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= The Relationship Between Mean Platelet Volume, Platelet
Count, Platelet Lymphocyte Ratio, and Recanalization Success in
First-pass Thrombectomy of Middle Cerebral Artery Occlusions
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Sonunda Rekanalizasyonun Ortalama Trombosit Hacmi, Trombosit Sayis1 ve
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Abstract

Objective: Platelet activation plays an important role in the development of cerebral arterial occlusion. Mean platelet volume (MPV) and platelet count are
reported to be good indicators of platelet activity. The aim of this study was to investigate the relationship between MPYV, platelet count, and the platelet-
lymphocyte ratio with endovascular recanalisation success in acute middle cerebral artery (MCA) M1 occlusions.

Materials and Methods: Ninety-one patients with acute stroke with MCA M1 occlusions who were treated with endovascular mechanical thrombectomy
between January 2015 and January 2019 were included in the study. Complete blood count, routine biochemical tests, erythrocyte sedimentation rate, clotting
time, aPTT, and INR values of all patients were evaluated. The patients were separated into two groups, those who were recanalized successfully with at least
thrombolysis in cerebral infarction score (TICI) 2b at the first pass, and those whose recanalisation procedure was unsuccessful with <TICI 2a.

Results: Among the 91 patients included in the study, 61.5% (n=56) were women. The mean age was 62.3+13.4 years. The median National Institute of Health
stroke scale score was 16 (14-19), platelet count was 261.360+78.100/pL, and MPV was 10.2+0.96 fL. There were 48 (52.7%) patients in the poor recanalization
(£ TICI 2a) group and 43 (47.3%) in the successful recanalization (= TICI 2b) group after the first pass. There were no statistically significant differences between
recanalization success and MPV values, platelet counts, and platelet-lymphocyte ratio (PLR) after the first pass (p values respectively; 0.37, 0.12, and 0.26).
Conclusion: Our study revealed that there was no statistical relationship between first-pass thrombectomy success of MCA M1 occlusions and MPV, platelet
count, and PLR values. It is essential to investigate other factors beyond MPV, platelet count, and PLR value in the recanalization success of MCA M1 occlusions.
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Oz

Amag: Trombosit aktivasyonu serebral arteriyel okliizyon gelismesinde 6nemli bir role sahiptir. Ortalama trombosit hacminin (MPV) ve trombosit sayisinin
trombosit aktivitesinin iyi bir gostergesi oldugu bildirilmektedir. Bu caligmada MPV’nin, trombosit sayisinin ve trombosit lenfosit oraninin endovaskiiler yolla
tedavi edilen orta serebral arter M1 okliizyonlarinda, ilk gegiste rekanalizasyon ile iligskisinin arastirilmasi amagland.

Gere¢ ve Yontem: Calismaya Ocak 2015-Ocak 2019 yillari arasinda akut iskemik inme klinigi ile hastaneye bagvuran ve orta serebral arter M1 okliizyonu
saptanan, endovaskiiler mekanik trombektomi ile tedavi edilen 91 hasta dahil edildi. Caligmaya alinan biitiin olgularin hemogram, rutin biyokimyasal inceleme,
eritrosit sedimentasyon hizi, pthtilagma zamani, aPTT, INR degerleri incelendi. Calisma sonucunda hastalar ilk gecis ile en az TICI 2b rekanalize olan ile ilk gegis
sonrast TICI 2a ve alt1 yeterli rekanalize olmayan olgular olarak iki gruba ayrildi.

Bulgular: Caligmaya dahil edilen 91 hastanin %61,5 (n=56) kadindi. Tiim hastalarin yas ortalamasi 62,3+13 4 idi. Hastalarin bagvuru aninda National Institute
of Health stroke skala skoru ortalamasi 16 (14-19), trombosit sayist ortalamasi 261,360+78,100/pL, MPV ortalamasi 10,2+0,96 fL olarak saptandi. 1k pas ile
TICI 2a ve altinda rekanalize olmayan grupta 48 (%52,7) ve ilk pas ile TICI 2b ve iizeri rekanalize olan grupta ise 43 (%47,3) hasta saptandu. lk pas sonrast TICI
2b ve lizeri bagarili rekanalizasyon MPV degeri, trombosit sayisi ve trombosit lenfosit orani (TLO) ile kargilagtirildiginda istatistiksel olarak anlamli bir farklilik
saptanmadi (sirastyla p degeri 0,37, 0,12 ve 0,26).

Sonug: Calismamizda orta serebral arter M1 tikanikliklarinin endovaskiiler tedavi sonucu rekanalizasyonu ile MPV, trombosit sayist ve trombosit lenfosit
orani deZeri arasinda istatistiksel olarak anlamli bir iliski elde edilememigtir. Sonug olarak orta serebral arter M1 tikanikliginin endovaskiiler tedavi sonucu
rekanalizasyonunda MPYV, platelet sayist ve TLO degeri dist bagka faktorlerin arastirilacagi caligmalara ihtiyag vardir.

Anahtar Kelimeler: Mekanik trombektomi, orta serebral arter okliizyonu, ortalama trombosit hacmi, platelet sayisi, platelet lenfosit orani, iskemik inme
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Introduction

Platelet activation plays an important role in the development
of ischemic cerebrovascular disease. Platelet size, measured as mean
platelet volume (MPV), is a good indicator of platelet-specific
activities such as platelet aggregation, thromboxane A2, platelet
factor 4, and thromboglobulin release. The increase of MPV has
been shown in conditions such as diabetes mellitus, myocardial
infarction, smoking, and renal artery stenosis. Its relationship with
stroke risk, severity, and prognosis has also been investigated in
studies on ischemic stroke (1). Studies have shown that large-
volume platelets are more reactive and have increased hemostatic
capacity than small ones (2).

In addition, many recent studies have shown that the platelet-
lymphocyte ratio (PLR) value obtained by dividing the platelet
count by lymphocyte count is an inflammatory marker. Some
studies have shown an increase in PLR in coronary artery disease
and ST-elevated myocardial infarction and stroke, and this was
associated with unfavorable prognosis and mortality (3,4).

In recent meta-analyses, 80% recanalization was achieved with
stent-retrievers. However, only 54% of patients had successful
recanalization, the others resulted in futile recanalization. The
possibility of futile recanalization is associated with an increase
in the number of passes. There are few studies comparing the
characteristics of the thrombus with recanalization rates (5). The
aim of this study was to investigate the relationship between MPYV,
platelet count, and PLR in endovascular treatment of middle
cerebral artery (MCA) M1 occlusions with first-pass recanalization.

Materials and Methods

Of the 322 patients admitted to the hospital with stroke for
endovascular therapy between January 2015 and January 2019,
91 patients with MCA M1 occlusion who were treated with
endovascular therapy were included in the study. Four patients
treated with intra-arterial thrombolytic therapy were excluded.
Hemogram, routine biochemical examinations (blood glucose,
urea, creatinine, blood, urea, nitrogen), erythrocyte sedimentation
rate, clotting time (PT), aPTT, and INR values of all subjects
included in the study were examined. Blood parameters were
examined as values at the time of first admission. Digital
subtraction angiography (DSA) of the patients recorded how
much recanalization was achieved for each of pass of three. In
our laboratory, the MPV normal range is 8-12 fL and the platelet
normal range is 130.000-400.000/pL.

For endovascular treatment strategy, intravenous (IV)
recombinant tissue plasminogen activator (tPA) was given to all
eligible patients in the IV tPA window, but intra arterial (IA) tPA
was given as much as possible to other patients. Patients underwent
IA tPA primarily in the endovascular procedure and mechanical
thrombectomy was performed in patients with no or insufficient
response. At the end of the study, the rate of recanalization with
the first pass was evaluated using the thrombolysis in cerebral
infarction score (TICI) in patients with stroke (6). We selected all
successfully recanalized patients (TICI 2b or TICI 3), with TICI
2b defined as reperfusion in more than two-thirds of the initially
involved territory (mTICI scale). TICI grades were determined
from the last follow-up run of interventional DSA images. At the
end of the study, the patients were divided into two groups, those
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recanalized successfully at the first pass with at least TICI 2b, and
those non-recanalized successfully with < TICI 2a.

Statistical Analysis

The SPSS Windows 23 software was used for statistical analysis
of the data obtained from the study. One-way ANOVA was used
to compare the groups with respect to normally distributed
continuous variables, and the Kruskal-Wallis test was used for
other continuous variables. The chi-square test or Fisher’s exact
test was used to analyze categorical variables. Grouped data were
compared using the chi-square test. In univariate analyses, non-
normally distributed continuous variables were compared using
the Mann-Whitney U test. Data are expressed as mean = standard
deviation (normal distributed data, mean-range normal non-
distributed data) and percentage (%). The relationship between
continuous variables was tested using Pearson's correlation analysis
and Spearman analysis for non-parametric variables. The results
were evaluated at 95% confidence intervals and p<0.05 as the
level of significance.

Results

Of the 91 patients included in the study, 61.5% (n=56) were
women. The mean age of all patients was 62.3+13.4 years. Forty-
six patients (50.5%) had a right-sided stroke. The median (per
25-75) of National Institute of Health stroke scale score (NTHSS)
was 16 (14-19), the median platelet count was 261.360+78.100/
pL, and the median MPV was 10.2+0.96 fL.

Twenty (22%) of the patients received IV tPA and 65 (71.4%)
received IA tPA. Mortality occurred in 35 (38.5%) patients at the
end of the third month. At the end of the third month, there were
28 (30.8%) patients with modified Rankin scale (mRS) 0-2.

The comparison of demographic data in terms of recanalization
success and stroke risk factors in the patients using the chi-square
test is presented in Table 1. There was no significant difference
between the two groups in terms of stroke risk factors. This
showed that the patients were homogeneously distributed in
groups separated according to the success of recanalization. The
comparison of the success of recanalization with clinical evaluation
scores, and laboratory and imaging data performed using the chi-
square and Mann-Whitney U test is given in Table 2. When the
blood values of the patients were examined, there was a significant
difference between the two groups in terms of leukocyte values
for successful and unsuccessful recanalization (p=0.007). There
was no statistically significant difference between the successful
and unsuccessful recanalization groups in terms of NIHSS scores,
ASPECT scores, and stroke etiology (Table 1 and 2).

There were 48 (52.7%) patients in the poor recanalization
(£ TICI 2a) group and 43 (47.3%) patients in the successful
recanalization (= TICI 2b) group at the first pass. There were
no patients recanalized by thromboaspiration. There were no
statistically significant differences between the recanalization
success and MPV values, platelet counts, and PLR after the first
pass (Table 3) (p values respectively; 0.37, 0.12, and 0.26).

Discussion

Increased platelet activation contributes to atherosclerosis
and is a crucial step in the initiation of the pathologic process
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in ischemic stroke. MPV is considered as an indicator of platelet
function and activation, because large platelets contain more
dense granules and produce more prothrombotic factors than
small platelets. High MPV levels have been shown to be an
independent marker for stroke recurrence and cardiovascular
events. Moreover, MPV elevation and increased PLR have been
reported to have prognostic value in terms of poor clinical
outcome and mortality in stroke and myocardial infarction

(3,4,7).
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The pathophysiologic causes of large vessel occlusions may
preclude achieving rapid and complete revascularization; these
include proximal carotid or vertebral occlusions, either because
of dissection or atherosclerosis, intracranial atherosclerosis with
superimposed acute thrombus, and multiple vessel embolic events.
Treatment standards in patients with stroke with large vessel
obstruction have been redefined with the use of stent retrievers.
Nevertheless, the lack of rapid and complete recanalization in
some patients is troublesome for interventional neurologists. The

Table 1. Comparison of demographic data in terms of recanalization success and stroke risk factors in patients

First-pass recanalization success
Stroke risk factors

Unsuccessful Successful *

n (%) n (%)
Hypertension 31 (48.4%) 33 (51.6%) 0.205
Atrial fibrillation 14 (45.1%) 17 (54.9%) 0.297
Smoking 11 (55%) 9 (45%) 0.819
Diabetes 18 (66.7%) 9 (33.3%) 0.084
History of CABG 2 (50%) 2 (50%) 0.910
Coronary artery disease 8 (40%) 12 (60%) 0.196
Stroke history 4 (66.7%) 2 (33.3%) 0.480
Hyperlipidemia 16 (47.1%) 18 (52.9%) 0.401
*Chi-square test, CABG: Coronary artery bypass grafting

Laboratory, imaging and clinical

First-pass recanalization success

evaluation Unsuccessful
Median (25-75)
Leukocyte 11076 (9022-14112)
Hemoglobin 12.4 (11.2-14.2)
Creatinine 0.81 (0.61-1.0)
NIHSS score 16 (14-19)
ASPECT score 9.5 (8-10)
n (%)
mRS (0-2) 12 (42.9)
Mortality at third month 18 (51.4)
Symptomatic hemorrhage 11 (57.9)

*Chi-square test, *Mann-Whitney U test, NIHSS: National Institute of Health stroke scale score, mRS: Modified Rankin scale

Table 2. Comparison of the success of recanalization with clinical evaluation scores, laboratory and imaging data in patients

Successful *ep
Median (25-75)

8500 (7100-11000) 0.007*
13 (10.8-14.3) 0.474
0.7 (0.6-0.9) 0.111
16 (14-19) 0.949
10 (8-10) 0.445
n (%) *p
16 (57.1) 0.208
17 (48.6) 0.842
8 (42.1) 0.391

Table 3. Comparison of the success of recanalization MPYV, platelet and PLR values in patients

First pass recanalization success
MPY, platelet and PLR values Unsuccessful Successful *epy
Median (25-75) Median (25-75)
MPV 10.4 (9.5-11) 10.1 (9.4-10.7) 0.369
Platelet 255 (213-335) 237 (196-305) 0.124
PLR 146.6 (104.9-249.6) 139 (95.3-200) 0.259
*“Mann-Whitney U test, MPV: Mean platelet volume, PLR: Platelet lymphocyte ratio
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location, pathophysiologic causes (e.g. atherosclerosis, embolism,
dissection) of large vessel occlusion affects the outcome of
recanalization.

Zaidat et al. (8) reported that first-pass successful recanalization
(TICI 3 recanalization was considered successful) rates were
measured as 25.1%. Furthermore, Zaidat et al. (8) showed that
recanalization with the first pass reduced symptomatic intracranial
hemorrhage to 5.6% and mortality to 16%. In addition, the rate
of endothelial trauma due to mechanical thrombectomy will be
lower in these patients. In other words, first-pass recanalization
is very important for both post-stroke complications, good
clinical outcomes, and low mortality rates. It has been shown that
clinical outcomes are better in patients with MCA M1 occlusion
who are treated with mechanical thrombectomy and recanalized
successfully at the first pass.

Recent studies demonstrated the superiority of mechanical
thrombectomy over IV thrombolytic therapy in patients with
stroke with large vessel occlusion. However, despite mechanical
thrombectomy treatment, 29-67.4% of patients have poor clinical
outcomes (mRS >2). Although long-term adverse outcomes in
endothelial injury due to mechanical thrombectomy have not been
observed in studies so far, it is important to achieve recanalization
with a minimal mechanical effect (9,10,11). Platelets participate in
the process of thrombosis and atherosclerosis, which are activated
in the early thromboembolic phase of ischemic stroke. Activated
platelets will release thromboxane A2 and high expression
of glycoprotein Ib and glycoprotein IIb/IIIa receptors, which
contribute to thrombosis and stroke (12). On the other hand,
high MPV values were accepted as an indicator of platelet size and
activity. Larger platelets are known to produce greater amounts
of substances such as thromboxane B2 and fibrinogen with larger
granules and thus have more thrombogenic activity (7).

In our study, there was no statistically significant difference
between recanalization success and MPV values, platelet counts,
and PLR after the first pass (p values respectively; 0.37, 0.12, and
0.26). Thus, although these data can be obtained with a simple
hemogram analysis, it shows that these parameters alone cannot be
prognostic indicators for first-pass recanalization success according
to our study data. However, increased lymphocyte count is an
another parameter that may affect the success of recanalization. It
is a parameter that may affect recanalization that is possibly worth
investigating in patients with stroke.

In our study, 11 (26.8%) out of 41 patients with MPV values
10.4 and above and 17 (34%) out of 50 patients with MPV value
less than 10.4 had an mRS scale score of <2. Although patients
whose MPV values were less than 10.4 had favorable clinical
outcomes, there was no statistically significant difference between
the two groups (p=0.461). Peng et al. (7) showed that successful
recanalization was achieved in 53% of patients in their stroke
study due to acute anterior circulation obstructions, including 153
patients treated with mechanical thrombectomy. When the results
of the third month clinical outcome (mRS) of the Peng et al. (7)
study were examined, it was shown that MPV values over 10.4
fl were associated with poor clinical outcomes. In that study, the
rate of successful recanalization was lower in patients with higher
MPV values, although not statistically significant. This also shows
that different results can be obtained regarding MPV with studies
involving more patients.
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In a study in which thrombus volume was calculated using
cerebral computed tomography angiography, it was stated that
the success of recanalization decreased with increasing thrombus
volume and earlier and successful recanalization was achieved
with decreasing thrombus volume (5). The relationship between
increased MPV and PLR values and thrombus volume may also be
a parameter affecting the success of recanalization.

In the Mosimann et al. (13) study, 711 patients treated with
mechanical thrombectomy were examined for early reocclusion
within the first 48 hours. Early reocclusion was very rare (n=16,
2.3%). Patients deemed high risk for reocclusion had high platelet
elevation at admission to hospital, atherosclerotic stenosis at
the occlusion site, and residual embolic fragment residue after
thrombectomy.

In conclusion, although platelet values and other similar
parameters have been the subject of many studies related to
endovascular treatment of ischemic stroke, it is thought that the
effects of unsuccessful recanalization are multifactorial and that
no single parameter can guide the prognostic point of view. As a
result of the study, the identification of the more difficult and poor
recanalization cases in endovascular therapy will shed light on the
different treatment strategies for these patients.

This study has some limitations. Our study is based on
retrospective data. The other limitations include the fact that
different types of stent retrievers were used in each case for
recanalization, IV and IA thrombolytic therapy use was not
standardized, the source of thrombus etiologies in patients
could not be standardized, and the time from the onset of stroke
symptoms to endovascular treatment of patients was different. The
symptom-to-groin puncture time and recanalization time data
were also limitations of this study, but they did not directly affect
the study goal and outcome.

Conclusion

Although it is stated that high MPV levels and platelet counts
during the acute period may play a role in the development of
ischemic stroke in all patients with stroke, in our study, no
statistical relationship was found between first-pass thrombectomy
success of MCA M1 occlusions and MPYV, platelet count, and PLR
values. There is a need to further investigate other factors beyond
MPV, platelet count, and PLR in the recanalization success of
MCA M1 occlusions.
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