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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, Muda njiang, China

Background: The prognostic role of the neutrophil-to-lymphocyte ratio ( NLR),
an in ammatory marker, in acute ischemic stroke (AIS) after repe rfusion therapy
remains controversial. Therefore, this meta-analysis soug ht 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 identif y
relevant literature from their inception to 27 October 2022. T  he clinical outcomes
of interest included poor functional outcome (PFO) at 3 months, symptomatic
intracerebral hemorrhage (sICH), and 3-month mortality. The N LR on admission
(pre-treatment) and post-treatment was collected. The PFOwasde  ned asamodi ed
Rankin scale (mRS) of> 2.

Results: A total of 17,232 patients in 52 studies were included in the met a-analysis.
The admission NLR was higher in the 3-month PFO (standardized me an di erence
[SMD]D 0.46, 95% con dence interval [CI] D 0.35-0.57), sICH (SMD D 0.57, 95% CID
0.30-0.85), and mortality at 3 months (SMD D 0.60, 95% CID 0.34-0.87). An elevated
admission NLR was associated with an increased risk of 3-month PF O (odds ratio [OR]
D 1.13,95% CID 1.09-1.17), sICH (OR D 1.11, 95% CID 1.06-1.16), and mortality at
3 months (OR D 1.13, 95% CID 1.07-1.20). The post-treatment NLR was signi cantly
higher in the 3-month PFO (SMD D 0.80, 95% CID 0.62-0.99), sICH (SMD D 1.54,
95% CID 0.97-2.10), and mortality at 3 months (SMD D 1.00, 95% CID 0.31-1.69).
An elevated post-treatment NLR was signi cantly associated with  an increased risk of
3-month PFO (OR D 1.25, 95% CID 1.16-1.35), sICH (ORD 1.14, 95% CID 1.01-1.29),
and mortality at 3 months (OR D 1.28, 95% CID 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, s ICH, and mortality at 3
months in patients with AIS treated with reperfusion therapy. Th e post-treatment NLR
provides better predictive power than the admission NLR.

Systematic review registration:  https://www.crd.york.ac.uk/PROSPERO/ , identi er:
CRD42022366394.

acute ischemic stroke, neutrophil to lymphocyte ratio, endova scular 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 AlS, including intravenous thrombolysis (IVT) and endovascular
treatment (EVT), has been shown to e ectively 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 treatment4). Age, infarct volume, hemorrhagic transformation, OR “tPA’[All Fields] OR “t-PA’[All Fields] OR “rtPA’[All Fields] OR
and baseline National Institutes of Health Stroke Scale (NIHSS) scoie-PATAIl Fields] OR “alteplase”[All Fields] OR “thrombolysis’[All
are known major risk factors and predictors of adverse prognosis iRields] OR “endovascular thrombectomy”[All Fields] OR
patients with AIS §, 6). However, the aforementioned risk factors as‘mechanical thrombectomy”[All Fields] OR “thrombectomy”[All
predictors of patient prognosis remain insu cient. Fields] OR “endovascular treatment’[All Fields] OR “endovascular
Recent studies have shown that in ammation plays an importantherapy”[All Fields] OR “reperfusion therapy”[All Fields]). Two
role in stroke-induced injury, and elevated levels of in ammatoryinvestigators (BW and FL) independently assessed the titles
markers are associated with poor clinical outcomés9). During and abstracts of the records and excluded articles that did
the early stages of stroke, neutrophils accumulate in the ischemiot meet the eligibility criteria. Subsequently, the reviewers
area and release in ammatory mediators, leading to disruption of thassessed the full-text articles. In addition, we manually reviewed
blood-brain barrier (BBB), increased infarct volume, hemorrhagithe reference lists and recent reviews to identify potentially
transformation, and poor neurologic outcomes (L0). By contrast, relevant studies.
lymphocytes as the brain's primary regulator may contribute to  Eligible studies met the following inclusion criteria: (1) patients
the repair of inammatory damage as well as brain functionalwith AIS who received reperfusion therapy with IVT or EVT
recovery (1). An increased infarct size and a worsening neurologi@fter the symptom onset; (2) assessed the relationship between
prognosis may be associated with the suppression of lymphocytdéR and 3-month PFO, sICH, or mortality at 3 months after
(8,12). The neutrophil-to-lymphocyte ratio (NLR), a readily availablereperfusion therapy; (3) PFO was de ned as the modi ed Rankin
serum biomarker for assessing the balance between neutrophils aschle (MRS) 2; (4) blood samples were collected on admission
lymphocytes, has been used to measure systemic in ammatign ( (pre-treatment) or post-treatment; (5) studies with su cient data for
14). calculating standardized mean di erence (SMD) and/or odds ratio
Previous retrospective cohort studies have shown that highd©OR) with corresponding 95% con dence interval (Cl); and (6) full
levels of admission or post-treatment NLR are associate@xt was available. We excluded studies if they met any one of the
with hemorrhagic transformation (HT) 15 16), symptomatic following criteria: (1) studies focused on a speci ¢ population with
intracerebral hemorrhage (sICH).(-20), 3-month poor functional in ammatory disorders, infectious diseases, or any other major illness
outcome (PFO) 17,19, 21, 22), and mortality at 3 months18,19,22)  (such as cancer); (2) articles in the format of abstract, letter, meta-
in patients with AIS treated with reperfusion therapy. Neverthelesgnalysis, review, comment, case report, or editorial; (3) cell or animal
there is still no full understanding of the association between theesearch; (4) designated outcome was unreported; and (5) duplicate
dynamic NLR and clinical outcomes in patients with AIS treatedpublications. For duplicate reports, the study with the largest sample
with reperfusion therapy, owing to methodological limitations.size was selected.
In addition, several recent meta-analyses have also conrmed a
link between the NLR and clinical outcomes in patients with AIS
recglvmg reperfusno'n t.he.rap.y23—25). However, most of these I;)ata extraction and quality assessment
reviews have certain limitations, such as the small number o
inpluded .studies., inconsistent outcomes, di erent e ect sizes, arld Two investigators (BW and FL) independently extracted the
di erent time points of NLR. Thus, we performed a meta-analysis . . .
" . L rqlevant data. The following information was extracted from
to evaluate the association between the dynamic NLR and clinica

) . . . . each eligible study: rst author, year of publication, country,
outcomes in patients with AIS receiving reperfusion therapy. study duration, study design, sample size, number of males

age, admission NIHSS score, treatment method, number and
Methods percentage of bridging therapy, blood collection time, study
outcome, NLR cuto, sICH de nition, NOS scores, and whether

This systematic review and meta-analysis followed the Preferréﬁe |nfect|on” Wés e.xclude(.j. I studlels redpor:ted_ m“'“'_“'e |p05t'
Reporting Items for Systematic Reviews and Meta—AnaIysérseatmem collection time points, we selected the time point closest

(PRISMA) guidelines. The study protocol was registered with® ' ) . . .
PROSPERO (number CRD42022366394). The methodological quality of the included studies was assessed

using the Newcastle—Ottawa Scale (NOS) (The score ranges from
0to 9, and studies with score</ are considered to be of high quality.
Any disagreements regarding data extraction and quality assessment

Search strategy and StUdy selection were resolved through consensus discussion.

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 usedStatistical analysis
(“stroke[All Fields] OR “brain infarction”[All Fields] OR “cerebral
infarction”[All Fields] OR “ischemic stroke”[All Fields] OR “acute The pooled OR and SMD with 95% CI were used to analyze
ischemic stroke’[All Fields]) AND (“neutrophil lymphocyte the association between NLR and 3-month PFO, sICH, or mortality
ratio”[All Fields] OR “neutrophil-to-lymphocyte ratio”[All Fields] at 3 months after reperfusion therapy. If the study provided only
OR “NLR’[All Fields]) AND (“tissue plasminogen activator’[All the median, range, or interquartile range (IQR), the mean and
Fields] OR “recombinant tissue plasminogen activator'[All Fieldsktandard deviation (SD) values were estimated using the methods
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Records identified from database (n = 497)

e PubMed (n =204)
o EMBASE (n=176) Additional records identified
® Web of Science (n=117) from other sources (n = 3)
A4
Records after duplicates removed (n = 178)

: Records excluded based on evaluation of title
v : and abstract (n =243)

1 @ Non-related topic (n=79)
Records screened (n = 322) —>' @ Meta-analysis or Review (n = 17)
e Cell or animal research (n=113)
e Abstract, letter, comment, case report, and
editorial (n = 34)

Studies excluded (n =27)

e Non-English article (n = 1)

e Study population with pneumonia (n = 2)

e Follow-up time less than 3 months (n = 1)
o Not all received reperfusion therapy (n = 2)
® No data on NLR level (n=5)

e Not report designated outcome (n = 16)

|
Full-text studies assessed NN
(n=79) !

A,

Studies included in review
n=52)

FIGURE 1
Flow diagram of the study search and selection process.

described by Luo et al.2{) and Wan et al. £9). When both Results

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

The unadjusted OR was calculated when only count data weretudy selection and characteristics

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

statistical heterogeneity among studi€s)( A p-value of the chi- A primary literature search identi ed 497 potentially relevant
square tes€ 0.10 or 2 50% was regarded as signi cant statistica@rticles. Three additional records were obtained from other sources.
heterogeneity. Considering the heterogeneity among the includedfter removing 178 duplicate publications, the titles and abstracts of
studies, the random e ects model (DerSimonian—Laird) was used 322 studies were reviewed. We excluded 243 studies based on title and
calculate the pooled e ect sizes and the corresponding 95% CI. gpstract reviews. Next, the full text of the remaining 79 articles was
su cient studies were included (10) (30), subgroup analyses were reviewed. Finally, 52 articles with 17,232 patients were included in
conducted to explore the potential sources of heterogeneity accordifgr analysis (15-22, 33-76). The article selection process is illustrated
to the treatment method (EVT vs. IVT), study region (Asian vs.in Figure 1

non-Asian), study design (prospective vs. retrospective), agb (s. The characteristics of the included studies and the quality
<65 years), sample size 200 vs.< 200), admission NIHSS score a@ssessment results are presentedldmle 1 The selected studies

( 15 vs.<15), bridging therapy (40 vs.< 40%), OR (adjusted vs. Were published between 2013 and 2022. The study design included
unadjusted), NOS score @ vs.<8), cuto for NLR (yes vs. no), and Single-centerif D 40), dual-centerr{ D 4), multi-center 6 D 8),
infection excluded (yes vs. no vs. not reported). Sensitivity analysérospective cohort(D 48), and prospective cohort studies D

were conducted to test the robustness of the results by excluding eabh This meta-analysis included 23 studies treating AIS with IVT, 28
study sequentially(  10). Egger's test and funnel plots were used tStudies treating AIS with EVT, and two studies treating AIS with
assess publication bias ( 10) (31). An analysis of trim and llwas VT/EVT (including IVT alone, EVT alone, and combination therapy
performed to further evaluate the potential existence of publicatio®f IVT and EVT). The sample sizes of the included studies ranged
bias. An SMD of 0.2 was interpreted as re ecting small e ects, 0.5 4§0m 51 to 1,227 participants. The mean and/or median ages of the
re ecting medium e ects, and 0.8 as re ecting large e ects accordingParticipants ranged from 58 to 75 years. The mean and/or median
to Cohen's rule of thumbg?). All tests were two-sided, anz< 0.05 admission NIHSS score ranged from 4 to 27 points. Three IVT studies
were considered statistically signi cant. All statistical analyses wefd 26 EVT studies reported percentages of bridging therapy ranging

performed using Stata 17 software (Stata Corporation LP, Collef@®m 6.6% to 30.7% and 7.5% to 77.6%, respectively. Infection was
Station, TX, USA). 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 Age Admission Treatment Bridging Blood; Study; NRL sICH; Infection NOS;
size (year) HSS therapy, collection; outcome cut- de nition excluded scores
(male) n (%) time 0
1 Brooks et al.{1) USA 2008-2011 | R(S) 116 (NR) 67 (18-93) 17 (1-48) EVT 27(23.3) Admission (1) PFO; (2) 5.9 NR No 7
Mortality
2 Maestrini France; NR P (D) 846 (430) 71 (60-80) 10 (6-16) VT 56 (6.6) Before IVT (1) PFO; (2) 4.8 ECASSII No 9
etal. (L7) Finland sICH; (3)
Mortality
3 Pagrametal.y9 | Australia 2009-2013 | R(S) 141 (NR) 743 10.7 101 47 VT NP Before IVT; PFO NR NR NR 8
after IVT
4 Guoetal. (5 China 2012-2015 | R(D) 189 (123) 65.0 10.6 12 (6-16) VT 58(30.7) Admission; after sICH NR ECASSII Yes 9
VT
5 Inanc et al. 84) Turkey 2014-2015 R (S) 56 (35) 58.23 16.09 3.33 EVT NR Admission (1) sICH; (2) NR NR Yes 6
11.94 Mortality
6 Goyal etal. (9 USA 2012-2016 | R(S) 293 (147) 62 14 16 (13-19) EVT 240 (70.0) Admission (1) PFO; (2) NR SITS-MOST NR 8
sICH; (3)
Mortality
7 Wang et al. 5 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. §6) China 2014-2016 | R (M) 616 (368) 66 (57-74) 16 (12-21) EVT 216 (35.1) Before EVT (1) PFO; (2) 7 HBC Yes 8
sICH; (3)
Mortality
9 Malhotra USA 2011-2015 | R(D) 657 (333) 64 14 7(4-13) VT 52(7.9) Before IVT (1) PFO; (2) 22 SITS-MOST No 9
etal. ¢7) sICH; (3)
Mortality
10 Shietal. §9 China 2009-2016 | P(S) 372(242) 64 109 6.8 VT NP Before IVT; (1) PFO; (2) NR ECASSII Yes 8
after IVT Mortality
11 Semerano Spain 2008-2017 | R (M) 433 (266) 71 (61-80) 17 (11-21) EVT 213 (49.0) Before EVT; (1) PFO; (2) NR ECASSII No 7
etal. B9 after EVT sICH; (3)
Mortality
12 Pektezel Turkey 2009-2018 | R(S) 142 (62) 69 13 139 55 VT NP Before IVT; (1) PFO; (2) NR ECASSII No 6
etal. g0 after IVT sICH
13 Lietal. ¢1) China 2017-2019 | R(S) 156 (107) 64.43 13 (11-17) EVT 66 (42.31) Admission sICH NR ECASS Il NR 7
12.60
14 Ying etal. (2 China 2016-2018 | R(S) 208 (129) 67.3 124 NR VT NP Admission; after | (1) PFO; (2) NR ECASSII Yes 8
VT sICH
15 Meng etal. ¢3) China 2015-2019 | P(S) 302 (171) 69 11 14.4 46 EVT 115 (38.1) Admission (1) PFO; (2) 6.45 HBC No 8
Mortality
16 Lv etal. (4) China 2016-2019 | R(S) 564 (409) 63.0 8(5-12) VT NP Before IVT PFO NR NR NR 7
(54.0-70.8)
17 Ohetal. (5 Korea 2014-2019 | R(S) 411 (222) 69.2 134 104 6.6 EVT 152 (37.0) Before EVT (1) PFO; (2) 5.1 ECASS Il Yes 8
sICH; (3)
Mortality
(Continued)
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TABLE 1 (Continued)

ID References

Country  Duration

Sample
size
(male)

Admission
NIHSS

Treatment

Bridging
therapy,
n (%)

Blood;
collection;
time

Study;
outcome

SICH;
de nition

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 Liuetal. ¢7) 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 Switahska Poland 2017-2018 R(S) 51(22) 67 (55-78) 11 (6-16) IVT/EVT 17 (33.0) Admission sICH NR ECASS I Yes 6
etal. ¢9
21 Ozgen etal.49) Turkey 2017-2018 P(S) 150 (83) NR NR EVT NP Admission (1) PFO; (2) NR NR Yes 7
Mortality
22 Pan etal.§0) China 2016-2018 R(S) 151 (97) 68 (59-74) 9 (6-14) IVT NP Admission; after PFO NR NR Yes 7
IVT
23 Luxetal. 1) UK 2016-2017 R(S) 121 (58) 66.4 16.7 19 (1-28) EVT 94 (77.6) Admission; after PFO NR ECASS| Yes 8
EVT
24 Aly etal. (L9 USA 2015-2019 | R(S) 142 (69) 70 16 17 (12-21) EVT 70 (49.0) Admission; after | (1) PFO; (2) NR ECASS I Yes 7
EVT sICH; (3)
Mortality
25 Huetal. 62 China 2014-2019 R(S) 183 (123) 649 105 4(3-7) IVT NP after IVT PFO NR NR Yes 8
26 Topcuoglu Turkey 2011-2019 R(S) 165 (96) 70 14 13 56 VT NP Before IVT; (1) PFO; (2) NR ECASS | Yes 6
etal. 63 after IVT sICH
27 Majid et al. £4) Pakistan 2015-2019 R(S) 98 (60) 58.0 6.4 159 7.7 VT NP Admission PFO 2.39 NR Yes 6
28 Chenetal.§5) China 2015-2019 R(S) 257 (186) 632 12.6 NR EVT 115 (44.7) Admission (1) PFO; (2) NR ECASS I Yes 8
sICH
29 Orenetal. p0) Turkey 2016-2018 R(S) 133(81) 66.56 13 (10-17) IVT NR Admission sICH NR ECASS I Yes 8
12.47
30 Guo et al. p6) China 2014-2020 R (M) 1200 (756) 66.9 125 NR IVT NP Admission sICH NR ECASS I Yes 9
31 Yuetal. §7) China 2018-2020 R(S) 102 (54) 66.9 13.89 13.5 EVT 33(32.3) Admission sICH NR HBC NR 7
(9.75-17.00)
32 Weng et al. {9 China 2016-2019 R(S) 291 (104) 67 (59-79) 8(5-13) VT NP Admission; after Mortality NR NR NR 7
VT
33 Ferroetal. §9 Portugal 2017-2019 R(S) 325 (161) 75 (66-83) 14 (8-19) IVT/EVT 87(26.7) After IVT PFO NR NR No 8
(EVT)
34 Yietal. 60) Korea 2015-2020 R(S) 440 (260) 70.2 129 NR EVT 159 (36.1) Admission PFO 3.7 ECASS Il Yes 7
35 Chenetal.{1) China 2016-2019 R(S) 280 (179) 69 (59-77) NR IVT NP Admission (1) PFO; (2) NR NR NR 7
Mortality
36 Xie etal. 62 China 2014-2020 R(S) 462 (318) 633 125 NR IVT NP Before IVT sICH NR ECASS I NR 8
37 Yang etal.§3) China 2016-2020 R (D) 623 (403) 67.36 6 (4-10) VT NP Admission; after (1) PFO; (2) NR NR Yes 6
12.84 IVT Mortality
38 Shietal. ¢4 China 2015-2017 R(S) 127 (65) 70.95 20 (16-25) EVT 53(41.7) Admission; after PFO NR HBC NR 7
12.24 EVT
39 Gao etal.§5 China 2016-2019 | R(S) 283 (180) NR NR VT NP Before IVT PFO NR NR NR 7
(Continued)
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TABLE 1 (Continued)

ID References Country Duration Sample Age Admission Treatment Bridging Blood; Study; NRL sICH; Infection NOS;
size (year) NIHSS therapy, collection; outcome cut- de nition excluded scores
() n (%) time (o]
40 Lietal. (6 China 2018-2020 | R(S) 286 (167) 70 (63-77) 18 (12-30) EVT 41(14.3) Before EVT PFO NR ECASS Il NR 8
41 Leeetal.§?) 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. §8) 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 Zouetal. 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 Germany 2014-2019 | R(S) 549 (273) 743 126 NR EVT 307 (55.9) Admission PFO NR NR NR 8
etal. (0
45 Liao et al. £2) China 2014-2019 | R (M) 586 (443) 64 (56-73) 27 (17-33) EVT 109 (18.6) Admission (1) PFO; (2) NR HBC No 8
Mortality
46 Chenetal. 1) China 2018-2020 | R(S) 576 (379); 68 (59-76); 5(3-10); 14 IVT; EVT NP; 88 (25.1) Before (1) PFO; (2) NR ECASS Il No 8
351 (249) 69 (60-76) (11-19) IVT/EVT,; after sICH; (3)
IVT/EVT Mortality
47 Shenetal. {9 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 Sunetal. (39 China 2017-2019 | R (M) 1227 (776) | 66 (56-73) 16 (12-20) EVT 357 (29.1) Admission SICH NR ECASSII NR 7
49 Sadeghietal7¢) | Hungary 2016-2018 | R(S) 285 (159) 66 12.9 6.0 (5.0-9.1) VT NP Before IVT; sSICH NR ECASSII NR 6
after IVT
50 Kimetal. (75 Korea 2013-2019 R(S) 128 (67) 68.9 13.2 17 (13-21) EVT 50(39.1) Before EVT; sICH NR SITS-MOST Yes 7
after EVT
51 Lietal. (L6 China 2015-2021 R(S) 258 (156) 70 s(61-79) NR EVT 88(34.1) Before EVT; PFO NR ECASS Il NR 8
after EVT
52 Feng etal.(6) China 20192021 | R(S) 170 (115) 66.0 15 (12-19) EVT 62 (36.5) Admission; after PFO NR NR No 7
(58.8-74.3) EVT

NOS, Newcastle-Ottawa Scale; NIHSS, National Institute of Healthe&SScale; sICH, symptomatic intracranial hemorrhage; PFO, pootiturat outcome; ECASS, European Cooperative Acute Stroke Studies; SITE-B8S Implementation of Thrombolysis in
Stroke-Monitoring Study; HBC, Heidelberg Bleeding Classi catRnretrospective cohort; P, prospective cohort; S, single-centeraBedater; M, multi-center; NP, bridging therapy not performed; NR, regiorted; 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 high11, 95% CD 1.07-1.16) groups remained signi cant. Subgroup
quality and reached a score of 8-9 points according to the NOS scomnalyses indicated no evidence of heterogeneity among groups
(Supplementary Table)1A possible publication bias was detected
by the visual inspection of the funnel ploEigure 54 and Egger's
Relationship between admission NLR and test @ < 0.001). The result remained signi cant for the association
3-month PFO between admission NLR levels and PFO (DRL.10, 95% CD
1.04-1.14) after the trim-and- Il analysis imputed 10 theoretical
A total of 26 studies including 8,474 patients were used for thESsing studies. Moreover, we performed sensitivity analyses, and the
pooled OR analysis. Higher admission NLR levels were associaf@§nulative results remained steady after sequentially excluding each
with an increased risk of 3-month PFO (OR 1.13, 95% CD  Study Figure 64).
1.09-1.17,3 D 75.0%) Figure 24. The summary e ect sizes in A total of 26 studies including 7,743 patients were used for
the IVT (OR D 1.17, 95% CID 1.07-1.27) and EVT (OFD the pooled SMD analysis. Patients with PFO had higher levels of
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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 (SMID0.46, 95% CD  in the IVT (ORD 1.30, 95% CD 1.13-1.50) and EVT groups (OR
0.35-0.57,4D 83.1%) Figure 2B. Similar results were observed in D 1.21, 95% CD 1.10-1.35). A signi cant result was also obtained
IVT (SMD D 0.49, 95% CD 0.30-0.69) and EVT patients (SMD in one study that included IVT/EVT (ORD 1.79, 95% CD 1.29—
0.44, 95% CD 0.30-0.58). We conducted several subgroup analys&s19). No source of heterogeneity was found in the subgroup analyses
and found no evidence of heterogeneitgupplementary Table)2  (Supplementary Table)3According to the funnel plot figure 50
The visual inspection of the funnel ploE(gure 55 and Egger's test and Egger's test(< 0.001), there was a potential publication bias.
(P D 0.48) showed no evidence of publication bias. No signi caniAfter trimming and lling in four theoretically missing studies, the
change was observed in the pooled SMD after excluding each stu@yationship between post-treatment NLR levels and 3-month PFO
(Figure 68. remained signi cant (ORD 1.15, 95% CID 1.06-1.25). In the
sensitivity analyses, the pooled OR was not signi cantly a ected by
excluding individual studiesHigure 6Q.
Relationship between post-treatment NLR Atotal of 14 studies including 3,380 patients were used for pooled
and 3-month PFO SMD analysis. Post-treatment NLR levels were higher in patients with
PFO than in those without PFO (SMD 0.80, 95% CD 0.62-0.99,

A total of 14 studies including 3,686 patients were used fol? D 84.6%) Figure 20). Similar results were also achieved in the
the pooled OR analysis. Higher post-treatment NLR levels wel¥T (SMD D 0.85, 95% CD 0.63-1.07) and EVT groups (SMD
associated with an increased risk of PFO (DR.25,95% CD 1.16— D 0.79, 95% CD 0.43-1.15). IVT/EVT was included in only one
1.35, # D 86.6%) Figure 20). The relationship remained signi cant study (SMDD 0.58, 95% CD 0.36-0.80), and the result was also
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signi cant. According to the results of subgroup analyses, no sourdgél D 1.42—-3.30) and EVT groups (SMD 0.75, 95% CD 0.35-

of heterogeneity was found(ipplementary Table)4No substantial 1.15). There was no evidence of heterogeneity among subgroup

publication bias was found, according to the funnel pleigure 50)  analyses Supplementary Table).7 Egger's testR D 0.005) and a

and Egger's testA(D 0.96). In the sensitivity analyses, the resultvisual examination of the funnel ploE(gure 50 indicated evidence

implied that no studies had a signi cant e ect on the pooled SMDof publication bias. The meta-analysis results did not change after

(Figure 6D. adjusting for publication bias using the trim-and- Il method. The
results of the sensitivity analyses showed that none of the studies had
a signi cant e ect on the pooled SMDHigure 60.

Relationship between admission NLR and
sICH
Relationship between admission NLR and

A total of 16 studies including 6,977 patients were used for thd-month mortality
pooled OR analysis. Higher admission NLR levels were associated
with an increased risk of sICH (OR 1.11, 95% CD 1.06-1.16,4 A total of 14 studies including 6,473 patients were used for the
D 71.6%) Figure 3. Compared with the main analysis, the resultspooled OR analysis. Higher admission NLR levels were associated
of the IVT (ORD 1.10, 95% CD 1.05-1.15) and EVT (OR 1.11, with an increased risk of mortality (OR 1.13, 95% CD 1.07-1.20,
95% CID 1.04-1.19) groups were generally consistent. Only on@ D 79.0%) Figure 44. These ndings were con rmed in the IVT
study included IVT/EVT (ORD 1.32, 95% CD 1.07-1.63), and (ORD 1.12, 95% CD 1.04-1.20) and EVT groups (R 1.17, 95%
the result was also signi cant. No source of heterogeneity was four@l D 1.06-1.29). Several subgroup analyses were conducted; however,
in subgroup analyses(ipplementary Table) 5SPotential publication  no source of heterogeneity was fourigloplementary Table) SThere
bias was detected by a visual inspection of the funnel plot.fe 55  was possible publication bias according to the funnel giat(re 5H)
and Egger's tesP(< 0.001). There was still a signi cant relationship and Egger's test”(< 0.001). After trimming and lling in three
between admission NLR and sICH after trimming and lling in theoretically missing studies, admission NLR remained signi cantly
seven theoretically missing studies (DRL..08, 95% CD 1.03-1.12). related to mortality (OFD 1.11, 95% CD 1.04-1.86). After excluding
According to the results of the sensitivity analyses, no study hadeach study, the pooled OR did not change signi cantijg(ire 6H.
signi cant e ect on the pooled ORKigure 6B. A total of 10 studies including 3,784 patients were used for the

A total of 22 studies including 8,055 patients were used for thpooled SMD analysis. Admission NLR levels were higher in patients
pooled SMD analysis. The result suggested a di erence between sl@kth mortality (SMD D 0.60, 95% CID 0.34-0.87,4 D 86.7%)
and non-sICH groups (SMID 0.57, 95% CD 0.30-0.852D 91.1%) than in those without mortality {igure 45. The results remained
(Figure 3B. The results of the IVT (SMID 0.80, 95% CD 0.30— signi cant in IVT (SMD D 0.91, 95% CD 0.40-1.42) and EVT
1.31) and EVT (SMDD 0.32, 95% CD 0.06-0.58) groups were groups (SMLD 0.40, 95% CD 0.22-0.57). No cause of heterogeneity
generally in accordance with those of the main analysis. Only ongas found in the subgroup analysesupplementary Table)9The
study included IVT/EVT, and the result was signi cant (SMID1.14,  visual inspection of the funnel plof(gure 5) and Egger's tesB(D
95% CID 0.42-1.86). We performed several subgroup analyses a0c6) showed no potential publication bias. In the sensitivity analyses,
found no evidence of heterogeneity(pplementary Table)6Egger's  no studies signi cantly impacted the pooled SMBigure 6).
test P D 0.53) and a visual examination of the funnel plbtqure 5F
indicated no evidence of publication bias. According to the results

of the sensitivity analyses, none of the studies greatly impacted t??elationship between post-treatment NLR

led SMD Fi 6h. .
poote Eigure 67 and 3-month mortality
. . A total of six studies including 2,274 patients were used for
Relationship between post-treatment NLR the pooled OR analysis. Higher post-treatment NLR levels were
and sICH associated with an increased risk of mortality (DRL.28, 95% CD

1.09-1.504D 91.7%) Eigure 40). This nding remained signi cant

A total of four studies including 1,568 patients were used for thén the IVT group (ORD 1.27, 95% CD 1.05-1.54). However, this
pooled OR analysis. There was an association between higher pagtationship was not signi cant in the EVT group (OR 1.42, 95%
treatment NLR levels and a higher risk of sICH (@R1.14, 95% CI D 0.66-3.04). Publication bias, subgroup, and sensitivity analyses
CI D 1.01-1.29,4 D 80.8%) Figure 3(. However, these ndings were not performed because our analysis includdd studies.
were not replicated in the IVT (ORD 1.42, 95% CD 0.70-2.90) A total of four studies including 1,052 patients were used
and EVT groups (ORD 1.37, 95% CD 0.78-2.42). Publication bias, for the pooled SMD analysis. Post-treatment NLR levels were
sensitivity, and subgroup analyses were not performed because of tiigher in patients with mortality (SMDD 1.00, 95% CID
small number of studies. 0.31-1.69, 4 D 95.4%) than in patients without mortality

A total of 10 studies including 2,402 patients were used for th¢=igure 40). The results did not change in the IVT (SMD
pooled SMD analysis. Post-treatment NLR was higher in patients 2.03, 95% CID 1.67-2.40) and EVT (SMID 0.67, 95%
with sICH than in those without SICH (SMID 1.54, 95% CD CI D 0.12-1.22) groups. The number of studies was too
0.97-2.10,4 D 90.9%) Figure 30). Meanwhile, the results were small to conduct subgroup analyses, sensitivity analyses, and
consistent with the earlier ndings in the IVT (SMID 2.36, 95% 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 hours after the onset of ischemia and activate the immune system
(7, 9). Increased neutrophils destroy the BBB and increase cerebral
This meta-analysis included 52 recent clinical studies with largedema and neurologic impairment by the activation of in ammatory
sample sizes to investigate the association between the dynamic NinRdiators such as chemokines and cytokines, reactive oxygen species
and PFO at 3 months, sICH, and 3-month mortality in AIS after(ROS), and the release of adhesion molecules and proteolytic
reperfusion therapy. We reported the results of both primary and&nzymes 7, 9). In summary, the pro-in ammatory activation of
secondary outcomes with e ect sizes (OR or SMD) and 95% Cls. Theeutrophils increases infarct size, hemorrhagic transformation, and
results suggested that the higher levels of both admission and pog@verse neurologic outcomes, (9). Lymphocytes as the main
treatment NLR were associated with an increased risk of 3-montieukocyte subpopulation may contribute to the repair of the ischemic
PFO, sICH, and mortality at 3 months, according to the pooled ORbrain tissue, in which regulatory T and B cells are important
Pooled SMD results showed that both admission and post-treatmehtain protective immunomodulators in ischemic strokél( 12).
NLR levels were higher in the PFO, sICH, and mortality groups thatn addition, decreased lymphocyte counts may re ect a cortisol-
in the control group. Notably, post-treatment NLR showed betteinduced stress response and a sign of reduced sympathetic tone,
predictive capabilities for poor clinical outcomes of patients with AISvhich may promote the secretion of pro-in ammatory cytokines,
treated with reperfusion therapy than admission. resulting in an increased risk of ischemia and reperfusion damage
The role and mechanism of in ammation in the pathophysiologyafter ischemic stroke7(, 78). The NLR is considered to represent
of AIS have been extensively studiei). (schemia and reperfusion the balance between neutrophils and lymphocytes and has recently
damage can cause a marked inammatory response, furthdreen reported as an easy computing, inexpensive, and stable
increasing brain injury §, 77). Recanalization treatment also leads tocomprehensive systemic in ammatory biomarker. Numerous studies
ischemia and reperfusion injury, which exacerbates acute brain injufyave investigated the predictive and prognostic values of NLR in
and results in poor functional outcomeg?). After ischemic stroke, patients with AIS treated with IVT or EVT (15-22, 33-76). However,
neutrophils migrate into cerebral ischemic regions within the rst fewthe 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 pr ognosis; (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 (1) funnel plot of admission NLR and 3-month mortality based on SMD.

provides a much more likely approach for reaching reasonablgeutrophils in ltrate the ischemic brain between 30 min and a few
strong conclusions. hours after infarction, peaking between days 1 and 3, and then
Several previous meta-analyses have reviewed the predictive vadeelining steadily thereafter’§). Second, 24—48 h after reperfusion,
of NLR for PFO after reperfusion therapy in patients with AiS{  BBB disruption leads to increased intracranial pressure and vasogenic
25). A meta-analysis conducted by Bi et &4 included six studies edema (9. Third, the regulatory lymphocyte level in the ischemic
and showed that an increased baseline NLR was associated withb8ain parenchyma is low during the 1st day after stroké)(
month PFO. Another study by Sharma et at5), which included This study demonstrated that admission and post-treatment NLR
13 studies, showed that a lower admission NLR was associated wlighrels were higher in patients with sICH than in those without sICH
good functional outcomes (MRS 0-2). Our meta-analysis, whichfter reperfusion therapy in the pooled SMD analysis. The overall
included 26 studies for the pooled SMD analysis, further veri ed theesults were consistent with the meta-analysis by Bi et?d). §nd
earlier results. Furthermore, the current study is also in line with th&Sharma et al. 5). However, Sharma et al2%) did not detect a
meta-analysis by Sharma et al5), which demonstrated that post- signi cant association between post-treatment NLR and sICH in
treatment NLR was related to 3-month PFO. However, the pooledubgroup analyses strati ed by the treatment method, and Bi et al.
SMD could not be interpreted as a risk measure because the e e¢i4) did not investigate the relationship between post-treatment NLR
sizes were not adjusted for potential confounders. Hence, we includeaid sICH. Compared with the previous meta-analysis, we included
26 and 14 studies separately for the pooled OR analysis to investiga® and 10 studies separately to limit selection and publication
the relationship between NRL and 3-month PFO at admission antias, which may have in uenced the results. Furthermore, subgroup
post-treatment. The results showed that higher admission NLR anahalyses based on the type of treatment also showed that higher levels
post-treatment NLR increased the risk of 3-month PFO. Due t®f admission and post-treatment NLR were observed in patients
the large SMD and the higher OR of post-treatment NLR, oumith sICH than in those without sICH. Similarly, for the pooled
ndings demonstrated that post-treatment NLR levels displayed ®R analysis, we found that the higher levels of admission and post-
stronger predictive power for 3-month PFO than admission. Thergreatment NLR increased the risk of sSICH. However, interestingly, we
are several possible mechanisms to explain the earlier ndings. Firsgtid not nd a relationship between post-treatment NLR and sICH in

Frontiersin Neurology 11 frontiersin.org


https://doi.org/10.3389/fneur.2023.1118563
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wu et al. 10.3389/fneur.2023.1118563

FIGURE 6

Sensitivity analysis on the relationship between NLR and prognos is; (A) sensitivity analysis of admission NLR and 3-month PFO based on O R; (B) sensitivity
analysis of admission NLR and 3-month PFO based on SMD; (C) sensitivity analysis of post-treatment NLR and 3-month PFO ba sed 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 S MD; (H) sensitivity analysis of admission NLR
and 3-month mortality based on OR; and  (l) sensitivity analysis of admission NLR and 3-month mortality ba sed on SMD.

the subgroup analyses strati ed by the treatment type. Fewer studias increased risk of mortality. However, higher post-treatment NLR
were included, and publication bias may explain this inconsistencyvas not associated with mortality in the EVT group. The possible
Further studies are needed to explore this causal relationship. Otgasons for this di erence may include that only two studies met the
ndings suggested that post-treatment NLR levels had a strongénclusion criteria and had higher baseline NIHSS scores. Based on
predictive power for sICH than admission due to its large SMD andhe large SMD and higher OR, we suggest that post-treatment NLR
higher OR. The possible underlying mechanism for these ndings ifevels have greater predictive power for mortality than admission.
that neutrophils enter the brain and release matrix metalloproteinasé&hese results may be related to the pathophysiological mechanisms
9 (MMP-9), which may act on tight-junction proteins and then described previously.
destroy the BBB from the lumen side of the blood vesséls ( Several studies have shown that NLR as a dynamic variable
The present study also revealed that admission and posis associated with HT1G, 16), sICH (15 19 40, 42, 71, 75), 3-
treatment NLR levels were higher in patients with mortality at 3month PFO (L6, 19, 38 40, 42, 51, 58, 63, 71, 75, 76), and death
months than in patients without mortality after reperfusion therapy (19, 38, 58 63 71) in patients with AIS after IVT or EVT. These
in the pooled SMD analysis. These ndings are consistent with thosgtudies also showed that the post-treatment NLR has a more strong
of the previous studie€2). However, in subgroup analyses strati ed predictive ability for the poor prognosis of patients with AIS after
by the treatment type, Sharma et at5( did not nd a statistically reperfusion therapy than admission. The results of these previous
signi cant di erence between admission NLR and 3-month mortality studies are basically consistent with our ndings.
in patients with AIS treated with EVT IVT. In contrast, we Similar to other studies, this meta-analysis has some limitations.
included more studies than the aforementioned study, and the resulE&rst, most of the included studies had a retrospective design,
indicated that a correlation exists between admission NLR and 3vhich made them vulnerable to selection bias and uncontrolled
month mortality in EVT patients. However, the pooled SMD only confounding factors. Therefore, future prospective cohort studies
evaluated the di erences in NLR levels between mortality and nonwith adjustments for potential confounders are required to further
mortality. As a result, we also combined OR to assess whether highetplore the possible impact of the NLR on poor prognosis in
NLR levels increased the risk of mortality. Our research showed thpatients with AIS treated with reperfusion therapy. Second, all
higher admission and post-treatment NLR levels were associated wihalyzed studies were reported in English, which could have caused
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publication bias and in uenced the pooled results. Hence, we useghve a poor prognosis and require more intensive monitoring during
a “trim-and- II" approach to reduce its in uence on the e ect size. treatment. However, the prognostic value of the dynamic NLR
Third, most of the studies were conducted in Asia, which mays under investigation owing to the heterogeneity of the studies.
result in a risk of selection bias in the patient population. Howeverfurther studies are warranted to con rm the utility of the dynamic
subgroup analyses found no e ect of the study region on the resear®LR in predicting the outcomes of patients with AIS treated with
ndings. Fourth, the statistically signi cant heterogeneity amongreperfusion therapy.

the included studies may have a ected the reliability of the meta-

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

In the strati ed subgroup analysis, none of the included factordd@ta availability statement

was con rmed to be a contributing factor. Meanwhile, the results

of sensitivity analyses showed that no single study aected the The original contributions presented in the study are included in
estimated signi cance of pooled ORs or SMDs. Discrepancies ifie articleSupplementary materizfurther inquiries can be directed
various adjustments and inadequate consideration of potentiallip the corresponding author.

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 NIHS’@Uthor contributions

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

adjusted ORs for analysis in our study as much as possible. Sixth, BW and FL: literature search, data extraction, statistical analysis,
the adjusted risk factors for each study used to calculate ORs weted drafting of the manuscript. GS and SW: study design, quality
di erentin the included studies. However, almost all studies includedValuation, and comments on important intellectual content. All
key factors such as age, sex, and NIHSS scores. Seventh, statiidthors have reviewed the manuscript. All authors contributed to the
methods were used to calculate the approximation of the mean arffticle and approved the submitted version.

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

stable and reliable in previous studieg. Eigh.th, a feyv st.udies. weton ict of interest

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

which may a ect the accuracy of NLR application. Nevertheless, The authors declare that the research was conducted in the

there was no substantial dierence in the e ect suzg acc_ord'n%bsence of any commercial or nancial relationships that could be
to the subgroup analyses regardless of whether the infection WaShstrued as a potential con ict of interest

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

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

point close to 24 h). However, NLR dynamically changes during the Ublisher's note

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

might further explore the relationship between the dynamic pro leof ~ All claims expressed in this article are solely those

the NLR and prognosis. Therefore, our ndings should be interpretedf the authors and do not necessarily represent those of

with caution because of the above limitations. their aliated 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

Conclusion its manufacturer, is not guaranteed or endorsed by the

publisher.
In summary, our ndings show that both admission and post-

treatment NLR can be used as cost-e ective and easily available

biomarkers to predict PFO at 3 months, sICH, and 3-month mortalitySUpplementary material

in patients with AIS after reperfusion therapy. The predictive power

of post-treatment NLR is better than that of admission. NLR as a The Supplementary Material for this article can be found
stand-alone test or part of a risk prediction model may help cliniciangnline at: https://www.frontiersin.org/articles/10.3389/fneur.2023.
easily and quickly identify patients after reperfusion therapy whd 118563/full#supplementary-material
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