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Objectives: Hyperglycemia and hypokalemia are common problems in patients with aneurysmal subarachnoid hemorrhage (aSAH). The aim of this study was to determine whether the plasma glucose to potassium ratio (GPR) predicts mortality due to aSAH.

Methods: We prospectively recruited aSAH patients and healthy controls between March 2007 and May 2017. Clinical outcomes included mortality and poor outcome (modified Rankin scale score of 3-6) after 3 months. Multivariable analysis was used to determine the association between plasma GPR and 3-month mortality in aSAH patients.

Results: A total of 553 patients were recruited, and the mortality rate was 11%. The GPR was significantly elevated in aSAH patients compared with controls, in patients with a poor outcome than with a good outcome and in non-survivals than in survivals. Multivariable analysis showed that the plasma GPR was an independent factor associated with 3-month mortality. The area under the curve of the GPR was 0.747 in predicting 3-month mortality.

Conclusion: The plasma GPR on admission has potential as a predictor of 3-month mortality in patients with aSAH.
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INTRODUCTION

Aneurysmal subarachnoid hemorrhage (aSAH) has a poor prognosis despite significant advances in early diagnostic modalities and treatment (1). aSAH counts for ~5% of all acute stroke cases and has a high mortality rate of 32–44% (2). Assessment of the severity of aSAH and predicting patients' prognosis are required for the optimal treatment of aSAH. Multiple clinically based risk prediction scales are currently used to classify the severity of aSAH; the Hunt and Hess (HH) and the World Federation of Neurological Surgeons (WFNS) scale are commonly used scales for predicting the prognosis of aSAH.

Biomarkers may help clinicians to make therapeutic decisions when considering the severity of aSAH and in being able to predict whether a patient will have a poor prognosis, which may improve outcomes. Numerous biomarkers such as D-dimer, lactate, and C-reactive protein (CRP) have been reported to be the most promising biomarkers in aSAH patients (1, 3, 4). In addition, some clinical studies have reported that hyperglycemia is related with the risk of poor outcome and delayed cerebral ischemia (DCI) after aSAH (5, 6). Recent reports have suggested that the glucose to potassium ratio (GPR) is significantly correlated with cerebral vasospasm and functional outcome (7, 8). The purpose of the present study was to calculate the plasma GPR in patients with aSAH and to determine whether this ratio is associated with the risk of 3-month mortality.



MATERIALS AND METHODS


Study Population

This was observational study undertaken from March 2007 to May 2017 in the emergency department (ED) at tertiary hospital, an 835-bed institution in Seoul with ~58,000 ED visits annually.

The inclusion criteria were age ≥ 19 years and non-traumatic aSAH patients who were admitted to the ED within 24 h of symptom onset. Age- and sex-matched healthy individuals who visited our medical center for a medical examination were enrolled as the control group. The control group were checked for the absence of acute or chronic illness via a health questionnaire and a medical examination. The exclusion criteria were age of <19 years, a history of neurological disease including hemorrhagic or ischemic stroke and trauma, diabetes mellitus, acute kidney injury or chronic kidney disease, and concurrent systemic comorbidities including malignancy and liver cirrhosis (Figure 1).
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FIGURE 1. Study population flow chart.


Treatment for enrolled patients was performed according to protocols from the Korean Society of Cerebrovascular Surgeons, which included prevention of rebleeding and the management of vasospasm, delayed cerebral ischemia, seizure, and other medical complications (9). Treatment modalities included endovascular coiling or surgical clipping, as judged by both experienced endovascular specialists and neurosurgeons, which were determined based on the patients- and facility-related factors. Plasma glucose levels were checked four times per day. When the glucose level was persistently ≥ 200 mg/dl, the patients was managed using a sliding-scale insulin protocol.

The protocol of this study was approved by the Institutional Review Board of our hospital, and individual informed consent was waived owing to the routinely measured laboratory data during the process of the diagnosis and treatment in the ED.



Data Collection and Endpoints

Peripheral venous blood samples were collected within 30 min of admission. The plasma glucose and potassium levels were measured using a TBA-200FR Neo (Toshiba Medical Systems, Tokyo, Japan). There was no equipment replacement during the study period. The reference range of the plasma glucose level in our institutions was 70–99 mg/dl, and the reference range of the plasma potassium level was 3.5–5.5 mmol/l. The patients with hypokalemia were classified as mild hypokalemia (3.1–3.4 mmol/l), moderate hypokalemia (2.5–3.0 mmol/l), and sever hypokalemia (<2.5 mmol/l).

Patients demographic characteristics, clinical features, and laboratory data were collected. Clinical severity of aSAH on ED admission was evaluated according to the HH scale. We defined severe aSAH as HH scale score 4–5. The primary endpoint of interest was death within 3 months. The secondary endpoint was poor functional outcome at 3 months following ED admission; poor functional outcome was assessed using the modified Rankin scale (mRS score of 3–6). To assess the outcomes after 3 months, a review of the medical records or a telephone interview were conducted by a physician who was blinded to the clinical information.



Statistical Analysis

IBM SPSS Statistics 25 (IBM, Armonk, NY, USA), R version 3.6.3 (The R foundation, Vienna, Austria), and MedCalc version 16.4.3 (MedCalc Software, Ostend, Belgium) were used for all statistical analysis. Categorical variables were expressed as numbers and percentages, and proportions were compared with the χ2 test. Non-normally distributed continuous variables were expressed as median and interquartile range (IQRs) and were analyzed using the Mann–Whitney U-test and Kruskal–Wallis test for intergroup differences. The Spearman's Coefficient test was performed to assess the relationships between GPR and white blood cell (WBC) count, HH score, Glasgow Coma Scale (GCS) score, and time from symptom onset to ED admission.

The aSAH patients were divided into four groups according to their plasma GPR quartile, and overall survival was evaluated until 3 months using the Kaplan–Meier survival curves. A receiver-operating characteristics (ROC) curve was applied to identify an optimal cutoff of plasma GPR for predicting 3-month mortality, and the area under the curve (AUC) and 95% confidence interval (CI) were reported.

A multivariable regression analysis was carried out to identify independent prognostic variables for 3-month mortality in patients with aSAH. All statistical testing was two-sided, and p < 0.05 was considered statistically significant mortality.




RESULTS


Baseline Characteristics

During the study period, 553 aSAH patients were admitted to the study in accordance with the inclusion criteria. Simultaneously, 553 age- and sex-matched control were recruited. The median (IQR) plasma glucose levels were remarkably increased in patients with aSAH compared with controls: 146 (126–172) vs. 96 (88–105) mg/dl, respectively (p < 0.001). Plasma potassium concentrations were lower in aSAH patients than in healthy controls: 3.7 (3.4–4.0) vs. 4.2 (3.9–4.5) mmol/l, respectively (p < 0.001). The plasma GPR at ED admission was significantly higher in patients with aSAH than controls: 38.9 (32.8–47.2) vs. 22.8 (20.5–26.3) (p < 0.001).

The demographic characteristics, clinical features, and laboratory data of enrolled subjects are summarized in Table 1. The median age was 54 (46–63) years, there were 235 (42.5%) males and 318 (57.5%) females. The median time from symptom onset to ED admission was 120 (49–280) min for all patients. The median time from symptom onset to ED admission was significantly shorter in the non-survivors than in survivors [60 (30–197) vs. 120 (56–286) min, respectively; p = 0.048]. Among all aSAH patients, the severe group (HH score 4–5) accounted for 24.2%. A total of 285 (51.5%) patients underwent endovascular coiling for the aneurysm, 237 (42.9%) patients underwent neurosurgical clipping, and 170 (30.7%) patients were transfused with packed red blood cells.


Table 1. Characteristics and outcomes of the study population.
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A total of 544 (98.4%) patients had an elevated plasma glucose level (>99 mg/dl) on ED admission. Hypokalemia was present in 144 (26.0%) patients, but hyperkalemia was detected in only three (0.5%) patients. A lower percentage of patients suffered moderate hypokalemia (3.7%) than mild hypokalemia (22.8%), and none of patients fell into the severe hypokalemia. The plasma glucose and GPR were significantly higher in the severe group than they were in the non-severe group (180 vs. 138 mg/dl, p < 0.001, and 50.3 vs. 36.2, p < 0.001, respectively). The potassium concentration was significantly higher in the non-severe group than it was in the severe group (3.8 vs. 3.5 mmol/l, p < 0.001).



3-Month Functional Outcomes and Mortality

All enrolled subjects were categorized into four groups according to their plasma GPR quartile (Q): (1) Q1 (<32.7), (2) Q2 (32.7–38.8), (3) Q3 (38.9–47.2), and (4) Q4 (>47.2). The patients' characteristics and clinical features are presented according to GPR quartile in Table 2. Severity of aSAH, poor functional outcome, and 3-month mortality were significantly higher in the Q4 group than in the Q1 group.


Table 2. Clinical features according to GPR quartiles.
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The survival analysis showed that the higher GPR quartile group (Q4) at ED admission had the worst 3-month survival rate whereas the lower GPR quartile group (Q1) had the best 3-month survival rate. The 3-month mortality in Q4 (GPR > 47.2) was 20.6% whereas the 3-month mortality in Q1 (GPR <32.7) was 1.4% (Figure 2).


[image: Figure 2]
FIGURE 2. The Kaplan–Meier survival analysis based on the glucose/potassium ratio.


The Spearman rank correlation test of the relationships between plasma GPR, HH score, GCS score, and WBC count produced correlation coefficients of 0.383 (GPR and HH score), −0.339 (GPR and GCS score), 0.250 (GPR and WBC count), and −0.320 (GPR and time from symptom onset to ED admission) (all p < 0.001). The plasma potassium level and glucose level at ED admission produced a correlation coefficient of −0.303 (p < 0.001).

Sixty-one (11.0%) patients died, and 154 (27.8%) patients had poor functional outcome. The median time from ED admission to death was 4 (IQR 2–8, range 2–78) days. The initial median glucose concentration, potassium concentration, GPR, and other biomarkers are presented in Table 3.


Table 3. Comparison of glucose and potassium levels and other biomarkers according to outcome.
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The plasma glucose concentration and GPR were significantly increased in the poor outcome group compared with the good outcome group. The median glucose concentration and GPR were significantly increased in the non-survival patients than in the survival patients (p < 0.001). The potassium concentration differed significantly between the good outcome group and poor outcome group (p = 0.028); however, the potassium concentration did not significantly differ between the non-survivors and survivors (p = 0.087).

Regarding the ROC curve for predicting 3-month mortality, the AUC for GPR was 0.747 (95% CI 0.709–0.783). The suitable cutoff of GPR for predicting mortality was determined to be 37.8 (sensitivity, 90.2%; specificity, 51.0%; negative likelihood ratio, 0.19; positive likelihood ratio, 1.84) (Figure 3).
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FIGURE 3. Receiver operating characteristic curve of the plasma glucose to potassium ratio for 3-month mortality of patients with aneurysmal subarachnoid hemorrhage.


Age, sex, HH score, modified Fisher score, GCS score, WBC count, hemoglobin level, D-dimer level, glucose level, potassium level, and GPR were included in the logistic regression analysis. In univariable analysis revealed that age, HH score, modified Fisher score, GCS score, hemoglobin level, glucose level, and GPR were significantly related to 3-month mortality. In multivariable analysis, independent predictors for 3-month mortality were as follows: GPR (OR 1.070, 95% CI 1.047–1.093; p < 0.001), and GCS score (OR 0.644, 95% CI 0.544–0.763; p < 0.001) (Table 4).


Table 4. Variables associated with 3-month mortality identified by logistic regression analysis.
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We evaluated the incremental benefit of adding the GCS score to the GPR by calculating the AUC; adding the GCS score to the GPR improved the predictive value for 3-month mortality (AUC = 0.925, 95% CI 0.888–0.963; p < 0.001).



Discussion

This study investigated the association of plasma GPR with mortality among patients with aSAH. The plasma GPR on ED admission was significantly higher in non-survivors and was an independent predictor for 3-month mortality. Therefore, the plasma GPR was useful for predicting mortality in these aSAH patients.

Many factors stimulate the sympathetic nervous system in aSAH patients. Sympathetic activation leads to an increased release of catecholamine and cortisol into the systemic circulation, which begins a few minutes after an aSAH and can last for up to 10 days. These hormones stimulate gluconeogenesis, glycogenolysis, lipolysis, and proteolysis, which lead to glucose overproduction (10).

Previous studies have suggested that hyperglycemia is related with poor outcome in aSAH patients. Beseoglu and Steiger reported that hyperglycemia correlated with the initial neurological status and unfavorable outcome after 6 months (11). In the study by McGirt et al., patients with persistent high blood glucose levels were seven-fold more likely to have a poor prognosis than patients with good glucose control, although an isolated hyperglycemic event was not predictor for poor outcome (12). In our study, the plasma glucose level at ED admission was significantly higher in patients with a poor outcome and non-survivors; however, it was not an independent predictor for 3-month mortality. Unfortunately, our study did not evaluate the effect of glucose management on the prognosis of patients with aSAH during hospitalization.

A previous study reported that the difference in the risk of unfavorable outcomes between patients in the lowest and highest quartiles of glucose level was more than double (13). We found a 2.8-fold difference in the risk of poor outcomes and a 14.7-fold difference in mortality between the lowest GPR (<32.7) and the highest GPR (>47.2) quartiles.

Various factors such as systemic inflammatory response syndrome, sepsis, metabolic crisis, and insulin treatment may influence glucose control in patients with SAH (14). A previous study found that the infection rate was significantly lower in patients who were treated with intensive insulin therapy than it was in those without such treatment, but neurological outcome and mortality were not affected by intensive insulin therapy (15). Implementation of strict glucose control lowered the average glucose levels and incidence of hyperglycemia in patients compared with those without such control, but had no effect on hospital mortality (16). By contrast, good glucose management significantly reduced the incidence of poor outcome compared with that in patients with poor glucose management (17). Whether, control of hyperglycemia improves outcomes, including hypoglycemia, which can occur due to the control of hyperglycemia, or increases mortality remains unclear. Therefore, control of blood glucose levels above 180 mg/dl is currently recommended (18).

Hypokalemia is common electrolyte imbalance in aSAH patients. It is believed that hypokalemia associated with aSAH is induced by a catecholamine surge. A high catecholamine level causes overactivation of the Na+/K+-ATPase pump, which causes a shift in potassium ions from extracellular to intracellular spaces (19). Previous research found that about 50% of SAH patients had hypokalemia (20). In the study by Zhang et al., the prevalence of hypokalemia among aSAH patients was 35% (21). In our study, 26% of patients had hypokalemia, but this rate did not differ significantly between survivor and non-survivors. Only 20 patients in our study had moderate hypokalemia and no patients with severe hypokalemia. Tam et al. found that neither hypokalemia nor hyperkalemia were independent predictors for poor outcome at 3 months after SAH onset (22). By contrast, others found that only 2% of the patients included were hypokalemic on ED admission, and hypokalemia in the subacute phase (days 7–10) correlated with poor outcome at 3 months after discharge (23). The effect of a low potassium level on the outcome in aSAH patients remains controversial.

Recently, Fujiki et al. reported that serum GPR, glucose and potassium level at admission were significantly correlated with poor outcome at 3 months (7). Our results do not entirely coincide with their results. Interestingly, our study showed that plasma glucose was significantly higher in non-survivors than in survivors, but it was not an independent predictor of 3-month mortality in aSAH patients. These differences in results may be due to differences in study protocol and enrolled criteria, particularly the different severity of patients with aSAH. In the study by Fujiki et al., patients with various onset times from 1 h to 16 days were included, and 42.1% patients were classified as severe aSAH. On the other hand, our study included only aSAH patients whose onset time was within 24 h, and the proportion of severe patients was 24.2%.

The pathophysiological mechanism for the relationship between high plasma GPR and mortality in aSAH patients remains unclear. Hyperglycemia after SAH is associated with cardiac dysfunction, pulmonary edema, brain stem compression, bloodstream infection, and an increased risk of death (24). Furthermore, hyperglycemia induced intracellular acidosis, mitochondrial dysfunction, formation of free radicals, and brain edema (25). Severe hypokalemia increases the risk of cardiac arrhythmias, especially tachyarrhythmias. High GPR has been shown to be associated with the severity of SAH (7). In accordance with previous findings, our data also demonstrated that plasma GPR was significantly elevated in patients with severe aSAH compared with patients with non-severe aSAH. Whether, hyperglycemia and hypokalemia are factors that adversely affect the outcome of patients with aSAH or are simply surrogate markers of underlying etiological factors for poor outcome in clinical course remains controversial.

However, the plasma GPR was significantly elevated in non-survival patients and was an independent predictor for 3-month mortality. The relationship between 3-month mortality and glucose level on ED admission was weaker than that of the GPR and was no longer significant after multiple logistic regression analysis.

In our study, the AUC of the plasma GPR ranged from 0.709 to 0.783. For a cutoff value of 37.8 for the GPR, the sensitivity and specificity for predicting 3-month mortality were 90.2 and 51.0%, respectively. The Kaplan–Meier survival curves for 3-month mortality showed that patients in the group with the highest GPR (>47.2) had a significantly shorter overall survival time than those in the group with the lowest GPR (<32.7).

Our study has several limitations. First, glucose level can be influenced by catecholamine, cortisol, and glucagon levels, but we did not measure these. Second, glucose and potassium levels may be influenced by various factors such as a timing of last meal, use of beta-blockers, or potassium wasting diuretics, but we did not consider these factors. In addition, the effects of the management of glucose and potassium during hospitalization were not considered. Third, the plasma GPR was calculated only once based on the initial values obtained on admission to the ED, and it remains unclear whether serial measurement of GPR may provide additional prognostic information. In addition, the present data represents only a single tertiary hospital, and no post-hoc analysis was performed. Therefore, the outcomes cannot be generalized to all aSAH patients. Further prospective large-scale studies are required to confirm the relationship between GPR and mortality in aSAH patients.

In conclusion, plasma glucose and potassium level tests are inexpensive measures that are readily available from the routine blood analysis obtained at the time of admission to the ED. The plasma GPR was significantly higher in aSAH non-survivor than in survivor and has potential to be a prognostic predictor of 3-month mortality in aSAH patients.




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 human participants were reviewed and approved by Konkuk University Medical Center. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. Written informed consent was not obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

DH and HJ conceived and designed the study. DH, JP, and SK collected and complied data. DH, HJ, JP, and SK performed statistical analysis and interpreted the data. HJ and DH wrote the report. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Aisiku IP, Chen PR, Truong H, Monsivais DR, Edlow J. Admission serum lactate predicts mortality in aneurysmal subarachnoid hemorrhage. Am J Emerg Med. (2016) 34:708–12. doi: 10.1016/j.ajem.2015.12.079

 2. Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V. Worldwide stroke incidence and early case fatality reported in 56 population-based studies: a systematic review. Lancet Neurol. (2009) 8:355–69. doi: 10.1016/S1474-4422(09)70025-0

 3. Liu JH, Li XK, Chen ZB, Cai Q, Wang L, Ye YH, et al. D-dimer may predict poor outcomes in patients with aneurysmal subarachnoid hemorrhage: a retrospective study. Neural Regen Res. (2017) 12:2014–20. doi: 10.4103/1673-5374.221158

 4. Schuss P, Hadjiathanasiou A, Brandecker S, Guresir A, Vatter H, Guresir E. Elevated C-reactive protein and white blood cell count at admission predict functional outcome after non-aneurysmal subarachnoid hemorrhage. J Neurol. (2018) 265:2944–8. doi: 10.1007/s00415-018-9091-5

 5. van Donkelaar CE, Dijkland SA, van den Bergh WM, Bakker J, Dippel DW, Nijisten MW, et al. Early circulating lactate and glucose levels after aneurysmal subarachnoid hemorrhage correlate with poor outcome and delayed cerebral ischemia: a two-center cohort study. Crit Care Med. (2016) 44:966–72. doi: 10.1097/CCM.0000000000001569

 6. Lanzino G. Plasma glucose levels and outcome after aneurysmal subarachnoid hemorrhage. J Neurosurg. (2005) 102:974–5. doi: 10.3171/jns.2005.102.6.0974

 7. 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

 8. 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

 9. Cho WS, Kim JE, Park SQ, Ko JK, Kim DW, Park JC, et al. Korean clinical practice guidelines for aneurysmal subarachnoid hemorrhage. J Korean Neurosurg Soc. (2018) 61:127–66. doi: 10.3340/jkns.2017.0404.005

 10. Kruyt ND, Biessels GJ, DeVries JH, Luitse MA, Vermeulen M, Rinkel GJ, et al. Hyperglycemia in aneurysmal subarachnoid hemorrhage: a potentially modifiable risk factor for poor outcome. J Cereb Blood Flow Metab. (2010) 30:1577–87. doi: 10.1038/jcbfm.2010.102

 11. Beseoglu K, Steiger HJ. Elevated glycated hemoglobin level and hyperglycemia after aneurysmal subarachnoid hemorrhage. Clin Neurol Neurosurg. (2017) 163:128–32. doi: 10.1016/j.clineuro.2017.10.037

 12. McGirt MJ, Woodworth GF, Ali M, Than KD, Tamargo RJ, Clatterbuck RE. Persistent perioperative hyperglycemia as an independent predictor of poor outcome after aneurysmal subarachnoid hemorrhage. J Neurosurg. (2007) 107:1080–5. doi: 10.3171/JNS-07/12/1080

 13. Okazaki T, Hifumi T, Kawakita K, Shishido H, Ogawa D, Okauchi M, et al. Blood glucose variability: a strong independent predictor of neurological outcomes in aneurysmal subarachnoid hemorrhage. J Intensive Care Med. (2018) 33:189–95. doi: 10.1177/0885066616669328

 14. Schmutzhard E, Rabinstein AA. Spontaneous subarachnoid hemorrhage and glucose management. Neurocrit Care. (2011) 15:281–6. doi: 10.1007/s12028-011-9601-0

 15. Bilotta F, Spinelli A, Giovannini F, Doronzio A, Delfini R, Rosa G. The effect of intensive insulin therapy on infection rate, vasospasm, neurologic outcome, and mortality in neurointensive care unit after intracranial aneurysm clipping in patients with acute subarachnoid hemorrhage: a randomized prospective pilot trial. J Neurosurg Anesthesiol. (2007) 19:156–60. doi: 10.1097/ANA.0b013e3180338e69

 16. Thiele RH, Pouratian N, Zuo Z, Scalzo DC, Dobbs HA, Dumont AS, et al. Strict glucose control does not affect mortality after aneurysmal subarachnoid hemorrhage. Anesthesiology. (2009) 110:603–10. doi: 10.1097/ALN.0b013e318198006a

 17. Latorre JG, Chou SH, Nogueira RG, Singhal AB, Carter BS, Ogilvy CS, et al. Effective glycemic control with aggressive hyperglycemia management is associated with improved outcome in aneurysmal subarachnoid hemorrhage. Stroke. (2009) 40:1644–52. doi: 10.1161/STROKEAHA.108.535534

 18. Steiner T, Juvela S, Unterberg A, Jung C, Forsting M, Rinkel G, et al. European Stroke Organization guidelines for the management of intracranial aneurysms and subarachnoid haemorrhage. Cerebrovasc Dis. (2013) 35:93–112. doi: 10.1159/000346087

 19. Chen S, Li Q, Wu H, Krafft PR, Wang Z, Zhang JH. The harmful effects of subarachnoid hemorrhage on extracerebral organs. Biomed Res Int. (2014) 2014:858496. doi: 10.1155/2014/858496

 20. Chen I, Mitchell P. Serum potassium and sodium levels after subarachnoid haemorrhage. Br J Neurosurg. (2016) 30:554–9. doi: 10.1080/02688697.2016.1181151

 21. Zhang D, Zhuang Z, Wei Y, Liu X, Li W, Gao Y, et al. Association of admission serum glucose-phosphate ratio with severity and prognosis of aneurysmal subarachnoid hemorrhage. World Neurosurg. (2019) 127:e1145–51. doi: 10.1016/j.wneu.2019.04.071

 22. Tam CW, Shum HP, Yan WW. Impact of dysnatremia and dyskalemia on prognosis in patients with aneurysmal subarachnoid hemorrhage: a retrospective study. Indian J Crit Care Med. (2019) 23:562–7. doi: 10.5005/jp-journals-10071-23292

 23. Alimohamadi M, Saghafinia M, Alikhani F, Danial Z, Shirani M, Amirjamshidi A. Impact of electrolyte imbalances on the outcome of aneurysmal subarachnoid hemorrhage: a prospective study. Asian J Neurosurg. (2016) 11:29–33. doi: 10.4103/1793-5482.154978

 24. Frontera JA, Fernandez A, Claassen J, Schmidt M, Schumacher HC, Wartenberg K, et al. Hyperglycemia after SAH: predictors, associated complications, and impact on outcome. Stroke. (2006) 37:199–203. doi: 10.1161/01.STR.0000194960.73883.0f

 25. Levine SR, Welch KM, Helpern JA, Chopp M, Bruce R, Selwa J, et al. Prolonged deterioration of ischemic brain energy metabolism and acidosis associated with hyperglycemia: human cerebral infarction studied by serial 31P NMR spectroscopy. Ann Neurol. (1988) 23:416–8. doi: 10.1002/ana.410230423

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 © 2021 Jung, Paik, Kim and Hong. 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-12-661689-t002.jpg
Q1 (1= 138) Q2 (n = 138) Q3 (1 = 136) Q4 (n = 141)

Age (years) 51(43-61) 56(47-64)  56(46-63) 55 (46-66)
Female (n0.) 75(64.3%) 84(60.9%) 78(57.4%) 81(57.4%)
Hunt and Hess scale 2 (1,2)P%¢ 2 (2ped 223209 32,450
Modified Fisher scale 2 (1,30°°¢  3(2,3 3P 33,4000
GCS score 15 (154 15 (14,155 15 (13,16  13(9,165*°

Poor outcome (no) 20 (14.5%)°% 32 (23.2%)° 43 (31.6%)° 68 (41.1%)*°
3-Month mortality (no.) 2 (1.4%)°¢ 8 (5.8%)°¢ 22 (16.2%) *° 29 (20.6%)*°

Data are presented as median with interquertie ranges or number (%).
GPR, glucose to potassium ratio; Q, quartie; GCS, Glasgow Coma Scale.
“p < 0.0, vs. Q1
bp < 0.0, vs. Q2.
°p < 0.05, vs. Q3.
9p < 0.05, vs. Q4.





OPS/images/fneur-12-661689-t003.jpg
Good
WBC (x 10%/pl) 10.0 (8.1-13.5)
Hemoglobin (g/d) 13.6 (12.8-14.6)
CRP (mg/d) 0.07 (0.04-0.16)
D-dimer (ug/m) 0.99 (0.65-2.30)
Glucose (mg/d) 142 (121-165)
Potassium (mmol) 3.7(35-4.0)
Glucose/potassium ratio 37.5(31.4-45.8)

Data are presented as median with interquartile ranges.

Functional outcome

Poor

11.6(8.7-16.1)
13.2(11.9-14.1)
0.15 (0.05-0.25)
1.16 (0.61-2.69)
158 (137-194)
37(33-4.0)
42.8(36.7-54.1)

P-value

0.058
0.068
<0.001
0.366
<0.001
0.028
<0.001

Survivors

102 (8.1-13.4)
13.5 (12.8-14.5)
0.08(0.04-0.21)
1.13 (0.57-2.51)
142 (122-167)
3.7 (3.4-4.0)
37.8(31.8-46.2)

Survival

Non-survivors

14.0 (10.5-19.4)
12.4(11.3-16.2)
0.08(0.05-0.23)
065 (0.35-1.22)
182 (151-219)
36(3.2-4.0)
46.7 (41.3-61.1)

P-value

<0.001
0.048
0.105
0.034
<0.001
0.087
<0.001





OPS/images/fneur-12-661689-g003.gif





OPS/images/fneur-12-661689-t001.jpg
Characteristics

Age (vears)
Female (no)

‘Time from onset to ED admission (min)
Hunt and Hess score
Non-severe (1-3)

Severe (4-5)

Modified Fisher scoreGCS score
Laboratory results

WBC (x 10%ul)

Glucose (mg/d)

Hypoglycemia (<70)
Normoglycemia (70-99)
Hyperglycemia (>99)

Potassium (mmol)
Hypokalemia (<3.5)
Normokalemia (3.5-5.5)
Hyperkalemia (>5.5)
Glucose/potassium ratio
Hemoglobin (g/d)

PLT (x10%/pl)

CRP (mg/d)

Treatment modality (no.)
Endovascular coiling
Neurosurgical clipping

RBC transfusion

Functional outcome

Good (MRS 0-2)

Poor (MRS 3-6)

3-Month mortality rate

N =553

54 (46-69)
318(57.5)
120 (49-280)

419 (75.8)
134 (24.2)
3(3-4) 14 (12-15) 146 (125-171)

10,6 8:2-14.9)
146 (125-171)
0(0)

9(1.6)

544 (98.4)
378.4-4.0)
144 (26.0)

406 (73.4)
3(05)

387 (32.6-46.6)
135 (12.7-14.7)
231.0 (194.5-271.0)
009 (0.04-0.24)

285(51.5)
287 (42.9)
170 30.7)

399 (72.2)
154 (27.8)
61(11.0)

Data are presented as median with interquartie ranges or number (%).
GCS, Glasgow Coma Scale; WBC, white blood cells; PLT, platelet count; CRR, C-reactive
protein; RBC, red blood cell: mRS, modified Rankin scale.





OPS/images/fneur-12-661689-t004.jpg
Age
Sex

Time from onset to ED admission
Hunt and Hess score

Modified Fisher score

GOS score

Glucose

Potassium

Glucose/potassium ratio

WBC

Hemoglobin

D-dimer

Odds ratio

1.043
0994
0.997
6.153
5.782
0.632
1.021
0.652
1.052
1.000
0.802
0.7156

GCS, Glasgow Coma Scale; WBC, white blood cell.

Univariable

95% ClI

1.021-1.065
0.580-1.703
0.994-1.001
3.966-9.546
3.122-10.711
0.573-0.699
1.014-1.027
0.362-1.173
1.035-1.069
1.000-1.011
0.859-0.975
0.428-1.194

P-value

<0.001
0.983
0.103
<0.001
<0.001
<0.001
<0.001
0.1563
<0.001
0.652
0.027
0.200

Odds ratio

1.026

1.655
1.291
0.644
1.033

1.070

0.820

Multiple
95% Cl

0.970-1.085

0.360-7.616
0.370-4.503
0.644-0.763
0.995-1.072

1.047-1.003

0.584-1.236

P-value

0364

0518

0.688
<0.001

0.094

<0.001

0.395





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of Plasma Glucose to Potassium Ratio and Mortality After Aneurysmal Subarachnoid Hemorrhage



		Introduction



		Materials and Methods



		Study Population



		Data Collection and Endpoints



		Statistical Analysis







		Results



		Baseline Characteristics



		3-Month Functional Outcomes and Mortality



		Discussion







		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Association of Plasma Glucose to
Potassium Ratio and Mortality After
Aneurysmal Subarachnoid
Hemorrhage





OPS/images/fneur-12-661689-g001.gif





OPS/images/fneur-12-661689-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





