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Abstract

Traumatic brain injury(TBI) occurs when an external force traumatically injures the brain.
TBI is a leading cause of death and disability. Aamplex pathophysiological cascade of cel-
lular events is involved in it. Experimental modelshave shown that TBI results in a signifi-
cant increase in glucose utilization following injuy. Hyperglycemia aggravates underlying
brain damage by causing free radical injury, apoptsis and lactic acidosis. The aim of our
study is to estimate the random blood sugar levela TBI patients within 24 hours of injury
and to find its correlation with the level of consousness (Glasgow coma scale) if any .The
study involves 30 TBI patients who were admitted td°.1.M.S hospital within 24 hours of in-
jury (group 1) and 30 healthy age and sex matchedontrols (group IlI).Random blood glu-
cose was estimated in both the groups and Glasgownta scale was noted in group | .Data
was analyzed by unpaired t test.Pearson’s Correlain coefficient was measured between
RBS and GCS. TBI patients had blood sugar 189.9351.74 mg/dl and controls had 106.47
+ 18.32 mg/dl.The random blood sugar was elevatesignificantly (P< 0.0001) in Gp | com-
pared to Gp II.GCS was bearing a negative correlatin with the blood sugar(r= - 0.7043).
From the elevated blood glucose levels and its ndiy& correlation with Glasgow coma scale
we conclude that strict blood glucose regulation igssential in TBI patients for the better
outcome after head injury.
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moment of injury, brain trauma causes secondawy\ynp
variety of events t hat take place in the minated days
following the injury. These processes, which inelual-
terations in cerebral blood flow and the pressuithim
the skull, contribute substantially to the damagenfthe
initial injury.

Introduction

Traumatic brain injury(TBI) occurs when an external
force traumatically injures the brain. TBI can tessified
based on severity, mechanism (closed or penetrhtag
injury), or other features (e.g., occurring in &dfic lo-

cation or over a widespread area). Head injury lysua Traumatic brain injury induces a complex pathophysi

refers to TBI, but is a broader category becausantin-  gogical cascade of cellular events.Central comptsef
volve damage to structures other than the braich §8  his response include increase in cerebral gluopsake,
the scalp and skull. TBI is a leading cause of deatti (eqyctions in cerebral blood flow, indiscriminatecita-
disability. tory neurotransmitter release, ionic disequilibriiand
intracellular calcium accumulation.
Although the head, face and neck comprise only D2%
the total body surface area exposed during an ewtid Restoration of homeostasis requires significarease in
these areas sustain disproportionally more injueading  glucose metabolism.Experimental models have shown
to death at the time of a crash [1].Males are nadbrgésk  that TBI results in a significant increase of glseautili-
than females. The increased frequency of headiasjur zation within the first 30 minutes post-injury, eéftwhich
observed in men is consistent with the existitgyditure  glucose uptake diminishes and then remains lowalfout
with a male to female ratio 6.1:1 [2]. 5-10 days [3,4]. The initial hyperglycolysis debed
above results from disruption of ionic gradientsoas the
Brain trauma can be caused by a direct impact aadsy neuronal cell membrane, activating energy-dependent
celeration alone. In addition to the damage caaséue ionic pumps [5].
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Hyperglycemia aggravates underlying brain damagk an nclusion criteria for group |

influences both morbidity and mortality in critibalill

patients [6] by inducing tissue acidosis, oxidatbieess,
and cellular immunosuppression [7] which in turmo-p
mote the development of multiorgan failure [8]. ldghy-
cemia impairs energy supply causing metabolic pestu
tion [9] and induces cortical spreading depolaiiret
[10].

Studies have mentioned that intensive glycemidrobis
essential following traumatic brain injury for atfee clin-
ical outcome,controversially the majority of curtlgn
available clinical and preclinical evidence doe$ sup-
port tight glucose control (maintenance of bloodcgke
levels below 110-120 mg/dl) during the acute cdrpas
tients with severe TBI [11].

The aim of our study is to (i)estimate the randdood
sugar (RBS) levels in TBI patients within 24 hoafsn-
jury and to assess the level of consciousnedsiiyg
Glasgow coma scale(GCS) (ii)to find the correlatim
tween RBS and GCS if any.

Methodology

The study was conducted in Pondicherry InstitutMeé-
ical Sciences(P.I.M.S) ,Pondicherry. Institutiomrdhical

Brain injury cases due to mechanical force (trauomdy.

Exclusion criteria

Brain injury due to other causes like ischemia, dnign-
sion, infection. Brain injuries associated with etlsoft
tissue/musculoskeletal injury, liver disorders, aledis-
eases, hyperuricemias.

Random blood Glucose was estimated immediately at
admission,within 24 hours of injury by glucose dase
peroxidase method [12] using reagent kits in aoans-
lyzer (Cobas integra 400). The severity of braijurin
was assessed clinically by Glasgow coma scale,dbloo
pressure and CT findings.

Statistical Analysis

Data obtained was analysed by using graph padtstati
analysis software.Unpaired ‘t’ test was used fanpar-

ing the values.P<0.05 is considered to be signifi-
cant.Pearson’s correlation coefficient ,r( betwetrand
+1)is calculated to find the correlation of RBSthwi
Glasgow coma scale.

Results

committee approval was obtained and informed cdnsefR@ndom Blood Sugar(RBS) was 189.93 + 51.74 mgid| i

was taken from the relatives or patients’ by-staside

Study design
Our study involves two groups, Gp | &Gpll.Gp | ifves
30 TBI patients (all were male patients coincidgnth

patients and 106.47+£18.32 mg/dl in healthy costrol
(shown in table 1). Blood sugar is significantly\eted
in TBI patients compared to controls(P<0.0001).G&S
patients ranged from 3-14. Correlation study shotied
Glasgow coma scale bears a strong negative caorelat

the age group of 26+7 years who were admitted tér= - 0.7043) with blood sugar which is statistigedig-

P.I.M.S hospital within 24 hours of sustaining iyjuln

nificant(p<0.05).This implies that higher the Ramdo

Gp I, we selected 30age and sex matched healthy coBlood Sugar, worse is the patient’s status of couse

trols. We ensured by history and a few basic ingast

tions, that they were not suffering from any illges.

ness and vice versa.

Table 1. Comparison of Random Blood Sugar: Traumatic brain injury patients Vs Healthy controls

TBI patients Controls P value
Random blood sugar(mg/dl) 189.93 + 51.74** 106.43.82 < 0.0001
Correlation of RBS with GCS(r) - 0.7043* <0.05

**p -Highly significant
*p -Sgnificant

Discussion

Seventy eight percent elevation was observed irrahe

Several mechanisms may be explained for the tdiic e
fects of glucose.Hyperglycemia sets in neuronathdby

dom blood sugar values of TBI patients as comp&wed releasing extracellular zinc and activation of oeal

the controls.Specific metabolic events like glucpse-
duction, utilization are explained by the physiotad

state of accelerated metabolism which may be assati

NADPH oxidase [15]. Elevated serum glucose levsls i
considered deleterious as it results in anaerdpoolysis
leading to accumulation of lactic acid in toxic éév

with insulin resistanc§l3].Persistent elevation of serum which lowers the neuronal threshold and brings abou

glucose in the first week after injury was showrb&fa-
tal as increased rate of mortality was reported. [14

104

astrocyte cell death [16].However lactate produfrech
astrocytes is shuttled to the neurons to faciliextergy
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production at need [17]. Accumulation of lactateyma
cause neuronal damage as a result of acidosis,raambr
damage,disruption of blood brain barrier and cexebr
edema [18].

Van den Berghe et al have demonstrated that tigiothy
trolled blood glucose levels with intensive insuliwerapy
improved outcome in intensive care patients argl riray
confer some benefit in head injured patients [19].

It has already been proved in TBI that in the prima
phase,due to the localized neuronal death at tipad
site,there is reduction in the cerebral blood flamd an-

mellitus can decrease the number of apoptotic aelike
retina because of down regulation of Bax:BCI-2 aati
[29].

The likely mechanism of neurotoxicity of glucosenca
also be attributed to the elevated ROS, oxidativess
and nitrosative stress [30]. Now it is clearly et that
oxidative stress that is set in TBI due to hypoixsahe-
mia, apoptosis, inflammation etc is further acoated
by hyperglycemia induced ROS, apoptosis and uléiyat
cell death.

This explains the worse prognosis of TBI patiergsitg

aerobic glycolysis causing hypoxia and ischemighyperglycemia. In our study we have noted the riegat

[20].This effect could be potentiated by hypergiyce
induced anaerobic glycolysis.Ischemia will enhatioe
generation of reactive oxygen species(ROS) [20QSR
has a major role in activating caspases and bigngbout
apoptosis [20,22]. Neuroinflammation is well esisted
fact in TBI which results in excessive cell apojgcsnd
neuronal necrosis [23]. During cell death therdnsak-

down of DNA, RNA and excessive purine catabo-

lism.This provides a large amount of substratehtodn-

correlation between Glasgow coma scale and blogdrsu
which implies that higher the sugar, poorer isléwel of
consciousness. Our finding is in accordance with riy
sults of several studies.Deep coma was seen irnpsiti
with a high blood sugar and consciousness wasmegai
with a decrease in blood sugar [31]. Brain lesiahéch
affect the level of consciousness influence thstirig
blood glucose. Pentelenyi et al reports a quaivgator-
relation between the alterations in the levels oh-c

zyme xanthine oxidase which produces superoxide radsciousness and FBS in brain injury patients.Deapaco

cals along with uric acid which itself has botlegtidant
and antioxidant properties.

Thus the neuronal damage that occurs after TBltdue
oxidative stress, hypoxia induced apoptosis andaieu
flammation are potentiated by the neurotoxic effeat
glucose. There are several evidences to suppdit dha
high concentrations glucose exhibits pro-apoptetic
pro-oxidant properties.

Studies have reported that when endothelial cedisew
incubated with high concentrations of glucose,cleang
were observed in proliferative,adhesive and syitthet
properties.Induction of apoptosis of functional ethelial
cells at high glucose concentration in culture basn
established. Lorenzi et al states that high gludnter-
feres with the regulation of cell cycle and bringsout
programmed cell death [24]. The exact mechanisaxdis
plained as retardation of cell cycle transitiomir§ to G2
phase by glucose which takes the cell to death [25]

Another theory explains the progressive down rdgra
of BCI-2 and increased expression of Bax duringuoes
causing apoptosis of cells [26]. This finding wag-s
ported by another experiment on renal proximal kaubu
cells, when cultured in high glucose concentratides
creased BCI-2 expression [27]. Sharifi et al itigaded
whether glucose could induce apoptosis in neurceld
and role of glucose in the expression of anti-apkpt
(BCI-2) and pro-apoptotic (Bax) genes(28).He alsmd
onstrated the neuronal death by cleaved DNA fragsnen
and increased ratio of Bax:BCI-2.This fact is supgub by
a report, good glucose control at early stage abetes
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was associated with high blood sugar level andr dea-
sciousness with normal glucose levels [32].

Conclusion

From the elevated blood glucose levels and its thega
correlation with Glasgow coma scale we concludé tha
strict blood glucose regulation is essential ftve better
outcome after the traumatic brain injury,as hypeer
mia potentiates the damaging events, like neuro-
inflammation, apoptosis and oxidative stress.
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