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Abstract

Background: Generalized convulsive status epilepticus (GCSE) is one of the most challenging
life-threatening neurological emergencies. |f GCSE becomes super-refractory, it is associated
with significant mortality. Although aggressive management of prolonged status epilepticus
was conducted, the mortality has not decreased since the late 1990s.

Objectives: The present study aimed to explore the risk factors for progression to super-
refractory in patients with generalized convulsive status epilepticus (GCSE]. Moreover, we
illustrated the risk factors for mortality in GCSE patients.

Design: An observational retrospective cohort study.

Methods: We conducted a retrospective study of patients with GCSE admitted to our neurocritical
unit, in Guangzhou, China, from October 2010 to February 2021. The data of sociodemographic
information, etiology, laboratory results, treatment, and prognosis were collected and analyzed.
Results: A total of 106 patients were enrolled; 51 (48%) of them developed super-refractory status
epilepticus (SRSE). Multivariate logistic regression analysis demonstrated that patients with
autoimmune encephalitis (p=0.015) and intracranial infection (p=0.019) are likely to progress to
SRSE. The in-hospital mortality was 11.8% and 9.1% for patients in the SRSE and non-SRSE groups,
respectively (p=0.652). Multivariate logistic regression analysis showed that neutrophil-to-lymphocyte
ratios (NLR) at admission were independently associated with in-hospital mortality. Up to 31.4%

of SRSE patients and 29.1% of non-SRSE patients died within 6months after discharge (p=0.798).
Multivariate logistic regression analysis showed that plasma exchange (PE) was a protective factor for
6-month mortality. A high NLR at discharge was a risk factor for 6-month mortality.

Conclusion: In the current study, about 48% of GCSE patients progressed to SRSE. Regarding
etiology, autoimmune encephalitis or intracranial infection was prone to SRSE. No significant
differences were observed in the in-hospital and 6-month mortality between SRSE and non-
SRSE groups. Multivariate logistic regression analysis showed that NLR at admission and
discharge was an independent predictor of in-hospital and 6-month mortality, respectively.
Moreover, PE significantly reduced the 6-month mortality.

Keywords: generalized convulsive status epilepticus/etiology, generalized convulsive status
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Introduction

Generalized convulsive status epilepticus (GCSE)
is one of the most challenging life-threatening
neurological emergencies.! Status epilepticus
(SE) in adults and children >5 years old is defined
as a seizure duration of 5min or longer or

consecutive seizures without returning to baseline
for more than 5 min.? Refractory status epilepticus
(RSE) occurs if the seizure duration is prolonged
and sequential intravenous benzodiazepines fol-
lowed by second-line anticonvulsants are ineffec-
tive.?> Super-refractory status epilepticus (SRSE)
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occurs when seizures or recurrences persist after
24h of continuous intravenous administration of
anticonvulsants (including recurrences during
tapering or discontinuation of anesthetics).*

Although GCSE becomes mild after several
hours, the excitotoxicity of persistent generalized
epileptiform discharge may have deleterious
effects on the brain.> Therefore, if GCSE becomes
refractory or super-refractory, whether overt or
mild, it is associated with significant morbidity
and mortality.® For generalized SE, the mortality
within the first 30min is 3% and thereafter
increased to 19%.7 In a small study, the mortality
for SRSE was 57.1% (8/14).%

Previous studies have investigated the predictive
factors for SRSE, while the results were inconsist-
ent.%8-10 Moreover, the optimal treatment for
SRSE is unclear, and the current evidence is
mainly based on the observational study and case
series.®!! Since the late 1990s, although aggres-
sive management of prolonged SE was con-
ducted, the mortality has not decreased.!?
Therefore, risk factors for the progression to
SRSE and associated with mortality in SE patients
need to be investigated further.

Herein, we conducted a single-center retrospec-
tive cohort study to investigate the risk factors for
the development of SRSE in GCSE patients and
illustrate the risk factors for mortality in such
patients.

Materials and methods

Study design and setting

In this retrospective study, patients with GCSE
who met the inclusion criteria were collected
through the electronic medical record system.
The sociodemographic data, clinical diagnosis,
treatment history, and laboratory test results of
the patients were collected. Also, the duration of
the neurocritical unit (NCU) stay and the dura-
tion of mechanical ventilation (MV) were
recorded. Glasgow Coma Scale (GCS) scores
and Acute Physiology and Chronic Health
Assessment II (APACHE II) scores were col-
lected for each patient within 24 h of NCU admis-
sion. Modified Rankin scale (mRS) and GCS
score were collected at discharge. Six months
after discharge, the patients were followed up by

telephone or at the outpatient clinic, and the
information, including the mRS score, frequency
of residual seizures, and antiepileptic drugs, was
collected.

Selection of participants

We screened all patients with generalized SE
admitted to the Department of Neurology,
Nanfang Hospital, Southern Medical University,
Guangzhou, China, from October 2010 to
February 2021. The inclusion criteria were as fol-
lows: met the diagnostic criteria of GCSE,? admit-
ted to NCU, age >16years, and received long-term
follow-up. The exclusion criteria were as follows:
incomplete clinical data, mRS score =2 before
onset, terminal state, and loss to follow-up.

Standard protocol approvals, registrations,

and patient consent

This was a single-center, observational, retrospec-
tive cohort study. The study proposal was approved
by the Nanfang Hospital’s Ethics Committee on
Clinical Research. Informed consent was waived
by the review board because of its observational
and retrospective design, and all data were fully
de-identified. This manuscript adheres to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

Statistical analysis

Descriptive statistical analyses were performed on
all variables of the patients. The categorical vari-
ables are expressed as numbers (%) and com-
pared using a two-sided chi-square test or Fisher’s
exact test. Continuous data were presented as
mean * standard deviation (SD) or median
(interquartile range [IQR]) and analyzed using an
independent z-test or Mann—Whitney U test. The
candidate variable with p<0.1 identified by uni-
variate analysis was included in the multivariate
logistic regression model. Risk factors were ana-
lyzed by logistic regression. We select the param-
eters used for the model by maximum likelihood
estimation. Logistic regression odds ratios (ORs)
with reported 95% confidence intervals (CIs)
were calculated by likelihood ratio. All data analy-
ses were conducted using SPSS Statistics for
Windows (version 25.0. Armonk, NY: IBM
Corp), and p<<0.05 indicated a statistically sig-
nificant difference.
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GSE Patients admitted to NCU
between October 2010 and
February, 2021 (n=146)

Exclusion criteria:
1) Non-convulsive GSE (n=28)

y

| 106 patients included for analysis |

N

v

| SRSE (n=51) |

| Non-SRSE‘ (n=55) |

Figure 1. The inclusion flowchart of the patients.

v

2) Incomplete data (n=4)

3) mRS score 22 before onset (n=2)
4) Terminal state (n=2)

5) Loss to follow-up (n=4)

GSE, generalized status epilepticus; NCU, neurocritical care unit; SRSE, super-refractory status epilepticus.

Data availability

Anonymized data related to the current article are
available and will be shared upon request from
any qualified investigator. Individuals interested
in accessing these data should contact the corre-
sponding author.

Results

Clinical characteristics of the enrolled patients

Of the 146 patients screened, 106 were consid-
ered eligible and included in the study (Figure 1).
The mean age of the cohort was 37.8*+19.4
years, which consisted of 53 (50%) females. The
mean APACHE II score at the time of admission
was 16 £ 8, and the median NCU stay was 15
(4-31) days. In terms of etiology, 16 (15.1%)
cases had electrolyte metabolism disorders, 4
(3.8%) were diagnosed with cerebrovascular dis-
ease, 25 (23.6%) presented autoimmune enceph-
alitis, 30 (28.3%) cases had intracranial infections,
13 (12.3%) had epilepsy history, 8 (7.5%) had a
history of brain disease, and 10 (9.4%) patients
presented unknown reasons. Of the 106 patients
enrolled, 82 (77.4%) progressed to RSE, of which
51 (48.1%) progressed to SRSE after 24h of
intravenous anesthesia therapy. Subsequently,
10.4% (11/106) patients died during hospitaliza-
tion, of whom six patients died in hospital and
five died due to discharge against advice because

of Chinese tradition, hoping to die at home
accompanied by the family. Finally, 30.2%
(32/106) patients died during the 6-month fol-
low-up, and 42.5% (45/106) patients achieved a
good 6-month prognosis with mRS < 2.

Demographic and clinical characteristics of SRSE
and non-SRSE groups are listed in Table 1,
including sociodemographic information, comor-
bidities, laboratory results, treatment, and out-
comes. Compared to the non-SRSE group, the
SRSE group was younger (25 versus 46, p=0.002).
SRSE patients had significantly lower GCS scores
than non-SRSE patients on admission (5 versus 7,
p»=0.002). The percentage of autoimmune
encephalitis and intracranial infection was signifi-
cantly higher in the SRSE than non-SRSE group
(p=0.023 and 0.049, respectively). The use of
phenobarbital, glucocorticoid therapy, intrave-
nous immunoglobulin (IVIG) therapy, and the
ketogenic diet (Qitong milk; Shenzhen Zeneca
Biological Co., Ltd, 16 Baoshan Road, Jinlong
Avenue, Shenzhen, Guangdong, China.) was sig-
nificantly higher in the SRSE than the non-SRSE
groups. Compared to non-SRSE patients, SRSE
patients had longer hospital and NCU stays
(p=0.000 and 0.001, respectively). However, no
significant differences were observed in residual
epilepsy or mRS scores at discharge and during
the 6-month follow-up. Also, no significant dif-
ferences were detected in in-hospital and 6-month
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Table 1. Comparisons of clinical features between SRSE and non-SRSE patients.
Variables SRSE (n=51) Non-SRSE (n=55) p
Sociodemographic information
Female, n (%) 28 (55%) 25 (46%) 0.331
Age (years), median [IQR] 25 [22-36] 46 [22-64] 0.002
Comorbidities
History of epilepsy, n (%) 3(5.9%) 9 (16.4%) 0.163
Diabetes, n (%) 2 (3.9%) 6 (10.9%) 0.321
Hypertension, n (%) 1(2.0%) 7 (12.7%) 0.084
Coronary heart disease, n (%) 0 (0%) 4 (7.3%) 0.119
Pulmonary infection, n (%) 48 (94.1%) 44 (80.0%) 0.063
Baseline scores
APACHE I, admission, mean =SD 188 167 0.122
GCS, admission, median [IQR] 5 [3-7] 7 [6-101] 0.002
mRS, admission, median [IQR] 5 [4-5] 4 [4-5] 0.238
Etiology
Autoimmune encephalitis, n (%) 17 (33.3%) 8 (14.5%) 0.023
Intracranial infection, n (%) 19 (37.3%) 11 (20.0%) 0.049
Laboratory results
White blood cell (x10%/L), admission, median [IQR] 9.9 [8.5-15.2] 10.5(7.8-13.6] 0.870
Neutrophil (x107/L), admission, median [IQR] 7.6 [6.6-12.5] 8.0[6.1-11.7] 0.560
Lymphocyte (X 10%/L), admission, median [IQR] 1.10.8-1.7] 1.310.9-1.8] 0.089
NLR, admission, median [IQR] 8.6 [4.9-13.0] 6.81[3.5-9.3] 0.098
White blood cell (x10%/L), discharge, median [IQR] 7.51[5.1-9.5] 7.816.8-10.7] 0.161
Neutrophil (x10%/L), discharge, median [IQR] 4.8[3.1-6.8] 5.6 [4.2-8.2] 0.129
Lymphocyte (X 10%/L), discharge, median [IQR] 1.4[1.0-1.7] 1.411.1-2.1] 0.374
NLR, discharge, median [IQR] 3.5[2.2-5.71 3.5[2.4-5.8] 0.881
CSF white blood cell (cells/pL), median [IQR] 5[1-13] 2[0-12] 0.380
Treatment
Phenobarbital, n (%) 50 (98.0%) 0 (0%) 0.000
Immunotherapy, n (%) 38 (74.5%) 21 (38.2%) 0.000
Plasmapheresis, n (%) 17 (33.3%) 9 (16.4%) 0.042
[Continued]
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Table 1. (Continued)

Variables SRSE (n=51) Non-SRSE (n=55) p
Steroids, n (%) 28 (54.9%)]) 12 (21.8%) 0.000
IVIG, n (%] 26 (51.0%]) 14 (25.5%) 0.007
Qitong milk, n (%) 12 (23.5%) 5(9.1%) 0.043

Outcomes
Ventilation time (days), median [IQR] 16 [7-30] 1[0-9] 0.000
LOS (days) median [IQR] 41 [25-72] 21 [11-37] 0.000
Length of NCU stay (days), median [IQR] 23 [10-48] 7 [3-22] 0.001
GCS, discharge, median [IQR] 11 [3-15] 11 [6-15] 0.204
Times of residual seizures per month after discharge, median [IQR] 1[0-5] 0[0-1] 0.061
Good outcome (MRS < 2), discharge, n (%) 10 (19.6%) 11 (20%]) 0.960
6-Month good outcome (MRS <2), n (%) 21 (41.2%) 24 (43.6%) 0.798
In-hospital mortality, n (%) 6(11.8%) 5(9.1%) 0.652
6-month mortality, n (%) 16 (31.4%) 16 (29.1%) 0.798

APACHE Il, Acute Physiology and Chronic Health Evaluation Il; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale; IQR, interquartile range;
IVIG, intravenous immunoglobulin; LOS, length of hospital stay; mRS, modified Rankin Scale; NCU, neurocritical care unit; NLR, neutrophil-to-

lymphocyte ratio; SRSE, super-refractory status epilepticus.

mortalities between the two groups (p=0.652
and 0.798, respectively).

Risk factors for SRSE

To explore the risk factors for SRSE, a multivari-
ate logistic regression model was built by includ-
ing relevant parameters and considering
collinearity (Table 2). Progression to SRSE was
more probable when the etiology was autoim-
mune encephalitis (OR 4.030, 95% CI: 1.314—
12.363) and intracranial infection (OR 3.523,
95% CI: 1.232-10.076). Older age was a protec-
tive factor for SRSE (OR 0.956, 95% CI: 0.931—
0.982). Severe coma (GCS<=8, on admission)
was a risk factor for SRSE (OR 3.332, 95% CI:
1.194-9.293).

Risk factors for in-hospital mortality

In all, 11 (10.4%) patients died during hospitali-
zation. The comparisons of clinical features
between survivors and non-survivors are listed in
Table 3. No significant differences were observed
between the two groups with respect to gender,

age, comorbidities, GCS score at admission, eti-
ology, treatment, or SRSE/non-SRSE. APACHE
II score at admission was lower among the survi-
vors (p=0.048). Patients who died in the hospital
had relatively higher neutrophil-to-lymphocyte
ratios (NLR) (p=0.067) at admission than survi-
vors. The length of hospital stay in deceased
patients was significantly shorter than that in sur-
vivors (p=0.011). Multivariate logistic regression
analysis showed that NLR at admission (OR:
1.108, 95% CI: 1.010-1.214) was independently
associated with in-hospital mortality (Table 4).

Risk factors for 6-month mortality

Up to 30.2% (32/106) of patients died within
6 months after discharge. The comparisons of
clinical features between 6-month survivors and
non-survivors are listed in Table 5. No significant
differences were observed between the two groups
with respect to gender, age, comorbidities, GCS
score at admission, APACHE II score at admis-
sion, etiology, or SRSE/non-SRSE. However, the
utilization rate of plasma exchange (PE) during
hospitalization was higher among the long-term
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Table 2. Logistic regression analysis of predictors for SRSE.
Variables Univariable analysis Multivariable analysis
OR 95% CI p OR 95% CI p
Age 0.955 0.933-0.979 0.000 0.956 0.931-0.982 0.001
Intracranial infection 2.375 0.994-5.675 0.052 3.523 1.232-10.076 0.019
Autoimmune encephalitis 2.937 1.137-7.589 0.026 4.030 1.314-12.363 0.015
Severe comalGCS <8, admission) 2.343 0.969-5.665 0.059 3.332 1.194-9.293 0.021
Cl, confidence interval; GCS, Glasgow Coma Scale; OR, odds ratio; SRSE, super-refractory status epilepticus.
Table 3. Comparisons of clinical features between in-hospital survivors and non-survivors.
Variables Survived (n=95) Expired (n=11) p
Sociodemographic information
Female, n (%) 46 (48.4%) 7 (63.6%) 0.524
Age (years), median [IQR] 28 [22-51] 44 [22-70] 0.300
Comorbidities
History of epilepsy, n (%) 12 (12.6%) 0 (0.0%) 0.357
Diabetes, n (%) 6(6.3%) 2 (18.2%) 0.419
Hypertension, n (%) 8 (8.4%) 0(0.0%) 1.000
Coronary heart disease, n (%) 2 (2.1%) 2 (18.2%) 0.070
Pulmonary infection, n (%) 81 (85.3%) 11 (100.0%) 0.352
Baseline scores
APACHE Il, admission, mean = SD 167 21=8 0.048
GCS, admission, median [IQR] 6 [4-9] 6 [3-6] 0.110
mRS, admission, median [IQR] 5 [4-5] 5 [4-5] 0.768
Etiology
Autoimmune encephalitis, n (%) 24 (25.3%]) 1(9.1%) 0.412
Intracranial infection, n (%) 27 (28.4%) 3(27.3%) 1.000
Laboratory results
White blood cell (x109/L), admission, median [IQR] 9.9 [8.1-14.2] 11.919.2-19.7] 0.167
Neutrophil (X 10%/L), admission, median [IQR] 7.716.2-11.7] 10.4[7.3-17.1] 0.119
Lymphocyte (X 10%/L), admission, median [IQR] 1.3[0.9-1.8] 1.0[0.7-1.7] 0.176
NLR, admission, median [IQR] 7.5[3.9-10.4] 12.2 [5.6-21.0] 0.067
CSF white blood cell (cells/pL), median [IQR] 2[0-12] 3[1-18] 0.952
[Continued]
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Table 3. (Continued)

Variables Survived (n=95) Expired (n=11) p
Seizure classification
SRSE, n (%) 45 (47.4%) 6 (54.5%) 0.652
Treatment
Phenobarbital, n (%) 44 (46.3%) 6 (54.5%) 0.605
Immunotherapy, n (%) 52 (54.7%) 7 (63.6%) 0.809
Plasmapheresis, n (%) 25 (26.3%) 1109.1%) 0.375
Steroids, n (%) 34 (35.8%) 6 (54.5%) 0.224
IVIG, n (%) 37 (38.9%]) 3(27.3%) 0.669
Qitong milk, n (%) 17 (17.9%) 0 (0.0%) 0.205
Outcomes
Ventilation time (days), median [IQR] 8 [0-20] 8 [4-16] 0.732
LOS (days), median [IQR] 33 [18-57] 12 [8-28] 0.011
Length of NCU stay (days], median [IQR] 16 [4-33] 8 [0-16] 0.092

APACHE I, Acute Physiology and Chronic Health Evaluation II; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale; IQR, interquartile range;
IVIG, Intravenous immunoglobulin; LOS, length of hospital stay; mRS, modified Rankin Scale; NCU, neurocritical care unit; NLR, neutrophil-to-

lymphocyte ratio; SRSE, super-refractory status epilepticus.

Table 4. Logistic regression analysis of risk factors for in-hospital mortality.

Variables Univariable analysis Multivariable analysis

OR 95% ClI P OR 95% ClI p
Coronary heart disease 10.333 1.296-82.379 0.027 - - -
APACHE II, admission 1.091 0.999-1.191 0.053 - - -
NLR, admission 1.054 0.986-1.127 0.121 1.108 1.010-1.214  0.029
Lymphocyte (X 109/L), 0.155 0.034-0.699 0.015 - - =

discharge

APACHE I, Acute Physiology and Chronic Health Evaluation II; Cl, confidence interval; NLR, neutrophil-to-lymphocyte

ratio; OR, odds ratio.

survivors. Patients who died within 6 months had
higher NLR at discharge than survivors. The
length of hospital stay in deceased patients was
significantly shorter than that in survivors.
Patients in the deceased group had significantly
lower GCS scores and higher mRS at discharge
than the survivors. None of the patients in the

deceased group had a good prognosis at discharge
with mRS < 2.

Multivariate logistic regression analysis showed
that PE was a protective factor for 6-month mor-
tality in GCSE patients (OR: 0.205, 95% CI:
0.046-0.913). High NLR at discharge was a risk
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Table 5. Comparisons of clinical features between 6-month survived and expired patients.
Variables Survived (n=74) Expired (n=32) p
Sociodemographic information
Female, n (%) 39 (52.7%) 14 (43.8%) 0.397
Age (years), median [IQR] 27 [22-51] 39 [22-61] 0.144
Comorbidities
History of epilepsy, n (%) 10 (13.5%) 2 (6.3%) 0.453
Diabetes, n (%) 3 (4.1%) 5(15.6%) 0.095
Hypertension, n (%) 5 (6.8%) 3(9.4%) 0.946
Coronary heart disease, n (%) 2 (2.7%) 2 (6.3%) 0.745
Pulmonary infection, n (%) 63 (85.1%) 29 (90.6%) 0.650
Baseline scores
APACHE II, admission, mean +=SD 16+7 18+8 0.262
GCS, admission, median [IQR] 7 [4-10] 6 [3-8] 0.219
mRS, admission, median [IQR] 5 [4-5] 5 [4-5] 0.877
Etiology
Autoimmune encephalitis, n (%) 21 (28.4%) 4 (12.5%) 0.129
Intracranial infection, n (%) 18 (24.3%) 12 (37.5%) 0.167
Laboratory results
White blood cell (X 10%/L), admission, median [IQR] 9.717.9-13.1] 10.7 [9.1-17.8] 0.053
Neutrophil (X 10%/L), admission, median [IQR] 7.616.2-11.1] 8.9 [6.6-15.5] 0.086
Lymphocyte (x10%/L), admission, median [IQR] 1.2 [0.8-1.7] 1.4 [0.9-2.0] 0.480
NLR, admission, median [IQR] 7.6 [4.0-10.9] 7.7 [3.9-12.7] 0.505
White blood cell (X 10%/L), discharge, median [IQR] 7.7 [5.3-9.5] 8.6 [6.0-11.7] 0.252
Neutrophil (X10%/L), discharge, median [IQR] 4.9 [3.7-6.8] 6.4[4.1-9.7] 0.039
Lymphocyte (X 10%/L), discharge, median [IQR] 1.41.1-2.0] 1.3[0.9-1.7] 0.118
NLR, discharge, median [IQR] 3.0[2.2-4.9] 5.0 [3.1-6.6] 0.006
CSF white blood cell (cells/uL], median [IQR] 2 [0-15] 411-12] 0.654
Seizure classification
SRSE, n (%) 35 (47.3%) 16 (50.0%) 0.798
Treatment
Phenobarbital, n (%) 34 (45.9%]) 16 (50.0%) 0.701
Immunotherapy, n (%) 45 (60.8%) 14 (43.8%) 0.105
[Continued]
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Table 5. (Continued)

Variables

Survived (n=74)  Expired (n=32) p

Plasmapheresis, n (%)
Steroids, n (%)
IVIG, n (%]
Qitong milk, n (%)
Outcomes
Ventilation time (days), median [IQR]
LOS (days), median [IQR]
Length of NCU stay (days), median [IQR]
GCS, discharge, median [IQR]

Good outcome (MRS <2), discharge, n (%)

23 (31.1%]) 3 (9.4%) 0.032
29 (39.2%) 11 (34.4%) 0.639
32 (43.2%) 8 (25.0%) 0.075
15 (20.3%) 2 (6.3%) 0.129
8 [0-20] 8[0-16] 0.886
34 [21-59] 19 [11-29] 0.004
19 [4-33] 12 [2-21] 0.225
15 [10-15] 3 [3-6] 0.000
21 (28.4%) 0 (0%) 0.000

APACHE Il, Acute Physiology and Chronic Health Evaluation Il; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale; IQR,
interquartile range; IVIG, intravenous immunoglobulin; LOS, length of hospital stay; mRS, modified Rankin Scale; NCU,
neurocritical care unit; NLR, neutrophil-to-lymphocyte ratio; SRSE, super-refractory status epilepticus.

Table 6. Logistic regression analysis of risk factors for 6-month mortality.

Variables Univariable analysis Multivariable analysis

OR 95% CI P OR 95% CI p
White blood cell (x10%/L), admission ~ 1.104 1.014-1.202 0.023 - - -
NLR, discharge 1.104 1.002-1.217 0.045 1.093 1.010-1.184 0.028
Plasmapheresis 0.229 0.063-0.830 0.025 0.205 0.046-0.913 0.038
Autoimmune encephalitis 0.361 0.113-1.154 0.086 - - -

Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio.

factor for 6-month mortality (OR: 1.093, 95%
CI: 1.010-1.184) (Table 6).

Risk factors for 6-month prognosis

A total of 45 (42.4%) patients had favorable out-
comes (mRS=<2) within 6months after dis-
charge. No significant differences were observed
between the good-prognosis and bad-prognosis
groups with respect to sex, age, comorbidities,
etiology, length of hospital stay, length of NCU
stay, treatment, or SRSE/non-SRSE. Patients
with a good 6-month prognosis had significantly

higher GCS scores and lower mRS scores at dis-
charge (Table 7).

Comparisons of clinical features

according to etiology

According to the etiology, we further divided the
patients into autoimmune encephalitis and non-
autoimmune encephalitis groups. Compared to
the non-autoimmune encephalitis group, the
autoimmune encephalitis group predominantly
consisted of females. The duration of MV, hospi-
tal stay, and NCU stay were significantly
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Table 7. Comparisons of clinical features between patients with good and poor 6-month prognosis.
Variables Good prognosis (n=45) Poor prognosis (n=61) p
Sociodemographic information
Female, n (%) 23 (51.1%) 30 (49.2%) 0.844
Age (years), median [IQR] 24 [20-61] 34 [23-55] 0.185
Comorbidities
History of epilepsy, n (%) 8(17.8%) 4 (6.6%) 0.136
Diabetes, n (%) 2 (4.4%) 6 (9.8%) 0.505
Hypertension, n (%) 2 (4.4%) 6(9.8%) 0.505
Coronary heart disease, n (%) 1(2.2%) 3 (4.9%) 0.838
Pulmonary infection, n (%) 36 (80.0%) 56 (91.8%) 0.076
Baseline scores
APACHE I, admission, mean + SD 15+7 18+8 0.040
GCS, admission, median [IQR] 7 [5-11] 6 [4-8] 0.009
mRS, admission, median [IQR] 4 [4-5] 5 [4-5] 0.178
Etiology
Autoimmune encephalitis, n (%) 10 (22.2%) 15 (24.6%) 0.777
Intracranial infection, n (%) 15 (33.3%) 15 (24.6%) 0.323
Laboratory results
White blood cell (X 10%/L), admission, median [IQR] 10.4 [8.1-14.4] 9.9 [8.3-14.3] 0.985
Neutrophil (x10%/L), admission, median [IQR] 8.0 [6.1-12.2] 7.5[6.3-11.7] 0.902
Lymphocyte (X10%/L), admission, median [IQR] 1.310.9-1.8] 1.2[0.8-1.9] 0.861
NLR, admission, median [IQR] 7.7 [4.9-12.3] 7.6 [3.7-10.7] 0.614
White blood cell (x10%/L), discharge, median [IQR] 7.715.2-9.9] 7.9 [6.7-9.7] 0.856
Neutrophil (x10%/L), discharge, median [IQR] 4.8[3.1-7.4] 5.614.1-7.2] 0.341
Lymphocyte (X 10%/L), discharge, median [IQR] 1.5[1.1-1.8] 1.3[1.0-1.7] 0.394
NLR, discharge, median [IQR] 3.1[2.1-5.1] 4.2[2.6-5.9] 0.136
CSF white blood cell (cells/pL), median [1QR] 2 [0-10] 4 [0-20] 0.302
Seizure classification
SRSE, n (%) 21 (46.7%) 30 (49.2%) 0.798
Treatment
Phenobarbital, n (%) 20 (44.4%) 30 (49.2%) 0.629
[Continued]
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Table 7. (Continued)

Variables

Good prognosis (n=45)

Poor prognosis (n=61) p

Immunotherapy, n (%)
Plasmapheresis, n (%)
Steroids, n (%)
IVIG, n (%)
Qitong milk, n (%)
Outcomes
Ventilation time (days), median [IQR]
LOS (days), median [IQR]
Length of NCU stay (days), median [IQR]
GCS, discharge, median [IQR]

Good outcome (MRS <2), discharge, n (%)

25 (55.6%) 34 (55.7%)
10 (22.2%) 16 (26.2%)
13 (28.9%) 27 (44.3%)
19 (42.2%) 21 (34.4%)
6 (13.3%) 11 (18.0%)
7[0-18] 8 [0-23]
33 [11-47] 28 [17-67]
12 [3-29] 16 [5-42]
15[12-15] 6[3-11]
20 (44.4%) 1(1.6%)

0.985
0.636
0.107
0.413
0.515

0.220
0.518
0.295

0.000
0.000

APACHE Il, Acute Physiology and Chronic Health Evaluation Il; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale; IQR, interquartile range;

IVIG, intravenous immunoglobulin; LOS, length of hospital stay; mRS, modified Rankin Scale; NCU, neurocritical care unit; NLR, neutrophil-to-

lymphocyte ratio; SRSE, super-refractory status epilepticus.

prolonged and percentages of phenobarbital,
immunotherapy, and SRSE were significantly
higher in the autoimmune encephalitis group
than in the non-autoimmune group. Interestingly,
the autoimmune encephalitis group patients had
higher mRS scores at discharge, while the
6-month prognosis was not different from the
non-autoimmune encephalitis group (Table 8).

Discussion

In this 10-year single-center cohort study in a ter-
tiary teaching hospital in South China, we
observed that the incidence of progression to
SRSE was 48.1% in GCSE patients. Patients
with autoimmune encephalitis and intracranial
infection were prone to SRSE. The overall in-
hospital and 6-month mortality was 10.4% and
30.2%, respectively. No obvious differences were
observed in the short- and long-term mortality
between SRSE and non-SRSE groups.
Multivariate logistic regression analysis showed
that NLR at admission was independently associ-
ated with in-hospital mortality. PE significantly
reduced 6-month mortality, and NLR at dis-
charge was a predictor of 6-month mortality. We
are a tertiary center for critically ill patients in

South China. Some of the patients who have been
transferred to our center were quite severe. As our
center is good at central nervous system infec-
tions and autoimmune encephalitis, doctors from
nearby hospitals prefer to send such patients to
our center. Due to these reasons, we have selec-
tion bias in this cohort. As a retrospective single-
center study with substantial patient selection
bias, all the results may not be representative.
Therefore, all the data were based on this cohort
and should be interpreted with caution.

In the current study, we found that GCSE trig-
gered by autoimmune encephalitis or intracranial
infection was prone to SRSE, which is consistent
with previous findings.!3-15 Shorvon* concluded
that the etiology of SRSE is a severe acute brain
injury. Tian ez al.!®> showed that acute encephalitis
is a critical etiology of SRSE. Similarly, in another
study,!* a cohort of SRSE also showed encephali-
tis as the most common etiology and a major fac-
tor in the progress from non-refractory SE to
SRSE. A recently published meta-analysis of
SRSE/5 revealed that in SRSE patients, acute cer-
ebral events (including acute stroke, intracerebral
hemorrhages, infectious disease, and autoim-
mune encephalitis) and unknown etiologies
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Table 8. Comparisons of clinical features between patients with autoimmune encephalitis and non-autoimmune encephalitis.

Variables Autoimmune encephalitis Non-autoimmune
(n=25) encephalitis (n=81)

Sociodemographic information
Female, n (%) 18 (72%) 35 (43%) 0.012
Age (years), median [IQR] 27 [22-39] 31 [22-56] 0.344

Comorbidities

History of epilepsy, n (%) 0 (0.0%) 12 (14.8%) 0.065
Diabetes, n (%) 0(0.0%) 8 (9.9%) 0.194
Hypertension, n (%) 2 (8.0%) 6 (7.4%) 1

Coronary heart disease, n (%) 0(0.0%) 4 (4.9%) 0.571
Pulmonary infection, n (%) 23 (92.0%) 69 (85.2%) 0.588

Baseline scores

APACHE I, admission, mean = SD 18+ 6 16+8 0.325
GCS, admission, median [IQR] 5 [4-8] 6 [5-9] 0.175
mRS, admission, median [IQR] 5 [4-5] 4 [4-5] 0.504

Laboratory results

White blood cell (x107/L), admission, median [IQR] 9.1[8.3-12.1] 10.5[8.2-14.8] 0.287
Neutrophil (X 10%/L), admission, median [IQR] 7.2 [5.9-10.6] 8.3[6.6-12.0] 0.167
Lymphocyte (X 10%/L), admission, median [IQR] 1.2[0.8-1.9] 1.2[0.9-1.8] 0.904
NLR, admission, median [IQR] 7.7 [3.1-10.0] 7.6 [4.6-11.7] 0.438
White blood cell (x10%/L), discharge, median [IQR] 8.1[5.5-10.0] 7.6 [5.3-9.7] 0.558
Neutrophil (X 107/L), discharge, median [IQR] 6.1[3.7-7.3] 5.1[3.7-7.3] 0.537
Lymphocyte (X 10%/L), discharge, median [IQR] 1.411.1-1.7] 1.401.0-1.8] 0.962
NLR, discharge, median [IQR] 4.1[2.7-5.9] 3.4[2.3-5.7] 0.571
CSF white blood cell (cells/uL], median [IQR] 4[1-17] 2[0-12] 0.555

Seizure classification

SRSE 17 (68.0%) 34 (42.0%) 0.023
Treatment
Phenobarbital, n (%) 17 (68.0%) 33 (40.7%) 0.017
Immunotherapy, n (%) 25 (100.0%) 34 (42.0%) 0.000
Plasmapheresis, n (%] 19 (76.0%) 7 (8.6%) 0.000
Steroids, n (%) 19 (76.0%) 21 (25.9%) 0.000
[Continued]

12 journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

D Wang, M Liet al.

Table 8. (Continued)

Variables Autoimmune encephalitis Non-autoimmune p
(n=25) encephalitis (n=81)
IVIG, n (%) 21 (84.0%) 19 (23.5%) 0.000
Qitong milk, n (%] 5 (20.0%) 12 (14.8%) 0.537
Outcomes
Ventilation time (days), median [IQR] 18 [9-34] 4[0-14] 0.000
LOS (days), median [IQR] 46 [32-86] 24 [11-46] 0.000
Length of NCU stay (days], median [IQR] 30 [20-53] 8 [2-24] 0.000
GCS, discharge, median [IQR] 9 [6-15] 11 [6-15] 0.797
Good outcome (MRS =< 2), discharge, n (%) 1 (4.0%) 20 (24.7%) 0.047
6-month good outcome (MRS <2), n (%) 10 (40.0%) 35 (43.2%) 0.777
In hospital mortality, n (%) 1 (4.0%) 10 (12.3%) 0.412
6-month mortality, n (%) 4 (16.0%) 28 (34.6%) 0.129

APACHE Il, Acute Physiology and Chronic Health Evaluation Il; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale; IQR, interquartile range;

IVIG, intravenous immunoglobulin; LOS, length of hospital stay; mRS, modified Rankin Scale; NCU, neurocritical care unit; NLR, neutrophil-to-

lymphocyte ratio; SRSE, super-refractory status epilepticus.

accounted for 41.6% and 22.3% of all etiologies,
respectively. In this study, the percentage of auto-
immune encephalitis and intracranial infections
accounted for a quite high percentage in the
SRSE group with patients’ bias. Therefore,
GCSE patients induced by autoimmune enceph-
alitis or intracranial infection tended to progress
to SRSE, necessitating caution. In this study, we
found that younger patients were more likely to
develop SRSE than older patients; however, the
results were inconsistent. Some studies revealed
that older people had a poor controllable rate of
GCSE at 1h and were inclined to progress to
RSE.%16-18 A few studies showed that age was not
a statistically significant factor for this progres-
sion.1%19 In the study by Kellinghaus ez al.,° the
median age of the GCSE group was 65 years, and
the etiology of the patients was mainly acute
symptomatic. On the other hand, in our study,
the mean age was 38years, and autoimmune
encephalitis or intracranial infection comprised
>50% of patients. Therefore, the different results
might be caused by the selection bias of the
patients and should be interpreted -carefully.
Some multi-center studies with a large patient
number are needed to clarify this issue.

Reportedly, the in-hospital mortality of GCSE
was about 20% and could be about 40% if SE
remained refractory.?20-23 A systematic review
and meta-analysis of convulsive status epilepticus
(CSE) mortality in high-income countries from
1990 to 2017 showed an overall mortality rate of
15.9%.13 A randomized controlled trial (RCT)
involving 66 CSE patients in China showed that
10.6% of them died during hospitalization, and
25.8% had residual symptomatic epilepsy.?* In
the present study, the in-hospital mortality was
10.4% and increased to 30.2% within 6 months
after discharge. The whole mortality rate was
similar to that reported previously. In the recently
published meta-analysis,!> the in-hospital mor-
tality in SRSE patients was 24.1%. In this study,
the mortality of in-hospital mortality and
6 months after discharge in the SRSE group were
11.8% and 31.4%, respectively. In this study, the
low in-hospital mortality and high proportion
with low mRS after discharge were due to the
selection bias of patients we have mentioned
before. Second, some critically ill patients were
discharged for local cultural reasons. In some
rural areas of China, patients prefer to die at
home rather than in a hospital, which leads to
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low in-hospital mortality and a considerably high
mortality after discharge.

However, we did not observe any marked differ-
ences in the short- and long-term mortality
between SRSE and non-SRSE groups, which was
contradictory to previous findings.%1%425:26 These
diverse findings could also be ascribed to diver-
gence in the study population. The patients were
young, and most had encephalitis. Also, the usage
of anesthetics (phenobarbital) and immunother-
apy was aggressive in our study, which controlled
the condition in most patients after treatment.
We suggested that for SRSE patients, doctors
should try their best to control the seizures and
patients might achieve good prognosis though the
seizures were super-refractory.

In a global survey?’ of 488 RSE cases, the most
commonly used anesthetic was midazolam (59%),
followed by propofol (32%) and barbiturates
(8%). According to the guidelines of SE,12:28:29-32
intravenous infusion of midazolam and propofol
was an alternative for RSE patients. Phenobarbital
infusion was suggested if the above therapy failed.
In an RCT?% of sodium valproate versus phenobar-
bital, phenobarbital had a higher rate of SE termi-
nation than sodium propionate. Due to the high
termination rate and low price of phenobarbital, it
was widely used in our center. In this study, 50
SRSE patients received phenobarbital of whom
only one patient failed treatment. The result was
slightly different from the current meta-analysis!>
which revealed that phenobarbital revealed a non-
significant trend toward worse outcomes at dis-
charge. Based on this study, we suggested that
phenobarbital might benefit the patients by the
high prevalence of seizure control.

Over the past decades, several immunomodulatory
therapies®! have been suggested as the first-line
immunotherapy for SE, including corticosteroids,
IVIG, and PE32. Recently, international consensus
for the management of new onset refractory status
epilepticus (NORSE) recommended that with
potential immune activation, first-line immunother-
apy should be considered within 72h after seizure.
When the first-line immunotherapy response is
insufficient, the second-line immunotherapy and
ketogenic diet should be considered within 7 days
after the seizure.?! In this study, >50% of RSE
patients (32% with PE, 49% with IVIG, and 49%
with steroids) received immunotherapy, and we
observed that PE significantly reduces 6-month

mortality. Previous studies focused on PE in RSE
got controversial results. In a systematic review>>
about PE in adult autoimmune RSE, seizure
response with the application of PE therapy
occurred in 14/27 (51.9%) patients, with 1 (3.7%)
and 13 (48.1%) displaying partial and complete
responses, respectively. Such results did not support
the routine application of PE in adult autoimmune
RSE. A previous small cohort study of 18 NORSE
patients found that immunotherapy including PE
did not change the prognosis of NORSE patients.3*
A RCT?> of NORSE with immunotherapy (corti-
costeroids, IVIG, and PE) showed that it improves
the prognosis (mRS 0-2) at hospital discharge and
during follow-up despite early or late application. In
this study, autoimmune encephalitis was the main
etiology and PE was the first-line therapy for such
patients, which may cause a different result.
Therefore, the impact of immunotherapy, especially
PE, on the prognosis and mortality of GCSE
patients requires further investigation.

Another interesting result in this study was that
the NLR at admission and discharge is an inde-
pendent predictor of in-hospital and 6-month
mortality, respectively. Accumulating evi-
dence3%37 suggested that peripheral blood NLR
can be used as a marker of systemic inflamma-
tion. High NLR is independently associated with
90-day poor outcomes in critically ill stroke
patients.3® We also observed the predictive value
of NLR in GCSE mortality, suggesting that clini-
cians should focus on this index. However, due
to the observational study with limited data,
more research was warranted to confirm the
result.

Nevertheless, the present study has several limita-
tions. First, this was a retrospective, single-center
study with unavoidable selection bias of the
patients, and the research sample needs to be
expanded. Second, as a tertiary referral center,
the distribution of the study population was dif-
ferent from the other studies, which could cause
bias. Third, as a retrospective study, we can only
explore the results in the observational cohort,
which was indeed a way of fishing in data.
Therefore, the results and conclusions we have
obtained should be interpreted carefully.

In summary, about 48% of GCSE patients in the
current study developed SRSE. SE triggered by
autoimmune encephalitis or intracranial infec-
tion was prone to SRSE. The overall in-hospital
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and 6-month mortality was 10.4% and 30.2%,
respectively. Multivariate logistic regression
analysis showed that NLR at admission and dis-
charge was an independent predictor of in-hospi-
tal and 6-month mortality, respectively. PE
significantly reduced the 6-month mortality.
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