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Objective: The hemoglobin, albumin, lymphocyte, and platelet (HALP) score has been indicated to be a novel indicator that reflects
systemic inflammation and is associated with the functional outcome in various neurological diseases. Since inflammation is closely
involved in the pathogenesis of status epilepticus (SE), this study aimed to explore the predictive value of HALP for the prognosis of
SE patients.

Methods: In the retrospective study, we investigated and validated the predictive value of HALP for the prognosis of adult SE
patients. We collected patient’s clinical characteristics and laboratory test data. Information of 30-day mortality after SE onset was
obtained, and modified Rankin scale (mRS) scores were used to evaluate the clinical outcomes. Multivariable logistic regression
models were applied to explore the association between HALP and SE prognosis. Receiver operating characteristic (ROC) curve
analysis was performed to determine the optimal cutoff of HALP to predict 30-day mortality in SE patients.

Results: We first analyzed the discovery cohort of 116 patients with SE. We observed that 19.0% (22/116) of the patients died within 30
days after SE onset, and 26.3% (20/76) had poor outcomes during the 6-month follow-up. Multivariate logistic regression analysis indicated
that lower HALP on admission was an independent predictor of 30-day mortality (odds ratio: 0.980; 95% confidence interval, 0.962—-0.999;
P =0.044). In ROC analysis, a HALP of 20.32 was identified as the optimal cutoff value to predict 30-day mortality in SE patients.
Furthermore, multivariate logistic regression analysis showed that HALP < 20.32 was related to an increased risk of poor SE outcomes (odds
ratio: 27.051; 95% confidence interval, 3.589-203.909; P = 0.001), which was validated in the external cohort.

Conclusion: Lower HALP is independently associated with an increased risk of 30-day mortality and poor functional outcomes in
patients with SE. Our findings suggest that HALP may be a promising biomarker for predicting SE prognosis.
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Introduction

Status epilepticus (SE) is a common neurological emergency with an incidence of 10 to 40 per 100,000 population.' SE
is associated with substantial mortality as well as long-term physical and cognitive impairments, which imposes a great
burden on patients and their caregivers.” Developing useful predictors of SE prognosis may aid in early recognition of
high-risk patients with adverse outcomes, and thus early prevention could be implemented to reduce morbidity and
mortality as well as improve the quality of life in SE patients.

Inflammation has been reported to exert a critical role in the pathogenesis of SE. SE can induce a rapid and intense
inflammatory cascade in the brain, leading to the activation of microglia and astrocytes. Activated microglia and
reactive astrocytes produce large amounts of pro-inflammatory mediators, which can increase neuronal excitability
through neurogenesis, sprouting as well as neuronal damage, and further facilitates recurrent seizures.’ Various
inflammatory biomarkers such as procalcitonin (PCT), C-reactive protein (CRP), and neutrophil-to-lymphocyte ratio
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(NLR) have been evidenced to be closely associated with the prognosis of SE.*® However, the associations between
these markers and SE outcomes were inconsistent in different studies. For instance, NLR on admission was suggested
to be independently associated with in-hospital mortality in patients with generalized convulsive SE,” while the study
by Olivo et al® did not observe the signification relationship between admission NLR and short-term mortality in SE
patients. Thus, it is essential to develop new and reliable markers or increase predictive items to improve the stability
of predictions.

The hemoglobin, albumin, lymphocyte, and platelet (HALP) score is a novel indicator that reflects systemic inflammation
and nutritional state.® The HALP score was determined by hemoglobin (g/L)xalbumin (g/L)xlymphocyte (/L) / platelet (/L),”
which was the combination of four laboratory markers and may be relatively more stable compared to individual blood
indexes. Recent studies have indicated the predictive value of the HALP score for the risk and prognosis of cerebrovascular
diseases, such as acute ischemic stroke,'® cerebral venous sinus thrombosis,'' and post-stroke cognitive impairment.'
Interestingly, cerebrovascular damage and reduced vascularization have been reported to be associated with the pathophy-
siological processes of SE and mesial temporal sclerosis, and drugs that afford vascular protection can reduce vascular lesions
and subsequent neuronal cell loss during SE.'*'* However, whether HALP score is associated with the prognosis of SE
patients remains unknown. Therefore, this study aimed to explore the predictive value of HALP score for the prognosis of
adult patients with SE.

Methods
Study Design and Population

This retrospective study included two independent cohorts. Cohort 1 served as the discovery cohort, and we
reviewed the medical records of patients with SE admitted to the department of neurology at the affiliated hospital
of Southwest Medical University between January 2020 and December 2023. Cohort 2 was an external validation
cohort, which enrolled a dataset of SE patients from the affiliated Traditional Chinese Medicine hospital of
Southwest Medical University between January 2022 and December 2023. The inclusion criteria were age at least
18 years old and a diagnosis of SE, which was defined as a prolonged episode of clinical and/or electrographic
seizure activity that persisted for over five minutes, or recurrent seizures without full functional recovery in
between.'” The exclusion criteria were as follows: 1) patients with SE caused by hypoxic-ischemic encephalopathy
after cardiac arrest; 2) patients with incomplete information; 3) patients were lost during follow-up. The Helsinki
Declaration principles were followed during the entire study. This study was approved by the ethics committee of
Southwest Medical University (Approval No.KY2024417). Informed consent was obtained from all patients or

relatives.

Data Collection

Clinical characteristics were collected, including age; gender; etiology of SE; previous history of seizures; the number of
antiepileptic drugs (AEDs); the modified Rankin scale (mRS) scores at admission; the Glasgow coma scale (GCS) scores
at admission; the Charlson comorbidity index; comorbidities (hypertension, diabetes mellitus and previous stroke). SE
etiology was categorized into the following groups: acute symptomatic SE, remote symptomatic SE, symptomatic SE due
to progressive central nervous system disorders, or cryptogenic SE, which was defined by the International League
Against Epilepsy (ILAE).* Data of laboratory tests including red blood cell count, hemoglobin, red cell distribution
width, white blood cell count, neutrophil count, lymphocyte count, monocyte count, platelet count, albumin, high density
lipoprotein-cholesterol within 24 hours after admission were obtained. NLR was calculated as the ratio of neutrophil
count to lymphocyte count. MLR was counted as the ratio of monocyte count to lymphocyte count. PLR was counted as
the ratio of platelet count to lymphocyte count. MHR was defined as the ratio of monocyte count to high density
lipoprotein-cholesterol. The formula was used to calculate HALP scores: hemoglobin (g/L) x albumin (g/L) % lympho-
cytes (/L) / platelets (/L).°
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Outcome Assessment
The follow-up information was gained from the medical records or by interviewing (in person or by telephone) the
patients and their family members. Data of mortality within 30 days after SE onset was collected. Then, surviving
patients followed until 6 months after SE onset, and mRS scores were used to evaluate clinical outcomes. An mRS score
of less than 3 was considered a good prognosis, while an mRS score of equal to or above 3 (including death) was
considered a poor prognosis.'®

Statistical Analysis

The Shapiro—Wilk test was employed to identify between normal and non-normal distributions. Continuous variables are
expressed as means (standard deviation) or medians (interquartile range, IQR) for normally distributed and skewly
distributed variables, respectively, while categorical variables were presented as frequency and percentage. Univariate
analyses were conducted by using the r-test, the Mann—Whitney U-test and the chi-square ()%) test. The r-test or Mann—
Whitney U-test were used to compare continuous data, and the chi-square (x?) test was carried out to compare categorical
variables. Variables with P < 0.10 in the univariate analysis were entered into the multivariate logistic regression model.
Multicollinearity was assessed with the variance inflation factor (VIF). The variable selected for further multivariate
analysis was tolerance > 0.1 and VIF < 5. Receiver operating characteristic (ROC) curve analysis was applied to evaluate
the predictive value of HALP for 30-day mortality in SE patients. The cutoff point of HALP was set by the Youden
index. All statistical analyses were performed by using GraphPad Prism 9.0 and SPSS 26.0 softwares, and P values <
0.05 were defined as statistically significant.

Results

Baseline Characteristics of Patients with SE

In the Discovery cohort, after excluding 23 patients with hypoxic-ischemic encephalopathy, 12 patients with non-
available data and 16 patients who were lost to follow-up, 116 SE patients were included. Among the 116 patients, 94
survived and 22 died within 30 days after SE onset. Out of the 94 surviving patients, follow-up data at 6 months after SE
onset were available for 76 patients (80.9%). According to the mRS score, 73.7% (56/76) of patients had a good
prognosis, and 26.3% (20/76) had a poor prognosis. In the external validation cohort, a total of 46 SE patients met the
inclusion criteria and completed 6-month follow-up. Out of 46 SE patients, 33 patients (71.7%) had a good prognosis,
and 13 patients (28.3%) had a poor prognosis.

HALP and 30-Day Mortality After SE Onset

The clinical and laboratory characteristics of 116 SE patients were presented in Table 1. Non-survivors had significantly
higher baseline mRS scores, Charlson comorbidity index, white blood cell count, neutrophil count, NLR and MLR
compared to survivors (all P < 0.05). Baseline GCS scores and the levels of lymphocyte count, albumin and HALP were
lower in non-survivor than in survivors (all P < 0.05). There were no differences in gender, age, proportions of patients
with SE caused by stroke or infection, previous history of seizures, the number of AEDs, proportions of patients with
hypertension, diabetes mellitus or previous history of stroke, red blood cell count, hemoglobin, red cell distribution
width, monocyte count, platelet count, high density lipoprotein-cholesterol, PLR and MHR in survivors and non-
survivors (all P > 0.05). Subsequently, variables with P < 0.10 in the univariate comparisons were entered into the
multivariate logistic regression model. The multivariate analysis demonstrated that HALP was independently associated
with 30-day mortality in SE patients after adjusting for SE etiology, albumin, GCS score, MLR, Charlson comorbidity
index and MHR [odds ratio: 0.980; 95% confidence interval, 0.962—0.999; P = 0.044] (Table 2).

The Predictive Power of HALP for 30-Day Mortality After SE Onset

We further performed the receiver operating characteristic (ROC) curve to assess the predictive ability of HALP for 30-
day mortality in SE patients. The area under the ROC curve of HALP was 0.636 (95% confidence interval, 0.492-0.779,
P =0.048) for 30-day mortality (Figure 1). The optimal predictive cutoff value for 30-day mortality by HALP was 20.32
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Table | Univariate Analysis of Clinical Characteristics and Laboratory Data Between Survivors and Non-

Survivors

Variable Survivors (n=94) | Non-Survivors (n=22) | P
Male (n, %) 57.0 (60.6) 11.0 (50.0) 0.362
Age, years, median (IQR) 52.5 (29.5-65.5) 64.0 (43.8-71.0) 0.145
SE etiology grouped according to the ILAE (n, %) 0.019

Acute symptomatic seizures 27.0 (28.7) 14.0 (63.7)

Remote symptomatic unprovoked seizures 16.0 (17.1) 1.0 (4.5)

Symptomatic seizures due to progressive CNS disorders | 10.0 (10.6) 1.0 (4.5)

Seizures of unknown etiology 41.0 (43.6) 6.0 (27.3)
Stroke etiology of SE (n, %) 9.0 (9.6) 5.0 (22.7) 0.180
Infectious etiology of SE (n, %) 12.0 (12.8) 6.0 (27.3) 0.172
No history of seizures (n, %) 60.0 (63.8) 18.0 (81.8) 0.106
GCS baseline, median (IQR) 14.0 (10.0-15.0) 8.0 (6.0-12.0) < 0.001
mRS baseline, median (IQR) 2.0 (1.04.0) 4.0 (4.0-5.0) < 0.001
Charlson comorbidity index, median (IQR) 1.0 (0-2.0) 3.0 (2.0-4.0) < 0.001
AEDs, median (IQR) 3.0 (204.0) 3.0 (3.04.0) 0.145
Comorbidities (n, %)

Hypertension 32.0 (34.0) 9.0 (40.9) 0.544

Diabetes mellitus 13.0 (13.8) 5.0 (22.7) 0.477

Previous stroke 10.0 (10.6) 4.0 (18.2) 0.539
Red blood cell count (x10° /L), mean (SD) 4.5 (0.7) 4.4 (0.9) 0.496
Hemoglobin (g/L), mean (SD) 135.0 (20.6) 132.0 (24.8) 0.508
Red cell distribution width (fL), mean (SD) 432 (3.7) 44.4 (5.6) 0.222
White blood cell count (x10® /uL), median (IQR) 9.6 (6.6—11.2) 12.2 (8.5-13.4) 0.036
Neutrophil count (x10° /uL), median (IQR) 6.5 (4.1-9.3) 9.4 (6.9-12.1) 0.003
Lymphocyte count (x10® /uL), median (IQR) 1.3 (1.0-2.0) 1.0 (0.6—1.4) 0.032
Monocyte count (x10% /uL), median (IQR) 0.5 (0.4-0.7) 0.6 (0.4-0.7) 0.159
Platelet count (x10? /uL), median (IQR) 204.0 (161.8-266.0) | 192.0 (135.5-249.0) 0.291
Albumin (g/L), mean (SD) 42.3 (5.3) 374 (7.1) < 0.001
HDL-Cholesterol (mmol/L), mean (SD) 1.2 (0.4) 1.2 (0.5) 0.628
Neutrophil to lymphocyte ratio, median (IQR) 4.0 2.2-8.1) 9.1 (4.9-15.1) 0.001
Monocyte to lymphocyte ratio, median (IQR) 0.3 (0.2-0.6) 0.5 (0.3-1.1) 0.012
Platelet to lymphocyte ratio, median (IQR) 154.4 (95.7-222.3) 198.9 (117.4-292.5) 0.145
Monocyte to HDL-Cholesterol ratio, median (IQR) 0.4 (0.3-0.7) 0.5 (0.4-0.8) 0.094
HALP, median (IQR) 39.7 (24.2-56.4) 24.9 (13.844.8) 0.048

Abbreviations: SE, Status epilepticus; IQR, Interquartile range; ILAE, International League Against Epilepsy; CNS, Central nervous system;
GCS, Glasgow coma scale; mRS, modified Rankin Scale; AEDs, Antiepileptic drugs; SD, Standard deviation; HDL, High density lipoprotein.

(sensitivity 50.0%, specificity 81.9%). Subsequently, 116 SE patients were categorized into two groups based on the
cutoff point of HALP (HALP < 20.32 and HALP > 20.32). We compared the data of 30-day mortality between the two
groups (Table 3). As expected, compared to SE patients with HALP > 20.32, a higher ratio of 30-day mortality was
observed in SE patients with HALP < 20.32 (P = 0.002).

HALP and Poor Outcome at 6-Month Follow-Up

The clinical characteristics and data of laboratory tests of SE patients with good-prognosis and with poor-prognosis at
6-month follow-up were presented in Table 4. As shown in Table 4, SE patients with poor-prognosis had significantly
higher baseline mRS scores, Charlson comorbidity index, white blood cell count, neutrophil count, monocyte count,
platelet count, NLR, MLR, PLR and MHR compared to patients with good-prognosis (all P < 0.05). Baseline GCS scores
and the levels of red blood cell count and HALP were lower in patients with poor-prognosis than in patients with good-

prognosis (all P < 0.05). Of note, we also compared the proportion of patients with HALP less than 20.32 in SE patients
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Table 2 Multivariate Analysis of Predictors for 30-Day Mortality in SE Patients

Variable OR 95% CI P
SE etiology
Acute symptomatic seizures Reference | — -
Remote symptomatic unprovoked seizures 0.007 0.000-0.202 | 0.004
Symptomatic seizures due to progressive CNS disorders | 0.040 0.001-2.569 | 0.129
Seizures of unknown etiology 0.083 0.014-0.499 | 0.007
Albumin 0.939 0.831-1.061 | 0.312
Monocyte to lymphocyte ratio 1.403 0.252-7.815 | 0.699
Charlson comorbidity index 2715 1.536—4.797 | 0.001
HALP 0.980 0.962-0.999 | 0.044
Monocyte to HDL-Cholesterol ratio 1.031 0.203-5.242 | 0.971
GCS baseline 0.734 0.592-0.910 | 0.005

Abbreviations: SE, Status epilepticus; OR, Odds ratio; Cl, Confidence interval; CNS, Central nervous system;

HDL, High density lipoprotein; GCS, Glasgow coma scale.

with good-prognosis and with poor-prognosis, which indicated that SE patients with poor-prognosis had remarkably

higher ratio of patients with HALP less than 20.32 (P < 0.001). Then, a multivariate logistic regression analysis including
mRS score, GCS score, Charlson comorbidity index, albumin, red blood cell count, MHR and HALP < 20.32 was carried
out, which suggested that HALP < 20.32 was an independent predictor for poor prognosis in SE patients (P = 0.001)

(Table 5).

External Cohort Validated the Predictive Value of HALP for SE Prognosis

We further performed an external cohort to validate our results. Univariable and multivariable analyses conducted in the

external cohort were present in Table 6 and Table 7, respectively. Univariable analysis identified GCS score, mRS score,

Charlson comorbidity index, AEDs, diabetes mellitus, white blood cell count, neutrophil count, albumin, neutrophil to

lymphocyte ratio, platelet to lymphocyte ratio, HALP and HALP < 20.32 as prognostic factors for the outcome of SE
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Figure | Receiver operating characteristic curve of HALP to predict 30-day mortality in SE patients.
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Table 3 Comparison of Baseline Demographic and 30 Day-Mortality Between Patients with Different

Levels of HALP

HALP P
<20.32 (n=28) | >20.32 (n= 88)

Male (n, %) 13.0 (46.4) 55.0 (62.5) 0.133
Age, years, median (IQR) 50.5 (26.8-62.3) | 55.5 (33.8-68.0) | 0.174
SE etiology grouped according to the ILAE (n, %) 0.797

Acute symptomatic seizures 12.0 (43.0) 29.0 (33.0)

Remote symptomatic unprovoked seizures 4.0 (14.3) 13.0 (14.8)

Symptomatic seizures due to progressive CNS disorders | 2.0 (7.0) 9.0 (10.2)

Seizures of unknown etiology 10.0 (35.7) 37.0 (42.0)
Stroke etiology of SE (n, %) 2.0 (7.1) 12.0 (13.6) 0.558
Infectious etiology of SE (n, %) 2.0 (7.1) 16.0 (18.2) 0.269
No history of seizures (n, %) 18.0 (64.3) 60.0 (68.2) 0.702
GCS baseline, median (IQR) 10.0 (7.5-14.0) 14.0 (10.0-15.0) 0.035
mRS baseline, median (IQR) 4.0 (2.04.0) 2.0 (1.04.0) 0.005
Charlson comorbidity index, median (IQR) 2.0 (0.8-3.0) 1.0 (0-2.0) 0.325
Comorbidities (n, %)

Hypertension 7.0 (25.0) 34.0 (38.6) 0.189

Diabetes mellitus 1.0 (3.6) 17.0 (19.3) 0.088

Previous stroke 1.0 (3.6) 13.0 (14.8) 0.211
AEDs, median (IQR) 3.0 (2.8-3.3) 3.0 (2.04.0) 0.604
30 day-mortality (n, %) 11.0 (39.3) 11.0 (12.5) 0.002

Abbreviations: SE, Status epilepticus; IQR, Interquartile range; ILAE, International League Against Epilepsy; CNS, Central

nervous system; GCS, Glasgow coma scale; mRS, Modified Rankin Scale; AEDs, Antiepileptic drugs.

Table 4 Comparisons of Clinical Characteristics and Laboratory Data Between SE Patients with Good-Prognosis and

Poor-Prognosis

Variable Good-Prognosis (n=56) | Poor-Prognosis (n=20) | P
Male (n, %) 34.0 (60.7) 14.0 (70.0) 0.460
Age, years, median (IQR) 50.5 (30.5-61.3) 57.5 (49.8-67.0) 0.159
SE etiology grouped according to the ILAE (n, %) 0.485

Acute symptomatic seizures 17.0 (30.4) 5.0 (25.0)

Remote symptomatic unprovoked seizures 6.0 (10.7) 5.0 (25.0)

Symptomatic seizures due to progressive CNS disorders | 6.0 (10.7) 2.0 (10.0)

Seizures of unknown etiology 27.0 (48.2) 8.0 (40.0)
Stroke etiology of SE (n, %) 4.0 (7.1) 3.0 (15.0) 0.553
Infectious etiology of SE (n, %) 9.0 (16.1) 1.0 (5.0 0.383
No history of seizures (n, %) 38.0 (67.9) 11.0 (55.0) 0.302
GCS baseline, median (IQR) 14.0 (12.0-14.0) 10.0 (8.0-13.5) 0.005
mRS baseline, median (IQR) 1.0 (1.0-2.0) 4.0 (2.04.0) 0.002
Charlson comorbidity index, median (IQR) 1.0 (0-2.0) 2.0 (1.0-3.0) 0.009
AEDs, median (IQR) 3.0 2.04.0) 3.0 (2.8-3.0) 0.479
Comorbidities (n, %)

Hypertension 19.0 (33.9) 9.0 (45.0) 0.378

Diabetes mellitus 7.0 (12.5) 4.0 (20.0) 0.654

Previous stroke 6.0 (10.7) 4.0 (20.0) 0.503
Red blood cell count (x10° /uL), mean (SD) 4.6 (0.6) 4.3 (0.7) 0.049
Hemoglobin (g/L), mean (SD) 138.0 (18.1) 131.0 (20.1) 0.191
Red cell distribution width (fL), median (IQR) 42.7 (41.1-44.0) 43.6 (41.546.7) 0.149

(Continued)
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Table 4 (Continued).

Variable Good-Prognosis (n=56) | Poor-Prognosis (n=20) | P
White blood cell count (x10® /uL), median (IQR) 8.8 (6.2-11.0) 10.5 (8.3-14.9) 0.022
Neutrophil count (x10® /uL), median (IQR) 6.1 (3.9-9.2) 8.8 (5.5-11.2) 0.027
Lymphocyte count (x10° /uL), median (IQR) 1.4 (1.0-2.0) 1.0 (0.8-1.7) 0.088
Monocyte count (x10% /uL), median (IQR) 0.4 (0.3-0.6) 0.7 (0.4-1.1) 0.016
Platelet count (x10° /uL), median (IQR) 196.5 (159.5-253.5) 249.0 (191.8-314.5) 0.019
Albumin (g/L), mean (SD) 43.0 (4.7) 40.5 (5.1) 0.057
HDL-Cholesterol (mmol/L), mean (SD) 1.3 (0.5) I.1(0.3) 0.177
Neutrophil to lymphocyte ratio, median (IQR) 3.4 (2.3-7.0) 8.2 (3.5-13.4) 0.030
Monocyte to lymphocyte ratio, median (IQR) 0.3 (0.2-0.5) 0.5 (0.3-1.1) 0.015
Platelet to lymphocyte ratio, median (IQR) 142.0 (102.1-196.3) 247.2 (185.3-279.9) 0.004
Monocyte to HDL-Cholesterol ratio, median (IQR) 0.3 (0.3-0.6) 0.6 (0.4-0.9) 0.003
HALP, median (IQR) 42.1 (29.6-55.9) 22.3 (15.6-37.6) 0.005
HALP < 20.32 (n, %) 3.0 (54) 10.0 (50.0) < 0.001

Abbreviations: SE, Status epilepticus; IQR, Interquartile range; ILAE, International League Against Epilepsy; CNS, Central nervous system; GCS, Glasgow

coma scale; mRS, Modified Rankin Scale; AEDs, Antiepileptic drugs; SD, Standard deviation; HDL, High density lipoprotein.

Table 5 Multivariate Analysis of Predictors for Poor Outcome in SE

Patients

Variable OR 95% ClI P

mRS baseline 1.312 | 0.465-3.703 0.608
Albumin 1.041 0.881-1.230 0.638
Red blood cell count 0.894 | 0.264-3.024 0.857
Charlson comorbidity index 1.677 1.050-2.676 0.030
Monocyte to HDL-Cholesterol ratio | 1.691 0.432-6.624 0451
HALP < 20.32 27.051 | 3.589-203.909 | 0.001
GCS baseline 0.943 0.628-1.415 0.776

Abbreviations: SE, Status epilepticus; OR, Odds ratio; Cl, Confidence interval; mRS,
Modified Rankin Scale; HDL, High density lipoprotein; GCS, Glasgow coma scale.

Table 6 Comparisons of Clinical Characteristics and Laboratory Data Between SE Patients with Good-Prognosis and

Poor-Prognosis in the External Validation Cohort

Variable Good-Prognosis (n=33) | Poor-Prognosis (n=13) | P
Male (n, %) 18.0 (54.5) 9.0 (69.2) 0.362
Age, years, median (IQR) 67.0 (54.0-76.0) 65.0 (59.0-77.0) 0.669
SE etiology grouped according to the ILAE (n, %) 0.991

Acute symptomatic seizures 10.0 (30.3) 4.0 (30.8)

Remote symptomatic unprovoked seizures 4.0 (12.1) 2.0 (15.4)

Symptomatic seizures due to progressive CNS disorders | 3.0 (9.1) 1.0 (7.7)

Seizures of unknown etiology 16.0 (48.5) 6.0 (46.1)
Stroke etiology of SE (n, %) 4.0 (12.1) 3.0 (23.1) 0.634
Infectious etiology of SE (n, %) 5.0 (15.2) 1.0 (7.7) 0.849
No history of seizures (n, %) 19.0 (57.6) 9.0 (69.2) 0.466
GCS baseline, median (IQR) 14.0 (14.0-15.0) 12.0 (6.0-14.0) 0.001
mRS baseline, median (IQR) 2.0 (2.0-2.0) 4.0 (2.0-4.0) 0.001
Charlson comorbidity index, median (IQR) 1.0 (0-2.0) 2.0 (1.0-2.0) 0.013
AEDs, median (IQR) 3.0 (2.0-3.0) 3.0 (2.04.0) 0.023

(Continued)

Journal of Inflammation Research 2024:17

https:

Dove:

9631


https://www.dovepress.com
https://www.dovepress.com

Fu et al Dove

Table 6 (Continued).

Variable Good-Prognosis (n=33) | Poor-Prognosis (n=13) | P
Comorbidities (n, %)

Hypertension 7.0 (21.2) 6.0 (46.2) 0.184

Diabetes mellitus 2.0 (6.1) 4.0 (30.8) 0.079

Previous stroke 2.0 (6.1) 3.0 (23.1) 0.253
Red blood cell count (x10° /L), median (IQR) 4.2 (3.94.6) 4.1 (3.8-4.4) 0415
Hemoglobin (g/L), median (IQR) 127.0 (119.0-138.0) 127.0 (105.0-132.0) 0.458
Red cell distribution width (fL), median (IQR) 44.3 (42.5-47.1) 43.8 (42.8-48.6) 0.928
White blood cell count (x10% /uL), mean (SD) 8.3 (29) 11.6 (5.8) 0.015
Neutrophil count (x10% /uL), mean (SD) 6.0 (2.6) 9.5 (5.5) 0.006
Lymphocyte count (x10? /uL), median (IQR) 1.5 (1.3-1.7) 1.1 (0.6-1.7) 0.176
Monocyte count (x10® /uL), mean (SD) 0.6 (0.3) 0.7 (0.4) 0.406
Platelet count (x10° /uL), mean (SD) 194.2 (65.5) 227.8 (95.5) 0.190
Albumin (g/L), mean (SD) 40.6 (3.6) 35.5 (6.0) 0.001
HDL-Cholesterol (mmol/L), median (IQR) 1.3 (1.1-1.6) 1.2 (0.9-1.4) 0.247
Neutrophil to lymphocyte ratio, median (IQR) 3.7 (2.3-5.3) 6.7 (4.6-13.7) 0.022
Monocyte to lymphocyte ratio, median (IQR) 0.4 (0.3-0.5) 0.5 (0.4-0.9) 0.303
Platelet to lymphocyte ratio, median (IQR) 130.1 (101.1-147.6) 203.6 (117.9-409.8) 0.060
Monocyte to HDL-Cholesterol ratio, median (IQR) 0.5 (0.3-0.6) 0.4 (0.3-1.2) 0918
HALP, median (IQR) 39.5 (32.9-51.5) 247 (16.3-43.3) 0.019
HALP < 20.32 (n, %) 2.0 (6.1) 6.0 (46.2) 0.005

Abbreviations: SE, Status epilepticus; IQR, Interquartile range; ILAE, International League Against Epilepsy; CNS, Central nervous system; GCS,
Glasgow coma scale; mRS, Modified Rankin Scale; AEDs, Antiepileptic drugs; SD, Standard deviation; HDL, High density lipoprotein.

Table 7 Multivariate Analysis of Predictors for Poor
Outcome in SE Patients in the External Validation Cohort

Variable OR 95% ClI P

GCS baseline 0.960 | 0.579-1.590 0.873
mRS baseline 2.128 | 0.435-10.423 0.351
Charlson comorbidity index | 1.174 0.505-2.729 0.709
HALP < 20.32 43.872 | 2.238-859.988 | 0.013
Diabetes mellitus 4313 0.113-164.710 | 0.432
AEDs 2457 | 0.366—-16.516 | 0.355
Albumin 0.853 0.684—1.064 0.159

Abbreviations: SE, Status epilepticus; OR, Odds ratio; Cl, Confidence interval;
GCS, Glasgow coma scale; mRS, Modified Rankin Scale; AEDs, Antiepileptic drugs.

patients (all P < 0.10, Table 6), and only GCS score, mRS score, Charlson comorbidity index, HALP < 20.32, diabetes
mellitus, AEDs and albumin were entered into the multivariable analysis after multicollinearity assessment (Table 7). The
multivariate analysis showed that HALP < 20.32 was independently associated with poor prognosis in SE patients (odds
ratio: 43.872; 95% confidence interval, 2.238-859.988; P = 0.013). Thus, the results from the external cohort were in line
with the findings of the discovery cohort, which further confirmed the predictive value of HALP for the prognosis of SE
patients.

Discussion

In the present study, a lower HALP at admission was recognized to be independently associated with a high risk of 30-
day mortality and poor functional outcomes in SE patients. Our findings indicate that HALP, as an easily available
inflammatory biomarker, may hold great potential to predict the prognosis of SE patients.
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Inflammation is involved in the pathophysiological processes of SE. SE could disrupt the brain-blood barrier (BBB)
and activate a wide range of cells, including microglia, astrocytes, monocyte-macrophages and neutrophils. Then,
activated microglia, reactive astrocytes and the infiltrating immune cells could release massive pro-inflammatory
cytokines, thus increasing brain excitability and reducing the threshold of seizure onset, ultimately inducing recurrent
seizures, which causes a “vicious circle”.!” A variety of inflammatory biomarkers have been indicated to be useful
predictors for SE outcomes. For instance, acute-phase proteins including PCT, CRP and albumin have been suggested to

independently correlate with SE outcomes.*>'® Additionally, Hanin et al'’

reported that the increased pro-inflammatory
cytokines in patients with new-onset refractory SE were closely associated with worse short-term and long-term
outcomes. In addition to single blood parameters, some ratios derived from two blood parameters have been also
proposed to be associated with the prognosis of SE. NLR, the neutrophil to lymphocyte ratio, was suggested to be related
to the length of hospitalization and need for ICU admission in patients with SE.°

The hemoglobin, albumin, lymphocyte, and platelet (HALP) score is a new emerging index that evaluates the
inflammatory response and nutritional status in recent years. It was first reported by Chen et al** in 2015. They found
that hemoglobin, albumin, and lymphocyte may be positively associated with the prognosis of patients with gastric
carcinoma, while platelet may be negatively related. Therefore, they proposed the HALP based on these four biochemical
parameters to predict tumor prognosis, which indicated that HALP was an independent and accurate prognostic factor.
Thereafter, HALP, as a potential predictor, has been identified to be related to the functional outcomes of various
diseases.”' ** Consistently, in our study, we observed that low HALP was independently associated with poor prognosis
of SE patients. Furthermore, SE patients with HALP less than 20.32 had higher 30-day mortality and worse outcomes
during follow-up. Anemia characterized by low blood hemoglobin level has been suggested to be associated with
epilepsy. Anemia could reduce the seizure threshold, leading to increased seizure activity. In addition, anemia may induce
seizures through diverse processes, including a decline in inhibitory neurotransmitter gamma-aminobutyric acid, changes
in neuron metabolism, enzyme decrease, and a decrease in brain oxygenation and energy metabolism.** Albumin, as one
of acute-phase proteins, was reported to be related to refractory epileptic activity and mortality in patients with SE.** The
effect of lymphocytes on epilepsy has been less investigated. Nevertheless, it seems that the levels of lymphocytes are
remarkably decreased in convulsive SE patients.® Several studies have demonstrated that lymphocytes could repair the
injury via inflammation,”’ and reduced lymphocyte level may reveal a poor outcome in systemic inflammatory
diseases.'?> Moreover, there is increasing acknowledgment of the vital role of platelets in inflammation responses.
Activated platelets could release numerous inflammatory mediators, and platelets could also interact with leukocytes,
thus promoting their release of pro-inflammatory cytokines.”® Given the above, it is reasonable to believe that HALP
consisting of hemoglobin concentration, albumin level, lymphocyte count and platelet count is associated with SE.

Several studies have indicated that the HALP score can reflect the inflammation-nutritional status of patients and
HALP may be a critical prognostic factor for patients with various tumors.”* ' Hemoglobin and albumin have been
regarded as markers of nutritional status.>” Thrombosis could aggravate inflammation, while lymphocytes alleviate
inflammation. Furthermore, it is reported that correction of low HALP may be beneficial to improve cancer-specific
survival in patients with resectable esophageal squamous cell carcinoma.’ Our study indicated that HALP less than 20.32
was an independent predictor for poor SE outcomes. Thus, for SE patients with a low score of HALP (< 20.32), whether
anti-inflammatory drugs to reduce inflammation or therapies to elevate the levels of hemoglobin and albumin can
improve their prognosis needs further investigations, which could provide a novel therapeutic strategy.

In the current study, we also included some other inflammatory hematological ratios, such as NLR, MLR, PLR and
MHR. These indicators have been suggested to be potential predictors for the outcomes of various neurological diseases,

such as ischemic stroke,>> ¢ 37,38 39,40

intracerebral hemorrhage and multiple sclerosis, etc. However, our study did not
indicate the predictive value of these ratios in SE outcomes, while HALP was a promising factor for predicting SE
prognosis that outperformed NLR, PLR, MLR and MHR in predictive power. We speculate that HALP that combines
four indexes may be relatively more stable, which warrants additional studies.

The present study has some limitations. First, it was a single-center retrospective study with a relatively small sample

size. Second, the blood samples tested in the present study were collected within 24 hours after admission, and dynamically
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monitoring alterations in blood indices is lacking. Third, our study only explored SE outcome within 6 months after SE onset,
further investigations are needed to assess the correlation between the HALP and the long-term prognosis of SE.

Conclusion
In the present study, lower HALP was independently associated with 30-day mortality and unfavorable outcomes in SE

patients. HALP may be a promising, easily available and cost-effective biomarker for predicting SE prognosis.

Additionally, future studies are needed to determine the efficacy of correcting low HALP in SE patients for improving

functional outcomes.
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