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Background and purpose: The baseline glucose-to-potassium ratio (GPR) is 
associated with poor outcomes in patients with acute brain injury and intracranial 
hemorrhage. However, the impact of serum GPR on clinical outcomes after 
endovascular thrombectomy (EVT) is unclear. This study aimed to evaluate the 
association between the GPR at admission and functional outcomes at 90 days 
after EVT.

Methods: We retrospectively reviewed our database for patients with acute 
ischemic stroke involving an anterior circulation large-vessel occlusion who 
received EVT between October 2019 and December 2021. The baseline serum 
GPR was measured after admission. The primary outcome was a 90-day poor 
outcome, which was defined as a modified Rankin scale score of 3–6.

Results: A total of 273 patients (mean age, 70.9 ± 11.9 years; 161 men) were 
finally included for analyses. During the 90-day follow-up, 151 patients 
(55.3%) experienced an unfavorable outcome. After adjusting for demographic 
characteristics and other potential confounders, the increased GPR was 
significantly associated with a higher risk of a 90-day poor outcome (odds ratio, 
1.852; 95% confidence interval, 1.276–2.688, p = 0.001). Similar results were 
observed when the GPR was analyzed as a categorical variable. In addition, the 
restricted cubic spline observed a positive and linear association between the 
GPR and poor outcomes at 90 days (p = 0.329 for linearity; p = 0.001 for linearity).

Conclusion: Our study found that ischemic stroke patients with the higher GPR 
at admission were more likely to have an unfavorable prognosis at 3  months, 
suggesting that GPR may be  a potential prognostic biomarker for ischemic 
stroke after EVT.
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1 Introduction

Stroke causes 5.5 million deaths annually and is the second leading 
cause of death worldwide (1), contributing to a growing global 
socioeconomic burden. Endovascular thrombectomy (EVT) has been 
confirmed to be beneficial for ischemic stroke patients with large-artery 
occlusion (2). Currently, the time window of EVT has been extended to 
24h after stroke for patients with anterior circulation large vessel 
occlusion (3). However, the death and disability rates are still high. 
Therefore, predicting the outcome of patients following EVT early and 
accurately is important. Currently, serum biomarkers are used to predict 
outcomes of ischemic stroke, including those following EVT (4). These 
biomarkers help guide clinical decision-making for patients 
undergoing EVT.

Glucose is the main source of energy to maintain cellular 
metabolism (5). Several studies have shown that elevated glucose levels 
are associated with worse clinical outcomes in patients after EVT (6). 
Potassium plays an important role in physiological processes (7). In 
large vessel occlusion stroke, the ion composition, including the 
potassium, has been distinctly altered (8). Due to the complex 
interactions between glucose and potassium in physiological processes, 
the serum glucose-to-potassium ratio (GPR) has been utilized in a few 
studies. It has been shown to serve as an early prognostic factor for 
acute brain injury (9), intracranial hemorrhage (10), and 
neuropsychiatric syndrome after carbon monoxide poisoning (11). 
More recently, data from a Norwegian cohort demonstrated that 
increased GPR was associated with higher short-term mortality in 
ischemic stroke patients (12). However, to the best of our knowledge, 
it remains unknown whether the serum GPR is related to the prognosis 
of ischemic stroke in those receiving EVT. We therefore performed this 
study to evaluate the association between GPR and functional outcome 
at 90 days after EVT based on a retrospective cohort.

2 Materials and methods

2.1 Subjects and study design

This was a retrospective analysis conducted on a prospectively 
collected cohort of large vessel occlusive stroke patients who underwent 
EVT at the Nanjing First Hospital between October 2019 and December 
2021. Patients were consecutively enrolled if they were (1) aged 
≥18 years; (2) had acute anterior circulation large vessel occlusion in 
anterior circulation (internal carotid artery and middle cerebral artery: 
M1/M2 segments); and (3) had available data for calculating the 
GPR. To maintain the homogeneity of the enrolled patients, we excluded 
patients who were treated with intra-arterial thrombolysis alone and 
who used devices other than a stent-like retriever or aspiration system. 
The Institutional Review Board of the Nanjing First Hospital approved 
the study. All clinical investigations were conducted following the 
principles outlined in the Declaration of Helsinki. As the study was 
retrospective, patient consent could not be obtained but was waived. 
Patient data confidentiality was maintained at the Nanjing First Hospital.

2.2 Baseline variable assessment

Demographic characteristics, vascular risk factors, imaging data, 
and procedural characteristics were recorded during hospitalization. 

The baseline neurological deficit was measured using the National 
Institutes of Health Stroke Scale (NIHSS) by a certified vascular 
neurologist (13). Pre-treatment infarction volume was measured 
using the Alberta Stroke Program Early Computerized Tomography 
(ASPECT) score (14). Stroke etiology was classified based on the 
criteria of Trial of Org 10,172  in Acute Stroke Treatment (15). 
Collateral circulation was evaluated using the American Society of 
Interventional and Therapeutic Neuroradiology/Society of 
Interventional Radiology grading system, with grades 0–1 indicating 
poor collateral circulation and grades 2–4 indicating moderate to 
excellent (16). Successful recanalization was defined as modified 
thrombolysis in a cerebral infarction score of 2b or 3 (17). The sICH 
was diagnosed within 72 h of EVT using the Heidelberg Bleeding 
Classification (18, 19).

Before reperfusion treatment, blood samples were taken from all 
patients and immediately sent to the laboratory. GPR was obtained by 
dividing glucose level by potassium level (20).

2.3 Outcome measurements

Clinical information on patients’ outcomes after discharge was 
obtained prospectively during routine clinic visits or via telephone 
interviews with patients or their caregivers 3 months after the 
qualifying event. The primary outcome of this study was poor 
functional outcome, which was assessed using the modified Rankin 
Scale (mRS). An unfavorable outcome was defined as an mRS 
score of 3–6.

2.4 Statistical analysis

Quantitative variables were presented as mean ± SD or median 
(interquartile range), depending on the normality of the distribution, 
and categorical variables were presented as frequency (percentage). 
We utilized a t-test or Mann–Whitney U-test for continuous variables 
and a chi-square test or Fisher’s exact test for categorical variables. 
Logistic regression models were employed to investigate the odds ratio 
(OR) and 95% confidence interval (CI) of a 90-day poor outcome 
associated with each unit increase in GPR and across quartiles of 
GPR. Model 1 was adjusted for age and gender; model 2 was adjusted 
for model 1 and variables with a p < 0.1  in the univariate analysis 
including diabetes, baseline NIHSS score, pre-treatment ASPECTS, 
poor collateral status, successful reperfusion, sICH, and vessel 
occlusive site. Furthermore, restricted cubic splines (RCS) were used 
to explore the dose–response association between the GPR and 
clinical outcomes using three knots (at the 5th, 50th, and 95th 
percentiles) adjusted for covariates included in model 2 (21).

All statistical analyses were performed using SPSS, version 24.0 
(IBM, Armonk, New York) and R (version 4.2.2). A two-sided p < 0.05 
was considered statistically significant.

3 Results

3.1 Baseline characteristics

During the study period, 273 patients were admitted to the study in 
accordance with the inclusion criteria. The demographic characteristics, 
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clinical features, and laboratory data of enrolled subjects are summarized 
in Table 1. The mean age was 70.9 ± 11.9 years, and 161 patients were 
men. The median baseline NIHSS score was 14.0, and the median 
pre-treatment ASPECT score was 9.0. Overall, 120 (44.7%) patients 
received intravenous thrombolysis before EVT. According to Heidelberg 
Bleeding Classification, 25 patients (9.2%) were classified as having sICH.

3.2 Association between GPR and clinical 
outcomes

Among the enrolled patients, the mean levels of GPR were 2.26. 
During the 90-day follow-up, 151 patients (55.3%) experienced an 
unfavorable outcome. On univariate analysis, compared to patients 
without poor outcomes, those with unfavorable outcomes were older 

(mean, 74.1 ± 9.9 versus 66.9 ± 13.0 years; p = 0.001). The prevalence of 
diabetes among patients with poor outcomes was higher than in 
patients without poor outcomes (35.1% versus 22.1%; p = 0.019). 
Patients with poor outcomes had lower baseline ASPECT scores 
(median, 8.0 versus 9.0; p = 0.014) and higher baseline NIHSS scores 
(median, 15.0 versus 12.0; p = 0.001). Baseline GPR was higher in 
patients with unfavorable outcomes than in patients without 
unfavorable outcomes (mean, 2.46 ± 1.13 versus 2.0 ± 0.71; p = 0.001). 
Poor collateral circulation (55.6% versus 41.0%; p = 0.016) and sICH 
(14.6% versus 2.5%; p = 0.001) were more common in patients with 
poor outcomes than in patients without poor outcomes. The successful 
reperfusion ratio in patients with poor outcomes was lower than in 
patients with favorable outcomes (83.4% versus 95.1%; p = 0.005).

In multivariate logistic analysis after adjusting for potential 
confounders, increased GPR was significantly correlated with a higher 

TABLE 1 Baseline data according to patients with and without poor outcomes at 90  days.

Variables Total patients 
(n  =  273)

Unfavorable outcome at 3  months P-value

Yes (n  =  151) No (n  =  122)

Demographic characteristics

Age, years 70.9 ± 11.9 74.1 ± 9.9 66.9 ± 13.0 0.001

Men, n (%) 161 (59.0) 84 (55.6) 77 (63.1) 0.211

Risk factors, n (%)

Hypertension 183 (67.0) 105 (69.5) 78 (63.9) 0.328

Diabetes mellitus 80 (29.3) 53 (35.1) 27 (22.1) 0.019

Hyperlipidemia 35 (12.8) 21 (13.9) 14 (11.5) 0.550

Current smoker 102 (37.4) 51 (33.8) 51 (41.8) 0.173

Coronary heart disease 39 (14.3) 26 (17.2) 13 (10.7) 0.123

Clinical data

Systolic blood pressure, mmHg 136.3 ± 22.5 137.3 ± 23.3 135.1 ± 21.5 0.429

Diastolic blood pressure, mmHg 82.6 ± 14.1 82.9 ± 13.7 82.1 ± 14.6 0.624

Time from onset to recanalization, min 337.0 (230.0, 540.0) 351.5 (233.0, 564.0) 311.0 (222.0, 506.0) 0.250

Baseline NIHSS, score 14.0 (10.0, 18.0) 15.0 (12.0, 19.0) 12.0 (8.0, 15.0) 0.001

Baseline ASPECTS, score 9.0 (8.0, 9.0) 8.0 (8.0, 9.0) 9.0 (8.0, 10.0) 0.001

Stroke etiology, n (%) 0.105

Large-artery atherosclerosis 118 (43.2) 64 (42.4) 54 (44.3)

Cardio-embolism 125 (45.8) 76 (50.3) 49 (40.2)

Others/unknown 30 (11.0) 11 (7.3) 19 (15.6)

Previous rt-PA treatment, n (%) 122 (44.7) 64 (42.4) 58 (47.5) 0.394

Poor collateral status, n (%) 134 (49.1) 84 (55.6) 50 (41.0) 0.016

Successful reperfusion, n (%) 242 (88.6) 126 (83.4) 116 (95.1) 0.003

sICH, n (%) 25 (9.2) 22 (14.6) 3 (2.5) 0.001

Location of the occlusive artery, n (%) 0.065

Middle cerebral artery 195 (71.4) 101 (66.9) 94 (77.0)

Internal carotid artery 78 (28.6) 50 (33.1) 28 (23.0)

Laboratory data

GPR 2.26 ± 0.99 2.46 ± 1.13 2.00 ± 0.71 0.001

Hs-CRP, mg/L 8.5 (3.2, 22.9) 9.7 (3.2, 24.0) 7.4 (2.9, 20.2) 0.253

ASPECTS, the Alberta stroke program early computed tomography score; GPR, Glucose-to-potassium ratio; Hs-CRP, Hyper-sensitive C-reactive protein; NIHSS, National institute of health 
stroke scale; sICH, Symptomatic intracranial hemorrhage.
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risk of poor outcome at 90 days (odds ratio, 1.852; 95% confidence 
interval, 1.276–2.688, p = 0.001). Similar results were observed when 
the GPR was analyzed as a categorical variable (Table 2). In addition, 
the restricted cubic spline observed a positive and linear association 
between GPR and poor outcome at 90 days (p = 0.329 for linearity, 
p = 0.001 for linearity; Figure 1).

4 Discussion

In this study, we found a prominent association between the GPR 
and clinical outcomes in ischemic stroke patients after 
EVT. Furthermore, the association still remained after adjusting for 
potential confounding factors. When the GPR was used as the 
categorical variable, the results showed an increasing trend of OR 
values from quartile 1 to quartile 4.

A previous study found that the GPR at admission is a promising 
predictor for 30-day mortality in ischemic stroke patients (12). In 
addition, the GPR is a potential predictor of prognosis for severe 
traumatic brain injury and intracranial hemorrhage (10, 22). Based on 
the published literature, the GPR has a close association between the 
Glasgow score and cerebral vasospasm in aneurysmal subarachnoid 
hemorrhage patients (23, 24). Furthermore, the GPR is evaluated as a 
predictive factor for the prognosis of acute intracerebral hemorrhage 
(10). The GPR is also related to the prognostication in severe traumatic 
brain injury requiring surgery, including acute subdural hematoma, 
acute epidural hematoma, traumatic brain contusion, and traumatic 
subarachnoid hemorrhage (25). In our study, the ischemic stroke 
patients after EVT with a higher GPR at admission were more likely 
to have an unfavorable prognosis at 3 months. However, the underlying 
pathological mechanism is not explained completely.

Post-stroke hyperglycemia is a type of stress hyperglycemia 
induced by high cortisol and catecholamine levels after ischemic 
injury (26). Regardless of diabetes status, hyperglycemia was 
independently associated with early stroke mortality (27). Previous 
studies revealed the association between the stress hyperglycemia 
ratio and 90-day clinical outcomes in patients with acute large vessel 
occlusion stroke receiving EVT (6, 28). However, another study 
found that stress hyperglycemia was associated with more severe 
strokes rather than directly predicting outcomes of acute ischemic 
stroke (29). In contrast, our study aligns with findings that patients 
undergoing EVT often experience more severe strokes and worse 
outcomes. Hyperglycemia involves an intricate and extensive 
physiological process that affects disease progression. Furthermore, 

serum potassium has a comprehensive function in maintaining the 
stability of the internal environment. Potassium plays a beneficial role 
in decreasing the risk of stroke (30, 31). The high cortisol induces low 
serum potassium by activating the renin–angiotensin–aldosterone 
system (RAAS). Johnson et al. (32) reported that serum potassium 
levels measured in early mid-life were linearly associated with the 
incidence of ischemic stroke, intracerebral hemorrhage, and all-cause 
mortality. A study in China has found that lower serum potassium 
levels are associated with the risk of recurrent acute ischemic stroke 
or transient ischemic attack (33). Hyperglycemia and hypokalemia 
reflect the activation of stress-related and hypothalamic–pituitary–
adrenal (HPA) axis. According to previous studies, the GPR 
represents the activity of stress and the RAAS reaction. One of the 
physiological mechanisms of GPR to predict the 90-day outcome in 
ischemic stroke patients after EVT is stress, and the RAAS reaction 
produces excessive catecholamine secretion, elevates serum glucose 
level to promote secretion of insulin, and carries serum potassium 
into cells (34, 35). Therefore, a higher GPR indicates more serious 
damage to the body.

TABLE 2 Regression analysis for the relationship between GPR levels and 90-day poor outcome.

Crude model Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

GPR levels 1.810 (1.313–2.495) 0.001 1.926 (1.380–2.688) 0.001 1.852 (1.276–2.688) 0.001

GPR levels (quartiles)

1st Reference Reference Reference

2nd 1.858 (0.936–3.686) 0.076 1.900 (0.922–3.919) 0.082 1.672 (0.752–3.718) 0.208

3rd 2.389 (1.212–4.708) 0.012 2.425 (1.186–4.960) 0.015 1.830 (0.831–4.030) 0.133

4th 3.564 (1.926–7.210) 0.001 4.104 (1.936–8.699) 0.001 3.201 (1.357–7.551) 0.008

CI, confidence interval; GPR, glucose-to-potassium ratio; OR, odds ratio. Model 1 adjusted for age and sex; Model 2 adjusted for demographic characteristics and variables with a p < 0.1 in the 
univariate analysis including diabetes, baseline NIHSS score, pre-treatment ASPECTS, poor collateral status, successful reperfusion, sICH, and vessel occlusive site.

FIGURE 1

Correlation between GPR levels and risk of 90-day poor outcome. 
Odds ratio and 95% confidence intervals were derived from 
restricted cubic spline regression with three knots (at 5th, 55th, and 
95th percentiles). The odds ratio was controlled for the same 
variables as model 2 in Table 2.
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Although we identified the relationship between GPR and 90-day 
outcomes, there are several limitations in our study. First, as this was 
an observational study, we could not observe the direct association 
between GPR and 90-day outcomes in ischemic stroke patients after 
EVT. Second, we did not exclude unmeasured confounders affecting 
the GPR levels, including having infectious diseases prior to 
hospitalization. Thirdly, the levels of GPR were measured only once 
after admission. Finally, the study included the patients in a single 
center, which limits the applicability and generalizability of 
the findings.

In conclusion, the analysis demonstrated that GPR is a predictive 
index for 90-day outcomes in ischemic stroke patients who underwent 
EVT. These findings suggest that evaluating GPR may serve as an 
effective parameter for monitoring the outcome following 
EVT. Further studies with large sample sizes are needed to assess these 
associations comprehensively, which may help to identify patients at 
high risk of unfavorable outcomes after EVT and emphasize the 
importance of glucose and potassium after EVT.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Nanjing First Hospital. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The Ethics Committee/Institutional Review Board waived the 
requirement of written informed consent for participation from the 
participants or the participants’ legal guardians/next of kin because 
this study is retrospective and we had to forgo signing the 
informed consent.

Author contributions

QZ: Investigation, Methodology, Writing – original draft. ZH: 
Project administration, Resources, Writing – review & editing. SC: 
Conceptualization, Data curation, Formal analysis, Writing – review 
& editing. EY: Software, Supervision, Writing – review & editing. XZ: 
Funding acquisition, Software, Supervision, Writing – review & 
editing. MS: Funding acquisition, Software, Supervision, Writing – 
review & editing. JZ: Funding acquisition, Software, Supervision, 
Writing – review & editing. WW: Validation, Visualization, Writing 
– review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported by the Natural Science Foundation of Sichuan Province 
(2022NSFSC0798).

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.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Donkor ES. Stroke in the 21(st) century: a snapshot of the burden, epidemiology, 

and quality of life. Stroke Res Treat. (2018) 2018:3238165. doi: 10.1155/2018/3238165

 2. Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ, Demchuk AM, et al. 
Endovascular thrombectomy after large-vessel ischaemic stroke: a meta-analysis of 
individual patient data from five randomised trials. Lancet. (2016) 387:1723–31. doi: 
10.1016/S0140-6736(16)00163-X

 3. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. 
Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. 
N Engl J Med. (2018) 378:11–21. doi: 10.1056/NEJMoa1706442

 4. Ji X, Tian L, Yao S, Han F, Niu S, Qu C. A systematic review of body fluids 
biomarkers associated with early neurological deterioration following acute ischemic 
stroke. Front Aging Neurosci. (2022) 14:918473. doi: 10.3389/fnagi.2022.918473

 5. Remesar X, Alemany M. Dietary energy partition: the central role of glucose. Int J 
Mol Sci. (2020) 21:7729. doi: 10.3390/ijms21207729

 6. Rinkel LA, Nguyen TTM, Guglielmi V, Groot AE, Posthuma L, Roos Y, et al. High 
admission glucose is associated with poor outcome after endovascular treatment for 
ischemic stroke. Stroke. (2020) 51:3215–23. doi: 10.1161/STROKEAHA.120.029944

 7. Kovesdy CP, Appel LJ, Grams ME, Gutekunst L, McCullough PA, Palmer BF, et al. 
Potassium homeostasis in health and disease: a scientific workshop cosponsored by the 
National Kidney Foundation and the American Society of Hypertension. Am J Kidney 
Dis. (2017) 70:844–58. doi: 10.1016/j.jash.2017.09.011

 8. Feick J, Pham M, März AG, Vogt ML, Strinitz M, Stoll G, et al. Distinct alterations 
in oxygenation, ion composition and Acid-Base balance in cerebral collaterals during 

large-vessel occlusion stroke. Clin Neuroradiol. (2023) 33:973–84. doi: 10.1007/
s00062-023-01296-w

 9. Zhou J, Yang CS, Shen LJ, Lv QW, Xu QC. Usefulness of serum glucose and 
potassium ratio as a predictor for 30-day death among patients with severe traumatic 
brain injury. Clin Chim Acta. (2020) 506:166–71. doi: 10.1016/j.cca.2020.03.039

 10. Wu XY, Zhuang YK, Cai Y, Dong XQ, Wang KY, Du Q, et al. Serum glucose and 
potassium ratio as a predictive factor for prognosis of acute intracerebral hemorrhage. 
J Int Med Res. (2021) 49:3000605211009689. doi: 10.1177/03000605211009689

 11. Demirtaş E, Korkmaz İ, Tekin YK, Demirtaş E, Çaltekin İ. Assessment of serum 
glucose/potassium ratio as a predictor for delayed neuropsychiatric syndrome of carbon 
monoxide poisoning. Hum Exp Toxicol. (2021) 40:207–13. doi: 10.1177/0960327120945773

 12. Lu Y, Ma X, Zhou X, Wang Y. The association between serum glucose to potassium 
ratio on admission and short-term mortality in ischemic stroke patients. Sci Rep. (2022) 
12:8233. doi: 10.1038/s41598-022-12393-0

 13. Sucharew H, Khoury J, Moomaw C, Alwell K, Kissela B, Belagaje S, et al. Profiles 
of the National Institutes of Health stroke scale items as a predictor of patient outcome. 
Stroke. (2013) 44:2182–7. doi: 10.1161/STROKEAHA.113.001255

 14. Barber P, Demchuk A, Zhang J, Buchan A. Validity and reliability of a quantitative 
computed tomography score in predicting outcome of hyperacute stroke before 
thrombolytic therapy. ASPECTS study group. Alberta stroke Programme early CT score. 
Lancet. (2000) 355:1670–4. doi: 10.1016/S0140-6736(00)02237-6

 15. Adams HJ, Bendixen B, Kappelle L, Biller J, Love B, Gordon D. Classification of 
subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. 

https://doi.org/10.3389/fneur.2024.1463365
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1155/2018/3238165
https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.3389/fnagi.2022.918473
https://doi.org/10.3390/ijms21207729
https://doi.org/10.1161/STROKEAHA.120.029944
https://doi.org/10.1016/j.jash.2017.09.011
https://doi.org/10.1007/s00062-023-01296-w
https://doi.org/10.1007/s00062-023-01296-w
https://doi.org/10.1016/j.cca.2020.03.039
https://doi.org/10.1177/03000605211009689
https://doi.org/10.1177/0960327120945773
https://doi.org/10.1038/s41598-022-12393-0
https://doi.org/10.1161/STROKEAHA.113.001255
https://doi.org/10.1016/S0140-6736(00)02237-6


Zhang et al. 10.3389/fneur.2024.1463365

Frontiers in Neurology 06 frontiersin.org

TOAST. Trial of org 10172  in acute stroke treatment. Stroke. (1993) 24:35–41. doi: 
10.1161/01.STR.24.1.35

 16. Zaidat O, Yoo A, Khatri P, Tomsick T, Saver J, et al. Recommendations on 
angiographic revascularization grading standards for acute ischemic stroke: a consensus 
statement. Stroke. (2013) 44:2650–63. doi: 10.1161/STROKEAHA.113.001972

 17. Zhang X, Yuan K, Wang H, Gong P, Jiang T, Xie Y, et al. Nomogram to predict 
mortality of endovascular Thrombectomy for ischemic stroke despite successful 
recanalization. J Am Heart Assoc. (2020) 9:e014899. doi: 10.1161/JAHA.119.014899

 18. von Kummer R, Broderick JP, Campbell BC, Demchuk A, Goyal M, Hill MD, et al. The 
Heidelberg bleeding classification: classification of bleeding events after ischemic stroke and 
reperfusion therapy. Stroke. (2015) 46:2981–6. doi: 10.1161/STROKEAHA.115.010049

 19. Hao Y, Yang D, Wang H, Zi W, Zhang M, Geng Y, et al. Predictors for symptomatic 
intracranial hemorrhage after endovascular treatment of acute ischemic stroke. Stroke. 
(2017) 48:1203–9. doi: 10.1161/STROKEAHA.116.016368

 20. Jung H, Paik J, Kim S, Hong D. Association of Plasma Glucose to potassium ratio 
and mortality after aneurysmal subarachnoid hemorrhage. Front Neurol. (2021) 
12:661689. doi: 10.3389/fneur.2021.661689

 21. Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med. 
(1989) 8:551–61. doi: 10.1002/sim.4780080504

 22. Shibata A, Matano F, Saito N, Fujiki Y, Matsumoto H, Mizunari T, et al. Serum 
glucose-to-potassium ratio as a prognostic predictor for severe traumatic brain injury. 
J Nippon Med Sch. (2021) 88:342–6. doi: 10.1272/jnms.JNMS.2021_88-506

 23. Fujiki Y, Matano F, Mizunari T, Murai Y, Tateyama K, Koketsu K, et al. Serum 
glucose/potassium ratio as a clinical risk factor for aneurysmal subarachnoid 
hemorrhage. J Neurosurg. (2018) 129:870–5. doi: 10.3171/2017.5.JNS162799

 24. Matano F, Fujiki Y, Mizunari T, Koketsu K, Tamaki T, Murai Y, et al. Serum glucose 
and potassium ratio as risk factors for cerebral vasospasm after aneurysmal subarachnoid 
hemorrhage. J Stroke Cerebrovasc Dis. (2019) 28:1951–7. doi: 10.1016/j.
jstrokecerebrovasdis.2019.03.041

 25. Tsuchiya R, Ooigawa H, Kimura T, Tabata S, Maeda T, Sato H, et al. Study of 
certain easily available biochemical markers in prognostication in severe traumatic brain 

injury requiring surgery. Surg Neurol Int. (2023) 14:410. doi: 10.25259/SNI_ 
544_2023

 26. Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia. Lancet. (2009) 
373:1798–807. doi: 10.1016/S0140-6736(09)60553-5

 27. Farrokhnia N, Björk E, Lindbäck J, Terent A. Blood glucose in acute stroke, 
different therapeutic targets for diabetic and non-diabetic patients? Acta Neurol Scand. 
(2005) 112:81–7. doi: 10.1111/j.1600-0404.2005.00440.x

 28. Peng Z, Song J, Li L, Guo C, Yang J, Kong W, et al. Association between stress 
hyperglycemia and outcomes in patients with acute ischemic stroke due to large vessel 
occlusion. CNS Neurosci Ther. (2023) 29:2162–70. doi: 10.1111/cns.14163

 29. Tziomalos K, Dimitriou P, Bouziana SD, Spanou M, Kostaki S, Angelopoulou SM, 
et al. Stress hyperglycemia and acute ischemic stroke in-hospital outcome. Metabolism. 
(2017) 67:99–105. doi: 10.1016/j.metabol.2016.11.011

 30. Weaver CM. Potassium and health. Adv Nutr. (2013) 4:368s–77s. doi: 10.3945/
an.112.003533

 31. Vinceti M, Filippini T, Crippa A, de Sesmaisons A, Wise LA, Orsini N. Meta-
analysis of potassium intake and the risk of stroke. J Am Heart Assoc. (2016) 5:e004210. 
doi: 10.1161/JAHA.116.004210

 32. Johnson LS, Mattsson N, Sajadieh A, Wollmer P, Söderholm M. Serum potassium is 
positively associated with stroke and mortality in the large. Population-Based Malmö Preventive 
Project Cohort Stroke. (2017) 48:2973–8. doi: 10.1161/STROKEAHA.117.018148

 33. Wang A, Cao S, Tian X, Zuo Y, Meng X, Chen P, et al. Lower serum potassium 
levels at admission are associated with the risk of recurrent stroke in patients with acute 
ischemic stroke or transient ischemic attack. Cerebrovasc Dis. (2022) 51:304–12. doi: 
10.1159/000520052

 34. Chen XG, Shi SY, Hu L, Chen Y, Sun HW, Zhou L, et al. Longitudinal changes in the 
hypothalamic-pituitary-adrenal axis and sympathetic nervous system are related to the 
prognosis of stroke. Front Neurol. (2022) 13:946593. doi: 10.3389/fneur.2022.946593

 35. El Husseini N, Laskowitz DT. The role of neuroendocrine pathways in prognosis 
after stroke. Expert Rev Neurother. (2014) 14:217–32. doi: 10.1586/14737175.2014. 
877841

https://doi.org/10.3389/fneur.2024.1463365
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1161/01.STR.24.1.35
https://doi.org/10.1161/STROKEAHA.113.001972
https://doi.org/10.1161/JAHA.119.014899
https://doi.org/10.1161/STROKEAHA.115.010049
https://doi.org/10.1161/STROKEAHA.116.016368
https://doi.org/10.3389/fneur.2021.661689
https://doi.org/10.1002/sim.4780080504
https://doi.org/10.1272/jnms.JNMS.2021_88-506
https://doi.org/10.3171/2017.5.JNS162799
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.03.041
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.03.041
https://doi.org/10.25259/SNI_544_2023
https://doi.org/10.25259/SNI_544_2023
https://doi.org/10.1016/S0140-6736(09)60553-5
https://doi.org/10.1111/j.1600-0404.2005.00440.x
https://doi.org/10.1111/cns.14163
https://doi.org/10.1016/j.metabol.2016.11.011
https://doi.org/10.3945/an.112.003533
https://doi.org/10.3945/an.112.003533
https://doi.org/10.1161/JAHA.116.004210
https://doi.org/10.1161/STROKEAHA.117.018148
https://doi.org/10.1159/000520052
https://doi.org/10.3389/fneur.2022.946593
https://doi.org/10.1586/14737175.2014.877841
https://doi.org/10.1586/14737175.2014.877841

	Association between the serum glucose-to-potassium ratio and clinical outcomes in ischemic stroke patients after endovascular thrombectomy
	1 Introduction
	2 Materials and methods
	2.1 Subjects and study design
	2.2 Baseline variable assessment
	2.3 Outcome measurements
	2.4 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Association between GPR and clinical outcomes

	4 Discussion

	References

