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Abstract

Purpose This study aimed at the population receiving thrombolytic therapy and to explore the optimal time point for
neutrophil-to-lymphocyte ratio (NLR) in predicting stroke-associated pneumonia (SAP).

Methods We assessed patients undergoing intravenous thrombolysis (IVT) for acute ischemic stroke. Blood parameters
were sampled before thrombolysis (within 30 min after admission) and within 24-36 h after thrombolysis, respectively. The
primary outcome measure was the occurrence of SAP. Multivariate logistic regression analysis was performed to analyze
the association between admission blood parameters and the event of SAP. We also used receiver operating characteristic
(ROC) curve analysis to assess the discriminative ability of blood parameters measured at different times in predicting SAP.
Results Among the 388 patients, SAP occurred in 60 (15%) patients. Multivariate logistic regression analysis showed that
NLR was significantly associated with SAP (NLR before IVT: aOR = 1.288; 95%CI = 1.123-1.476; p < 0.001; NLR after
IVT: (aOR = 1.127, 95%CI = 1.017-1.249; p = 0.023). The ROC curve showed that the predictive ability of NLR after IVT
was better than NLR before IVT, not only in predicting the occurrence of SAP but also in predicting short-term and long-
term functional outcomes, hemorrhagic transformation, and 1-year mortality.

Conclusion Increased NLR measured within 24-36 h after IVT has a significant predictive effect on the occurrence of SAP
and can be used to predict short-term and long-term poor functional outcomes, hemorrhagic transformation, and 1-year
mortality.
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Introduction

Acute ischemic stroke (AIS) occurs when blood flow in the
brain region is interrupted due to cerebrovascular obstruc-
tion. Although the direct cause of brain injury is insuffi-
cient blood supply, the deterioration of neurological deficit
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is closely related to the inflammatory process after AIS. It
has been proved that stroke could destroy the homeostasis
of the regular and strictly regulated immune system, making
patients vulnerable to complications such as immunosup-
pression and infection [1-3]. Stroke-associated pneumo-
nia (SAP) is one of the significant clinical complications
encountered by elderly stroke survivors, and its etiology is
mainly due to dysphagia leading to oropharyngeal aspiration
and the disruption of immune homeostasis after stroke [2,
4]. SAP has been known to associate with delayed recov-
ery, poorer functional outcomes, longer hospital stays, and
higher medical costs [5-7]. However, the diagnosis of SAP
is challenging because the hallmark symptoms of clinical
infection, such as fever, leucocytosis, and elevated C reac-
tive protein (CRP) can be caused by the destruction of ther-
moregulation and non-infectious inflammation or infections
elsewhere [8]. In addition, the administration of some drugs,
such as aspirin and paracetamol can mask fever. Even chest
X-ray, as a core component of diagnosis, has limited utility
because there may be no infiltration in the early stage and
may only be helpful in the late stage of infection [9]. How-
ever, late treatment may reduce the rehabilitation rate and
worsen the functional prognosis of patients [10]. Therefore,
pragmatic markers are needed to predict the occurrence of
SAP more accurately.

Recently, a growing number of studies have shown that
NLR, which can be easily calculated through blood cell
counts, could adequately predict the severity of systemic
inflammation and infection, for example, in sepsis, solid
tumors, and even COVID-19 [11-13]. Previous studies have
shown that the neutrophil-to-lymphocyte ratio (NLR) out-
performed conventional blood inflammatory markers in pre-
dicting stroke-related pneumonia (SAP) [14—16]. However,
these studies only focused on the general stroke population
and did not consider the impact of thrombolytic therapy.
It is well known that thrombolytic therapy can change the
early inflammatory stage of stroke patients by protecting the
ischemic penumbra. Therefore, in this research, we observed
the potential, undetected but existing inflammatory process
in the different stages of thrombolytic therapy, thus predict-
ing the onset of SAP before clinical manifestations. Further-
more, we planned to explore its utility in predicting short-
term and long-term functional prognosis and mortality.

Methods

Study design

This is a single-center cohort study evaluating patients
undergoing IVT for acute ischemic stroke between 2018

and 2020 in the comprehensive stroke center. Data were
collected retrospectively for treated patients. All patients
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included in this study signed informed consent in follow-up
visits. The data supporting the results of this study are avail-
able from the corresponding author upon reasonable request
from any qualified investigator.

Population

The inclusion criteria were patients with clinically and
radiographically diagnosed acute ischemic stroke. Eligible
patients were treated with intravenous thrombolysis (IVT)
[by recombinant human tissue plasminogen activator (rtPA)
at the dose of 0.9 mg/kg] according to national clinical
guidelines during the study period. Considering that factors
such as time window, operation, and anesthesia methods of
endovascular therapy (EVT) patients may indirectly affect
the inflammatory process, only patients with simple throm-
bolysis were included in this study. Exclusion criteria were
as follows: (1) transient ischemic attack (n = 6), (2) compli-
cated with chronic inflammatory or autoimmune diseases,
severe malignant tumor or severe pathologies of the lung,
heart, liver, and kidneys (n = 52), (3) had a major trauma,
surgery, or symptoms of active infection within the 2 weeks
before admission or prophylactic antibacterial therapy (n
= 12), (4) incomplete clinical or radiographical informa-
tion (n = 5), or missing clinical 1-year Modified Rankin
Scale (mRS) score (n = 4), and (5) patients were treated
with mechanical thrombectomy or bridging therapy (n =
224). Among the 467 patients treated with IVT, 79 were
subsequently excluded, leaving 388 subjects for the final
analyses (Fig. 1).

At this comprehensive stroke center, all patients were rou-
tinely examined by chest computerized tomography (CT) on
admission to confirm the presence of serious lung or heart
disease. All pneumonia cases were confirmed by chest CT
and were re-examined according to their condition.

Data collection and assessment

Information, such as demographic characteristics (age,
sex), vascular risk factors (hypertension, diabetes mellitus,
ischemic heart disease, hyperlipidemia, atrial fibrillation,
smoking, drinking, previous stroke), clinical characteris-
tics (stroke severity based on the infarct volume and the
National Institutes of Health Stroke Scale [NIHSS] score,
dysphagia, and stroke etiology), treatment parameters (OTT,
DNT, and hospital stays), and blood parameters, was col-
lected (see Table 1 for details). OTT time refers to the time
from symptom onset to treatment with IVT, and DNT time
refers to door-to-needle time. Blood parameters in the cur-
rent analysis were obtained before IVT (within 30 min after
arriving at the emergency department) and within 24-36
h after IVT, respectively. The blood parameters included
leukocytes, neutrophils, lymphocytes, monocytes, NLR,
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Fig. 1 Flow chart
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and C-reactive protein (CRP). The NLR was calculated after
dividing absolute neutrophil counts by absolute lymphocyte
counts. A trained speech therapist performed a dysphagia
assessment in the first 24 h after admission by the modified
water swallowing test, a Japanese bedside dysphagia assess-
ment [17]. Patients were evaluated on swallowing reflex, wet
hoarseness, and cough after drinking 30 ml of water and
were grouped according to the Functional Oral Intake Scale
(FOIS) score (1-3: use of an alternative route for feeding;
4-5: oral feeding with a necessity for the modification of
food consistency; and 6-7: no changes in food consistency)
[18, 19]. At least two professional radiologists reported
computed tomography or magnetic resonance. The large
infarct volume was defined as the main blood supply area
of large vessels with an infarct diameter greater than 3 cm
and involving more than two anatomical sites. The A2DS2
score is a well-established tool for predicting SAP, which
includes age (1 point for >75 years), atrial fibrillation (1
point), dysphagia (2 points), sex (1 point for male sex), and
initial NIHSS score (0 point for NIHSS score 0—4, 3 points
for NIHSS score 5-15, and 5 points for NIHSS score >16).
The A2DS2 score >5 can be used for preliminary clinical
screening of patients with SAP [20-22].

Outcome

The primary outcome measure was the morbidity of SAP,
defined as pneumonia diagnosed within the first 7 days after
stroke onset [23]. Over two neurologists diagnosed pneumo-
nia during the hospital stay based on signs, symptoms, labo-
ratory measurements suggestive of acute lower respiratory

tract infection, and confirmation via chest CT, according
to the modified Center for Disease Control and Prevention
criteria [23].

We additionally noted post-thrombolysis early neurologi-
cal outcomes (early neurological improvement [ENI], early
neurological deterioration [END]), hemorrhagic transforma-
tion, mRS score at discharge and 1 year from AIS onset, and
mortality. END was defined as an increase of > 4 points in
the NIHSS score within 24 h after IVT, and ENI was defined
as a decrease of > 4 points in the NIHSS score or a complete
resolution of neurological deficits within 24 h after IVT. The
favorable outcome was defined as an mRS score of 0-2, and
functional dependence was defined as an mRS score of 3-5.
The follow-up assessments were conducted in face-to-face
outpatient clinics or by telephone with patients or relatives.
The physicians who assessed the NIHSS and the mRS score
were specially trained and blind to the diagnosis of SAP.
Mortality was defined as the percentage of deaths from treat-
ment to 1-year follow-up. Hemorrhagic transformation was
defined as any hemorrhage with neurologic deterioration and
confirmed radiographically.

Statistical analysis

The continuous variables were presented as mean =+ standard
deviation or medians (interquartile range), and counts and
percentages were shown in the case of categorical data. Con-
tinuous variables were tested for normality using the Kol-
mogorov-Smirnov test and then compared, as appropriate,
by a Student’s ¢-test or the Mann-Whitney U test. Pearson’s
X2 test or Fisher’s exact test was used to compare categorical
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Table 1 Baseline characteristics of patients with SAP and non-SAP with acute ischemic stroke

Total (n = 388) Non-SAP (n = 328) SAP (n = 60) P-value

Age, years 69+12 67+12 75+12 <0.001*
Sex, male (%) 255(66) 213(65) 42(71) 0.337
Drinking, n (%) 155(40) 136(41) 19(32) 0.187
Smoking, n (%) 163(42) 136(41) 27(46) 0.526
Previous stroke, n (%) 52(13) 40(12) 12(20) 0.089
Atrial fibrillation, n (%) 94(24) 71(22) 23(38) 0.006*
Hypertension, n (%) 273(70) 226(69) 47(80) 0.055
Ischemic heart disease, n (%) 27(7) 22(7) 5(8) 0.619
Diabetes mellitus, n (%) 182(47) 152(46) 30(51) 0.510
Hyperlipidemia, n (%) 229(59) 199(60) 30(51) 0.285
Initial NIHSS score, median (IQR) 5(3-10) 4(3-8) 13(8-17) <0.001*
Dysphagia, n (%) 47(12) 13(4) 34(58) <0.001%*
FOIS score, n (%) <0.001*

1-3 41(11) 14(4) 27(51)

4-5 198(52) 176(53) 22(42)

6-7 145(38) 141(43) 4(8)
A2DS2 score 3(1-5) 3(1-4) 5(4-7) <0.001*
Large infarct volume, n (%) 51(13) 28(9) 23(38) <0.001*
Stroke etiology, n (%) 0.088

Large vessel disease 202(52) 166(50) 36(61)

Cardioembolism 72(19) 60(18) 12(20)

Small vessel occlusion 81(21) 76(23) 5(8)

Undetermined or other etiology 33(9) 27(8) 6(10)
Blood parameters measured within 30 min after admission

Leukocytes (x10%L), median (IQR) 7.17(5.92-8.95) 7.07(5.72-8.60) 8.48(6.66-10.58) 0.004*

Neutrophils (x10%L), median (IQR) 4.59(3.47-6.24) 4.45(3.36-5.85) 6.29(4.05-8.92) <0.001*

Monocyte (x10°/L), median (IQR) 0.47(0.37-0.61) 0.46(0.36-0.61) 0.52(0.38-0.70) 0.035*

Lymphocyte (x10° /L), median (IQR) 1.68(1.28-2.21) 1.74(1.34-2.26) 1.42(1.05-1.75) 0.002*

NLR, median (IQR) 2.59(1.76-4.24) 2.47(1.67-3.94) 4.44(2.70-7.59) <0.001*

CRP (mg/L), median (IQR) 3.42(3.00-9.85) 3.26(3.00-8.46) 8.95(4.05-16.80) <0.001%*
Blood parameters measured within 24-36 h after IVT

Leukocytes (x10%L), median (IQR) 7.66(6.42-9.59) 7.44(6.24-9.06) 9.28(7.41-12.13) <0.001*

Neutrophils (x10%L), median (IQR) 5.37(4.09-7.11) 5.02(3.84-6.71) 7.51(5.62-9.87) <0.001%*

Monocyte (x10%/L), median (IQR) 0.51(0.39-0.66) 0.50(0.39-0.65) 0.57(0.38-0.87) 0.060

Lymphocyte (x10%L), median (IQR) 1.47(1.12-1.88) 1.51(1.19-1.91) 1.20(0.83-1.55) <0.001*

NLR, median (IQR) 3.42(2.32-5.59) 3.13(2.23-4.93) 6.43(4.75-9.02) <0.001*

CRP (mg/L), median (IQR) 3.32(3.00-9.87) 3.29(3.00-8.47) 9.10(3.78-22.40) <0.001*

DNT (min), median (IQR) 47(35-59) 46(34-59) 50(39-62) 0.109
OTT, n (%) 0.889

<90 min 32(8) 27(8) 5(8)

90-180 min 184(47) 154(47) 30(50)

> 180 min 172(44) 147(45) 25(42)
Hospital stays (days), median (IQR) 9(7-13) 9(7-12) 14(10-20) <0.001*
Early neurological outcomes, n (%) 0.024*

Neither END nor ENI 176(45) 149(45) 27(45)

ENI 182(47) 159(48) 23(38)

END 30(8) 20(6) 10(17)
Hemorrhagic transformation, n (%) 43(11) 29(9) 14(24) <0.001*
mRS 0-2 at discharge, n (%) 263(68) 250(76) 13(22) <0.001*
mRS 0-2 at 1 year, n (%) 265(68) 247(75) 18(31) <0.001*
Mortality, n (%) 43(11) 21(6) 22(37) <0.001*

FOIS the Functional Oral Intake Scale, CRP C-reactive protein, NIHSS National Institutes of Health Stroke Scale, NLR neutrophil-to-lympho-
cyte ratio, OTT onset-to-treatment time, DNT door-to-needle time, SAP stroke-associated pneumonia, ENI early neurological improvement, END
early neurological deterioration, mRS Modified Rankin Scale; /QR, interquartile range

p < 0.05
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variables. We referred to the NLR measured before IVT
(within 30 min after admission) as Model 1 and the NLR
measured within 24-36 h after IVT as Model 2. The multi-
variable logistic regression analyses were used to identify
significant predictors of SAP and to analyze outcomes of the
high NLR group, which were adjusted for variables selected
from univariate analysis with p < 0.1 and previous stud-
ies. The predictive power of NLR was compared with other
peripheral inflammatory cell counts using the area under
the receiver operating characteristic curve (AUROC), and
the optimal cut-off point was calculated based on Youden’s
index. Meanwhile, in order to better define the added value
of NLR to the established clinical model for the diagnosis of
SAP, we combined the NLR after IVT with the A2DS?2 score
to establish the modified A2DS2 score model and included
it in the ROC analysis. In addition, the relationship between
NLR and relevant baseline variables was performed using
Pearson correlation. Multiple linear regression further ana-
lyzed variables with p < 0.05 in Pearson correlation analysis.
All statistical analysis was performed using SPSS version
26 (IBM SPSS, Chicago, IL, USA). The receiver operating
characteristic curve (ROC) was performed using GraphPad
Prism 8. A two-tailed value of p < 0.05 was considered
significant.

Results
Participants characteristics

Table 1 displays the characteristics of included patients
according to dichotomized SAP. The prevalence of SAP
was 15% (n = 60). Across the entire study population, the
mean age was 69 years, and 66% of patients were male. The
median initial NIHSS score and hospital stays were 5(3—10)
and 9(7-13), respectively. 263 subjects (68%) achieved
favorable outcome at discharge.

As shown in Table 1, compared to non-SAP, patients with
SAP were older (mean 75 versus 67 years, p < 0.001), more
likely to combine with dysphagia (58% vs 4%, p < 0.001),
atrial fibrillation (38% vs 22%, p = 0.006), and hemorrhagic
transformation (24% vs 9%, p < 0.001), and had higher
median initial NTHSS score (13 vs 4, p < 0.001), A2DS2
score (5 vs 3, p < 0.001), longer hospital stays (14 vs 9
days, p < 0.001), higher rate of FOIS score of 1-3 (51% vs
4%, p < 0.001), higher rate of large infarct volume (38%
vs 9%, p < 0.001), and a higher rate of END (17% vs 6%,
p = 0.024). The favorable outcome at discharge (22% vs
76%, p < 0.001) and 1 year (31% vs 75%, p < 0.001) were
less commonly found in patients with SAP, but mortality
(37% vs 6%, p < 0.001) was higher in patients with SAP.
Compared with non-SAP patients, SAP patients also had
higher leukocyte, neutrophil, monocyte counts, and CRP

levels, but lower lymphocyte levels both at admission and
24-36 h after IVT. In the total group, OTT time of fewer
than 90 min accounts for 8%, and the median DNT time is 47
min, both of which have no significant correlation with the
occurrence of SAP. In this study, no significant difference
in stroke etiology, drinking, smoking, history of previous
stroke, hyperlipidemia, hypertension, or diabetes mellitus
was shown between the two groups.

Association between NLR and outcomes

It can be seen from the data in Table 1 that the SAP group
reported significantly higher NLR than the non-SAP group
(4.44-6.43 vs. 2.47-3.13, p < 0.001). When we divided the
NLR respectively into two groups bounded by 4, patients in
the high NLR groups had more pneumonia events (24-27%
vs. 3-7%, p < 0.001) compared with patients in the low NLR
groups (Table 2). In the multivariable logistic regression
analysis, the NLR before IVT (adjusted odds ratio [aOR]
= 1.288; 95% confidence interval [CI] = 1.123-1.476; p <
0.001), as well as the NLR after IVT (aOR = 1.127, 95%CI
= 1.017-1.249; p = 0.023), remained an independent pre-
dictor of SAP after adjusting for confounders (Table 3). Ini-
tial NIHSS score, atrial fibrillation, dysphagia, and A2DS2
score were also significant predictors of SAP in Model 1 and
Model 2 (p < 0.05, Table 3).

As shown in Table 4, the results of multiple logistic
regression analysis after adjustment for confounding factors
showed that a high NLR level was also an independent risk
factor for SAP, poor short-term and long-term functional
outcomes, and mortality (p < 0.05, Table 4).

ROC analysis for SAP showed that the area under the
curve of NLR after IVT (0.80, 95%CI = 0.74-0.86; p <
0.001) was higher than NLR before IVT (0.72, 95%CI
= 0.66-0.80; p < 0.001) and conventional inflamma-
tory markers, such as CRP (0.73, 95%CI = 0.67-0.80; p
< 0.001), lymphocyte counts (0.68, 95%CI = 0.61-0.75;
p < 0.001), neutrophils (0.70, 95%CI = 0.63-0.77; p <
0.001), monocyte (0.59, 95%CI = 0.51-0.67; p = 0.034)
and leukocyte counts (0.66, 95%CI = 0.58-0.73; p <
0.001) (Fig. 2). The optimal point of NLR after IVT
identified by the Youden index was 4.4 with 80% sen-
sitivity, and 70% specificity (Youden index = 0.507). In
addition, the area under the curve of NLR after IVT was
also higher than NLR before IVT in the ROC analysis
for functional dependence at discharge (after IVT: 0.78,
95%CI = 0.73-0.83, p < 0.001; before IVT: 0.68, 95%ClI
= 0.63-0.74, p < 0.001), functional dependence at 1 year
(after IVT: 0.71, 95%CI = 0.65-0.77, p < 0.001; before
IVT: 0.66, 95%CI = 0.61-0.72; p < 0.001), mortality
(after IVT: 0.77, 95%CI = 0.70-0.83, p < 0.001; before
IVT: 0.70, 95%CI = 0.61-0.78, p < 0.001), END (after
IVT: 0.72, 95%CI = 0.62-0.82, p < 0.001; before IVT:
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Table 2 Baseline characteristics of patients with low and high NLRs

Variables “Model 1 °®Model 2
Low NLR High NLR P-value Low NLR High NLR P-value
(NLR<4, (NLR>4, (NLR<4, (NLR>4,
n=228) n = 160) n=158) n=230)
Pneumonia events, n (%) 16(7) 44(27) <0.001* 4(3) 56(24) <0.001*
Age (years), median (IQR) 67+12 7012 0.140 67+12 70+13 0.002*
Sex, male, n (%) 151(66) 104(65) 0.802 107(68) 148(64) 0.492
Atrial fibrillation, n (%) 44(19) 43(27) 0.078 33(21) 54(23) 0.548
Previous stroke, n (%) 28(12) 24(15) 0.439 21(13) 31(13) 0.958
Hyperlipidemia, n (%) 148(65) 81(51) 0.005* 102(65) 127(55) 0.066
Diabetes mellitus, n (%) 106(46) 76(48) 0.845 73(46) 109(47) 0.818
Hypertension, n (%) 160(70) 113(71) 0.924 103(65) 170(74) 0.065
Ischemic heart disease, n (%) 15(7) 12(8) 0.726 11(7) 16(7) 0.998
Initial NIHSS, median (IQR) 4(2-8) 7(3-10) <0.001* 3(2-6) 7(3-12) <0.001*
A2DS2 score, median (IQR) 2(1-4) 4(2-5) <0.001* 2(1-4) 4(1-5) <0.001%*
Dysphagia, n (%) 16(7) 31(19) <0.001* 5(3) 42(18) <0.001%*
Large infarct volume, n (%) 20(9) 31(19) 0.003* 7(4) 44(19) <0.001*
Stroke etiology, n (%)
Large vessel disease 115(50.4) 88(55) 0.667 75(48) 128 (56) 0.014%*
Cardioembolism 44(19.3) 30(18.8) 30(19) 44 (19)
Small vessel occlusion 51(22.4) 28(17.5) 44(28) 35(15)
Undetermined or other etiology 18(7.9) 14(8.8) 9(6) 23(10)
DNT (h), median (IQR) 44(34-59) 49(36-59) 0.217 43(34-58) 48(36-60) 0.093
OTT, n (%)
<90 min 23(10) 9(6) 0.013* 8(5) 10(4) 0.378
90-180 min 117(52) 67(42) 69(44) 117(51)
>180 min 87(38) 85(53) 81(51) 103(45)
Hospital stays (days), median (IQR) 9(7-12) 10(8-15) <0.001* 9(7-11) 10(7-14) 0.005%*
Early neurological outcomes, n (%)
Neither END nor ENI 97(43) 79(49) 0.002* 70(44) 106(46) 0.086
ENI 120(53) 62(39) 81(51) 101(44)
END 10(4) 20(12) 7(4) 23(10)
Hemorrhagic transformation, n (%) 14(6) 29(18) <0.001* 6(4) 37(16) <0.001°*
mRS 0-2 at discharge, n (%) 180(79) 83(52) <0.001* 137(87) 126(55) <0.001°*
mRS 0-2 at 1 year, n (%) 176(77) 89(56) <0.001* 133(84) 132(57) <0.001%*
Mortality, n (%) 13(6) 30(19) <0.001* 3(2) 40(17) <0.001*

NIHSS National Institutes of Health Stroke Scale, NLR neutrophil-to-lymphocyte ratio, OTT onset-to-treatment time, DNT door-to-needle time,
ENI early neurological improvement, END early neurological deterioration, mRS Modified Rankin Scale, IQR interquartile range

“Model 1:NLR measured before IVT (within 30 min after admission)
®Model 2:NLR measured within 24-36 h after IVT
*p < 0.05

0.64, 95%CI = 0.54-0.75, p = 0.007), and HT (after ~ Association between NLR and relevant baseline
IVT: 0.71, 95%CI = 0.63-0.80, p < 0.001; before IVT:  variables

0.64, 95%CI = 0.56-0.73, p = 0.002) (Fig. 2). Surpris-

ingly, NLR after IVT was similar in AUROC to the widely =~ As shown in Table 2, compared with patients in the low NLR
accepted A2DS2 score (0.80, 95%CI = 0.74-0.86; p < group of Model 1, patients in the high NLR group had higher
0.001), and the best AUROC (0.84, 95%CI = 0.0.79-0.90;  median initial NIHSS score (7 vs 4, p < 0.001) and A2DS2
p < 0.001) was achieved in the modified A2DS2 score  score (4 vs 2, p < 0.001), higher rate of END (12% vs 4%, p
(NLR after IVT combined with the A2DS2 score) (Fig. 3). = 0.002), higher rate of OTT time >180 min (53% vs 38%, p
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Table 3. Multivar.iate logist.ic Variables “Model 1 "Model 2

regression analysis of possible

predicts of SAP Adjusted OR P-value Adjusted OR P-value
Age 1.027(0.990-1.066) 0.150 1.02(0.984-1.057) 0.290
NLR 1.288(1.123-1.476) <0.001* 1.127(1.017-1.249) 0.023*
Initial NIHSS score 1.118(1.036-1.205) 0.004* 1.112(1.031-1.199) 0.006*
Dysphagia 18.859(7.282-48.839) <0.001* 14.576(5.708-37.218) <0.001*
A2DS?2 score 1.656(1.4-1.959) <0.001* 1.574(1.331-1.863) <0.001*
Atrial fibrillation 4.387(1.110-17.341) 0.035* 6.523(1.826-3.298) 0.004*
Hyperlipidemia 1.087(0.479-2.469) 0.842 0.974(0.44-2.156) 0.948
Diabetes mellitus 1.543(0.694-3.431) 0.288 1.958(0.883-4.338) 0.098
Previous stroke 0.936(0.3-2.922) 0.910 1.308(0.439-3.895) 0.630
Hypertension 1.135(0.435-2.96) 0.796 1.101(0.436-2.782) 0.838
Ischemic heart disease 0.825(0.217-3.134) 0.778 0.97(0.260-3.615) 0.964
Drinking 0.720(0.276-1.881) 0.503 0.588(0.233-1.486) 0.262
Smoking 2.842(0.978-8.257) 0.055 2.761(0.977-7.806) 0.055

Table 4 Multivariate logistic
regression analysis for outcomes
of high NLR group (NLR>4)

NIHSS National Institutes of Health Stroke Scale, NLR neutrophil-to-lymphocyte ratio, OR odds ratio, SAP
stroke-associated pneumonia

Model 1:NLR measured before IVT (within 30 min after admission)
®Model 2:NLR measured within 24-36 h after IVT

Model 1 and Model 2 were both adjusted with P < 0.1 in univariate analysis and diabetes mellitus, smok-
ing, drinking, ischemic heart disease, hyperlipidemia, and stroke etiology

*p < 0.05
Variables “Model 1 ®Model 2

Adjusted OR P-value Adjusted OR P-value
mRS 0-2 at discharge 0.350 (0.186-0.659) 0.001* 0.379 (0.203-0.708) 0.002*
mRS 0-2 at 1 year 0.488 (0.274-0.869) 0.015% 0.542 (0.303-0.969) 0.039*
Mortality 4.615(1.243-17.142) 0.022* 3.749 (1.018-13.804) 0.047*
SAP 5.198 (1.607-16.814) 0.006* 4.996 (1.543-16.179) 0.007*

NLR neutrophil-to-lymphocyte ratio, mRS Modified Rankin Scale, SAP stroke-associated pneumonia, OR
odds ratio

Model 1:NLR measured before IVT (within 30 min after admission)

"Model 2:NLR measured within 24—36 h after IVT
Model 1 and Model 2 were both adjusted with P < 0.1 in univariate analysis

p < 0.05

= 0.013), higher rate of large infarct volume (19% vs 9%, p =
0.003), longer hospital stays (10 vs 9, p < 0.001), higher mortal-
ity (19% vs 6%, p < 0.001), and less favorable outcomes both
at discharge (52% vs 79%, p < 0.001) and 1 year (56% vs 77%,
p < 0.001), and more likely to combine with dysphagia (19%
vs 7%, p < 0.001), hemorrhagic transformation (18% vs 6%, p
< 0.001). In Model 2, the A2DS2 score, initial NIHSS score,
dysphagia, hemorrhagic transformation, hospital stays, favorable
outcomes, and mortality were also associated with NLR (p <
0.05, Table 2 and Fig. 4).

In Pearson correlation analysis (see Supplementary Table 1),
NLR before IVT was significantly correlated with the initial
NIHSS score (p < 0.001) and OTT (p < 0.001), while NLR after

IVT was significantly associated with the initial NIHSS score (p
< 0.001) and early NIHSS changes (p = 0.004). Some of these
associations remained statistically significant (NLR measured
before IVT: Initial NIHSS: = 0.124, p < 0.001; OTT: =
0.009, p < 0.001; NLR measured within 24-36 h after IVT:
early NIHSS changes: f = —0.249, p < 0.001; Initial NIHSS:
B =10.360, p < 0.001) in a multivariate linear regression model
where we corrected for parameters that have a known influence
on peripheral leukocyte counts (diabetes mellitus, hyperlipi-
demia, smoking, drinking, ischemic heart disease, Supplemen-
tary Table 2). Therefore, OTT was only significantly associated
with NLR before IVT, while early neurological outcomes were
only significantly correlated with NLR after IVT. The initial
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Fig.2 Receiver operator curves generated for SAP, functional
dependent at discharge (modified Rankin Scale score 3-5), 1-year
functional dependent, mortality, END, and HT. Abbreviation: neu-
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Fig.3 Comparison of area under the receiver operating characteris-
tic curve (AUROC) values among A2DS2 score and modified A2DS2
score (NLR combined with A2DS2 score)

NIHSS score was significantly correlated with the NLR at both
time points.

Discussion

First of all, this current study supported that a high NLR
level was an independent predictor of SAP in stroke
patients and had better predictive validity than established

@ Springer

trophils (Neu), lymphocytes (Lym), Leukocytes (Leu), Monocyte
(Mon), C-reactive protein (CRP), Early neurological deterioration
(END), hemorrhagic transformation (HT)

biomarkers like leukocyte counts, which was in agreement
with previous research findings [14-16, 24-27]. Further-
more, a high NLR level is an independent risk factor for poor
short-term and long-term outcomes and mortality, further
underscoring the usefulness of this readily available ratio in
everyday practice.

Our research showed that NLR measured before IVT
and within 24-36 h after IVT can both predict the onset
of SAP, functional dependence, and mortality after stroke.
However, NLR measured within 24-36 h after IVT had a
higher predictive value. As indicated in this study, the area
under the ROC curve of NLR measured within 24-36 h
after IVT was larger than before thrombolytic treatment.
Therefore, the calculated cut-off showed adequate sensitiv-
ity and specificity (sens.: 80%, spec.: 70%). Intriguingly, the
combination of NLR after IVT and A2DS2 scores greatly
improved the ability to predict SAP in our cohort (AUROC
= 0.84, p < 0.001). Since stroke patients undergoing IVT
are often admitted as an emergency and may lack a clear his-
tory, monitoring NLR is a more effective and simple method
compared to the A2DS2 score in predicting SAP.

A possible explanation for the above results might
be that the dynamic development of neuroinflammation
after a stroke takes several hours, and the immune activ-
ity changes after taking thrombolytic treatment. Ischemic
stroke causes the death of brain cells by cutting off the blood
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Fig.4 Comparison of different groups divided by NLR measured within 24-36 h (p < 0.05)

supply, activating pro-inflammatory factors, resulting in a
hierarchical biological effect of systemic inflammation as
shown by an increase in peripheral blood neutrophil counts.
Subsequently, increased activity of the adrenal medulla and
hypothalamic axis leads to stroke-induced immunosuppres-
sion syndrome, which can cause lymphocyte apoptosis and
T-cell inactivation. Thus, the immune system is suppressed
as compensation for brain injury, but this results in increased
susceptibility to infection for the host. Interestingly, the
number of circulating lymphocytes in uninfected patients
recovered on the day after AIS, while infected patients
showed a continuous decrease in lymphocytes [28]. In a
mouse experiment [29] and a human observational study
[30], it was found that in patients with post-stroke infection,
the increase of neutrophils might occur in the early stage
of AIS, but the decrease of lymphocytes occurred within
6 h after stroke and lasted for at least 6 days. Therefore, a
sustained decline in lymphocytes may also be a predictor of
post-stroke infection. Enhancing lymphocyte levels may be
a viable alternative therapeutic option for reversing immune
impairment after stroke in the future.

In addition, for the elderly with poor foundations, the
restoration of cerebral blood flow after reperfusion therapy
may further induce the production of reactive oxygen species
(ROS) and the destruction of the blood-brain barrier, mak-
ing it easier for immune cells in the peripheral circulation
to penetrate the brain, promoting brain swelling, and exac-
erbating tissue damage at the injury site and the ischemic
penumbra [31, 32]. Therefore, reperfusion injury caused by
thrombolytic therapy should be given special consideration
in inflammatory events after AIS.

Previous studies have proved that early thrombolytic ther-
apy can save the penumbra and reduce the development of
inflammation [33, 34]. Therefore, if inflammation indicators
such as NLR are still high after thrombolytic therapy, it may
be an indicator of irreversible injury in the edema penumbra.
In addition, in our cohort, the low NLR group had a better
effect on IVT, as shown by a lower rate of END and lower

incidence of hemorrhagic transformation. This is consistent
with a previous study that has shown that higher NLR is
associated with reperfusion failure after endovascular treat-
ment [14]. Therefore, although NLR can effectively predict
the occurrence of SAP and adverse outcomes, the optimal
time to detect NLR must be considered. According to the
results of this study, NLR measured 24-36 h after IVT may
be a better choice.

For the relevant baseline variables, we found that NLR
measured after IVT was closely related to the severity of
the stroke and early neurological outcomes, as indicated by
having significant correlations with initial NIHSS scores
and early NIHSS changes in a multivariate linear regression
model. Previous studies have also shown that the severity
of stroke is a significant risk factor for SAP, and NLR is
closely related to infarct volume and may be able to predict
post-thrombolysis END [35, 36]. Another finding in this
study was that the OTT time was only significantly associ-
ated with NLR before IVT. It may suggest that with the
increase in OTT time, the potential inflammatory response
in patients of AIS before IVT may be more intense. On the
other hand, our study also showed that OTT time had no
significant effect on NLR measured within 24-36 h after
IVT when thrombolytic therapy was actively administered
within the time range of 4.5 h. Therefore, NLR measured
within 24-36 h after IVT may be a relatively stable marker
for predicting SAP and functional outcome of patients with
AIS because it is not affected by OTT time. However, several
studies have shown that ultra-early thrombolysis contrib-
utes to active recovery and lower mortality after cerebral
infarction [37-39]. Indeed, it should be noted that, in our
whole group, the median OTT was 2.93 h, and ultra-early
thrombolysis of fewer than 90 min accounted for only 8%
of the total number, which is a relatively small number and
may cause deviation. Meanwhile, it is worth noting that the
OTT time has a confounding bias with the severity of stroke.
Patients with more severe strokes are often found earlier,
thus shortening the OTT time. In this study, there was no
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significant association between DNT and SAP, as well as
NLR, so the extension of OTT was mainly related to the time
from onset to arrival at the hospital.

Once the infection is diagnosed, antibiotics are the key
strategy and “gold-standard” treatment. Broad-spectrum
antibiotics were once advocated by some scholars in order
to avoid post-stroke infections. However, most of the sub-
sequent studies have indicated that prophylactic antibiotics
could not be effective for SAP [40—-44]. To develop a preven-
tive therapy for SAP, future research may consider to explore
improving immune regulation.

The study has some potential limitations. First, this is
a retrospective single-center study with a relatively small
sample size. Future studies need larger sample sizes and
prospective multicenter studies to ensure more reliable
results. Second, our study included patients who underwent
IVT alone and did not include patients who did not receive
thrombolysis, or who received mechanical thrombectomy
or bridging therapy. So, future studies should further dis-
cuss the impact of different treatments on NLR. Third, other
variables that may affect the risk of SAP and NLR values
were not included, such as congestive heart failure, chronic
obstructive pulmonary disease, lesion site of stroke, and
type of vessel occlusion. Fourth, even if we have formulated
strict exclusion criteria, we cannot guarantee that patients
with latent infections before admission can be completely
excluded. However, in this study, the incidence rate of SAP
was 15%, which is congruous with the rates reported in
previous research [45—47]. Thus, this bias may be within
acceptable ranges. In addition, it is also a pity that we did
not record the specific time of onset of pneumonia, nor did
we record its severity. Finally, the results of this study cohort
were not re-examined and confirmed in a validation cohort.
Future research should focus on solving these problems.

Conclusion

In conclusion, our analysis considered the impact of NLR at
different time points before and after IVT on SAP prediction,
indicating that increased systemic inflammation after IVT,
expressed by increased NLR measured within 24-36 h after
IVT, is tightly associated with the occurrence of SAP and
the poor prognosis. Our results complement the role of NLR
in acute ischemic cerebrovascular disease and provide solid
evidence for clinical practice.

Abbreviations AIS: Acute ischemic stroke; SAP: Stroke-associated
pneumonia; /VT: Intravenous thrombolysis; NLR: Neutrophil to lym-
phocyte ratio; CRP: C-reactive protein; OTT: Onset to treatment time;
DNT: to door-to-needle time; FOIS: the Functional Oral Intake Scale;
ENI: Early neurological improvement; END: Early neurological dete-
rioration; mRS: Modified Rankin Scale; NIHSS: National Institutes of
Health Stroke Scale; IQR: Interquartile range; OR: Odds ratio; 95%
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CI: 95% Confidence interval; AUROC: Area under the receiver operat-
ing characteristic curve.
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