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Prognostic role of dynamic
neutrophil-to-lymphocyte ratio in
acute ischemic stroke after
reperfusion therapy: A
meta-analysis

Bing Wu†, Fang Liu†, Guiyan Sun and Shuang Wang *

Department of Neurology, Army 78th Military Group Hospital, Mudanjiang, China

Background: The prognostic role of the neutrophil-to-lymphocyte ratio (NLR),

an inflammatory marker, in acute ischemic stroke (AIS) after reperfusion therapy

remains controversial. Therefore, this meta-analysis sought to assess the correlation

between the dynamic NLR and the clinical outcomes of patients with AIS after

reperfusion therapy.

Methods: PubMed, Web of Science, and Embase databases were searched to identify

relevant literature from their inception to 27 October 2022. The clinical outcomes

of interest included poor functional outcome (PFO) at 3 months, symptomatic

intracerebral hemorrhage (sICH), and 3-month mortality. The NLR on admission

(pre-treatment) and post-treatmentwas collected. The PFOwas defined as amodified

Rankin scale (mRS) of >2.

Results: A total of 17,232 patients in 52 studies were included in the meta-analysis.

The admission NLR was higher in the 3-month PFO (standardized mean di�erence

[SMD] = 0.46, 95% confidence interval [CI] = 0.35–0.57), sICH (SMD = 0.57, 95% CI =

0.30–0.85), and mortality at 3 months (SMD = 0.60, 95% CI = 0.34–0.87). An elevated

admission NLR was associated with an increased risk of 3-month PFO (odds ratio [OR]

= 1.13, 95% CI = 1.09–1.17), sICH (OR = 1.11, 95% CI = 1.06–1.16), and mortality at

3 months (OR = 1.13, 95% CI = 1.07–1.20). The post-treatment NLR was significantly

higher in the 3-month PFO (SMD = 0.80, 95% CI = 0.62–0.99), sICH (SMD = 1.54,

95% CI = 0.97–2.10), and mortality at 3 months (SMD = 1.00, 95% CI = 0.31–1.69).

An elevated post-treatment NLR was significantly associated with an increased risk of

3-month PFO (OR= 1.25, 95% CI= 1.16–1.35), sICH (OR= 1.14, 95% CI= 1.01–1.29),

and mortality at 3 months (OR = 1.28, 95% CI = 1.09–1.50).

Conclusion: The admission and post-treatment NLR can be used as cost-e�ective

and easily available biomarkers to predict the 3-month PFO, sICH, and mortality at 3

months in patients with AIS treated with reperfusion therapy. The post-treatment NLR

provides better predictive power than the admission NLR.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/, identifier:

CRD42022366394.

KEYWORDS

acute ischemic stroke, neutrophil to lymphocyte ratio, endovascular therapy, reperfusion

therapy, intravenous thrombolysis, prognostic

Introduction

Acute ischemic stroke (AIS) is one of the major causes of disability and death in the world

(1). Reperfusion therapy after AIS, including intravenous thrombolysis (IVT) and endovascular

treatment (EVT), has been shown to effectively improve neurologic outcomes in eligible patients

with AIS (2, 3). Nevertheless, approximately 50% of patients remain disabled or die 3 months
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after treatment (4). Age, infarct volume, hemorrhagic transformation,

and baseline National Institutes of Health Stroke Scale (NIHSS) score

are known major risk factors and predictors of adverse prognosis in

patients with AIS (5, 6). However, the aforementioned risk factors as

predictors of patient prognosis remain insufficient.

Recent studies have shown that inflammation plays an important

role in stroke-induced injury, and elevated levels of inflammatory

markers are associated with poor clinical outcomes (7–9). During

the early stages of stroke, neutrophils accumulate in the ischemic

area and release inflammatory mediators, leading to disruption of the

blood–brain barrier (BBB), increased infarct volume, hemorrhagic

transformation, and poor neurologic outcomes (8, 10). By contrast,

lymphocytes as the brain’s primary regulator may contribute to

the repair of inflammatory damage as well as brain functional

recovery (11). An increased infarct size and a worsening neurologic

prognosis may be associated with the suppression of lymphocytes

(8, 12). The neutrophil-to-lymphocyte ratio (NLR), a readily available

serum biomarker for assessing the balance between neutrophils and

lymphocytes, has been used to measure systemic inflammation (13,

14).

Previous retrospective cohort studies have shown that higher

levels of admission or post-treatment NLR are associated

with hemorrhagic transformation (HT) (15, 16), symptomatic

intracerebral hemorrhage (sICH) (17–20), 3-month poor functional

outcome (PFO) (17, 19, 21, 22), andmortality at 3 months (18, 19, 22)

in patients with AIS treated with reperfusion therapy. Nevertheless,

there is still no full understanding of the association between the

dynamic NLR and clinical outcomes in patients with AIS treated

with reperfusion therapy, owing to methodological limitations.

In addition, several recent meta-analyses have also confirmed a

link between the NLR and clinical outcomes in patients with AIS

receiving reperfusion therapy (23–25). However, most of these

reviews have certain limitations, such as the small number of

included studies, inconsistent outcomes, different effect sizes, and

different time points of NLR. Thus, we performed a meta-analysis

to evaluate the association between the dynamic NLR and clinical

outcomes in patients with AIS receiving reperfusion therapy.

Methods

This systematic review and meta-analysis followed the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines. The study protocol was registered with

PROSPERO (number CRD42022366394).

Search strategy and study selection

PubMed, Embase, and Web of Science were searched from

their inception to 27 October 2022. The language of publication

was limited to English. The following search terms were used:

(“stroke”[All Fields] OR “brain infarction”[All Fields] OR “cerebral

infarction”[All Fields] OR “ischemic stroke”[All Fields] OR “acute

ischemic stroke”[All Fields]) AND (“neutrophil lymphocyte

ratio”[All Fields] OR “neutrophil-to-lymphocyte ratio”[All Fields]

OR “NLR”[All Fields]) AND (“tissue plasminogen activator”[All

Fields] OR “recombinant tissue plasminogen activator”[All Fields]

OR “tPA”[All Fields] OR “t-PA”[All Fields] OR “rtPA”[All Fields] OR

“rt-PA”[All Fields] OR “alteplase”[All Fields] OR “thrombolysis”[All

Fields] OR “endovascular thrombectomy”[All Fields] OR

“mechanical thrombectomy”[All Fields] OR “thrombectomy”[All

Fields] OR “endovascular treatment”[All Fields] OR “endovascular

therapy”[All Fields] OR “reperfusion therapy”[All Fields]). Two

investigators (BW and FL) independently assessed the titles

and abstracts of the records and excluded articles that did

not meet the eligibility criteria. Subsequently, the reviewers

assessed the full-text articles. In addition, we manually reviewed

the reference lists and recent reviews to identify potentially

relevant studies.

Eligible studies met the following inclusion criteria: (1) patients

with AIS who received reperfusion therapy with IVT or EVT

after the symptom onset; (2) assessed the relationship between

NLR and 3-month PFO, sICH, or mortality at 3 months after

reperfusion therapy; (3) PFO was defined as the modified Rankin

scale (mRS) >2; (4) blood samples were collected on admission

(pre-treatment) or post-treatment; (5) studies with sufficient data for

calculating standardized mean difference (SMD) and/or odds ratio

(OR) with corresponding 95% confidence interval (CI); and (6) full

text was available. We excluded studies if they met any one of the

following criteria: (1) studies focused on a specific population with

inflammatory disorders, infectious diseases, or any othermajor illness

(such as cancer); (2) articles in the format of abstract, letter, meta-

analysis, review, comment, case report, or editorial; (3) cell or animal

research; (4) designated outcome was unreported; and (5) duplicate

publications. For duplicate reports, the study with the largest sample

size was selected.

Data extraction and quality assessment

Two investigators (BW and FL) independently extracted the

relevant data. The following information was extracted from

each eligible study: first author, year of publication, country,

study duration, study design, sample size, number of males,

age, admission NIHSS score, treatment method, number and

percentage of bridging therapy, blood collection time, study

outcome, NLR cutoff, sICH definition, NOS scores, and whether

the infection was excluded. If studies reported multiple post-

treatment collection time points, we selected the time point closest

to 24 h.

The methodological quality of the included studies was assessed

using the Newcastle–Ottawa Scale (NOS) (26). The score ranges from

0 to 9, and studies with scores>7 are considered to be of high quality.

Any disagreements regarding data extraction and quality assessment

were resolved through consensus discussion.

Statistical analysis

The pooled OR and SMD with 95% CI were used to analyze

the association between NLR and 3-month PFO, sICH, or mortality

at 3 months after reperfusion therapy. If the study provided only

the median, range, or interquartile range (IQR), the mean and

standard deviation (SD) values were estimated using the methods
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FIGURE 1

Flow diagram of the study search and selection process.

described by Luo et al. (27) and Wan et al. (28). When both

adjusted and unadjusted OR were available, adjusted OR was used.

The unadjusted OR was calculated when only count data were

provided. The I2 statistic and the chi-square test were used to assess

statistical heterogeneity among studies (29). A p-value of the chi-

square test <0.10 or I2 ≥ 50% was regarded as significant statistical

heterogeneity. Considering the heterogeneity among the included

studies, the random effects model (DerSimonian–Laird) was used to

calculate the pooled effect sizes and the corresponding 95% CI. If

sufficient studies were included (≥10) (30), subgroup analyses were

conducted to explore the potential sources of heterogeneity according

to the treatment method (EVT vs. IVT), study region (Asian vs.

non-Asian), study design (prospective vs. retrospective), age (≥65 vs.

<65 years), sample size (≥200 vs. <200), admission NIHSS score

(≥15 vs. <15), bridging therapy (≥40 vs. <40%), OR (adjusted vs.

unadjusted), NOS score (≥8 vs. <8), cutoff for NLR (yes vs. no), and

infection excluded (yes vs. no vs. not reported). Sensitivity analyses

were conducted to test the robustness of the results by excluding each

study sequentially (n≥ 10). Egger’s test and funnel plots were used to

assess publication bias (n ≥ 10) (31). An analysis of trim and fill was

performed to further evaluate the potential existence of publication

bias. An SMD of 0.2 was interpreted as reflecting small effects, 0.5 as

reflecting medium effects, and 0.8 as reflecting large effects according

to Cohen’s rule of thumb (32). All tests were two-sided, and p < 0.05

were considered statistically significant. All statistical analyses were

performed using Stata 17 software (Stata Corporation LP, College

Station, TX, USA).

Results

Study selection and characteristics

A primary literature search identified 497 potentially relevant

articles. Three additional records were obtained from other sources.

After removing 178 duplicate publications, the titles and abstracts of

322 studies were reviewed.We excluded 243 studies based on title and

abstract reviews. Next, the full text of the remaining 79 articles was

reviewed. Finally, 52 articles with 17,232 patients were included in

our analysis (15–22, 33–76). The article selection process is illustrated

in Figure 1.

The characteristics of the included studies and the quality

assessment results are presented in Table 1. The selected studies

were published between 2013 and 2022. The study design included

single-center (n = 40), dual-center (n = 4), multi-center (n = 8),

retrospective cohort (n = 48), and prospective cohort studies (n =

4). This meta-analysis included 23 studies treating AIS with IVT, 28

studies treating AIS with EVT, and two studies treating AIS with

IVT/EVT (including IVT alone, EVT alone, and combination therapy

of IVT and EVT). The sample sizes of the included studies ranged

from 51 to 1,227 participants. The mean and/or median ages of the

participants ranged from 58 to 75 years. The mean and/or median

admissionNIHSS score ranged from 4 to 27 points. Three IVT studies

and 26 EVT studies reported percentages of bridging therapy ranging

from 6.6% to 30.7% and 7.5% to 77.6%, respectively. Infection was

excluded in 24 studies, not excluded in 10 studies, and was not
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TABLE 1 Basic characteristics of the studies included in the meta-analysis.

ID References Country Duration Design Sample
size

(male)

Age
(year)

Admission
NIHSS

Treatment Bridging
therapy,
n (%)

Blood;
collection;

time

Study;
outcome

NRL
cut-
o�

sICH;
definition

Infection
excluded

NOS;
scores

1 Brooks et al. (21) USA 2008–2011 R (S) 116 (NR) 67 (18–93) 17 (1–48) EVT 27 (23.3) Admission (1) PFO; (2)

Mortality

5.9 NR No 7

2 Maestrini

et al. (17)

France;

Finland

NR P (D) 846 (430) 71 (60–80) 10 (6–16) IVT 56 (6.6) Before IVT (1) PFO; (2)

sICH; (3)

Mortality

4.8 ECASS II No 9

3 Pagram et al. (33) Australia 2009–2013 R (S) 141 (NR) 74.3± 10.7 10.1± 4.7 IVT NP Before IVT;

after IVT

PFO NR NR NR 8

4 Guo et al. (15) China 2012–2015 R (D) 189 (123) 65.0± 10.6 12 (6–16) IVT 58 (30.7) Admission; after

IVT

sICH NR ECASS II Yes 9

5 Inanc et al. (34) Turkey 2014–2015 R (S) 56 (35) 58.23±

11.94

16.09± 3.33 EVT NR Admission (1) sICH; (2)

Mortality

NR NR Yes 6

6 Goyal et al. (18) USA 2012–2016 R (S) 293 (147) 62± 14 16 (13–19) EVT 240 (70.0) Admission (1) PFO; (2)

sICH; (3)

Mortality

NR SITS-MOST NR 8

7 Wang et al. (35) China 2014–2016 R (M) 199 (128) 64 (55–72) 16 (13–21) EVT 85 (42.7) Admission PFO NR HBC Yes 7

8 Duan et al. (36) China 2014–2016 R (M) 616 (368) 66 (57–74) 16 (12–21) EVT 216 (35.1) Before EVT (1) PFO; (2)

sICH; (3)

Mortality

7 HBC Yes 8

9 Malhotra

et al. (37)

USA 2011–2015 R (D) 657 (333) 64± 14 7 (4–13) IVT 52 (7.9) Before IVT (1) PFO; (2)

sICH; (3)

Mortality

2.2 SITS-MOST No 9

10 Shi et al. (38) China 2009–2016 P (S) 372 (242) 64 10.9± 6.8 IVT NP Before IVT;

after IVT

(1) PFO; (2)

Mortality

NR ECASS II Yes 8

11 Semerano

et al. (39)

Spain 2008–2017 R (M) 433 (266) 71 (61–80) 17 (11–21) EVT 213 (49.0) Before EVT;

after EVT

(1) PFO; (2)

sICH; (3)

Mortality

NR ECASS II No 7

12 Pektezel

et al. (40)

Turkey 2009–2018 R (S) 142 (62) 69± 13 13.9± 5.5 IVT NP Before IVT;

after IVT

(1) PFO; (2)

sICH

NR ECASS II No 6

13 Li et al. (41) China 2017–2019 R (S) 156 (107) 64.43±

12.60

13 (11–17) EVT 66 (42.31) Admission sICH NR ECASS III NR 7

14 Ying et al. (42) China 2016–2018 R (S) 208 (129) 67.3± 12.4 NR IVT NP Admission; after

IVT

(1) PFO; (2)

sICH

NR ECASS II Yes 8

15 Meng et al. (43) China 2015–2019 P (S) 302 (171) 69± 11 14.4± 4.6 EVT 115 (38.1) Admission (1) PFO; (2)

Mortality

6.45 HBC No 8

16 Lv et al. (44) China 2016–2019 R (S) 564 (409) 63.0

(54.0–70.8)

8 (5–12) IVT NP Before IVT PFO NR NR NR 7

17 Oh et al. (45) Korea 2014–2019 R (S) 411 (222) 69.2± 13.4 10.4± 6.6 EVT 152 (37.0) Before EVT (1) PFO; (2)

sICH; (3)

Mortality

5.1 ECASS III Yes 8

(Continued)
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TABLE 1 (Continued)

ID References Country Duration Design Sample
size

(male)

Age
(year)

Admission
NIHSS

Treatment Bridging
therapy,
n (%)

Blood;
collection;

time

Study;
outcome

NRL
cut-
o�

sICH;
definition

Infection
excluded

NOS;
scores

18 Cheng et al. (46) China 2016–2019 R (S) 381 (253) 68 (59–76) 7.0 (3.5–11.0) IVT NP after IVT PFO NR NR Yes 7

19 Liu et al. (47) China 2016–2019 R (S) 192 (138) 60.8± 11.7 5.0 (3.0–6.8) IVT NP Before IVT PFO 3.9 NR Yes 7

20 Switońska

et al. (48)

Poland 2017–2018 R (S) 51 (22) 67 (55–78) 11 (6–16) IVT/EVT 17 (33.0) Admission sICH NR ECASS II Yes 6

21 Ozgen et al. (49) Turkey 2017–2018 P (S) 150 (83) NR NR EVT NP Admission (1) PFO; (2)

Mortality

NR NR Yes 7

22 Pan et al. (50) China 2016–2018 R (S) 151 (97) 68 (59–74) 9 (6–14) IVT NP Admission; after

IVT

PFO NR NR Yes 7

23 Lux et al. (51) UK 2016–2017 R (S) 121 (58) 66.4± 16.7 19 (1–28) EVT 94 (77.6) Admission; after

EVT

PFO NR ECASS I Yes 8

24 Aly et al. (19) USA 2015–2019 R (S) 142 (69) 70± 16 17 (12–21) EVT 70 (49.0) Admission; after

EVT

(1) PFO; (2)

sICH; (3)

Mortality

NR ECASS III Yes 7

25 Hu et al. (52) China 2014–2019 R (S) 183 (123) 64.9± 10.5 4 (3–7) IVT NP after IVT PFO NR NR Yes 8

26 Topcuoglu

et al. (53)

Turkey 2011–2019 R (S) 165 (96) 70± 14 13± 5.6 IVT NP Before IVT;

after IVT

(1) PFO; (2)

sICH

NR ECASS I Yes 6

27 Majid et al. (54) Pakistan 2015–2019 R (S) 98 (60) 58.0± 6.4 15.9± 7.7 IVT NP Admission PFO 2.39 NR Yes 6

28 Chen et al. (55) China 2015–2019 R (S) 257 (186) 63.2± 12.6 NR EVT 115 (44.7) Admission (1) PFO; (2)

sICH

NR ECASS II Yes 8

29 Ören et al. (20) Turkey 2016–2018 R (S) 133 (81) 66.56±

12.47

13 (10–17) IVT NR Admission sICH NR ECASS III Yes 8

30 Guo et al. (56) China 2014–2020 R (M) 1200 (756) 66.9± 12.5 NR IVT NP Admission sICH NR ECASS II Yes 9

31 Yu et al. (57) China 2018–2020 R (S) 102 (54) 66.9± 13.89 13.5

(9.75–17.00)

EVT 33 (32.3) Admission sICH NR HBC NR 7

32 Weng et al. (58) China 2016–2019 R (S) 291 (104) 67 (59–79) 8 (5–13) IVT NP Admission; after

IVT

Mortality NR NR NR 7

33 Ferro et al. (59) Portugal 2017–2019 R (S) 325 (161) 75 (66–83) 14 (8–19) IVT/EVT 87 (26.7) After IVT

(EVT)

PFO NR NR No 8

34 Yi et al. (60) Korea 2015–2020 R (S) 440 (260) 70.2± 12.9 NR EVT 159 (36.1) Admission PFO 3.7 ECASS III Yes 7

35 Chen et al. (61) China 2016–2019 R (S) 280 (179) 69 (59–77) NR IVT NP Admission (1) PFO; (2)

Mortality

NR NR NR 7

36 Xie et al. (62) China 2014–2020 R (S) 462 (318) 63.3± 12.5 NR IVT NP Before IVT sICH NR ECASS II NR 8

37 Yang et al. (63) China 2016–2020 R (D) 623 (403) 67.36±

12.84

6 (4–10) IVT NP Admission; after

IVT

(1) PFO; (2)

Mortality

NR NR Yes 6

38 Shi et al. (64) China 2015–2017 R (S) 127 (65) 70.95±

12.24

20 (16–25) EVT 53 (41.7) Admission; after

EVT

PFO NR HBC NR 7

39 Gao et al. (65) China 2016–2019 R (S) 283 (180) NR NR IVT NP Before IVT PFO NR NR NR 7
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TABLE 1 (Continued)

ID References Country Duration Design Sample
size

(male)

Age
(year)

Admission
NIHSS

Treatment Bridging
therapy,
n (%)

Blood;
collection;

time

Study;
outcome

NRL
cut-
o�

sICH;
definition

Infection
excluded

NOS;
scores

40 Li et al. (66) China 2018–2020 R (S) 286 (167) 70 (63–77) 18 (12–30) EVT 41 (14.3) Before EVT PFO NR ECASS II NR 8

41 Lee et al. (67) Korea 2015–2011 R (M) 282 (162) 69.5± 13.4 NR EVT 148 (52.5) Before EVT PFO NR NR NR 6

42 Sun et al. (68) China 2017–2019 R (M) 147 (75) 67 (59–75) 16 (11–19) EVT 302 (29.3) Admission PFO 4.1 HBC NR 8

43 Zou et al. (69) China 2017–2020 R (S) 160 (101) 70 (64–76) 15 (11–20) EVT 12 (7.5) After EVT PFO 9.75 HBC Yes 6

44 Weyland

et al. (70)

Germany 2014–2019 R (S) 549 (273) 74.3± 12.6 NR EVT 307 (55.9) Admission PFO NR NR NR 8

45 Liao et al. (22) China 2014–2019 R (M) 586 (443) 64 (56–73) 27 (17–33) EVT 109 (18.6) Admission (1) PFO; (2)

Mortality

NR HBC No 8

46∗ Chen et al. (71) China 2018–2020 R (S) 576 (379);

351 (249)

68 (59–76);

69 (60–76)

5 (3–10); 14

(11–19)

IVT; EVT NP; 88 (25.1) Before

IVT/EVT; after

IVT/EVT

(1) PFO; (2)

sICH; (3)

Mortality

NR ECASS II No 8

47 Shen et al. (72) China 2019–2020 R (S) 369 (250) 66 (57–74) 15 (12–19) EVT 80 (21.7) Admission sICH 5.48 HBC NR 7

48 Sun et al. (73) China 2017–2019 R (M) 1227 (776) 66 (56–73) 16 (12–20) EVT 357 (29.1) Admission sICH NR ECASS II NR 7

49 Sadeghi et al. (74) Hungary 2016–2018 R (S) 285 (159) 66± 12.9 6.0 (5.0–9.1) IVT NP Before IVT;

after IVT

sICH NR ECASS II NR 6

50 Kim et al. (75) Korea 2013–2019 R (S) 128 (67) 68.9± 13.2 17 (13–21) EVT 50 (39.1) Before EVT;

after EVT

sICH NR SITS-MOST Yes 7

51 Li et al. (16) China 2015–2021 R (S) 258 (156) 70 s(61–79) NR EVT 88 (34.1) Before EVT;

after EVT

PFO NR ECASS III NR 8

52 Feng et al. (76) China 2019–2021 R (S) 170 (115) 66.0

(58.8–74.3)

15 (12–19) EVT 62 (36.5) Admission; after

EVT

PFO NR NR No 7

NOS, Newcastle–Ottawa Scale; NIHSS, National Institute of Health Stroke Scale; sICH, symptomatic intracranial hemorrhage; PFO, poor functional outcome; ECASS, European Cooperative Acute Stroke Studies; SITS-MOST, Safe Implementation of Thrombolysis in

Stroke-Monitoring Study; HBC, Heidelberg Bleeding Classification; R, retrospective cohort; P, prospective cohort; S, single-center; B, dual-center; M, multi-center; NP, bridging therapy not performed; NR, not reported; IVT, intravenous thrombolysis; EVT, endovascular

treatment; NRL, neutrophil-to-lymphocyte ratio.
∗This study reported separately on the IVT and EVT groups.
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reported in 18 studies. A total of 23 studies were considered high

quality and reached a score of 8–9 points according to the NOS score.

Relationship between admission NLR and
3-month PFO

A total of 26 studies including 8,474 patients were used for the

pooled OR analysis. Higher admission NLR levels were associated

with an increased risk of 3-month PFO (OR = 1.13, 95% CI =

1.09–1.17, I2 = 75.0%) (Figure 2A). The summary effect sizes in

the IVT (OR = 1.17, 95% CI = 1.07–1.27) and EVT (OR =

1.11, 95% CI = 1.07–1.16) groups remained significant. Subgroup

analyses indicated no evidence of heterogeneity among groups

(Supplementary Table 1). A possible publication bias was detected

by the visual inspection of the funnel plot (Figure 5A) and Egger’s

test (P < 0.001). The result remained significant for the association

between admission NLR levels and PFO (OR = 1.10, 95% CI =

1.04–1.14) after the trim-and-fill analysis imputed 10 theoretical

missing studies. Moreover, we performed sensitivity analyses, and the

cumulative results remained steady after sequentially excluding each

study (Figure 6A).

A total of 26 studies including 7,743 patients were used for

the pooled SMD analysis. Patients with PFO had higher levels of

FIGURE 2

Forest plot showing the association of NLR and 3-month PFO; (A) forest plot of admission NLR based on OR; (B) forest plot of admission NLR based on

SMD; (C) forest plot of post-treatment NLR based on OR; and (D) forest plot of post-treatment NLR based on SMD.
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FIGURE 3

Forest plot showing the association of NLR and sICH; (A) forest plot of admission NLR based on OR; (B) Forest plot of admission NLR based on SMD; (C)

Forest plot of post-treatment NLR based on OR; and (D) forest plot of post-treatment NLR based on SMD.

admission NLR than patients without PFO (SMD = 0.46, 95% CI =

0.35–0.57, I2 = 83.1%) (Figure 2B). Similar results were observed in

IVT (SMD = 0.49, 95% CI = 0.30–0.69) and EVT patients (SMD =

0.44, 95% CI = 0.30–0.58). We conducted several subgroup analyses

and found no evidence of heterogeneity (Supplementary Table 2).

The visual inspection of the funnel plot (Figure 5B) and Egger’s test

(P = 0.48) showed no evidence of publication bias. No significant

change was observed in the pooled SMD after excluding each study

(Figure 6B).

Relationship between post-treatment NLR
and 3-month PFO

A total of 14 studies including 3,686 patients were used for
the pooled OR analysis. Higher post-treatment NLR levels were
associated with an increased risk of PFO (OR= 1.25, 95% CI= 1.16–

1.35, I2 = 86.6%) (Figure 2C). The relationship remained significant

in the IVT (OR = 1.30, 95% CI = 1.13–1.50) and EVT groups (OR

= 1.21, 95% CI = 1.10–1.35). A significant result was also obtained

in one study that included IVT/EVT (OR = 1.79, 95% CI = 1.29–

2.49). No source of heterogeneity was found in the subgroup analyses

(Supplementary Table 3). According to the funnel plot (Figure 5C)

and Egger’s test (P < 0.001), there was a potential publication bias.

After trimming and filling in four theoretically missing studies, the

relationship between post-treatment NLR levels and 3-month PFO

remained significant (OR = 1.15, 95% CI = 1.06–1.25). In the

sensitivity analyses, the pooled OR was not significantly affected by

excluding individual studies (Figure 6C).

A total of 14 studies including 3,380 patients were used for pooled

SMD analysis. Post-treatment NLR levels were higher in patients with

PFO than in those without PFO (SMD = 0.80, 95% CI = 0.62–0.99,

I2 = 84.6%) (Figure 2D). Similar results were also achieved in the

IVT (SMD = 0.85, 95% CI = 0.63–1.07) and EVT groups (SMD

= 0.79, 95% CI = 0.43–1.15). IVT/EVT was included in only one

study (SMD = 0.58, 95% CI = 0.36–0.80), and the result was also
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significant. According to the results of subgroup analyses, no source

of heterogeneity was found (Supplementary Table 4). No substantial

publication bias was found, according to the funnel plot (Figure 5D)

and Egger’s test (P = 0.96). In the sensitivity analyses, the results

implied that no studies had a significant effect on the pooled SMD

(Figure 6D).

Relationship between admission NLR and
sICH

A total of 16 studies including 6,977 patients were used for the

pooled OR analysis. Higher admission NLR levels were associated

with an increased risk of sICH (OR = 1.11, 95% CI = 1.06–1.16, I2

= 71.6%) (Figure 3A). Compared with the main analysis, the results

of the IVT (OR = 1.10, 95% CI = 1.05–1.15) and EVT (OR = 1.11,

95% CI = 1.04–1.19) groups were generally consistent. Only one

study included IVT/EVT (OR = 1.32, 95% CI = 1.07–1.63), and

the result was also significant. No source of heterogeneity was found

in subgroup analyses (Supplementary Table 5). Potential publication

bias was detected by a visual inspection of the funnel plot (Figure 5E)

and Egger’s test (P < 0.001). There was still a significant relationship

between admission NLR and sICH after trimming and filling in

seven theoretically missing studies (OR= 1.08, 95% CI= 1.03–1.12).

According to the results of the sensitivity analyses, no study had a

significant effect on the pooled OR (Figure 6E).

A total of 22 studies including 8,055 patients were used for the

pooled SMD analysis. The result suggested a difference between sICH

and non-sICH groups (SMD= 0.57, 95%CI= 0.30–0.85, I2 = 91.1%)

(Figure 3B). The results of the IVT (SMD = 0.80, 95% CI = 0.30–

1.31) and EVT (SMD = 0.32, 95% CI = 0.06–0.58) groups were

generally in accordance with those of the main analysis. Only one

study included IVT/EVT, and the result was significant (SMD= 1.14,

95% CI = 0.42–1.86). We performed several subgroup analyses and

found no evidence of heterogeneity (Supplementary Table 6). Egger’s

test (P= 0.53) and a visual examination of the funnel plot (Figure 5F)

indicated no evidence of publication bias. According to the results

of the sensitivity analyses, none of the studies greatly impacted the

pooled SMD (Figure 6F).

Relationship between post-treatment NLR
and sICH

A total of four studies including 1,568 patients were used for the

pooled OR analysis. There was an association between higher post-

treatment NLR levels and a higher risk of sICH (OR = 1.14, 95%

CI = 1.01–1.29, I2 = 80.8%) (Figure 3C). However, these findings

were not replicated in the IVT (OR = 1.42, 95% CI = 0.70–2.90)

and EVT groups (OR = 1.37, 95% CI = 0.78–2.42). Publication bias,

sensitivity, and subgroup analyses were not performed because of the

small number of studies.

A total of 10 studies including 2,402 patients were used for the

pooled SMD analysis. Post-treatment NLR was higher in patients

with sICH than in those without sICH (SMD = 1.54, 95% CI =

0.97–2.10, I2 = 90.9%) (Figure 3D). Meanwhile, the results were

consistent with the earlier findings in the IVT (SMD = 2.36, 95%

CI = 1.42–3.30) and EVT groups (SMD = 0.75, 95% CI = 0.35–

1.15). There was no evidence of heterogeneity among subgroup

analyses (Supplementary Table 7). Egger’s test (P = 0.005) and a

visual examination of the funnel plot (Figure 5G) indicated evidence

of publication bias. The meta-analysis results did not change after

adjusting for publication bias using the trim-and-fill method. The

results of the sensitivity analyses showed that none of the studies had

a significant effect on the pooled SMD (Figure 6G).

Relationship between admission NLR and
3-month mortality

A total of 14 studies including 6,473 patients were used for the

pooled OR analysis. Higher admission NLR levels were associated

with an increased risk of mortality (OR = 1.13, 95% CI = 1.07–1.20,

I2 = 79.0%) (Figure 4A). These findings were confirmed in the IVT

(OR = 1.12, 95% CI = 1.04–1.20) and EVT groups (OR = 1.17, 95%

CI= 1.06–1.29). Several subgroup analyses were conducted; however,

no source of heterogeneity was found (Supplementary Table 8). There

was possible publication bias according to the funnel plot (Figure 5H)

and Egger’s test (P < 0.001). After trimming and filling in three

theoretically missing studies, admission NLR remained significantly

related tomortality (OR= 1.11, 95%CI= 1.04–1.86). After excluding

each study, the pooled OR did not change significantly (Figure 6H).

A total of 10 studies including 3,784 patients were used for the

pooled SMD analysis. Admission NLR levels were higher in patients

with mortality (SMD = 0.60, 95% CI = 0.34–0.87, I2 = 86.7%)

than in those without mortality (Figure 4B). The results remained

significant in IVT (SMD = 0.91, 95% CI = 0.40–1.42) and EVT

groups (SMD= 0.40, 95%CI= 0.22–0.57). No cause of heterogeneity

was found in the subgroup analyses (Supplementary Table 9). The

visual inspection of the funnel plot (Figure 5I) and Egger’s test (P =

0.56) showed no potential publication bias. In the sensitivity analyses,

no studies significantly impacted the pooled SMD (Figure 6I).

Relationship between post-treatment NLR
and 3-month mortality

A total of six studies including 2,274 patients were used for

the pooled OR analysis. Higher post-treatment NLR levels were

associated with an increased risk of mortality (OR = 1.28, 95% CI =

1.09–1.50, I2 = 91.7%) (Figure 4C). This finding remained significant

in the IVT group (OR = 1.27, 95% CI = 1.05–1.54). However, this

relationship was not significant in the EVT group (OR = 1.42, 95%

CI = 0.66–3.04). Publication bias, subgroup, and sensitivity analyses

were not performed because our analysis included <10 studies.

A total of four studies including 1,052 patients were used

for the pooled SMD analysis. Post-treatment NLR levels were

higher in patients with mortality (SMD = 1.00, 95% CI =

0.31–1.69, I2 = 95.4%) than in patients without mortality

(Figure 4D). The results did not change in the IVT (SMD

= 2.03, 95% CI = 1.67–2.40) and EVT (SMD = 0.67, 95%

CI = 0.12–1.22) groups. The number of studies was too

small to conduct subgroup analyses, sensitivity analyses, and

publication bias.
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FIGURE 4

Forest plot showing the association of NLR and 3-month mortality; (A) forest plot of admission NLR based on OR; (B) forest plot of admission NLR based

on SMD; (C) forest plot of post-treatment NLR based on OR; and (D) forest plot of post-treatment NLR based on SMD.

Discussion

This meta-analysis included 52 recent clinical studies with large

sample sizes to investigate the association between the dynamic NLR

and PFO at 3 months, sICH, and 3-month mortality in AIS after

reperfusion therapy. We reported the results of both primary and

secondary outcomes with effect sizes (OR or SMD) and 95% CIs. The

results suggested that the higher levels of both admission and post-

treatment NLR were associated with an increased risk of 3-month

PFO, sICH, and mortality at 3 months, according to the pooled OR.

Pooled SMD results showed that both admission and post-treatment

NLR levels were higher in the PFO, sICH, and mortality groups than

in the control group. Notably, post-treatment NLR showed better

predictive capabilities for poor clinical outcomes of patients with AIS

treated with reperfusion therapy than admission.

The role and mechanism of inflammation in the pathophysiology

of AIS have been extensively studied (8). Ischemia and reperfusion

damage can cause a marked inflammatory response, further

increasing brain injury (8, 77). Recanalization treatment also leads to

ischemia and reperfusion injury, which exacerbates acute brain injury

and results in poor functional outcomes (77). After ischemic stroke,

neutrophils migrate into cerebral ischemic regions within the first few

hours after the onset of ischemia and activate the immune system

(7, 9). Increased neutrophils destroy the BBB and increase cerebral

edema and neurologic impairment by the activation of inflammatory

mediators such as chemokines and cytokines, reactive oxygen species

(ROS), and the release of adhesion molecules and proteolytic

enzymes (7, 9). In summary, the pro-inflammatory activation of

neutrophils increases infarct size, hemorrhagic transformation, and

adverse neurologic outcomes (8, 9). Lymphocytes as the main

leukocyte subpopulation may contribute to the repair of the ischemic

brain tissue, in which regulatory T and B cells are important

brain protective immunomodulators in ischemic stroke (11, 12).

In addition, decreased lymphocyte counts may reflect a cortisol-

induced stress response and a sign of reduced sympathetic tone,

which may promote the secretion of pro-inflammatory cytokines,

resulting in an increased risk of ischemia and reperfusion damage

after ischemic stroke (75, 78). The NLR is considered to represent

the balance between neutrophils and lymphocytes and has recently

been reported as an easy computing, inexpensive, and stable

comprehensive systemic inflammatory biomarker. Numerous studies

have investigated the predictive and prognostic values of NLR in

patients with AIS treated with IVT or EVT (15–22, 33–76). However,

the conclusions of these studies are inconsistent. Meta-analysis
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FIGURE 5

Funnel plot of the publication bias on the association of NLR and prognosis; (A) funnel plot of admission NLR and 3-month PFO based on OR; (B) funnel

plot of admission NLR and 3-month PFO based on SMD; (C) funnel plot of post-treatment NLR and 3-month PFO based on OR; (D) funnel plot of

post-treatment NLR and 3-month PFO based on SMD; (E) funnel plot of admission NLR and sICH based on OR, (F) funnel plot of admission NLR and sICH

based on SMD; (G) funnel plot of post-treatment NLR and sICH based on SMD; (H) funnel plot of admission NLR and 3-month mortality based on OR;

and (I) funnel plot of admission NLR and 3-month mortality based on SMD.

provides a much more likely approach for reaching reasonably

strong conclusions.

Several previousmeta-analyses have reviewed the predictive value

of NLR for PFO after reperfusion therapy in patients with AIS (23–

25). A meta-analysis conducted by Bi et al. (24) included six studies

and showed that an increased baseline NLR was associated with 3-

month PFO. Another study by Sharma et al. (25), which included

13 studies, showed that a lower admission NLR was associated with

good functional outcomes (mRS 0–2). Our meta-analysis, which

included 26 studies for the pooled SMD analysis, further verified the

earlier results. Furthermore, the current study is also in line with the

meta-analysis by Sharma et al. (25), which demonstrated that post-

treatment NLR was related to 3-month PFO. However, the pooled

SMD could not be interpreted as a risk measure because the effect

sizes were not adjusted for potential confounders. Hence, we included

26 and 14 studies separately for the pooled OR analysis to investigate

the relationship between NRL and 3-month PFO at admission and

post-treatment. The results showed that higher admission NLR and

post-treatment NLR increased the risk of 3-month PFO. Due to

the large SMD and the higher OR of post-treatment NLR, our

findings demonstrated that post-treatment NLR levels displayed a

stronger predictive power for 3-month PFO than admission. There

are several possible mechanisms to explain the earlier findings. First,

neutrophils infiltrate the ischemic brain between 30min and a few

hours after infarction, peaking between days 1 and 3, and then

declining steadily thereafter (79). Second, 24–48 h after reperfusion,

BBB disruption leads to increased intracranial pressure and vasogenic

edema (79). Third, the regulatory lymphocyte level in the ischemic

brain parenchyma is low during the 1st day after stroke (80).

This study demonstrated that admission and post-treatment NLR

levels were higher in patients with sICH than in those without sICH

after reperfusion therapy in the pooled SMD analysis. The overall

results were consistent with the meta-analysis by Bi et al. (24) and

Sharma et al. (25). However, Sharma et al. (25) did not detect a

significant association between post-treatment NLR and sICH in

subgroup analyses stratified by the treatment method, and Bi et al.

(24) did not investigate the relationship between post-treatment NLR

and sICH. Compared with the previous meta-analysis, we included

22 and 10 studies separately to limit selection and publication

bias, which may have influenced the results. Furthermore, subgroup

analyses based on the type of treatment also showed that higher levels

of admission and post-treatment NLR were observed in patients

with sICH than in those without sICH. Similarly, for the pooled

OR analysis, we found that the higher levels of admission and post-

treatment NLR increased the risk of sICH. However, interestingly, we

did not find a relationship between post-treatment NLR and sICH in
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FIGURE 6

Sensitivity analysis on the relationship between NLR and prognosis; (A) sensitivity analysis of admission NLR and 3-month PFO based on OR; (B) sensitivity

analysis of admission NLR and 3-month PFO based on SMD; (C) sensitivity analysis of post-treatment NLR and 3-month PFO based on OR; (D) sensitivity

analysis of post-treatment NLR and 3-month PFO based on SMD; (E) sensitivity analysis of admission NLR and sICH based on OR; (F) sensitivity analysis of

admission NLR and sICH based on SMD; (G) sensitivity analysis of post-treatment NLR and sICH based on SMD; (H) sensitivity analysis of admission NLR

and 3-month mortality based on OR; and (I) sensitivity analysis of admission NLR and 3-month mortality based on SMD.

the subgroup analyses stratified by the treatment type. Fewer studies

were included, and publication bias may explain this inconsistency.

Further studies are needed to explore this causal relationship. Our

findings suggested that post-treatment NLR levels had a stronger

predictive power for sICH than admission due to its large SMD and

higher OR. The possible underlying mechanism for these findings is

that neutrophils enter the brain and releasematrixmetalloproteinase-

9 (MMP-9), which may act on tight-junction proteins and then

destroy the BBB from the lumen side of the blood vessels (77).

The present study also revealed that admission and post-

treatment NLR levels were higher in patients with mortality at 3

months than in patients without mortality after reperfusion therapy

in the pooled SMD analysis. These findings are consistent with those

of the previous studies (25). However, in subgroup analyses stratified

by the treatment type, Sharma et al. (25) did not find a statistically

significant difference between admissionNLR and 3-monthmortality

in patients with AIS treated with EVT ± IVT. In contrast, we

included more studies than the aforementioned study, and the results

indicated that a correlation exists between admission NLR and 3-

month mortality in EVT patients. However, the pooled SMD only

evaluated the differences in NLR levels between mortality and non-

mortality. As a result, we also combined OR to assess whether higher

NLR levels increased the risk of mortality. Our research showed that

higher admission and post-treatment NLR levels were associated with

an increased risk of mortality. However, higher post-treatment NLR

was not associated with mortality in the EVT group. The possible

reasons for this difference may include that only two studies met the

inclusion criteria and had higher baseline NIHSS scores. Based on

the large SMD and higher OR, we suggest that post-treatment NLR

levels have greater predictive power for mortality than admission.

These results may be related to the pathophysiological mechanisms

described previously.

Several studies have shown that NLR as a dynamic variable

is associated with HT (15, 16), sICH (15, 19, 40, 42, 71, 75), 3-

month PFO (16, 19, 38, 40, 42, 51, 58, 63, 71, 75, 76), and death

(19, 38, 58, 63, 71) in patients with AIS after IVT or EVT. These

studies also showed that the post-treatment NLR has a more strong

predictive ability for the poor prognosis of patients with AIS after

reperfusion therapy than admission. The results of these previous

studies are basically consistent with our findings.

Similar to other studies, this meta-analysis has some limitations.

First, most of the included studies had a retrospective design,

which made them vulnerable to selection bias and uncontrolled

confounding factors. Therefore, future prospective cohort studies

with adjustments for potential confounders are required to further

explore the possible impact of the NLR on poor prognosis in

patients with AIS treated with reperfusion therapy. Second, all

analyzed studies were reported in English, which could have caused
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publication bias and influenced the pooled results. Hence, we used

a “trim-and-fill” approach to reduce its influence on the effect size.

Third, most of the studies were conducted in Asia, which may

result in a risk of selection bias in the patient population. However,

subgroup analyses found no effect of the study region on the research

findings. Fourth, the statistically significant heterogeneity among

the included studies may have affected the reliability of the meta-

analysis, and thus, the conclusion should be more conservative.

In the stratified subgroup analysis, none of the included factors

was confirmed to be a contributing factor. Meanwhile, the results

of sensitivity analyses showed that no single study affected the

estimated significance of pooled ORs or SMDs. Discrepancies in

various adjustments and inadequate consideration of potentially

confounding factors may also partially explain the heterogeneity.

Fifth, owing to the statistical characteristics of SMD, it was not

possible to adjust for confounding factors (e.g., baseline NIHSS

severity, hypertension, and age). Therefore, we attempted to include

adjusted ORs for analysis in our study as much as possible. Sixth,

the adjusted risk factors for each study used to calculate ORs were

different in the included studies. However, almost all studies included

key factors such as age, sex, and NIHSS scores. Seventh, statistical

methods were used to calculate the approximation of the mean and

SD from the median and IQR. These methods have been proven

stable and reliable in previous studies. Eighth, a few studies were

unable or did not seek to exclude patients with existing infections,

which may affect the accuracy of NLR application. Nevertheless,

there was no substantial difference in the effect size according

to the subgroup analyses regardless of whether the infection was

excluded. Ninth, NLR data were limited to two different time points

in this analysis: admission/pre-treatment and post-treatment (time

point close to 24 h). However, NLR dynamically changes during the

progression of AIS. Thus, future analyses with more time points

might further explore the relationship between the dynamic profile of

the NLR and prognosis. Therefore, our findings should be interpreted

with caution because of the above limitations.

Conclusion

In summary, our findings show that both admission and post-

treatment NLR can be used as cost-effective and easily available

biomarkers to predict PFO at 3months, sICH, and 3-monthmortality

in patients with AIS after reperfusion therapy. The predictive power

of post-treatment NLR is better than that of admission. NLR as a

stand-alone test or part of a risk prediction model may help clinicians

easily and quickly identify patients after reperfusion therapy who

have a poor prognosis and require more intensive monitoring during

treatment. However, the prognostic value of the dynamic NLR

is under investigation owing to the heterogeneity of the studies.

Further studies are warranted to confirm the utility of the dynamic

NLR in predicting the outcomes of patients with AIS treated with

reperfusion therapy.

Data availability statement

The original contributions presented in the study are included in

the article/Supplementary material, further inquiries can be directed

to the corresponding author.

Author contributions

BW and FL: literature search, data extraction, statistical analysis,

and drafting of the manuscript. GS and SW: study design, quality

evaluation, and comments on important intellectual content. All

authors have reviewed the manuscript. All authors contributed to the

article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.

1118563/full#supplementary-material

References

1. Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M, Bennett
DA, et al. Global and regional burden of first-ever ischaemic and haemorrhagic stroke
during 1990-2010: findings from the global burden of disease study 2010. Lancet Glob
Health. (2013) 1:e259–81. doi: 10.1016/S2214-109X(13)70089-5

2. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al.
Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct.
N Engl J Med. (2018) 378:11–21. doi: 10.1056/NEJMoa1706442

3. Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, et al. Effect
of treatment delay, age, and stroke severity on the effects of intravenous thrombolysis

with alteplase for acute ischaemic stroke: a meta-analysis of individual patient data from
randomised trials. Lancet. (2014) 384:1929–35. doi: 10.1016/S0140-6736(14)60584-5

4. Pico F, Lapergue B, Ferrigno M, Rosso C, Meseguer E, Chadenat ML, et al. Effect
of in-hospital remote ischemic perconditioning on brain infarction growth and clinical
outcomes in patients with acute ischemic stroke: the rescue brain randomized clinical
trial. JAMA Neurol. (2020) 77:725–34. doi: 10.1001/jamaneurol.2020.0326

5. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al.
Thrombectomy for stroke at 6 to 16 hours with selection by perfusion imaging. N Engl J
Med. (2018) 378:708–18. doi: 10.1056/NEJMoa1713973

Frontiers inNeurology 13 frontiersin.org

https://doi.org/10.3389/fneur.2023.1118563
https://www.frontiersin.org/articles/10.3389/fneur.2023.1118563/full#supplementary-material
https://doi.org/10.1016/S2214-109X(13)70089-5
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1016/S0140-6736(14)60584-5
https://doi.org/10.1001/jamaneurol.2020.0326
https://doi.org/10.1056/NEJMoa1713973
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wu et al. 10.3389/fneur.2023.1118563

6. Rao NM, Levine SR, Gornbein JA, Saver JL. Defining clinically relevant cerebral
hemorrhage after thrombolytic therapy for stroke: analysis of the national institute of
neurological disorders and stroke tissue-type plasminogen activator trials. Stroke. (2014)
45:2728–33. doi: 10.1161/STROKEAHA.114.005135

7. Bonaventura A, Liberale L, Vecchié A, Casula M, Carbone F, Dallegri F, et al. Update
on inflammatory biomarkers and treatments in ischemic stroke. Int J Mol Sci. (2016)
17:12. doi: 10.3390/ijms17121967

8. Kim JY, Park J, Chang JY, Kim SH, Lee JE. Inflammation after ischemic
stroke: the role of leukocytes and glial cells. Exp Neurobiol. (2016) 25:241–
51. doi: 10.5607/en.2016.25.5.241

9. Jickling GC, Liu D, Ander BP, Stamova B, Zhan X, Sharp FR. Targeting neutrophils
in ischemic stroke: translational insights from experimental studies. J Cereb Blood Flow
Metab. (2015) 35:888–901. doi: 10.1038/jcbfm.2015.45

10. Otxoa-de-Amezaga A, Gallizioli M, Pedragosa J, Justicia C, Miró-Mur F,
Salas-Perdomo A, et al. Location of neutrophils in different compartments of the
damaged mouse brain after severe ischemia/reperfusion. Stroke. (2019) 50:1548–
57. doi: 10.1161/STROKEAHA.118.023837

11. Li S, Huang Y, Liu Y, Rocha M, Li X, Wei P, et al. Change and predictive ability
of circulating immunoregulatory lymphocytes in long-term outcomes of acute ischemic
stroke. J Cereb Blood Flow Metab. (2021) 41:2280–94. doi: 10.1177/0271678X21995694

12. Brait VH, Arumugam TV, Drummond GR, Sobey CG. Importance of T
lymphocytes in brain injury, immunodeficiency, and recovery after cerebral ischemia. J
Cereb Blood Flow Metab. (2012) 32:598–611. doi: 10.1038/jcbfm.2012.6

13. Guthrie GJ, Charles KA, Roxburgh CS, Horgan PG, McMillan DC, Clarke SJ. The
systemic inflammation-based neutrophil-lymphocyte ratio: experience in patients with
cancer. Crit Rev Oncol Hematol. (2013) 88:218–30. doi: 10.1016/j.critrevonc.2013.03.010

14. Balta S, Celik T, Mikhailidis DP, Ozturk C, Demirkol S, Aparci M, et al. The relation
between atherosclerosis and the neutrophil-lymphocyte ratio. Clin Appl Thromb Hemost.
(2016) 22:405–11. doi: 10.1177/1076029615569568

15. Guo Z, Yu S, Xiao L, Chen X, Ye R, Zheng P, et al. Dynamic change of neutrophil
to lymphocyte ratio and hemorrhagic transformation after thrombolysis in stroke. J
Neuroinflammat. (2016) 13:1. doi: 10.1186/s12974-016-0680-x

16. Li SJ, Cao SS, Huang PS, Nie X, Fu Y, Liu JR. Post-operative neutrophil-to-
lymphocyte ratio and outcome after thrombectomy in acute ischemic stroke. Front
Neurol. (2022) 13:990209. doi: 10.3389/fneur.2022.990209

17. Maestrini I, Strbian D, Gautier S, Haapaniemi E, Moulin S, Sairanen T, et al. Higher
neutrophil counts before thrombolysis for cerebral ischemia predict worse outcomes.
Neurology. (2015) 85:1408–16. doi: 10.1212/WNL.0000000000002029

18. Goyal N, Tsivgoulis G, Chang JJ, Malhotra K, Pandhi A, Ishfaq MF, et al. Admission
neutrophil-to-lymphocyte ratio as a prognostic biomarker of outcomes in large vessel
occlusion strokes. Stroke. (2018) 49:1985–7. doi: 10.1161/STROKEAHA.118.021477

19. Aly M, Abdalla RN, Batra A, Shaibani A, Hurley MC, Jahromi BS,
et al. Follow-up neutrophil-lymphocyte ratio after stroke thrombectomy is
an independent biomarker of clinical outcome. J Neurointerv Surg. (2021)
13:609–13. doi: 10.1136/neurintsurg-2020-016342

20. Ören O, Haki C, Kaya H, Yüksel M. Predictive value of admission
neutrophil/lymphocyte ratio in symptomatic intracranial hemorrhage after stroke
thrombolysis. Neurological Sci. (2022) 43:435–40. doi: 10.1007/s10072-021-05326-8

21. Brooks SD, Spears C, Cummings C, VanGilder RL, Stinehart KR,
Gutmann L, et al. Admission neutrophil-lymphocyte ratio predicts 90 day
outcome after endovascular stroke therapy. J Neurointerv Surg. (2014) 6:578–83.
doi: 10.1136/neurintsurg-2013-010780

22. Liao M, Li F, Hu J, Yang J, Wu D, Xie D, et al. High neutrophil counts before
endovascular treatment for acute basilar artery occlusion predict worse outcomes. Front
Aging Neurosci. (2022) 14. doi: 10.3389/fnagi.2022.978740

23. Wang C, Zhang Q, Ji M, Mang J, Xu Z. Prognostic value of the neutrophil-
to-lymphocyte ratio in acute ischemic stroke patients treated with intravenous
thrombolysis: a systematic review and meta-analysis. BMC Neurol. (2021)
21:191. doi: 10.1186/s12883-021-02222-8

24. Bi Y, Shen J, Chen SC, Chen JX, Xia YP. Prognostic value of neutrophil to
lymphocyte ratio in acute ischemic stroke after reperfusion therapy. Sci Rep. (2021)
11:6177. doi: 10.1038/s41598-021-85373-5

25. Sharma D, Spring KJ, Bhaskar SMM. Role of neutrophil-lymphocyte
ratio in the prognosis of acute ischaemic stroke after reperfusion therapy:
a systematic review and meta-analysis. J Cent Nerv Syst Dis. (2022)
14:11795735221092518. doi: 10.1177/11795735221092518

26. Stang A. Critical evaluation of the newcastle-ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603–
5. doi: 10.1007/s10654-010-9491-z

27. Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from the
sample size, median, mid-range, and/or mid-quartile range. Stat Methods Med Res. (2018)
27:1785–805. doi: 10.1177/0962280216669183

28. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and
standard deviation from the sample size, median, range and/or interquartile
range. BMC Med Res Methodol. (2014) 14:135. doi: 10.1186/1471-2288-
14-135

29. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med.
(2002) 21:1539–58. doi: 10.1002/sim.1186

30. Shuster JJ. Cochrane handbook for systematic reviews for interventions, version
5.1.0, published 3/2011. Julian PT Higgins and Sally Green, Editors. Res Synthe Meth.
(2011) 2:126–30. doi: 10.1002/jrsm.38

31. Lin L, Chu H. Quantifying publication bias in meta-analysis. Biometrics. (2018)
74:785–94. doi: 10.1111/biom.12817

32. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Cambridge, MA:
Academic Press. (2013). doi: 10.4324/9780203771587

33. Pagram H, Bivard A, Lincz LF, Levi C. Peripheral immune cell counts and
advanced imaging as biomarkers of stroke outcome. Cerebrovasc Dis Extra. (2016)
6:120–8. doi: 10.1159/000450620

34. Inanc Y, Inanc Y. The effects of neutrophil to lymphocyte and platelet to
lymphocyte ratios on prognosis in patients undergoing mechanical thrombectomy for
acute ischemic stroke. Ann Ital Chir. (2018) 89:367–73.

35. Wang H, Zhang M, Hao Y, Zi W, Yang D, Zhou Z, et al. Early prediction
of poor outcome despite successful recanalization after endovascular treatment
for anterior large vessel occlusion stroke. World Neurosurg. (2018) 115:e312–
e21. doi: 10.1016/j.wneu.2018.04.042

36. Duan Z,WangH,Wang Z, Hao Y, ZiW, Yang D, et al. Neutrophil-lymphocyte ratio
predicts functional and safety outcomes after endovascular treatment for acute ischemic
stroke. Cerebrovascular Dis. (2018) 45:221–7. doi: 10.1159/000489401

37. Malhotra K, Goyal N, Chang JJ, Broce M, Pandhi A, Kerro A, et al. Differential
leukocyte counts on admission predict outcomes in patients with acute ischaemic
stroke treated with intravenous thrombolysis. Eur J Neurol. (2018) 25:1417–24.
doi: 10.1111/ene.13741

38. Shi J, Peng H, You S, Liu Y, Xu J, Xu Y, et al. Increase in neutrophils
after recombinant tissue plasminogen activator thrombolysis predicts poor functional
outcome of ischaemic stroke: a longitudinal study. Eur J Neurol. (2018) 25:687–
e45. doi: 10.1111/ene.13575

39. Semerano A, Laredo C, Zhao Y, Rudilosso S, Renú A, Llull L, et al. Leukocytes,
collateral circulation, and reperfusion in ischemic stroke patients treated with mechanical
thrombectomy. Stroke. (2019) 50:3456–64. doi: 10.1161/STROKEAHA.119.026743

40. Pektezel MY, Yilmaz E, Arsava EM, Topcuoglu MA. Neutrophil-to-lymphocyte
ratio and response to intravenous thrombolysis in patients with acute ischemic stroke. J
Stroke Cerebrovasc Dis. (2019) 28:1853–9. doi: 10.1016/j.jstrokecerebrovasdis.2019.04.014

41. Li F, Ren Y, Cui X, Liu P, Chen F, Zhao H, et al. Postoperative hyperglycemia
predicts symptomatic intracranial hemorrhage after endovascular treatment in
patients with acute anterior circulation large artery occlusion. J Neurol Sci. (2020)
409:116588. doi: 10.1016/j.jns.2019.116588

42. Ying A, Cheng Y, Lin Y, Yu J, Wu X, Lin Y. Dynamic increase in neutrophil levels
predicts parenchymal hemorrhage and function outcome of ischemic stroke with R-Tpa
thrombolysis. Neurol Sci. (2020) 41:2215–23. doi: 10.1007/s10072-020-04324-6

43. Meng L, Wang H, Yang H, Zhang X, Zhang Q, Dong Q, et al. Nomogram
to predict poor outcome after mechanical thrombectomy at older age and
histological analysis of thrombus composition. Oxid Med Cell Longev. (2020)
2020:8823283. doi: 10.1155/2020/8823283

44. Lv S, Song Y, Zhang FL, Yan XL, Chen J, Gao L, et al. Early prediction of the 3-
month outcome for individual acute ischemic stroke patients who received intravenous
thrombolysis using the N2h3 nomogram model. Ther Adv Neurol Disord. (2020)
13:1756286420953054. doi: 10.1177/1756286420953054

45. Oh SW Yi HJ, Lee DH, Sung JH. Prognostic significance of various inflammation-
based scores in patients with mechanical thrombectomy for acute ischemic stroke.World
Neurosurg. (2020) 141:e710–e7. doi: 10.1016/j.wneu.2020.05.272

46. Cheng Y, Ying A, Lin Y, Yu J, Luo J, Zeng Y, et al. Neutrophil-to-lymphocyte
ratio, hyperglycemia, and outcomes in ischemic stroke patients treated with intravenous
thrombolysis. Brain Behav. (2020) 10:9. doi: 10.1002/brb3.1741

47. Liu YL, Wu ZQ, Qu JF, Qiu DH, Luo GP, Yin HP, et al. High neutrophil-
to-lymphocyte ratio is a predictor of poor short-term outcome in patients with
mild acute ischemic stroke receiving intravenous thrombolysis. Brain Behav. (2020)
10:12. doi: 10.1002/brb3.1857
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