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Background: Pontine infarcts can be classified into four regions based on the vascular anatomy: anteromedial, an-
terolateral, lateral and posterior. The purpose of this study was to determine if different etiological mechanisms
are responsible for these four types of pontine infarcts.

Methods: We studied consecutive patients within 7 days of symptom onset who had isolated pontine infarcts on
diffusion-weighted imaging. The factors associated with infarct topography were determined by multivariate lo-
gistic regression analysis.

ds: . S .
gey.w or Results: A total of 205 patients were enrolled (78 women; mean age, 72 + 11 years). The distribution of the in-
asilar artery S i - o i it
ReatRStam farcts was anteromedial in 73%, anterolateral in 14%, lateral in 3% and posterior in 10%. In multivariate logistic re-

Cardioembolism
Diffusion-weighted imaging
Risk factors

Stroke

gression analysis, major cardioembolic sources (odds ratio (OR), 4.17; 95% confidence interval (CI), 1.21-14.1)
and previous ischemic stroke (OR, 2.92; 95% CI, 1.09-7.89) were positively associated with lateral or posterior in-
farcts compared with anteromedial infarcts. In contrast, advanced age (OR, 0.55; 95% Cl, 0.35-0.81 per 10-year
increase), diabetes mellitus (OR, 0.31; 95% CI, 0.11-0.80) and basilar artery disease (OR, 0.27; 95% CI, 0.08—
0.75) were negatively associated with lateral or posterior pontine infarcts.

Conclusions: Baseline characteristics were significantly different among patients with isolated pontine infarcts in
different topographic locations. Our results suggest that cardioembolism is relatively common in lateral or pos-

terior pontine infarcts, whereas basilar artery atherosclerosis is more common in anteromedial infarcts.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The clinico-topographic correlation of isolated pontine infarcts has
been investigated [ 1-7]. However, the etiological mechanisms of isolat-
ed pontine infarcts based on arterial perfusion territories remain un-
clear. According to arterial anatomy, pontine perfusion territories can
be categorized into four groups: anteromedial, anterolateral, lateral
and posterior [8]. The anteromedial and anterolateral territories are
supplied by basilar arterial branches; the lateral territory is supplied
by long circumferential branches from the basilar artery, the anterior in-
ferior cerebellar artery (AICA) and the superior cerebellar artery (SCA);
and the posterior territory is supplied by only by the SCA [8,9]. There-
fore, it is possible that there are some differences in underlying etiology
of pontine stroke depending upon the artery involved.

There have been only a few studies on underlying mechanisms of
isolated pontine infarcts based on arterial involvement [3,5]. Further-
more, all pontine infarcts in these previous studies were not identified
by diffusion-weighted imaging (DWI). DWI seems superior to conven-
tional imaging in selecting patients with acute isolated pontine infarcts

* Corresponding author at: Department of Cerebrovascular Medicine, National Cerebral
and Cardiovascular Center, 5-7-1 Fujishiro-dai, Suita, Osaka 565-8565, Japan. Tel.: +81 6
6833 5012; fax: 481 6 6835 5267.

E-mail address: ohatomo@ncvc.go.jp (T. Ohara).

0022-510X/$ - see front matter © 2014 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jns.2014.01.039

because it can distinguish fresh infarcts from old ones and can accurate-
ly exclude concomitant extrapontine acute ischemic lesions such as
small cortical infarcts.

The purposes of this study were to determine if stroke etiology in
isolated pontine infarcts diagnosed by MRI including DWI depends
upon the artery involved and to determine the clinical features in each
pontine infarct.

2. Methods
2.1. Patient selection and evaluation

From a database of patients admitted to our department between
January 2006 and June 2012, we retrospectively identified patients
with an isolated pontine infarct within 7 days of symptom onset who
underwent MRI and magnetic resonance angiography (MRA). The diag-
nosis of the isolated pontine infarct was based on DWI findings. Stroke
subtypes were principally categorized by the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) criteria [10]. Electrocardiography, 24-hour
electrocardiographic monitoring, and carotid ultrasound were per-
formed on the first day of admission in all patients. Transthoracic echo-
cardiogram was performed as a cardiac evaluation for most patients,
while transesophageal echocardiogram was performed depending on
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the decision of attending neurologists. The hospital's ethics committee
approved this study, which was based on a retrospective review of
our stroke database.

2.2. MRI methods and analysis

MR], including DWI and MRA, was performed at 1.5 T (Magnetom Vi-
sion; Siemens Medical Solutions, Erlangen, Germany). DWI was per-
formed using the following parameters: repetition time, 4000 ms; echo
time, 100 ms; matrix, 128 x 128; field of view, 23 cm; section thickness,
4 mm; intersection gap, 2 mm; and b values, 0 and 1000 s/mm?. MRA
was obtained using the following parameters: repetition time, 35 ms;
echo time, 7.6 ms; flip angle, 20°; field of view, 200 mm; matrix,
224 x 512; and slice thickness, 0.6 mm.

Pontine lesions were estimated by two board-certified neurologists
(J.K. and T.0.). The pontine infarcts were classified into four groups
(anteromedial, anterolateral, lateral and posterior) according to the
brain map of the arterial perfusion territories (Fig. 1) [8]. When the
judgment of the two neurologists was inconsistent, a decision was
made by discussion. Representative cases of isolated pontine infarcts
are shown in Fig. 2.

Based on the results of basilar artery assessment, patients were cat-
egorized into three groups (normal, wall irregularity, >50% steno-
occlusive lesion) [11]. Basilar artery disease was defined as the latter

A

Anteromedial territory

Anterolateral territory

Anteromedial territory

Anterolateral territory

Lateral territory

Anteromedial territory

Anterolateral territory

Lateral territory

Posterior territory

\ /

Fig. 1. Vascular perfusion territories of the pons (modified from Tatu L. et al. [8]). A: Lower
pons. B: Middle pons. C: Upper pons.

two pathologies at the level of pontine infarct. Old lacunar infarcts
were defined as cavitated lesions (3-15 mm) in the territory of the
deep perforating arteries on FLAIR imaging. White matter lesions were
defined as a large confluent area in the deep white matter correspond-
ing to grade 3 of the Fazekas criteria [12].

2.3. Clinical characteristics

The patients' clinical characteristics, including sex, age and cardio-
vascular risk factors including diabetes mellitus, hypertension, dyslipid-
emia, smoking and alcohol consumption, were recorded. In addition,
major cardioembolic sources of stroke including atrial fibrillation (AF),
a previous history of ischemic stroke, coronary artery disease and pe-
ripheral artery disease were identified. Major cardioembolic sources
were defined by high risk of cardioembolism in TOAST criteria [10]. AF
was diagnosed based on either ECG recordings or a confirmed history
of AF. Clinical findings, including hemiparesis, sensory disturbance and
oculomotor disturbance, were also collected. The National Institutes of
Health Stroke Scale (NIHSS) on admission and the modified Rankin
Scale (mRS) scores at hospital discharge (median hospital stay,
18 days) were evaluated. A favorable outcome was defined as mRS
scores of O to 1, and an unfavorable outcome as mRS scores of 2 to 6.

24. Statistical analysis

Differences in clinical features among the four groups were analyzed
using the Kruskal-Wallis test for continuous values and Fisher's exact
test for categorical variables. To identify variables in baseline character-
istics and radiological findings associated with infarct topography, sim-
ple logistic regression analyses were performed. The lateral and
posterior pontine infarcts were grouped together as a lateral-posterior
(LP) group for the purpose of regression analysis, because both of
these areas are mainly supplied by cerebellar arteries. The anterolateral
and LP groups were compared with the anteromedial group serving as a
reference. Multivariate logistic regression analyses were performed to
determine the independent factors associated with infarct topography
using all of the demographic, clinical and radiographic variables. A back-
ward selection procedure was performed using P > 0.10 for the likeli-
hood ratio test for exclusion of variables. A P value <0.05 was
considered statistically significant. All statistical analyses were conduct-
ed using PASW for windows version 17.0 software (SPSS Inc., Chicago,
IL, USA).

3. Results

A total of 3099 patients with acute ischemic stroke were admitted to
our hospital during the study period. Among them, 231 (7.5%) consecu-
tive patients had acute pontine infarcts (181 [78%] were admitted with-
in 48 h of symptom onset). Finally, a total of 205 patients (78 women;
mean age, 72 &+ 11 years) with acute isolated pontine infarcts were en-
rolled in this study, excluding patients with contraindication for MRI by
implanted cardiac devices (n = 9), pontine infarcts involving multiple
vascular territories (n = 16), or lack of intracranial MRA study (n =
1). Of all isolated pontine infarcts, 149 (73%) belonged to the
anteromedial group, 28 (14%) to the anterolateral group, 7 (3%) to the
lateral group and 21 (10%) to the posterior group.

Clinical presentations are shown in Table 1. Pure motor hemiparesis
(P < 0.001), sensory disturbance (P = 0.004), oculomotor disturbance
(P< 0.001) and initial NIHSS score (P < 0.001) were significantly differ-
ent among these four categories. Pure motor hemiparesis (PMH) was
common in patients with an anteromedial pontine infarct, and sensory
and oculomotor disturbances were common in patients with a lateral
infarct. There were significant differences among the four groups in
functional outcome at hospital discharge (P < 0.001). Patients with an
anteromedial pontine infarct had a higher rate (67%) of unfavorable
outcome (Fig. 3).
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Fig. 2. Pontine infarct locations based on DWI. A: anteromedial pontine infarct. B: anterolateral pontine infarct. C: lateral pontine infarct. D: posterior pontine infarct.

Baseline characteristics and radiological findings of the patients are
shown in Table 2. In univariate analyses, there were no significant dif-
ferences between the anteromedial and anterolateral groups. In the LP
group, age (OR, 0.63; 95%Cl, 0.42-0.91) was younger and diabetes
mellitus (OR 0.38; 95%Cl, 0.15-0.94) and basilar artery disease (OR
0.36; 95%Cl, 0.14-0.95) were less frequent than in the anteromedial
group. Multivariate logistic regression analysis demonstrated that basi-
lar artery disease (OR 0.39; 95%Cl, 0.14-0.96) and female sex (OR 0.37;

95%(l, 0.14-0.93) were negatively associated with anterolateral infarcts
compared with anteromedial infarcts (Table 3, Model A). Compared
with anteromedial infarcts, Major cardioembolic sources (mainly AF)
(OR 4.17; 95%Cl, 1.21-14.1) and previous ischemic stroke (OR 2.92:
95%(Cl, 1.09-7.89) were positively associated with LP infarcts, whereas
age (OR 0.55; 95%Cl, 0.35-0.81), diabetes mellitus (OR 0.31; 95%CI,
0.11-0.80) and basilar artery disease (OR 0.27; 95%C], 0.08-0.75) were
negatively associated with LP infarcts (Table 3, Model B).

Table 1
Clinical features based on the location of pontine infarcts.
AM AL Lat Post P value
(N = 149) (N = 28) (N=7) (N=21)
Clinical presentation
Pure motor hemiparesis, n (%) 82 (55%) 14 (50%) 2 (29%) 1(5%) <0.001
Sensorimotor stroke, n (%) 41 (27%) 3(11%) 0 (0%) 5 (24%) 0.114
Sensory disturbance, n (%) 48 (32%) 11 (39%) 4 (57%) 15(71%) 0.004
Oculomotor disturbance, n (%) 7 (5%) 3(11%) 2 (29%) 6 (29%) <0.001
Initial NIHSS score, median (IQR) 4 (2.5-5) 3(1-5.8) 2 (0-3) 2(1-3) <0.001
Functional outcome
Unfavorable outcome, n (%) 100 (67%) 12 (43%) 2 (29%) 6 (29%) <0.001

AM indicates anteromedial; AL, anterolateral; Lat, lateral; Post, posterior.
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Fig. 3. Modified Rankin Scale score at hospital discharge in patients with isolated pontine infarcts at the four different locations.

4. Discussion

This is the first study to explore the underlying mechanisms of the
location of isolated pontine infarcts based on assessment by MRI includ-
ing DWI. The major finding of this study was that major cardioembolic
sources (mainly AF) were relatively common in patients with LP ponti-
ne infarcts, whereas basilar artery atherosclerosis was relatively com-
mon in patients with anteromedial pontine infarcts.

The etiological mechanisms of isolated pontine infarcts based on arte-
rial perfusion territories were not thoroughly assessed. Most previous
studies on the etiology of pontine infarcts focused on anteromedial and
anterolateral infarcts [13-18]. On the basis of pathological findings, the
etiology of anteromedial pontine infarcts reaching to the basal surface
of the pons is the so called basilar artery branch disease, caused by the
atheromatous plaque protruding into the orifice of basilar artery branches

Table 2

Baseline characteristics and radiological findings based on the location of pontine infarcts.

[18], whereas small deep pontine infarcts are usually due to lipohyalinosis
of perforating small arteries [17]. In contrast, previous studies on AICA or
SCA territory infarcts mainly included extrapontine lesions [19-23], and
etiologies of isolated pontine infarcts in the lateral or posterior territories
perfused mainly by AICA and SCA were not determined.

LP infarcts occurred in 14% of our patients with isolated pontine in-
farcts, and major cardioembolic sources were more common in these
patients than in patients with anteromedial infarcts. These results sug-
gest that LP pontine infarcts are likely to be caused by an embolic etiol-
ogy. Because the lateral and posterior pontine regions are perfused
mainly by long circumferential branches such as the AICA or SCA, they
may be more susceptible to embolism. On the other hand, anteromedial
pontine infarcts were independently associated with basilar artery dis-
ease compared with anterolateral and LP infarcts. In addition, patients
with anteromedial pontine infarcts were significantly older and more

AM AL Crude OR? LP [Lat, Post]® Crude ORS
(N = 149) (N = 28) (95%C1) (N = 28) (95%C1)
Women, n (%) 64 (43%) 7 (25%) 044 (0.17-1.11) 7[1,6](25%) 0.45 (0.18-1.11)
Age, average (SD), years® 73 (11) 71(12) 0.86 (0.61-1.24) 67 [66, 67] (10) 0.63 (0.42-0.91)
Risk factor
Diabetes mellitus, n (%) 70 (47%) 14 (50%) 1.13 (0.50~2.53) 7 [3.4] (25%) 0.38 (0.15-0.94)
Hypertension, n (%) 128 (86%) 22 (79%) 0.60 (0.22~1.66) 22 (5,17] (79%) 0.60 (0.22-1.66)
Hyperlipidemia, n (%) 93 (62%) 15 (54%) 0.69 (0.31~-1.57) 154, 11] (54%) 0.69 (031-1.57)
Major cardioembolic sources, n (%) 16 (11%) 4 (14%) 1.39 (0.42~4.50) 62, 4] (21%) 227 (0.80-642)
Atrial fibrillation, n (%) 14 (9%) 4 (14%) 1.61 (0.49~5.30) 5(2,3](18%) 2.10 (0.69-6.38)
Past history
Ischemic stroke, n (%) 38 (26%) 11 (39%) 1.89 (0.81~-4.39) 10[3,7] (36%) 1.62 (0.69-3.82)
Coronary artery disease, n (%) 23 (15%) 4 (14%) 0.91 (0.29~2.88) 11, 0] (4%) 0.20 (0.03-1.57)
Peripheral artery disease, n (%) 8 (5%) 2(7%) 1.36 (0.27~6.75) 00, 0] (0%) 0.74 (0.17-5.07)
Current smoking, n (%) 41 (28%) 8 (29%) 1.05 (0.43~2.58) 12 [4,8] (43%) 1.98 (0.86-4.53)
Habitual alcohol use, n (%) 40 (27%) 8 (29%) 1.09 (0.44~2.67) 11{3,8](39%) 1.76 (0.76-4.09)
Radiological findings
0ld lacunar infarcts, n (%) 62 (41%) 13 (46%) 122 (0.54-2.74) 114, 7] (39%) 091 (0.40-2.07)
White matter lesions, n (%) 47 (32%) 12 (43%) 1.63 (0.71-3.71) 712,5](25%) 0.72 (0.29-1.82)
Basilar artery disease, n (%) 64 (43%) 7 (25%) 044 (0.18-1.11) 6(1,5](21%) 036 (0.14-0.95)
Steno-occlusive lesion, n (%) 19 (13%) 0 (0%) 31[1,2](11%)
Wall irregularity, n (%) 45 (30%) 7 (25%) 3[0,3](11%)

AM indicates anteromedial; AL, anterolateral; Lat, lateral; Post, posterior; LP, lateral plus posterior; OR, odds ratio; Cl, confidential interval; SD, standard deviation.

# OR in AL compared with AM.

Average or number of cases was put in bracket; the former corresponding to lateral group, the latter to posterior group.

b
¢ ORin LP compared with AM.
4 OR of ages was estimated for a change of 10 years in the age variable.



J. Kobayashi et al. / Journal of the Neurological Sciences 339 (2014) 113-117 117

Table 3
Multivariate logistic regression analysis of independent relative factors associated with
infarct locations.

Women 037 0.14-0.93 0.034
White marter lesions 2.28 0.23-5.46 0.074
Basilar artery disease 0.39 0.14-0.96 0.040
B
Age (per 10-year increase) 055 0.35-0.81 0.002
Diabetes mellitus 0.31 0.11-0.80 0.015
Major cardioembolic sources 4.17 1.21-14.1 0.024
Previousischemic swoke 2.92 1.09-7.89 0.033
Basilar artery disease 0.27 0.08-0.75 0.011

AM indicates anteromedial; AL, anterolateral; Lat, lateral; Post, posterior; LP, lateral plus
posterior; OR, odds ratio; CI, confidential interval.

Multivariate analyses were performed adjusting for baseline characteristics and
radiological findings selected by a backward selection procedure.

2 Model A: AL compared with AM (as a reference).

5 Model B: LP compared with AM (as a reference).

frequently diabetic than those with LP infarcts. These findings suggest
that anteromedial infarcts were mainly caused by atherosclerotic
lesions in the basilar artery such as basilar artery branch disease, and
this is consistent with previous studies [13,16,18].

Our study has several methodological strengths compared with pre-
vious studies. First, we examined the association between infarct topog-
raphy and etiology of stroke by classiCorrected proof. tfying pontine
infarcts into four groups according to arterial perfusion territories [8].
In a few previous studies that investigated stroke etiology, the topo-
graphical classification of pontine infarcts included a group described
as tegmental pontine infarcts [3,5]. However, this classification may be
inappropriate because the tegmental group includes both anteromedial
and posterior infarcts. Second, electrocardiography and 24-hour elec-
trocardiographic monitoring were performed in all patients, and this
may have contributed to a higher incidence of AF in our study (11%)
than in previous studies [9]. Therefore, we may have performed a
more accurate analysis of the association between AF and isolated pon-
tine infarct.

This study has some limitations. First, the single-center retrospective
study design might have caused selection bias and statistical errors. Sec-
ond, complicated aortic arch plaque could have served as a source of em-
boli that caused some posterior infarcts, and it was not fully investigated.
Extensive evaluation by transesophageal echocardiography may lead to
better elucidation of stroke mechanisms in isolated pontine infarcts.

In conclusion, we demonstrated that major cardioembolic sources
were relatively common in LP pontine infarcts and basilar artery athero-
sclerosis was relatively common in anteromedial infarcts. The results of
our study suggest that the topographic location of isolated pontine in-
farcts based on arterial perfusion territories provides useful information
on the etiological mechanisms. Especially in LP pontine infarcts, the
sources of embolism including AF should be examined for appropriate
management.
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Abstract

Objectives: In Japan, low-dose rivaroxaban [15 mg QD/10 mg QD for creatinine
clearance of 30—49 mL/min] was approved for clinical use in NVAF patients partly
because of its unique pharmacokinetics in Japanese subjects. The aim of the study
was to determine the anticoagulation intensity of rivaroxaban and its determinant
factors in Japanese stroke patients.

Methods: Consecutive stroke patients with NVAF admitted between July 2012 and
December 2013 were studied. Prothrombin time (PT), activated partial
thromboplastin time (aPTT), and estimated plasma concentration of rivaroxaban
(Cyiv) based on an anti-factor Xa chromogenic assay were measured just before
and 4 and 9 h after administration at the steady state level of rivaroxaban.
Determinant factors for C,, were explored using a linear mixed-model approach.
Results: Of 110 patients (37 women, 75+ 9 years old), 59 took 15 mg QD of
rivaroxaban and 51 took 10 mg QD. C,;, at 4 h was 186 ng/mL for patients taking
15 mg QD and 147 ng/mL for those taking 10 mg QD. Both PT and aPTT were
positively correlated with C,;,. Cy, was 72% lower at 4 h in 15 patients receiving
crushed tablets than in the other patients, and tablet crushing was significantly
associated with lower C,;, (adjusted estimate —0.43, 95% Cl —0.60 to —0.26) after
multivariate-adjustment.

Conclusion: The anticoagulation effects of rivaroxaban in the acute stroke setting
for Japanese NVAF patients were relatively low as compared with those in the
ROCKET-AF and J-ROCKET AF trials. Tablet crushing, common in dysphagic
patients, decreased C,.

PLOS ONE | DOI:10.1371/journal.pone.0113641
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Introduction

Atrial fibrillation (AF) is associated with an increased risk of stroke and
thromboembolism, and effective antithrombotic therapy significantly reduces this
risk [1]. Oral anticoagulant therapy with vitamin K antagonists (VKAs) has been
established as the standard for stroke prevention in patients with AF [2]. Recently,
novel oral anticoagulants (NOACs) have emerged as an alternative to VKAs for
thromboembolic prevention in patients with nonvalvular AF (NVAF). Among
these, rivaroxaban (Bayer Schering Pharma AG, Wuppertal, Germany) is an oral
direct activated coagulation factor X (FXa) inhibitor that binds directly to the
catalytic site of the serine protease FXa independently of antithrombin and
inhibits both free and prothrombinase-bound FXa [3].

To reduce the risk of stroke and systemic embolism in patients with NVAF,
special low dosages of rivaroxaban are recommended in Japan; i.e. 15 mg quaque
die (QD) for patients with creatinine clearance (CrCl) >50 mL/min, and 10 mg
QD for those with CrCl of 15-49 mL/min, as compared to globally approved
dosages of 20 mg QD and 15 mg QD, respectively. This recommendation was
based on the unique pharmacokinetics in Japanese subjects showing higher
rivaroxaban exposure than Caucasian subjects when using the same dosage [4],
and the Japanese Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition
Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism
Trial in Atrial Fibrillation (J-ROCKET AF) proved the safety and efficacy of this
low-dose rivaroxaban medication in Japanese NVAF patients [5]. However, the
anticoagulation effect of rivaroxaban, especially with the low dosage, has been
understudied in the acute stroke setting because acute stroke patients were
excluded in the above pharmacokinetics study and trial. For example, the
ROCKET-AF, J-ROCKET AF, RELY, and ENGAGE AF-TIMI 48 excluded acute
stroke patients within 14 days after onset [5,6,7,8], and the ARISTOTLE
excluded those within 7 days from enrollment [9]. Thus, these major trials did not
prove the efficacy and safety of NOACs for acute stroke patients at all. Various
clinical conditions associated with stroke, such as highly advanced age, differences
in drug administration, and potential damage to the kidney and other organs by
acute stroke effects, might affect anticoagulation intensity. To examine the issue of
the anticoagulation effect of rivaroxaban in clinical practice, the aim was to
determine the anticoagulation intensity of rivaroxaban and its determinant factors
in Japanese patients with stroke.

Methods

Ethic Statement

The study conformed to the guiding principles of the Declaration of Helsinki and
was approved by the local ethics committee of National Cerebral and
Cardiovascular Center. All patients or their next of kin gave their written
informed consent to participate.

PLOS ONE | DOI:10.1371/journal.pone.0113641 November 26, 2014 2/ 1
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Patients and demographic data

Among patients admitted to our cerebrovascular unit due to stroke and transient
ischemic attack (TIA) from July 2012 through December 2013 (recruitment
interrupted from August 2013 to November 2013 due to technical problems), data
of patients who had NVAF and started to take rivaroxaban for the prevention of
stroke and systemic embolism were collected prospectively.

The baseline characteristics of patients, including components of the CHADS,
and CHA,DS,-VASc scores, weight, National Institutes of Health Stroke Scale
(NIHSS) score, renal function, and other medications on the day of blood
collection, as well as whether the rivaroxaban tablet was crushed, were recorded.
Renal function was expressed as CrCl using the Cockcroft and Gault equation.

Blood Collection and Measurements of Coagulation Assays

All patients took rivaroxaban after breakfast. Blood sampling was performed at
least 2 days after rivaroxaban was started, when its concentration was considered
to have reached steady state. Two venous blood samples were collected each time
in citrate-containing tubes just before (0 h) and 4 h and 9 h after drug
administration. The sampling point at 4 h was meant to capture the maximum
concentration of rivaroxaban because the maximum concentration has been
reported to occur 1 to 3 h after tablet intake and to be delayed by 2 h with food
[10]. The sampling point at 9 h was meant to reflect the half-life of rivaroxaban,
which has been reported to be 11 to 13 h in the elderly, partly due to renal
dysfunction [11]. For 1 of the 2 tubes, following double centrifugation at 2,500 g
for 15 min, platelet-poor plasma was collected, quick-frozen, and stored at —80°C
until the analysis for anti-FXa activity was performed. Blood samples were drawn
into a citrate-containing tube using a 21-gauge needle. The prothrombin time
(PT, Recombiplastin [Instrumentation Laboratory, Bedford, MA, USA] and
activated partial thromboplastin time (aPTT, Actin [Siemens Healthcare
Diagnostics Inc., Tarrytown, NY, USA]) were measured immediately, and the
calibrated plasma rivaroxaban concentration (C,,) was analyzed based on the
anti-FXa activity (anti-factor Xa chromogenic assay, STA-Liquid Anti-Xa
[Diagnostica Stago, Asniéres, France]) of the stored samples. Anti-factor Xa
chromogenic assays have previously been shown to have acceptable accuracy and
precision [12], and they have been recommended for quantitative measurements
of rivaroxaban exposure, using rivaroxaban calibrators with results expressed as
ng/mL of rivaroxaban. The minimum detectable sensitivity of estimated
rivaroxaban concentration based on the anti-factor Xa chromogenic assay was
10 ng/mL. If the estimated rivaroxaban concentration was below the limit of
detection, it was treated as 5 ng/mL for convenience. These assays were all
measured on a STA-R coagulometer (Diagnostica Stago, Asnieres, France).

PLOS ONE | DOL:10.1371/journal.pone.0113641 November 26, 2014 3/ 11
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Statistical analysis

Data are presented as values and percentages, means + SD, or medians
(interquartile range). Rivaroxaban concentrations were log-transformed due to
right skewness of the original distributions (log C,;,). The baseline characteristics
and laboratory profiles were compared by rivaroxaban dosage subgroup using the
Wilcoxon signed-rank test for continuous variables and the chi-square test or
Fisher’s exact test for categorical variables.

In order to identify variables affecting rivaroxaban concentrations at the three
fixed time points, a linear mixed-effects (LME) model approach was adopted.
LME models are statistical models that are used in the analysis of clustered or
longitudinal data. LME models estimate the relationship between the dependent
variable and the predictors included in the model, accounting for both the fixed
effects and the random effects of the independent variables. Compared with linear
regression models without considering clustering or temporal effects, LME models
are able to more accurately estimate the fixed effects by estimating the covariance
structure through the inclusion of individual-specific random effects [13]. First,
for the purpose of selecting the variables to be included in the model, the effects of
various baseline characteristics on rivaroxaban concentrations were evaluated,
using a LME model with fixed effects for each variable and time points of blood
sampling and a random effect for patients. Second, variables with P<<0.20 and
time points of blood sampling were included as fixed effects in the LME model
performed with rivaroxaban concentrations, whereas patients were treated as a
random effect. The level of significance was set at 95% (P=0.05). Statistical
analysis was performed using JMP, version 10.0.2 (SAS Institute Inc., Cary, NC,
USA).

Results

Patients’ Characteristics

A total of 126 patients started to take rivaroxaban. Of these, seven patients who
did not consent to participate, one with off-label dosage (7.5 mg QD), and eight
who took rivaroxaban with the evening meal were excluded. Thus, 110 patients
(37 women, 7549 years old) were studied. All patients had breakfast or tube
feeding in the morning on the day of blood collection. Fifty-nine patients (54%)
took 15 mg QD of rivaroxaban, and the other 51 took 10 mg QD. Thirty-seven
patients (34%) taking 10 mg QD had renal function of CrCl 30-49 mL/min. In
addition, six patients with prior intracerebral hemorrhage, one with prior
muscular hemorrhage, and seven very elderly patients took 10 mg QD based on
the judgment of the physician in charge even though their CrCl values were

50 mL/min or greater. Eighty-four patients (76%) were hospitalized due to acute
ischemic stroke, and rivaroxaban was initiated at a median of 5 days after
symptom onset. Eight patients were hospitalized due to acute TIA (initiation of
rivaroxaban at a median of 2.5 days), and seven were hospitalized due to acute
intracerebral hemorrhage (at a median of 11 days). The other 11 patients were
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Table 1. Baseline clinical characteristics of patients.

[ ovens 0110 | 15 mgap(n-59 {10 mp D030 | Puaiue

Women 37(34) 13(22) 24(47) 0.008
Age, y 746+9.4 68.8+7.4 81.4+6.6 <0.001
Congestive heart failure 13(12) 3(5) 10(20) 0.035
Hypertension 70(64) 36(61) 34(67) 0.558
Diabetes mellitus 29(26) 15(25) 14(27) 0.831
Index cerebrovascular events 0.949

Acute ischemic stroke 84(76) 46(78) 38(74)

Acute TIA 8(7) 5(9) 3(6)

Acute intracerebral hemorrhage 7(6) 2(3) 5(10)

Chronic ischemic stroke 11(10) 6(10) 5(10)
Prior vascular disease 11(10) 5(9) 6(12) 0.752
CHADS, 2(1-3) 1(1-2) 2(2-3) 0.001
CHA,DS,-VASc 3(2-4) 2(1-4) 4(3-5) 0.001
Weight 59.1+11.0 64.0+9.4 53.4+10.0 <0.001
NIHSS score on admission 4(2-14) 4(2-13) 5(1-15) 0.727
Concomitant use of antiplatelet agent 8(7) 4(7) 4(8) 0.831
Creatinine clearance (mL/min) 61.6+20.0 74.0+16.7 47.2+12.4 <0.001

30—49 mL/min 37(34) 0(0) 37(73) <0.001
Liver dysfunction

Child-Pugh grade B or C 0(0) 0(0) 0(0) 0.999
Tablet crushing 15(14) 5(9) 10(20) 0.103
Time from initiation of rivaroxaban to blood sampling, day 6(5-7) 6(5-7) 6(5-8) 0.625
Time from strokefl’lA onset to blood sampllng, day 12(8-15)(n=99) 12(8-13)(n=53) 12(9-15)(n=46) 0.212

Data are numbers (%), means+ SD, or medians (interquartile range). *Patients with chronic ischemic stroke are excluded. TIA, transient ischemic attack;
NIHSS, National Institutes of Health Stroke Scale.

doi:10.1371/journal.pone.0113641.t001

hospitalized due to chronic ischemic stroke. The baseline characteristics of the
patients are shown in Table 1. Fifteen patients received crushed rivaroxaban
tablets due to dysphagia (five orally and ten via a nasogastric (NG) tube of which
tip placement in the stomach was confirmed by chest X-ray).

Coagulation markers and estimated rivaroxaban concentration

The distribution of plasma coagulation markers is shown in Table 2. Among the
three sampling points, 99 patients (90%) reached the highest estimated
concentration of rivaroxaban at 4 h, while the other 11 (10%) reached it at 9 h.
The baseline characteristics of these 11 patients did not differ from those of the
remaining 99 patients.

Coagulation markers and C,;, at 0 h, 4 h, and 9 h after administration of two
different dosages are shown in Figure 1. Between the two dosage groups, there
were no significant differences in aPTT and PT at all sampling points. The 15 mg
QD group demonstrated higher rivaroxaban concentrations at 0 h and 9 h than
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Table 2. Coagulation markers and estimated rivaroxaban concentration.

aPTT, sec

PT, sec

PT-INR

Rivaroxaban concentration, ng/mL

32(29-34) 43(37-48) 3(34—41)

12.8(12.1-13.7) 19.4(16.7-22.3) 16.3(14.5-18.2)
1.04(0.98-1.11) 1.56(1.34—1.80) 1.32(1.17-1.47)
11(5-22) 168(109-243) . 65(44-103)

aPTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio.

doi:10.1371/journal.pone.0113641.t002

(sec)

30 4

26 -

22

18

14 4

10

PT

P=0.326

P=0.138

[ —
P=0.878

2 5

10mg 15mg 10mg 15mg 10mg 15mg
QD @b @b Q@D Qb Q@b

Oh 4h Sh

the 10 mg QD group [Figure 1], and the median C, was 27% higher at 4 h
(186 ng/mL vs. 147 ng/mL) and 24% higher at 9 h (73 ng/mL vs. 59 ng/mL).

Both PT and aPTT values were prolonged in a concentration-dependent
manner, and they showed positive correlations with C;, at 0 h, 4 h, and 9 h
(Figure 2). The linearity of the relationship seen between PT and C,;, had a higher
R? value than that between aPTT and Cy.

In comparison to the 95 patients receiving regular tablets, the other 15 patients
receiving crushed tablets showed lower rivaroxaban concentrations at all three
time points [Figure 3]; the median C;, was 72% lower at 4 h (54 ng/mL vs.
193 ng/mL, P<<0.001) and 70% lower at 9 h (21 ng/mL vs. 71 ng/mL, P<0.001).
Cyiv did not differ between the ten patients receiving crushed tablets via an NG
tube (median 46 ng/mL at 4 h) and the five patients receiving oral administration
(median 69 ng/mL, P=0.624). After exclusion of these 15 patients, the median
Ciiv at 4 h of the 95 patients receiving regular tablets was 193 ng/mL (206 ng/mL
for 54 patients on 15 mg QD and 168 ng/mL for 41 patients on 10 mg QD). The
median PT (15.8 sec vs. 20.0 sec at 4 h, P<<0.001) and aPTT values (14.5 sec vs.
16.7 sec t 4 h, P<<0.001) were also shorter in patients receiving crushed tablets
than in the other patients.

In addition to tablet crushing (P<<0.001), congestive heart failure (P=0.073),
diabetes mellitus (P=0.005), NTHSS score on admission (P=0.022), rivaroxaban
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Figure 1. PT (A), aPTT (B), and rivaroxaban concentration (C,;,) at 0 h, 4 h, and 9 h after administration.

doi:10.1371/journal.pone.0113641.g001
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Figure 2. Correlations of estimated rivaroxaban concentration (C,,) with PT (sec) and aPTT (sec) at 0 h (A, B), 4 h (C, D), and 9 h (E, F).

doi:10.1371/journal.pone.0113641.g002

dosage (P=0.029), and time from stroke/TIA onset to blood sampling (P=0.010)
were identified as variables with P<<0.20 by the preceding analysis for the linear
mixed-effect model. Table 3 provides the adjusted estimates and 95% confidence
intervals for the linear mixed-effect model. The results showed that diabetes
mellitus (P=0.029), time from stroke/TIA onset to blood sampling (P=0.047),
and tablet crushing (P<<0.001) were significantly associated with C,.

Discussion

In the present study, the outcomes of conventional clotting tests and anti-factor
Xa chromogenic assays in Japanese stroke patients taking rivaroxaban were
evaluated to assess the anticoagulation intensity of rivaroxaban and explore its
determinant factors. The anti-factor Xa chromogenic assay has showed acceptable
accuracy and precision for quantitative measurements of rivaroxaban exposure,
using rivaroxaban calibrators. The first major finding of this study was that C, at
4 h, indicating nearly peak concentration, was relatively low as compared with the
maximum C, values in the ROCKET AF and J-ROCKET AF trials. The second
major finding was that tablet crushing decreased anticoagulation intensity.
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Figure 3. Comparison of rivaroxaban concentrations between groups with tablet crushing [TC (+)] and
those without [TC (—)]. TC indicates tablet crushing.

doi:10.1371/journal.pone.0113641.9003

Since stroke patients are often aged and often have renal dysfunction [14, 15],
lower dosages of NOACs tend to be chosen for such patients. In particular, special
low dosages of rivaroxaban are recommended in Japan. Thus, we had a concern
that C,;, in Japanese stroke patients was much lower than C, from global data.
On the other hand, by transiently worsened renal function in the acute stroke
setting, there was also a concern about accidental elevation of C,,. According to
exposure simulations performed in patients included in the ROCKET AF and

Table 3. Linear mixed-effect model to determine variables that influence rivaroxaban concentration.

Congestive heart failure No Reference 0.482
Yes 0.07 (=0.11 to 0.23)

Diabetes mellitus No Reference 0.029

; : Yes - 0.13(0.01 t0 0.25)

NIHSS score, per 1 point ~0.01(~0.02 to 0.01) 0.346

Rivaroxaban dosage 15 mg QD Reference 0.146
10 mg QD —0.08 (—0.19 to 0.03)

Tablet crushing , No Reference <0.001
Yes —0.43 (—0.60 to —0.26)

Time from stroke/TIA onset to blood sampling, per day —0.02.(=0.03 to 0.01) 0.047

Time points of blood sampling Oh Reference

' 4h 1.13 (1.06 to 1.20) <0.001

9h 0.29 (0.22 to 0.37) <0.001

NIHSS, National Institutes of Health Stroke Scale; TIA, transient ischemic attack.

doi:10.1371/journal.pone.0113641.t003
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J-ROCKET AF trials, the maximum C, in Japanese patients with 15 mg QD
(mean 249 ng/mL, ]-ROCKET AF) was identical with that in non-Japanese
patients with 20 mg QD (mean 249 ng/mL, ROCKET AF), and the maximum C,
in Japanese with 10 mg QD (mean 168 ng/mL) was lower than that in non-
Japanese with 15 mg QD (mean 229 ng/mL) [4]. These levels were still higher
than the mean C, at 4 h in the present patients (197 ng/mL for 15 mg QD,
163 ng/mL for 10 mg QD). A reason for the large difference in C,;, was inclusion
of patients receiving crushed tablets in the present study, since the mean C, at
4 h only in the patients receiving uncrushed tablets showed smaller differences
from previous data (207 ng/mL for 15 mg QD, 188 ng/mL for 10 mg QD).

Previous studies demonstrated an 18% decrease in maximum C, for the
crushed tablets suspended in water and administered via an NG tube followed by
a liquid meal, compared to that after the whole tablet [10, 16], and a 29% decrease
in AUC and a 56% decrease in maximum C, when the granulate was directly
released into the proximal small intestine immediately followed by food. Thus,
absorption of rivaroxaban seems to be dependent on the site of drug release in the
gastrointestinal tract [10]. Indeed, the manufacturer recommends avoiding
administration of rivaroxaban directly into the proximal small intestine (e.g.,
feeding tube) and illustrates the administration of crushed tablets via an NG tube
or gastric feeding tube as a special option if patients are unable to swallow whole
tablets. However, the present differences in C,;, between patients receiving
crushed tablets and those receiving whole tablets were more divergent (72% at
4 h) than the above-mentioned results. Since rivaroxaban tablets are small,
practically insoluble in water, and need to be crushed and suspended in water
instead of a simple suspension method when administered via an NG tube [10],
drug loss in the grinding, sifting, and packaging processes or drug remaining in
the syringe and NG tube may occur.

Another possible reason for the low C,, in the present patients was that the
data were based on fixed time-point measurements, not on consecutive
measurements to identify the peak level. The timing of blood sampling at 4 h in
the present study was determined based on the previous finding noted in the
Methods [10]. However, 10% of the present patients showed higher C;, at 9 h
than at 4 h, suggesting that the peak concentration time could be delayed in the
clinical setting of acute stroke care, probably because the patients are old and
often have renal dysfunction. Additionally, a previous phase-1 study displayed
minor double peaks in rivaroxaban concentration after receiving crushed tablets
via NG tubes; the first peak occurring around 45 minutes, and the second one
between 4 and 6 h [16]. Our sampling timing at 4 h may be the nadir of biphasic
peaks.

Although reduced CrCl is the only criterion for selecting a low dosage of
rivaroxaban (10 mg QD) in Japan, 14 patients without a reduced CrCl were also
given a low dosage based on the judgments of the physicians in charge because
they had a history of bleeding or were very old. Such judgments appeared to
contribute to the present low Cy;, values. In addition, some patients might show
higher serum creatinine levels in the acute stage of stroke than usual due to
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hypovolemia and potential damage by acute stroke. CrCl in such patients might
return to higher levels within several days; that might be another cause of the
present low C, values.

The present study showed a linear relationship between PT and C,;,, as was also
shown in the J-ROCKET AF and ROCKET AF trials [4, 17]. The present study also
showed a linear relationship between aPTT and C,,, although the R? level was
lower than that of PT, and most earlier publications showed that aPTT is less
sensitive than PT for rivaroxaban exposure assessment [18, 19]. However, the
aPTT and PT results should be carefully interpreted because their sensitivities
depend on the reagents.

The unique point of the present study was that most of the studied patients
were enrolled into the study soon after onset of stroke or TIA; such acute patients
infrequently studied after the approval of clinical use of NOACs. Although the
optimal timing for initiation of NOACs has not been established, none of 412
patients who began to take NOAC:s in acute stage of ischemic stroke/TIA did not
develop intracranial hemorrhage during acute hospitalization in our ongoing
multicenter observational SAMURAI-NVAF study (Toyoda K, et al: unpublished
data). The limitations of the present study included a relatively small sample size
and the poor estimation accuracy of the anti-Xa chromogenic assay for C;;, when
the concentration is low, as well as the fixed-point measurement of antic-
oagulation intensity.

In conclusion, this is the first study of Japanese stroke patients examining the
anticoagulation intensity of rivaroxaban. The impressive finding was that tablet
crushing, required for dysphagic patients, who are common in stroke medicine,
decreased rivaroxaban concentration. Thus, tablet crushing should be carefully
considered. At the least, patients with CrCl >50 mL/min should not be given a
lower dosage (10 mg QD) when they need tablet crushing.
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Background and purpose: An index for predictors of stroke outcome was deter-
mined based on the National Institutes of Health Stroke Scale (NIHSS) scores dur-
ing 1-h intravenous administration of recombinant tissue-type plasminogen
activator (rt-PA).

Methods: Stroke patients with baseline NIHSS score >8 and occlusion at the inter-
nal carotid or middle cerebral arteries (ICA, MCA) were retrospectively studied
from a prospective single-center registry. NIHSS scores and inverse change from
baseline scores (ANTHSS) were assessed at 30 min and 1 h after rt-PA infusion.
Patients were divided into two groups according to arterial occlusion sites: group P,
ICA or proximal M1; and group D, distal M1 or M2. A modified Rankin Scale
score of 2—6 at 3 months was defined as an unfavorable outcome.

Results: In all 108 patients, the cutoff NIHSS score predicting unfavorable out-
come was >12 and cutoff ANIHSS scores were <2 at both 30 min and 1 h. In group
P (n = 36), the cutoff NIHSS score was >14 at both 30 min and 1 h and cutoff ANI-
HSS scores were <I at 30 min and <2 at 1 h. Unfavorable outcome was seen in all
patients with NIHSS; , > 14, ANIHSS3¢ min < 1 and ANIHSS; < 2. In group D
(n = 72), the cutoff NIHSS scores were >12 at both 30 min and 1 h, and cutoff
ANTHSS scores were <2 at 30 min and <7 at 1 h; 90% of patients with unfavorable
outcome showed ANIHSS; , < 7.

Conclusion: NIHSS and ANIHSS during 1-h rt-PA infusion seemed predictive of

3-month outcome when the site of arterial occlusion was identified prior to rt-PA.

Introduction

Intravenous (IV) recombinant tissue-type plasminogen
activator (rt-PA) is recommended for acute ischaemic
stroke within 4.5 h of symptom onset, although fewer
than half of the patients return to a completely inde-
pendent status by 3 months after treatment [1,2].
When IV rt-PA proves ineffective, additional endovas-
cular thrombectomy using methods such as the
MERCI Retriever, Penumbra System or newer retriev-
able stents has the potential to recanalize the occluded
artery [3-7], although the clinical advantage of the
thrombectomy over IV thrombolysis has not been
proved in large trials [8-10]. Generally, the shorter
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time from onset to treatment is related to better out-
comes in patients treated with either IV rt-PA or en-
dovascular therapy [11-13]. However, the optimal
timing for additional thrombectomy is unclear. Some
patients have shown recovery from the initial deficits
several hours after rt-PA therapy. However, waiting
too long will miss the window of opportunity for opti-
mal results of thrombectomy. Angiographic identifica-
tion of residual arterial occlusion after rt-PA is a
practical strategy for determining the timing of addi-
tional thrombectomy [4]. Determination of such tim-
ing based on symptomatic indicators, including a
National Institutes of Health Stroke Scale (NIHSS)
score, would be easier and more convenient than
angiographic identification. Although several studies
reported the contribution of changes in NIHSS scores
within 24 h to outcomes after IV rt-PA [14-18], some
determined the contribution of the change within 1 h

411



