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ABSTRACT

Introduction: Inflammation plays a critical
role in the pathophysiology of acute ischemic
stroke (AIS). Ratios derived from routine blood
counts, especially the neutrophil-to-lymphocyte
ratio (NLR), have been proposed as prognostic
biomarkers, but their value in patients receiving
reperfusion therapies—intravenous thromboly-
sis (IVT) or mechanical thrombectomy (MT)—
remains uncertain.
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Methods: We systematically searched PubMed,
Cochrane Library, Web of Science, and Scopus
on November 30, 2024, following PRISMA
guidelines. Eligible studies included patients
with AIS treated with IVT or MT that reported
associations between pre-treatment blood cell
ratios and outcomes measured by the modified
Rankin Scale (mRS). Pooled odds ratios (ORs)
with 95% confidence intervals (CIs) were calcu-
lated using random-effects models.

Results: Fifty-seven studies with 17,394
patients were included. NLR was the predomi-
nantly studied biomarker. In the MT subgroup,
elevated NLR predicted poor 3-month outcome
(OR 1.09, 95% CI 1.04-1.15) and higher mortal-
ity (OR 1.05, 95% CI 1.01-1.08). In IVT-treated
patients, higher NLR also predicted poor out-
come (OR 1.11, 95% CI 1.01-1.21) with lower
heterogeneity across studies. Other ratios
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showed variable associations: lymphocyte-to-
monocyte ratio (LMR) appeared protective,
while platelet-to-lymphocyte ratio (PLR), mono-
cyte-to-lymphocyte ratio (MLR), and platelet-to-
neutrophil ratio (PNR) showed inconsistent or
null results. Data regarding hemorrhagic trans-
formation were heterogeneous and unsuitable
for meta-analysis.

Conclusions: Elevated pre-treatment NLR con-
sistently predicted poor outcome and mortality
after reperfusion therapy for AIS, supporting its
role as a simple biomarker for early risk strati-
fication. Future large, prospective multicenter
studies with standardized methods are needed
to confirm the clinical utility of these inflamma-
tory ratios in stroke management.

PLAIN LANGUAGE SUMMARY

Stroke is a leading cause of death and long-term
disability. Two treatments, intravenous throm-
bolysis and mechanical thrombectomy, are used
to reopen blocked brain arteries. Even when
these treatments are given promptly, a large
number of patients still do not recover well or
die. Doctors therefore need simple and reliable
tools to identify patients at high risk of a bad
outcome early in the hospital stay. Blood tests
taken at the time of hospital admission may give
useful clues. In particular, the balance between
different types of white blood cells reflects how
active the immune system is. In this study, we
systematically reviewed and combined results
from previously published research to determine
whether simple blood cell ratios—such as the
neutrophil-to-lymphocyte ratio (NLR)—meas-
ured before treatment can help predict how
patients will recover after these therapies. We
found that a higher NLR measured on admission
was consistently linked with a greater chance of
disability or death after treatment. This pattern
was seen in patients treated with both throm-
bolysis and thrombectomy. Other blood cell
ratios showed weaker or inconsistent results.
Because NLR comes from a routine blood count,
it is cheap, fast, and available in all hospitals.
Our findings suggest that NLR could be used
alongside clinical judgment and brain imaging

to help identify stroke patients at higher risk
of poor outcomes early on. Future large studies
are needed to confirm these results and to test
whether combining NLR with other clinical or
imaging markers improves prediction further.

Keywords: Acute ischemic stroke; Mechanical
thrombectomy; Intravenous thrombolysis;
Venous blood cell ratios; Neutrophil-to-
lymphocyte ratio; Therapeutic outcome

Why carry out this study?

Acute ischemic stroke remains a major cause
of disability and death worldwide, and
accurate pre-treatment prognostic tools are
needed to guide care in patients undergoing
reperfusion therapy.

Systemic inflammation has been implicated
in post-stroke outcomes, and venous blood
cell ratios are widely available, low-cost can-
didates for prognostication.

This systematic review and meta-analysis
examined the association between admission
venous blood cell ratios and functional out-
come or mortality after intravenous throm-
bolysis or mechanical thrombectomy in acute
ischemic stroke.

What was learned from the study?

The neutrophil-to-lymphocyte ratio (NLR)
consistently predicted poor functional out-
come and mortality after reperfusion thera-
pies, whereas other blood cell ratios showed
weaker or inconsistent associations.

These findings support the potential clinical
utility of NLR as a widely accessible inflam-
matory biomarker for early risk stratification
in acute stroke care and highlight the need
for prospective validation and integration
into multimodal predictive models.
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INTRODUCTION

Acute ischemic stroke (AIS) remains a leading
cause of morbidity and mortality worldwide,
with recanalization therapies such as intra-
venous thrombolysis (IVT) and mechanical
thrombectomy (MT) offering the best chance
for functional recovery when administered
promptly [1]. However, patient outcomes after
these interventions vary considerably, under-
scoring the need for reliable prognostic biomark-
ers to guide clinical decision-making, predict
functional recovery and mortality and stratify
risk for complications such as hemorrhagic
transformation (HT).

In recent years, systemic inflammation has
emerged as a key player in the pathophysiol-
ogy of AlS and its clinical consequences [2, 3].
Circulating inflammatory biomarkers derived
from routine blood tests—particularly blood
cell ratios such as the neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR),
monocyte-to-lymphocyte ratio (MLR), and oth-
ers—have been increasingly investigated for
their potential prognostic value [4-6]. These
biomarkers are inexpensive, widely available,
and easily obtained in the acute setting, mak-
ing them attractive candidates for clinical use.
Among ischemic stroke subtypes, cardioembolic
and atherothrombotic infarcts show the high-
est in-hospital and short-term mortality, high-
lighting the prognostic relevance of underlying
stroke etiology [7, 8].

Several observational studies have reported
associations between various blood cell ratios
and post-stroke outcomes, including functional
independence, mortality, and hemorrhagic
complications. However, findings across the
literature have been inconsistent, partly due to
heterogeneity in study design, timing of blood
sampling, definitions of clinical endpoints, and
adjustment for confounding factors [4, 6, 9].
Furthermore, many previous reviews have not
specifically focused on patients undergoing reca-
nalization therapy, despite the distinct patho-
physiological and prognostic context of these
interventions [5, 10].

To address this gap, we conducted a system-
atic review and meta-analysis to synthesize

current evidence on the association between
pre-treatment venous blood cell ratios and clini-
cal outcomes in patients with AIS treated with
MT or IVT.

METHODS

This systematic review and meta-analysis was
conducted in accordance with the PRISMA (Pre-
ferred Reporting Items for Systematic reviews
and Meta-Analyses) guidelines [11].

Article Search

A comprehensive literature search was per-
formed across the PubMed (MEDLINE),
Cochrane Library, Web of Science, and Scopus
electronic databases. We investigated the fol-
lowing blood cell ratios: neutrophil-to-lympho-
cyte ratio (NLR), neutrophil-to-monocyte ratio
(NMR), platelet-to-lymphocyte ratio (PLR),
platelet-to-neutrophil ratio (PNR), lymphocyte-
to-monocyte ratio (LMR), eosinophil-to-lym-
phocyte ratio (ELR), eosinophil-to-neutrophil
ratio (ENR), lymphocyte-to-neutrophil ratio
(LNR), monocyte-to-neutrophil ratio (MNR),
lymphocyte-to-platelet ratio (LPR), neutrophil-
to-platelet ratio (NPR), monocyte-to-lymphocyte
ratio (MLR), lymphocyte-to-eosinophil ratio
(LER), and neutrophil-to-eosinophil ratio (NER).
Detailed information regarding the search strat-
egy and database-specific search filters applied
is provided in the Supplementary Material. No
restrictions were applied regarding the year of
publication. The search was conducted as of
November 30, 2024. This article is based on pre-
viously conducted studies and does not contain
any new studies with human participants or ani-
mals performed by any of the authors.

Study Selection

For this systematic review and meta-analysis,
studies were considered eligible when they met
the following criteria: (1) inclusion of patients
with AIS and treated with recanalization therapy
(IVT, MT/endovascular therapy); (2) participants
aged =18 years; (3) imaging performed to rule
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out intracranial hemorrhage and confirm the
clinical diagnosis of AIS; (4) the study investi-
gated the association between a venous blood
biomarker (blood cell ratios) and clinical out-
come; and (5) venous blood samples collected
prior to recanalization therapy; (6) clinical out-
come assessed using the modified Rankin Scale
(mRS). Patients with mRS 3-6 were defined as
having poor long-term outcome [12]. The fol-
lowing were excluded: reviews, conference
abstracts, letters, editorials, and case reports.
Studies published in languages other than Eng-
lish and those involving animal subjects were
also excluded. Duplicate records were removed
using the EndNote reference management soft-
ware. In the initial screening phase, two review-
ers (Istvan Szegedi and Zsolt Barnabés Eles)
independently assessed studies based on titles
and abstracts. Full-text articles were obtained
for studies that met the initial inclusion criteria,
and final eligibility was determined through full-
text review. Any disagreements were resolved by
consensus.

Data Extraction

Data were extracted by two authors (Istvan
Szegedi and Zsolt Barnabas Eles). The follow-
ing data were collected: applied recanalization
therapy, type of biomarkers (blood cell ratios),
first author’s name and publication year, sample
size, time of outcome assessment, definition of
clinical outcome and number of patients with
assessed outcome, the odds ratios (OR) and their
corresponding 95% confidence intervals (95%
CI) representing the association between the
biomarker and reported clinical outcomes, along
with the confounders that were included in each
study'’s statistical model, and finally, the number
of patients who received both thrombolytic and
endovascular therapy. For studies including both
recanalization and non-recanalization therapy,
only data from patients who received recanaliza-
tion therapy were included. For studies report-
ing on more than one cell ratio, each cell ratio
is reported separately. If clinical outcome was
assessed at more than one time point, data from
all time points were included in this review.
In addition to the functional outcome, other

clinical outcomes such as mortality and intracer-
ebral hemorrhage (ICH) were also reported. The
publications and the data collected from them
were divided into two large groups, based on the
fact that all of the patients received thrombo-
lytic or endovascular therapy.

Quality Assessment

The quality of each study was evaluated using a
modified version of the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS) ques-
tionnaire [13]. The quality assessment and asso-
ciated checklist can be found in the Supplemen-
tary Material. The checklist includes 15 items,
each rated as yes (+), no (-), or unclear (?), with a
maximum possible score of 15 points. All studies
meeting the inclusion criteria were incorporated
into this systematic review, regardless of their
quality score.

Statistical Analysis

The meta-analysis was conducted using a ran-
dom-effects model (DerSimonian-Laird method)
to account for between-study variability. Pooled
effect sizes were reported as ORs with 95% CI.
Statistical heterogeneity was assessed using
Cochran’s Q test and quantified with the I sta-
tistic, with values above 50% indicating substan-
tial heterogeneity. Potential publication bias was
evaluated qualitatively by visual inspection of a
funnel plot, in which the standard error of the
log odds ratio was plotted against the log odds
ratio. Asymmetry in the funnel plot was used
to assess the possibility of small-study effects or
publication bias. In addition, Egger’s regression
test was applied to statistically evaluate funnel
plot asymmetry, with a p value less than 0.05
considered indicative of potential publication
bias. Duval and Tweedie’s trim-and-fill method
was used to further assess the potential impact
of publication bias by estimating the number of
missing studies and adjusting the overall effect
size accordingly. All analyses were performed
using Stata 17 (StataCorp LLC, College Station,
TX, USA).
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RESULTS

Study Selection

The initial search identified 391 articles, with
an additional five articles retrieved through
reference list screening of the included
studies. After removing duplicates, 346

articles remained for title and abstract screen-
ing (Fig. 1). Following this initial screening,
113 articles were assessed in full text. Ulti-
mately, 57 articles met the eligibility criteria
for inclusion in this systematic review—33
articles on MT [14-46] and 24 articles on IVT
[47-70]. Of these, 30 (20 MT and 10 IVT) were
included in the subsequent meta-analysis.

Records identified through

Additional records identified

= database searching through other sources

'g (n=391) (n=5)

=

: l l

%]

=

Records after duplicates removed
(n=346)

on

=]
'E v

g Records screened Records exluded
2 (n=346) _— (n=234)
y
Full-text articles | ———— | Fyj|_ext articles exluded, with

g assessed fi)r eligibility reasons (n=56)

= (n=113) * No access to full text (n=3)
= * Missing data on reperfusion
= l therapy (n=10)

— - * No patients received reperfusion
Studies included in therapy (n=6)
qualitative synthesis * Missing data on venous blood
(n=57) sampling time (n=3)
* Venous blood sampling performed
l at the wrong time (n=10)

= .

2 — : * No correlation between the

% Stud}es .1nc1uded n biomarker and clinical outcome
= quantitative synthesis (mRS) in patients treated with

(meta-analysis)
(n=30)

reperfusion therapy (n=24)

Fig. 1 PRISMA [Preferred Reporting Items for Systematic reviews and Meta-Analyses] flowchart of literature search and

study selection
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Study Characteristics

Fifty-seven studies, including 17,394 patients
(10,270 patients treated with MT and 7124
patients treated with IVT), reported a total of
seven different blood cell ratios. Among these,
the following 33 publications were analyzed in
relation to MT: NLR (29 studies), MLR (3), PLR
(15), PNR (5), MNR (1), ELR (1), and LMR (8)
(Table S1). In the context of IVT, the analyzed
ratios included NLR (19 studies), MNR (1), PLR
(4), PNR (3), LMR (2), and a combined NLR
and LMR analysis in one study, reported in a
total of 24 publications (Table S2). One study
assessing both NLR and PLR was found to share
an identical patient population with another
NLR-focused study. To avoid duplication, this
study was excluded from the NLR analysis but
retained in the PLR group, as the latter analysis
did not overlap with other included data [30].
The sample size of individual studies ranged
from 16 to 1044 patients. A total of 20 stud-
ies reported data on more than one biomarker.
All included studies assessed clinical outcomes
using the mRS, while several also reported addi-
tional outcomes such as hemorrhagic transfor-
mation (HT), symptomatic intracerebral hem-
orrhage (sICH) and 90-day mortality. In most
studies, poor outcome was defined as an mRS
score greater than 2 at 3 months or at 90 days.
Specifically, four studies reported mRS out-
comes at discharge, three studies at 1 month,
55 studies at 3 months or 90 days, and one
study at 6 months, and two studies assessed
clinical outcomes at 1 year or 12 months fol-
lowing stroke onset. In those publications
where multivariate analysis was performed,
a total of 10 studies did not report the con-
founding factors included in the model, or the
factors were not clearly specified. Among the
publications related to MT, 26 studies reported
the proportion of patients who also received
additional IVT. In contrast, among the throm-
bolysis-related publications, only five reported
whether MT was performed.

Quality Assessment

The overall quality of the included studies was
moderate (median 8 points of a maximum of
15 points, ranging from 6 to 11 points) (Sup-
plementary Material). The quality of the study
design, as marked by the quality score, did not
directly influence the results found by individ-
ual studies. All 57 studies reported that stroke
diagnosis was confirmed by expert opinion
and neuroimaging, that all patients underwent
the same diagnostic process, and that the bio-
marker was not used to define the clinical end-
point. Only a few studies reported on blind-
ing of measurement of individual biomarkers
(2/57) and clinical data collection (5/57). Four
studies did not report that all enrolled patients
completed the study or provide an explana-
tion for withdrawals. None of the studies used
a predefined biomarker cutoff value for clinical
outcome. In most of the studies, the disclosure
section either declared “no conflicts of inter-
est” or was entirely omitted (47/54). Only four
studies were conducted retrospectively, and
two studies did not report at least two of the
following: definition of the study period, end
of follow-up, or median follow-up time. All
studies clearly defined clinical endpoints prior
to analysis, and only one study performed a
sample size calculation. A list of candidate
variables along with estimated effects (OR and
95% CI) for all variables in the multivariate
analysis was reported in 51 studies; however,
in 10 of these, the cell ratio was not included
in the model. Only a few studies (14/57) speci-
fied the assay method, and none of the studies
included a case population that was fully rep-
resentative; all focused on selected subgroups.

Association Between Venous Blood Cell
Ratios and 3-Month Poor Outcome After
Mechanical Thrombectomy

A total of five venous blood cell ratios were
assessed for their predictive value regarding
poor functional outcome at 3 months follow-
ing MT in patients with AIS. In three studies,
the reciprocal of the reported ORs and CIs were
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calculated to maintain consistency, as either the
direction of the examined marker was inverse or
the studies assessed good outcomes (mRS 0-2)
instead of poor outcomes [29, 32, 45].

Neutrophil-to-Lymphocyte Ratio (NLR)

Fourteen studies assessed the association
between baseline NLR and poor functional out-
come at 3 months after MT [18, 19, 21-24, 28,
29, 31, 32, 34, 40-42]. The pooled OR was 1.09
(95% CI 1.04-1.135), indicating a statistically
significant relationship between elevated NLR
and increased odds of unfavorable outcomes.
Heterogeneity among studies was considerable
(?=75.7%, p<0.001), suggesting variability in
study populations or methodologies (Fig. 2).
Despite this, the direction of the effect was
largely consistent across studies, supporting
the prognostic utility of NLR as a marker of an
underlying pro-inflammatory state that contrib-
utes to poor post-thrombectomy recovery.

Lymphocyte-to-Monocyte Ratio (LMR)

Four studies were included [24, 32, 35, 41].
Higher LMR was significantly associated with
better outcomes, with a pooled OR of 0.79
(95% CI 0.67-0.92) and modest heterogeneity
(2=25.3%, p=0.260). This suggests a protective
effect of elevated LMR (Fig. 3).

Platelet-to-neutrophil ratio (PNR)

Data from three studies yielded a pooled OR of
0.86 (95% CI 0.69-1.09) [18, 45, 46]. While sug-
gestive of a trend toward improved outcomes
with higher PNR, the result was not statisti-
cally significant, and heterogeneity was high
(I?=74.8%, p=0.019) (Figure S1).

Platelet-to-Lymphocyte Ratio (PLR)

Five studies reported on PLR, with a pooled OR
of 1.00 (95% CI 1.00-1.00) and low-to-moderate

exp (b) %
Author (95% ClI) Weight
Cao et al, 2024 > 1.03 (1.00, 1.07) 15.00
Duan et al, 2018 1.58 (1.02, 2.45) 1.24
Eren et al, 2024 b 0.94 (0.88, 1.00) 12.80
Feng et al, 2022 o 1.07 (1.00, 1.15) 12.31
Guan et al, 2023 0.89 (0.71, 1.11) 3.90
Lietal 2021 —— 1.96 (1.38, 2.78) 1.87
Liao et al, 2022 < 1.06 (1.02, 1.10) 14.76
Ma et al, 2022 - 1.08 (1.04, 1.12) 14.80
Oh et al, 2020  —— 1.58 (1.11, 2.26) 1.80
Ozgen et al, 2020 1.35(1.01, 1.80) 2.58
Semerano et al, 2019 ——— 1.38 (1.04, 1.83) 2.68
Wang et al, 2018 - 1.11 (1.05, 1.17) 13.59
Wang et al, 2024 1.37 (1.01, 1.86) 235
Yi et al, 2021 2.14(0.88,5.21) 0.32
Overall, DL (12 = 75.7%, p < 0.001) <> 1.09 (1.04, 1.15) 100.00
I I
.25 1 4

NOTE: Weights are from random-effects model

Fig.2 Baseline NLR and poor functional outcome (mRS 3-6) 3 months after mechanical thrombectomy. NLR, neutro-

phil-to-lymphocyte ratio; mRS, modified Rankin Score
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Author

Guan et al, 2023

Oh et al, 2020
Pincakova et al, 2022
Wang et al, 2024

Overall, DL (I = 25.3%, p = 0.260)

e~

exp (b) %

(95% ClI) Weight
0.64 (0.41, 0.99) 11.82
0.78 (0.65, 0.94) 40.82
0.76 (0.63, 0.93) 39.02
1.26 (0.74, 2.13) 8.34
0.79 (0.67, 0.92) 100.00

T

NOTE: Weights are from random-effects model

Fig. 3 Bascline LMR and poor functional outcome (mRS 3-6) 3 months after mechanical thrombectomy. LMR, lympho-

cyte-to-monocyte ratio; mRS, modified Rankin Score

heterogeneity (I?=26.0%, p=0.248), suggesting
no meaningful association with 3-month out-
come [18, 24, 31, 34, 45] (Figure S2).

Monocyte-to-Lymphocyte Ratio (MLR)

Three studies evaluated MLR, yielding a pooled
OR of 1.05 (95% CI 0.80-1.39) [18, 31, 34]. The
association was not statistically significant, and
heterogeneity was absent (I>=0.0%, p=0.940),
indicating consistent but null findings (Figure
S3).

Exploratory Marker (MNR, ELR)

Two additional blood cell ratios—MNR and
ELR—were assessed in a single study for their
potential association with poor functional out-
come (mRS 4-6) after MT, but neither of them
demonstrated a significant association [43]. Due
to the limited evidence, the prognostic value of
these ratios remains unclear.

Association Between Venous Blood Cell
Ratios and Mortality After Mechanical
Thrombectomy

Five venous blood cell ratios were examined for
their association with mortality following MT
in patients with AIS. Among them, the NLR
demonstrated the most robust and consist-
ent association. In two studies, reciprocals of
the reported ORs and CIs were calculated to

maintain consistency regarding the effect of the
examined marker [32, 45].

Neutrophil-to-Lymphocyte Ratio (NLR)

Eight studies assessed the association between
NLR and mortality following MT [20, 21, 23, 29,
31, 32, 36, 43] (Fig. 4). The pooled OR was 1.05
(95% CI 1.01-1.08), indicating a significant rela-
tionship between elevated NLR and increased
risk of death. Heterogeneity was substantial
(’=71.4%, p=0.001), suggesting some variabil-
ity in study designs, populations, or adjustment
models. Despite this, the effect direction was
consistently positive across studies. Notably,
two studies reported particularly strong associa-
tions (OR 2.08, 95% CI 1.40-3.09; OR 1.42, 95%
CI 1.09-1.83), reinforcing the potential role of
systemic inflammation in mortality risk. These
findings support NLR as a promising and acces-
sible biomarker for early mortality risk stratifica-
tion in patients undergoing MT.

Platelet-to-Lymphocyte Ratio (PLR)

Four studies evaluated PLR and mortality [30,
31, 45, 64]. The pooled OR was 1.00 (95% CI
1.00-1.01), suggesting no overall association.
However, pronounced heterogeneity was present
(I?=83%, p<0.001), driven by one study report-
ing a significant association (OR 1.21, 95% CI
1.10-1.33). These mixed results highlight the
need for further validation of PLR’s prognostic
utility (Figure S4).
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Author

Duan et al, 2018
Eren et al, 2024
Goyal et al, 2018

Lao et al, 2022

Ma et al, 2022

Oh et al, 2020
Semerano et al, 2019
Zhang et al, 2003

Overall, DL (1> =71,4%, p< 0.001)

NOTE: Weights ere from random-effects model

exp (b) %

(95% ClI) Weight

1.57 (0.94, 2.64) 0.41

l—o— 1.06 (1.01, 1.12) 16.09

|—— 1.08 (1.01, 1.16) 12.31

3 1.02 (1.00, 1.05) 23.00

= 1.02 (1.00, 1.05) 23.00

—— . 2.08 (1.40, 3.09) 0.69

—_— 1.42 (1.09,1.85) 1.50

le 1.03 (1.01, 1.06) 23.00

< 1.05 (1.01, 1.08) 100.00
I

Fig. 4 Bascline NLR and mortality (mRS 6) 3 months after mechanical thrombectomy. NLR, neutrophil-to-lymphocyte

ratio; mRS, modified Rankin Score

Lymphocyte-to-Monocyte Ratio (LMR)

Two studies were included, yielding a pooled OR
of 1.02 (95% CI 0.96-1.09) [32, 43]. No associa-
tion was observed with the outcome, without het-
erogeneity (#=0.0%, p=0.426) (Figure S5).

Platelet-to-Neutrophil Ratio (PNR)

Pooled data from two studies resulted in an OR of
0.98 (95% CI 0.95-1.01) [43, 45]. Despite being
suggestive of a protective trend, the association
was not statistically significant. Heterogeneity was
low (I?=23.1%, p=0.254) (Figure S6).

Exploratory Markers (MLR, ELR, MNR)

Three additional blood cell ratios—MLR, ELR,
MNR—were independently evaluated in two stud-
ies [31, 43]. None of these markers showed signifi-
cant association with mortality after MT. Due to
the limited number of studies and lack of signifi-
cance, their prognostic value remains uncertain.

Association Between Venous Blood Cell
Ratios and 3-Month Poor Outcome After IVT

Four venous blood cell ratios—NLR, LMR, PLR,
and PNR—were evaluated for their association
with poor functional outcome in patients who
received IVT. In four studies, the reciprocal of
the reported ORs and CIs was calculated to
maintain consistency, as either the direction of
the examined marker was inverse, or the stud-
ies assessed good outcomes (mRS 0-2) instead of
poor outcomes [47, 52, 60, 69].

Neutrophil-to-Lymphocyte Ratio (NLR)

Seven studies assessed NLR in the context of
IVT [47, 49, 51, 52, 60, 62, 64]. The pooled OR
was 1.11 (95% CI 1.01-1.21), demonstrating
a statistically significant association between
elevated NLR and increased risk of poor clini-
cal outcome. Heterogeneity was considerable
(?=62.7%, p=0.013). Three studies individually
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Author

Chen et al, 2022

Li et al, 2023

Liu et al, 2020
Maestrini et al, 2015
Weng et al, 2021
Xie et al, 2023
Zhang et al, 2024

Overall, DL (12 =62,7%, p< 0.013)

125

NOTE: Weights ere from random-effects model

exp (b) %
(95% Cl) Weight
1.41(1.04, 1.91) 7.08
1.12(0.90, 1.40) 11.00
266 (1.15,6.17) 1.17
L 4 1.10 (1.05, 1.15) 27.14
e 1.23 (1.05, 1.44) 15.80
-t 0.96 (0.87, 1.06) 21.35
——— 1.02 (0.88, 1.19) 16.45
<> 1.11(1.01, 121) 100.00

T

Fig.5 Bascline NLR and poor functional outcome (mRS 3-6) 3 months after intravenous thrombolysis. NLR, neutrophil-

to-lymphocyte ratio; mRS, modified Rankin Score

reported statistically significant effects, includ-
ing one with a notably high odds ratio (OR 2.66,
95% CI 1.15-6.18) (Fig. 5). These findings sug-
gest that systemic inflammation, as reflected
by higher NLR values, may contribute to worse
post-thrombolysis recovery.

Two additional studies reported on NLR but
used log-transformed cell counts and did not
provide sufficient data to convert the results into
a comparable non-logarithmic format [59, 63].
Therefore, these studies were not included in the
quantitative synthesis.

Platelet-to-Lymphocyte Ratio (PLR)

Three studies investigated PLR, yielding a pooled
OR of 0.98 (95% CI 0.95-1.01), suggesting no
overall association [47, 66, 67]. However, het-
erogeneity was very high (I?=90.6%, p<0.001).
One study showed a significant protective effect
(OR 0.77, 95% CI 0.69-0.86), while the others
demonstrated null associations. These conflict-
ing findings indicate that PLR is not a reliable
predictor of post-IVT outcome (Figure S7).

Lymphocyte-to-Monocyte Ratio (LMR)

Two studies examined the prognostic role of
LMR [64, 69]. The pooled OR was 1.21 (95%

CI 0.78-1.86), indicating no association with
3-month poor outcome. Heterogeneity was
moderate (I>=57.8%, p=0.124). One study
reported a significant association (OR 1.46,
95% CI 1.05-2.04), whereas the other found no
effect, highlighting inconsistency in the evi-
dence (Figure S8).

Exploratory Markers (PNR, NLR + LMR)

Regarding the PNR, a formal meta-analysis was
not performed due to a null effect reported in
one of the two included studies, where the OR
and 95% CI were both equal to 1.00 [68]. This
indicates no measurable association and pre-
cludes statistical combination with other esti-
mates. Consequently, only the findings from the
other study were considered, in which higher
PNR was associated with a lower likelihood of
poor functional outcome at 3 months (OR 0.97,
95% CI 0.94-1.00), suggesting a modest protec-
tive effect [55].

Our research group investigated the paired
effect of NLR and LMR, revealing that the com-
bination of high NLR and low LMR substan-
tially increased risk of poor outcome (mRS 2-6)
in patients with this profile (OR 3.049, 95%
CI 1.205-7.714) [70]. This preliminary finding
underscores the potential relevance of rarely
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used and composite inflammatory markers,
though further validation in larger cohorts is
needed.

Association Between Venous Blood Cell
Ratios and Mortality After Intravenous
Thrombolysis

Two venous blood cell ratios—NLR and PLR—
were evaluated for their association with poor
functional outcome at 3 months in patients
treated with IVT.

Neutrophil-to-Lymphocyte Ratio (NLR)

Two studies investigated the association between
NLR and mortality in patients treated with
IVT [52, 60]. The pooled OR was 1.17 (95% CI
0.96-1.41), indicating a nonsignificant associa-
tion between higher NLR and mortality. Heter-
ogeneity was substantial (I>°=72.7%, p=0.056).
Of the two included studies, one showed a sta-
tistically significant association (OR 1.32, 95%
CI 1.08-1.62), while the other reported a more
modest but still significant effect (OR 1.08, 95%
CI 1.03-1.13). Despite these individual findings,
the pooled estimate did not reach statistical sig-
nificance (Figure S9). The observed heterogene-
ity likely reflects differences in study design,
patient characteristics, or definitions of mortal-
ity endpoints. These findings suggest a possible
trend toward increased mortality with elevated
NLR after IVT, but the current evidence remains
inconclusive.

One more study also assessed NLR in relation
to mortality; however, due to the use of log-
transformed values without convertible data, it
was likewise not included in the mortality meta-
analysis [59].

Exploratory Marker (PLR)

One additional study assessed PLR in the context
of IVT and mortality but found no significant
association [66]. As only a single study is availa-
ble, the result should be considered exploratory.

Publication Bias

Funnel plots were generated for comparisons that
yielded statistically significant pooled results and
included the largest number of studies. Among
these, only the analysis of NLR and 3-month
functional outcomes in the MT subgroup met the
commonly accepted threshold for a meaningful
evaluation of publication bias. Accordingly, both
a funnel plot and Egger’s regression test were per-
formed for this comparison. Visual inspection
of the funnel plot revealed notable asymmetry,
with smaller studies tending to report larger effect
sizes—suggesting the presence of small-study
effects or selective reporting (Fig. 6). Egger’s test
supported this impression, yielding a statisti-
cally significant intercept (bias coefficient=1.68,
p=0.028), indicative of asymmetry in the distribu-
tion of effect sizes. Duval and Tweedie’s trim-and-
fill method further supported the presence of pub-
lication bias by imputing five potentially missing
studies on the left side of the funnel plot. After
adjusting for these missing studies, the pooled
effect estimate was attenuated to logOR=0.066
(95% CI -0.066 to 0.197), which was no longer
statistically significant. These findings suggest
that the initially observed association between
baseline NLR and poor functional outcome fol-
lowing MT may be, at least in part, influenced by
publication bias.

In contrast, the analyses on mortality after MT
(n=8) and on 3-month outcomes in the IVT sub-
group (n=7) each included fewer than 10 stud-
ies. Due to the limited number of studies, formal
statistical tests for publication bias were not per-
formed; instead, only funnel plots were gener-
ated. Visual inspection of the funnel plot for the
MT and mortality analysis (Figure S10) revealed
marked asymmetry, suggesting potential small-
study effects or publication bias in this subgroup.
In comparison, the funnel plot for the IVT sub-
group (Figure S11) appeared more symmetric,
although interpretation remains limited due to
the small number of studies included.
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Fig. 6 Funnel plot of meta-analysis: baseline NLR and 3-month poor outcome (mRS 3-6) after mechanical thrombectomy.

NLR, neutrophil-to-lymphocyte ratio; mRS, modified Rankin Score

DISCUSSION

To the best of our knowledge, this systematic
review and meta-analysis provides the most
comprehensive synthesis to date of the prog-
nostic value of venous blood cell ratios meas-
ured at admission in patients with AIS undergo-
ing reperfusion therapy. A key methodological
strength that distinguishes this work from pre-
vious reviews is that we focused exclusively on
studies in which blood samples were collected
before reperfusion therapy; therefore, our anal-
ysis uniquely captures the true pre-treatment
inflammatory state of patients. This timing is
critically important, as it ensures that the bio-
markers evaluated reflect baseline immune dys-
regulation rather than downstream effects of
reperfusion, treatment-related complications,
or early post-stroke infections. As such, the
present study offers novel and clinically rel-
evant insights into the utility of simple, widely
available inflammatory markers as prognostic
tools in the most time-sensitive phase of stroke

management. Across all evaluated ratios, the
NLR consistently emerged as the most informa-
tive and reproducible prognostic indicator. In
patients treated with MT, elevated NLR was
strongly and uniformly associated with poor
3-month functional outcome, reinforcing the
central role of systemic inflammation in shap-
ing recovery even after technically successful
recanalization. While effect sizes varied among
studies (likely reflecting differences in patient
selection criteria, timing of blood sampling,
or adjustment for confounders), the near-uni-
versal direction of association underscores the
robustness of the finding. Other venous blood
cell ratios showed more limited or inconsist-
ent associations. Higher LMR appeared to be
associated with better outcomes, suggesting a
possible protective effect mediated by adaptive
immunity or reduced monocytic inflammation.
In contrast, MLR, PLR, and PNR did not show
meaningful or consistent relationships with
outcome. These findings imply that while some
components of the peripheral immune profile

A\ Adis



Neurol Ther

may be relevant for prognosis, not all blood
cell ratios carry equal predictive value.

In patients treated with IVT, the prognostic
role of venous blood cell ratios was less well
established, largely due to the smaller number of
available studies. Still, NLR again demonstrated
a significant association with poor functional
outcome. Although the strength of association
appeared weaker than in the MT subgroup, and
heterogeneity was also present, the consistency
in effect direction supports the generalizability
of NLR as a prognostic marker across treatment
modalities. In contrast, LMR and PLR did not
show statistically significant associations with
outcome after IVT, and the available data were
limited and heterogeneous. Regarding PNR, for-
mal meta-analysis was not feasible due to a null
effect in one of the two included studies. How-
ever, findings from the other study suggested
a modest protective effect of higher PNR. Our
group also reported that the combined profile
of high NLR and low LMR was associated with
substantially increased risk of poor outcome,
highlighting the potential value of composite
inflammatory markers, which require further
validation in larger cohorts.

When assessing mortality as the outcome,
NLR once again showed the most consistent and
statistically supported association. In patients
undergoing MT, higher baseline NLR was associ-
ated with increased odds of death. Despite some
variability between studies, the direction of the
association remained uniform, further reinforc-
ing the potential role of NLR as an independent
marker of systemic inflammatory burden and
poor prognosis. Other markers—including PLR,
LMR, MLR, and PNR—did not demonstrate con-
sistent or significant associations with mortality
after MT. Several of these analyses were based
on small numbers of studies and were subject
to considerable heterogeneity, limiting the reli-
ability of their conclusions.

In the IVT subgroup, the evidence for asso-
ciations between venous blood cell ratios and
mortality was even more limited. Only a few
studies examined NLR, and while individual
results were often statistically significant,
the pooled effect did not reach significance,
likely due to heterogeneity and small sample
sizes. Nonetheless, the observed trend toward

increased mortality with higher NLR values
suggests a possible link, warranting further
investigation in larger, more uniform cohorts.
Data on other ratios, such as PLR, were very
limited and did not show a clear prognostic
value.

It should also be noted that major patient-
related factors—particularly age and sex—sub-
stantially influence stroke severity, functional
recovery, and mortality. Older age is a well-estab-
lished predictor of poor outcomes, and women
generally experience worse post-stroke recovery
and have a higher lifetime risk of stroke than
men [71, 72]. However, age- and sex-specific
prognostic effects were not examined in our
study, as this was beyond the primary scope of
our analysis and most included publications did
not report sufficiently detailed stratified out-
come data.

Although HT is a clinically significant com-
plication after acute reperfusion therapies, we
did not perform a formal meta-analysis on its
association with venous blood cell ratios due to
substantial heterogeneity in HT definitions and
the timing of imaging assessment across studies.

Nonetheless, several studies investigated the
association between inflammatory blood cell
ratios and the risk of HT. In the MT subgroup,
NLR was the most frequently examined marker.
While some studies reported significant associa-
tions using cutoff values such as NLR>5.1 or>7
[20, 32], others found nonsignificant or incon-
sistent results. These variations likely reflect
differences in patient populations, thresholds,
and outcome definitions. Other markers, includ-
ing PLR, LMR, MLR, PNR, and ELR, were evalu-
ated in individual studies with mixed findings,
some showing point estimates suggestive of
risk or protection, but often without statistical
significance.

In the IVT subgroup, NLR was again the most
commonly reported marker. One study demon-
strated a significant association between elevated
NLR and increased risk of HT [52], while others
reported nonsignificant findings with wide con-
fidence intervals. The observed variability may
result from differences in sample sizes, statistical
adjustments, or diagnostic criteria for HT. PNR
was also assessed in one study, but no significant
association was found [68].
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Overall, while NLR appears to be a promising
candidate for predicting hemorrhagic complica-
tions as well, especially in the MT population,
current evidence remains inconsistent. The lack
of standardized outcome definitions and meth-
odological differences across studies underscore
the need for future research using harmonized
criteria and prospective validation to clarify the
predictive value of these markers in the context
of HT.

Taken together, our findings indicate that
among the venous blood cell ratios examined,
the NLR stands out as the most robust and con-
sistent predictor of both poor functional out-
come and mortality following acute reperfusion
therapies. These findings are particularly impor-
tant because they validate a biomarker that is
inexpensive, universally available, rapidly meas-
urable, and easily interpretable in every acute
care setting. These attributes distinguish NLR
from many emerging molecular, imaging, or
genomic predictors. Its reliability across both
MT and IVT cohorts, paired with its easy, cheap,
and quick measurement and widespread avail-
ability in routine clinical practice, supports its
potential use as a practical biomarker worldwide
in all hospital settings for early risk stratification
in patients with AIS. In the context of modern
reperfusion therapies, where treatment deci-
sions must be made within minutes and where
early prognostication may influence monitoring
intensity, resource allocation, and family coun-
seling, such practical biomarkers are of excep-
tional value. This meta-analysis therefore not
only synthesizes the existing evidence but also
provides a compelling argument for the clinical
adoption of NLR as part of early risk assessment
in reperfusion-treated stroke.

The biological plausibility of NLR as a prog-
nostic marker is strongly supported by estab-
lished stroke immunopathology. The prognostic
value of NLR likely reflects its role as a surrogate
marker of systemic inflammation and immune
dysregulation in acute ischemic stroke. Stroke
triggers an immediate and complex inflam-
matory cascade involving both the innate and
adaptive immune systems. Neutrophils are
among the earliest immune cells to infiltrate the
ischemic brain, typically within hours of vessel
occlusion [73]. Once activated, they release a

variety of pro-inflammatory mediators, includ-
ing reactive oxygen species, matrix metallo-
proteinases, and cytokines, which contribute
to blood-brain barrier disruption, neuronal
injury, and increased risk of HT [74-77]. In par-
allel, lymphocyte counts often decrease in the
acute phase of stroke, a phenomenon sometimes
referred to as stroke-induced immunodepression
[78, 79]. This reduction, particularly in T cells,
may impair the adaptive immune response and
leave patients more vulnerable to infections—
another factor linked to worse outcomes [80,
81]. The combination of elevated neutrophils
and reduced lymphocytes, as reflected by a high
NLR, thus presents a dual pathological process:
excessive pro-inflammatory activity and sup-
pressed immune regulation. Overall, the con-
sistent association between elevated NLR and
adverse outcomes following reperfusion thera-
pies in AIS underscores the crucial role of sys-
temic inflammation in stroke pathophysiology.

To conclude, our findings support the poten-
tial clinical utility of the NLR as an accessible
and inexpensive biomarker for early risk strati-
fication in AIS. In parallel, higher LMR was
significantly associated with better treatment
outcomes, further underscoring its promise as
a prognostic marker. As eligibility for IVT and
MT continues to broaden [82, 83], accurate early
prognostication is increasingly important to
guide clinical management, rehabilitation plan-
ning, and communication with patients and
families. Although existing clinical and imaging
predictors remain central to prognostic assess-
ment in AIS, reliable and readily accessible labo-
ratory biomarkers may provide valuable comple-
mentary prognostic information [84-86]. Future
research should aim to validate NLR and LMR
as components of integrated prognostic models
that combine clinical, imaging, and laboratory
parameters. Given the limited number of studies
on other inflammatory cell ratios, further well-
designed investigations are warranted on this
topic.

Limitations

This systematic review and meta-analysis has
several limitations that should be acknowledged.
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The included studies were primarily observa-
tional in nature, which may introduce residual
confounding and limits the ability to draw defin-
itive causal conclusions. Although most studies
adjusted for key covariates, the adjustment sets
varied considerably, and many failed to report
the specific confounders included in their mul-
tivariable models. In addition, stroke etiology is
also a major determinant of clinical outcome,
but etiological subgroups could not be evaluated
in our analysis, as most included studies did not
report outcome data stratified by stroke subtype.
We focused on studies reporting outcomes in
patients treated with MT or IVT; however, sev-
eral studies included mixed treatment modali-
ties, and analyzing these heterogeneous patient
populations may have influenced the results.
In addition, the definition and assessment of
HT varied markedly across studies, precluding
quantitative synthesis. The lack of standardized
criteria for HT and inconsistent imaging time
points limit our ability to draw firm conclusions
regarding the association between blood cell
ratios and hemorrhagic complications. Lastly,
most studies were conducted in a single-center
design, which may limit the generalizability of
our findings. Future multicenter, prospective
studies with standardized protocols and more
diverse populations are needed to validate the
prognostic utility of blood cell ratios in acute
stroke care.

CONCLUSION

IVT and MT are essential reperfusion treat-
ments for AIS, and as their use expands, early
and reliable prognostication remains critical.
In this systematic review and meta-analysis,
admission NLR consistently predicted poor
functional outcomes and mortality after rep-
erfusion therapy, highlighting the role of
systemic inflammation in stroke. In contrast,
higher LMR was associated with better out-
comes, suggesting additional prognostic value.
Our findings support these blood cell ratios as
a simple, accessible biomarker that may com-
plement existing prognostic tools in IVT- and

MT-treated patients. Future work should vali-
date these markers within integrated prognos-
tic models that incorporate key patient-level
factors—such as age, sex, and stroke etiology—
and further investigate the prognostic utility of
other inflammatory cell ratios, for which cur-
rent evidence is still limited.
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