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Traumatic brain injuries (TBI) represent a high impact public health problem due to a high rate of death , long
term disability and occurrence especially in young adults. Despite several promising animal studies, several
parameters were proposed as biological markers and were assessed for this aim. Our study proposes the
study of the early biochemical changes in association to hematological parameters for severe TBI patients
prognosis. 43 patients with acute TBI were included in study based on clinical, laboratory and imagistic
findings. The severity of the TBI was established by Glasgow Coma Scale GCS 3-8. In all patients were
evaluated hematologic parameters (Red blood cell count - RBC, Hematocrit, blood Hemoglobin, White
blood cell - WBC, Platelet count and biochemical parameters (glucose, urea, creatinine, electrolytes).
Outcome was expressed as Glasgow Outcome Scale (GOS), between 1-5. Values were compared to
control group -15 cases. Significant early differences in body temperature, heart rate, and systolic blood
pressure were observed in TBI group versus control (p<0.05). After correlation, laboratory findings
significantly associated to severe outcome - GOS = 1, 2 - (p<0.05) were plasma Na decrease and significant
glucose increase. An early increase of temperature and decrease of Na may predict a severe outcome in
patients with acute TBI; association with shifts in heart rate and blood pressure, imposes aggressive
treatment measures.
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TBI is the cause of approximately two-thirds of posttraumatic deaths and the most common generator of posttraumatic permanent disability; an European meta-analyze
presented an overall incidence rate of 262 (CI, 185–339)
per 100,000 per year for admitted TBI patients [1].
All patients with severe TBI and 75% of those who have
suffered mild trauma remain with physical and mental
disabilities [2].
Shortly after brain trauma, the sympathetic adrenal
system activation produces a real storm due to intense
and multilateral pathophysiological cascades [3,4].
In this context, recent results reveal the appearance of
systolic dysfunction following TBI; according to authors,
early hypertension and tachycardia involve a
catecholamines excess leading to systolic dysfunction
which may generate secondary brain injuries [5].
Despite promising results in animal studies, no biological
markers relevant for the evolution of TBI have been
identified to improve outcome in human.
Our study tries to identify an early marker or cluster of
markers who may outline clinical outcome and serve as
predictor of prognosis in patients with severe TBI.
Experimental part
Methods
The present study was carried out in the Neurosurgery
Clinic, Emergency St.Pantelimon Hospital Bucharest,
Romania, between 01.01.2017 and 31.12.2018 and
consisted of a retrospective analyze performed in
accordance to ethical regulations derived from the
Declaration of Helsinki and with respect of the personal
data management.
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Study population
Inclusion criteria: The group with traumatic brain injury
was composed of 43 patients, both gender, >18 years old,
with Glasgow Coma Scale (GCS) at admission between
3-8, and an estimated time from injury of maximum 12 h.
Brain injury was documented by CT or IRM and patients
undergone neurosurgical treatment when necessary.
Exclusion criteria: aging <18 years, other brain lesions
(stroke, aneurysms, brain tumors), concomitant major
thoracic or abdominal trauma, infectious diseases/sepsis;
pregnant or lactating mothers; drug administration corticosteroids, diuretics, antiplatelet drugs.
Data from 15 apparent healthy persons, presented at
emergency department for minor orthopedic injuries (ankle
sprain) served as control.
Demographic data of the patients, GCS score and
physical examination were recorded at admission;
outcome at six month was evaluated using Glasgow
Outcome Scale - GOS [6].
Laboratory data collection - in the TBI patients, blood
samples were drawn at presentation for hematologic
parameters (er ythrocyte count - RBC, Hematocrit,
Hemoglobin, White blood cell count - WBC total and
differentiated, Platelet count and biochemical parameters
(urea, creatinine, glucose, plasma electrolytes - Na+, K+,
Ca2+. Analyses were performed on a Pathfast Compact
immune Analyzer ver. 2.00 Mitsubishi.
Clinical, demographic, laboratory features of the TBI
patients were centralized in a database. The statistic
comparison between groups was done using IBM SPSS
22.0 software. Quantitative variables such as demographic,
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clinical and laboratory parameters was used descriptive
statistic to calculate mean and standard deviation; the
differences between two groups were analyzed using
Student t-tests and considered significant if p<0.5. To study
the relation between outcome (appreciated through GOS
scale) and laboratory /clinic parameters, ANOVA variance
analyze was applied; if not normal variance distribution,
Kruskal –Wallis nonparametric test was used.
Results and discussions
Demographic and clinical data
26 patients were male (60.46%) and 17 were female
(39.53%). The severity of TBI was scored using GCS severe: GCS < 8; the most common symptoms were coma
(67%), stupor (55%), confusion 31%. Other clinical signs
were pupillary changes (48%) and clear fluids draining from
nose or ear (15%).
Demographic and clinical approached parameters are
presented in table 1. Significantly increase of body
temperature and systolic blood pressure were recorded in
TBI group versus control (37.0 ± 0.52 in TBI versus 36.42
± 0.39 in control, p <0.05, respectively 135.9 ± 21.62 in
TBI versus 124 ± 21.46 in control, p <0.05).
Laboratory determinations results are presented in fable
2.
Significant changes consisted of increase in WBC and
plasma glucose and reduction in platelet count and plasma
Na (p < 0.05).

At 6 month, patient’s outcome was evaluated according
to Glasgow Outcome Scale (table 3). The highest
percentage of case presented moderate disability and good
recovery at 6 month, instead 9.3% were in vegetative status
and 6.97% deceased.
From previously mentioned parameters, when correlated
to severe GOS at 6 month - in severe TBI patients, only Na
and plasma glucose levels were significant.
We identified a significant change in body temperature
in TBI group versus control (37.0 ± 0.54°C in TBI group
versus 36.42 ± 0.39°C in control, p <0.0001).
An early body temperature increase can be associated
with severe lesions at admission, resulted of brain edema
confirmed by CT scan [7,8].
In patients with TBI, when treated in the intensive care
unit, recorded temperatures higher than 38°C were
associated with a higher probability of death (10–20%)
[9,10].
In our study, heart rate were 97.34 ± 14.1 in TBI group
versus 86.33 ± 9.69 (p= 0.004) in control. This result
sustains another study, which showed a relation between
heart rate and mortality in severe TBI patients. Authors
found that a HR between 80-89 is related to the lowest
mortality in patients with severe TBI. HR lower than 50 or
higher than 110 beats per minute was related to a higher
mortality. That is why HR could serve as a marker for more
intense treatment options [11,12].

Table 1
DEMOGRAPHIC AND CLINICAL DATA

Table 2
LABORATORY DATA RESULTS

Table 3
GLASGOW OUTCOME SCALE
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Fig. 1 Relation between outcome (expressed as GOS) and plasma
Na in patients with severe TBI

In present study, systolic blood pressure (SBP) was found
significantly increased in TBI group: 135.9 ± 21.62 mm Hg
versus 124 ± 21.46 mm Hg, p = 0.03 in control; DBP was
reduced but not significant: 84.37 ± 13.28 mm Hg in TBI
group versus 86.46 ± 16.9 mm Hg, p = 0.316 in control. If
older studies showed that related with time evolution,
patients with early hypotension did worse more than
patients with delayed hypotension, recent studies found a
linear association between lowest pre-hospital systolic
blood pressure and probability of mortality, but not an
identifiable threshold or inflection point between 40 and
119 mm Hg [13-15]. Taken together, these results sustain
the theory of systolic dysfunction after severe TBI; this is
why common cardiovascular measurements become
valuable parameters in brain trauma [16].
Regarding laboratory findings, no differences were
registered for er ythrocyte count, hemoglobin and
hematocrit.
Our results showed a significant increase in the total
number of WBC in TBI group versus control (9.98 ± 3.49) x
103 /mm3 versus 7.16 ± 1.59 ) x 103 /mm3 , p= 0.0022. TBI
initiates an inflammatory reaction encompassing several
interrelated components [17,18].
Early after brain injury, neutrophils represent first cell
which migrate to injury site; their number increase in the
subarachnoid space. When used, immunohistochemistry
showed that inflammatory infiltrate contains mainly
monocytes, and lesser lymphocytes [19].
Platelet count showed significantly decreased in the
patient with severe TBI (194.53 ± 58.9) x 103/mm3 versus
(231.53 ± 63.7) x 103/mm3 in control, p = 0.0244.
In other studies, platelet count showed abnormal results
in 59% patients reflecting that thrombocytes are affected
in patients with TBI [20, 21].
This is a clinically relevant target intended to help
monitoring and improve management especially in patients
on antiplatelet therapy [22].
In severe TBI group, we identified a significant reduced
plasma Na (132.41 ± 3.05 mmol/L versus 134.98 ± 3.35
mmol/L in control versus, p = 0.0047); our results are
sustained by literature data which consider that serum Na+
imbalance are very frequent in brain injuries. These
imbalances include hypernatremia or hyponatremia [23].
Hyponatremia appears very often in patients with TBI
and its management is extremely important as long as the
two main causes, the inappropriate secretion of antidiuretic
hormone (SIADH) and cerebral salt wasting syndrome
1756

Fig. 2 Relation between outcome (expressed as GOS) and body
temperature in patients with severe TBI

(CSWS) have complete opposite therapeutic approaches
[24].
Regarding plasma glucose, we identified a significant
increase of plasma glucose in TBI group 117.51 ± 15.3
mg/dL versus 99.33 ± 10.5mg/dL in control, (p <0.05).
Although hyperglycemia in TBI was reported as related
with a severe outcome, glucose metabolism changes in
the injured brain were not completely understood [25, 26].
However, when related to outcome (expressed as GOS),
only plasma Na decrease (p=0.002004) figure 1 and
temperature (p=0.0088) figure 2 presented significance.
Conclusions
Our results suggested that the increase in body
temperature increase, systolic blood pressure and HR are
critical parameters associated with long term negative
outcome in patients with severe TBI. In such cases, plasma
Na decrease along with temperature increase may
represent supplementary early markers for intensive care
in patients with major head trauma. However, future studies
are necessary to confirm the link between mentioned
parameters and major head trauma.
Limitation of the study
Our study included a limited number of cases so we
can only present a conclusion. Despite this limitation, our
study sustains the early approach of correlated parameters
in order to adopt an aggressive treatment for the limitation
of the long term disabilities.
Acknowledgement: All authors contributed equally to present article,
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