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Abstract

Background: Traumatic brain injury (TBI) is a major health problem worldwide. Secondary injuries after TBI, including diffuse
axonal injury (DAI) often occur, and proper treatments are needed in this regard. It has been shown that glibenclamide could reduce
secondary brain damage after experimental TBI and improve outcomes.
Objectives: We aim to evaluate the role of glibenclamide on the short-term outcome of patients with DAI due to moderate to severe
TBI.
PatientsandMethods: In this controlled randomized clinical trial, 40 patients with moderate to severe TBI were assigned to gliben-
clamide (n = 20) and control (n = 20) groups. Six hours after admission the intervention group received 1.25 mg glibenclamide every
12 hours. The Glasgow coma scale (GCS) was administered at admission, in the first 24 and 48 hours, at one week post-trauma and at
discharge. The Glasgow outcome scale (GOS) was also administered at discharge. All results were evaluated and compared between
groups.
Results: Patients treated with glibenclamide compared to the control group had a significantly better GCS score one week post-
trauma (P = 0.003) and at discharge (P = 0.004), as well as a better GOS score at discharge (P = 0.001). The glibenclamide group also
had a shorter length of hospital stay compared to the control group (P = 0.03). In the control group, two patients (10%) died during
the first week post-trauma, but there was no mortality in the glibenclamide group (P = 0.48).
Conclusions: Treatment with glibenclamide in patients with DAI due to moderate to severe TBI significantly improves short-term
outcomes.
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1. Background

Traumatic brain injury (TBI) is a major health problem
worldwide. Of TBI patients admitted to trauma centers, 15%
have severe TBI with a higher mortality rate than other in-
juries (1-4). For patients who survive the initial injury, mor-
bidity and mortality is often determined by secondary in-
jury processes, which are both clinically apparent and cur-
rently underappreciated. TBI induces a plethora of struc-
tural and functional alterations, such as altered glucose
uptake (5) and impaired glucose metabolism (5-7), which
may cause secondary insults after TBI including edema, ex-
citotoxicity, calcium accumulation, cell death cascades, ax-
onal injury, altered cerebral blood flow, increase in oxida-
tive species and enhanced inflammation (8).

There is a need for therapies that could prevent these
secondary insults and improve the status of patients with
TBI. Glibenclamide is a second-generation sulfonylurea,
which is used as an oral hypoglycemic agent (9). It has

been shown that glibenclamide has pleiotropic protective
effects in acute central nervous system (CNS) injury. Sev-
eral experimental studies have found that glibenclamide
could be an effective treatment in various CNS pathologies
including traumatic brain injury (10, 11) and spinal cord in-
jury (12-15). It has been demonstrated that glibenclamide
treatment administered shortly after injury is highly effec-
tive in reducing the pathological sequelae of TBI (10) and
reduces secondary brain damage after experimental TBI
(16).

However, there are few clinical studies that have eval-
uated the role of glibenclamide on TBI with promising
results, such as improvement in the Glasgow coma scale
(GCS) and the Glasgow outcome scale (GOS) at discharge
(17).

Copyright © 2016, Trauma Monthly. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is
properly cited.

http://traumamon.com/
http://dx.doi.org/10.5812/traumamon.25113


Zafardoost P et al.

2. Objectives

In this study, we evaluated the role of glibenclamide on
the short-term outcome of patients with diffuse axonal in-
jury (DAI) due to moderate to severe TBI.

3. Patients andMethods

In this randomized clinical trial, 40 patients with head
trauma and diagnosis of diffuse axonal injury who were ad-
mitted to the neurosurgery ICU were evaluated. Patients
over 18 years old who were admitted to the ICU during the
first 24 hours after a close head injury, who had no bleed-
ing in need of surgical intervention, had a GCS ≤ 12, and
blood glucose > 125 were included. Patients with ICU pe-
riod of less than 48 hours, chronic systemic diseases, BS <
80 mg/dL or > 300 mg/dL at any period were excluded. Pa-
tients who had used a sulphonylurea during the 30 days
before the injury were also excluded. The protocol was ap-
proved by the institutional review board for Urmia Uni-
versity of Medical Sciences, and informed consent was ob-
tained from all patients.

The study is powered to detect an effect size of d ≥
0.70 as statistically significant in a two-tailed test with α =
0.05 and a power of 0.80 with N = 20. Sample size calcula-
tion was performed using G*power 3.1.9.2 software. Using
RANDLIST 1.2 software, random numbers were produced,
and according to sample size, patients were enrolled into
the study. Patients were randomly assigned to interven-
tion and control groups. Six hours after admission, the in-
tervention group received 1.25 mg glibenclamide every 12
hours. The dose was increased to 2.5 mg/12 hours if there
was no hypoglycemia. The medication was given until the
patient’s discharge from the ICU or for one week. Patients
who had BS > 300 mg/dL were treated with insulin and ex-
cluded from the study. Blood sugar was checked by glu-
cometry every two hours to detect and treat hypoglycemia.

The Glasgow coma scale (GCS) was measured in all pa-
tients at admission, in the first 24 hours, 48 hours, one
week after admission and at discharge. The enhancement
in GCS was measured using functional brain tests. The neu-
rological outcome at discharge was evaluated using GOS.
The GOS ratings are: 5 = good recovery, 4 = moderate dis-
ability, 3 = severe disability, 2 = persistent vegetative status,
and 1 = death.

3.1. Data Analysis

All data were analyzed using the statistical package for
social sciences, version 17.0 (SPSS, Chicago, Illinois). Base-
line data are reported as mean ± standard deviation (con-
tinuous data) or percentages (categorical data), depending

on the data level. The association between qualitative vari-
ables was studied using the Chi-square test or Fisher’s exact
test. A P Value of 0.05 or less was considered significant.

4. Results

In this study, 40 patients with DAI due to TBI were eval-
uated in two groups; those treated with glibenclamide (n =
20) and a control group (n = 20). Table 1 shows the baseline
findings between the groups. There was no significant dif-
ference between the groups. There were only two female
patients with TBI. Most patients had GCS ≤ 8 at admission.
All patients tolerated the medication and no cases of hypo-
glycemia were observed.

Table 1. Baseline Findings Between Groupsa

Glibenclamide
Group (n = 20)

Control Group (n
= 20)

P Value

Age, y (mean±
SD)

31.15 ± 10.33 30.40 ± 13.16 0.84

Gender

Male 18 (90) 20 (100) 0.48

Female 2 (10) 0

GCS -

9 - 12 1 (5) 0

3 - 8 19 (95) 20 (100)

Abbreviations: GCS: glasgow coma scale.
aValues are expressed as No. (%) unless otherwise indicated.

GCS data during the time and GOS data at discharge are
shown in Table 2. Patients treated with glibenclamide had
significantly better GCS one week post-trauma and at dis-
charge, as well as better GOS at discharge compared to the
control group.

Two patients (10%) died during the first week post-
trauma in the control group, but no death was seen in
glibenclamide group (P = 0.48). The length of hospital stay
in the glibenclamide group was 15.65 ± 5.37 days, which
was significantly lower than the control group (24.75 ±
18.29 days, P = 0.03).

5. Discussion

After TBI, secondary injury can occur in hours or days
due to cellular damage secondary to TBI. Hypoxia, hypoten-
sion, increased intracranial pressure and brain edema are
some of these complications (1). Although in recent years
knowledge regarding the pathophysiological mechanisms
of TBI has increased, there has been no great progress in
therapeutic and medical treatments (1).
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Table 2. GCS During the Time and GOS at Discharge

Glibenclamide
Group (n = 20)

Control Group (n
= 20)

P Value

GCS after 24
hours
post-trauma

3 - 8 19 (95) 1 (5) -

9 - 12 19 (95) 1 (5)

GCS after 48
hours
post-trauma

0.69

3 - 8 15 (75) 5 (25)

9 - 12 17 (85) 3 (15)

GCS after 1 week
post-trauma

0.003a

3 - 8 2 (10) 11 (61.1)

9 - 12 9 (45) 5 (27.8)

12 - 15 9 (45) 2 (11.1)

GCS at discharge -

3 - 8 0 3 (16.7)

9 - 12 0 4 (22.2)

12 - 15 20 (100) 11 (61.1)

Mean GCS at
discharge

13.95 ± 0.82 11.50 ± 3.43 0.004a

GOS at discharge 0.001a

1 - 3 0 9 (45)

3 - 5 20 (100) 11 (55)

Mean GOS at
discharge

4.70 ± 0.47 3.40 ± 1.50 0.001a

Abbreviations: GCS, glasgow coma scale; GOS, glasgow outcome scale.
aP is two-sided significant.

In animal studies, it has been shown that gliben-
clamide reduces brain edema and contusion volume af-
ter experimental TBI (10). Ahmed, in a study of seven
patients, including two patients with TBI, observed that
glibenclamide is effective in controlling cerebral edema
from different etiologies (18). Kimberly et al. (19) also
reported reduced vasogenic edema following treatment
with IV glyburide (glibenclamide) in stroke patients.

There are few previous studies as clinical trial regard-
ing glibenclamide effects on CNS injuries, especially TBI
(17); and there is one ongoing phase II clinical trial evalu-
ating the effect of an intravenous formulation of gliben-
clamide in patients with TBI (20). However, most experi-
mental studies on animals have shown great potency for
glibenclamide in preventing and reducing secondary in-
juries after TBI and other CNS disorders (10-15).

In this prospective randomized clinical trial we eval-
uated the effect of glibenclamide on the short-term out-
come of patients with DAI due to moderate to severe TBI.
We observed significant improvement in GCS and GOS at
discharge, following glibenclamide treatment compared
to the control group. Similarly, Sheth et al. (21) observed
better clinical outcomes in patients treated with glyburide
(glibenclamide) for injection compared to controls. How-
ever, Ding and colleagues (17) observed no significant effect
of glibenclamide on the outcomes of TBI patients with di-
abetes mellitus type 2, including changes in GCS and GOS,
at discharge.

It is well known that an increase in hospital stay is ac-
companied by various complications including pneumo-
nia. So, reducing the hospital stay is important in many
clinical situations. Among outcome indicators evaluated
in this study, we observed significant reduction in hospital
length of stay in patients treated with glibenclamide com-
pared to the control group. Similarly, Ding and colleagues
(17) observed that glibenclamide could reduce length of
stay in the neurologic intensive care unit.

The mortality rate in severe TBI is almost 30% (2). So,
it is important to define treatments that could reduce the
morbidity and mortality rate, as well. It has been shown
that treatment with glibenclamide reduces mortality in
brain injury models (22, 23). Simard and colleagues (24),
in a study on rats, observed that the mortality following
glibenclamide treatment was significantly reduced in the
first day post-trauma in experimental TBI models. In our
clinical trial, we observed no mortality in patients receiv-
ing glibenclamide and only two deaths (10%) in the con-
trol group. Although the difference between the groups
was not significant, it is clinically important to observe a
reduced mortality rate.

The present study has several limitations. First, the
sample sizes for each group might be too small to make
a general statement regarding the results. However, this
is one of the few studies performed in this regard as a
clinical trial, and not on animals, so the results could be
very promising. In addition, we only evaluated short-term
outcome of treatment with glibenclamide and the long-
term outcome is not clear. Also, the chronic use of gliben-
clamide after discharge could have some other benefits
due to its interactions in the brain, which needs further
studies.

In conclusion, treatment with glibenclamide in pa-
tients with moderate to severe TBI significantly improves
GCS and neurological outcome at discharge, as well as
length of hospital stay.

Trauma Mon. 2016; 21(5):e25113. 3

http://traumamon.com/


Zafardoost P et al.

Acknowledgments

We would like to thank all personnel of the emergency
and neurosurgery departments of Imam Khomeini hospi-
tal for their cooperation in this study.

Footnotes

Authors’ Contribution: Developing the original idea and
the protocol, Firooz Salehpour; abstracting and analysis
of data, Peyman Zafardoost; definition of intellectual con-
tent, Amir Abbas Ghasemi; manuscript review, Ehsan Zi-
aeii; contribution to the development of the protocol, Chia
Piroti; Abstract data, Peyman Zafardoost; preparation of
the manuscript, Peyman Zafardoost.

Financial Disclosure: The authors declared no financial
interest.

Funding/Support: This research was financially sup-
ported by vice chancellor for research, Urmia University of
Medical Sciences, Iran.

References

1. Ingebrigtsen T, Mortensen K, Romner B. The epidemiology of
hospital-referred head injury in northern Norway.Neuroepidemiology.
1998;17(3):139–46. [PubMed: 9648119].

2. Masson F, Thicoipe M, Aye P, Mokni T, Senjean P, Schmitt V, et al. Epi-
demiology of severe brain injuries: a prospective population-based
study. J Trauma. 2001;51(3):481–9. [PubMed: 11535895].

3. Robles JF, Navarro JEV, Maglinao MLD, Matawaran BJ, Andag-Silva AA,
Mercado-Asis LB. Traumatic Injury to the Brain and Endocrine Evalua-
tion of the Anterior Pituitary a Year After the Event (The TRIBE Study).
Int J Endocrinol Metab. 2009;2009(2):72–81.

4. Syed Hassan ST, Jamaludin H, Abd Raman R, Mohd Riji H, Wan Fei
K. Mental Trauma Experienced by Caregivers of patients with Dif-
fuse Axonal Injury or Severe Traumatic Brain Injury. Trauma Mon.
2013;18(2):56–61. doi: 10.5812/traumamon.11522. [PubMed: 24350153].

5. Hattori N, Huang SC, Wu HM, Liao W, Glenn TC, Vespa PM, et al. Acute
changes in regional cerebral (18)F-FDG kinetics in patients with trau-
matic brain injury. J NuclMed. 2004;45(5):775–83. [PubMed: 15136626].

6. Dusick JR, Glenn TC, Lee WN, Vespa PM, Kelly DF, Lee SM, et al. Increased
pentose phosphate pathway flux after clinical traumatic brain in-
jury: a [1,2-13C2]glucose labeling study in humans. J Cereb Blood Flow
Metab. 2007;27(9):1593–602. doi: 10.1038/sj.jcbfm.9600458. [PubMed:
17293841].

7. Bartnik BL, Hovda DA, Lee PW. Glucose metabolism after traumatic
brain injury: estimation of pyruvate carboxylase and pyruvate
dehydrogenase flux by mass isotopomer analysis. J Neurotrauma.
2007;24(1):181–94. doi: 10.1089/neu.2006.0038. [PubMed: 17263682].

8. Sahuquillo J, Poca MA, Amoros S. Current aspects of pathophysiol-
ogy and cell dysfunction after severe head injury. Curr Pharm Des.
2001;7(15):1475–503. [PubMed: 11562294].

9. Rambiritch V, Maharaj B, Naidoo P. Glibenclamide in patients with
poorly controlled type 2 diabetes: a 12-week, prospective, single-
center, open-label, dose-escalation study. Clin Pharmacol. 2014;6:63–9.
doi: 10.2147/CPAA.S54809. [PubMed: 24741335].

10. Simard JM, Kilbourne M, Tsymbalyuk O, Tosun C, Caridi J, Ivanova S, et
al. Key role of sulfonylurea receptor 1 in progressive secondary hem-
orrhage after brain contusion. J Neurotrauma. 2009;26(12):2257–67.
doi: 10.1089/neu.2009.1021. [PubMed: 19604096].

11. Patel AD, Gerzanich V, Geng Z, Simard JM. Glibenclamide reduces hip-
pocampal injury and preserves rapid spatial learning in a model of
traumatic brain injury. J Neuropathol Exp Neurol. 2010;69(12):1177–90.
doi: 10.1097/NEN.0b013e3181fbf6d6. [PubMed: 21107131].

12. Simard JM, Tsymbalyuk O, Ivanov A, Ivanova S, Bhatta S, Geng Z, et
al. Endothelial sulfonylurea receptor 1-regulated NC Ca-ATP channels
mediate progressive hemorrhagic necrosis following spinal cord in-
jury. J Clin Invest. 2007;117(8):2105–13. doi: 10.1172/JCI32041. [PubMed:
17657312].

13. Simard JM, Woo SK, Norenberg MD, Tosun C, Chen Z, Ivanova S, et
al. Brief suppression of Abcc8 prevents autodestruction of spinal
cord after trauma. Sci Transl Med. 2010;2(28):28ra29. doi: 10.1126/sci-
translmed.3000522. [PubMed: 20410530].

14. Simard JM, Popovich PG, Tsymbalyuk O, Gerzanich V. Spinal cord
injury with unilateral versus bilateral primary hemorrhage–
effects of glibenclamide. Exp Neurol. 2012;233(2):829–35. doi:
10.1016/j.expneurol.2011.11.048. [PubMed: 22197047].

15. Simard JM, Tsymbalyuk O, Keledjian K, Ivanov A, Ivanova S, Gerzanich
V. Comparative effects of glibenclamide and riluzole in a rat model of
severe cervical spinal cord injury. Exp Neurol. 2012;233(1):566–74. doi:
10.1016/j.expneurol.2011.11.044. [PubMed: 22177998].

16. Zweckberger K, Hackenberg K, Jung CS, Hertle DN, Kiening KL, Unter-
berg AW, et al. Glibenclamide reduces secondary brain damage after
experimental traumatic brain injury.Neuroscience. 2014;272:199–206.
doi: 10.1016/j.neuroscience.2014.04.040. [PubMed: 24792709].

17. Ding J, Yuan F, Guo JY, Chen H, Tian HL. Influence of gliben-
clamide on outcome in patients with type 2 diabetes and trau-
matic brain injury. Clin Neurol Neurosurg. 2013;115(10):2166–9. doi:
10.1016/j.clineuro.2013.08.010. [PubMed: 23998719].

18. Ahmed I. Glyburide in Treating Malignant Cerebral Edema. Block-
ing Sulfonyl Urea One (SURI-one) Receptors (P06. 239). Neurology.
2012;78(Meeting Abstracts 1):P06. 239.

19. Kimberly WT, Battey TW, Pham L, Wu O, Yoo AJ, Furie KL, et al. Gly-
buride is associated with attenuated vasogenic edema in stroke pa-
tients.Neurocrit Care. 2014;20(2):193–201. doi: 10.1007/s12028-013-9917-
z. [PubMed: 24072459].

20. Eisenberg E, Banshal V. Glyburide (RP-1127) for traumatic brain
injury (TBI) 2014. Available from: http://clinicaltrials.gov/show/
NCT01454154.

21. Sheth KN, Kimberly WT, Elm JJ, Kent TA, Yoo AJ, Thomalla G, et al.
Exploratory analysis of glyburide as a novel therapy for preventing
brain swelling. Neurocrit Care. 2014;21(1):43–51. doi: 10.1007/s12028-
014-9970-2. [PubMed: 24671831].

22. Simard JM, Geng Z, Woo SK, Ivanova S, Tosun C, Melnichenko L,
et al. Glibenclamide reduces inflammation, vasogenic edema, and
caspase-3 activation after subarachnoid hemorrhage. J Cereb Blood
FlowMetab. 2009;29(2):317–30. doi: 10.1038/jcbfm.2008.120. [PubMed:
18854840].

23. Zhou Y, Fathali N, Lekic T, Tang J, Zhang JH. Glibenclamide improves
neurological function in neonatal hypoxia-ischemia in rats. Brain
Res. 2009;1270:131–9. doi: 10.1016/j.brainres.2009.03.010. [PubMed:
19306849].

24. Simard JM, Tsymbalyuk N, Tsymbalyuk O, Ivanova S, Yurovsky V,
Gerzanich V. Glibenclamide is superior to decompressive craniec-
tomy in a rat model of malignant stroke. Stroke. 2010;41(3):531–7. doi:
10.1161/STROKEAHA.109.572644. [PubMed: 20093633].

4 Trauma Mon. 2016; 21(5):e25113.

http://www.ncbi.nlm.nih.gov/pubmed/9648119
http://www.ncbi.nlm.nih.gov/pubmed/11535895
http://dx.doi.org/10.5812/traumamon.11522
http://www.ncbi.nlm.nih.gov/pubmed/24350153
http://www.ncbi.nlm.nih.gov/pubmed/15136626
http://dx.doi.org/10.1038/sj.jcbfm.9600458
http://www.ncbi.nlm.nih.gov/pubmed/17293841
http://dx.doi.org/10.1089/neu.2006.0038
http://www.ncbi.nlm.nih.gov/pubmed/17263682
http://www.ncbi.nlm.nih.gov/pubmed/11562294
http://dx.doi.org/10.2147/CPAA.S54809
http://www.ncbi.nlm.nih.gov/pubmed/24741335
http://dx.doi.org/10.1089/neu.2009.1021
http://www.ncbi.nlm.nih.gov/pubmed/19604096
http://dx.doi.org/10.1097/NEN.0b013e3181fbf6d6
http://www.ncbi.nlm.nih.gov/pubmed/21107131
http://dx.doi.org/10.1172/JCI32041
http://www.ncbi.nlm.nih.gov/pubmed/17657312
http://dx.doi.org/10.1126/scitranslmed.3000522
http://dx.doi.org/10.1126/scitranslmed.3000522
http://www.ncbi.nlm.nih.gov/pubmed/20410530
http://dx.doi.org/10.1016/j.expneurol.2011.11.048
http://www.ncbi.nlm.nih.gov/pubmed/22197047
http://dx.doi.org/10.1016/j.expneurol.2011.11.044
http://www.ncbi.nlm.nih.gov/pubmed/22177998
http://dx.doi.org/10.1016/j.neuroscience.2014.04.040
http://www.ncbi.nlm.nih.gov/pubmed/24792709
http://dx.doi.org/10.1016/j.clineuro.2013.08.010
http://www.ncbi.nlm.nih.gov/pubmed/23998719
http://dx.doi.org/10.1007/s12028-013-9917-z
http://dx.doi.org/10.1007/s12028-013-9917-z
http://www.ncbi.nlm.nih.gov/pubmed/24072459
http://clinicaltrials.gov/show/NCT01454154
http://clinicaltrials.gov/show/NCT01454154
http://dx.doi.org/10.1007/s12028-014-9970-2
http://dx.doi.org/10.1007/s12028-014-9970-2
http://www.ncbi.nlm.nih.gov/pubmed/24671831
http://dx.doi.org/10.1038/jcbfm.2008.120
http://www.ncbi.nlm.nih.gov/pubmed/18854840
http://dx.doi.org/10.1016/j.brainres.2009.03.010
http://www.ncbi.nlm.nih.gov/pubmed/19306849
http://dx.doi.org/10.1161/STROKEAHA.109.572644
http://www.ncbi.nlm.nih.gov/pubmed/20093633
http://traumamon.com/

	Abstract
	1. Background
	2. Objectives
	3. Patients and Methods
	3.1. Data Analysis

	4. Results
	Table 1
	Table 2

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Financial Disclosure
	Funding/Support

	References

