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ABSTRACT

BACKGROUND: Inflammation may mediate response to acute reperfusion therapy (RT) in acute cerebral ischaemia. Neutrophil-lymphocyte ratio
(NLR), an inflammatory biomarker, may play an important role in acute ischaemic stroke (AIS) prognostication.

OBJECTIVE: This meta-analysis sought to examine the effect of NLR on functional outcomes, mortality and adverse outcomes in AlS patients
receiving RT.

METHODS: Individual studies were retrieved from PubMed/Medline, EMBASE and Cochrane databases. Data were extracted using a standardised
data sheet and meta-analysis on association of admission (pre-RT) or delayed (post-RT) NLR with clinical/safety outcomes after RT was conducted.

RESULTS: Thirty-five studies (n = 10 308) were identified for the systematic review with 27 (n = 8537) included in the meta-analyses. Lower
admission NLR was associated with good functional outcomes (GFOs), defined as 3-month modified Rankin scale (mRS) 0-2 (SMD = —.46; 95% ClI
=—.621t0 —.29; P < .0001), MRS 0-1 (SMD = —.44; 95% Cl| = —.66 to —.22; P < .0001) and early neurological improvement (ENI) (SMD = —.55; 95 %
Cl=—.84to0 —.25; P <.0001). Lower delayed admission NLR was also associated with GFOs (SMD = —.80; 95%CI = —.91 to —.68; P < .0001). Higher
admission NLR was significantly associated with mortality (SMD = .49; 95%CI = .12 to .85; P = .009), intracerebral haemorrhage (ICH) (SMD = .34;
95% Cl = .09 to .59; P = .007), symptomatic ICH (sICH) (SMD = .48; 95% Cl = .07 to .90; P = .022) and stroke-associated infection or pneumonia
(SMD = .85;95% Cl = .50, 1.19; P < .0001). Higher delayed NLR was significantly associated with sICH (SMD = 1.40; 95% Cl = .60t0 2.19; P = .001),
ICH (SMD = .94; 95% CIl = .41 to 1.46; P < .0001) and mortality (SMD = 1.12; 95% Cl = .57 to 1.67; P < .0001). There were variations in outcomes
across RT groups.

CONCLUSION: Higher admission or delayed NLR is significantly associated with worse morbidity, mortality and safety outcomes in AlS patients
receiving RT.
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Introduction

Stroke is a leading cause of death and disease,? and identifying
prognostic biomarkers for this is of great clinical interest.>™®
Acute Ischaemic Stroke (AIS) forms the vast majority of strokes
and occurs when blood flow within the brain is obstructed, with

subsequent parenchymal hypoperfusion leading to a central
infarct core and surrounding salvageable penumbra.7 Recently,
2 reperfusion therapies (RT) have revolutionised AIS man-
agement and outcomes: Intravenous thrombolysis (IVT) and
endovascular therapy (EVT).® Acute RT reduce conversion of
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penumbral tissue to core infarct by restoring blood flow.’
Specifically, IVT shows benefit when administered within
4.5 hours of symptom onset, and EVT up to 24 hours.'*"
There is an increasing understanding of the role of immune-
inflammatory system in AIS pathogenesis and RT response,
as we have outlined previously.14 Briefly, acute ischaemia
causes blood-brain barrier (BBB) damage, allowing pe-
ripheral blood cell entry. Neutrophils are the first peripheral
blood cells to enter the brain, within 1 hour, increasing tissue
and BBB damage, which potentiates further peripheral cell
entry.ls'19 Lymphocytes generally enter 1-2 days post-AlS and
are also thought to have a net deleterious effect#12° Both these
cells interact bidirectionally with resident brain immune cells to
further mediate AIS dalmagt:.21'23 Neutrophils mediate this by
aggravating thrombus formation and preventing the restoration
of blood flow,'>*?° but the role of lymphocytes is still unclear in
the setting of AIS following RT.}24

Blood-based biomarkers such as neutrophil-lymphocyte
ratio (NLR) have been implicated in the ongoing manage-
ment and prognosis of patients in the emergency medicine

25-27 patients with acute and chronic coronary syn-

context,
dromes, including those receiving RT,*3! and specifically in
ATS.™ Previous studies have demonstrated the utility of NLR in

predicting AIS-related morbidity and mortality,>**
35,36

angio-
graphic outcomes, symptomatic intracerebral haemorrhage
(sICH),>”? and intracerebral haemorrhage (ICH).*® However,
the level of association of NLR with clinical outcomes in AIS
patients receiving RT is yet to be clearly determined, with
previous primary studies limited by small sample sizes and meta-
analyses limited by combination of various blood collection
timepoints and thresholds.>*37384042 For translation of NLR
into a routine prognostic biomarker, further validation is war-
ranted before its clinical utility can be fully established. This study
sought to investigate the association of NLR, at admission and
delayed timepoints, with clinical outcomes in patients receiving
RT, by performing a systematic review and meta-analysis.
Our underlying research questions are:

1. Are admission and delayed NLR associated with long-

term functional outcomes?

2. Are admission and delayed NLR associated with suc-
cessful recanalization?

3. Are admission and delayed NLR associated with short-

term functional outcomes?

4. Are admission and delayed NLR associated with safety

outcomes?

5. Are admission and delayed NLR associated with stroke-

associated infection (SAI) or stroke-associated pneu-

monia (SAP)?

We hypothesise that in RT-treated AIS patients, due to the
deleterious impacts of neutrophils and lymphocytes, lower

admission and delayed NLR may be associated with more
favourable outcomes.

Methods

The study was performed in accordance with Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA)*® (Figure 1), Standards for Reporting Diagnostic
Accuracy (STARD)-2015* (Supplemental Table 3) and Meta-
analysis of Observational Studies in Epidemiology (MOOSE)*
guidelines (Supplemental Table 4).

Literature Search: ldentification and Selection of Studies

Published studies were retrieved from the following databases:
Embase, PubMed/Medline and Cochrane Library until 6 July
2021, with no limits imposed upon the starting period. Key-
words used in the search included terms or a combination of
terms including: ‘acute stroke’, ‘cerebrovascular accident’, ‘brain
ischemia’, ‘reperfusion’, ‘endovascular therapy’, ‘thrombectomy’,
‘thrombolysis’, ‘NLR’ and ‘neutrophil-lymphocyte ratio’. Full
search strategies are provided in the Supplementary Information
(Search Strategy), with a complete list of keywords displayed
here. Search strategies were homogenised, with ‘mesh’ and
‘explode’ functions used to encompass some terms where rel-
evant in each database. In addition, references of related articles
were also examined to retrieve studies relevant to our analysis.

Inclusion and Exclusion Criteria

Studies were eligible if they met the following criteria: (1)
patients aged 18 or above; (2) patients diagnosed with AIS, (3)
patients receiving RT; (4) studies with good methodological
design (including sufficient sample size, determined to be > 20
patients in each group, and presence of a control population).
The exclusion criteria were: (1) animal/preclinical studies; (2)
duplicated publications; (3) where multiple studies from
overlapping centres with varying study periods reporting similar
outcomes were present, studies with smaller sample size or
shorter study period were rejected; (4) full-text article not
available; (5) systematic reviews, conference abstracts, meta-
analyses, letters and case reports or series; and (6) studies
presented in abstract form, with relevant data on NLR or
control group not available or associated outcomes not reported.

Data Extraction

The title and abstracts were first reviewed using Endnote to rule
out articles mismatched to the eligibility criteria. The remaining
articles were examined thoroughly to determine whether they
should be included for the systematic review or meta-analysis
according to the eligibility criteria. Reviews, former meta-
analyses and opinions were kept separately for further discus-
sion in the manuscript. The screening was conducted inde-
pendently by 2 authors. Disagreements were discussed and
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Figure 1. Flow chart of study selection according to the PRISMA diagram. The PRISMA flowchart shows the main characteristics of the included studies.
Outcomes for which a meta-analysis could successfully be carried out also have the number of patients shown. Abbreviations: N = Number of Included Studies; n =
number of patients; GFOs = Good Functional Outcomes; mRS = Modified Rankin Scale; sICH = Symptomatic intracerebral haemorrhage; SR = Successful
Recanalization; ICH = Intracerebral haemorrhage; ENI = Early Neurological Improvement; DENI = Dramatic Early Neurological Improvement; END = Early
Neurological Deterioration; SAl = Stroke Associated Infection; SAP = Stroke Associated Pneumonia.

consulted until a consensus was made. Data from each study/
trial was extracted independently using a standardised data
extraction sheet to obtain the following information on: (1)
baseline demographics: author, country and year of publication;
(2) study population: age of patients, sample size, characteristics
of AIS patients and RT type; (3) Neutrophil, Lymphocyte
Count, NLR; (4) time of collection: admission (pre-
intervention) and delayed (post-intervention); (5) outcome
measures: primary outcome and secondary outcomes; functional
outcomes, mortality, angiographic outcomes and diagnosis; and
(6) adverse effects/safety outcomes. NLR was defined as either
admission (pre-intervention) or delayed (post-intervention),
with the timepoint closest to 24 hours selected for the latter

in the case of multiple values. The primary outcome was defined
in terms of morbidity: long-term functional outcomes (defined
as good functional outcomes (GFOs) for modified Rankin scale
(mRS) score of 0-2, and excellent outcome for mRS score of 0—
1) and mortality at 3 months. Prognosis of good and excellent
outcomes may be useful for decision-making and hence we
included data on both these outcome variables as and when they
were available. Short-term functional outcomes were: early
neurological improvement (ENI) and dramatic ENI (DENI),
defined as improvement in National Institutes of Health Stroke
Scale (NIHSS) score*® by 4 and 8 points respectively, across
all studies, or complete recovery or drop to NIHSS 0 or 1, the
latter varying between studies, as well as early neurological



Journal of Central Nervous System Disease

deterioration (END), conversely defined as NIHSS score
worsening across all studies, with this being by 4 points across
most studies. Successful recanalization (SR) was defined as
mTICI = 2b across all included studies. Considering safety
outcomes, across all studies sSICH was determined by neuro-
logical decline along with imaging confirmation, and ICH as
any radiological evidence of bleeding, with individual variations
in study definitions summarised in Supplemental Table 5.

Quality Assessment of Included Studies

The methodological quality of each study was assessed inde-
pendently by 2 researchers using the modified Jadad scale.*”*®
The scale evaluates study quality based on the following eval-
uation criteria: randomisation, blinding, withdrawals, dropouts,
inclusion/exclusion criteria, adverse effects and statistical
analysis. The total score for each study ranged from 0 to 8 points
and using the 8 items, the trials/studies were divided into 2
levels. Trials/studies were considered of low quality if they
achieved 0-3 points, and of high quality if they achieved 4-8
points. A double-blind got a score of 1 and single-blind .5.

The risk of funding bias in included studies was evaluated
independently from the quality assessment through the dec-
laration of funding sources and conflicts of interest using the
scoring test developed by Saunders et al. (2017).*’ A score of 1—
2 was considered to indicate a moderate potential for bias. The
absence of industry funding was not taken to signify an absence
of bias, but the presence of industry funding or conflicts of
interest was assumed to be an indicator of bias.

Statistical Analysis

All statistical analyses were performed using STATA (Version
13.0, StataCorp LLC, College Station, Texas, USA). Forest
plots were generated to present the standardised mean differ-
ence (SMD), 95% confidence intervals (CI), percentage weight
and heterogeneity between studies included in the meta-
analysis. Meta-analyses were split by admission NLR (pre-
intervention) and delayed NLR (post-intervention). In cases
where there were multiple delayed NLR timepoints, the
timepoint closest to 24 hours was taken (Table 2). The I?
statistics and P-values were used to assess heterogeneity between
studies, with <40%, 30-60%, 50-90% and 75-100% repre-
senting low, moderate, substantial and considerable heteroge-
neity, respectively.s0 A fixed-effects model was used for
heterogeneity <50%, and random-effects model used for het-
erogeneity > 50%, across all subgroup analyses, with subgroup
analyses performed for patients based on which was the primary
treatment method, and which was the adjunct: IVT + EVT, and
EVT = IVT. Where there was only IVT used, this is indicated
on the forest plot. Baseline characteristics of patient populations
were synthesised from all included studies. Where applicable,
median and interquartile ranges were converted to mean and
standard deviation using the method described by Wan et al.

(2012), median and ranges were converted to mean and
standard deviation using the methods described by Luo et al.
(2018)°! and Wan et al. (2014),>? respectively, and for studies
where SD was not available the method proposed by Walter and
Yao (2007) was used to calculate SD, assuming the data was
normally distributed.”® Combined means were calculated where
applicable. Where graphical representations of results were
provided, numerical values were retrieved by 2 researchers in-
dependently. A (Begg’s) funnel plot was used to visually detect
the presence of publication bias in the meta-analysis. Asym-
metry on either side of the funnel plot is indicative of the
presence of publication bias. This was also confirmed using
Egger’s test of effect sizes for publication bias. Where possible,
the command ‘metainf was used in STATA to determine the
impact of individual studies on the overall meta-analysis
(Supplemental Figure 1). P-values < .05 were considered sta-
tistically significant.

Results
Description of Included Studies

Twenty-seven studies, with the total number of patients (n)
being 8537, were included in the meta-analysis. An additional 8
studies (n = 1771) were included in the systematic review. The
mean age was 67.73 + 13.51 years. There was a slight male
preponderance (59.90%) and mean baseline NIHSS was 11.84
+ 7.84. Further patient clinical characteristics, details about
outcomes in all studies, and NLR values stratified by outcome
are provided in Tables 1, 2 and 3, respectively. Results of
methodological quality and funding bias assessment are pro-
vided in Supplemental Table 1. A full summary of the results of
all meta-analyses are provided in Supplemental Tables 6 and 7.

Association of NLR With 90-day GFOs

There were 13 studies looking at admission NLR (pre-
intervention), involving 4552 patients, and 10 studies reporting
delayed NLR (post-intervention), comprising of 2550 patients.

Admission NLR with 90-day GFOs. The meta-analysis dem-
onstrated significantly lower admission NLR in patients with
GFOs (mRS 0-2) in comparison to those with poor functional
outcomes (mRS 3-6) (SMD = —.46; 95% CI = —.62 to —.29; P
<.0001; Figure 2). This significant effect was seen in both IVT
+ EVT (SMD = —.41; 95% CI = —.62 to —.20; P < .0001) and
EVT = IVT patients (SMD = —.50; 95% CI = —.76 to —.23; P
< .0001). There was non-significant heterogeneity between
groups (P = .604), but substantial to considerable overall het-
erogeneity (I = 84.8%, P < .0001). No evidence of publication
bias was observed by visual inspection of the funnel plot (Figure
5), and this was confirmed by the Egger’s test (Supplemental
Table 2 & Supplemental Figure 2). The meta-analysis was
repeated with further stratification of the IVT + EVT group
(Figure 2) into IVT only (SMD = —.28; 95% CI = —.50 to
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Table 1. Overall summary of baseline clinical characteristics.

CHARACTERISTICS

Age (Yrs) 9958
Male gender 9741
Baseline NIHSS 9768
Baseline NLR 7977
Delayed NLR 2836
BSBP 7513
Etiology

LAA 5481

CE 5481

SVO 3652

Other and/or undetermined 5481 (as reported)

3652 (excluding studies not providing SVO data)

Risk factors

CAD 5427
AF 9385
HTN 9625
DM 9625
HL/DL 5777
Smoking 6334
PS/TIA 8293

NUMBER OF PATIENTS FOR WHOM DATA WAS AVAILABLE NUMBER OF PATIENTS

% OR MEAN (+SD)

N/A 67.73 + 13.51

5835 59.90

N/A 11.84 =+ 7.84
4.45 + 4.02
5.31 +4.15

150.13 + 24.43

1982 36.16
1942 35.43
665 18.67

808 (as reported)
477 (excluding
studies not
providing SVO data)

14.74 (as reported)
13.39 (excluding studies not
providing SVO data)

1056 19.46
2685 28.32
6380 66.29
2259 23.47
2128 36.84
2135 33.71
1465 17.67

Abbreviations:LAA = Large Artery Atherosclerosis; CE = Cardioembolic; SVO = Small Vessel Occlusion; CAD = Coronary Artery Disease; AF = Atrial Fibrillation; HTN =
Hypertension; DM = Diabetes Mellitus; HL = Hyperlipidemia; DL = Dislipidemia; PS = Previous Stroke; TIA = Transient Ischaemic Event; BSBP = Baseline Systolic Blood

Pressure; N/A = Not applicable.

—.06;P=.011) and IVT + EVT (SMD = —.62; 95% CI = —.74
to —.49; P < .0001) studies. There was significant heterogeneity
between groups (P = .035).

Delayed NLR with 90-day GFOs. The meta-analysis demon-
strated significantly decreased NLR values, collected at delayed
timepoints, in patients with 90-day GFOs (SMD = —.80; 95%
CI = —.91 to —.68; P < .0001). All patients in the IVT + EVT
group received IVT only, and the forest plot reflected this
(Figure 2). The significant effect was seen in patients receiving
IVT only (SMD = —.87; 95% CI = —1.03 to —.71; P < .0001),
EVT +1IVT (SMD = —.74;95% CI = —.89 to —.59; P < .0001)
and 1 study that had all treatment combinations (SMD = —.59;
95% CI = —.81 to —.36; P < .0001). There was a non-significant
heterogeneity between groups (P = .119), and moderate overall
heterogeneity (12 = 48.7%, P = .041). No major evidence of
publication bias was observed by visual inspection of the funnel
plot (Figure 5), and this was confirmed by the Egger’s test
(Supplemental Table 2 & Supplemental Figure 2).

Association of NLR With 90-day mRS 0-1

Considering mRS 0-1, there were 3 studies looking at ad-
mission NLR (pre-intervention), with 1668 patients, and only 1

study reporting delayed NLR with 165 patients; a meta-analysis
could not be performed for the latter.

Admission NLR with 90-day mRS 0-1. The meta-analysis
demonstrated that patients with 90-day excellent outcomes
(mRS 0-1) had significantly lower admission NLR relative to
those without (mRS 2-6) (SMD = —.44; 95% CI = —.66 to
—.22; P < .0001; Figure 2). All studies contained patients
receiving IVT = EVT. There was substantial to considerable
heterogeneity between studies (I? = 75.0%, P = .018). No
evidence of publication bias was observed from visual in-
spection of the funnel plot (Figure 5), and this was confirmed
by the Egger’s test (Supplemental Table 2 & Supplemental
Figure 2).

Delayed NLR with 90-day mRS 0—1. Only Topcuoglu et al>?
provided relevant data, reporting that NLR was statistically
significantly lower in the mRS 0-1 group.

Association of NLR With 90-day Mortality

There were 5 studies looking at admission NLR (prior to in-
tervention), with 2228 patients, and 3 studies reporting delayed
NLR with 855 patients.


https://journals.sagepub.com/doi/suppl/10.1177/11795735221092518
https://journals.sagepub.com/doi/suppl/10.1177/11795735221092518
https://journals.sagepub.com/doi/suppl/10.1177/11795735221092518
https://journals.sagepub.com/doi/suppl/10.1177/11795735221092518
https://journals.sagepub.com/doi/suppl/10.1177/11795735221092518

Journal of Central Nervous System Disease

(penunuoD)
(62°91)
44 (L12) €62 uoissiwpy €el 1Al Aosuny onpoadsoney 1202 g[8 10 uaI0 LL
(v6°26) (90°52) (85°1S)
28¢ €0t (18'9) 82 (00°6) LE zie (26°€) 6Y°S uoissIwpyY 487 1AL F 1A3 SN oAjoadsoned 0202 gg'le 10 U0 9l
(L1-ge) (L0°6€)
(£°28) S92 00L (€5°02) 29 8Ll (06°2) 2v'6 uoISSIWpPY 20€ LA F LA3 BUIYD aApoadsold 0202 B0 Busy  LGL
(26'28)  (08'89) ecle 1o
(61e) 12 (258) 95 8ve 414 (e9't) 92 LAl aiojeg 259 1AT F LN vsn eAjoadsoned 8102 eJjoylen 4!
(te'ey)  (Sv°29) puejuiy e
(8€'9) ¥S  (¥6°L1) LOk €9¢ 98y (88°2) 65°€ 1Al ai10jeg 9v8 1A F LA g oouely  aApdadsoney  §L0Z e €l
(€8'€9)
09¢ (ee2) Le€ uoIssiwpy 95 1Al BUIYD engoedsoned 0202 ,gle 10 A 4}
(€9'S1) (62°28)
0g 8G 1k (ev'1) L62 1Al e10j0g 261 1Al BUIYD onoadsoney 0202 ggl8 ¥ NM ‘NI L1
(92'52)
cL (o1 e (98°1) €62 1Al a10j0g s8¢ 1Al BUIYD amjoadsold 0202 o, €@ NN L0k
(90°v6) (e€'12) (S2°19)
692 19 (629) 8L  (65°21) 9 8yl (b'e) ev'y A3 ai0j0g 982 LA F LA3 BUIYD aApoadsoney 1202 sglB 1017 6
(52'19)
(e£2) s oL e €Lt (z2) 8¢ 1Al JO sInoy g Uiy €81 1Al BUIYD onpoadsoney 1202 g8 18 NH 8
(86'7) 8€°L LAl J8Ye sinoy gy—9¢
0L%) ¥5°L 1Al Jeye sinoy g1-z|
(89°2) 22'S 1Al J8)e sinoy 9-¢
(18'%1)
82 (66°8) L} (09°+) 682 uoissiwpy 681 1A F LN BUIYD oAoadsold 9102  ¢gfE 10 OND A
(52'82) (2928) (ov'zy)  (16°'GH) (ve'ey)
YL 605 262 86 (¥8'v2) €54 192 1A 210409 919 IVNEVE] BUIYD anpoadsoney  LL0Z  g|B 10 uenQ 9
(2€'69) (e022) uoissiwpe
(goel) 25 922 €0l (L0°€) L7y 4O sInoy g UIUUAA 18¢ 1Al =V [V} anjoadsold 0202  g'le 10 Buayd <]
(82°69) e
w29 (¥9°6) L2 6+ (60°2) 87°€ sinoy g 082 1N BUIYD anpoadsoney 120z uey ‘uayd ¥
(e8°22) (2°2€) (ov'€€) 65 1B 10
002 16 (95°8) 22 98 (96°22) LL (2e°9) ¥0°9 uoissiwpy yierd IVNENVE] BUIYD anpoadsoney 1202 8H ‘usuyd €
(Le€) 0E't uoissiwpy oLt 1AL F 1AT vsn engoadsoney  ¥L0Z ,,lele ool L2
(¥0'v) €6°'G 1A3 1eye shep /-¢
(vv'68) (95°01) (LEvY)
1214 St (s9ve) ge €9 (L¥e) Le€ uoissiwpy 44" 1AL F 1A3 SN anpoadsoney 0202 o4 Te 10 AV L

HOW -0 SHIN (e\E] IN3a IN3

(as ANIOd-3NIL 3zis
((%) N) SNOILHOJOHd INOOLNO  ‘NVIN) H1 NOILO3TI0D A001d YN 1HOHOO NOISNdd3d3d AHINNOD 3dAL AQNLS

"sisAleue-elaW 8y} Ul PapN[oUl SBIPNIS JO SBWOIINO PuUe SOISLIBIORIBYD [BOIUID *Z dldeLl



Sharma et al

(panupuoQ,

(££'59)
612

(¥8°1LY)
[

(08'v1)
8h

(ee2z)
18

(1€'82) 59

(68°88)
96¢

(br'v8)
29

(2v'82)
(4!

(20°+¥)
(62'92) 98 9

(sv'se)
v
(0€°16)
b
(87°01)
6¢
(ev'ov) 6€
(89°62) (05°5¥)
SvE 161
(ov°s2) (85°91)
£ [
(e'18)
Tl

(87°02)
At (99°S1) €1

(v2°2) 28
(8°L€) v€
(rr2)e8  (sL8h) ke
(eL:2€)
(£9'9) 11 S
(L9°61)
oL
(20°L1)
i
(96°2) +1
(06'9€) L€

(Lo°g1)
59 (87'¥2) 90+

(G69) €L (6L61) LE

(22) e

HOIS ALINYLIHOWN -0 SHA

(¥0'65)
6

(1z'81) (g5°28)
€61 86€

(8L°LY)
(54

(e2'sP) (51°92)
il 398

(ev'9p)
2s

(60°6Y) (8r'82)  (21-29)
18 Ly 98

(€8°G€)
98

(€€'49)
69

(98'59)
She

(92°62)
[er4

(68'59)
2re

(e1'8Y)
06

(91'89)
28

(2'8€) 85

an3 IN3d IN3

((%) N) SNOILHOJOHd INOILNO

(g6°€) S5t

(¥¥°9) 006

(L7°€) 861

(002) 22V

(16°'2) 05°8

(e2'9) 159

(€6°G) €8°L

(S22) 629

(e9°€) 15

(90°€) L£°€

(8€'%) 109

(96'v) 898

(¥S'y) 929

(8272) 8€'v

(£82) 92°€

(96'7) GL°S

(e8°€) 909

(e8°2) S9°€

(9272) e8°€

(L5'%) €0°L

(z8'1) oT'v

(S6'%) L¥'9

(as
‘NYIW) 1IN

UoISSIPY

1A3 8lojeg

uoIssIWPY

UoISSIWPY

uoIssiwpy
19sU0
O SINOY 2 UM ‘1Y JoYy
uoIssiwpy

LAl Joye sinoy +2

1Al 8iojeg

uoISsIWPY

uoissiwpy
uopyelsado-}sod
auljeseg

LAl Joye sinoy yg

LAl 81029

uoissiwpy

LA3 Jeye | Aeq

1A @10)eq sinoy g

uoIssIWPY

LAI O SINOY g UIyIM

uoissiwpy

uolssIWpY

ANIOd-3NIL
NOILO3TI0D a001d HIN

€8

€€e

L8€

0901

06

See

433

ol

ove

el

cle

8

1924

/81

whvh

0S|

3zIs

1HOHOO

1Al F 1A3

1Al F 1A3

1AT F 1Al

1AL F LA

[1\4

1AL+ 1A3

[1\4

1AL F LA3

1Al F IA3

1AL F LA3

1Al F IA3

1Al F 1A3

NOISN4d3d3d

Kasun .

eulyo

BUIUD

Bulyo

lebnuod

eulyo

Kodun )

euyo

puejod

eulyo

euyo

Rosun .

ureds

eusny

elensny

Kosun

aAnoadsoney

aAnoadsold

annoadsoid

anoadsoney

aAnoadsoney

aAnoadsoney

anoadsoney

aAnoadsosey

aAnoadsoney

aAnoadsosey

aAnoadsoney

aAnoadsoney

aAnoadsosey

aAnoadsosey

aAnoadsoney

anoadsoney

HINNOO 3IdAL AQNLS

0202 ,;lelenBoues e

0202 1B 10 Bueq 143

1202 glelebuon e

0202 o'l 10 Buay oe

L202  zo'le1e oled 6¢

020c gl Nyz 8¢

vs €19
020z  niBonado L i

8L0C  ggleid Uel] 9C

wm._m 1°

020z  ®Ysuoims ge
6812

1202 ony ‘s ve
LR

8102 Buad ‘lus €2
wn._m 1°

0202 ozobusg 2e
LR

610z  oueiewes 12

8L0Z o EEDId 02

9102 g le 1o weibed 61

0202 osleleusbzo gL

‘PanuRuUoy ¢ d|qel



Journal of Central Nervous System Disease

‘Adesay] uoisnpaday = |y ‘sisAloquioiy] snhousaenu] = | A] ‘wopbury pauun = N ‘eouswy

Jo seyels panun = ysn ‘Adelay] Jejnoseaopud = | AJ ‘SISAJOqWIOIY | SNOUBABIIU| = | Al {PaljI0ads JON = SN ‘BIUOWNBUY PaYeIOOSSY-8Y0I1S = dYS ‘UONO8)U| PaJBIDOSSY-a)01IS = |YS ‘Uoljezijeueday [njssaoong = Yg ‘abfeyliowaey
|eigasaoenul oewoldwAs = HOIs ‘orey a1fooydwA-iydonnaN = YN ‘S8WoonNQ [euonouny pooy) = sQ40 ‘auljoaq [edlbojoinaN Ape3 = N3 {INT onewelq = [NJQ ‘uswanoidwi [eoibojoinaN Aueq = |NJ :Suoneinaiqqy
"8UI|@SBq WOJ} 8109 SSHIN Ul 85B8I0UI AU SB SIU} PaULe(.y,

"9]eds || 10 BIA UonIULRQ,

"9]e0g BIWBYOS| Ulelg Ul SISA|OQUIOIY L BIA UOHUSQ,,,

‘pepinoid s8|qe} WOy BN[eA,,

"sjuened 9/ 10} 8|qejieAe Ajuo ejeq,

'sjuaiied gz 10} a|ge|ieAe AJUo ByeQ,..

‘payoads Apeajo jou uonuyed,.

‘M8l olfewalsAs ey ul papnjoul AluQ,

‘G a|qel Areyuswalddng ul punoj aie SawooIN0

HDI pue HOIS JO Suoiulap Apnis [ENPIAIPUL PUNOJE |elap Jayun4 "asIMIBYI0 paljloads SSajun 1xa) Ul PaUIINO Se 8Jam SBWO0JINO0 JO SUOHIUBQ “YUe|d Y| Sem SIU} ‘9|qe|leAe Jou Sem ejep alayp) “saoeld [ewiosap g o) papiroid sanjen ||y

(e6'89) (98°2v)

4#4E€ ve (L0°Ly) €2 (S¥'12) 8'6 uoissiwpy 95 1AL F 1A3 Aoxny onoadsoney 8102 o Oueu| g oueUl  LGE
(ezgL) g8 (96°2) 6 (699) 2¥'L sinoy g el
(99°02)
(8€'v2) 06 [ (60°6) +1 (019) 92 uoissiwpy [k} 1N F LAS Mn anpoadsoney 0202 ¢gle ¥e xn e

HOIS ALINVLIHOWN -0 SHIN (e\E]

(as ANIOd-3NIL EVA]
((%) N) SNOILHOJOHd INODOLNO  ‘NV3W) HIN  NOILOIT10D 40078 HIN LHOHOD NOISN4Y3d3y AHINNOD  3IdAL AQNLS HVIA HOHLNY  al

‘panunuo) -z alqeL


https://journals.sagepub.com/doi/suppl/10.1177/11795735221092518

Sharma et al

(penunuo))

(62°€) ¥9°'S
(ov2) 09°%
(ev'v) ¥8'9
(9ev) 9€'9
(L9'v) 66'9
(eg€) ¥v'9
(£872) LIS
(v92) 6'¥
(85°1) 66°C
(95'1) 882

(ezv) 90'9
(69'1) 61°€
(sze) ve's
(80°%) L¥'S
(60'%) 92'S
(os¢) &
(16°G) £8'9

(£66) L£8
(eze) €1’
(Sov) €8°G
(keg) £
(Lv'1)eLe
(8¥2) L£€
(eee) Lve
(eve) ge

(@s ‘Nvaw) INTVA 1IN (N) SIN3ILVd

8cl
0L

cLl
Lol
clLl
Lol
clLl
Lol
clLl
Lol

jefeq 8

€G¢
98

Gee
091
081
LLL

Gl
L0}
Lcl
6L
Sl
L0}
Lct
6L

SO49 ON
SO49 ON
HOIS ON
HOI ON
HOIS ON
HOI ON
HOIS ON
HOI ON
HOIS ON
HOI ON

SO49 ON
Ayrepow oN
SO49 ON
HOIs oN
HOI ON
aN3 oN
SO49 ON

HS ON
Ayrenow oN
HOIS ON
SO49 ON
HS ON
Ajjeuow oN
HOIS ON
SO49 ON

dNOYH HOLYHYdNOD (As ‘NvaW) INIVA HIN (N) SINIILYd

(0s°1) 95°¢
(06°1) 0g°€
(828) L5721
(gev) geel
(e6'9) seEl
(eev) o6°€lk
(Fh2) L9
(L'2) 6072
(se'1) ss2
(¥8'1) 262

(2072) ¥S'€
(8v'G) €L'L
(ev'1) 26
(e6'2) 69°6
(€579) 199
(92'8) 208
(6c°€) '

(ese) LS
(S6'%) LL'L
(90'01) €28
(Cr AR A4
(0L72) L¥e
(L¥'2) eee
(¥02) LL2
(8s'2) eL'e

514"
Ll
L1
8¢
L1
8¢
L1
8¢
L1
8¢

9¢e
/e
61
(44
16
LL
98

X"
ge
Sl
€9
X"
ge
Gl
€9

SO49
SO49
HOIS
HOI
HOIS
HOI
HOIS
HOI
HOIS
HOI

sO49
Aujenop
SO49
HOIs
HOI
an3
SO49

"s
Aurenon
HOIs
SO49
"s
Ayreuopn
HOIs
SO49

dNOoYdo INODLNO

1Al 8iojeg
1A3 alojeg

1Al §0 Sinoy yg UM

LAl J18}e sinoy 84—9¢

LAl Joye sinoy g1z

LAl J3e sinoy 9-¢

uolssiwpy

1A3 8iojegd

UOISSILPE O SINOY 2 UILIA

sinoy g

uoissiwpy

uolssiwpy

1A3 Jeye shep /-¢

uoissiwpy

1NIOd-3NIL H7IN

o, 110 N
ST

g 1B 18 NH

N -REXCT5)
|8 18 ueng

-g'[e 18 Busyp

g[8 18 UsY ‘Usyo

65 B 1@ 8H ‘Uay)

., Ie 18 sjooig

o8 10 Aly

HOHL1NY

(o]}

‘awooino Ag payiiens senfea (4N) ones a1kooydwAj-jiydosnaN -g ajgel



Journal of Central Nervous System Disease

10

(penunuo))

(58°) 26'9 s HS ON (9z'e) 6EY 6¢ ds uoissiwpy oc € 10 8z0bues gz

(192) €L's l2¢ Aurepow oN (bL2) erol 901 Aurepopy

(g8v)0LL gve SO4D ON (L¥'2) esv L6+ SO4H

(so€) LSS 89¢ HOIs ON (ezq) 198 G9 HOIs

(86'2) L¥'S 9ee HOI ON (95%) 229 L6} HOI LA seye | Aeq

(ese) Le€ 12¢ Ayjepow oN (16°€) L8 901 Aurepon

(eve) oLy gve SO4D ON (ecoe) Loe L6} SO49

(0972) L6°€ 89¢ HOIS ON (67°€) €0'v 69 HOIs

(922) e9°¢ 92 HOI ON (16'2) L9°€ L6l HOI LA3 8i10jeq sinoy g 1/[e 18 ouBlBWSS |2

(Zv'2) eve 951 HOI ON (Zev) 1¥'s Le HOI uolssiwpy o, T8 10 Eebiid 0e

(09'9) 0c'6 65 SO4D ON (0s'2) 0¥’ 28 SO49 LAl J0 sInoy g Ulyim

(02°2) 06'% 65 SO49 ON (ov'1) oL 28 sQ49 uoissiwpy g/ le 10 weibed 61

(06'%) ¥0'S LLL Ayrepow oN (€re) 56'9 €€ Ayrenop

(98'7) 652 26 SO49 ON (l9v) 0Ly 8¢ sO49 uoissiwpy o5 1€ 18 usbzo 8l

(era) 182 Ll HOIS ON (80°2) Lee ee HOIs uoISSILpY egl® 18 UBIO L1

(8L'Y) eeL 661 SO49 ON (982) 82°€ cle sO49 uolssiwpy gg 810 U0 9l
uoissiupy R._m 19 mch_ gl

(8L71) 92 9€9 HOIS ON (ov2) ere e HOIs

(95°'1) €82 109 Ayjenow oN (oze) ese 9g Ayenop

(tee) L1e s0e SO4D ON (9z'1) Lee 417 SO4D

(ve'1) eee ove -0 SHW ON (98°1L) 06°2 L -0 syw LAl 210409 ccle 10 BIOUBN L

(oe2) L£€ z6. HOIS ON (ov'9) 069 S HOIs

(eze) eee Sv/ Ayrepow oN (6€9) 09°'9 Lol Ayenop

(ere)eLv 09¢ sO49 ON (¥9°1) 062 98y sO49

(k1) oLe €9¢ -0 SHW oN (see) Le¥ €8y -0 SHwW 1Al @i0j0g e 10 lumseey €l

(s62) 6S°E 902 SO49 ON (€1e) 62e 09¢ sO49 uoissiwpy 5818 A7 4}
1Al 210409 og €30 N ‘NI Ll

(@s ‘NvaW) INTVA 4N (N) SINIILYd dNOYHD HOLYHYdNOD (as ‘NvaW) INIVA HIN (N) SINIILYd dNoYn INO0DLNO AINIOd-3NIL 4N HOHLNY  al

"panunuoy °g a|qeL



11

Sharma et al

(penuyuo))

(sg¥) gs5°s 1S 3dd4 ON (¥6'1) 9672 ce 3d4 uolssiwpy ,gleenpboues  gg
(£12) 88°€ 961  (Koyoo Ajuo IAl) IVS ON (08'v) 569 b7l (Moyoo Ajuo LA IVS uolssiwpy
(68°€) €49 ¥LL  (Woyod JAI F 1AT) IVS ON (9z°2) 901 6lg (Woyod JAIF LAT) IVS 1A3 alojeg wse¥busg  ,.2¢
(91e) L7 299 IN3 ON (se'1) 1ee 86€ IN3
(0s°'1) 82°€ 298 aN3 oN (89°2) 819 €61 ang uoissiwpy 1o'1e 30 Buon Le
(ev's) ov'9 95 HOI ON (00°0}) G6°LL ve HOI uolssiwpy s 1€ 18 Buad o€
(rhv) s8'v 091 HOI ON (9,79) 9g'8 «891 HOI
(96'7) 509 ove aN3 oN (05°9) ev'8 G8 ang
(6¥'9) 26°L VA SO4D ON (ov'v) L6V Lyl SO4D 19SUO JO SINOY {g UIUIM ‘I H JOYY 4’ 10 oMidd 62

(rrel) g9l 18 dVS ON (se'v) €29 Le dvs uolssiwpy 26 1€ 18 NYZ 8¢
(62'8) 86°L 8Ll INIA ON (9z2) 6L€ Ly IN3a
(c8'6) 688 6. IN3 ON (Pr'v) L8V 98 IN3
(9r'v) 89°S ¥S1 HOIS ON (9z'81) L6°CC b HOIs
(oLv) ok's zel HOI ON (6€2t) 99°kL 54 HOI
(08'6) 816 ¥8 S04 ON (se€) L8V 18 sO49
(es2) g8 ¥S 1-0 SHW ON (¥6'8) 928 OkL -0 syw LAl J8Ye sinoy g
(vH'v) v8'€ 8Ll IN3A oN (85'1) 692 Ly IN3a
(09°'7) 2ev 6. IN3 ON (oze) 122 98 IN3
(ere) Lze ¥S1 HOIS ON (1e'2) v6'9 Lh HOIs
(9g72) eLe zel HOI ON (18G) €9v 54 HOI
(88°¢) 69°€ ¥8 S04 ON (seg) 1e°€ 18 sO49
(LL2)oLe ¥S -0 SHW ON (s6°¢) 0L°€ oL -0 syw LAl 210409 sg 8 ¥ nbonodol /2
(v0'v) €6°€ ¥S1 IN3 ON (¥0'2) L92 98 INI uoIssiwpy og'l8 1o UBlL 9z
(20v) ve's (87 HOIS ON (989) 62701 oL HOIs uolssiwpy o5 [B 10 BYSUOUMS  GZ
(20'2) eg0L 89 SO49 ON (62°€) SL°L 69 s049 uonesado-jsod
(o1g) ve9 85 SO49 ON (SLY) 1e'9 69 SO49 auljeseq PYLRERS LI LS, 7
(Lee) elg /21 SO49 ON (¥6°1) Lv'e S sQ49 LAl J8Ye sinoy g
(96°¢) 28°€ L2l S04 ON (e02) 562 Sve SeED) 1Al 210409 e,/ le1ebusd ‘lus  eg

(@s ‘NvaW) INTVA 4N (N) SINIILYd dNOYHD HOLYHYdNOD (as ‘NvaW) INIVA HIN (N) SINIILYd dNoYn INO0DLNO AINIOd-3NIL 4N HOHLNY  al

"panunuoy °g a|qeL



Journal of Central Nervous System Disease

12

"Joay3 ssed 1Sil4 = Jd4 ‘UON0dJU| PajeIOOSSY-aY04S = |YS ‘BIUOWNBU Pajeloossy-a)oiS
= dVS ‘IN3T oneweiq = NI ‘Wswanoidwy [eoibojoinaN Alieg = |NJ (8]e0S UBUBY PaIPO = SHW ‘SIsAloquioly] snousAelju] = | A| ‘efeyliowsey [eigalsdenu] = HO| ‘eulpaq [eaibojoinaN Aue3 = gN3 ‘Adessy] Jejnoseaopug
= ] A3 ‘uoneziieueday |njsseoong = YS ‘ebeyliowsey [eigaledeiu] onewoldwAg = HO[S ‘SaWwooinQ [euoidound poor) = sO45) ‘uolieineq plepuels = s ‘siuaned Jo Jaquinp = U ‘oney a1kooydwA-iydosnaN = YN :suoneinalqqy

‘Ajojesedas pasapisuoo/papodal a1om 8say} adusy pue ‘g a|ge] ul paiioads se ‘papodal a1em ejep jueasjas yum (adAy Adessyy uoisnpadal uo paseq) spoyod Buusyip om],,

's9|qe)} Ul pauodal se pasn aiam siaquinu ‘Aouedalosip ayi jo epnjubew |jews Alaa ay) BulepisSuod JNg ‘SBWO0oIN0 J8YI0 Wolj siaquinu juaied [Bjo) YIIM JUSISISUOD JOU 81em SWOooINo SIy} 1o} siequinu jusned [elo],

‘2 9|qel jo uondeod 8y} pue 1xa)} Ul PaUIINO SEB 8JeM S8WO0dN0

10 suoniuyaq "Ajuo papnjoul ajgejieAe sem elep alaym sdnolb awooinQ “palinbas sem Buipunos aleym seoe|d [ewioap g 0} papinoid aiem sanfea ||y ‘sdnoib Joresedwiod pue awooino Ag senjea YN Jo Arewwns e Buipinoid ajge

(€89) L¥'9 €e Ayjenow oN (8eLv) 1892 €2 Ayrenop
(oe'8€) €922 ce HOI ON (95°9) ¥6°9 ve HOI uolssiwpy
sinoy g
uoIssIwpy

(@s ‘Nvaw) INTVA 1IN (N) SINIILVd dNOYHD HOLYHYdNOD (As ‘NvaW) INIVA HIN (N) SINIILYd dNoYn INO0DLNO AINIOd-3NIL 4N

o0gPUBU| 8 OUBU| se

e 10 X ve

HOHLNY  dl

‘penunuo) °g ajqeL



Sharma et al

13

Repertusion %
and StudylD Author Year SMD (95% CI) Weight
IVTEVT

13 Maestrini ot al 2015 —— | 067 (081,053 885
19 Pagramet.al 016 ————— 067(1.02,-03) 664
14 Malhotra et. al 2018 R 054 (0.71,-037) 860
S Shi, Peng etal 2018 —_— 032(054,-011) 812
12 Lvetal 2020 e 0.12(029,005) 857
o Topcuoghu et. al 2020 | ——— 010(041,020) 709

Subgroup, DL (F = 84.7%, p = 0.000) 041(-062,-020) 4787

EVTVT

21 Semerano et. al 2018 —— 036 (055,-0.17) 837
1 Alyet. al 2020 _— 0.15 (-0.48, 0.18) 67
16 Ohet.al 2020 ——4—— H 0.99(1.20,-0.79) 823
18 Ozgen et. al 2020 —_— 061(-004,-027) 674
3 Chen, He ot. al 2021 —o— 047 (0.74,-021) 759
9 Liet al 2021 —— ! -082(1.06,-058) 783
24 Shi, Guo et. al 2021 : e s 0.02 (-0.33, 0.36) 658
Subgroup, DL (F = 86.0%, p = 0.000) —_— 0.50 (0.76,-0.23) 5213

Heterogeneity between groups: p = 0.604 '

Overall, DL (1 = 84.8%, p = 0.000) <046 (-0.62,-0.29) 100.00

Repertusion %
and StudylD Author Year SMD (95%Cl)  Weight
T

19 Pagram et. al 2006 ———————— 095(-1.31,-060)  7.38
23 Shi, Peng et al 018 ——— : -1.08 (-1.31,-085) 1191
5 Cheng et. al 2020 e 081 (-1.02,-059) 1265
2 Toogues 2 —_— 085090,030 858
4 Chen, Ren et al 202 — ! <1.08 {-1.34, -0.81) 10.15

] Huet.al 2021 062(:092,-031) 884

Subgroup, DL (F = 52.1%, p = 0.064) - 087 (1.03,-071) 5049
EVTavT :

21 Semerano et. al 2018 —_— -0.80 (0.99,-0.60) 13.40
1 Aly ot al 2020 —_— 067(1.01.033) 773
2 Shi, Guo et al 2021 —_— 064 (090,028 724
Subgroup, DL (F = 0.0%, p = 0.670) e 0.74(089,059) 2838
All Combinations !

2 Ferro et al 2021  —— 059 (081,036 1214
Subgroup, DL (¥ = 0.0%, p = ) L 059 (0.81,-038) 1214

Hetarogenahy between groups: p = 0.119

Overall, DL (F = 48.7%, p = 0.041) 080 (0.91,-0.68) 100.00

-1 o 1
Admission NLR association with Good Functional Outcomes

NOTE:
Repartusion %
ANa S0 Autnor Yoar SMD (957 C1) Weignt
INT2EVT
13 Masstrini ot ol 2008 —— s 0,87 (0.81, 0.53) 8BS
" Manotra ot al e —.— “0.54 (-0.71, 0.37) 8e0
Subgroup, DL (= 28.5%,p = 0237) <> oszom, a8 1S

'
wr i
19 Pagram et al 26— 067(102,03) 664
2 Sni, Peng etal 2018 —_— oz2(os,0n) 81z
12 et al 2020 | —— 012(029,005 857
a7 Topouoghu et al 2020 — ] 0.10 (041, 020) 709
Subgroup, DL (1 = 67 8%, p = 0.025) p 0.28(050,0.08) 3042
EVT2INT :
2 Semeranc . &l s —— 036(055,017) 837
1 Ay a 2020 —_— +0.15 (-0.48, 0.18) e ]
16 oneta e c— ! -0.99 (120, -0.79) Bz3
1’ Ozgen et al 2020 —_— 081 (0.94, 0.27) 874
3 Ghen, Ha ot al 2021 —_— 047 (074, 0.21) 759
8 Uetal w21 ——— | -0.82 (108, 0.58) 783
2 Sm, Guo et al 2021 | —— 0.02(-0.33,0.36) 658
Subgroup, DL (1 = 86.07%, p = 0.000) - 050(0.76,02%) 5213
i
Heterogeneity batween grougs: p = 0.035 .
Overall, DL (F = 84.8%, p = 0.000) < 0.46(062.029) 10000
T T
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Figure 2. Forest plot of meta-analysis on the association of neutrophil-lymphocyte ratio (NLR) with functional outcomes and mortality at 90 days in acute
ischaemic stroke patients receiving reperfusion therapy. Abbreviations: mRS = Modified Rankin Scale; NLR = Neutrophil-Lymphocyte Ratio; IVT = Intravenous
Thrombolysis; EVT = Endovascular Thrombectomy. Note: Studies, where only IVT was used with no EVT adjunct, are denoted with an asterisk (*) unless these

have been already split up into TPA and IVT + EVT.

Admission NLR with 90-day mortality. The meta-analysis
demonstrated significantly increased admission NLR in pa-
tients with 90-day mortality (SMD = .49; 95% CI =.12 t0 .85; P
=.009; Figure 2). This effect was seen in patients receiving IVT
+ EVT (SMD = .74; 95% CI = .08 to 1.41; P = .028) but did not
reach statistical significance in those receiving EVT + IVT
(SMD =.31;95% CI = —.02 to .65; P = .067). There was a non-
significant heterogeneity between groups (P = .259), but

substantial to considerable overall heterogeneity (I? = 88.2%, P <
.0001). No evidence of publication bias was observed by visual
inspection of the funnel plot (Figure 5), and this was confirmed by
the Egger’s test (Supplemental Table 2 & Supplemental Figure 2).

Delayed NLR with 90-day mortality. The meta-analysis showed
that higher delayed NLR values in patients with 90-day
mortality (SMD = 1.12; 95% CI = .57 to 1.67; P < .0001).
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Figure 3. Forest plot of meta-analysis on the association of neutrophil-lymphocyte ratio (NLR) with bleeding complication outcomes in acute ischaemic stroke
patients receiving reperfusion therapy. Abbreviations: ICH = Intracerebral Hemorrhage; sICH = Symptomatic Intracerebral Hemorrhage; NLR = Neutrophil-
Lymphocyte Ratio; IVT = Intravenous Thrombolysis; EVT = Endovascular Thrombectomy. Note: Studies, where only IVT was used with no EVT adjunct, are
denoted with an asterisk (*) unless these have been already split up into IVT and IVT + EVT.

All patients in the IVT + EVT group received IVT only, and the
forest plot reflected this (Figure 2). The significant effect was seen in
the 1 study containing patients receiving IVT only (SMD = 1.69;
95% CI = 1.27 to 2.11; P < .0001) and both studies where patients
received EVT = IVT (SMD = .86; 95% CI = .29 to 1.42; P = .003).
There was significant heterogeneity between groups (P = .020), and
substantial to considerable overall heterogeneity (I® = 87.1%, P <
.0001). No evidence of publication bias was observed by visual
inspection of the funnel plot (Figure 5), and this was confirmed by
the Egger’s test (Supplemental Table 2 & Supplemental Figure 2).

Association of NLR With SR

Admission NLR grouped according to SR status (SR vs no-SR)
was only reported in 2 studies (n = 226), and only 1 study
reported delayed NLR (n = 142) grouped as such. Thus, a meta-

analysis could not be performed for either due to an insufficient

number of studies. For this outcome, 2 studies also considered
temporal NLR changes from admission to 24 hours, with mixed
results, as Lux et al. reported that these were not significantly
associated with SR,® but Aly et al. reported statistically sig-
nificant smaller temporal changes in the SR group.s6

Admission NLR with SR. The systematic review indicated
mixed results, with Aly et al.>® reporting a higher NLR in the
SR group and Sengeze et al.3¢ a lower NLR. Differences be-
tween groups were statistically significant in both studies. Lux
etal. and Duan et al. did not provide groupwise data by outcome
but reported conflictingly that admission NLR was not sig-
nificantly correlated with SR and NLR > 7 was significantly

associated with higher SR rates, respectively.35’55

Delayed NLR with SR. Again, the systematic review indicated
mixed results. Aly et al. reported a statistically significantly higher
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Figure 4. Forest plot of meta-analysis on the association of neutrophil-lymphocyte ratio (NLR) with early neurological improvement and stroke-associated
infection outcomes in acute ischaemic stroke patients receiving reperfusion therapy. Abbreviations: ENI = Early Neurological Improvement; SAl = Stroke-
Associated Infection; SAP = Stroke-Associated Pneumonia; NLR = Neutrophil-Lymphocyte Ratio; IVT = Intravenous Thrombolysis; EVT = Endovascular
Thrombectomy. Note: Studies, where only IVT was used with no EVT adjunct, are denoted with an asterisk (*), unless these have been already split up into IVT and

IVT + EVT.

NLR in the SR group. Lux et al. did not provide groupwise data
but reported that admission NLR was not significantly associated
with SR> One study also considered the first pass effect (FPE),
where complete recanalization (mTICI 3) is achieved with a single
pass and reported a lower NLR in the FPE group.57

Association of NLR With sICH

There were 9 studies looking at admission NLR (prior to in-
tervention), with 2873 patients, and 4 studies reporting delayed
NLR with 929 patients.

Admission NLR with sICH. The meta-analysis revealed higher
admission NLR in sICH patients relative to non-sICH (SMD
= .48; 95% CI = .07 to .90; P = .022; Figure 3). However,
subgroup analyses failed to reach statistical significance in both
IVT  EVT (SMD = .50;95% CI = —.14 t0 1.13; P = .123) and
EVT + IVT groups (SMD = .28; 95% CI = —.33 to .89; P =

.376), with a study where all treatment combinations were re-
ported forming a third group (SMD = 1.16; 95% CI = .43 to 1.89;
P = .002). There was a non-significant heterogeneity between
studies (P = .180), but substantial to considerable overall het-
erogeneity (I? = 88.0%, P < .0001). Evidence of publication bias
was observed by visual inspection of the funnel plot (Figure 5), and
this was confirmed by the Egger’s test (Supplemental Table 2 &
Supplemental Figure 2).

Further stratification of the IVT + EV'T group into IVT only
(SMD =.57;95% Cl = —.29t0 1.44; P = .191) and IVT + EVT
(SMD = .44; 95% CI = —.53 to 1.40; P = .376) still yielded
statistically insignificant results for each subgroup (Figure 3),
and a non-significant heterogeneity between groups (P = .328).
Removing the study will all treatment combinations, Switonska
et al.,”® caused statistical significance to be lost (SMD = .41;
95% CI = —.02 to —.85), but this was also observed for the
removal of 3 other studies®>***’ (Supplemental Figure 1).
Inanc & Inanc,®° included in the systematic review but not
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Figure 5. Funnel plots of meta-analyses studies on effect of neutrophil-lymphocyte ratio (NLR) on clinical and safety outcomes in acute ischemic stroke patients
receiving reperfusion therapy. A: Admission NLR association with Good Functional Outcomes; B: Delayed NLR association with Good Functional Outcomes; C:
Admission NLR association with mRS 0-1; D: Admission NLR association with Mortality; E: Delayed NLR association with Mortality; F: Admission NLR association
with sICH; G: Delayed NLR association with sICH; H: Admission NLR association with ICH; I: Delayed NLR association with ICH; J: Admission NLR association
with ENI; K: Admission NLR association with stroke-associated infection/pneumonia (SAI)/(SAP). Note: Funnel plots for each meta-analysis.

meta-analysis, also reported an increased NLR in sSICH patients
as opposed to non-sICH.

Delayed NLR with sICH. The meta-analysis showed signifi-
cantly higher delayed NLR in sICH patients relative to non-
sICH (SMD = 1.40; 95% CI = .60 to 2.19; P = .001 Figure 3).
This was seen in both IVT + EVT (SMD = 2.11; 95% CI = .52
to 3.70; P = .009) and EVT + IVT treated groups (SMD = .83;
95% CI = .58 to 1.08; P < .0001). There was non-significant
heterogeneity between groups (P = .118), but considerable
overall heterogeneity (12 = 91.1%, P < .0001) was observed. No
evidence of publication bias was observed by visual inspection of
the funnel plot (Figure 5), and this was confirmed by the Egger’s
test (Supplemental Table 2 & Supplemental Figure 2). Notably,
the overall effect became markedly weaker with the exclusion of
Topcuoglu et al. but was still statistically significant (SMD =
.93; 95% CI = .57 to 1.27; Supplemental Figure 1).

Association of NLR With ICH

Six studies comprising of 1321 patients reported admission
NLR data, whilst 4 studies reported relevant delayed NLR data,
in 1112 patients.

Admission NLR with ICH. The meta-analysis demonstrated
significantly higher admission NLR in patients with ICH
relative to non-ICH (SMD = .34; 95% CI = .09 to .59; P = .007;
Figure 3). Patients treated with IVT = EVT showed no sig-
nificant effect (SMD = .24; 95% CI = —.15 to .62; P = .229), but
a significant effect was observed in EVT + IVT treated patients
(SMD = .40; 95% CI = .05 to .75; P = .024). Non-significant
heterogeneity between groups (P = .537), albeit substantial
overall heterogeneity (I? = 73.0%, P = .004), was observed.
Possible publication bias was observed by visual inspection of
the funnel plot (Figure 5), and this was supported by Egger’s test
(Supplemental Table 2 & Supplemental Figure 2).

Delayed NLR with ICH. Significantly increased NLR collected
at delayed time points was observed in patients with ICH
(SMD = .94; 95% CI = .41 to 1.46; P < .0001; Figure 3).
Patients treated with IVT = EVT showed this significant effect
(SMD = 1.40; 95% CI = .42 to 2.39; P = .005), as did EVT +
IVT treated patients (SMD = .34; 95% CI = .15 to .53; P <
.0001) and patients for studies where all treatment combina-
tions were used (SMD = .70; 95% CI = .41 to 1.46; P < .0001),
albeit with only 1 study included in both these groups. There
was significant heterogeneity between groups (P = .012), and
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considerable overall heterogeneity (I = 93.0%, P < .0001).
Possible publication bias was observed by visual inspection of
the funnel plot (Figure 5), but this was not supported by Egger’s
test (Supplemental Table 2 & Supplemental Figure 2).

Association of NLR With ENI

There were 3 studies reporting admission NLR values with
1465 patients, and one study reporting relevant delayed NLR
data, with 165 patients; a meta-analysis could not be carried out
for the latter.

Admission NLR with ENI. The meta-analysis showed that
patients with ENI have significantly lower admission NLR
relative to those without ENI (SMD = —.55;95% CI = —.84
to —.25; P < .0001; Figure 4). All patients were treated with
IVT + EVT, and hence this was split into IVT only (SMD =
—.40; 95% CI = —.60 to —.19; P < .0001) and IVT = EVT
(SMD = —.78;95% CI = —.91 to —.65; P < .0001) groups, the
latter having only 1 study. There was significant heteroge-
neity between groups (P = .002) and substantial to consid-
erable overall heterogeneity (I = 79.8%, P = .0007). No
evidence of publication bias was observed by visual inspection
of the funnel plot (Figure 5), and this was supported by
Egger’s test (Supplemental Table 2 & Supplemental Figure
2). Notably, the omission of Gong et al.°! caused this effect to
weaken (SMD = —.60; 95% CI = —.40 to —.19) most, as
compared to the omission of other studies (Supplemental

Figure 1).

Delayed NLR with ENL Only Topcuoglu et al.>* provided
relevant data, reporting that NLR was statistically significantly
lower in the ENI group.

Association of NLR With DENI
Only 1 study with 165 patients reported relevant NLR data for

this outcome; thus, a meta-analysis was not carried out.
However, in this study both admission and delayed NLR were
lower in the group with DENI, but this was not statistically
.. 54 1. . .

significant.”” Considering the systematic review, Inanc & Inanc
looked at correlation between NIHSS scores and median ad-
mission NLR®® was not statistically significant.

Association of NLR With END

Two studies reported admission NLR data, with a total of 1317
patients, and only 1 study for delayed NLR data, with 325
patients.

Admission NLR association with END. The systematic review
indicated that higher admission NLR was associated with
END, with both studies reporting statistically significant

groupwise data reflecting this.”>0!

Delayed NLR association with END. Only Ferro et al.* pro-
vided relevant data, reporting a lower NLR in the END group,
and a significant association of delayed NLR with END on

multivariate analysis.

Association of NLR With SAI And/or SAP

For this meta-analysis, SAI and stroke-associated pneumonia
(SAP) were combined. Only admission NLR values were re-
ported, in 2 studies, with 782 patients, although one of these
studies reported 2 cohorts based on treatment regimen, and thus
a meta-analysis was successfully conducted.

Admission NLR with SAI or SAP. The meta-analysis found
significantly higher admission NLR in patients with SAI or
SAP (SMD = .85; 95% CI = .50 to 1.19; P < .0001; Figure 4).
This significant effect was maintained in EVT = IVT (SMD =
.87,95% CI = .18, 1.56; P = .014) and IVT only (SMD = .87;
95% CI = .65, 1.10; P < .0001) groups, though the latter
contained only 1 study. There was non-significant heteroge-
neity between the groups (P = .996), but substantial to con-
siderable overall heterogeneity (I = 77.7%, P < .011). No
evidence of publication bias was observed by visual inspection of
the funnel plot (Figure 5), and this was confirmed by the Egger’s
test (Supplemental Table 2 & Supplemental Figure 2).

Discussion and Conclusions
This study investigated the association of NLR with clinical and
safety outcomes in AIS patients receiving RT. We demonstrate
that both admission and delayed NLR are significantly asso-
ciated with 90-day GFOs (mRS 0-2), and that lower admission
NLR is associated with 90-day excellent outcomes (mRS 0-1).
Higher admission NLR was significantly associated with SATI or
SAP. Notably, we also show that delayed NLR has a larger
SMD for GFOs than admission NLR demonstrating better
prognostic utility. Increased admission and delayed NLR were
both associated with ICH, sICH and mortality. As such, we
clearly show that there is a role for NLR in both prognostication
and improved clinical safety outcomes, underscoring the clinical
implications of NLR in AIS patients receiving RT.
Inflammation is known to play a role in the pathophysiology
of AIS, and NLR has been established as a marker for this.®®
This potentially explains our finding that lower admission and
delayed NLR is associated with better outcomes and is sup-

374142 \which demonstrate a

ported by previous meta-analyses
predictive role of NLR for predicting clinical outcomes. By
imposing more stringent criteria for NLR collection timepoints,
we demonstrated that delayed NLR has a larger SMD for
GFOs than admission NLR. This could be related to under-
lying pathophysiology; as lymphocyte entry into ischaemic
tissue is thought to occur some 1-2 days after initial cerebral
ischaemia,'® and subsequently causes further pro-inflammatory

cytokine release and damageg’lf”lg’zo; measuring NLR at this
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timepoint may improve prognostication for functional out-
comes."* This contradicts earlier findings by Song et al.,>* who
reported that admission NLR was better at predicting 3-month
mRS outcomes than delayed NLR timepoints. However, our
meta-analysis includes more than twice the number of studies,
including numerous more recent studies, and we impose a more
stringent inclusion criteria, as they also included studies with
good functional outcomes defined as mRS 0-1, as well as mRS
assessments at times other than 90 days. Additionally, our
finding that admission NLR is lower in patients with 90-day
GFOs could help stratify patients and guide initial management
decisions.™ Repeating this analysis also showed that NLR
SMD was even lower in patients receiving IVI' + EVT than
those receiving IVT only. This may have clinical decision-
making implications with regards to treatment selection, and
shows that there is a role for admission NLR in prognostication
for patients receiving adjunct EV'T, despite previous authors
having hypothesised that EV'T may modify outcomes and hence
admission NLR would not have predictive value.”® Our meta-
analysis also showed that lower admission NLR was signifi-
cantly associated with excellent outcome at 3-month (mRS 0-
1), with a similar SMID to patients with GFOs, suggesting that
NLR may be able to predict both mRS 0-1 and GFOs, and
hence could potentially inform treatment stratification and
follow-up.

Considering mortality, higher admission NLR was seen in
patients with 90-day mortality. This is consistent with previous
findings, thought to reflect the more pronounced immune
response a higher NLR denotes.***”* Notably, this effect did
not reach statistical significance in EVT + IVT treated patients,
which may be related to the selection cohort of patients eligible
for EVT; patients offered EVT may be more likely to benefit
from their treatment in comparison to patients receiving IVT,
due to the more stringent inclusion criteria for the former.”®
Interestingly, the 3 studies for mortality with a patient cohort
receiving EVT £ IVT had higher baseline NIHSS scores than
patients treated with IVT = EVT, which may support the
notion that treatment differences may play a role in mortality
outcomes. We also showed that delayed NLR was associated
with 90-day mortality. As with GFOs, a larger SMD was
observed with delayed NLR than admission NLR for 90-day
mortality, which may relate to the pathophysiological mecha-
nisms outlined earlier.'* Infections, a major cause of in-hospital
mortality, were also examined as combined SAI or SAP, and we
found that higher admission NLR was seen in patients with
infections. This could be related to prior exposure to a pathogen
such as LPS, or potential concurrent stimulation of other
molecules such as matrix metalloproteinases, which may cause
increased autoimmune responses, and resultantly raise
NLR.2%* In the setting of Coronavirus Disease 2019
(COVID-19), there is a particular role for biomarkers in tri-
aging, prognosticating and stratification of treatment in patients
with COVID-19, considering reports of increased predispo-
sition to and incidence of AIS, as well as concurrent use of

multiple biomarkers to form more accurate prognostic
nomograms.'**>*® This could be of particular utility if point-
of-care instrumentation incorporating NLR were to be suc-
cessfully developed during and beyond the pandemic,14’67
considering the strain on healthcare systems and increasing
uptake of telemedicine.®®

Our meta-analysis demonstrated that overall increased ad-
mission NLR was significantly higher in sICH patients, but
interestingly, this was not true for the subgroup analyses
stratified by RT type. The detected publication bias may have
played a role in this. The overall effect observed is consistent
with the meta-analysis by Zhang et al. (2017) which indicated a
prognostic role of NLR for sSICH. However, stratification by
timepoint and treatment type was not performed unlike our
st'udy.“’38 In contrast, delayed NLR values showed a higher
SMD for sICH, and this significant effect was preserved re-
gardless of the treatment administered, though the SMD was
larger in the IVT + EVT group than the EVT = IVT group.
Given that higher NLR is associated with larger infarct vol-
ume® and IVT can increase sICH risk in large infarcts,”* there
may be a role for NLR in guiding treatment decision-making
pertaining to suitability for IVT.'* Additionally, underlying
factors such as patients’ collaterals status’’ or a history of
coronary artery disease, which may manifest as increased anti-
platelet use,”” may have influenced the results observed, but very
few studies reported on this and hence we could not account for
these. Both admission and delayed NLR were found to be
significantly higher in patients with ICH, although in the
former group, there was an evidence of publication bias. Notably
in subgroup analyses, EVT + IVT patients showed both sig-
nificantly lower admission as well as delayed NLR, but this was
not seen in IVT = EVT patients for the admission NLR group.
This differs from previous findings by Zhang et al. (2019), who
performed a meta-analysis stratified by RT type similar to our
study and found NLR to have significant associations with ICH
in patients receiving primary IVT but not EVT.'*% This
difference may be because we include a greater number of more
recent studies and impose stricter criteria for NLR time points.
Additionally, the difference between associations of NLR with
ICH in IVT + EVT and EVT + IVT patients in our study
might be related to a potential role of IVT in exacerbating
blood-brain barrier (BBB) dysfunction, resulting in delayed
(post-intervention) NLR having more prognostic value in
patients receiving IVI + EVT than admission (pre-
intervention) NLR.>* Nonetheless, the role of the detected
publication bias cannot be discounted, and hence there is a
pressing need for further prospective studies considering ad-
mission NLR in IVT + EVT patients developing ICH.

There is a scarcity of studies focussing on SR outcomes. Our
systematic review indicated mixed results and thus further re-
search is necessary given the potential role of neutrophils in no-
reflow injury.'*'® With regards to short-term functional out-
comes, we could only carry out a meta-analysis to evaluate the
association of admission NLR with ENI, which revealed
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significantly lower admission NLR in patients with ENI.
There are very few studies linking NLR with other short-
term functional outcomes, although all included studies
showed prognostic benefit. This could be related to NLR
being a marker of inflammation and hence being associated
with the degree of immune response and neurological
outcomes.'#?%*¢7%73 Resultantly, it is critical that further
studies be carried out to ascertain this, as well as the role of
temporal NLR variations.

The major strengths of our study are use of SMD to account
for the continuous nature of NLR, whereas previous meta-
analyses have combined various thresholds without such
standardisation.>”3841:42 Additionally, we looked at admission
and delayed NLR separately, which is poignant due to the
pathophysiological considerations owing to delayed entry of
lymphocytes and subsequent pro-inflammatory cytokine
release.”101%:20 By considering IVT + EVT and EVT + IVT
treated patients separately, our meta-analysis provided com-
parison of the utility of NLR in either of these patient groups,
which can benefit further prognostication, stratification and
treatment selection. Finally, we also incorporated the most
recent evidence.

Our work is not without limitations. Most of our included
studies were retrospective, and there was resultantly high
heterogeneity; we sought to minimise this through random-
effects modelling. Additionally, varying NLR timepoints
were reported; whilst we attempted to address this by de-
fining admission and delayed NLR using pre- and post-
intervention NLR, with the timepoint closest to 24 hours
in each study used for the latter, NLR’s dynamic profile
means there may be some impact on results observed for
delayed NLR. Very few studies looked at the dynamic NLR
profile and hence this could only be considered in the sys-
tematic review pertaining to SR. Some studies failed to
exclude patients with underlying or acute inflammatory
conditions, which can impact NLR,3%33,39,60,71,73-80 along
with the site of blood procurement, which was not specified
in several studies. Racial and ethnic differences in NLR have
been reported pr(=,viously,3'4’38’40’79 but data was not available
for these, and thus we could not account for these. Our study
population was AIS patients receiving RT, and thus, should
not be extrapolated beyond this group. A further high quality
RCT is recommended to corroborate our findings, with
specific attention to standardisation of the timepoints and
sites at which blood is collected, and appropriate exclusion of
patients with infections or acute or chronic inflammatory
conditions.

In conclusion, NLR is an important prognostic biomarker in
AIS patients receiving RT. Our meta-analysis shows a role for
both admission and delayed NLR in predicting long-term
functional outcomes and mortality, especially in patients re-
ceiving EVT, and for delayed NLR in predicting bleeding
complications (ICH and sICH). Our findings indicate a role of
NLR in treatment selection and post-RT prognostication.
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