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Abstract
A Traumatic brain injury (TBI) is caused by sudden exchan-
ge of mechanical energy that causes cranial injury. It is a 
condition with high morbidity and mortality. A substantial 
number of survivors suffer disabling injuries. Management 
is aimed at avoiding secondary brain injury, thus improving 
the prognosis and reducing mortality. In the General Zone 
Hospital 50 of the Mexican Social Security Institute in San 
Luis Potosí, TBI is a frequent cause of visit in the emergency 
service; it represents 1.6% of all consultations. The present 
study aims to establish the correlation of the Glasgow coma 
scale score (GCS) and tomographic findings with in-hospi-
tal mortality, which would allow timely decisions to be taken. 
Finding a correlation would help us to suspect the severity 
of the injury that could be found in the imaging study befo-
re obtaining it, helping at the same time to make decisions 
about the diagnosis and initial management of our patient, 
avoiding an increase in the secondary injury, improving the 
prognosis, and shortening the hospital stay.

Methods: It’s a prospective, observational study, in which 
a sample size was calculated for finite populations of 124 
patients. With the data collected from the capture sheets in 
Excel, the statistical analysis was performed with the SPSS 
20.0 program, analyzing the qualitative variables using Fi-
sher's test, the quantitative variables are expressed in me-
asures of central tendency and they were analyzed using 
chi square.
Results: 108 survivors and 16 deaths were documented. 
Within the group of surviving cases, two patients presented 
a GCS of 3 point, of which one had Marshall of IV and the 
other with multiple lesions; 6 cases with 7-points of GCS, of 
which presented Marshall II, III, IV, Greene 2, 4b and one 
case with mixed lesions. As well 78 cases with 13 points 
GCS, documenting 29 cases with Marshall I, 10 with Mar-
shall II, 2 with Marshall III, 21 with Marshall IV, 6 with Gree-
ne 1, 5 with Greene 2 and 5 with mixed lesions. While in the 
group of cases that died, there were 4 cases with 3 of Gla-
sgow, 2 with Marshall IV and 2 with mixed lesions; 1 patient
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Introduction
A Traumatic brain injury occurs when a sudden trau-

ma, often a blow or jolt to the head, causes damage to 
the brain. The severity can vary from mild to severe, it 
is a condition with a high morbidity and mortality wor-
ldwide, affecting 10 million people [1]. A considerable 
number of survivors suffer from disabling injuries. Ma-
nagement is aimed at avoiding secondary brain injury, 
thus improving the prognosis, reducing mortality and 
hospital stay (Table 1) [2-6].

The General Zone Hospital 50 (HGZ 50) of the Mexi-
can Social Security Institute (IMSS) in San Luis Potosi 
(SLP) is the only hospital in the capital that has a neu-
rosurgery service, which makes TBI a frequent cause of 
visit in the Emergency service. In 2017, HGZ 50 reported 
181 patients diagnosed with TBI, which represents 1.6% 
of all consultations. Finding to be more frequent in men 
aged between 25 to 34 years. Figure 1 shows the distri-
bution of the TBI in the HGZ 50 during 2017.

An epidemiological survey reports that 85% are 
classified as mild to moderate, while 5% as severe [1]. 
Others report that 80% are classified as mild, 10% are 
moderate, and 10% are severe [7]. The incidence varies 

from 47.3 to 849 cases per 100,000 inhabitants per year 
[8].

Trauma is a major cause of death in the population 
aged between 1 to 45-years-old, TBI responds to the 
majority of these deaths with more than 50,000 deaths 
in the United States [9].

In our country it is the fourth cause of death, repor-
ting a mortality of 38.8 per 100,000 inhabitants. It is 
more frequent in men, affecting mainly the ages betwe-
en 15 and 45 years. Mainly due to car accidents in 75%, 
observed in motorcyclists, under 25 years of age, and 
the use of alcohol as risk factors [2].

Have knowledge the pathophysiology of TBI is of gre-
at importance to establish an adequate treatment [10]. 
We can find two stages, classified as primary injury and 
secondary injury. The primary injury is distinguished by a 
direct impact, either the presence of hemorrhage (pun-
ctate or subarachnoid) or by contusion. The second pha-
se is distinguished by subsequent hemorrhage, edema, 
and hypoxia of brain tissue. During the primary injury, 
changes are generated in brain metabolism, which alter 
hemodynamics and homeostasis, so energy production 
is altered depending on anaerobic glycolysis, leading to 
a decrease in ATP. This affects ion transport across the 
membrane [6].

The secondary injury develops during hours and days 
after the initial impact. Elevated intracranial pressure 
(ICP) and decreased cerebral perfusion pressure may be 
the result of brain swelling, extra-axial focal lesions, or 
global mechanisms that occur at the cellular level that 
lead to cerebral edema. Excess excitatory amino acids, 
such as glutamate and aspartate, are seen in extracellu-
lar fluid and cerebrospinal fluid (CSF). This contributes 
to cytotoxic injury, which ultimately leads to acute neu-
ronal and astrocytic inflammation, cell damage, or cell 
death through cell necrosis and apoptosis [7].

The Monro-Kellie law mentions that intracranial vo-
lume is made up of brain tissue, cerebrospinal fluid, and 
blood. When one compartment increases, there is com-
pensatory decrease in another compartment to prevent 
intracranial hypertension [9]. Of the intracranial com-
ponents, only blood volume can be rapidly altered as a 
compensatory response. Normally the blood flow is 50 

with Glasgow of 13 points with Marshall IV. With the afo-
rementioned, a relationship was found between GSC, CT 
findings with mortality in the group of patients who survive.
Conclusion: high mortality was demonstrated in patients 
with tomographic findings with severe lesions, and its rela-
tionship with GCS, therefore, in an initial evaluation in the 
emergency department with a low score, neuroprotective 
actions should be intensified even before having the com-
puted tomography, which could make the difference betwe-
en life and in-hospital death.
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Table 1: Traumatic brain injury definition.

Author Definition
Pervez y cols [3] "Disruption of normal brain function caused by a blow, jolt, or penetrating injury to the 

head".
Dr. Raúl Carrillo-Esper y col [2] Injury caused by sudden exchange of mechanical energy that causes cranial injury.
Felse S. Zollman [4] "Transient or persistent brain dysfunction, which occurs as a result of head movement 

and/or collision between the head and an object or surface causing brain injury".
Clinical Practice Guide [5] Trauma on the cranial components, as a result of mechanical force, caused by an 

external object, which can cause an alteration of the function of the nervous system.
Gamal Hamdan Suleiman MD [6] Presence of skull injury with the appearance of one: Altered alertness, skull fracture, 

neurological changes, intracranial injury, death caused by skull trauma.
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systemic inflammation that has the potential for medi-
cal complications [11,12].

Hematological examinations are required for the ap-
proach. The decrease in hematocrit is related to blee-
ding. Hyponatremia data can tell us about inadequate 
antidiuretic hormone secretion, diabetes insipidus [13]. 
ICP monitoring remains a recommendation [14].

The Glasgow Coma Scale (GCS) is of great importan-
ce for the clinical classification of severity. The following 
table shows the parameters that are evaluated [15-19] 
(Table 2).

We can use imaging studies as a tool to classify our 
patients with a TBI diagnosis. One of the scales is the 
Green Tomographic Scale as it appears in Table 3.

On the other hand, we can use Marshall scale to sta-
ge the condition of our patients, as shown in Table 4.

Finding correlation between the Glasgow coma scale 
and the tomographic findings would help us make early 
decisions on the management of our patients. The level 
of consciousness would provide us with a suspicion of 
the degree of brain injury, and the prognosis as well as 
the probable outcome of the patient, having to act in a 

ml/100 g/min, with a volume of 100 ml, which corre-
sponds to 5 to 10% of the intracranial components [10]. 
The decrease in cerebral blood flow produces ischemia, 
hypoxia, increasing brain injury [9].

The energy required by the brain is obtained by the 
oxidative metabolism of glucose. About 50% is used in 
ion flux across the cell membrane. In the case of ische-
mia, oxygen shortages, oxidative phosphorylation and 
energy production are altered. It passes to the anaero-
bic route, generating cascade processes, causing degra-
dation of the components of the cell. This in turn favors 
secondary injuries [10].

Central mechanisms of dysregulation after brain 
injury may contribute to the development and progres-
sion of extracerebral organ dysfunction by promoting 

Table 3: Greene tomographic scale.

Grade Definition
1 SAH < 5 mm
2 SAH > 5 mm
3A SAH < 5 mm, DML < 5 mm, IME 
3B SAH < 5 mm, DML > 5 mm, IME
4A SAH > 5 mm, DML < 5 mm, IME
4B SAH > 5 mm, DML > 5 mm, IME
SAH: Subarachnoid hemorrhage; DML: deviation from the 
midline; IME: Injury with mass effect.

         

Figure 1: Traumatic Brain Injury:  HGZ 50. 2017.

Table 2: Glasgow Coma Scale.

Glasgow
Ocular Spontaneous 4

To speech 3
To pain 2
None 1

Verbal Oriented 5
Confused 4
Inappropiate words 3
Incomprehensible sounds 2
None 1

Motora Obeying 6
Localizing 5
Withdrawal 4
Flexing 3
Extending 2
None 1
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alcohol intake, from January 2019 to December 2020. 
A sample size was calculated for finite populations of 
124 patients. With the data collected from the capture 
sheets in Excel, the statistical analysis was performed 
with the SPSS 20.0 program, analyzing the qualitative 
variables using Fisher's test, the quantitative variables 
are expressed in measures of central tendency and they 
were analyzed using chi square. For the correlation of 
the variables, the Pearson test will be used.

timely manner to limit secondary damage and improve 
the prognosis.

Methods
This is an observational, descriptive study, which 

took place in the HGZ 50 of the IMSS in San Luis Potosi 
with patients who arrive at the Emergency service with 
a diagnosis of moderate TBI- severe, over 15 years of 
age, Glasgow between 3 to 13 points, with no history of 

Table 4: Marshall scale.

Type of Injury Definition Image
Diffuse type I injury (non-visible 
pathology)

No visible injury

Diffuse type II injury Cisternae present with DML between 0-5 mm and/or: 
Injury of high or mixed densities < 25 cc, may include 
bone fragments or strange bodies.

Diffuse type III injury (swelling) Compressed or absent cisterns with DML 0-5 mm, 
without high-density or mixed lesions > 25 cc

Diffuse type IV injury

 (deviation)

DML > 5 mm, no high-density or mixed lesions > 25 cc

Mass Evacuated (V) Any surgically evacuated injury

Mass not Evacuated(VI) High-density or mixed lesion > 25 cc, that has not been 
surgically evacuated

Images obtained Martinez-Ricarte F. Pathophysiology of head trauma. Classification of traumatic brain injuries: primary and 
secondary injuries; brain herniation concept. Neurosurgery Service. Valld'Hebron University Hospital, Barcelona. P 1-6 [12].
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derate or severe. The mean age was 46.31, with a mode 
of 20, a range of 77, a minimum of age of 15, and a ma-
ximum of 92-years-old. Of those 29 were women and 95 
men, Figure 2 shows the percentages.

During the study, it was documented a relationship 
between the GCS, tomographic findings, and mortality. 
There were reported 108 survivors and 16 deaths. Wi-
thin the group of surviving cases, two patients presen-
ted a GCS score of 3 points, of which one had Marshall 
of IV and the other had multiple injuries; 6 cases with 
7-point GCS, of which presented Marshall II, III, IV, Gre-
ene 2, 4b and one case with mixed injuries. As well 78 
cases with GCS of 13 points, documenting 29 cases with 
Marshall I, 10 with Marshall II, 2 with Marshall III, 21 
with Marshall IV, 6 with Greene 1, 5 with Greene 2 and 
5 with mixed injuries, this can be observe in Figure 3. 
In the other hand, in the group of cases that died, the-
re were 4 cases with GCS of 3 points, 2 with Marshall 
IV and 2 with mixed injuries; 1 patient with GCS of 13 
points with Marshall IV. This is represented in the Figure 
4. With the above, a relationship is found between the 
GCS, tomographic findings with mortality in the group 
of patients who survive with p 0.41, however, no rela-
tionship is found in the group of patients who died with 
p .499.

When seeking to determine the relationship betwe-
en the GCS with in-hospital mortality, 7 cases were 
found with a 3-point Glasgow of which 5 died, while 
of the 79 cases with a 13-point Glasgow only one died, 
proving to be significant with p .000. This is represented 
in Figure 5.

Regarding the correlation of tomographic findings 
with mortality, it was documented that in patients with 
Marshall I (31 cases), Marshall II (14 cases), Marshall III 

Neurological status was analyzed with the Glasgow 
coma scale and CT scans were taken, which is indica-
ted as a diagnostic protocol study in all patients with TBI 
moderate to severe admitted in the Emergency room. 
The tomography was performed on the Toshiba Aqui-
lion 16-slice tomograph.

The sample size was calculated using the formula 
for linear correlation significance for two variables, ta-
king into account that TBI can lead to different types of 
injuries, a group with subarachnoid hemorrhage will be 
considered (evaluating the tomography with the Gree-
ne scale) and the rest of the lesions in a different group 
(evaluating the tomography using the Marshall scale).

The data was taken directly from the clinical record, 
either electronic or, at Archive area requesting the re-
cord. It will be valued the relationship between the cli-
nical findings and the imaging study; the patients may 
present different lesions detected by the tomography, 
so two scales will be used depending on the findings 
found for their classification, in the case of being a su-
barachnoid hemorrhage without another type of injury, 
the Greene scale, for the rest of the lesions the Marshall 
scale will be used.

The interpretation of the CT is of relevant importan-
ce, so interpretation will be sought by a specialist in the 
matter, which may be the Emergency physician who has 
the necessary training to detect problems that warrant 
urgent decisions and as a quality control, support is re-
quested from a neurologist to corroborate or rule out 
the diagnosis.

Results
The study included 124 patients admitted to the 

Emergency department with the diagnostic of TBI mo-

         

Figure 2: Percentage by Gender.

https://doi.org/10.23937/2474-3674/1510116
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Figure 3: Surviving Cases: Relationship between GCS and Tomographic findings.

         

Figure 4: Deceased Patients: Relationship between GCS and Tomographic findings.

5 with Greene 2, and 5 with mixed injuries. Showing a 
relationship with statistical significance of p 0.001, this 
is represented in Figure 7.

Of the 124 patients, 31 cases did not present injuries, 
65 presented 1 injury, 18 cases with 2 injuries, 7 with 3 
injuries, and 3 with 4 injuries (Figure 8). The most fre-
quent tomographic diagnoses were subarachnoid he-
morrhage and subdural hematoma with 37 cases each, 
followed by hemorrhagic contusions with 17 cases and 
epidural hematoma with 15. The least frequent finding 
documented is fracture with 14 cases. The tomographic 
diagnoses can be seen in Figure 9.

It was registered 84 patients who received conserva-
tive management, while 40 cases received surgical ma-
nagement, as shown in Figure 10.

(4 cases), Greene 1 (7 cases), Greene 2 (10 cases) there 
were no deaths. However, there were reported deaths 
in the groups with Marshall IV (7 of 38 cases), Greene 
3b (1 case), Greene 4a (2 of 3 cases), Greene 4b (1 case), 
and mixed lesions (5 of 15 cases). These findings show 
that there is a correlation between tomographic findin-
gs and mortality with statistical significance of p 0.000. 
This is represented in Figure 6.

In order to establish the relationship between the 
GCS and the tomographic findings, we found that of the 
patients who presented 3-point Glasgow, 3 were classi-
fied with Marshall IV, 1 with Greene 4b and 3 with mixed 
injuries; While the patients with 13 points on GCS, 29 
were documented with Marshall I, 10 with Marshall II, 2 
with Marshall III, 22 with Marshall IV, 6 with Greene 1, 

https://doi.org/10.23937/2474-3674/1510116
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Figure 5: Relationship between the GCS and Mortality.

         

Figure 6: Correlation of Tomographic findings and Mortality.

exchange of mechanical energy that causes cranial 
injury [2]. The severity can vary from mild to severe; it 
is a condition with a high morbidity and mortality wor-
ldwide, affecting 10 million people [1]. A considerable 
number of survivors suffer from disabling injuries. In our 
country it is one of the main causes of death. It has been 
documented that it is more frequent in males, between 

Discussion
The aim of our study was to determine the correla-

tion of the Glasgow coma scale score and tomographic 
findings with in-hospital mortality in patients admitted 
to the emergency department of the HGZ 50.

A Traumatic brain injury (TBI) is caused by sudden 

https://doi.org/10.23937/2474-3674/1510116
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of cases that died, there were 4 cases with 3-point Gla-
sgow, 2 with Marshall IV and 2 with mixed injuries; 1 
patient with Glasgow of 13 points with Marshall IV. The-
re were no deaths in patients with Marshall I, II, III, or 
Greene 1 and 2. With the above, a relationship is found 
between Glasgow coma score, tomographic findings 
with mortality in the group of patients who survive, 
however no relationship is found in the group of patien-
ts who died.

the ages of 15 and 45 [2].

In our study, 108 survivors and 16 deaths were do-
cumented. Within the group of surviving cases, two pa-
tients presented a GCS score of 3 points, of which one 
had Marshall of IV and the other with multiple injuries. 
As well 78 cases with Glasgow of 13 points, documen-
ting 29 cases with Marshall I, 10 with Marshall II, 2 with 
Marshall III, 21 with Marshall IV, 6 with Greene 1, 5 with 
Greene 2 and 5 with mixed injuries. While in the group 

         

Figure 7: Relationship between Tomographic findings and GSC.

         

Figure 8: Percentage of Number of Injuries.

https://doi.org/10.23937/2474-3674/1510116
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Figure 9: Frequency of Tomographic Findings.

         

Figure 10: Percentage of Surgical and Non-Surgical Patients.

the tomography, the patient will have a worse clinical 
status at discharge or 30 days of hospitalization [20].

On the other hand, Esquivel M. in 2004 carried out a 
retrospective descriptive investigation, in which 50 ca-
ses of patients who died from TBI were studied in Mexi-
co between January 1997 and February 2000, with the 
title of "Clinical-tomographic analysis of patients who 
died from head trauma (TBI) in Mexico Hospital”. The 
degree of injury with the most patients according to 
Marshall's topographic classification for TBI was grade 
VI in 46% of the cases; of these, 14 patients had severe 
TBI, 6 moderate and 3 mild. The second grade of injury 
with the most cases was Marshall III with 9 patients, 
all with severe TBI in relation to Glasgow at admission. 
In injury grade I (no pathology in the CT scan), 8 cases 
(16%) were grouped, of which 4 were mild TBI and 4 
were severe TBI [21].

The results of the aforementioned authors support 

Chang M. in 2011, conducted a cohort study in the 
Emergency Unit of the Hospital "Luis Vernaza" in Ecua-
dor with the diagnosis of moderate or severe TBI, with 
the title "Clinical-tomographic relationship (GCS-Mar-
shall) with the stage of the Glasgow Outcome Scale in 
Patients With Moderate-Severe Head TBI.” Luis Verna-
za Hospital” during July-September 2010. The patients 
were evaluated with the Marshall tomographic clas-
sification and initial score of the Glasgow coma scale. 
Documenting that both the GCS and the Marshall to-
mographic classification are significantly related to the 
prognosis, for which they have proven to be useful tools 
to predict the recovery of patients with moderate-se-
vere TBI, being the GCS more reliable. It is statistically 
demonstrated that the higher the GCS value on admis-
sion, the better the recovery and functionality will be 
obtained at discharge or after 30 days of hospital stay. 
Regarding the Marshall classification, it was documen-
ted that the greater the intracranial lesion evidenced in 

https://doi.org/10.23937/2474-3674/1510116
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The most frequent tomographic diagnoses were su-
barachnoid hemorrhage and subdural hematoma, fol-
lowed by hemorrhagic contusions and epidural hema-
toma.

Rodríguez M. in 2010 carried out a descriptive and 
cross-sectional study of 62 patients with TBI, admitted 
to the Provincial Teaching Hospital "Saturnino Lora" in 
Santiago Cuba, from January 2005 to May 2006, with 
the title "Value of tomography Computerized Axis for 
the Early Diagnosis of TBI ”. Where the most frequent 
lesion is the intraparenchymal hematoma (29%), fol-
lowed by the subdural and epidural, brain contusion, 
multiple injuries, and brain swelling [23].

In this case, the results of the aforementioned au-
thor differ from our findings since Rodríguez mentions 
intraparenchymal hematoma as the most frequent dia-
gnosis, while in our document study subarachnoid he-
morrhage as the most frequent diagnosis.

Conclusions
Our study demonstrated a high mortality in patients 

with tomographic findings with severe lesions, and its 
relationship with the Glasgow coma scale, therefore, 
in an initial evaluation in the emergency department 
with a low Glasgow punctuation, the actions of neuro-
protection should initiate even before having a tomo-
graphic study, which could make the difference betwe-
en life and in-hospital death.

On the other hand, when having tomographic findin-
gs with serious injuries, should also alert the emergency 
doctor to carry out early consultation for neurosurgery, 
which could also modify the outcome of the patient. In 
this regard, considering microplanning, a neurosurgeon 
should be available whenever a patient is admitted to 
the emergency room.
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