b013e3182143317
https://doi.org/10.1161/01.str.27.8.1304
https://doi.org/10.1161/01.str.27.8.1304
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.5853/jos.2020.04952
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1186/s12959-022-00394-y
https://doi.org/10.1186/s12959-022-00394-y
https://doi.org/10.1111/jth.14001
https://doi.org/10.1002/cpt.1601
https://doi.org/10.1002/cpt.1601
https://doi.org/10.1093/europace/euab065
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1056/NEJMoa1009638

	The association between direct oral anticoagulant concentration upon acute stroke and stroke outcome
	1 Introduction
	2 Patients and methods
	2.1 Participants and study setting
	2.2 Study process
	2.3 Study outcomes
	2.4 Statistical analysis

	3 Results
	3.1 Participant enrollment
	3.2 Basic characteristics and DOAC concentrations among cerebral ischemia patients
	3.3 Three-month functional outcomes in patients who developed cerebral ischemia during DOAC therapy
	3.4 Other stroke outcomes in patients who developed cerebral ischemia during DOAC therapy
	3.5 Outcome at 3 months for ischemic stroke patients with or without atrial fibrillation
	3.6 Sensitivity analysis of individualized cutoff value for different DOAC
	3.7 Basic characteristics and DOAC concentrations among ICH patients
	3.8 ICH patients underwent reversal therapy
	3.9 Hematoma expansion among DOAC users with ICH

	4 Discussion
	5 Conclusion
	Funding/support
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


