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Background: Although atrial fibrillation (AF)-associated acute ischemic stroke (AIS) is on the rise, is devastating, and life-threatening,
there is limited data on the clinical course and in-hospital mortality of patients treated in the intensive care unit (ICU). This study
aimed to describe the clinical course and factors associated with in-hospital mortality in AF-associated AIS patients admitted to the
ICU.

Methods: This study was a retrospective analysis of a prospective nationwide multicenter cohort including non-valvular AF-AIS pa-
tients receiving ICU care admitted to 14 stroke centers in South Korea from 2017 to 2020. In-hospital outcomes, including in-hospital
mortality and neurological deterioration (ND) have been described.

Results: Amongst 2,487 AF-associated AIS patients, 259 (10.4%) were treated in the ICU. In-hospital mortality and ND occurred in
8.5% and 17.0% of the patients, respectively. Higher rates of initial National Institute for Health Stroke Scale scores, symptomatic
steno-occlusive lesions, and CHA,DS,-VASc (Congestive Heart Failure, Hypertension, Age =75 [Doubled], Diabetes Mellitus, Prior Stroke
or Transient Ischemic Attack [Doubled], Vascular Disease, Age 65-74, Female) scores were found in those with in-hospital mortality.
The CHA,DS,-VASc score after admission increased the risk of in-hospital mortality (odds ratio [OR], 1.48; 95% confidence interval
[Cl], 1.00-2.18) were associated with in-hospital mortality. Antithrombotic use within 48 hours was related to decreased in-hospital
mortality (OR, 0.26; 95% Cl, 0.10-0.67).

Conclusion: ICU care in AF-associated AlS is common, and the establishment of optimal treatment strategies in the ICU may be need-
ed.
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INTRODUCTION

Atrial fibrillation (AF) is a major risk factor for ischemic stroke,
contributing to an incremental risk of more than five times [1].
Furthermore, AF was associated with more severe symptoms and
a greater than 30-day mortality risk among acute ischemic stroke
(AIS) patients as per the Framingham sub-study [2]. As AF prev-
alence increases with age from 0.1% in those aged <55 years to
9.0% in those aged 80 years or older [3], the number of AF-relat-
ed embolic events is estimated to triple by 2050 with an increasing
average life span [4]. Therefore, discussions on treatment strate-
gies for this devastating, life-threatening, and increasing AF-asso-
ciated AIS is essential to improve patient care [5].

Proper management in the intensive care unit (ICU) is known
to improve outcomes in neurological diseases [6]. For AIS, ICU
care is focused on post-reperfusion management, cerebral edema/
increased intracranial pressure (IICP) treatment, determination
of surgical options, prevention of stroke progression and recur-
rence, and airway/respiratory support [7,8]. If AF-AIS patients
have greater infarct size, infarct growth, and hemorrhagic transfor-
mation rates [9], dedicated ICU care for the indicated AF-AIS pa-
tients is essential, and the role of ICU care should especially be
highlighted in them. However, data regarding AF-AIS patients
treated in the ICU are scarce.

Understanding individual profiles and clinical courses may be
required to establish optimal treatment strategies to enhance out-
comes in AF-AIS patients in the ICU. In this study, we aimed to
describe baseline characteristics and stroke information in AF-as-
sociated AIS patients treated in the ICU, compared to those who
did not; further, the clinical parameters associated with in-hospital
mortality using clinical data from a prospective nationwide multi-
center AF cohort study were investigated.

METHODS

Study subjects

Among AIS patients admitted to 14 stroke centers in Korea, the
East Asian Ischemic Stroke Patients with Atrial Fibrillation Study
(EAST-AF) Part I was used to provide risk stratification tools for
assessing the risk of stroke recurrence by collecting clinical and
neuroimaging characteristics potentially associated with clinical
outcomes. The EAST-AF Part II prospectively enrolled patients
with nonvalvular AF. These patients included those with priorly
known AF and AF diagnosed after stroke upon routine electrocar-
diography, automatic electrocardiography monitoring or 24-hour
Holter monitoring during their hospital stay. Clinical information
and outcome data were derived from the Clinical Research Col-
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laboration for Stroke in Korea (CRCS-K) registry [10].

A total of 15,353 patients admitted to the EAST-AF-Part II par-
ticipating centers between October 26, 2017, and March 31,
2020, were screened. Amongst 2,690 non-valvular AF patients
who provided informed consent, we included 2,489 patients who
completed clinical and neuroimaging data from the prospective
registry in this study (Fig. 1). After excluding two patients with
essential clinical information, 2,487 patients were included in the
analysis. In total, 259 ICU patients were enrolled in the current
study. ICU admission was determined by neurological (malignant
middle cerebral artery infarction, stroke causing decreased con-
sciousness, in need of treatment for increased intracranial cerebral
pressure or monitoring, etc.), cardiopulmonary (cardiac arrest,
heart failure, pneumonia, pulmonary embolism, acute respiratory
distress syndrome requiring intubation and ventilator support),
and other clinical conditions. Physicians determined the need for
ICU care [6,11].

Data collection and outcome assessment

Clinical data were obtained from the CRCS-K database, including
records of intensive care during hospital stay. Information on sex,
age, vascular risk factors including hypertension, diabetes, dyslip-
idemia, smoking status, history of stroke and coronary heart dis-
ease, and heart failure was further collected. Data on prior anti-
thrombotic and premorbid functional statuses were also collected.
Stroke information such as systolic and diastolic blood pressure,
initial glucose level, initial National Institute for Health Stroke
Scale (NIHSS) score, symptomatic steno-occlusive lesion ( > 50%
stenosis or occlusion) [12], emergent revascularization therapy
(intravenous thrombolysis and endovascular treatment [EVT]),

15,353 Acute ischemic stroke admitted
between Oct 26, 2017 and Mar 31, 2020

A4
2,690 Non-valvular atrial fibrillation with
written consent

A4

2,489 Completed clinical and
neuroimaging data

.| Exclusion
2 Essential clinical information

v
| 2,487 Analyzable population |

.| Exclusion
2,228 Patients without ICU care

v
| 259 Patients with ICU care |

Fig. 1. Study population. ICU, intensive care unit.
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and acute antithrombotic treatment including antiplatelet and an-
ticoagulant therapy within 48 hours of admission were evaluated.
Door-to-needle time was defined in 89 patients who underwent
intravenous thrombolysis and an onset-to-arrival of <24 hours.
Door-to-puncture time was defined in 99 patients who under-
went EVT and an onset-to-arrival of <24 hours, and on-
set-to-reperfusion time was defined in 79 patients who underwent
EVT, >2a thrombolysis in cerebral infarction, and an onset-to-ar-
rival of <24 hours.

The primary outcome was in-hospital mortality rate. Among
the three discharge states, in-hospital mortality, transfer to other
departments, and discharge, the occurrence of in-hospital mortal-
ity was analyzed. In-hospital mortality included patients with
hopeless discharge. The occurrence of neurological deterioration
(ND) was also assessed. ND was defined as any new neurological
symptoms or signs worsening among patients with a total NTHSS
score >2 or an increase in the NIHSS subscore of > 1 for con-
sciousness or motor function level, occurring during the hospital
stay within 3 weeks of onset [13]. Stroke recurrence, stroke pro-
gression, symptomatic hemorrhagic transformation, and other
causes including myocardial infarction, pulmonary embolism,
deep vein thrombosis, or unknown etiologies constituted ND.
Stroke recurrence was determined as having new discrete lesions
on brain imaging. Stroke progression was defined as neurologic
deterioration lasting more than 24 hours due to progressive isch-
emia, swelling, or perilesional edema of the infarcted area, distin-
guished from stroke recurrence with brain imaging, which is
caused by new discrete lesions [ 14 ]. Amongst stroke progression,
brain swelling/IICP was defined as ND caused by swelling of in-
farcted tissue or perilesional edema that was confirmed by a phy-
sician with brain imaging. Symptomatic hemorrhagic transforma-
tion was diagnosed as per European Cooperative Acute Stroke
Study (ECASS) criteria, defined as any hemorrhage site found on
brain imaging that caused a decrease in the NIHSS score of >4
[15,16]. The modified Rankin scale scores at discharge and num-
ber of admission days were also obtained. The change in NIHSS
score from the initial NTHSS score to the discharge NIHSS score

was calculated.

Statistical analysis

Baseline characteristics and stroke information of patients in the
ICU were described as mean * standard deviation or median (in-
terquartile range [IQR]), as appropriate. The discharge status and
proportion of ND were described. Patients who received ICU
care were further distinguished based on the occurrence of in-hos-
pital mortality. We compared the baseline characteristics and
stroke information between patients with and without in-hospital
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mortality. Clinical parameters that differed between the two
groups were determined using the chi-square test or Fisher’s exact
test for categorical variables and Student t-test or Mann Whitney
U-test for continuous variables, as appropriate. Among variables
of P<0.05 in difference between the two groups, the relationship
between in-hospital mortality and clinical parameters in differ-
ence was analyzed by binary logistic regression model. We estab-
lished multivariable models as follows: (1) unadjusted model and
(2) adjusted model with the initial NTHSS score. With substantial
validated predictability, the initial NIHSS score was chosen as a
variable for adjustment [17]. Due to the limited number of out-
comes, the variables were adjusted with the initial NIHSS score. If
the CHA,DS,-VASc (Congestive Heart Failure, Hypertension,
Age >75 [Doubled], Diabetes Mellitus, Prior Stroke or Transient
Ischemic Attack [Doubled], Vascular Disease, Age 65-74, Fe-
male) score was related to the outcome, variables that were com-
ponents of the CHA,DS,-VASc score were not included in the
multivariable model, considering potential multicollinearity. Mul-
ticollinearity between the initial NIHSS score and the variables
was evaluated using the variance inflation factor, and no signifi-
cant relationship was found. Odds ratios (ORs) and 95% confi-
dence intervals (Cls) were also calculated. Data were analyzed us-
ing R 4.1.3, and a P-value of <0.05 was considered statistically

significant.

RESULTS

Demographics and stroke information were described for patients
receiving ICU care (Table 1). The median age was 78 (IQR, 69—
83) and the median CHA,DS,-VASc score was 5.5+ 1.3. Anti-
thrombotics prior to the index stroke were used in 43.2% of pa-
tients. The median NIHSS score was 14 (IQR, 8-19) and 53.7%
of the patients underwent emergent revascularization therapy.
Among the AF-associated AIS patients treated in the ICU, in-hos-
pital mortality occurred in 22 patients (8.5%) (Table 2). Two-
thirds of the patients were discharged. ND occurred in 17.0% of
patients. Stroke progression occurred in 10.4% of the patients and
was the most frequent subtype of ND, which included 5.8% of the
patients whose ND was caused by brain swelling or increased in-
tracranial cerebral pressure. Symptomatic hemorrhagic transfor-
mation was observed in 2.3% of patients. After admission, the me-
dian decrease in the NIHSS score was 3.

Comparing patients without in-hospital mortality among
AF-associated stroke in the ICU, patients with in-hospital mortali-
ty were older, had higher CHA,DS,-VASc score, initial NTHSS
score, proportion of symptomatic steno-occlusive lesions, and
lower acute antithrombotic treatment within 48 hours (Table 3).

https://doi.org/10.18700/jnc.220063
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Table 1. Baseline characteristics of atrial fibrillation-associated
acute ischemic stroke patients with intensive care management

Table 2. In-hospital outcomes of atrial fibrillation-associated acute
ischemic stroke patients treated in the intensive care unit

Variable Value (n=259)
Sex
Female 128 (49.4)
Male 131 (50.6)
Age (yr) 78 (69-83)

Onset to arrival 87.0 (43.5-290.5)

Vascular risk factor

Hypertension 182 (70.3)
Diabetes 88 (34.0)
Dyslipidemia 72 (27.8)
Current smoking 36 (13.9)
History of stroke 56 (21.6)
History of coronary heart disease 42 (16.2

)
Heart failure 35(13.5)
CHA,DS,-VASc score 5.5+1.3

Prior antithrombotics 112 (43.2)
Premorbid mRS 0 (0-1)

Stroke information

Systolic BP (mmHg) 151.3+27.9
Diastolic BP (mmHg) 87.7+ 19.0
Initial glucose (mg/dL) 152.3+79.5
Initial NIHSS score 14 (8-19)
Symptomatic steno-occlusive lesion 168 (64.9)
Emergent revascularization therapy 139 (53.7)

40.0 (27.0-53.0)
107.0 (76.0-142.5)

Door to needle time (min)”
Door to punture time (min)”
Onset-to-reperfusion time (min)? 229.0 (187.5-295.0)
Antithrombotics within 48 hours 210 (81.1)

Values are presented as number (%), median (interquartile range), or
meanztstandard deviation.

mRS, modified Rankin scale; BP, blood pressure; NIHSS, National
Institutes of Health Stroke Scale.

IDefined in 89 patients who underwent intravenous thrombolysis and an
onset-to-arrival of <24 hours; *Defined in 99 patients who underwent
endovascular treatment and an onset-to-arrival of <24 hours; “Defined
in 79 patients who underwent endovascular treatment, with thrombolysis
in cerebral infarction of >2a, and an onset-to-arrival of <24 hours.

In the logistic regression model, the initial NTHSS score increased
the odds of in-hospital mortality in the unadjusted model (OR,
1.11; 95% CI, 1.05-1.19) (Table 4). When adjusted for the initial
NIHSS score, CHA,DS,-VASc score (OR, 1.48; 95% CI, 1.00—
2.18]) increased the risk of in-hospital mortality, while symptom-
atic steno-occlusive disease (OR, 2.72; 95% CI, 0.76-9.68) did
not. Antithrombotic use 48 hours after admission was associated
with a low mortality risk (OR, 0.26; 95% CI, 0.10-0.67).

DISCUSSION

In this retrospective analysis of a multicenter prospective cohort

https://doi.org/10.18700/jnc.220063

Outcome Study population

(h=259)
Discharge state
In-hospital mortality” 22 (8.5)
Transfer to other departments 59 (22.8)
Discharge 178 (68.7)
Early neurological deterioration 44 (17.0)
Stroke recurrence 6(2.3)
Ischemic recurrence 5(1.9)
Hemorrhagic recurrence 1(0.4)
Stroke progression 27 (10.4)
Brain swelling/IICP 15 (5.8)
Symptomatic hemorrhagic transformation 6(2.3)
Others 5(1.9)
mRS at discharge 4 (2-5)
Admission day 15.4£19.0
Discharge NIHSS score 6 (2-16)
NIHSS score change 3(0-9)

Values are presented as number (%), median (interquartile range), or
meanzstandard deviation.

[ICP, increased intracranial pressure; mRS, modified Rankin scale; NIHSS,
National Institute of Health Stroke Scale.

a’In-hospital mortality includes hopeless discharge.

of AF-associated AIS patients, approximately one-tenth of the pa-
tients were managed in the ICU. The CHA,DS,-VASc score was
associated with increased in-hospital mortality, whereas anti-
thrombotic treatment within 48 h was related to low in-hospital
mortality. ND and stroke progression, including brain swelling,
were frequently observed in these patients. A decrease in the NI-
HSS score from admission to discharge was observed.

Several studies on AIS patients receiving ICU care have report-
ed variable hospital mortality and functional outcomes [11,18].
Compared with previous literatures (25%-40%), the in-hospital
mortality rate was quite low (8.5%). This finding might be attrib-
utable to the variable indications of ICU admission according to
hospital policy or physicians’ decisions. An observational study of
neurological and neurosurgical ICU in Korea reported similar
in-hospital mortality (7.3% for ICU and 4.7% for neurosurgical
ICU), comparable to the current study [6]. This study also sug-
gests the potential benefit of ICU care with the improvement of
NIHSS score of 3 points at discharge, and the rates of patients
with an indication of neurological treatment. As neurological as-
pects of ICU care in AIS patients concentrate on post-reperfusion
therapy and ND [7,8,19,20], this study reported that emergent
revascularization therapy reported in 53.7% of ICU-treated pa-
tients could be a potential target population for the neurological
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Table 3. Comparison of baseline characteristics and outcomes in atrial fibrillation-associated acute ischemic stroke patients treated in the
intensive care unit according to in-hospital mortality

Variable In-hospital mortality (+) (n=22) In-hospital mortality (<) (n=237) P-value
Sex 0.163”
Female 14 (63.6) 114 (48.1)
Male 8 (36.4) 123 (51.9)
Age (yr) 81 (76-86) 78 (68-83) 0.029"
Onset to arrival 101.0 (41.0-391.0) 87.0 (44.0-277.0) 0.810
Vascular risk factor
Hypertension 13 (59.1) 169 (71.3) 0.230°
Diabetes 11 (50.0) 77 (32.5) 0.097”
Dyslipidemia 4(18.2) 68 (28.7) 0.455”
Current smoking 3(13.6) 33 (13.9) 1.000”
History of stroke 4(18.2) 52 (21.9) 0.793"
History of coronary heart disease 6(27.3) 36 (15.2) 0.141?
Heart failure 1(4.5) 34 (14.3) 0.328"
CHA,DS,-VASc score 6.1£1.3 5.4+1.3 0.022
Prior antithrombotics 9 (47.4) 103 (42.9) 0.706”
Premorbid mRS 0 (0-2) 0 (0-1) 0.125
Stroke information
Systolic BP (mmHg) 155.5£29.8 150.91£27.8 0.462
Diastolic BP (mmHg) 95.84+29.2 86.9+17.7 0.175
Initial glucose (mg/dL) 170.5+62.0 150.6+80.8 0.264
Initial NIHSS score 19 (14-24) 14 (7-18) 0.002"
Symptomatic steno-occlusive lesion 19 (86.4) 149 (62.9) 0.027"0
Emergent revascularization therapy 10 (45.5) 129 (54.4) 0.419”
Door to needle time (min)® 37.0 (35.0-45.5) 40.5 (26.0-53.0) 0.790
Door to punture time (min)” 108.0 (92.0-160.0) 107.0 (75.0-142.0) 0.484
Onset to reperfusion time (min)? 367.0 (269.5-423.0) 226.0 (184.0-285.0) 0.164
Antithrombotics within 48 hours 11 (50.0) 199 (84.0) <0.001%7

Values are presented as number (%), median (interquartile range), or meanzstandard deviation.

mRS, modified Rankin scale; BP, blood pressure; NIHSS, National Institutes of Health Stroke Scale.

a]Chi—square test; Fisher's exact test; “Defined in 89 patients who underwent intravenous thrombolysis and an onset-to-arrival of <24 hours; IDefined
in 99 patients who underwent endovascular treatment and an onset-to-arrival of <24 hours; “Defined in 79 patients who underwent endovascular
treatment, with thrombolysis in cerebral infarction of >2a, and an onset-to-arrival of <24 hours; fIndicates P<0.05.

Table 4. Odds ratio of variables for associating in-hospital mortality in atrial fibrillation-associated acute ischemic stroke patients treated in
the intensive care unit

OR of initial NIHSS score
OR (95% Cl)

OR of variables
OR (95% Cl)

Variable Model

P-value P-value

CHA,DS,-VASc score (per 1 point increment) Unadjusted 1.52 (1.06-2.19) 0.024

Adjusted with NIHSS 1.48 (1.00-2.18) 0.049 1.11 (1.04-1.18) 0.002
Symptomatic steno-occlusive lesion Unadjusted 3.74(1.08-13.00)  0.038

Adjusted with NIHSS 2.72 (0.76-9.68) 0.123 1.11 (1.04-1.18) 0.003
Antithrombotics within 48 hours Unadjusted 0.19 (0.08-0.47) <0.001

Adjusted with NIHSS 0.26 (0.10-0.67) 0.005 1.10 (1.03-1.17) 0.007
Initial NIHSS score (per 1 point increment) Unadjusted 1.11 (1.05-1.19) <0.001

OR, odds ratio; NIHSS, National Institute of Health Stroke Scale; Cl, confidence interval.
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management in the ICU.

Several clinical parameters have been associated with in-hospi-
tal mortality in patients with ICU-treated AF-associated AIS.
The CHA,DS,-VASc score is a well-established risk stratification
tool for stroke and thromboembolism in AF [21]. CHA,DS,-
VASc score has been reported as an independent value to predict
long-term mortality in AF patients [22]. The current study sug-
gests that the CHA,DS,-VASc score could be utilized for predict-
ing the in-hospital mortality of ICU-treated AF-associated AIS
patients, and a meticulous inspection of adverse events in pa-
tients with high scores might be needed to enhance in-hospital
outcomes. Symptomatic steno-occlusive lesions showed a ten-
dency to increase mortality risk without statistical significance in
the current study. In the previous literature, symptomatic ste-
no-occlusive lesions were associated with unfavorable functional
outcomes in AIS patients [22]. In the era of EVT for AIS patients
[23], treatment strategies for the failed recanalization cases might
be developed in neurocritical care, which constituted 86% of the
expired patients in the current study. Furthermore, although
EVT was performed in the indicated patients, a treatment plan
for obtained recanalization with a large infarct core is also need-
ed, as AF is one of the risk factor for futile recanalization follow-
ing EVT [24].

The lower risk of mortality in patients receiving acute anti-
thrombotic treatment might be attributable to the preventive ef-
fect as well as selection bias. Acute antithrombotic therapy has
been proven to reduce the risk of stroke recurrence and has been
applied to AIS patients in current practice [25,26]. However, a
discrepancy in stroke severity (median initial NIHSS score of 19
vs. 14 in patients who died and survived, respectively) infers a dif-
ference in neurologic and medical conditions between the two
groups. Therefore, a cautious interpretation is needed for acute
antithrombotic treatment in patients with ICU-treated AF-associ-
ated AIS. In the acute phase of AF-associated ischemic stroke,
physicians often face a great dilemma in initiating anticoagulation
and optimal timing of commencement due to the risk of hemor-
rhagic transformation [27]. As a larger infarction is a strong pre-
dictor of hemorrhagic transformation in AF-associated stroke
[28], guidelines on starting anticoagulation therapy recognize a
distinction in their recommendations according to stroke severity
[29,30]. Ongoing trials on anticoagulation timing are expected to
provide high-level of evidence with safety and efficacy profiles
[31,32]. A thoughtful risk-benefit balance in initiating anticoagu-
lation therapy based on individual clinical situations is required
for severe AF-associated AIS patients.

This study has several strengths. To our knowledge, this is the
largest prospective AF cohort study in Asia, consisting of 14 na-
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tionwide stroke centers. This cohort represents the current clini-
cal status and real-life practice of AF stroke management in Korea.
As we collected data from a nationwide multicenter prospective
cohort, we also attempted to reduce bias in the enrollment of par-
ticipants. This cohort had a high outcome capture rate (3-month
capture rate, 99%), on which this study could provide relatively
accurate outcome information.

However, this study has several limitations. First, as decisions of
ICU admission vary according to the centers’ policy in the indica-
tion, medical resources, and physicians’ opinions, the variable ef-
fect of the center or physician might be present. Detailed informa-
tion on the indication for ICU admission and the time from onset
to ICU admission were not available. Second, some patients with
irreversible neurological damage with very severe stroke or under-
lying incurable progressive diseases, including malignancy, could
have rejected ICU care, but resulted in in-hospital mortality and
might not have been included in this study. Third, specific echo-
cardiographic findings, such as left atrium diameter or cardiac
markers, including brain natriuretic peptide or cardiac enzymes,
were not included in the analysis. Further studies involving specif-
ic cardiac markers are warranted in the future.

In conclusion, ICU care is common in patients with AF-associ-
ated ischemic stroke. Initial stroke severity and CHA,DS,-VASc
score increased the risk of in-hospital mortality whereas anti-
thrombotic treatment was associated with decreased risk. To im-
prove patient outcomes in AF-associated AIS, establishing opti-
mal treatment strategies with upcoming high-level evidence may
be required.
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