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Abstract

Background: Thrombolysis with recombinant tissue plasminogen activator (rtPA) improves outcome for patients
with acute ischemic stroke (AIS), but many of them still have substantial disability. Glibenclamide (US adopted
name, glyburide), a long-acting sulfonylurea, shows promising result in treating AlS from both preclinical and
clinical studies. This study investigates the safety and efficacy of glibenclamide combined with rtPA in treating AlIS
patients.

Methods: This is a prospective, randomized, double-blind, placebo-controlled, multicenter trial with an estimated
sample size of 306 cases, starting in January 2018. Patients aged 18 to 74 years, presented with a symptomatic
anterior circulation occlusion with a deficit on the NIHSS of 4 to 25 points and treated with intravenous rtPA within
the first 4.5 h of their clinical onsets, are eligible for participation in this study. The target time from the onset of
symptoms to receive the study drug is of 10 h. Subjects are randomized 1: 1 to receive glibenclamide or placebo
with a loading dose of 1.25 mg, followed by 0.625 mg every 8 h for total 5 days. The primary efficacy endpoint is
90-day good outcome, measured as modified Rankin Scale of 0 to 2. Safety outcomes are all-cause 30-day mortality
and early neurological deterioration, with a focus on cardiac- and glucose-related serious adverse events.

Discussion: This study will provide valuable information about the safety and efficacy of oral glibenclamide for AIS
patients treated with rtPA. This would bring benefits to a large number of patients if the agent is proved to be
effective.

Trial registration: The trial was registered on September 14th 2017 at www.clinicaltrials.gov having identifier
NCT03284463. Registration was performed before recruitment was initiated.
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Background

Stroke is the second leading cause of death worldwide
[1], and the global burden attributable to stroke is still
increasing [2]. Thrombolytic therapy with intravenous
recombinant tissue plasminogen activator (rtPA), aiming
at early reperfusion, has been proven effective for pa-
tients with acute ischemic stroke (AIS) when they are
treated within 4.5h of stroke onset [3]. However, the
number of patients eligible for the treatment with rtPA
is limited because of the restricted time window [3]. In
addition, the likelihood of complete early recanalization
in proximal occlusion is still unsatisfying [4], and
thrombolytic therapy increases the risk of symptomatic
intracranial hemorrhage by 3.75 folds and early death by
1.69 folds [3]. Combined treatment upon intravenous
rtPA thrombolysis is necessary to reduce its side effects
and meanwhile to bring more overall benefits.

Recent advance in endovascular therapy has greatly in-
creased the likelihood of recanalization and thereby im-
proved functional outcome. Compared with medical care
alone, endovascular thrombectomy as add-on to intraven-
ous thrombolysis performed within 6 to 8 h after large
vessel ischemic stroke in the anterior circulation provides
beneficial functional outcomes, without increased detri-
mental effects [5]. Current clinical guidelines has recom-
mended endovascular therapy for eligible patients with
acute ischemic stroke [6]. Nevertheless, about 56% of pa-
tients remain to experience poor outcome even after
endovascular treatment [5]. Hence, the search for add-
itional treatment on the basis of rtPA thrombolysis and
endovascular thrombectomy should be ongoing.

Glibenclamide (US adopted name, glyburide), a long-
acting sulfonylurea, has been used safely for manage-
ment of type 2 diabetes for decades. Recent researches
showed that glibenclamide significantly reduced mortal-
ity, brain swelling, as well as improved neurological
function in different animal models of stroke [7, 8].
More significantly, glibenclamide was also found to be
effective in a clinically relevant rodent model of stroke
treated with rtPA, and glibenclamide was said to have a
therapeutic window of 10 h after the onset of ischemia
[9]. In human, type 2 diabetes patients taking sulfonyl-
urea agents such as glibenclamide both at the time of
stroke and during hospitalization tended to have better
functional outcome and less hemorrhagic transformation
[10, 11]. A well designed prospective study (GAMES-RP)
in patients with large anterior circulation infarction also
presented a protective role of glibenclamide in alleviat-
ing brain swelling and blood-brain barrier disruption
[12]. Together, these studies provide strong evidence
that glibenclamide may be suitable to combine with rtPA
thrombolysis [13].

Based on these data, we aim to conduct this trial to in-
vestigate the safety and efficacy of glibenclamide
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combined with rtPA in the treatment of patients with
acute anterior circulation infarction.

Methods

Design

The Safety and Efficacy of Glibenclamide combined with
rtPA in Acute Cerebral Ischemia with occlusion/stenosis
of anterior circulation (SE-GRACE) study is a multicenter,
randomized, double-blind, placebo-controlled, 1:1
parallel-group trial. The active comparison is glibencla-
mide versus a placebo. The treatment is provided in
addition to intravenous rtPA thrombolysis within the first
4.5 h of the onset of symptoms plus best medical manage-
ment according to national and international guidelines
[14], and may include endovascular treatment. The study
will be run in 8 large academic hospitals having experi-
ence in conducting such clinical trials in China (Add-
itional file 1). Enrollment will begin in January 2018 and
expect to end in September 2020. This trial has been ap-
proved by the Medical Ethics Committee of Nanfang Hos-
pital (NFEC-2017-130) and all participating institutions
have obtained Local Ethics Committee approval before
trial initiation. The SE-GRACE study is registered at the
clinicaltrials.gov (identifier NCT03284462).

Patient inclusion and exclusion criteria

Eligibility criteria are presented in Table 1. Patients aged
18 to 74 years with AIS and a symptomatic anterior cir-
culation occlusion with a deficit on the National Insti-
tute of Health Stroke Scale (NIHSS) of 4 to 25 points,
treated with intravenous rtPA within the first 4.5h of
clinical onset, are eligible for participation in this trial.
The exclusion criteria are modified from that set in the
previous study [15]. The diagnosis of AIS is based on
cranial CT scan and clinical manifestations. However,
since not all patients will receive brain MRI examination
or angiography before randomization, the diagnosis of
anterior circulation AIS will base largely on clinical
symptoms and signs, and thus some patients with pos-
terior circulation occlusion alone may be mistakenly in-
cluded before an MRI examination or angiography done.
Therefore, once these subjects are diagnosed with pos-
terior circulation occlusion alone after being included,
they would stop using the study drugs immediately, but
continue to receive other standard treatment and follow-
up. These participants will be excluded from the modi-
fied intent-to-treat population when performing statis-
tical analysis. Site investigators are responsible for
enrolling participants, obtaining informed consent and
managing randomization.

Randomization and blinding
Eligible patients will be allocated using a web-based 1:1
randomization process. The randomization will be
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Table 1 Inclusion and exclusion criteria for the SE-GRACE trial
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Criteria Description
Inclusion 1. Clinical diagnosis of acute ischemic stroke in the MCA territory (PCA and/or ACA territory involvement in addition to primary MCA
criteria territory stroke is acceptable)
2. Aged 218 and < 74 years
3. A baseline NIHSS score between 4 to 25
4. Intravenous rt-PA thrombolysis conducted within 4.5 h after stroke onset, if known, or the time last seen well [termed “time last
known at neurologic baseline” (TLK@B)]
5. The time to the start of administration of Study Drug must be <10 h after time of symptom onset or TLK@B
6. Informed consent was signed by the subject or the legal representative
Exclusion 1. Prior to stroke, significant disability exist, with modified Rankin Scale > 1 point
criteria

aneurysm or brain tumor

2. With medical history or evidence of cerebral hemorrhage, subarachnoid hemorrhage, arteriovenous malformation, cerebral

3. With clinical or imaging evidence of contralateral cerebral infarction which is believed to have influence on the patient outcome

by the investigators

4. With clinical or imaging evidence of occlusion in vertebral or basilar artery

5. With clinical evidence of brain herniation, e.g,, one or two dilated, fixed pupils; unconsciousness (i.e, C2 on item 1a on the NIHSS);
and/or loss of other brainstem reflexes, attributable to edema or herniation according to the investigator's judgment

6. With gastrointestinal bleeding and instable hemodynamics or other causes that force the patient to stop nutritional support

7. Renal disorder from the patient’s history (e.g., dialysis) or eGFR of < 60 mL/min/1.73 m?

8. Severe liver disease, or ALT > 3 times upper limit of normal or bilirubin > 2 times normal (subjects may be randomized if liver
function tests have been drawn but are not yet available and the subject has no known history of liver disease; however treatment
with Study Drug cannot commence until liver function tests are available and indicate ALT > 3 times upper limit of normal and

bilirubin B2 times upper limit of normal)

9. Blood glucose < 3.0 mmol/L at enrollment or immediately prior to administration of Study Drug, or a clinically significant history of

hypoglycemia

10. Acute ST elevation myocardial infarction, and/or acute decompensated heart failure, and/or Tc > 520 ms, and/or known history of
cardiac arrest (PEA, VT, VF, asystole), and/or admission for an acute coronary syndrome, myocardial infarction, or coronary

intervention within the past 3 months

11. Known sulfonylurea treatment within 7 days. Sulfonylureas include glibenclamide/glyburide; glibenclamide plus metformin;
Xiaoke Pill (a Chinese patent medicine with main effective constituent of glibenclamide); glimepiride; repaglinide; nateglinide;

glipizide; gliclazide; tolbutamide; glibornuride

12. Known treatment with bosentan within 7 days

13. Known allergy to sulfa or specific allergy to sulfonylurea drugs

14. Known G6PD enzyme deficiency

15. Pregnant women. Women must be either postmenopausal (as confirmed by the LAR), permanently sterilized or, if <50 years old
must have a negative test for pregnancy obtained before enrollment

16. Breast-feeding women who do not agree (or their LAR does not agree) to stop breastfeeding during Study Drug infusion and for

7 days following the end of Study Drug infusion

17. Patients already enrolled in a non-observation-only stroke study, or with life-expectancy <6 months not related to current stroke,

or those unlikely to be compliant with follow up

18. Patients currently receiving an investigational drug

19. Mentally incompetent (prior to qualifying stroke) patients and wards of the state

20. Patients who, in the opinion of the investigator, are not suitable for the study (reason to be documented)

stratified by center, and the Pocock and Simon’s
minimization method will be implemented to balance
two important prognostic factors, endovascular treat-
ment and baseline NIHSS score (>14 or < 14). The study
drugs, glibenclamide and placebo, are manufactured by
Succhi Pharmaceutical (Zhongshan, China) following
Good Manufacturing Practices regulations, and are
coded and concealed by an independent biostatistician.

In this manner, all trial participants, care providers and
outcome assessors will be blinded to intervention
allocation.

Treatment

An overview of the study flowchart is presented in Fig. 1.
Intravenous rtPA treatment will be initiated at a stand-
ard dose and regimen (0.9 mg/kg, initial bolus of 10% of
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Patients aged 18 to 74 years with AIS
and a symptomatic anterior circulation
occlusion with a deficit on the NIHSS
of 4 to 25 points, which can be treated
within 4.5 hours after stroke onset

| Inclusion criteria |—

—' Exclusion criteria |

| Eligible patient signs informed consent |

()
&)

Glibenclamide
Loading dose of 1.25 mg,
maintenance dose of 0.625 mg
every 8 hours, for 5 days

Placebo
Loading dose of 1.25 mg,
maintenance dose of 0.625 mg
every 8 hours, for 5 days

During Hospitalization

NIHSS score: at enrollment, 24 h, 48 h, 72 h and 7 days*;
Electrocardiograms: at enrollment, 6 h and 7 days*;

Blood glucose monitoring: every 2 h during the first 24 h; every
4 h since after (in the absence of any decline below 3.9 mmol/L);
Laboratory test: at enrollment, 24 h, 72 h and 7 days*;

Cranial CT: at enrollment, 24 h, 72 to 96 h and 7days*

l

Follow Up
modified Rankin Scale, Barthel Index, SAEs, IQCODE
3017 days, 90114 days, 180 =30 days days and 360 £30 days

Fig. 1 Flowchart of the trial. AIS, acute ischemic stroke; SAEs, severe adverse events; IQCODE, Informant Questionnaire on Cognitive Decline in
the Elderly. *If a patient is discharged within 7 days, the examination will be performed at the day of discharge

the total dose and the remaining dose as an intravenous
infusion lasting over 60 min) following current clinical
guidelines [14]. When a patient meets all the inclusion/
exclusion criteria and signs the informed consent,
randomization will be performed and the study drug will
be given as soon as possible after starting the infusion of
rtPA treatment. Based on previous studies, the target
time from symptom onset to the start of study drug is
<10h [9, 15]. The study drug (glibenclamide/placebo,
2.5 mg/pill) will be evenly divided with a pill splitter and
given orally by trained hospital nurses. If the patient is
unable to ingest orally due to dysphagia or altered con-
sciousness, the study drug will be grinded and dissolved
with water and administered through a nasogastric tube,

followed by flushing down the nasogastric tube with
water. In order to achieve a steady-state concentration
rapidly, a loading dose of 1.25 mg will be given, followed
by 0.625 mg every 8 h for 5days. The total given dose
will be 10 mg. Since the optimal dosage of oral glibencla-
mide in treating AIS remains unclear, in this study we
use a relatively low-dose regimen differed from that of
intravenous preparations [16], with combined consider-
ation of its high bioavailability and hypoglycemic po-
tency. In our preliminary study, the current dose
regimen of oral glibenclamide was well tolerated, associ-
ated with less brain edema, and did not increase the
risks of early death, hypoglycemia, and early neurological
deterioration [17]. In addition, our unpublished data has
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shown that this dosing regimen was able to result in
average steady-state plasma glibenclamide levels of 19
ng/mL, which is not inferior to the concentrations
reached by the effective therapeutic dose in rats [16].

To increase the adherence to intervention protocols,
all participants will receive their study drugs at the
scheduled time and take the medicine under the supervi-
sion of trained nurses. Because all subjects will receive
thrombolytic therapy, for safety reasons, these patients
will be hospitalized for minimum of 5 days to monitor
the changes in their conditions with their complete ex-
aminations such as stroke etiology and vascular status.
These all will be undertaken unless the patients volun-
tarily request discharge or death occurs. The patients
who ask to be released from the hospital within 5 days
will no longer be treated with the study drugs but will
be included in the modified intent-to-treat population.

Neurological statue presented as NIHSS scores will be
assessed at enrollment and at 24, 48, 72h and 7 days.
Electrocardiograms will be obtained at baseline, 6 h after
the study drug administration, and at 7 days. Vital signs
will be monitored frequently during the period of study
drug administration. Safety lab values will be assessed at
enrollment and at 24, 48, 72h and 7 days. Cranial CT
examination will be performed before randomization
and repeated at 24h, 72 to 96 h, and as clinical indi-
cated. If a participant is discharged within 7 days, the
examination will be performed at the day of discharge
instead.

Since glibenclamide is an active hypoglycemic agent,
blood glucose levels will be checked every 2 h during the
first 24 h, followed by every 4 h in the absence of any de-
cline below 3.9 mmol/L during the period of study drug
administration. In the case of hypoglycemia, blood glu-
cose level will be corrected by administration of glucose
or glucagon, as appropriate. For safety reason, if two
consecutive events of hypoglycemia (< 3.9 mmol/L) or
one incidence of serious hypoglycemia (< 2.2 mmol/L)
occurs, the study drug will be suspended. Blood glucose
and corrective glucose administration will be reported.

Study participants will receive standard care and ther-
apy for stroke, as well as other appropriate therapies ac-
cording to clinical guidelines from the Chinese Medical
Association and the American Heart Association/Ameri-
can Stroke Association [14, 18]. Endovascular therapy
could be considered when the participant meets the cri-
teria for endovascular therapy and operates according to
the current clinical guideline [14]. Nutrition support in
the form of early enteral nutrition will be initiated within
24-48h in general, and, when indicated, parenteral nu-
trition will be considered, following the corresponding
guidelines [14, 19]. Bolus osmotherapy is reserved for
patients with clinical deterioration or radiological evi-
dence of significant midline shift and/or mass effect. In
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the condition of malignant middle cerebral artery occlu-
sion with evidence of clinical deterioration due to mass
effect, indication of decompressive craniectomy will be
judged by neurosurgeons but the final decision will be
left to the legal representatives [20].

During the whole study period, if a suspected unex-
pected serious adverse reaction (SUSAR) is found, the
sponsor and the principal investigator of this study have
the authority and ability to unseal the patient’s interven-
tion allocation, through the biostatistician responsible
for the trial website.

Outcome assessments

All patients will be followed up by trained neurologists
blinded to study data. The primary and secondary end-
points of this study are summarized in Table 2. The SE-
GRACE trial is designed with combination of clinical,
imaging and biochemical outcomes to provide informa-
tion about clinical benefits and relevant mechanism of
action. Subjects will be followed up in person or through
telephone review at 30 +7days, 90 + 14 days (the pri-
mary end-point), 180+ 30days and 360 + 30 days after
the onset of AIS, using modified Rankin Scale (mRS),
Barthel Index (BI) and Informant Questionnaire on Cog-
nitive Decline in the Elderly (IQCODE) (Fig. 1) [21, 22].
The primary outcome will compare the proportion of
“good outcome” in the glibenclamide-treated group to
the placebo group, with good outcome defined as a pa-
tient with a mRS of 0-2 at 90 days after the onset. The
Bl is a 10-item measure of activities of daily living which
is frequently used in clinical practice and as a trial out-
come measure in stroke, with a total score of 60 to 100
generally regarded as good outcome [23]. The IQCODE
is an informant-based assessment tool for diagnosis of
poststroke dementia and/or multidomain cognitive im-
pairment, with a pooled sensitivity of 0.81 and specificity
of 0.83 in a recent a systematic review [22]. The cutoff
value of IQCODE for diagnosing poststroke dementia is
generally considered to be > 3.4 [21, 22].

In terms of cranial CT, parenchymal hemorrhagic
transformation (PH) including PH1 type and PH2 type
are defined as hematoma with some space-occupying ef-
fect [24], which has been considered as a bad prognostic
sign [25]. Midline shift will be measured in the section
of third ventricle and categorized at 6 mm. The serum
concentration of matrix metalloproteinase-9 (MMP-9)
will be measured at baseline, and at 24, 48, and 72h
after the stroke onset to reflect the integrity of the
blood-brain barrier [15].

Since the study will recruit AIS with NIHSS scores of
4 to 25 who are treated with intravenous rtPA, most of
the included patients are severely ill and thereby most
adverse events (AE) are common in this patient group
irrespective of treatment strategies. AEs will be recorded
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Table 2 Primary and secondary endpoints of the trial
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Outcome Description

Primary outcome  The ratio of mRS <2 at 90 days after the stroke onset

Secondary
outcome

1. The ratio of NIHSS decreased 24 points at 7 days after the stroke onset

2. The ratio of parenchymal hemorrhagic transformation in cranial CT within 96 h after the onset

3. The ratio of midline shift 26 mm in cranial CT within 96 h after the onset

4. The mRS shift at 90 days after the onset

5. The ratio of Barthel Index of 60-100 points at 90 days after the onset

6. The proportion of Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) of <3.40 at 6 months and 1 year after

the stroke onset

7. The serum concentration of MMP-9 at baseline, and at 24, 48, and 72 h after onset

Safety outcome 1. The mortality at 90 days after the onset

2. The ratio of neurological deterioration (NIHSS increased 24 points) within 24 h after the onset

3. The incidence of hypoglycemia (random blood glucose < 3.9 mmol/L)

4. The incidence of cardiac events in cardiac examination (ECG, echocardiography)

5. The incidence of pulmonary infection

6. The incidence of adverse event and serious adverse event

on daily basis. AEs relevant to the study drug are consid-
ered to be the need for decompressive craniectomy (de-
termined by neurosurgeons) and hypoglycemia <3.9
mmol/L in the first 5days. All-cause mortality, cardiac
mortality, early neurological deterioration (NIHSS in-
creased >4 points within 24 h of the onset) and cardiac-
related and blood glucose-related AEs/SAEs will be of
specific focus.

Quality control and data monitoring

The Executive Committee (12 members, lead investiga-
tor - Suyue Pan) is responsible for the development of
the study protocol and its amendments. The protocol is
adapted to the ‘Standard Protocol Items: Recommenda-
tions for Interventional Trials’ (SPIRIT), and an add-
itional file is added listing each paragraph and its
location in the protocol (Additional file 2).

All investigators are “good clinical practice” (GCP) cer-
tified personnel and have participated in the training ses-
sions to ensure that they fully understand the trial
protocols and the standard procedures before the study.
Other involved personnel (i.e. nurses) have been trained
in their specific roles. Inspectors will be nominated to
visit each study site regularly in order to monitor the im-
plementation of the protocols and assess the compliance
of the participants and investigators.

All data will be recorded in case report form (CRF)
and entered into the Electronic Data Capture System by
trained clinical research coordinators. To ensure confi-
dentiality, CRFs will be identified with only initials and
participation number rather than the participants’ real
identities. Besides, all personal information collected
from the enrolled participants will be stored by

investigators of each hospital in a locked area. An Inde-
pendent Data Safety Monitoring Board (IDSMB) includ-
ing one neurologist, one biostatistician and one clinical
pharmacologist will be assembled by the lead investiga-
tor, with responsibilities including but not limit to safe-
guard the interests of trial participants, assess the safety
and efficacy of the interventions during the trial, moni-
tor the overall conduct of the clinical trial, and provide
recommendations about stopping or continuing the trial
[26]. An independent biostatistician team selected by the
members of IDSMB will perform the interim analysis
and a ‘Formal Interim Analysis’ meeting will be held by
the IDSMB to review data relating to the treatment effi-
cacy, patient safety and quality of trial conduct. The
IDSMB will let the study team know the final decision
and the whole team has no access to the interim analysis
result. The data managers and study biostatisticians will
only access the data for its management and statistical
analysis and will not be involved in the clinical manage-
ment in any regards.

Sample size estimation

The sample size calculation was based on previous find-
ings, and the proportion of patient with a mRS of 0-2 at
90 days of 41% was estimated for the placebo group, and
of 58% was assumed for the glibenclamide-treated group
[11]. When half of the planned subjects finish their 90-
day follow up an interim analysis will be conducted and
the O’Brien - Fleming method will be used to control
the type I error. Using nQuery + nTerim 4.0 (Statistical
Solutions Ltd., Farmer’s Cross, Cork, Ireland) with a 2-
sided x* test, a two-sided significance level of 0.05, a
power of 80%, the O'Brien - Fleming alpha spending
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function and a dropout rate < 10%, 153 patients are re-
quired in each group, for a total sample size of 306.

Statistical analyses

The primary outcome will be compared between 2
groups using x> tests, and the confidence interval of the
rate difference will be calculated using the Newcombe’s
method [27]. Common risk difference for multiway 2 x 2
tables stratified by endovascular treatment and baseline
NIHSS score (> 14 or < 14) will also be reported. The
Mantel-Haenszel estimate, confidence limits, and test for
the common risk differences by using Mantel-Haenszel
stratum weights and the Sato variance estimator will be
used. When half of the planned subjects are recruited
and their 90-day follow up are finished, interim analysis
will be conducted by a selected biostatistician. O’Brien -
Fleming method will be used to control the Type I error.
The trial will be stopped early when the primary out-
come of the interim analysis significantly favors or con-
tradicts the usage of glibenclamide.

For baseline variables and other outcomes, compari-
sons between normally distributed continuous variables,
expressed as mean + SD, will be performed using 2-
sample t tests; non-normally distributed continuous vari-
ables, presented as median and interquartile range, will
be analyzed using Wilcoxon rank sum tests. Pearson x>
or Fisher exact tests will be used, as appropriate, for cat-
egorical data, which will be expressed as percentages.
For secondary outcomes mRS shift and MMP-9, mixed
effect model will also be used.

For safety analysis, all adverse events and serious ad-
verse events, including deaths, will be summarized by
body systems in terms of frequency, severity, and re-
latedness to the study drug using the MedDRA codes.
Frequencies of adverse events from these two groups will
be reported. Pearson x> or Fisher exact tests will be used,
as appropriate, to compare the incidence of adverse
events between the two groups.

Subgroups analyses will be performed according to
pre-defined design variables, such as: sex, age (< 60 years
vs. 61-74years), endovascular treatment, NIHSS grade
(4-13 vs. 14-25), time window in rtPA thrombolysis (<
3.5h vs. 3.5-4.5 h), and study drug treatment time (<6 h
vs. 6-10h).

The primary and secondary end points will be ana-
lyzed based on the modified intention-to-treat (mITT)
population which excludes those patients who do not re-
ceive treatment or control and has no efficacy outcome
data, and those subjects who are diagnosed with poster-
jor circulation occlusion alone after being included. Per-
protocol patients who finish the treatment protocol with
good compliance, will also be analyzed as a sensitive
analysis. Safety analyses will be done in patients receiv-
ing allocated treatment. Last observation carried forward
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method will be used to deal with the missing data of pri-
mary outcome, and multiple imputation method will
also be used as sensitive analysis. All analyses will be 2-
tailed and a significance level of 0.05 will be used for all
outcomes. All data analyses will be performed using SAS
version 9.4 (SAS Institute, Cary, NC).

Patient and public involvement
There was no patient or public involvement in the study
design.

Discussion

Intravenous rtPA thrombolysis is still the mainstay of
AIS treatment. However, the restricted time window and
hemorrhagic transformation related side effects have
limited its wide application. Even in patients treated with
intravenous rtPA, more than 50% of them continue to
have substantial disability [28]. Moreover, thrombolytic
therapy substantially increases the risk of hemorrhagic
transformation after AIS, probably by disrupting the
blood-brain barrier. Researchers have tried to enhance
the efficacy of intravenous rtPA thrombolysis by add-on
therapy [29, 30], and some benefits have been observed
from the selective population [31].

Glibenclamide is a second generation sulfonylurea that
has long been used for treating type 2 diabetes mellitus.
By directly binding to the sulfonylurea receptor 1 (SUR1)
subunits of K-ATP channels, glibenclamide causes the
channel closure and results in membrane depolarization
in the pancreatic B-cell leading to increased insulin secre-
tion [32]. During the last decade, glibenclamide has re-
peatedly shown to exert prominent neuroprotection via
blocking of the newly synthesized SUR1-transient receptor
potential M4 (SUR1-TRPM4) channel [33]. In a rodent
model of transient middle cerebral artery occlusion, glib-
enclamide reduced cerebral edema, infarct volume and
mortality by 50% [7]. Findings from other rat models of is-
chemic stroke and data from independent laboratory fur-
ther support the significance of glibenclamide in
alleviating ischemic injury [8, 34]. Strikingly, glibenclamide
attenuated rtPA-related brain injury, with a therapeutic
time window of 10 h [13].

A retrospective study in AIS patients with type 2 dia-
betes mellitus who took sulfonylurea agents both at the
time of stroke and during hospitalization had got better
outcome than those who did not [10]. Another study re-
ported sulfonylurea agents were associated with less
hemorrhagic transformation, indicating that sulfonylurea
might function in blood-brain barrier protection [11].
Postmortem examination using specimen from patients
with brain infarction supports the notion that sulfonyl-
urea takes effect by blocking the upregulated SUR1 [35].

A double-blind, randomized, placebo-controlled phase
2 trial has been conducted to test the efficacy of
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intravenous glibenclamide (RP-1127) in preventing brain
swelling after large hemispheric infarction (GAMES-RP)
[15]. Patients (aged 18-80 years) with a clinical diagnosis
of large anterior circulation hemispheric infarction for
less than 10h and baseline diffusion-weighted MRI
image lesion volume of 82-300cm® on MRI were en-
rolled. Although the study was suspended for funding
reason, interim results revealed that glibenclamide was
well tolerated and reduced 30-day mortality as well as
midline shift [12]. Moreover, glibenclamide decreased
the serum concentration of MMP-9, indicating a pro-
tective role of glibenclamide in blood-brain barrier. In
our preliminary study, we found that a low-dose regimen
of oral glibenclamide was well tolerated and was associ-
ated with reduced brain edema and consequential severe
disability and death [17].

Based on the above data and as a complement to the
GAMES-RP study, we conducted this prospective, ran-
domized, double-blind, placebo-controlled, multicenter
trial to evaluate the efficacy of glibenclamide in AIS pa-
tients treated with intravenous rtPA. Although paren-
teral glibenclamide had been used in animal studies and
the GAMES-RP study (RP-1127), no commercial formu-
lation for clinical use is available in China, so the enteral
route was chosen. Glibenclamide is well absorbed from
the gastrointestinal tract with its peak plasma concentra-
tion occurred 1.5-2 h after ingestion and has a duration
of action approximately for 18 h [36]. Besides, oral glib-
enclamide has been safely used for decades, with limited
evidence regarding safety issues, except hypoglycemia
[37]. Since its apparent potency may increase at the
acidic microenvironment found in ischemic brain [7], a
relatively low-dose regimen of glibenclamide would be
reasonable and thereby the risk of hypoglycemia will be
greatly reduced [15]. Given that poststroke hypergly-
cemia is common and prolonged in nondiabetic as well
as diabetic patients, our low-dose regimen of glibencla-
mide, which is about 25% of its regular dose for treating
diabetes, might not substantially increase the risk of
hypoglycemia in the study population. In our prelimin-
ary study, only one episode of hypoglycemia was re-
corded during treatment with the glibenclamide in the
nondiabetics (# = 15), whereas there was 8 episodes of
hypoglycemia in the controlled nondiabetics (n =145)
(post-hoc analysis) [17]. The low risk of hypoglycemia in
these patients may also be related to our early initiation
of nutritional support. Therefore, in the SE-GRACE
study, early nutrition support and blood glucose moni-
toring will be adopted to minimize the risk of
hypoglycemia. Because the price of oral glibenclamide is
very low, a large number of patients would benefit from
this agent if it gets proved to be effective.

In conclusion, this article describes the design and
planned analysis used in the SE-GRACE trial for the first
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publication of the primary outcomes. This approach
minimizes the overall risk of bias and data-driven
results.
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