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Background and purpose - Mechanical
thrombectomy is the most important
treatment modality in acute stroke; despite
successful thrombectomy, good functional
outcome is not achieved in a significant
proportion of patients. This study examined
the effect of neutrophil lymphocyte ratio
(NLR) values at admission on functional

outcomes in successfully recanalized patients.

Methods - Patients who underwent
mechanical thrombectomy due to anterior
system major vessel occlusion were
retrospectively analyzed and compared
with the admission NLR values and 3-month
clinical modified Rankin Scale (mRS) scores
of successfully recanalized patients.
Results - Of a total of 126 patients who
underwent thrombectomy within the
specified period, 97 patients with successful
recanalization were included in the study.
The overall successful recanalization rate
was calculated as 77%. The mean NLR of
patients with mRS <2 (n=65) was found to be
significantly lower than patients with mRS=3
(n=32) (p<0.001). A weak and significant
correlation was found between National
Institutes of Health Stroke Scale (NIHSS)
value and NLR (r= 0.315, p=.002).
Conclusion - NLR value has been found to
be associated with futile recanalization in me-
chanical thrombectomy patients. Therefore,
we think that suppression of inflammation
before thrombectomy will increase the chan-
ce of successful thrombectomy.

Keywords: stroke, mechanical thrombec-
tomy, inflammation, neutrophil to lympho-
cyte ratio, prognosis
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A mechanikus thrombectomia

eldtti gyulladasos valasz hatasa

a stroke-betegek prognézisara

Aytac E, MD; Balgetir F, MD; Geng SK, MD;
Gonen M, MD; Dogan H, MD; Akpinar CK, MD

Hattér és cél - A mechanikus thrombectomia
az akut stroke legfontosabb kezelési mddja;

a sikeres thrombectomia ellenére a betegek
jelentés részénél nem érhet6 el j6 funkcionalis
eredmény. Ez a tanulmany a neutrophil-lym-
phocyta arany (neutrophil lymphocyte ratio,
NLR) kérhazi felvételkor mért értékeinek hata-
sat vizsgalta a sikeresen rekanalizalt betegek
funkcionalis kimenetelére.

Médszerek - Visszamendlegesen elemez-
tUk azokat a betegeket, akiknél mechanikus
thrombectomiat végeztek elllsd rendszerbeli
nagyérelzarédas miatt, és 6sszehasonlitot-
tak a sikeresen rekanalizalt betegek felvételi
NLR-értékeivel és a harom honapos klinikai
maodositott Rankin-skala (mRS) pontszamaival.
Eredmények - Az 6sszesen 126 be-

teg kozul, akiknél a megadott idészakon
belll thrombectomiat végeztek, 97 sike-

res rekanalizacidval rendelkez8 beteget
vontunk be a vizsgalatba. A teljes sikeres
rekanalizacios arany 77% volt. Az mRS <2 (n
= 65) betegek atlagos NLR-értéke szignifikan-
san alacsonyabbnak bizonyult, mint az mRS
>3 (n = 32) betegeké (p < 0,001). Gyenge és
szignifikans korrelaciot talaltunk a National
Institutes of Health Stroke Scale (NIHSS) érté-
ke és az NLR kozott (r = 0,315, p = 0,002).
Kovetkeztetés - Az NLR-érték dsszeflg-
gést mutat a mechanikus thrombectomiaval
kezelt betegek sikertelen rekanalizaciéjaval.
Ezért Ugy gondoljuk, hogy a gyulladas
thrombectomia el6tti szuppresszidja noveli a
sikeres thrombectomia esélyét.

Kulcsszavak: stroke, mechanikus throm-
bectomia, gyulladas, neutrophil-lymphocyta
arany, prognozis
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Recanalization with mechanical thrombectomy is
the most important treatment with proven efficacy
in acute stroke patients. Randomized controlled studies
have shown that endovascular therapy (EVT) is more
effective than standard medical therapy in patients with
acute ischemic stroke caused by large vessel occlusion'™.

The modified treatment in cerebral infarction (mTICI)
is used to assess vessel recanalisation after endovascular
treatment. A value indicating reperfusion of more than
50% of the affected area is called mTICI 2b and comp-
lete recanalisation is called mTICI 3. On the other hand,
modified Rankin scale (mRS) (ranging from 0 [no sy-
mptoms] to 6 [death]) is generally used to evaluate disa-
bility status, and 0-2 indicates functional independence®.
Despite successful endovascular treatment mTICI >2b,
25-50% of patients do not have a good clinical outcome
(mRs 3-6) and this is called futile recanalization (FR)*> .

Early identification of factors associated with poor cli-
nical outcome despite successful recanalization may lead
to the development of adjunctive therapeutic strategies to
increase the benefit of EVT. Factors thought to be asso-
ciated with FR include admission National Institutes of
Health Stroke Scale (NIHSS) score, glucose levels, num-
ber of thrombectomy, and collateral conditions™.

Neutrophils are among the first cells to rise in the blo-
od after ischemic stroke and contribute to the breakdown
of the blood-brain barrier (BBB), brain edema, and inc-
reased brain damage. After ischemic stroke, the number
of circulating neutrophils increases while the number of
lymphocytes decreases, resulting in an increase in the
neutrophil-to-lymphocyte ratio (NLR)'*'2,

Some studies have predicted that NLR at baseline may
predict prognosis in patients with ischemic stroke treated
with iv. thrombolytic (IVT) or EVT, finding that higher
pre-treatment NLR is associated with symptomatic int-
racerebral haemorrhage (sICH) or worse 3-month func-
tional outcomes. It was thought that this might be due to
neuroinflammation induced by increased NLR!>"°. In this
study, we examined the effect of NLR and other prognos-
tic factors in patients who did not achieve good clinical
results despite successful recanalization with EVT.

Materials and methods

Patients who underwent mechanical thrombectomy at
two different center from April 2021 to January 2023
were retrospectively analyzed. Patients with intracrani-
al proximal artery occlusion in the anterior circulation
(ie, intracranial carotid artery or M1/M2 segments of
middle cerebral artery) indicated by Digital Subtraction
Angiography (DSA) were included in the study. Patients
in whom thrombectomy was initiated within 6 hours of
the onset of stroke and who achieved nearly or complete
recanalization (mTICI 2b or 3) were included. NIHSS
score, demographic data, vascular risk factors, medical

history, and initial stroke severity were determined for
all patients before the procedure. Collateral status, whi-
ch may affect the prognosis, was determined by using
the modified TAN score. Patients with an Alberta Stroke
Program Early CT Score (ASPECTS) of 8 and above
were included in the study in order not to affect the
prognosis before the procedure. Patients who used any
anti-inflammatory drugs before the procedure were ex-
cluded from the study.

Complete blood count taken at admission before
thrombectomy and neutrophil and lymphocyte counts of
the patients were analyzed as percentages of total white
blood cells (WBC). NLR was calculated as the ratio of
the percentage of neutrophils to the percentage of lym-
phocytes.

In the 3-month evaluation of the patients’ good clini-
cal outcome, face-to-face interviews or telephone evalu-
ations were made with the patients, and the patients’ good
functional neurological status was defined as mRS <2.

Statistical analysis

Data were evaluated using the Statistical Package for the
Social Sciences (SPSS) version 21.0. Descriptive statisti-
cs are presented as frequency (n) and percentage (%) for
categorical variables, Mean + Standard deviation (Mean
+ Ss) or Median and Minimum value (Min) - Maximum
value (Max) for continuous variables. Chi-square test was
used to compare categorical variables. The compatibility
of continuous variables with the assumption of normal
distribution was evaluated with the Kolmogorov-Smir-
nov test, and since the data were not normally distributed,
the Mann-Whitney U test was used to compare continu-
ous variables between two independent groups. In statis-
tical analyses, p < 0.05 was accepted as significant.

Results

Of a total of 126 patients who underwent thrombectomy
within the specified period, 97 patients with successful
recanalization were included in the study. The overall
successful recanalization rate was calculated as 77%. The
mean age of the 97 patients included in the study was 65.3
years (24-86) and 50 were male (51.5%) and 47 were fe-
male. Baseline characteristics are shown in Table 1. Good
clinical outcome (mRS <2) was found in 67% (n: 65) of
the patients who were successfully recanalized (mTICI
2b-3), and futile recanalization was found in 33% (n:
32) (Table 2). The mean NLR of patients with mRS <2
(n=65) was found to be significantly lower than patients
with mRS>3 (n=32) (p<0.001) (Table 2 and Figure 1).

The TAN collateral value of 89.2% of patients with
mRS <2 (n=65) was found to be good (2-3). 62.5% of
patients with mRS >3 (n=32) had a poor (0-1) TAN col-
lateral value.

Az aldbbi dokumentumot maagancélra toltotték le az eLitMed.hu webportalrdl. A dokumentum felhasznalasa a szerzdi jog szabalyozasa ala esik.



Ideggyogy Sz 2024;77(9-10):323-327. 325

Table 1. Baseline characteristics of patients

Characteristics (n: 97) n (%)
Age (mean) (min-max) 65.3 (24-86)
Gender (Male) 50 (51.5)
CT ASPECT score, median (IQR) 9(8-10)
NIHSS score on admission, median 19 (14-24)
(IQR)
Vascular risk factors, n (%)
Hypertension 74 (76.2)
Diabetes mellitus 48 (49.4)
Atrial fibrillation 40 (41.2)
Coronary artery disease 73(75.2)
Hyperlipidemia 19 (19.5)
Stroke etiology, n (%)
Cardioembolism 49 (50.5)
Large artery atherosclerotic disease 10 (10.3)
Unknown etiology 38(39.1)

Values are mean (SD), median (IQR), or n (%) as appropri-
ate. ASPECT: Alberta Stroke Program Early CT Score for MCA
territory stroke; CT: computed tomography; IQR: interquartile
range; NIHSS: National Institutes of Health Stroke Scale.

Good mRS value was found to be associated with good
TAN collateral value (p<0.001) (Table 3). A weak and
significant correlation was found between NIHSS value
and NLR (r=0.315, p=.002). An increase in NLR values
was observed in patients with high NIHSS (Figure 2).

Discussion

Table 2. Clinical outcome and mean NLR values

mRS (n, %) NLR mean Statistics
(min-max) value

<2 (n:65,67.0%) 3,30 (1.1-10.0) p=<0.001

>3 (n:32,33.0%) 9,82 (2.9-21.0) U=103,00

mRs: Modified Rankin Scale; NLR: neutrophil lymphocyte ratio

ischemic cerebral vessels® 2!, Neutrophils infiltrate the
ischemic or infarcted tissue through the damaged blood-
brain barrier exacerbating the inflammatory cascade?'.

In recent years, there has been growing interest in
using inflammation-related biomarkers to predict out-
comes in AIS patients. Among these biomarkers, the
neutrophil-to-lymphocyte ratio (NLR) has gained atten-
tion as a reliable and cost-effective measure of systemic
inflammation®. Studies have demonstrated the potential
of NLR as a prognostic indicator for mortality, functio-
nal status, angiographic outcomes, intracerebral hemorr-
hage, and stroke-associated infections or pneumonia in
AIS patients, including those undergoing reperfusion the-
rapies?* 22,

Several studies have investigated the association
between NLR and outcomes in AIS patients undergoing
EVT. In one study, Ma et al. found that higher NLR valu-
es were independently associated with unfavorable func-
tional outcomes in AIS patients with successful recanali-
zation after EVTY. Similarly, another study by Al-Mufti
et al. demonstrated that elevated NLR was predictive
of poor outcomes, including mortality and the need for
prolonged invasive mechanical ventilation in COVID-19
patients with acute ischemic stroke due to large vessel

Ischemic stroke is a major health concern,
accounting for a significant number of in-
cident strokes. Reperfusion therapies, such
as endovascular thrombectomy (EVT) have
emerged as crucial interventions to impro-
ve clinical outcomes for patients with acute
ischemic stroke (AIS) secondary to large
vessel occlusion (16, 17). However, despite
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successful recanalization, a substantial pro- 600

portion of patients experience unfavorable

functional outcomes'® 1.

The pathophysiology of ischemic stroke
involves a complex interplay of various fa- i
ctors, including the inflammatory response.
In the acute stage of stroke, the occlusion of
distal cortical pial collateral vessels leads to
the release of adhesion molecules, cytoki-
nes, and chemokines by the arterial endot-
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helium. This in turn triggers the recruitment
of leukocytes, primarily neutrophils to the

Figure 1. Clinical outcome and mean NLR values
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Experimental evidence has shown that
blood flow is not restored in some random-
ly distributed brain areas after reopening of
the cerebral circulation and platelets and
leukocytes contribute to the futile recana-
lisation®. The recanalization and reperfu-
sion of the previously hypoxic brain areas
increase the pro-inflammatory function of
platelets and activate complex thrombo-inf-

10,00 = . ] L L

! ‘ o ‘ * | lammatory pathways that contribute to the
. ’ . j@;ﬁ%”’ff‘ ischemia-reperfusion injury. In our study,
' Jﬁ—rf—”“ . + - ' ' higher NLR values were found in patients
L] . + ' 4 H S with higher NHSS values, suggesting more
o — . 5 = = 5 cerebral damage and more inflammatory

Arrival NIHSS Score response in these patients.
g While the association between NLR and
Figure 2. N/HSS and NLR correlation outcomes in AIS patients undergoing EVT
is established, the underlying mechanisms
. are yet to be fully elucidated. The inflam-
Table 3. Clinical outcome and collateral status matory response, characterized by the acti-
Tan collateral Total vation of 1eukoc.ytes, p?atele?s, and pro-inf-
lammatory mediators, is believed to play a
MRS Good (2-3) Poor (0-1) vital role in the pathophysiology of AISY.
<2 Frequency 58 7 65 It is possible that the elevated NLR refle-
% 89.2% 10.8% 100.0% cts the extent of systemic inflammation and
>3 Frequency 12 20 32 physiological stress, which may outweigh
% 37.5% 62.5% 100.0% the potential benefit of mechanical throm-

Total 70 27 97 bectomy in some patients.

p <0.001

mRs: Modified Rankin Scale

occlusion'®. In our study, we found high NLR values in
patients who were similarly recanalized to futile.

In addition to baseline NLR values, the dynamic chan-
ges in NLR over time have also been investigated. A
study by Li et al. assessed dynamic NLR in patients who
underwent EVT for ischemic stroke with acute large ar-
tery occlusion and found that increased NLR in the early
stage within 3 days after treatment was associated with
an increased risk of mortality at 1 month's. Interestingly,
the NLR of survivors decreased more than that of nonsur-
vivors within 1 month after EVT, even after adjustments
for confounders.

Increased NLR value, which is a marker of systemic
inflammation in patients with successful recanalization,
increases futile recanalization and therefore suggests that
these patients should be given systemic anti-inflamma-
tory agents such as corticocyteroid before the procedure.

Conclusion

The neutrophil lymphocyte ratio (NLR)

has emerged as a promising biomarker for
predicting outcomes in AIS patients undergoing mec-
hanical thrombectomy. Higher NLR values have been
associated with unfavorable functional outcomes and
increased mortality. Additionally, the dynamic changes
in NLR over time may provide further insights into the
prognosis of patients post-EVT. However, more rese-
arch is needed to fully understand the underlying mec-
hanisms and validate the utility of NLR as a prognostic
tool. The use of inflammation-related biomarkers, such
as NLR, in clinical practice has the potential to enhance
risk stratification and guide treatment decisions in AIS
patients undergoing mechanical thrombectomy.
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