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Purpose: We investigated the differences of clinical features, four immune-inflammatory markers, namely neutrophil counts, platelet-
to-lymphocyte ratio, neutrophil-to-lymphocyte ratio (NLR), and systemic immune-inflammation index (SII), as well as outcomes
between patients with in-hospital ischemic stroke (IHIS) and out-of-hospital ischemic stroke (OHIS).

Patients and Methods: We retrospectively enrolled 72 patients with IHIS and 3330 patients with OHIS.

Results: THIS accounted for 2% of all patients with ischemic stroke and occurred more often in cardiology and orthopedic surgery
wards. Infection, cardiac disease, and pulmonary disorder were the most common causes of hospitalization. Compared with those with
OHIS, patients with IHIS had higher levels of immune-inflammatory markers, initial National Institute of Health Stroke Scale
(NIHSS) scores, longer hospital stays, higher rates of heart disease, large-artery atherosclerosis or cardioembolism, received more
intravenous thrombolysis (IVT) or endovascular thrombectomies (EVTs), more complications, unfavorable outcomes, and mortality.
Every immune-inflammatory marker exhibited positive correlations with initial NIHSS scores and discharge modified Rankin Scale
scores among patients with OHIS. NLR and SII were higher among patients with a fatal outcome in both groups. Among patients
receiving IVT, most of treatment time intervals were shorter for those with IHIS than those with OHIS. Significant factors for mortality
were NLR >5.5, atrial fibrillation, and complications, with a C-statistic of 0.897 in those with IHIS; in those with OHIS, these factors
were an initial NIHSS score of >10, NLR >6.0, atrial fibrillation, prior stroke, cancer history, and complications with a C-statistic of
0.902. The results were similar after replacing the NLR with SII.

Conclusion: Patients with IHIS had more complicated clinical features, higher levels of immune-inflammatory markers, and higher
rates of mortality than patients with OHIS. The most significant predictor for mortality among those with OHIS was NIHSS score >10,
and the predictors among patients with IHIS were NLR >5.5 and SII >2120.

Keywords: immune-inflammatory markers, in-hospital ischemic stroke, intrahospital delay, neutrophil-to-lymphocyte ratio, out-of-
hospital ischemic stroke, systemic immune-inflammation index

Introduction

In-hospital ischemic stroke (IHIS), defined as an acute ischemic stroke, occurs during hospitalization among patients
originally admitted because of another diagnosis or procedure.' THIS accounts for 2.2% to 10.8% of all acute ischemic
strokes.” Compared with patients with out-of-hospital ischemic stroke (OHIS), patients with IHIS typically have more
comorbidities and may be admitted because of active problems from those comorbidities. IHIS has been associated with
more severe clinical syndromes, poorer functional outcomes, and higher rates of in-hospital mortality.>* Akbik et al
analyzed 67,493 patients with IHIS between 2008 and 2018 and revealed that the proportion of patients with IHIS
receiving reperfusion therapy increased from 9% to 19% for intravenous thrombolysis (IVT) and from 3% to 6% for

Journal of Inflammation Research 2022:15 881-895 881
Received: 11 October 2021 © 2022 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati /by-nc/3.0/). By accessing the work

Accepted: 15 January 2022
Published: 9 February 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-8711-5008
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Chen et al Dove

endovascular thrombectomy (EVT).? They also reported that patients with THIS exhibited longer median times from
stroke recognition to cranial imaging and from stroke recognition to IVT as compared with those with OHIS.
Intrahospital delays, including poor recognition of stroke symptoms, inadequate awareness of therapeutic windows,
lack of an efficient in-hospital code stroke team, insufficient interdisciplinary execution, and multiple comorbidity-related
ineligibility for reperfusion therapy, hinder the timing and results of treatment for patients with IHIS.

Immune—inflammatory processes play a vital role in the development and progression of atherosclerosis. Innate and
adaptive immune responses are involved in all the stages of acute stroke, namely initial artery occlusion, brain
parenchymal damage, subsequent tissue repair, and infectious complications.” Inflammation is also involved in the
pathophysiology of coronary disease - the most common cause of cardiogenic death - and atrial fibrillation, the most
common cardiac arrhythmia.® The innate immunity, governed by neutrophils, monocytes, macrophages, natural killer
cells, and complement systems, provides the first line of rapid defense against pathogens. Adaptive immunity, governed
mainly by lymphocytes, is the second line of defense against nonself pathogens.” Neutrophils migrate to the intrapar-
enchymal perivascular areas within 6 to 24 hours after cerebral ischemia, producing various cytokines and participating
in the early destruction of the blood—brain barrier. Lymphocytes accumulate in the brain 3—6 days after cerebral ischemia,
and serve as a regulatory and neuroprotective function.® Adaptive immunity also exerts an immunosuppressive effect that
promotes intercurrent infections.” Platelets participate in immune-inflammatory responses by releasing mediators to boost
inflammation after stroke, which results in the release of neutrophils and lymphocytes into the vessel wall.” Several
immune-inflammatory markers, such as the neutrophil counts (NC), platelet-to-lymphocyte ratio (PLR), neutrophil-to-
lymphocyte ratio (NLR), and systemic immune-inflammation index (SII), have been reported to be associated with poor
outcomes among patients with acute stroke, cardiovascular disease, and various types of cancer.”'®'* However,
alterations in immune-inflammatory markers have rarely been described in patients with IHIS. In this study, we
investigated the differences of clinical features, four immune-inflammatory markers (NC, PLR, NLR, and SII), and the
outcomes between patients with IHIS and those with OHIS.

Materials and Methods
Study Population and Data Collection

For continuous quality control of stroke care, we prospective registered patients who were admitted to the ward for
stroke. We retrospectively reviewed the records of all registered inpatients who presented with acute ischemic stroke
during the period from January 2011 to April 2021. The diagnosis of acute ischemic stroke was confirmed by clinical
presentation and proof of either an ischemic lesion or absence of a corresponding intracranial lesion other than infarction
by using brain computed tomography (CT) or magnetic resonance imaging. Patients were divided into two groups:
including patients with THIS and those with OHIS. THIS was defined as a stroke occurring during the period of
hospitalization or at the emergency department (ED). OHIS was defined as a stroke that occurred before patients arrived
at the ED. The following information was collected: age, sex, and clinical features, including initial presentation, initial
National Institutes of Health Stroke Scale (NIHSS) score, risk factors of stroke, and length of stay (LOS) in hospital.
Laboratory data including a full blood count with white blood cell differentials and platelet, glucose, and creatinine levels
were obtained on arrival at the ED for patients with OHIS or during acute attack of stroke at the ward for patients with
IHIS. Fasting lipid profiles including cholesterol, LDL-cholesterol and triglyceride were obtained within 24 hours of
admission (for patients with OHIS) or stroke symptom onset (for patients with IHIS). Four immune-inflammatory
markers, namely NC, PLR, NLR, and SII were obtained for analysis. The PLR was calculated as the ratio of platelet-to-
lymphocyte count and the NLR was calculated as the ratio of NC to lymphocyte count. The SII was calculated as the
platelet count multiplied by the NLR. Fasting cholesterol and triglyceride levels were recorded the morning after
admission to the ward (for patients with OHIS) or during hospitalization (for patients with ITHIS).

We also collected the structural time intervals related to the diagnosis and treatment of acute stroke, namely onset-to-
first-aid time (first aid was performed by the emergency physician for patients with OHIS and the physician in charge for
patients with IHIS), onset-to-CT time, onset-to-CT angiography (CTA; onset-to-CTA) time, onset-to-neurology liaison
time (onset-to-liaison time), liaison-to-neurological evaluation (NE; liaison-to-NE) time, onset-to-NE time, onset-to-IVT
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time (time from symptom onset to the loading bolus in IVT), and onset-to-EVT time (time from symptom onset to the
groin puncture in EVT). Liaison-to-IVT and liaison-to-EVT times were also collected for patients received IVT or EVT
treatment.

Statement of Ethics

The study was conducted in accordance with the Declaration of Helsinki. Ethical approval for this study was provided by
the Institutional Review Board of Taipei Tzu Chi Hospital, New Taipei City (approval no. 10-XD-128). Informed written
consent was waived because this study involved retrospective data analysis. All data collected and analyzed were derived
from clinical records without any intervention or influence on clinical treatment. To fully protect patient privacy and
rights, only clinical observation data were used for publication, and personal information was disclosed to any other third
party without the patient’s consent.

Stroke Severity, Classification, and Clinical Features

Initial stroke severity was assessed when patients with OHIS presented to the ED or for patients with THIS after symptom
onset by a neurologist according to the NIHSS. We classified the etiology of ischemic stroke according to the Trial of
ORG 10172 in Acute Stroke Treatment (TOAST) categories, namely large-artery atherosclerosis, small-vessel occlusion,
cardioembolism, other determined etiology, and undetermined etiology.'> Urinary tract infection, pneumonia, gastro-
intestinal bleeding, and seizure were registered as stroke complications. Functional outcomes were evaluated using the
NIHSS and modified Rankin Scale (mRS) at discharge. An mRS score of >2 was considered to indicate an unfavorable
outcome.

Neurological Liaisons and Acute Stroke Treatment

During the study period, the criteria of IVT and EVT were modified annually according to novel global evidence and
revised guidelines by the Taiwan Stroke Society; however, the treatment of acute ischemic stroke was identical for
patients with IHIS and those with OHIS during this period. In the neurological department, the responsibility of a 24-
hour neurological liaison service is assigned to 8 to 10 consultant neurologists on a regular schedule. Among patients
with THIS, regular or emergent neurological liaisons are requested by physicians from the corresponding department in
case a stroke is suspected during hospitalization. The time from consultation to a patient visit by a neurologist (liaison-to-
NE time) for an emergent consultation (together with an emergent phone call directly to the on-duty neurologist) is
recommended to be = 2 hours (120 minutes), and is recommended to be = 24 hours (1440 minutes) for a regular
consultation. A well-organized code stroke protocol for IVT and EVT therapies has been implemented in the index
hospital for patients with OHIS. The same protocol, except for an absence of emergent stroke call among the first-line
responders and a check list of time intervals for conducting IVT or EVT, has been applied to patients with IHIS.
Neurologists arrive at the ED immediately after the emergency physician activates a code stroke, which typically occurs
before available brain CT imaging, when a patient is eligible for evaluation for IVT or EVT. For emergency consultations
other than activation of a code stroke from the ED, neurologists still need to arrive at the ED within 30 min of
a consultation.

Statistical Analysis

Continuous variables are presented as the median (first to third quartile). The chi-square test or Fisher’s exact test were
used for categorical comparisons. Group comparisons of continuous variables were performed using the Mann-Whitney
U-test. Correlations of continuous variables of immune-inflammatory markers with initial NIHSS and discharge mRS
scores were analyzed using Pearson correlation coefficient and linear regression tests. Continuous variables of age,
NIHSS score, and immune-inflammatory markers were converted into dichotomous variables with the optimal cutoff
value determined according to the Youden index through a receiver operating characteristic (ROC) curve for prediction
of mortality. The variables were subsequently added to a multiple or stepwise logistic regression model to identify the
significant factors associated with a fatal outcome. Additionally, we analyzed the predictive performance of the
significant variables through the C-statistic for fatal outcome in patients with IHIS and those with OHIS. A P value of
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<0.05 was considered to indicate a significant result. All statistical analyses were performed using SPSS (version 24;
SPSS Inc, Chicago, IL, USA). The scatter plots diagrams were constructed and the ROC curves were compared using
MedCalc version 18 (MedCalc Software, Mariakerke, Belgium).

Results

During the study period, 72 patients with IHIS and 3330 patients with OHIS were enrolled. IHIS accounted for 2% of all
patients with acute ischemic stroke. The distribution of disease characteristics of 72 patients with IHIS is summarized in
Table 1. The median age of onset was 75.3 years, and the median day of stroke onset was on day three of hospitalization.
Thirteen patients (18.1%) had an unclear symptom onset time, and 56 patients (77.8%) had a stroke located in the
anterior circulation of brain. Unclear symptom onset times were observed more often among patients with posterior
circulation stroke (6/16 = 37.5%) than those with anterior circulation stroke (7/56 = 12.5%) (P = 0.032). More than two-
thirds (68%) of patients were admitted to the internal medical ward. Cardiology and orthopedic surgery were the two
wards where the most instances of IHIS occurred. Procedure-related stroke (defined as a stroke occurring on the
same day after invasive procedures, such as surgery or cardiac catheterization) was observed in 11 patients (15.3%).
The four most common primary causes of hospitalization were infection, coronary or cardiac disease, pulmonary
disorder, and bone disorder. Large-artery atherosclerosis and cardioembolism constituted 78% of stroke etiology
classified by TOAST criteria.

We compared the clinical features and outcomes between patients with IHIS and those with OHIS (Table 2).
Compared with the OHIS group, the IHIS group had a greater proportion of women, a higher rate of heart disease,
and a lower rate of smoking. All four immune-inflammatory markers, namely NC, PLR, NLR, and SII, were higher
among patients with IHIS than among those with OHIS. The rate of IVT therapy was higher among patients with IHIS
(11%) than among patients with OHIS (6%), but it did not reach statistical significance. The rate of EVT therapy (6%)
was significantly higher among patients with IHIS than that among patients with OHIS (2%). The overall rate of all
patients who received IVT or EVT was higher among patients with IHIS (12/72 = 17%) than among those with OHIS
(224/3330 = 7%; P = 0.004). All the treatments of IVT and EVT in patients with IHIS were conducted among patients
with anterior circulation stroke. Compared with patients with OHIS, those with IHIS were classified more often as having
large-artery atherosclerosis or cardioembolism, had more complications during hospitalization, longer hospital LOSs,
higher initial and discharge NIHSS scores, and higher discharge mRS score (P <0.001). Unfavorable outcomes (89%)
and mortality (17%) occurred more often among patients with IHIS than among patients with OHIS (51% and 5%,

Table | Distribution of Disease Characteristics of 72 Patients with in-Hospital Ischemic Stroke

Characteristics Characteristics

Age (years) 75.3 (65.5-81.9) Stroke related to procedure Il (15.3%)

Female 41 (56.9%) Reason for hospitalization

Hospitalization stroke day 3 (2-6) Infection (including pneumonia) 15 (20.8%)

Unclear symptom onset time 13 (18.1%) Coronary or cardiac disease 15 (20.8%)

Anterior circulation stroke 56 (77.8%) Pulmonary disorder 14 (19.4%)
Cardiology 15 (19.7%) Bone disorder 12 (16.2%)
Orthopedic surgery 12 (15.8%) Gastrointestinal disorder 8 (11.1%)
Pulmonology 6 (7.9%) Other disorders 8 (11.1%)
Nephrology 6 (7.9%) TOAST classification
Intensive care unit 5 (6.6%) Small-vessel occlusion 8 (11.1%)
Gastroenterology 4 (5.3%) Large-artery atherosclerosis 32 (44.4%)
Other medicine department 13 (17.6%) Cardioembolism 24 (33.3%)
Other surgery department 11 (17.1%) Other determined etiology 5 (6.9%)

Internal medicine ward 49 (68.1%) Undetermined etiology 3 (4.2%)

Notes: Data are expressed as median (first to third quartile) or n (%).
Abbreviations: mRS, modified Rankin Scale; TOAST, Trial of ORG 10172 in Acute Stroke Treatment.
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Table 2 Comparison of Clinical Features Between Patients with IHIS and OHIS

Characteristics IHIS (n =72) OHIS (n = 3330) P value
Median age (years) 75.3 (65.6-81.9) 71.8 (61.7-81.5) 0.121
Female 41 (57%) 1402 (42%) 0.015
Hypertension 52 (72%) 2387 (72%) 0.999
Diabetes mellitus 25 (35%) 1172 (35%) 0.999
Heart disease 37 (51%) 999 (30%) <0.001
Dyslipidemia 9 (13%) 668 (20%) 0.135
Prior stroke 19 (26%) 798 (24%) 0.676
Alcohol consumption 1 (1%) 230 (7%) 0.091
Current smoker 4 (6%) 671 (20%) <0.001
Cancer history 7 (10%) 229 (7%) 0.344
Uremia 3 (4%) 86 (3%) 0.436
Atrial fibrillation 24 (33%) 630 (19%) 0.004
Hemoglobin (g/dL) 12.6 (10.7-14.3) 13.8 (12.4-15.0) <0.001
White blood cells (x10%/mL) 8.0 (6.5-10.3) 7.5 (6.1-9.4) 0.063
Neutrophil counts (x103/mL) 6.1 (4.9-8.0) 4.9 (3.8-6.6) <0.001
Neutrophil-to-lymphocyte ratio 5.1 (3.6-7.5) 2.9 (2.04.6) <0.001
Platelet-to-lymphocyte ratio 173 (113-258) 104 (58-153) <0.001
Systemic immune-inflammation index 1095 (619-1768) 603 (382-1008) <0.001
Platelet (x10°/L) 205 (172-270) 207 (168-252) 0.599
Creatinine (mg/dL) 1.13 (0.85-1.40) 1.10 (0.90-1.30) 0.716
Glucose (mg/dL) 137 (113-198) 138 (113-189) 0.453
Cholesterol (mg/dL) 158 (120-179) 165 (141-194) 0.013
LDL-cholesterol (mg/dL) 96 (74-97) 104 (84-128) 0.109
Triglyceride (mg/dL) 92 (71-41) 102 (73-150) 0.471
IVT treatment 8 (11%) 200 (6%) 0.080
EVT treatment 4 (6%) 52 (2%) 0.028
IVT or EVT treatment 12 (17%) 224 (7%) 0.004
TOAST classification <0.001

Small vessel occlusion 8 (11.1%) 1540 (46.2%)

Large artery atherosclerosis 32 (44.5%) 1045 (31.4%)

Cardioembolism 24 (33.3%) 568 (17.1%)

Other determined etiology 5 (6.9%) 70 (2.1%)

Undetermined etiology 3 (4.2%) 107 (3.2%)
Complications 22 (31%) 459 (14%) <0.001
Hospital length of stay (days) 27 (17-39) 10 (5-20) <0.001
Initial NIHSS score 13 (8-21) 4 (2-10) <0.001
Discharge NIHSS score 12 (5-21) 3 (1-8) <0.001
Discharge mRS score 4 (4-5) 3 (1-4) <0.001
Discharge mRS score >2 64 (89%) 1695 (51%) <0.001
Mortality 12 (17%) 154 (5%) <0.001

Notes: Data are expressed as median (first to third quartile) or n (%).
Abbreviations: EVT, endovascular thrombectomy; IHIS, in-hospital ischemic stroke; IVT, intravenous thrombolysis; mRS, modified Rankin Scale; NIHSS,

National Institute of Stroke Scale; OHIS, out-of-hospital ischemic stroke; TOAST, Trial of ORG 10172 in Acute Stroke Treatment.

respectively). Complications occurred in 481 of all 3402 patients (14%). Patients with complications had much higher

median initial NIHSS scores (16 [8—13]) than those without complications (4 [2-8]; P <0.001).

Given the majority of patients with IHIS had unfavorable outcomes, no differences of immune-inflammatory markers

were observed between patients with IHIS with favorable and unfavorable outcomes (Table 3). However, patients with

unfavorable outcome had significantly higher immune-inflammatory markers than those with favorable outcomes among

patients who had OHIS. Additionally, results of both Pearson correlation coefficient (Figure 1) and linear regression

analyses (Table 4) revealed that all four immune-inflammatory markers exhibited positive correlations with initial NIHSS
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Table 3 Correlation of Immune-Inflammatory Markers with Unfavorable Outcomes in Patients with IHIS and OHIS

IHIS (n =72) OHIS (n = 3330)
mRS = 2(n=8) mRS >2 (n = 64) P value mRS = 2 (n = 1635) mRS >2 (n = 1695) | P value
NC (x10*/mL) 6.1 (5.5-7.6) 6.8 (4.6-8.0) 0.777 4.8 (3.7-6.2) 6.2 (3.9-7.1) <0.001
PLR 143 (105-279) 180 (116-256) 0.961 100 (62-143) 108 (55—-162) 0.007
NLR 4.6 (3.7-6.7) 5.1 (3.4-7.7) 0.852 2.6 (1.8-3.9) 3.3 (2.1-5.5) <0.001
N 1274 (694-1704) 1085 (608-1739) 0914 548 (364-880) 671 (399-1152) <0.001

Notes: Data are expressed as median (first to third quartile).
Abbreviations: |HIS, in-hospital ischemic stroke; mRS, modified Rankin Scale; NC, neutrophil counts; NLR, neutrophil-to-lymphocyte ratio; OHIS, out-of-hospital ischemic
stroke; PLR, platelet-to-lymphocyte ratio; Sll, systemic immune-inflammation index.

scores and discharge mRS scores among patients with OHIS. Multiple linear regression analyses of immune-
inflammatory markers with initial stroke severity (initial NIHSS score) and comorbidities (hypertension, diabetes
mellitus, atrial fibrillation, dyslipidemia, prior stroke, and cancer history) after converting dichotomous variables to
continuous variables adjusted by age and sex revealed that initial NIHSS score exhibited the most significant positive
correlation with all four immune-inflammatory markers (P < 0.001). A cancer history exhibited the second significant
correlation with NLR (coefficient = 0.063; P < 0.001) and SII (coefficient = 0.042; P = 0.018).

A clear onset time of stroke was noted in 82% of patients with IHIS and only 49% of patients with OHIS (P <0.001).
The structural time intervals and treatments between 59 patients with IHIS and 1619 patients with OHIS who had a clear
onset time are compared in Table 5. The median onset-to-first-aid time (by the emergency physicians) was 273 min
among patients with OHIS. Among those with IHIS, first aid was generally provided by nurses or physician in charge of
the corresponding department who detected the stroke symptoms. However, confirming the onset-to-first-aid time is
difficult because of the absence of a formal registration system. Compared with those with OHIS, patients with THIS
exhibited a shorter onset-to-CT time. No difference of onset-to-CTA time was observed between these two groups. The
rate of onset-to-CT time within 6 hours was higher among those with THIS (42/59 = 71%) than among patients with
OHIS (902/1619 = 56%; P = 0.023). To provide early identification of patients eligible for IVT or EVT therapy, we
compared the efficiency of the neurological liaisons among 944 patients with onset-to-CT times within 6 hours
(comprising 42 patients with THIS and 902 patients with OHIS). No differences of treatment rates for IVT and EVT
were noted between those with IHIS and those with OHIS. No differences of median onset-to-liaison and onset-to-NE
times were observed. However, the median liaison-to-NE time was much shorter in OHIS (P <0.001). A total of eight
patients with THIS received IVT treatment; three of them had cardiac catheterization-related stroke in the cardiology
ward, two had urinary tract stones in the urology ward, two had nonspecific symptoms during an observation period at
the ED, and one had asthma at the pulmonology ward. Four patients with IHIS received EVT treatment: two patients at
the cardiology ward (because of heart failure in one and atrial fibrillation in the other), one patient at the oral surgery
ward (after oral surgery), and one patient at the nephrology ward (because of urinary tract infection). A further subgroup
analysis of time intervals among 236 patients receiving IVT or EVT treatment revealed that patients with IHIS had
shorter median onset-to-CT, onset-to-liaison, onset-to-NE, and onset-to-IVT times, and patients with OHIS had shorter
median liaison-to-NE and liaison-to-EVT times. The median liaison-to-NE time among patients with OHIS was only 4
min, which was related to an activation of code stroke at the ED. No difference of median onset-to-EVT time was
observed between the two groups. Eighteen patients eligible for thrombolytic therapy did not receive IVT treatment.
Reasons hindering IVT treatment included recent major surgery in 8 patients, acute critical illness in 8 patients, and
active gastrointestinal bleeding in 2 patients. Twenty patients eligible for thrombectomy therapy did not receive EVT
treatment. Reasons hindering EVT treatment were: not available EVT treatment in 11, intrahospital time delay in 3, and
acute critical illness in 6. Those 14 patients without acute critical illness might have the opportunity to receive
thrombectomy therapy if EVT treatment were available during the whole study period in case that timely CTA disclosed
large artery occlusion.
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Figure | Scatter plots of Pearson correlation coefficient of four immune-inflammatory markers with initial NIHSS score (A) and with discharge modified Rankin Scale score
(B).

Abbreviation: NIHSS, National Institutes of Health Stroke Scale.
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Table 4 Linear Correlation of Immune-Inflammatory Markers with Initial Stroke Severity and Short-Term Outcome

Initial NIHSS Score Discharge mRS Score
Coefficient R? P value Coefficient R? P value
NC 0.596 0.042 <0.001 0.119 0.035 <0.001
PLR 0.006 0.010 <0.001 0.001 0.009 <0.001
NLR 0.219 0.033 <0.001 0.052 0.038 <0.001
Nl 0.001 0.025 <0.001 0.0002 0.024 <0.001

Abbreviations: mRS, modified Rankin Scale; NC, neutrophil counts; NIHSS, National Institutes of Health Stroke Scale; NLR, neutrophil-to-lymphocyte ratio; PLR, Platelet-
to-lymphocyte ratio; SlI, systemic immune-inflammation index.

Table 5 Comparison of Time Intervals and Treatment Between Patients with IHIS and OHIS Who Had Clear Onset Time

Characteristics IHIS OHIS P value
Among 1678 patients with clear onset time n =59 n=1619
Onset-to-first aid time (min) NA 273 (86-593) -
Onset-to-CT time (min) 119 (40—450) 312 (105-654) <0.001
Onset-to-CTA time (min) 159 (99-356) 143 (99-228) 0.684
Onset-to-CT time =6 hrs 42 (71%) 902 (56%) 0.023
Among 944 patients with onset-to-CT time =6 hrs n=42 n =902
IVT treatment 8 (19%) 200 (22%) 0.847
EVT treatment 4 (10%) 52 (6%) 0.287
IVT or EVT treatment 12 (29%) 224 (25%) 0.579
Onset-to-liaison time (min) 115 (36-231) 131 (67-282) 0.8I13
Liaison-to-NE time (min) 33 (9-149) 5 (2-10) <0.001
Onset-to-NE time (min) 165 (49-395) 134 (71-289) 0.469
Among 236 patients receiving IVT or EVT treatment n=12 n =224
Onset-to-CT time (min) 40 (25-72) 64 (45-109) 0.026
Onset-to-liaison time (min) 34 (17-53) 70 (47-114) 0.003
Liaison-to-NE time (min) 7 (4-16) 4 (2-7) 0.028
Onset-to-NE time (min) 36 (31-72) 74 (51-120) 0.007
Liaison-to-IVT time (min)* 62 (40-83) 45 (35-59) 0.197
Liaison-to-EVT time (min)® 217 (213-139) 171 (139-209) 0.045
Onset-to-IVT time (min)® 91 (61-110) 122 (90-164) 0.021
Onset-to-EVT time (min)® 338 (280-445) 265 (198-365) 0.265

Notes: Data are expressed as median (Ist — 3rd quartile) or n (%); *Eight patients of in-hospital stroke and 200 patients of out-of-hospital stroke; °Four patients of
in-hospital stroke and 52 patients of out-of-hospital stroke.

Abbreviations: CT, computed tomography; EVT, endovascular thrombectomy; IHIS, in-hospital ischemic stroke; IVT, intravenous thrombolysis; NE, neurological
evaluation; OHIS, out-of-hospital ischemic stroke.

The univariate analyses of clinical features and fatal outcomes among patients with IHIS and OHIS are displayed in
Table 6. Patients who had THIS with fatal outcomes were older and had higher levels of NLR and SII, higher rates of heart
disease, atrial fibrillation, and complications, but lower level of LDL-cholesterol than survivors did. Patients who had OHIS
with fatal outcome were older, and had higher initial NIHSS scores, higher NC, NLR, SII, glucose, creatinine levels, higher
rates of heart disease, atrial fibrillation, dyslipidemia, cancer history, uremia, complications, and IVT or EVT therapy, but
lower levels of hemoglobin, LDL-cholesterol, and triglyceride than those who survived. Of the four immune-inflammatory
markers, NLR and SII differed most significantly and were thus selected for further multivariable analysis. Given both heart
disease and atrial fibrillation represent cardiac disorder, and differences in atrial fibrillation were more significant among both
patients groups, we selected atrial fibrillation for further multivariable analysis. Through ROC curve analysis with Youden
index, we identified the optimal cutoff points for age, NLR, SII, and NIHSS scores to predict mortality. The cutoff values
were =78 years and =80 years of age, an NLR of >5.5 and >6.0, and an SII >2120 and >1051 for those with IHIS and
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Table 6 Univariate Analyses of Clinical Features and Fatal Outcome in Patients with In-Hospital Ischemic Stroke and Out-of-Hospital
Ischemic Stroke

Characteristics In-Hospital Ischemic Stroke Out-of-Hospital Ischemic Stroke
Survived (n = 60) Death (n = 12) P value Survived (n = 3176) Death (n = 154) P value

Median age (years) 74.8 (65.4-80.1) 82.9 (76-87) 0.041 71.3 (61.5-81.1) 81.1 (70.7-87.6) <0.001
Initial NIHSS score 13 (8-20) 18 (9-25) 0.279 4 (2-9) 21 (14-26) <0.001
Hemoglobin (g/dL) 12.7 (10.7-14.4) 12.0 (10.4-13.6) 0.530 13.8 (12-15) 13.2 (11-15) <0.001
Platelet (x10%/L) 205 (175-266) 214 (146-320) 0.809 207 (168-252) 203 (158-244) 0.098
WBC (x10%/mL) 7.8 (6.4-10.7) 9.9 (7.3-11.0) 0.283 7.4 (6.1-9.3) 9.2 (7.7-11.4) <0.001
NC (x10%/mL) 6.0 (4.5-7.6) 7.7 (6.3-8.7) 0.100 4.9 (3.8-6.5) 7.0 (5.0-8.9) <0.001
PLR 160 (111-247) 236 (147/448) 0.059 104 (59-151) 109 (52-184) 0.165
NLR 4.5 (3.0-6.9) 10.0 (6.4-14.3) <0.001 2.8 (2.04.5) 4.6 (2.5-10.0) <0.001
N 1058 (599-1594) 1870 (757—4816) 0.014 593 (380-986) 975 (479-1872) <0.001
Glucose (mg/dL) 133 (112-197) 160 (122-265) 0.345 137 (112-188) 159 (125-216) <0.001
Creatinine (mg/dL) 1.1 (0.8-1.4) 1.3 (1.1-1.6) 0.203 1.1 (0.9-1.3) 1.2 (0.9-1.7) <0.001
LDL-cholesterol (mg/dL) 101 (73-125) 63 (53-82) 0.006 104 (84-128) 99 (72-125) <0.001
Triglyceride (mg/dL) 101 (73-154) 90 (49-102) 0.100 103 (73-151) 84 (66-115) <0.001
Female gender 34 (57%) 7 (58%) >0.999 1323 (42%) 75 (49%) 0.095
Hypertension 43 (72%) 9 (75%) >0.999 2277 (72%) 105 (68%) 0.313
Diabetes mellitus 21 (35%) 4 (33%) >0.999 1114 (35%) 57 (37%) 0.666
Heart disease 27 (45%) 10 (83%) 0.025 910 (29%) 86 (56%) <0.001
Atrial fibrillation 15 (25%) 9 (75%) 0.002 556 (18%) 72 (47%) <0.001
Dyslipidemia 7 (12%) 2 (17%) 0.639 644 (20%) 18 (12%) 0.007
Prior stroke 15 (25%) 4 (33%) 0.721 768 (24%) 27 (18%) 0.066
Alcohol consumption I (1.7%) 0 (0%) >0.999 223 (17%) 7 (5%) 0.327
Current smoker 3 (5%) | (8%) 0.526 603 (19%) 22 (14%) 0.104
Cancer history 6 (10%) | (8%) >0.999 205 (6%) 23 (15%) <0.001
Uremia 2 (3.3%) | (8%) 0.426 77 2%) 9 (6%) 0.017
Complications 15 (25%) 7 (58%) 0.037 372 (12%) 87 (56%) <0.001
IVT or EVT treatment 12 (20%) 0 (0%) 0.197 200 (6%) 22 (14%) <0.001

Abbreviations: EVT, endovascular thrombectomy; IVT, intravenous thrombolysis; NC, neutrophil counts; NIHSS, National Institute of Health Stroke Scale; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SlI, systemic immune-inflammation index; WBC, white blood cell.

OHIS, respectively. The cutoff value of NIHSS scores for mortality was >10 among patients with OHIS. Variables with a P
value of <0.1 in Table 6 were included in further multivariable analysis. The results of stepwise logistic regression analysis
among patients with IHIS and multiple logistic regression analysis among patients with OHIS for mortality are presented in
Table 7. An NLR of >5.5, atrial fibrillation, and complications were significant predictors of mortality among patients with
IHIS. The C-statistic of these three significant factors (Model 1) for prediction of mortality was 0.897 (0.804—0.989;
Figure 2A). When the NLR of >5.5 was replaced by the SII of >2120, an age of =78 years became an additional significant
factor, and the C-statistic of these four factors for prediction of mortality was 0.926 (0.838—0.975; Figure 2B). However, no
significant difference was noted between the results of the C-statistic comprising either an NLR of >5.5 or an SII of >2120
(P =0.606). The area under the curve (AUC) and sensitivity/specificity for prediction of mortality when using NLR >5.5 was
0.777 (91.7%/63.8%), and that when using SII >2120 was 0.707 (50.0%/91.4%), respectively. Among patients with OHIS,
an initial NIHSS score of >10, complications, an NLR >6.0, atrial fibrillation, and cancer history were significant positive
predictors, and prior stroke was a negative predictor of mortality. Together (Model 2), these factors resulted in a predictive
probability for mortality of 0.903 (0.885-0.922) according to the C-statistic (Figure 2C). When replacing NLR >6.0 with SII
>1051, male sex became an additional significant factor and the C-statistic of these seven factors for prediction of mortality
was 0.902 (0.885-0.920; Figure 2D), which was almost the same as the model comprising an NLR >6.0 (P = 0.769). The
AUC of NIHSS >10 for prediction of mortality was 0.829 with a sensitivity of 86.6% and a specificity of 79.2%.
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Table 7 Multivariable Analyses and C-Statistic of Clinical Features and Fatal Outcome Among Patients with
in-Hospital Ischemic Stroke and Out-of-Hospital Ischemic Stroke

Characteristics OR (95% CI) P value AUC
In-Hospital Ischemic Stroke*

NLR >5.5 15.712 (1.609—153.483) 0.018 0.777 (0.651-0.924)
Atrial fibrillation 7.134 (1.252-40.664) 0.027 0.750 (0.594-0.906)
Complications 8.320 (1.020-70.654) 0.032 0.667 (0.490-0.843)
Age =78 years 6.043 (0.682-53.515) 0.106

Model | C-statistic 0.897 (0.804-0.989)
Out-of-Hospital Ischemic Stroke**

Characteristics OR (95% CI) P value AUC

Initial NIHSS score >10 12.279 (6.694-22.525) <0.001 0.829 (0.796-0.862)
Complications 2.928 (1.883-4.553) <0.001 0.724 (0.676-0.772)
NLR >6.0 2.732 (1.747-4.272) <0.001 0.649 (0.599-0.698)
Atrial fibrillation 1.72 1(1.098-2.697) 0.018 0.646 (0.597-0.695)
Cancer history 2.176 (1.156—4.095) 0.016 0.542 (0.493-0.592)
Prior stroke 0.550 (0.314-0.963) 0.036 0.534 (0.489-0.579)
Age =80 years 1.560 (0.980-2.484) 0.061

Hemoglobin 0.948 (0.854-1.053) 0.323

Glucose 1.001 (0.998-1.003) 0.608

Creatinine 0.998 (0.811-1.230) 0.987

LDL-cholesterol 1.005 (0.991-1.011) 0.114

Triglyceride 1.002 (1.000-1.004) 0.079

Female gender 0.643 (0.407-1.017) 0.059

Dyslipidemia 0.773 (0.392-1.521) 0.455

Uremia 2.010 (0.552-7.322) 0.290

IVT or EVT 1.041 (0.545-1.987) 0.904

Model 2 C-statistic 0.903 (0.885-0.922)

Notes: Model I: including NLR >5.5, Atrial fibrillation, and complications; Model 2: including initial NIHSS >10, complications, NLR > 6.0,
atrial fibrillation, cancer history, and prior stroke.*Stepwise logistic regression; **multiple logistic regression.

Abbreviations: AUC, area under the curve; Cl, confidence interval; EVT, endovascular thrombectomy; IVT, intravenous thrombolysis;
NIHSS, National Institute of Health Stroke Scale; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio.

Discussion

IHIS accounted for approximately 2% of all ischemic strokes in the present study. Cardiology was the most frequent
department where THIS occurred, which is consistent with previous reports.'®'” Patients admitted to the cardiology ward
are at greater risk of developing acute ischemic stroke because cardiovascular disorders, including coronary artery
disease, dysrhythmias, and valvular heart disease, are common causes of ischemic stroke. Coronary artery disease and
cerebrovascular disease have risk factors similar to those of atherosclerosis, such as aging, hypertension, diabetes
mellitus, and dyslipidemia. Atrial fibrillation, however, is the most common cause of cardioembolism according to the
TOAST classification, because of the potential embolic source from the heart and the effect of reduced cerebral
hemodynamics from impaired cardiac function.'® Patients admitted to the orthopedic surgery ward with bone fractures
are likewise at risk of developing ischemic stroke. Bone fracture and ischemic stroke also have many common risk
factors,'” and stroke and bone fracture are both risk factors and complications of each other. The risk of stroke doubles
after a hip fracture and remains elevated for up to 10 years.”® Limb weakness from a stroke might not be perceived
because of the pain caused by the bone fracture if the paresis occurs on the fractured limb with constrained movements.*’
Procedure-related or perioperative stroke was observed in approximately 15% of patients with IHIS in the present study,
but it was reported in up to 60% of patients in Kassardjian’s study.' Patients with THIS with a stroke in the posterior
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Figure 2 (A) C-statistic of the three significant predictors of mortality when using NLR >5.5 among patients with in-hospital ischemic stroke (IHIS); predictive performance
of 0.897. (B) C-statistic of the four significant predictors of mortality when using SIl >2120 among patients with I[HIS; predictive performance = 0.926. (C) C-statistic of the
six significant predictors of mortality when using comprising NLR >6.0 in patients with out-of-hospital ischemic stroke (OHIS); predictive performance of 0.903. (D)
C-statistic of the seven significant predictors of mortality when using SIl >1051 in patients with OHIS; predictive performance = 0.902.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; S, systemic immune-inflammation index.

circulation of the brain had higher rates of unclear onset times. General weakness of limbs and reduced mental status
caused by acute illness or infection may mask the stroke symptoms, particularly among those with posterior circulation
without the typical symptoms noted in the Cincinnati Prehospital Stroke Scale (arm weakness, speech disturbance, or
facial droop).>>

All four immune-inflammatory markers were positively and linearly correlated with patients’ initial NIHSS and the
discharge mRS scores and were higher among patients with OHIS with unfavorable outcomes. Patients with THIS had
considerably higher levels of all four immune-inflammatory markers than patients with OHIS had. Such higher levels of
immune-inflammatory markers resulted from the primary disorder, such as coronary artery disease, infectious disease,
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bone fracture, or other metabolic problem, during admission, superimposed by a subsequent ischemic stroke during
hospitalization. Infectious disease, coronary or cardiac disease, pulmonary disorder, and bone fracture were four most
common primary disorders for hospitalization in the present study. Lu et al determined that cardiovascular and
oncological diseases were the most frequently reported reasons for admission among patients with IHIS.'” Thus,
a strong association exists between increased immune-inflammation response and infectious disease. Both cardiovascular
and oncological diseases have been associated with excessive activation of the immune-inflammation system with higher
levels of immune-inflammatory markers.”*** Moreover, the immune system plays a central role in developing not only in
chronic airway diseases but also various interstitial lung diseases and the growth of pulmonary neoplasms.?® Vester et al
reported that poor regulation of the immune system after bone trauma in older patients was likely associated with the
increased complication rate and susceptibility to infections.*¢

Reports have demonstrated that the immune-inflammatory markers increase linearly with the initial NIHSS and the
discharge mRS scores.”'* We obtained the same results among patients with OHIS. Large-artery atherosclerosis and
cardioembolism, which usually cause higher stroke severity with higher NIHSS scores, account for more than three-
quarters of IHIS cases. Furthermore, patients with greater disease severity and multiple comorbidities typically have
many complications. Pneumonia and urinary tract infection are the two most common in-hospital complications. Such
infections further increase the immune-inflammatory response, leading greater disease severity. Additionally, stroke-
induced immunosuppression related to excessively activated adaptive immunity in large-artery atherosclerosis or
cardioembolic strokes also increases the patient’s susceptibility to post-stroke infections.”*’*® This vicious cycle leads
to a poor clinical outcome. A large prospective study conducted by Smeeth et al indicated that risk of stroke increases in
the days following an acute upper respiratory or urinary tract infection.”” Sebastian et al analyzed 152,356 acute ischemic
strokes cases and determined that every infection type was associated with an increased likelihood of acute ischemic
stroke, and the strongest association was for urinary tract infection within the 7-day window.*® A comprehensive review
by Elkind et al suggested that after certain severe acute infections, such as influenza or sepsis (or possibly COVID-19),
the risk of stroke increases transiently (a cerebrovascular vulnerable window), and stroke may occur.®!

In the present study, nearly 90% of patients with IHIS had an unfavorable outcome. Patients with IHIS had higher

degree of stroke severity and more complications during hospitalization. This result could explain why no difference in
immune-inflammatory markers were noted between favorable and unfavorable outcomes among patients with IHIS.
However, higher levels of immune-inflammatory markers were observed among patients with fatal outcomes than among
those without fatal outcomes in patients with IHIS and OHIS. Both Model 1 (C-statistic = 0.897) for IHIS and Model 2
(C-statistic = 0.903) for OHIS provide excellent predictions for mortality. Common significant predictors of mortality in
both groups of patients were atrial fibrillation, complications, and higher level of NLR or SII. The initial NIHSS score,
a major predictor of unfavorable outcome and mortality among patients with OHIS, was nonsignificant among those with
THIS, possibly because of the small number of patients and a large proportion of patients with IHIS having higher initial
NIHSS scores than those with OHIS. In such situations, an NLR of >5.5 or an SII of >2102 became the most dominant
predictor among the significant factors of mortality. Among patients with OHIS, an NIHSS score of >10 was the optimal
predictor of mortality. Although all four immune-inflammatory markers had similar correlations with the clinical features
and outcomes during univariate analyses, the NLR and SII were equally superior independent predictors of mortality
compared with the other two markers.

Among patients with OHIS, the treatment time can be separated into a prehospital delay (onset-to-ED time) and an
intrahospital delay (ED-to-CT time; ED-to-IVT time, and ED-to-EVT time) because of the precise registration time
during the patient’s arrival at the ED. For patients with IHIS, the onset-to-CT time is a crucial interval for the primary
diagnosis of stroke. Most studies have demonstrated a longer onset-to-CT time in patients with [HIS, particularly
during the early era of thrombolytic therapy.’” Recent studies by Lu et al and Caparros et al have revealed that time
intervals regarding intrahospital delay were shorter among patients with IHIS than among those with OHIS receiving
IVT or EVT therapy.'’** The present study also reveals shorter time intervals among patients with IHIS. A clear onset
time was noted for approximately four in five patients with IHIS and half of patients with OHIS. This might suggest
that THIS patients had a greater likelihood of receiving IVT or EVT treatment than did patients with OHIS. Although
the rates of patients who received IVT or EVT were similar among patients with an onset-to-CT time =6  hours
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between those with THIS and those with OHIS (29% vs.25%), patients with IHIS received IVT or EVT treatment at
a higher rate (17% vs 7%) than other patients in the study. These results could be attributed to a higher rate of patients
with THIS having an onset-to-CT time <6 hours and having shorter median onset-to-CT and onset-to-IVT times.
Besides, the number of THIS could be underestimated because not all patients with ITHIS, particular for patients with
minor stroke symptoms, were transferred to the stroke unit. Neurological evaluations confirming a diagnosis of stroke
is the most vital step in early treatment. The median onset-to-liaison time and onset-to-NE time were shorter among
patients with THIS patients receiving IVT or EVT treatment than among patients with OHIS. The rapid arrival of
neurologists to the ED for patients with OHIS or to the bedside of patients with IHIS after an emergent neurological
liaison helps improve the execution rate of thrombolytic therapy. A prolonged onset-to-liaison time among patients
with OHIS is most often due to a delay in the onset-to-ED time; among patients with IHIS, however, a prolonged time
is mostly caused by a delayed neurological liaison from the physicians in charge, who may not have been exactly
aware of the therapeutic windows or the severity of a stroke, particularly when symptoms develop outside of the
working time.

An interdisciplinary team that follows appropriate specialized protocol for patients with IHIS, including a special
contact window for emergent liaison, rapid transportation of patients for cranial imaging study, and a clear pathway for
medicine delivery to the bed side, has been reported to effectively shorten the intrahospital delay.'®** Furthermore,
widespread educational programs for all hospital staff to more effectively recognize stroke symptoms, rapidly convey the
bedside information from caregivers to physicians in charge, and understand the concept of therapeutic time windows,
are vital for increasing the reperfusion rate for eligible patients. Stroke incidence is lower in the ward than in the ED.
Frequent educational programs are required to ensure effective stroke treatment, particularly in units in which stroke
occurs most frequently, namely the cardiovascular, infectious and orthopedic surgery wards.

This study has several limitations. First, the number of patients with IHIS was too small and was underestimated. The
number of fatal outcome in IHIS was only 12 and the results of multivariable analyses of fatal outcome among patients
with THIS might not be stable. Small sample size might cause a wide range of confidence intervals but does not mean that
the results are not correct. Given a sparse effect may cause a wide range of confidence intervals under a certain level,
probability of monotone likelihood is a further limitation.>> Patients with a minor IHIS might not be transferred to the
neurological ward after liaison, and were thus not recorded in the stroke registry. Patients with severe illness due to the
primary disease who were admitted to the intensive care unit and experienced a nonfatal stroke were also not transferred
and registered because of unstable vital signs and complicated comorbidities. Therefore, the rates of IVT and EVT among
patients with IHIS may have been overestimated. Second, 18% of patients with IHIS patients and 51% of patients with
OHIS patients had unclear symptom onset times, which might have led to a biased statistical analysis. However, based on
experience, a clear symptom onset time is generally difficult to confirm. Third, the inclusion criteria of IVT therapy were
updated annually, and the 24-hours EVT therapy had been implemented for less than 2 years in the index hospital. The
number of patients receiving EVT treatment, however, remained insufficient. Nevertheless, we applied the same criteria
of IVT and EVT for patients with IHIS and OHIS, and the number of patients receiving EVT treatment is currently
increasing. Finally, our data were limited to the discharge outcome. We could not determine an intermediate outcome at 3
month nor conduct a long-term follow-up.

Conclusion

Cardiology and orthopedic surgery were the two most common departments where IHIS occurred. Compared with
patients with OHIS, patients with IHIS had higher levels of all immune-inflammatory markers as well as higher rates of
large-artery atherosclerosis or cardioembolism, receiving IVT or EVT treatment, unfavorable outcome and mortality. All
time intervals were shorter among patients with IHIS receiving reperfusion therapy, except for liaison-to-NE time. The
most significant predictor for mortality among those with OHIS was NIHSS score >10. An NLR >5.5 or a SII >2102 was
the most significant predictor of mortality among patients with IHIS. Physicians need to be more vigilant toward these
high levels of immune-inflammatory markers with careful clinical evaluation and management. Further protocols for
IHIS are warranted to improve the quality of care for patients with IHIS.
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