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ABSTRACT

Background: Neurocritical care by dedicated neurointensivists may improve outcomes of
critically ill patients with severe brain injury. In this study, we aimed to validate whether
neurointensive care could improve the outcome in patients with critically ill acute ischemic
stroke using the linked big dataset on stroke in Korea.

Methods: We included 1,405 acute ischemic stroke patients with mechanical ventilator
support in the intensive care unit after an index stroke. Patients were retrieved from linking
the Clinical Research Center for Stroke Registry and the Health Insurance Review and
Assessment Service data from the period between January 2007 and December 2014. The
outcomes were mortality at discharge and at 3 months after an index stroke. The main
outcomes were compared between the centers with and without dedicated neurointensivists.
Results: Among the included patients, 303 (21.6%) were admitted to the centers with
dedicated neurointensivists. The patients treated by dedicated neurointensivists had
significantly lower in-hospital mortality (18.3% vs. 26.8%, P=0.002) as well as lower
mortality at 3-month (38.0% vs. 49.1%, P < 0.001) than those who were treated without
neurointensivists. After adjusting for confounders, a treatment without neurointensivists
was independently associated with higher in-hospital mortality (odds ratio [OR], 1.59; 95%
confidence intervals [CIs], 1.13-2.25; P= 0.008) and 3-month mortality (OR, 1.48; 95% ClIs,
1.12-1.95; P=0.005).

Conclusion: Treatment by dedicated neurointensivists is associated with lower in-hospital
and 3-month mortality using the linked big datasets for stroke in Korea. This finding stresses
the importance of neurointensivists in treating patients with severe ischemic stroke.
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INTRODUCTION

Neurocritical care is a subspecialty of critical care medicine that provides optimal and
specialized care to neurocritically ill patients.!3 Those patients require special, integrated care
on the neurological as well as systemic problems as a part of critical care in the neurological
intensive care unit (NICU).14 Several studies show that the existence of neurointensivists

and NICU had a significant favorable effect on the outcome of critically ill patients with brain
injuries, including stroke.1,5-9 In Korea, specialized critical care teams are relatively lacking
compared to other countries.10 Although, the beneficial effect of neurocritical care on patients
in NICU have been reported in the literature,%11 those reports were mainly from single-center
experience. Moreover, there is no study reported on the outcome of the special care provided
by the neurointensivists for patients with ischemic stroke in Korea. Therefore, we aimed to
investigate the association between neurocritical care by dedicated neurointensivists and
clinical outcomes in patients with acute ischemic stroke using the linked big data for stroke.

METHODS

Study population

This study was performed using large dataset (n = 52,213, ischemic stroke) by linking the
Clinical Research Center for Stroke (CRCS) registry and the Health Insurance Review and
Assessment Service (HIRA) administrative claim database with the clinical data collected
from patients with acute strokes or transient ischemic attacks (TIA) within 7 days of onset.
Detailed information on the study population has been described previously.12

We initially included ischemic stroke patients with 3-month modified Rankin scale (mRS)
information (n = 27,479) available from the linking of the CRCS registry data with the HIRA
data between January 2007 and December 2014. We excluded patients who visited the hospital
before July 2007 (n = 2,511) for updating risk factors and medication information using

the linked dataset, and those with missing data regarding the stroke mechanism (n = 61).
Given that admission criteria of the intensive care unit (ICU) are varied among the centers
and respiratory failure is the most frequent non-cerebral systemic complication among the
neurologically ill patients,13 we selected patients with acute ischemic stroke who required
mechanical ventilator support due to respiratory failure. Among 24,907 patients, we defined
critically ill acute ischemic stroke patients using the following criteria: 1) admitted to the ICU
(AJ code), and 2) receiving mechanical ventilation treatment (M5850, M5830, M5857, M5858,
M5859, M5860, M5873, and M5874 code) within 1 month of admission according to index
stroke using the codes of claim data in the linked dataset. We finally identified 1,405 patients
fulfilling the above criteria from 20 centers. Among all the included patients (n = 1,405), 303
patients were admitted to three centers with dedicated neurointensivists while 1,102 patients
were admitted to the 17 centers without neurointensivists.

Baseline characteristics and clinical information

Baseline characteristics such as demographic data (age and gender) and vascular risk factors
including hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease, atrial
fibrillation, history of smoking, and a past history of stroke/transient ischemic stroke, were
obtained from the linked data. In addition, clinical data related to acute stroke including stroke
severity, reperfusion treatment, stroke mechanisms, medications, and status at discharge were
collected from the CRCS registry of the linked data. Stroke severity was assessed using the
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National Institutes of Health Stroke Scale (NIHSS). Ischemic strokes were classified according
to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification, into five categories:
1) large artery atherosclerosis (LAA), 2) small vessel occlusion (SVO), 3) cardioembolism (CE),
4) other determined etiology, and 5) undetermined etiology.1 The primary outcome was
mortality at 3 months after ischemic stroke, and mortality rates in critically ill acute ischemic
stroke patients were stratified by the 3-month mRS (mRS = 6). The secondary outcome was in-
hospital mortality as evaluated by the outcomes at discharge from the CRCS registry.

Statistical analysis

Baseline characteristics are presented as frequency (%), and continuous variables with
normal distributions are presented as mean * standard deviation (SD), while variables

that were not normally distributed are presented as median (interquartile range [IQR]).

To compare continuous variables, a Student's #test or a Wilcoxon rank sum test was used
when appropriate. In addition, the proportions of categorical variables were compared
using Pearson's y* tests or the Fisher's exact test, as appropriate, to evaluate the relationship
between the presence of neurointensivists and outcomes. We used multiple logistic
regression to evaluate the relationship between the outcome and all other covariates
studied, including the presence of a neurointensivist. Covariates with statistically significant
differences (P < 0.1) in univariate analyses and factors regarded as clinically relevant for
mortality were adjusted for multivariate analysis. In addition, we performed further subgroup
analyses for age (age < 72 years vs. age > 72 years, median age 72 years), initial NIHSS
(NIHSS 0-7, NIHSS 8-13, and NIHSS > 14),1516 and thrombolytic therapy, using a test of
group assignment according to subgroup interaction. For all analyses, a two-tailed Pvalue

< 0.05 was considered statistically significant. All statistical analyses were conducted by
professional medical statisticians, using SAS 9.4 (SAS Institute, Inc. Cary, NC, USA).

Ethics statement

The study was approved by the Institutional Review Boards (IRB) of Seoul National University
Hospital (IRB No. H-1608-078-785). The informed consent was waived by the IRB due to the
retrospective nature of this study.

RESULTS

The demographic and baseline characteristics of the included patients are given in Table 1.
Among 1,405 patients (men, 58.1%; mean age, 69.1 years), 303 patients (21.6%) were admitted to
centers with dedicated neurointensivists and received mechanical ventilation in the ICU after the
index ischemic stroke (Table 1). Patients treated in the ICU without dedicated neurointensivists
were older, however, vascular risk factors did not differ between the two groups. In addition, the
proportion of functionally independent patients prior to index stroke (pre-stroke mRS = 0) was
higher in groups treated by neurointensivists. Regarding stroke subtypes, patients with LAA and
CE in etiology were more likely to be treated in centers with dedicated neurointensivists while
those with undetermined cause were more likely in centers without neurointensivists (P < 0.001)
(Table 1). The initial and discharge NIHSS were similar in both groups. Regarding outcomes,

the patients treated by neurointensivists had a significantly lower in-hospital mortality (18.3%

vs. 26.8%, P=0.002), 3-month mortality (38.0% vs. 49.1%, P < 0.001) and tended to have more
favorable outcome at 3 months (P=0.05) compared to those treated by non-neurointensivists
(Table 1). Multivariate logistic regression analysis showed that treatment without neurointensivists
was independently associated with higher in-hospital mortality (odds ratio [OR], 1.59; 95%
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Table 1. Baseline characteristics of included patients

Characteristics With neurointensivists ~ Without neurointensivists P value
(n =303, 21.6%) (n =1,102, 78.4%)

Age, yr 68.1+13.6 70.1+12.1 0.022
Men 186 (61.4) 630 (57.2) 0.190
Hypertension 239 (78.9) 876 (79.5) 0.810
Diabetes mellitus 118 (38.9) 414 (37.6) 0.688
Hyperlipidemia 113 (37.3) 430 (39.0) 0.595
Atrial fibrillation 134 (44.2) 506 (45.9) 0.649
Coronary artery disease 99 (32.7) 335 (30.4) 0.483
Previous stroke/TIA 93 (30.7) 326 (29.6) 0.723
Smoking 105 (34.7) 402 (36.5) 0.589
Pre-stroke mRS=0 939 (76.6) 753 (68.3) 0.009
Initial NIHSS 15 (5-21) 15 (7-19) 0.653
Stroke subtypes <0.001

LAA 92 (30.4) 268 (24.3)

SVO 5(1.7) 19 (1.7)

CE 155 (51.2) 471 (42.7)

Other determined 16 (5.3) 95 (2.3)

Undetermined 35 (11.6) 319 (28.9)
Thrombolytic therapy® 113 (37.3) 495 (38.6) 0.687
Discharge NIHSS 17 (6-28) 16 (6-26) 0.142
In-hospital mortality 54 (18.3) 291 (26.8) 0.002
3 months mortality 115 (38.0) 541 (49.1) <0.001
Good outcome (MRS 0-2) at 3 months 54 (17.8) 146 (13.2) 0.050

Data are presented as mean = standard deviation or median (interquartile range) or number (%o).

TIA = transient ischemic attack, mRS = modified Rankin Scale, NIHSS = National Institute of Health Stroke Scale,
LAA = large artery atherosclerosis, SVO = small vessel occlusion, CE = cardioembolism.

“Thrombolytic therapy included either intravenous thrombolysis, endovascular recanalization or both.

confidence intervals [CIs], 1.13-2.25; P=0.008). Moreover, without neurointensivists were
associated with higher odds for 3-month mortality (OR, 1.48; 95% ClIs, 1.12-1.95; P=0.005) after
adjusting for relevant confounders. In addition, age, coronary artery disease, and initial stroke
severity had a profound impact on in-hospital mortality as well as mortality at 3 months (Table 2).

Table 2. Multivariate logistic regression analysis for mortality

Variables Crude OR 95% Cl P value Adjusted OR 95% Cl P value

In-hospital mortality
Age 1.02 1.01-1.04 <0.001 1.02 1.01-1.03 0.004
Previous stroke/TIA 0.83 0.64-1.09 0.187 0.79 0.58-1.07 0132
Hyperlipidemia 113 0.88-1.45 0.323 1.23 0.93-1.63 0.152
Atrial fibrillation 1.36 1.06-1.74 0.014 112 0.77-1.64 0.560
Coronary artery disease 1.51 1.17-1.95 0.002 1.58 1.19-2.11 0.002
Initial NIHSS 1.06 1.04-1.07 <0.001 1.05 1.03-1.07 <0.001
Pre-stroke mRS 1-5 1.20 0.92-1.56 0.176 1.08 0.80-1.45 0.618
Thrombolytic therapy 114 0.89-1.46 0.308 1.00 0.76-1.30 0.975
Without neurointensivists 1.64 1.18-2.26 0.003 1.59 1.13-2.25 0.008

Mortality at 3 months
Age 1.03 1.03-1.04 <0.001 1.03 1.02-1.04 <0.001
Previous stroke/TIA 0.93 0.74-1.17 0.511 0.79 0.61-1.02 0.072
Hyperlipidemia 1.04 0.84-1.29 0.703 1.029 0.80-1.31 0.854
Atrial fibrillation 1.39 112-1.71 0.003 1.09 0.78-1.52 0.617
Coronary artery disease 1.42 1.13-1.79 0.002 1.37 1.06-1.76 0.015
Initial NIHSS 1.04 1.02-1.05 <0.001 1.03 1.02-1.05 <0.001
Pre-stroke mRS 1-5 1.44 1.15-1.83 0.002 1.22 0.95-1.58 0.125
Thrombolytic therapy 0.86 0.70-1.07 0.180 0.79 0.63-1.00 0.049
Without neurointensivists 1.58 1.22-2.05 <0.001 1.48 1.12-1.95 0.005

OR = odds ratio, CI = confidence interval, TIA = transient ischemic attack, NIHSS = National Institute of Health Stroke Scale, mRS = modified Rankin scale.
Adjusting for without neurointensivist, age, gender, previous stroke/TIA, hyperlipidemia, diabetes mellitus, hypertension, smoking, atrial fibrillation, coronary
artery disease, initial NIHSS, previous mRS, thrombolytic therapy, and stroke subtypes.
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A
Subgroup No. of OR P value for
patients (%) (95% CI) interaction
Age 0.220
<72 684 (48.7) et 1.28 (0.79-2.08)
>79 791 (51.3) —— 1.96 (1.21-3.17)
Initial NIHSS 0.360
1-7 369 (26.3) 2.48 (1.01-6.10)
8-13 261 (18.6) —— 1.03 (0.46-2.34)
>14 775 (55.2) —— 1.44 (0.96-2.18)
Thrombolytic therapy 0.217
No 867 (61.7) ——— 1.93 (1.21-3.09)
Yes 538 (38.3) e 1.25(0.76-2.08)
o 1 2 3 4 5 6
Neurointensivists worse No neurointensivists worse
In-hospital mortality
B
Subgroup No. of OR P value for
patients (%) (95% CI) interaction
Age 0.472
<72 684 (48.7) et 1.35 (0.92-1.99)
>79 791 (51.3) ——————— 1.65 (1.12-2.43)
Initial NIHSS 0.844
1-7 369 (26.3) ——— 1.44 (0.85-2.45)
8-13 261 (18.6) —_—————— 1.19 (0.61-2.35)
>14 775 (55.2) ———— 1.50 (1.05-2.14)
Thrombolytic therapy 0.909
No 867 (61.7) e 1.50 (1.06-2.13)
Yes 538 (38.3) ‘ e | 1.45(0.93-2.26)
0 1 2 3

Neurointensivists worse  No neurointensivists worse

3-months mortality

Fig. 1. Association between neurointensivists care and outcomes according to subgroups in critically ill patients
with acute ischemic stroke. (A) Adjusted for in-hospital mortality. (B) Adjusted for 3-months mortality.

ORs with corresponding 95% Cls for dedicated neurointensivists care within subgroups. Adjusting for without
neurointensivist, age, gender, previous stroke/transient ischemic attacks, hyperlipidemia, diabetes mellitus,
hypertension, smoking, atrial fibrillation, coronary artery disease, initial NIHSS, previous modified Rankin scale,
thrombolytic therapy, and stroke subtypes

OR = odds ratio, CI = confidence interval, NIHSS = National Institutes of Health Stroke Scale.

The relative benefit of neurointensivists care for in-hospital mortality and 3-month mortality was
consistent across all subgroups (Pinteraction > 0.05 for each) (Fig. 1).

DISCUSSION

Using the linked big data for stroke, this study showed that treatment with dedicated
neurointensivists was associated with lower in-hospital and 3 months mortality in patients with
severe ischemic stroke and respiratory failure. Moreover, the lower rate of in-hospital mortality
and 3-months mortality after ischemic stroke was consistent across multiple subgroups,

which shows that neurointensivists care could decrease mortality rate in broad range of severe
ischemic stroke patients, regardless age, stroke severity, and thrombolytic therapy.

Dedicated neurointensivists with organized neurocritical care positively impacted the quality
of outcomes including a decrease in mortality and a reduction in hospital length of stay
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with fewer complications.1,2,5,6,8,1718 In line with this, care with dedicated neurointensivists
was associated with better outcome compared to historical controls previous literature
using a single-center registry in Korea. Therefore, it is not clear whether the difference was
simply due to the differences in the level of care over time, management protocols, or the
role of neurointensivists in the NICU. Using the linked big data for Stroke, we showed that
treatment with dedicated neurointensivists was associated with lower in-hospital mortality
as well as lower mortality at 3 months, which reiterated the importance of care by dedicated
neurointensivists.

In this analysis, we found out that each institution had its own ICU admission criteria for
stroke patients. For example, some institutions without neurointensivists usually do not

have stroke units and admit minor stroke patients to the ICU seeking for close monitoring.

By contrast, three institutions with dedicated neurointensivisits already had stroke units

for stroke patients, and the patients who need real ICU care were admitted to the NICU.
Therefore, the baseline characteristics of the patients admitted to the ICU (using only AJ code)
(n =7,410) were not comparable, and more severe patients are in the NICU at the institutions
with dedicated neurointensivists (initial NIHSS 14 IQR [5-20] in centers with neurointensivists
[n =473, 6.4%] vs. 6 IQR [2-13] in centers without neurointensivists [n = 6,937, 93.6%])
(Supplementary Table 1). Given that respiratory failure is the most common, but important
complication in patients with NICU, we selected 1,045 patients with the support of mechanical
ventilator among acute ischemic stroke (with neurointensivists group, n = 303 [64.1%, 303 out
of 473] and without neurointensitivsts group, n =1,102 [15.9%, 1,102 out of 6,937]), and then
the baseline characteristics were comparable between the two groups (Table 1). Based on the
analysis, age and stroke severity as measured by the NIHSS were also independently associated
with higher mortality, which was consistent with previous studies.19-21 Indeed, our finding
also showed that acute ischemic stroke patients requiring mechanical ventilation have high
mortality rate.22-24

Despite the increasing importance of critical care, organized multidisciplinary critical care
units in Korea are not adequate when compared to those in other countries. In Korea, only
20%-30% of the ICUs have specialized neurointensivists.10,11,25 The lower number of
neurointensivists and neurocritical care teams in Korea is particularly alarming because
many of the neurocritically ill ischemic stroke patients receive a lower level of critical care,
and this may adversely affect their outcomes. A neurocritical care team with a specialized
neurointensivist is required for the best organized management of patients with severe
ischemic stroke.26

This study has several limitations. First, this is a retrospective study based on the linked

big data for stroke. Therefore, a certain degree of bias is inevitable. Second, the linked
dataset do not contain laboratory, clinical or radiological information during the ICU

care. Therefore, important information related to mortality in the ICU was not available
including several scoring systems for the severity of illness such as the acute physiology and
chronic health evaluation II, the simplified acute physiology score II, and several medical
complications including sepsis.2»28 Moreover, the association between stroke severity

and the location of the lesions, whether they are in the anterior or posterior circulation
territories, were not evaluated.2? Third, we analyzed the results using the linked claim data.
Therefore, we did not have detailed information on the reasons for mechanical ventilation
or ICU admission in the study population. Fourth, this study was performed using the linked
stroke registry data, and we cannot prove a cause and effect relationship to explain how
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multidisciplinary neurocritical care team facilitates the implementation of the best clinical
practices such as evidence-based treatments.

Dedicated Neurointensivists and Outcome in Ischemic Stroke

In conclusion, our study suggests that specialized care with a dedicated neurointensivist was
associated with less mortality in patients with severe stroke patients. This result provides

a basis for the establishment of the NICU and could encourage the development of a more
multidisciplinary neurocritical care team that can provide specialized and standardized
critical care for the neurocritically ill patients in Korea. Further large-scale investigations
should be conducted to confirm the true relationship between specialized neurointensivist
care and the outcomes in neurocritically ill patients.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Baseline characteristics of patients with intensive care unit admission (using AJ code)

Click here to view
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