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Abstract

Background: This study aims to investigate the efficacy and safety of glibenclamide treatment in patients with acute
aneurysmal subarachnoid hemorrhage (@SAH).

Methods: The randomized controlled trial was conducted from October 2021 to May 2023 at two university-affiliated
hospitals in Beijing, China. The study included patients with aSAH within 48 h of onset, of whom were divided into the
intervention group and the control group according to the random number table method. Patients in the interven-
tion group received glibenclamide tablet 3.75 mg/day for 7 days. The primary end points were the levels of serum
neuron-specific enolase (NSE) and soluble protein 100B (S100B) between the two groups. Secondary end points
included evaluating changes in the midline shift and the gray matter-white matter ratio, as well as assessing the
modified Rankin Scale scores during follow-up. The trial was registered at ClinicalTrials.gov (identifier NCT05137678).

Results: Atotal of 111 study participants completed the study. The median age was 55 years, and 52% were women. The
mean admission Glasgow Coma Scale was 10, and 58% of the Hunt-Hess grades were no less than grade lIl. The baseline
characteristics of the two groups were similar. On days 3 and 7, there were no statistically significant differences observed in
serum NSE and S100B levels between the two groups (P> 0.05). The computer tomography (CT) values of gray matter and
white matter in the basal ganglia were low on admission, indicating early brain edema. However, there were no significant
differences found in midline shift and gray matter—white matter ratio (P> 0.05) between the two groups. More than half of
the patients had a beneficial outcome (modified Rankin Scale scores 0-2), and there were no statistically significant differ-
ences between the two groups. The incidence of hypoglycemia in the two groups were 4% and 9%, respectively (P=0.439).

Conclusions: Treating patients with early aSAH with oral glibenclamide did not decrease levels of serum NSE and
ST00B and did not improve the poor 90-day neurological outcome. In the intervention group, there was a visible
decreasing trend in cases of delayed cerebral ischemia, but no statistically significant difference was observed. The
incidence of hypoglycemia did not differ significantly between the two groups.
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Introduction

Stroke is a large group of life-threatening diseases of
the central nervous system. According to the China
Stroke Statistics 2019, approximately 1.57 million peo-
ple died of stroke in 2018 [1]. Subarachnoid hemor-
rhage (SAH), particularly aneurysm SAH (aSAH), is a
specific subtype of stroke and is associated with high
disability and mortality, accounting for approximately
5% of all strokes [2]. This disease primarily affects
young individuals, with an average age of 55 years [3,
4], leading to a significant economic burden on both
patients and society [5]. In recent decades, advance-
ments in aneurysms treatment and the widespread use
of nimodipine therapy have contributed to improved
survival rates [1, 6, 7].

Retrospective studies of patients with diabetes with
stroke show improved outcomes in patients who are
continued on sulfonylureas after stroke onset [8]. Both
preclinical and clinical studies have demonstrated
its effectiveness in alleviating cerebral edema fol-
lowing intracranial hemorrhage and ischemic stroke
[9-13]. The mechanism involves the blocking of the
sulfonylurea receptor 1-transient receptor potential
melastatin 4 channel (TRPM4), a nonselective cation
channel discovered to be transcriptionally upregulated
by all cell types in the neurovascular unit following
ischemia [14, 15]. This channel opens in response to
adenosine triphosphate depletion, allowing the influx
of sodium and water, which leads to cytotoxic edema
and subsequent vasogenic edema [16, 17]. In addition,
glibenclamide has shown benefits in maintaining vas-
cular endothelial integrity during cell injury, reducing
edema, and inhibiting neuronal cell death caused by
elevated intracranial pressure (ICP) [18, 19].

The upregulation of TRPM4 has been confirmed in
SAH [20]. Early cerebral edema, which contributes to
elevated ICP, appears to be associated with ion chan-
nel dysfunction and subsequent cellular swelling [21].
Recent studies highlighted the importance of manag-
ing early brain injury characterized by diffuse brain
edema within 72 h of aSAH onset [22]. Hence, we
hypothesized that glibenclamide may have neuropro-
tective effects in individuals with acute aSAH. Previ-
ous studies on ischemic stroke have already used oral
glibenclamide [23, 24]. Additionally, the intravenous
form of glibenclamide has not yet been clinically
approved in China. Therefore, this study selected oral
glibenclamide as the trial drug.

Methods

Study Design

The study was a multicenter, prospective, randomized,
controlled, open-label, blinded end point clinical trial,

conducted simultaneously in Beijing Tiantan Hospi-
tal and Beijing Tongren Hospital, affiliated with Capi-
tal Medical University. Its objective was to assess the
potential of glibenclamide in reducing early brain injury
following aSAH. All procedures in this study strictly
adhered to the recommendations of Good Clinical Prac-
tice guidelines and the Declaration of Helsinki. Partici-
pants or their legally authorized representatives provided
written consent before entering the study.

Study Objects

Inclusion criteria: Radiological evidence of aSAH (con-
firmed by CT/CTA/MRI/MRA/DSA) within 48 h of
onset, age 18 to 74 years (the older population tended to
have lower tolerance to hypoglycemia).

Exclusion criteria: (1) patients who were previously
diagnosed with aneurysms and have a history of stroke,
epilepsy, neurodegenerative diseases such as Parkin-
son’s disease, dementia, cerebrovascular diseases, motor
neuron diseases, traumatic brain injury, schizophrenia,
or depression were excluded. Exclusion criteria were
based on previously published data, indicating that lev-
els of some brain-specific biomarkers may be elevated
in these diseases [25]; (2) being allergic to sulfonamides
or glibenclamide tablets and having taken sulfonylurea
within 30 days before the trial; (3) having severe crani-
ocerebral injury such as cerebral hernia or Hunt-Hess
grade of V occurred at admission; (4) having severe renal
disease, severe liver disorder, coagulation abnormalities,
or malignant tumor; (5) having blood sugar levels below
4 mmol/L after aSAH or a history of hypoglycemia; and
(6) being pregnant or lactating. The details of inclu-
sion and exclusion criteria are shown in Supplementary
Table 1.

Randomization and Masking

Study participants were randomly assigned in a 1:1 ratio
to either the glibenclamide group or the control group
using a Web-based randomization process. The ran-
domization sequence was computer generated. It was
prepared by a doctor skilled in statistics who was not
involved in the rest of the study. The grouping results
were unmasked to participants and researchers, except
for those who assessed the outcome and conducted
the analysis. All imaging evaluations were conducted
by investigators who were masked to clinical variables,
interventions, and functional outcomes. One investiga-
tor, who was unaware of the allocation and intervention,
assessed the functional outcomes at day 90. The statisti-
cal analysis was conducted by an independent doctor,
who was also masked.



Intervention

Study participants assigned to the intervention group
were prescribed glibenclamide tablets (Tianjin Pacific
Pharmaceutical Co., Ltd., China; each tablet 2.5 mg) at a
dosage of 1.25 mg three times daily, along with standard
care, for 7 consecutive days after enrollment. The glib-
enclamide was orally taken within 30 min before three
meals. For patients with enteral nutrition, glibenclamide
was given at regular time points (08:00, 12:00, and 16:00)
through a nasogastric feeding tube. The control group
received neither glibenclamide tablets nor placebo. Both
groups in the trial were prescribed with standard care fol-
lowing guidelines [26—-28]. Surgical clipping or endovas-
cular coiling was determined by a team of neurosurgeons
and interventional neuroradiologists based on medical
indications, such as the results of the complete blood
count, size and location of the aneurysm, and the neuro-
logical status of the patient. In patients with symptomatic
hydrocephalus, external continuous ventricular drainage
with of the cerebrospinal fluid was first implanted.

Clinical Evaluation

Demographic data, medical history, and baseline clinical
parameters were collected after admission. This included
information on gender, age at diagnosis, risk factors (such
as hypertension, cigarette, alcohol, diabetes mellitus,
and dyslipidemia), familial history, and details related
to aneurysms, such as number, location, size, and treat-
ment, from each patient. The patient’s clinical status at
the ICU was assessed using the Acute Physiology and
Chronic Health Evaluation II score. Brain CT, liver and
kidney function, and coagulation indexes were measured
at baseline, on the third day, and on the seventh day.

The modified Fisher score and the SAH early brain
edema score (SEBES) were conducted according to the
brain CT at enrolled. SEBES is a CT-based, semiquantita-
tive assessment method for brain edema [29]. This scor-
ing system evaluates four areas of sulci disappearance in
specific brain tissue planes in each hemisphere, focus-
ing on the basal ganglia and centrum semiovale. Patients
with a high SEBES on admission, particularly a score of
3—4, often exhibit more severe disease severity, increased
risk of delayed cerebral ischemia (DCI), and poorer func-
tional outcomes. However, it is important to note that
this scoring method primarily focuses on severe cases of
edema and may not fully capture the entire spectrum of
early brain injury. Furthermore, its effectiveness has not
been validated in large-scale clinical studies.

Initial neurological conditions of the patients were
assessed using the World Federation of Neurosurgical
Societies SAH grading scale, and the severity of aSAH
was classified using the Hunt-Hess scale. Glasgow Coma
Scale was used to assess the disturbance of consciousness

in study participants. All of the above were performed
by intensive care unit physicians. The modified Rankin
Scale (mRS) was assessed on the 90th day to evaluate the
degree of study participants’ neurological recovery. If an
ICP monitoring device was placed, the recorded values
include ICP. The relevant information was collected and
recorded in the case report form. There are four key eval-
uation time points in this trial: baseline (TO0), third day
(T1), seventh day (T2), and 90th day (T3) after admission
(Supplementary Table 2).

Serum Neuron-Specific Enolase and Soluble Protein 100B
Levels

Blood samples were collected from each patient on
admission (T0), as well as on T1 and T2. A 3-mL blood
sample was drawn from an intravenous catheter and
injected into a tube with no anticoagulation. Subse-
quently, each blood sample was centrifuged at 3000 rpm
for 5 min. The resulting supernatant was then aliquoted
and stored at—80 °C until assayed. The concentrations
of serum neuron-specific enolase (NSE) and soluble pro-
tein 100B (S100B) were detected using the Roche auto-
matic chemiluminescence immunoassay analyzer known
as Cobas e801. This analyzer uses the method recom-
mended by the American Clinical Standards Institute
documents. All tests were conducted by qualified profes-
sionals in a qualified laboratory using the electrochemi-
luminescence immunoassay method. The reagents used
for the measurements were manufactured by Roche
Diagnostics GmbH (Mannheim, Germany). Specifically,
the NSE detection kit was used for NSE measurement,
whereas the S100 detection kit was employed for S100B
measurement.

Brain CT Scan

The study participants underwent CT scans to measure
midline shift and gray matter—white matter ratio (GWR)
at TO, T1, and T2. Middle shift refers to the vertical dis-
tance, measured in millimeters, between a line structure
(typically the septum pellucidum) and the line that indi-
cates the midline. The ideal midline method commonly
used in routine radiology practice was used to measure
the midline shift in this study. The gray—white matter
density ratio was measured at the level of the basal gan-
glia in this study. A circular region with a diameter of 20
mm? was selected in the gray matter region of the head
of the caudate nucleus, and the average Hounsfiled Unit
(HU) in this region (HU1) was measured. Similarly, a cir-
cular region with a diameter of 20 mm? was chosen in the
white matter region of the posterior limb of the internal
capsule, and its average HU (HU2) was determined. The
gray—white matter density ratio was then calculated as
HU1/HU2. The diagnosis of hydrocephalus and cerebral



infarction was confirmed through a formal diagnostic
report provided by the radiology department. An investi-
gator, trained by a radiologist and unaware of the clinical
outcome, was tasked with measuring midline shift and
the gray-to-white matter density ratio.

DCI is defined as the development of focal or global
neurological deficits, including motor limb weakness,
aphasia, hemineglect, and/or hemianopia, or a decline
in the Glasgow Coma Scale by > 2 points, which lasts or
fluctuates for at least 1 h [30]. Furthermore, the presence
of new cerebral infarcts on neuroimaging, without expla-
nation from other clinical, radiological, or laboratory
abnormalities, is also considered a manifestation of DCL
This is in line with the definition of DCI, as described
in the article by Vergouwen et al. [30], which empha-
sizes the importance of excluding other potential causes
of neurological decline, such as infection or metabolic
disturbances.

Adverse Events

Hypoglycemia

Glibenclamide has been widely used in clinical practice
for many years. Its primary side effect is hypoglycemia,
with an incidence of 14% [31]. The study protocol of
glibenclamide 3.75 mg daily dosage (the dosage used in
this study) has been verified by researchers and found
to be well tolerated [11]. Peripheral blood sugar (BS)
was checked by a glucometer (Abbott) every 2 h within
the first 12 h of glibenclamide administration and fol-
lowed by every 4 h within the first 48 h. Thereafter, the
frequency of BS test was determined by the attending
doctor. If a tendency toward hypoglycemia is identified,
participants will provide with a 5% to 10% glucose solu-
tion. The standard for hypoglycemia in patients with dia-
betes is BS set at <3.9 mmol/L according to the Chinese
guidelines for the prevention and treatment of type 2 dia-
betes mellitus (2020 edition), whereas for patients with-
out diabetes, it is set at <2.8 mmol/L.

Other Adverse and Severe Adverse Events

Other common adverse reactions may include the fol-
lowing: (1) diarrhea, nausea, vomiting, headache, stom-
ach pain, or discomfort; (2) rash (although this is a rare
side effect); and (3) rare and serious cases such as jaun-
dice, liver function damage, bone marrow suppression,
granulocytopenia (characterized by sore throat, fever,
and infection), and thrombocytopenia (characterized by
bleeding and purpura). In the event of a severe adverse
event or accident, it is the responsibility of the clinical
investigator to promptly inform the study supervisor.
He will then decide whether to modify or terminate the
study. All adverse events will be meticulously recorded
on the case report form.

Study End Points

The levels of S100B can measure astrocytic damage and
blood-brain barrier dysfunction, whereas NSE is served
as a marker for neuronal cell injury [25, 32]. The combi-
nation of the two can detect early brain injury. Therefore,
the primary end point of this study was the difference
in serum NSE and S100B levels with or without glib-
enclamide. Secondary end points included changes in
midline shift and GWR, as well as the mRS score dur-
ing follow-up. We also documented complications asso-
ciated with aSAH, such as rebleeding, hydrocephalus,
and cerebral infarction (confirmed by CT imaging). To
assess the safety of glibenclamide in patients with aSAH,
we compared the 90-day survival rate and episodes of
hypoglycemia.

Statistical Analysis

Continuous variables were shown as means and stand-
ard deviations (SDs) or medians and interquartile ranges
(IQRs) after assessing for normality. Categorical variables
were reported as numbers and percentages. The differ-
ence between patients with and without glibenclamide
were compared by the y” test or Fisher’s exact test for cat-
egorical variables and the nonparametric Mann—Whit-
ney U-test for continuous variables. All analyses were
completed using R software (version 4.1.2, R Foundation
for Statistical Computing). A two-sided P value of<0.05
was considered statistically significant.

Sample Size

The primary end points of this study were two biomark-
ers of neurological injury. Of the two, S100B is rarely
used in cases of SAH, so the sample size is calculated
only based on the data of NSE. Changes in NSE activity
are closely correlated with nerve injury. Previous stud-
ies have shown that the mean value of NSE on the third
day after aSAH is 21 ng/ml, with an SD of approximately
3 ng/ml. In the group with a good prognosis, the NSE
on the third day is approximately 19 ng/ml, with an SD
of 3 ng/ml [33]. According to the two-sided test, signifi-
cance was 0.05, the number of the two groups was equal,
and the power was 90%, the sample size was calculated to
be 98. Assuming 10% loss to follow-up, the total sample
size was expected to be 110.

Results

The enrollment period for this study was from October
2021 to May 2023, with the final follow-up conducted
in August 2023. A total of 120 consecutive patients
who meet inclusion criteria were included. They were
all confirmed to have aSAH with radiological imaging.
During the study, four patients withdrew from the trial
because of hypoglycemia; five patients did not complete



the follow-up or data acquisition. The final analy-
sis included 111 patients, with 57 in the experimental
group and 54 in the control group. Figure 1 illustrates
the screening process. The median age of the partici-
pants was 55 years, and 52% were women. The mean
admission Glasgow Coma Scale score was 10, and 58%
of the Hunt-Hess grades were no less than III. Among
study participants with ICP monitoring, elevated ICP
was first detected within 48 h after aSAH in 97% of
patients, and the highest ICP was>20 mm Hg in only
17% of patients. 53% of the highest ICP occurred within
48 h after aSAH, and 37% occurred around 72 h after
aSAH. Most patients (85%) were treated with man-
nitol, but measurable intracranial hypertension was

uncommon. There were no significant differences in
demographic and neurological characteristics between
the two groups. Table 1 provides a summary of patient
baseline characteristics.

Serum NSE and S100B

A comparison of outcomes between the two groups is
shown in Table 2. The median serum NSE levels in the
glibenclamide group were 7.37 (5.26, 11.4) ng/ml before
administration, 6.11 (4.93, 10.4) ng/ml on the third day of
administration, and 7.24 (5.07, 11.2) ng/ml on the seventh
day of administration. In contrast, the values in the control
group were 7.84 (5.04, 11.36) ng/ml before administration,

o Patients

who meet the
inclusion criteria (n=120) ¢

Randomization«

(ontrol group (standard
care of aSAil) (nl=60)

(litenclamide group (standerd care
+ glibenclamide) (n2=€0)

GCS and BS monitor daily

Hypoglycemia (n=4)«

|

10 liver and kidney function, blood
coagulation, blood rouzine, serum

T1 serum NSE and S100B,
head (T were measured

T2 liver and kidney function, blood
coagulation, blood routine, serua NSE

\SE and S100B, head (T sere measured

and S100B, head CT were measured

C—

Loss of follow-up (n=5)¢

(nl=%4,

T3 Follow-up with mRS
n2=57)

statistical analysis

Data cleaning and ]

Fig. 1 Patient selection algorithm. aSAH, aneurysmal subarachnoid hemorrhage, BS, blood sugar, CT, computed tomography, GCS, Glasgow Coma
Scale, NSE, neuron-specific enolase, S100B, soluble protein 1008, mRS, Modified Rankin Scale, TO, baseline, T1, third day, T2, seventh day, T3, 90th day




Table 1 The baseline clinical features of enroliments

Total (n=111) Control (n=54) Treatment (n=57)

Age (years), in median (IQR) 55(49,63.5) 55 (48.25,62.75) 56 (50, 65) 0.501
Female 58(52) 29 (54) 29(51)

Male 53 (48) 25 (46) 28 (49)

BMI (kg/cm?), in median (IQR) 24.3(22.7,26.1) 24.2(22.35,26.32) 24.5(228,26.1) 0.834
0 93 (84) 42 (78) 51(89)

1 18 (16) 12 (22) 6(11)

0 97 (87) 45 (83) 52(91)

1 14 (13) 9(17) 50)

0 49 (44) 27 (50) 22 (39)

1 62 (56) 27 (50) 35(61)

0 101 (91) 50 (93) 51(89)

] 10 (9) 4(7) 6(11)

HbA1c (%), in median (IQR) 5.7 (54,6.03) 56(5.5,6.18) 5.7(53,6) 0.834
Apache Il, in median (IQR) 15(12,19) 17 (12,21.25) 15(12,19) 0.605
1 313 2(4) 1)

2 32(29) 17 (31) 15 (26)

3 40 (36) 14 (26) 26 (46)

4 36 (32) 21 (39) 15 (26)

2 43 (39) 20 (37) 23 (40)

4 34 (31) 17 (31) 17 (30)

5 34 (31) 17 (31) 17 (30)

0 62 (56) 30 (56) 32 (56)

1 49 (44) 24 (44) 25 (44)

Middle, in N (%) 0438
0 71 (64) 37 (69) 34 (60)

1 40 (36) 17 (31) 23 (40)

0 105 (95) 50 (93) 55(96)
6(5) 4(7) 2(4)

0 110(99) 54 (100) 56 (98)
1(1) 0(0) 1(2)

0 67 (60) 31(57) 36 (63)
44 (40) 23 (43) 21(37)

0 96 (86) 46 (85) 50 (88)
15(14) 8(15) 7(12)




Table 1 (continued)

Total (n=111)

Clinical data

Control (n=54)

Treatment (n=57)

Internal, in N (%)
0 94 (85)
1 17 (15)
Vertebral, in N (%)

0 110 (99)
1 1(1)
Size (mm), in median (IQR) 54,8)
Multiple, in N (%)
0 89 (80)
1 22 (20)
Fisher, in N (%)
1 1(1)
2 72 (65)
3 27 (24)
4 11 (10)
SEBES, in N (%)
1 16 (14)
2 49 (44)
3 32(29)
4 14 (13)
Surgery, in N (%)
Coiling 5(5)
Clipping 106 (95)
Pdt (hours), in median (IQR) 24 (16.5, 24)
Time (hours), in median (IQR) 25 (20, 31)

0.685
47 (87) 47 (82)
(13) 10 (18)
0.486
53 (98) 57 (100)
1(2) 0(0)
54,7) 6 (4,8) 0446
0.567
45(83) 44.(77)
9(17) 13 (23)
0818
0(0) 1(2)
37 (69) 35 (61)
12(22) 15 (26)
5(9) 6(11)
0.828
8(15) 8(14)
26 (48) 23 (40)
14 (26) 18(32)
6(11) 8(14)
1
24 35
52 (96) 54 (95)
24 (16.25, 24) 24 (17,24) 0.756
26 (20, 40.75) 24 (24, 28) 0.14

Table shows baseline characteristics and aneurysm characteristics of glibenclamide (treatment) group and black control group after acute aneurysmal subarachnoid

hemorrhage

BMI, body mass index; HT, hypertension; DM, diabetes mellitus; WFNS, World Federation of Neurosurgical Societies; SEBES, Subarachnoid hemorrhage Early Brain

Edema Score; Pdt, Pre-hospital delay time; Time, Time from onset to surgery

6.27 (3.71, 11.1) ng/ml on the third day of administration,
and 8.15 (5.85, 12.34) ng/ml on the seventh day of adminis-
tration. The serum NSE levels of patients in the glibencla-
mide group were similar to those in the control group, but
no statistically significant difference was found (P=0.399).
A similar result was obtained in the measurements of
S100B. The levels of S100B and NSE did not show a signifi-
cant difference in patients with and without glibenclamide.
The change trend of the experimental group and the con-
trol group is illustrated in Fig. 2.

Midline Shift and GWR

The midline shift occurred in 14 patients (25%) in the
intervention group and 12 patients (22%) in the control
group. There was no significant difference in the value of
midline shift between the two groups at the three time
points (P>0.05). Under normal conditions, gray mat-
ter is denser than white matter on unenhanced CT, with
CT values ranging from 32 to 40 HU for gray matter and
about 25 to 32 HU for white matter. It was observed that

the HU values of both gray matter and white matter were
low at TO than other time points, indicating the presence
of early brain edema. This finding is consistent with the
theory that diffuse brain edema occurs in the early stage of
SAH. There was no significant difference in GWR between
the two groups at TO and T2 (P>0.05). Statistical analysis
revealed a significant difference in GWR between the two
groups at T1 (P=0.006), but because both of the median
GWRs in the two groups were 1.3, we considered this sta-
tistical difference to be of no practical clinical significance.

mRS at 90 Days

The modified Rankin score at the 90-day visit was as
Fig. 3 in both the intervention and control groups, and
30 patients had a good outcome, accounting for 53% and
56%, respectively. There was no significant difference
between the two groups (P=0.681). Therefore, it can be
observed that glibenclamide has little effect on improv-
ing neurological outcome, which is consistent with the



Table 2 Primary and secondary outcomes were compared between the glibenclamide group and the blank control group

Total (n=111) Control (n=54) Treatment (n=57)

T0 766 (5.2,11.4) 7.84(5.04,11.36) 7.37(5.26,114) 0979

T1 6.16 (4.39,10.9) 6.27 (3.71,11.1) 6.11(4.93,104) 0.922

T2 7.88(5.46,12.08) 8.15(5.85,12.34) 7.24(5.07,11.2) 0.399
S —

T0 0.15(0.08,0.33) 0.15(0.07,0.37) 0.15(0.1,0.31) 0.686

T 0.1 (0.05,0.25) 0.07 (0.05,0.25) 0.12 (0.06, 0.25) 0.25

T2 0.08 (0.05,0.2) 0.09 (0.06,0.18) 0.08 (0.05, 0.24) 0.567
Eo sttty ... ...

T0 7.78(7.02,10.12) 7.72(7.17,10.38) 8.25 (6.9, 10.05) 0.704

T1 6.52(5.5,7.7) 6.7 (6,8.29) 64 (5.1,7.4) 0.075

T2 7.15(5.63, 8.38) 74(561,8.75) 6.8(5.7,9.33) 0.638
G el ___ |

T0 10(7,14) 10(7,14) 10(7,14) 0.544

T1 12 (7.5,14) 12(8, 14) 12(7,14) 0.593

12 13(8,14) 13.5(8,14) 12.5(8,14) 0.939
oty ... ..

T0 1.3(1.2,13) 1.3(1.2,1.3) 1.3(1.2,14) 0415

T 13(1.2,14) 13(1.2,13) 13(13,14) 0.006

T2 1.3(1.3,14) 1.3(1.3,14) 1.3(1.3,14) 0613
e hesmeey ... ... .

TO 0(0,0) 0(0,0) 0(0,0) 0.17

T 0(0,0) 0(0,0) 0(0,0) 0.278

T2 0(0,0) 0(0,0) 0(0,0) 043
ety ... |

T0 0(0,15) 0(0,2.75) 0(0,0) 0.399

T 0(0,3) 0(0,5) 0(0,0) 0.519

T2 0% (0,0)° 0*(0,0)° 0*(0,0)° 0.926
T —e

0 20(18) 10 (19) 10(18)

1 29 (26) 14 (26) 15 (26)

2 11(10) 6(11) 509

3 15 (14) 8(15) 7(12)

4 18 (16) 7(13) 11(19)

5 9(8) 4(7) 5(09)

6 9(8) 509 4(7)

ICU time, in median (IQR) 7(5,13) 6.5 (4.25,13) 7(5,13) 0.352

MV time, in median (IQR) 0(0,55) 0(0,79.75) 0(0,9 0.486

TO, baseline; T1, 3rd days after admission; T2, 7th days after admission; NSE, neuron specific enolase; S100B, soluble protein 100B; BS, blood sugar; GCS, Glasgow coma
scale; Ratio, gray matter/white matter density ratio of the brain; ICP, intracranial pressure; 90d mRS, Modified Rankin Scale at 90 days after onset; ICU time, length of
stay in the ICU; MV time, duration of mechanical ventilation

2 *|CPntracranial pressure monitoring devices were retained in very few patients at T2

findings of Glibenclamide in aneurysmatic subarachnoid  from 6.4 to 8.25 mmol/L. On the third day of administra-

hemorrhage (GASH) [18]. tion, the BS of intervention group experienced a slightly
decrease (P=0.075). No symptomatic hypoglycemic epi-
Complications and Adverse Events sode was observed in either group. Hypoglycemia was

As shown in Table 2, the BS of patients remained stable  reported in two patients (4%) of control group and in five
throughout the study period, with a median value ranging  patients (9%) of intervention group (two received nasal
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feeding and three took oral feeding). Three patients in the
intervention group returned to normal BS after receiving
a high concentration glucose solution and completed the
trial. The remaining four individuals withdrew from the
trial with the approval of the study supervisor.

Common adverse outcome events were showed in
Table 3. There were eight patients with bleeding and 23
patients with hydrocephalus, but no statistically sig-
nificant difference was found between the intervention
and control groups (P>0.05). Forty-two patients devel-
oped DCI, 18 patients in the intervention group and 24
patients in the control group (P=0.23). Data show that

more than 60% of patients who develop DCI have a
SEBES score of 3 or greater upon admission. This result
indicated that patients with high-level SEBES at admis-
sion had a higher risk of DCI, which aligns with the find-
ings of other studies [29]. By the 90th day of follow-up, a
total of nine patients died (four in the intervention group
and five in the control group). The 90-day survival was no
significant difference in the two groups (P=0.933).
Transaminases were elevated in about one third of
the patients (intervention group of 26 patients, control
group 20 patients). It was related to the characteristics
of the disease itself and the use of antiepileptic drug,



Table 3 Common adverse outcome events after subarachnoid hemorrhage

IAdverse events Total (n=111)

DCl,in N (%) 42 (38) 2
Hydrocephalus, in N (%) 2321

Hypoglycemia, in N (%) 7(6)

CNS infection, in N (%) 12(11)

Rebleed, in N (%) 8(7)

Death, in N (%) 9(8)

(G, RNV, U, BN NS TENe RN N

Control (n=54) Treatment (n=57) P value
44) 18 (32) 0.23
17) 14 (25) 0429
4) 509 0439
9) 7(12) 0.836
9) 309 0482
9) 4(7) 1

DCl, delayed cerebral ischemia; CNS infection, central nervous system infection

such as Valproate or Levetiracetam. The liver function
all improved after discontinuation of the drugs and liver-
protective therapy. No instances of liver failure or other
serious complications were observed. Furthermore, there
were no significant cases of bone marrow suppression.
Table 3 provides a detailed overview of the complications
and adverse events during the study period. The use of
glibenclamide did not show any statistical differences in
adverse events. Importantly, no serious adverse events
were reported throughout the study.

Discussion

SAH is the third most common type of stroke after cer-
ebral infarction and cerebral hemorrhage. When an
aneurysm ruptures, blood enters the subarachnoid space,
leading to a significant increase in ICP. This process
results in global cerebral ischemia and secondary brain
edema, known as early brain injury. During this process,
brain cells (neurons and glial cells) are damaged due to
inflammatory infiltration, vasospasm, ischemia, hypoxia,
and the release of toxic substances. As a result, proteins
from these cells are released into the cerebrospinal fluid
and blood, allowing for the detection of biomarkers indi-
cating brain cell damage. Glibenclamide, a specific inhib-
itor of the sulfonylurea receptor 1-transient receptor
potential melastatin 4 channel, has been shown to effec-
tively reduce brain edema. This study aimed to evaluate
the effectiveness and safety of glibenclamide in patients
with aSAH. However, no significant difference was found
in primary endpoint between the control and interven-
tion group.

There is more water content in gray matter than in
white matter following the brain injury that results in
edema [34]. Cerebral edema reduces the attenuation of
gray matter on unenhanced CT scans and results in a
loss of distinction between gray and white matter [35].
Research in aSAH has shown that GWR > 1.34 predicted
good recovery in female patients with 82.3% sensitiv-
ity and 80% specificity, and GWR>1.36 predicted go od
recovery in male patients with 80% sensitivity and 95%
specificity [36]. Regarding cerebral edema, the HU val-
ues of the gray matter in the head of the caudate nucleus

and the white matter in the posterior limb of the internal
capsule in the basal ganglia plane of the brain CT were
mostly within the normal range for both groups. It is
worth noting that the HU values of the gray matter and
white matter were initially low, which indicated the pres-
ence of early brain edema. These findings supported the
existence of global cerebral edema in the early stages of
aSAH. Not many patients had midline shifts and there
was no significant difference between the two groups.
More than half of the patients in both groups had a
favorable outcome (mRS 0-2), and there was no statisti-
cally significant difference between the groups. Following
analysis was conducted to compare these negative results
with other relevant studies.

Large hemispheric infarction is usually accompa-
nied by progressive brain edema. The cases targeted by
early studies, such as Glyburide Advantage in Malig-
nant Edema and Stroke (GAMES), were those with large
hemispheric infarction, and the effect of reducing cer-
ebral edema can be observed at doses of glibenclamide
lower than the hypoglycemic dose. Glyburide Advan-
tage in Malignant Edema and Stroke, and the drug used
is RP-1127 (Glyburide for Injection) (GAMES-RP) was
a multicenter randomized controlled clinical trial con-
ducted at 18 centers in the United States involving 86
study participants. The results indicated no significant
impact on the primary end point event analysis (avoid-
ance of decompressive craniectomy and mRS score of
0-4). However, a noteworthy reduction in midline shift
was observed, with the glibenclamide group showing a
measurement of 4.6 mm compared to 8.5 mm in the pla-
cebo group (P=0.0006). The dosage used in that study
was similar to that of our study, but it employed an intra-
venous glibenclamide. Injectable glibenclamide is not
approved for clinical use in many countries, leading to
an increasing number of studies focusing on oral glib-
enclamide. The GASH study conducted by Costa et al.
[18] in Sao Paulo included 78 patients with aSAH within
96 h of onset. Among them, 38 patients in the interven-
tion group received 5 mg glibenclamide tablets once daily
for 21 days. The findings indicated that there were no
significant differences in the mRS score, mortality rate,



and incidence of DCI between the two groups. It is worth
noting that the treatment window in the GASH study
was twice as long as in our study. Despite advancing the
initiation of treatment to within 48 h of onset, our study
still yielded similar negative results.

From the above analysis, it can be found that the insuf-
ficient dose of glibenclamide tablets is likely to be an
important reason for the effect of the trial. The conven-
tional dosage of glibenclamide is 5 to 10 mg daily (equiv-
alent to 2 to 4 tablets). Because glibenclamide becomes
concentrated in the lesion due to the upregulation of
receptors within the central nervous system and the
destruction of the blood—brain barrier following strokes
[37], a lower dose of glibenclamide was used in previous
studies to avoid inducing hypoglycemia. Oral glibencla-
mide tablets, compared with intravenous administra-
tion, has the problem of absorption in the digestive tract.
Another factor to the negative outcome could be the lim-
ited discrimination of endpoint indicators, such as serum
biomarkers and mRS scores.

In conclusion, this study is a large, prospective, ran-
domized, controlled clinical trial that investigates the
neuroprotective effect of glyburide. The trial includes a
shorter time window, earlier intervention, and multidi-
mensional evaluation, incorporating biomarkers, imag-
ing, and neurological scores. However, it is important to
note that the number of patients in our study is still very
small. Our findings suggest a lower incidence of DCI in
the glibenclamide intervention group, although statistical
significance was not reached. Further studies with larger
sample sizes are necessary to confirm the efficacy of glib-
enclamide in reducing brain edema and improving func-
tional prognosis in the treatment of aSAH.

Conclusions

Oral administration of glibenclamide in patients with
early aSAH did not result in a significant decrease in
serum NSE and S100B levels, and it did not significantly
improve the poor neurological outcome at 90 days.
Additionally, in the intervention group, there was a vis-
ible decreasing trend in cases of late-onset cerebral
ischemia, but no statistically significant difference was
observed. Furthermore, no cases of oral hypoglycemia
were reported after glibenclamide administration. It is
important to note that this study had limitations in terms
of the number of patients and the duration of observa-
tion. Therefore, further studies with larger sample sizes
and longer observation times are needed to validate the
efficacy of glibenclamide in patients with aSAH.
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