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Background and Purpose: According to previous studies, the mean platelet volume-to-lymphocyte ratio (MPVLR) represents a novel marker of a poor short-term prognosis in patients with a myocardial infarction who underwent primary percutaneous coronary intervention. We aimed to evaluate the association between MPVLR and clinical outcomes of patients with acute ischemic stroke who were treated with intravenous thrombolysis.

Methods: Two hundred forty-one patients with ischemic stroke receiving intravenous thrombolysis were prospectively enrolled in this study. Blood samples for MPVLR were obtained at admission and at 18–24 h after treatment with intravenous thrombolysis. A poor functional outcome was defined as a modified Rankin scale score of 3–6 at 3 months after stroke.

Results: At admission, the area under the curve of MPVLR to predict poor functional outcomes at 3 months was 0.613 [95% confidence interval (CI), 0.541–0.686; P = 0.003), and the best predictive MPVLR value was 5.8. Patients with an MPVLR ≥5.8 had a 3.141-fold increased risk of a poor outcome at 3 months (95% CI, 1.491–6.615; P = 0.003) compared to patients with an MPVLR <5.8. At 18–24 h after treatment with intravenous thrombolysis, the area under the curve of MPVLR to predict a poor outcome at 3 months was 0.697 (95% CI, 0.630–0.765, P < 0.001), and the best predictive MPVLR value was 6.9. The inclusion of MPVLR as a continuous (odds ratio, 1.145; 95% CI, 1.044–1.256, P = 0.004) and categorical variable (odds ratio, 6.555; 95% CI, 2.986–14.393, P < 0.001) was independently associated with poor outcomes at 3 months.

Conclusions: Both the values of MPVLR at admission and 18–24 h after intravenous thrombolysis were independently associated with poor functional outcomes. MPVLR may serve as an activity marker for a poor prognosis in patients with acute ischemic stroke receiving intravenous thrombolysis.
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INTRODUCTION

Intravenous administration of recombinant tissue plasminogen activator (rt-PA) is recommended as the primary treatment for patients with acute ischemic stroke within 4.5 h from symptom onset (1, 2). However, approximately half of the participants were not independent or died at 3 months, despite the administration of intravenous thrombolytic therapy (3). Since the factors related to the functional outcomes of patients with ischemic stroke who are treated with intravenous alteplase have not been well identified (3, 4), the detection of new risk factors is always important.

Hemocyte variables have been reported to predict the risk and prognosis of ischemic stroke, particularly in patients treated with intravenous thrombolysis (5–8). Platelets play an important role in inducing inflammation and contributing to thrombus formation in cardiovascular disease (9, 10). The mean platelet volume (MPV) is an indicator of platelet function, reflecting platelet size, and activity (11). According to Greisenegger et al. an increased MPV is associated with poor functional outcomes in patients with acute ischemic stroke (12). However, the association between MPV and stroke outcomes remains controversial (13, 14). The pathophysiological pathways induced by cerebral ischemia mainly include the immune response, neuroinflammation, and the accumulation of leukocytes, such as lymphocytes, monocytes, and neutrophils (4, 15). Lower lymphocyte counts are independently associated with an increased probability of a poor functional outcome (7). Recently, the MPV-to-lymphocyte ratio (MPVLR) was considered a novel marker of a poor short-term prognosis in patients with myocardial infarction who underwent a primary percutaneous coronary intervention (16). Based on this information, we were prompted to explore the prognostic value of MPVLR in acute ischemic stroke. Therefore, the objective of our study was to explore whether MPVLR was associated with the functional outcomes of patients with acute ischemic stroke who were treated with intravenous thrombolysis.



MATERIALS AND METHODS


Study Population

We performed a prospective, hospital-based observational study. The study consecutively enrolled patients with ischemic stroke who were treated with intravenous thrombolysis from March 2013 to Oct 2017 in the First Affiliated Hospital of Wenzhou Medical University. Each patient received intravenous alteplase at a dose of 0.9 mg/kg. Notably, 10% of the total dosage was administered as a bolus within 4.5 h of stroke onset, followed by a continuous intravenous infusion of the remaining dose over a period of 1 h. The inclusion criteria for intravenous thrombolysis were as follows: (1) older than 18 years, (2) a diagnosis of acute ischemic stroke by neurologists according to the recommendations from World Health Organization (17), and (3) an onset-to-treatment time within 4.5 h. The exclusion criteria were defined according to the 2013 American Heart Association/American Stroke Association Guidelines (18). The present study was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University. All patients or their relatives provided written informed consent and agreed to participate in the study.



Clinical Protocol and Laboratory Tests

The severity of neurological impairment was assessed using the National Institutes of Health Stroke Scale (NIHSS) at admission and at 24 h after intravenous thrombolysis. Baseline information about age, sex, onset-to-treatment time, systolic, and diastolic blood pressure, medical history, including potential stroke risk factors and ongoing antiplatelet therapy, and electrocardiographs were obtained at admission and in the inpatient department. We collected the following poststroke infection parameters within 48 h: pneumonia, tracheobronchitis, urinary tract infections, and other defined infections. In addition, the blood glucose level was measured in the emergency room at admission. All patients were subjected to a routinely performed computed tomographic scan at admission and a follow-up scan at 24 h after thrombolysis, or any other time when the patient's neurological deterioration was noted. We also collected information about the symptomatic intracerebral hemorrhage according to the Safe Implementation of Thrombolysis in Stroke-Monitoring Study definition: a local or remote type 2 parenchymal hemorrhage on imaging 24 h after thrombolysis or earlier if the computed tomographic scan was performed due to neurological deterioration combined with an increase in the NIHSS score of 4 points from baseline or a stroke resulting in death within 24 h (19).

Data were obtained from blood tests performed at admission and at 18–24 h after treatment with intravenous thrombolysis. A complete blood count was determined using the automated hematology analyzer (XE-2100, Sysmex Company, Japan) within 60 min after blood sample collection. The MPVLR was calculated as the ratio of MPV to lymphocytes, the unit of MPVLR is fl/109/L. The platelet-to-lymphocyte ratio (PLR) was calculated as the platelet count divided by the lymphocyte count.



Outcome Measures

The main outcomes of all patients were evaluated based on the modified Rankin scale (mRS) score recorded in the outpatient department or via a telephone follow-up interview conducted by a trained neurologist. A poor functional outcome was defined as a mRS score of 3–6 at 3 months after stroke. The second endpoint was early neurological improvement (ENI). ENI was defined as a reduction in the NIHSS score ≥8 from baseline or an NIHSS score that decreased to 0 or 1 at 24 h after treatment (20).



Statistical Analyses

Statistical analyses were performed with the SPSS 22.0 package for Windows (SPSS Inc., Chicago, USA, RRID:SCR_002865). A P < 0.05 was considered statistically significant. Continuous variables are reported as the means with standard deviations or medians with interquartile ranges. Categorical variables are reported as percentages. Statistical analyses were performed using Student's t-tests and the Kruskal–Wallis test for continuous data or the chi-square test or Fisher's exact test for categorical data. Receiver operating characteristic (ROC) curves were constructed to assess the predictive value of MPV, lymphocyte, PLR, and MPVLR for poor outcomes at 3 months. The method of an optimal cutoff was applied to transform the MPVLR into a categorical variable. We divided the participants into two groups according to the MPVLR cutoff at admission and compared the differences in baseline characteristics between these groups. We also compared the differences in characteristics between the poor and good outcome group. We employed different multivariate logistic regression models to evaluate the associations between MPV, lymphocyte counts, PLR, MPVLR, and poor functional outcomes at 3 months.




RESULTS

Among the 266 patients, 12 patients with missing data for the complete blood count at 18–24 h after rt-PA were excluded. Among the remaining patients, four patients with no data on hematological parameters at admission and nine patients who were lost to follow-up were also excluded. Finally, we enrolled 241 patients in this study (Figure 1). A detailed description of the baseline clinical characteristics of the study population is provided in Table 1. The mean age of all patients was 66.5 ± 12.0 years, and 163 patients (67.6%) were male. The median NIHSS score at admission was 9 points. The mean value of the MPVLR for the entire population of participants was 6.7 ± 3.6 fl/109/L at admission and 8.8 ± 4.7 fl/109/L at 18–24 h after rt-PA. Among the 241 patients, 25 (10.4%) died, 29 (12.0%) presented ENI, and 105 (43.6%) presented poor functional outcomes at 3 months.
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FIGURE 1. Flow diagram showing the patient selection process.



Table 1. Comparison of the baseline characteristics between patients with poor and good functional outcomes.
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An ROC curve analysis was performed to assess the predictive values of MPV, lymphocyte counts, PLR, and MPVLR for poor outcomes at 3 months (Table 2). At admission, the area under the curve (AUC) of MPVLR was 0.613 [95% confidence interval (CI), 0.541–0.686; P = 0.003), and the best predictive MPVLR value was 5.8. Furthermore, the predictive value of MPVLR for functional outcomes was better than PLR. Accordingly, at 18–24 h after rt-PA infusion, the AUC of MPVLR to predict a poor outcome at 3 months was 0.697 (95% CI, 0.630–0.765, P < 0.001), and the best predictive MPVLR value was 6.9.


Table 2. Receiver operating characteristic curves identifying the predictive value of PLR and MPVLR for poor outcomes at 3 months.
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The baseline and clinical characteristics of the study cohort stratified according to MPVLR cutoff at admission are listed in Table 3. Patients presenting with an MPVLR ≥5.8 were older, had a higher NIHSS score at 24 h after intravenous thrombolysis, and longer onset to treatment time than patients with an MPVLR <5.8. Otherwise, ENI and hyperlipidemia were more prevalent in patients with an MPVLR <5.8. Patients with an MPVLR ≥5.8 more frequently presented with a history of previous stroke/transient ischemic attack (TIA) and atrial fibrillation than patients with an MPVLR <5.8.


Table 3. Comparison of the baseline characteristics between subgroups based on the MPVLR cutoff at admission.
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The distribution of functional outcomes at 3 months stratified according to the MPVLR cutoff value is shown in Figures 2, 3. Regardless of whether outcomes were measured at admission or at 18–24 h after rt-PA infusion, a poor functional outcome was more common in the higher MPVLR group stratified by cutoff value. However, ENI was less common in the higher MPVLR group stratified by cutoff value (Table 4). The blood tests and the baseline characteristics were compared between patients with poor and good functional outcomes, and the results are shown in Table 1. Patients with poor functional outcomes at 3 months after stroke were older, had higher NIHSS scores, and more frequently suffered from atrial fibrillation and hemorrhagic transformation than patients with good functional outcomes. Before the rt-PA treatment, patients in the poor functional outcome group at admission had lower lymphocyte and platelet counts but higher MPVLR levels than patients in the good functional outcome group. At 18–24 h after rt-PA infusion, white blood cell counts, MPVLR, and PLR were significantly higher in patients with poor functional outcomes than in patients with good functional outcomes. In addition, lower lymphocyte and platelet counts were observed in the poor than in the good functional outcome group.


[image: Figure 2]
FIGURE 2. Functional outcomes at 3 months in groups stratified according to the cutoff value of mean platelet volume-to-lymphocyte ratio (MPVLR) at admission.
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FIGURE 3. Functional outcomes at 3 months in groups stratified according to the cutoff value of mean platelet volume-to-lymphocyte ratio (MPVLR) at 18–24 h after recombinant tissue plasminogen activator (rt-PA).



Table 4. Comparison of outcomes between subgroups stratified according to the MPVLR cutoff.
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Table 5 shows the results of the binary logistic regression analysis of MPV, lymphocyte counts, PLR, MPVLR, and poor outcomes. At admission, the inclusion of the MPVLR level as a dichotomous variable was independently associated with a higher risk of poor outcomes at 3 months, with an adjusted odds ratio (OR) of 2.600 (95% CI, 1.396–4.843; P = 0.003) after adjustment for age, sex, and baseline NIHSS score (model 1) and 3.141 (95% CI, 1.491–6.615, P = 0.003) after further adjustment for the variables included in model 1 plus variables such as hypertension, coronary artery disease, previous stroke/TIA, atrial fibrillation, onset-to-treatment time, diabetes, hyperlipidemia, poststroke infection, and symptomatic intracerebral hemorrhage that were identified as having P < 0.2 in Tables 1, 3 (model 2), respectively. The predictive value of MPVLR as a continuous variable at admission for poor outcomes tended to become significant, regardless of whether it was included in model 1 or 2. At 18–24 h after rt-PA infusion, regardless of whether model 1 or 2 was used, an increased MPVLR level maintained its predictive accuracy as either continuous or categorical variable.


Table 5. Multivariate logistic regression analysis of the associations between MPV, lymphocyte, MPVLR, and poor outcome.
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DISCUSSION

To our knowledge, this study is the first to investigate the prognostic value of the MPVLR in patients with ischemic stroke who were treated with intravenous thrombolysis. When analyzed either pre- or postthrombolysis, the MPVLR was independently associated with increased risks of poor functional outcomes at 3 months. The prethrombolysis value of the MPVLR exhibited a better prediction ability than the PLR. In addition, the best discriminating values of the MPVLR for predicting poor outcomes were determined in this study.

Platelet activation plays an important role in thrombosis and inflammation (21). The size of platelets represents their activity, and larger-sized platelets are functionally more active (22). The MPV is a readily available marker due to the automatic analysis when blood tests were performed. A study including 776 patients with acute ischemic stroke or TIA revealed an adverse effect of a higher MPV son clinical outcome (12). Another study examining patients with ischemic stroke who were receiving intravenous thrombolysis suggested that the MPV was an independent predictor of a poor functional outcome (23), which contradicts the findings from our study. Our study did not observe an association between the MPV and functional outcome. This discrepancy may be due to the use of different designs and outcome measures compared to our study. Furthermore, Ntaios et al. reported that the MPV measured within 24 h after onset was not associated with functional outcomes in patients with ischemic stroke (3).

The inflammatory response after stroke plays an important role in ischemic brain pathobiology (4). The effect of lymphocyte activation on the prognosis of ischemic stroke remains unclear (24). According to the results of some animal experiments, lymphocytes exert a deleterious effect on infarcted brain tissues (5). Another study observed a protective role for regulatory T lymphocytes after experimental brain ischemia (6). Our clinical evidence indicated that lower lymphocyte counts were associated with poor functional outcomes in patients with acute cerebral infarction after rt-PA treatment, consistent with the results reported by Kim et al. (7). Lower lymphocyte counts may be attributed to an increase in inflammation-related lymphocyte apoptosis that predisposes an individual to ischemic stroke.

The PLR predicts clinical outcomes in patients with acute ischemic stroke undergoing thrombectomy (16). However, the platelet size reflects function and activation more accurately than the platelet count (8). In addition, an increased MPVLR has been introduced as a predictor of no-reflow and a poor prognosis in patients with acute myocardial infarction (8, 16). In the present study, an elevated MPVLR was associated with less ENI and worse functional outcomes in patients with ischemic stroke who were treated with intravenous alteplase, suggesting that increased platelet activity and inflammation may be associated with a poor prognosis. The rate of poststroke infection was up to 30%, and the infection might influence hematological parameters, including the lymphocyte count and MPV. We adjusted for poststroke infection in the multivariate regression models, which did not attenuate the risk of poor outcomes associated with MPVLR (25). We also confirmed that the dynamic monitoring of MPVLR at admission and 18–24 h after rt-PA infusion was prospectively associated with poor functional outcomes. In particular, the MPVLR proved to exhibit a better predictive value for poor functional outcomes than the PLR in ROC analyses. The adjusted OR value of MPVLR was also larger than the PLR. We presume that MPVLR may synthetically reflect the degree of thrombosis and inflammation. A potential mechanism is proposed in which an elevated MPVLR may activate platelets by releasing platelet activators from ischemic/necrotic tissue, leading to increased thrombosis (16). However, the present study is not able to confirm a causative role of the MPVLR in the pathophysiology of ischemic stroke. Prospective studies are needed to explore the exact mechanism of this phenomenon.

The current study has certain limitations. First, the MPVLR level and follow-up data were not acquired from 25 patients included in this study. However, no significant differences in the baseline characteristics were observed between the excluded and included patients. Second, the study was only performed at a single center, and thus, the results may not be generalizable to all other patients with ischemic stroke. In addition, the best discriminating values must be further verified in other studies and populations. Furthermore, other platelet markers and inflammatory markers were not evaluated in the study.



CONCLUSIONS

Despite the limitations mentioned above, we report the first study focusing on the predictive value of MPVLR in patients with stroke after intravenous thrombolysis. Moreover, we assessed the MPVLR at admission and at 18–24 h after intravenous thrombolysis, and both values were independently associated with poor functional outcomes. The MPVLR is easy to monitor and therefore might serve as an activity marker for an unfavorable prognosis in patients with acute ischemic stroke receiving intravenous thrombolysis.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by this study was approved by the ethics committee of the First Affiliated Hospital of Wenzhou Medical University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

S-YC and W-LZ conceived and designed the study. Y-SL, Y-FC, and HW organized the database. X-TN performed the statistical analysis. S-YC and W-LZ wrote the paper. S-YC, W-LZ, and X-TN reviewed and edited the manuscript. All authors read and approved the manuscript.



FUNDING

This study was supported by the Wenzhou Science and Technology Bureau (Grant No. Y20180632).



REFERENCES

 1. Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, et al. Effect of treatment delay, age, and stroke severity on the effects of intravenous thrombolysis with alteplase for acute ischaemic stroke: a meta-analysis of individual patient data from randomised trials. Lancet. (2014) 384:1929–35. doi: 10.1016/S0140-6736(14)60584-5

 2. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, et al. Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med. (2008) 359:1317–29. doi: 10.1056/NEJMoa0804656

 3. Ntaios G, Gurer O, Faouzi M, Aubert C, Michel P. Mean platelet volume in the early phase of acute ischemic stroke is not associated with severity or functional outcome. Cerebrovasc Dis. (2010) 29:484–9. doi: 10.1159/000297964

 4. Kim JY, Park J, Chang JY, Kim SH, Lee JE. Inflammation after ischemic stroke: the role of leukocytes and glial cells. Exp Neurobiol. (2016) 25:241–51. doi: 10.5607/en.2016.25.5.241

 5. Becker K, Kindrick D, Relton J, Harlan J, Winn R. Antibody to the alpha4 integrin decreases infarct size in transient focal cerebral ischemia in rats. Stroke. (2001) 32:206–11. doi: 10.1161/01.str.32.1.206

 6. Liesz A, Suri-Payer E, Veltkamp C, Doerr H, Sommer C, Rivest S, et al. Regulatory T cells are key cerebroprotective immunomodulators in acute experimental stroke. Nat Med. (2009) 15:192–9. doi: 10.1038/nm.1927

 7. Kim J, Song TJ, Park JH, Lee HS, Nam CM, Nam HS, et al. Different prognostic value of white blood cell subtypes in patients with acute cerebral infarction. Atherosclerosis. (2012) 222:464–7. doi: 10.1016/j.atherosclerosis.2012.02.042

 8. Hudzik B, Szkodzinski J, Lekston A, Gierlotka M, Polonski L, Gasior M. Mean platelet volume-to-lymphocyte ratio: a novel marker of poor short- and long-term prognosis in patients with diabetes mellitus and acute myocardial infarction. J Diabetes Complications. (2016) 30:1097–102. doi: 10.1016/j.jdiacomp.2016.04.010

 9. Fuentes QE, Fuentes QF, Andres V, Pello OM, Font de Mora J, Palomo GI. Role of platelets as mediators that link inflammation and thrombosis in atherosclerosis. Platelets. (2013) 24:255–62. doi: 10.3109/09537104.2012.690113

 10. Hvas AM. Platelet function in thrombosis and hemostasis. Semin Thromb Hemost. (2016) 42:183–4. doi: 10.1055/s-0036-1572329

 11. Noris P, Melazzini F, Balduini CL. New roles for mean platelet volume measurement in the clinical practice? Platelets. (2016) 27:607–12. doi: 10.1080/09537104.2016.1224828

 12. Greisenegger S, Endler G, Hsieh K, Tentschert S, Mannhalter C, Lalouschek W. Is elevated mean platelet volume associated with a worse outcome in patients with acute ischemic cerebrovascular events? Stroke. (2004) 35:1688–91. doi: 10.1161/01.STR.0000130512.81212.a2

 13. D'Erasmo E, Aliberti G, Celi FS, Romagnoli E, Vecci E, Mazzuoli GF. Platelet count, mean platelet volume and their relation to prognosis in cerebral infarction. J Intern Med. (1990) 227:11–4.

 14. Butterworth RJ, Bath PM. The relationship between mean platelet volume, stroke subtype and clinical outcome. Platelets. (1998) 9:359–64. doi: 10.1080/09537109876429

 15. Vidale S, Consoli A, Arnaboldi M, Consoli D. Postischemic inflammation in acute stroke. J Clin Neurol. (2017) 13:1–9. doi: 10.3988/jcn.2017.13.1.1

 16. Kurtul A, Acikgoz SK. Usefulness of mean platelet volume-to-lymphocyte ratio for predicting angiographic no-reflow and short-term prognosis after primary percutaneous coronary intervention in patients with ST-segment elevation myocardial infarction. Am J Cardiol. (2017) 120:534–41. doi: 10.1016/j.amjcard.2017.05.020

 17. Stroke−1989. Recommendations on stroke prevention, diagnosis, and therapy. Report of the WHO task force on stroke and other cerebrovascular disorders. Stroke. (1989) 20:1407–31. doi: 10.1161/01.str.20.10.1407

 18. Jauch EC, Saver JL, Adams HP Jr, Bruno A, Connors JJ, Demaerschalk BM, et al. Guidelines for the early management of patients with acute ischemic stroke: a guideline for healthcare professionals from the American Heart Association/American Stroke Association. Stroke. (2013) 44:870–947. doi: 10.1161/STR.0b013e318284056a

 19. Mazya M, Egido JA, Ford GA, Lees KR, Mikulik R, Toni D, et al. Predicting the risk of symptomatic intracerebral hemorrhage in ischemic stroke treated with intravenous alteplase: safe Implementation of Treatments in Stroke (SITS) symptomatic intracerebral hemorrhage risk score. Stroke. (2012) 43:1524–31. doi: 10.1161/STROKEAHA.111.644815.

 20. Kharitonova T, Mikulik R, Roine RO, Soinne L, Ahmed N, Wahlgren N. Safe Implementation of Thrombolysis in Stroke Investigators. Association of early National Institutes of Health Stroke Scale improvement with vessel recanalization and functional outcome after intravenous thrombolysis in ischemic stroke. Stroke. (2011) 42:1638–43. doi: 10.1161/STROKEAHA.110.606194.

 21. Wagner DD, Burger PC. Platelets in inflammation and thrombosis. Arterioscler Thromb Vasc Biol. (2003) 23:2131–7. doi: 10.1161/01.ATV.0000095974.95122.EC

 22. Thompson CB, Eaton KA, Princiotta SM, Rushin CA, Valeri CR. Size dependent platelet subpopulations: relationship of platelet volume to ultrastructure, enzymatic activity, and function. Br J Haematol. (1982) 50:509–19.

 23. Xie D, Xiang W, Weng Y, Li J, Xu L, Zhang X, et al. Platelet volume indices for the prognosis of acute ischemic stroke patients with intravenous thrombolysis. Int J Neurosci. (2018):1–6. doi: 10.1080/00207454.2018.1536054

 24. Saino O, Taguchi A, Nakagomi T, Nakano-Doi A, Kashiwamura S, Doe N, et al. Immunodeficiency reduces neural stem/progenitor cell apoptosis and enhances neurogenesis in the cerebral cortex after stroke. J Neurosci Res. (2010) 88:2385–97. doi: 10.1002/jnr.22410

 25. Westendorp WF, Nederkoorn PJ, Vermeij JD, Dijkgraaf MG, van de Beek D. Post-stroke infection: a systematic review and meta-analysis. BMC Neurol. (2011) 11:110. doi: 10.1186/1471-2377-11-110

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Chen, Lin, Cheng, Wang, Niu and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-10-01274-t002.jpg
AUC (95% CI)

Cell count at admission

PR 0538 (0.464-0.611)
MPVLR 0613 (0.541-0.686)
MPV 0553 (0.479-0.627)
Lymphocyte 0.400 (0.327-0.472)

Cell count at 18-24 H after rt-PA
PLR 0.651(0.580-0.721)
MPVLR 0.697 (0.630-0.765)
MPV 0504 (0.429-0.579)
Lymphocyte 0.292 (0.225-0.358)

P-value

0318
0.003
0.160
0.008

0.000
0.000
0.908
0.000

PLR, platelet-to-lymphocyte ratio; MPVLR, mean platefet volume-to-lymphocyte ratio;
MPV, mean platelet volume; AUC, area under the curve; CI, confidence interval; rt-PA,

recombinant tissue plasminogen activator.





OPS/images/fneur-10-01274-t003.jpg
Characteristics

Age (year), mean & SD

Gender, male, n (%)

Baseline NIHSS score, median (IQR)
24h NIHSS score, median (QR)
History of smoking, n (%)
Coronary artery disease, n (%)
Hypertension, n (%)

Diabetes, n (%)

Hyperlipidemia, n (%)

Previous stroke/TIA, n (%)

Atrial fibrillation, n (%)

Ongoing antiplatelet therapy, 1 (%)
Systolic BP (mmHg), mean + SD
Diastolic BP (mmHg), mean & SD

Glucose level at admission (mmol/L),
mean + SD

Onset-to-treatment time, min, mean
+ 8D

Hemorrhagic transformation, n (%)
SICH, n (%)

Poststroke infection, n (%)

Cell count at admission

WBC, x10%L, mean  SD
Lymphocytes, x10%/L, mean = SD
MPV, , mean  SD

PLT, x10%/L, mean + SD

MPVLR, f1/10°/L, mean & SD

PLR, mean  SD

Cell count at 18-24H after rt-PA
WBC, x10%L, mean  SD
Lymphooytes, x10°L, mean  SD
MPV, fl, mean £ SD

PLT, x10%L, mean + SD

MPVLR, f/10°/L, mean + SD

PLR, mean  SD

MPVLR 5.8 MPVLR <5.8 P-value

(=122 (=119
60.1£108 638+125 0000
87(713) 76639 0217
9(65,13)  8(13 0497
8(4,145)  5(313 0026
46 @7.7) 4@ 0907
1298 1084 0699
81(664)  85(71.4) 0399
30 (24.6) 21(17.6) 0.187
54(448)  71(697) 0017
21(17.2) 1084 0041
49(402)  80(62) 0013
12(0.8) 1102 0876
1498£20.4 1523196 0381
852+ 151 86.4+139 0.547
8028  7.7+28 0341
228.4+53.6 1993£57.5 0.000
31(254) 25210 0419
8(66) 6(5.0) 08615
39(320) 26218 0077
8532  82+23 0306
12£04  23+£08 0000
99+13  88%14 0000
185.0£62.2 2206785 0000
91£36  42x11 0000
1685£70.4 1109472 0000
8935  85+24 0258
12£05  17£06 0000
110+1.4 103+13 0.000
1909+ 517 2269723 0000
107£63  69+£30 0000
1797 £889 1509793 0008

NIHSS, National Institute of Health Stroke Scale; TIA, transient ischemic attack; BP
blood pressure; rt-PA, recombinant fissue plasminogen activator; SICH, symptomatic
intracerebral hemorhage; WBC, white blood cel; MPY, mean platelet volume; PLT,
platelet; MPVLR, mean platelet volume-to-lymphocyte ratio; PLR, platelet-to-ymphocyte
ratio; SD, standard deviation; IQR, interquartile range.





OPS/images/fneur-10-01274-g003.gif
s,





OPS/images/fneur-10-01274-t001.jpg
Characteristics Total (n = 241) Good outcome Poor outcome P-value

(n =136) (n = 105)

Age (year), mean £ SD 665+ 12.0 636+ 12.2 702106 0,000
Gender, male, n (%) 163 (67.6) 95(69.9) 68(64.8) 0.402
Baseline NIHSS score, median (IQR) 9(6,13) 74,10 12(9,17) 0.000
24h NIHSS score, median (QR) 713 5@.7) 14(10,18) 0000
History of smoking, n (%) 90379 54(30.7) 36(34.3) 0.388
Coronary artery disease, 1 (%) 22(0.1) 9(6.6) 13(12.4) 0.123
Hypertension, n (%) 166 (68.9) 87 (64.0) 79(75.2) 0.061
Diabetes, n (%) 51(21.2) 20213 22(21.0) 0944
Hyperiipidenia, n (%) 125 (51.9) 71(62.2) 54(51.4) 0905
Previous stroke/TIA, n (%) 31(12.9) 14 (10.3) 17(16.2) 0.175
Atral fibrilation, n (%) 79(32.8) 35(25.7) 44(419) 0,008
Ongoing antiplatelet therapy, n (%) 23(9.5) 1.1 12(11.4) 0382
Systolic BP (mmHg), mean + SD 1561.0£20.0 149.8 + 18.8 1526 £21.5 0.277
Diastolic BP (mmHg), mean & SD 858145 863+ 136 85.1 =157 0510
Glucose level at admission (mmol), mean  SD 79+28 7.7£28 80=28 0378
Onset to treatment time, min, mean  SD 2140£57.3 2004 +59.7 2201 £ 539 0.153
Hemorthagic transformation, 1 (%) 56(232) 23(16.9) 33(31.4) 0,008
SICH, n (%) 1458 2(15) 12(11.4) 0,001
Poststroke infection, 1 (%) 65 (27.0) 17 (125) 48(45.7) 0,000
Cell count at admission

WBC, x 10°/L, mean + SD 84+28 83+29 8427 0983
Lymphocytes, x10%/L, mean  SD 17£08 18+08 16+08 0022
MPV, fi, mean + SD 93+14 92+14 95+15 0.105
PLT, x109L, mean & SD 207.1 £ 700 2160765 195.5 + 59.0 0.024
MPVLR, f/10%/L, mean + SD 6.7+36 6.0£3.1 75£4.1 0.002
PLR, mean  SD 1401 % 66.5 1349 + 606 1467 £733 0.173
Cell count at 18-24H after rt-PA

WBC, x 10°/L, mean  SD 87+30 79£22 98=35 0,000
Lymphocytes, x10%/L, mean + SD 15406 16056 12406 0.000
MPV, fl, mean & SD 1064 1.4 107£13 106£15 0935
PLT, x 109, mean & SD 2088+ 65.2 216.7 + 68.1 198.6 + 59.9 0,082
MPVLR, f/10%/L, mean & SD 88+47 75+833 10556 0,000
PLR, mean  SD 165.4 % 85.4 148.4 789 187.5 + 886 0,000

NIHSS, National Institute of Health Stroke Scale; TIA, transient ischeic attack; BF, blood pressure; rt-PA, recombinant tissue plasminogen activator; SICH, symptomatic intracerebral
hemorrhage; WBC, white blood cell: MPV, mean platelet volume; PLT, platelet; MPVLR, mean platelet volume-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SD, standard
deviation; IQR, interquartile range.
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Outcomes Cell count at admission P-value
MPVLR 258 (1=122) MPVLR <5.8 (n = 119)

ENI, 1 (%) 9(7.4) 20(168) 0024

MRS score, median (IQR) 3(14) 10,4 0,009

MRS score of 3-6, n (%) 66(54.1) 39 (32.8) 0.001

MPVLR, mean platelet volume-to-ymphocyte ratio; t-PA, recombinant fissue plasminogen activator;
interquartile range.

Cell count at 18-24h after rt-PA P-value
MPVLR 26.9 (1 =144) MPVLR <69 (1 = 97)
11(7.6) 18(18.6) 0.011
3(14) 10.2) 0.000
86(59.7) 19(19.6) 0,000

ENI, early neurology improvement; mRS, modified Rankin Scale; IQR,





OPS/images/fneur-10-01274-t005.jpg
Multivariate adjusted model P-value Multivariate adjusted model P-value

(model 1) (model 2)
OR 95% CI OR 95% Cl

Cell count at admission
MPV 1.100 0.891-1.358 0.377 1.119 0.886-1.412 0.345
lymphocyte 0748 0.499-1.120 0.159 0.764 0.481-1.214 0255
MPVLR 1.002 0.999-1.193 0,053 1.102 0.997-1.217 0057
MPVLR25.8 2600 1.396-4.843 0.003 3.141 1.491-6.615 0,003
PLR 1.004 0.999-1.009 0.007 1.008 0.998-1.008 0207

Cell count at 18-24H After rt-PA
MPV 1.040 0.836-1.205 0723 1.083 0.848-1.384 0523
ymphocyte 0337 0.181-0.626 0.001 0305 0.148-0627 0.001
MPVLR 1.134 1.044-1.232 0.003 1.145 1.044-1.256 0.004
MPVLR = 6.9 5521 2.754-11.067 0.000 6555 2.986-14.393 0.000
PLR 1.006 1.002-1.009 0.005 1.005 1.001-1.009 0.021

Mode! 1, adjusted for age, sex, and National Institutes of Health Stroke Scale score.

Mode! 2, adjusted for the variables included in model 1 plus the variables hypertension, coronary artery disease, previous stroke/TIA, atral fibrilation, onset-to-treatment time, diabetes,
hyperlpidemia, poststroke infection, and symptometic intracerebral hemorrhage that were identified as having a P < 0.2 in Tables 1, 3.

MPV, meen platelet volume; MPVLR, mean platelet volume-to-ymphocyte ratio; PLR, platelet-to-ymphocyte ratio; OR, odas ratio; Cl, confidence interval; rt-PA, recombinant fissue
plasminogen activator.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mean Platelet Volume-To-Lymphocyte Ratio Predicts Poor Functional Outcomes Among Ischemic Stroke Patients Treated With Intravenous Thrombolysis



		Introduction



		Materials and Methods



		Study Population



		Clinical Protocol and Laboratory Tests



		Outcome Measures



		Statistical Analyses







		Results



		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Mean Platelet Volume-To-
Lymphocyte Ratio Predicts Poor
Functional Outcomes Among
Ischemic Stroke Patients Treated
With Intravenous Thrombolysis





OPS/images/fneur-10-01274-g001.gif
paticns with
s

i ischemic stoke who w
cnous rombalyss

3 s with r0 s on
[ ——
sdmission

12 potcns it no s on
comple bood couns at 1524

houn e

9 paens wer exluded doc 0
loss o followup

241 patns wrsinclded i h ol nlysis






OPS/images/fneur-10-01274-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





