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Abstract

Objectives: The aims of this study are: a) to identify predictors of mid-term poor neurological outcome in Moderate or Severe
Traumatic Brain Injury (MoSTBI); b) to recognize the consequences of MoSTBI, using neurological outcome and mortality rates six
months after the patient’s discharge from the Intensive Care Unit (ICU).

Methods: Prospective, longitudinal study. Patients with MoSTBI admityted to the ICU of the Manuel Giagni Trauma Hospital
(Paraguay) were included. Patient’s family members were contacted by phone six months after ICU discharge to assess survival and
neurological outcome, using the Barthel Index.

Main measures: Demographics, Glasgow Coma Scale (GCS) on admission and at ICU discharge, New Injury Severity Score,
APACHE], Marshall CT Score, mechanical ventilation, sedation, ICU length of stay, the development of shock, infectious complications
were collected.

Results: At six months after ICU discharge, mortality rate of MoSTBI was 43.9%, while and 57.60% of survivors achieved
functional independence. The only predictor of poor neurological outcome was GCS at discharge from ICU (p-=0.003).

Conclusion: The GCS measured at ICU discharge was the best predictor of poor neurological outcome in MoSTBI patients. The
measurement of this score once the patient has survived the acute phase could identify those most vulnerable and put in them a
greater effort of rehabilitation.

Keywords: Traumatic Brain Injury; Predictors of Poor Prognosis; Disability; Functional Capacity; Mortality Rates; Barthel Index;
Neurological Outcome

Introduction
range from 60 cases per 100,000 inhabitants up to 12 times that

Traumatic Brain Injury is the leading cause of death and o o . .
number [4]. The incidence rate is higher in children, young adults

disability around the world [1]. In the United States, around 2,5
million people visited emergency rooms suffering from TBI in
2013 and, among these, about 282.000 were hospitalized and
56.000 died [2]. In a study carried out in 25 European countries,
TBI caused 37% of all trauma-related deaths; by extrapolating their
results to the whole European population, the authors estimated
56.946 TBIl-related deaths in 2012 only in the European Union
[3]- The incidence of TBI, irrespective of its severity, shows stark
geographic differences. Depending on the region, cases of TBI

and old people; and it is two or three times more common in men
than women [5]. However, recent studies show that the average
age for people with TBI is increasing, and that falls from heights
are outpacing road traffic accident as the leading cause of TBI
[6,7]. In addition to mortality rates, the consequences associated
to TBI are measured considering how many years of productive
life a person has lost and taking into account the various degrees
of disability and deterioration of a person’s quality of life. Another
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consequence related to TBI is the economic burden it creates for
patients, families and states [5]. For instance, in the United States,
the direct and indirect cost of TBI in 2000 was estimated to be 110
billion USD [8].

The fatalities caused by TBI do not only occur immediately af-
ter the trauma or during the critical stage of hospitalization, but
also months later. In a study carried out by Greenwald et al., peo-
ple with moderate to severe TBI who went through rehabilitation
were 2.2 times more prone to die than the general population of
the United States of similar age, sex and race. In addition, their life
expectancy decreased 6.6 years on average [9]. The group of TBI
patients who were not able to follow the instructions when they
entered rehabilitation was 6.9 more likely to die and their life ex-
pectancy decreased 12.2 years on average [9]. Furthermore, the
long-term consequences of TBI are not only observed after a case of
severe TBI, but also to an important degree in the cases previously
classified as moderate or mild [4]. After discharge, a fair number
of patients require a long rehabilitation process and can present
long-term complications on a physical, cognitive and psychological
level, which can impact their social, economic and work lives [4,10].
In Paraguay, injuries caused by all types of accidents were the fifth
cause of death in 2014. Deaths caused by traffic accidents are esti-
mated to be 20 per 100,000 inhabitants [11]. There are no data on
the role of TBI on overall mortality nor on long-term neurological
recovery coming from this country. It would be crucial to have pre-
cise, valid and trustworthy data in middle-income countries and,
in general, from South America, in order to understand the impact
of such an important public health issue on the population and po-
tentially design TBI prevention strategies and identity research and
education priorities. The aims of this study were therefore to report
about survival and neurological outcome in patients suffering from
Moderate or Severe Traumatic Brain Injury (MoSTBI) and to identi-
fy predictors of poor neurological outcome.

Methodology

This is a prospective, longitudinal and correlational study
carried out in the Manuel Giagni Trauma Hospital (MGTH), the
reference center for patients with trauma in Paraguay. This hospital
depends on Ministry of Public Health and Social Welfare (MPH&SW).
For this research, a database was developed. This database includes
hospitalized patients with MoSTBI from October 1%, 2015 until
September 30", 2016. All the patients were in the Intensive Care
Unit (Room A), which has 14 beds of high complexity.

Study Population

Hospitalized patients with MoSTBI according to the Glasgow
Coma Scale (GCS) were included; the GCS was measured at the
time of admission after initial resuscitation. In MGTH patients
with TBI go to the emergency room, where they are evaluated by
trauma surgeons and neurosurgeons. After the evaluation, doctors
decide regarding surgical treatment, according to the injury
displayed in the cranial computed tomography (CT scan). It is
common that a decompressive craniectomy is performed (subject
to the approval of the neurosurgeon on duty decides) in addition
to hematoma drainage and placement of an external ventricular

shunt catheter. After surgical treatment, patients enter ICU for
neurocritical care monitoring. The management of patients with
severe TBI in ICU includes: analgesia with continuous intravenous
infusion of fetanyl; sedation with continuous intravenous infusion
of midazolam for RASS -4; anticonvulsant prophylaxis with
diphenylhydantoin in cases where the Glasgow Coma Scale is
less than 8, intraparenchymal foreign body or cortical cerebral
lesions; continuous monitoring of intracranial pressure (ICP) with
ventricular shunt catheter. In the case of normal ICP and without
adverse neurological changes, patients are re-evaluated at 48
hours, for the withdrawal of all neurocritical care measures. If the
case of intracranial hypertension, cerebrospinal fluid drainage is
performed and if there is no response, osmotic dilators are added
(15% mannitol or 3% saline) along with an order for a new CT
scan to reassess surgical treatment (decompressive craniectomy,
drainage of new hematomas or expansions, extension of the
previous decompressive craniectomy). In case the patient has not
responded to all previous measures, a barbiturate-induced coma
maybe evaluated. Patients who did not have a contact telephone
number were excluded from the follow-up process that monitors
their progress six months after discharge from ICU.

Study Variables

To identify the medium-term impact of MoSTBI, the patient’s
family members were contacted in order to determine mortality
rates and functional capacity. Functional capacity was evaluated by
using the Barthel Index [12] validated to apply it over the phone
[13] and categorized according to Shah et al. [14]. To analyze the
variables related to neurological outcome the ranges taken into
account were:

Barthel Index 91-100
(includingindependent patients and patients with low dependency)

A.  Good neurological outcome:

B.  Poor neurological outcome: Barthel Index below 91

The time between the moment when the injury was caused, and
hospital admission was taken into account in order to determine
if time is a variable related to neurological outcome. Regarding
infectious complications, all types of infections were considered.
For instance: pneumonia caused by mechanical ventilation,
ventriculitis or other infections detected by the medical staff and
confirmed by bacteriology. To determine the presence of shock,
the use of vasopressors was considered, regardless of dosage level.
The categories of injuries were chosen considering the three most
common causes; traffic accident, gunshot wound and falls from
height. Injuries caused by other accidents were categorized as
“others”. “Origin” is the place where the injuries were caused. This
variable was divided in two categories; “central” which is the central
province of Paraguay (where MGTH is located), and “country-side”
which includes the rest of the country’s provinces.

Statistical Analysis

The sample comprises all the cases that match the criteria
established for this study within the chosen time frame. During this
study, some patients couldn’t be contacted. Therefore, in order to
dismiss clinical differences between contacted and not contacted
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patients, some statistical tests were applied. The Mann-Whitney
U test was applied for quantitative clinical characteristics and
the Fisher’s exact test and Odds Ratio (OR) were applied for the
dichotomous variables. On the statistically significant variables for
neurological outcome, a logistic regression analysis was applied to
quantify the probability of obtaining a poor neurological outcome
in medium-term. A significance level of 0.05 is assumed for all the
tests. The statistical software SPSS 20.00 was used to process data.

Ethical Considerations

The hospital ethics committee analyzed and approved the
research protocol and the patient’s family members gave their
consent.

Results

During this study period, 409 patients were admitted to the ICU.
From the total of patients, 63% (259 patients) were admitted having
a TBI diagnosis and among the TBI diagnosis 84% (219 patients)
were cases of moderate or severe TBI. Figure 1 summarizes the
process to reach the target population (Table 1).

Patients with TBI
N=259

Patients with mild

Table 1: Demographic and clinical characteristics of the popula-
tion studied.

Variable Mean/Percentage
Age 34,72 + 16,34
Male sex 86,30% * 2,32%

Country-side 62,10% * 3,28%

Car accident 79,90% * 2,71%
Gun shot 3,70% + 1,28%
Fall height 4,60% *1,42%

Other mechanisms of injury 11,90% * 2,19%

Hours before admissions to emer-

gency rooms 10,05 + 14,02
SCG* de ingreso 6,83 + 3,09

NISS** 28,52 +13,70
APACHE 11 18,73 + 6,69

Glasgow Coma Scale

**New Injury Severity Score

Patients with

TBI severe TBI

N=40

N=219

Discharged
Patients

N=152

Patients without

contact data, N=21 N=131

Not contacted
N=58

Study population

Patients alive

Deceased patients
N=67

Deceasedin
inpatient ward,
N=9

Deceased IN ICU,
N=58

Contacted
N=73

Deceased patients
N=14

N=59

Figure 1: Study population.

Hospital mortality was 30.59% (67 patients, 58 in the ICU and
9 in the inpatient ward, Figure 1). Mortality rate for moderate TBI
was 22.58% and for severe TBI 31.91%. Mortality rates of moder-
ate TBI vs severe TBI do not show significant statistical differences
(p-value 0.401). Therefore, cases of moderate and severe TBI were
put in the same group to study the risk factors of hospital mortality.
Table 2 illustrates the risk factors of hospital mortality. The APACHE

score II (p-value 0.001), Marshall CT score (p-value 0.001), days in
ICU (p-value 0.001), gender (p-value 0.018), and presence of shock
(p-value 0.002) are statistically significant variables for risk of hos-
pital mortality. During this study, some patients couldn’t be con-
tacted. Therefore, in order to dismiss clinical differences between
contacted and not contacted patients, some statistical tests were
applied. The Mann-Whitney U test and Fisher’s exact test was used
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to determine if differences regarding clinical feature and severity
during hospitalization in ICU exist between contacted patients and
not contacted patients. In all the cases, the p-value associated with
the statistical test was under 0.05. Consequently, the patients who
were contacted can be assumed to have similar features to those
not contacted. Mortality rates six months after discharge from ICU

Table 2: Risk factors for hospital mortality.

were 19.18% (14 patients out of 73 patients contacted over the
phone, see Figure 1). Taking into account the similarities between
contacted and not contacted patients, the estimated mortality rate
for all discharged patients is 19.18%. Considering mortality rates
six months after discharge and hospital mortality, the overall mor-
tality rate of severe TBI after six months is 43.90%.

Variables Alive Dead p-value
Age 33,07 £15,04 38,48+ 18,54 0,107
Hours before admission 9,5+13,62 11,21 + 14,89 0,502
APACHE II 17,61 +5,79 21,27 £7,85 0,001
NISS* 27,57 +12,83 30,66 + 15,38 0,227
Marshall CT score 3,55+1,63 4,55+1,21 0,001
GCS** on admission 6,97 + 3,12 2,52 + 3,02 0,271
Days of sedation 6,22 +4,42 6,60 + 6,28 0,936
Days of mechanical ventilation 12,17 £8,73 10,76 + 8,06 0,102
Days in ICU 14,88 +£11,78 10,87 £ 8,98 0,001
Man vs. Woman (dead vs. alive) OR=0,380 0,018
Presence vs. Absence of complications infections (dead vs. alive) OR=0,622 0,138
Presence vs. Absence of Shock on admission (dead vs. alive) OR=2,635 0,002

*New Injury Severity Score

**Glasgow Coma Scale

As well as with patients admitted for MoSTBI, the clinical
variables between “alive and dead” during hospitalization in ICU
were compared in patients contacted after six months. These
clinical variables were compared to recognize the risk factors
of mortality six months after discharge from ICU (Table 3). Risk
factors for mortality six months after discharge from ICU were:
Age upon admission (p-value 0.021), APACHE II score (p-value
0.044), days of sedation (p-value 0.027), days on mechanical

ventilation (p-value 0.001), days in ICU (p-value 0.001) and
Glasgow Coma Scale at discharge from ICU (p-value 0.001) (Table
3). The functional capacity six months after discharge according
to the Barthel index showed that 57.60% (34 patients) reached
functional independence, 5.10% (3 patients) scarce dependence,
11.90% (7 patients) moderate dependence, 13.60% (8 patients)
severe dependence and 11.90% (7 patients) total dependence.

Table 3: Risk factors for mortality at 6 six months after discharge from ICU.

Variables Alive Dead p-value

Age 30,73 £12,78 44,79 + 20,50 0,021

Hours before admission 10,42 + 13,55 6,27 +5,81 0,446

APACHE 11 16,78 £ 5,59 20,57 +5,39 0,044

NISS* 26,81 £12,67 28,57 £9,80 0,735

Marshall CT score 3,42 +1,75 3,86 + 1,46 0,447

GCS** on admission 7,19 + 2,94 6,43 + 3,57 0,407

Days of sedation 5,67 +4,33 8,14 + 4,38 0,027

Days of mechanical ventilation 10,74 + 7,96 19,79 + 11,81 0,001

Days in ICU 14,05 £ 13,31 22,50+12,16 0,001

GCS** at discharge from ICU 11,91 + 2,86 7,00 2,22 0,001
Man vs. Woman (dead vs. alive) OR=0,804 0,333
Presence vs. Absence of complications infections (dead vs. alive) OR=4,875 0,064
Presence vs. Absence of Shock on admission (dead vs. alive OR=1,993 0,374

*New Injury Severity Score

**Glasgow Coma Scale
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The clinical characteristics associated with a neurological
outcome six months after discharge from ICU (Table 4) were:
Marshall CT score (p-value 0.036), days on mechanical ventilation
(p-value 0.011), days in ICU (p-value 0.016), GCS at discharge from
ICU (p-value 0.001) and infectious complications (p-value 0.014).
On the statistically significant risk factors for neurological outcome
in the medium-term, a logistic regression analysis has been

applied. As a result, the GCS at discharge from the ICU was the only
variable with statistical significance to predict poor neurological
prognosis (p-value 0.003) (Table 5). Therefore, it was decided to
build a logistic regression model with GCS at discharge from ICU,
obtaining the following mathematical model to estimate the poor
neurological outcome in the medium-term.

Table 4: Risk factors for neurological outcome at 6 months after discharge from ICU.

. Good Neurological Poor Neurological p-value
Outcome Outcome
Age 31,84 £12,74 30,50 +11,88 0,638
Hours before admission 11,53 + 8,44 15,81 + 8,19 0,911
APACHE II 16,86 +4,73 16,64 + 6,93 0,604
NISS* 25,51 +12,95 29,00 12,16 0,283
Marshall CT score 3,81+1,71 2,77 £ 1,66 0,036
GCS** on admission 5,51 +3,13 6,64 + 2,56 0,198
Days of sedation 5,11+ 3,03 6,59 + 5,84 0,550
Table 5: Logistic regression analysis of risk factors for neurological outcome.
Variables B Wald p-value
Marshall CT score -0,359 2,337 0,126
Days of mechanical ventilation 0,031 0,206 0,650
Days in ICU -0,012 0,042 0,837
GCS* at discharge from ICU -0,456 8,651 0,003
Complications infections -1,156 1,428 0,232
Constant 6,028 6,415 0,011

*Glasgow Coma Scale

1 .
—1) = Equation (1
P(Y - 1) - 1+ 8(5.323—0A517xxl) d (1)

In equation (1), P (I = 1) is the probability of obtaining a poor
neurological outcome according to GCS at discharge from ICU (X1)
and e represents the base of the Neperian logarithm approximately
equal to 2,71828.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

Applying the proposed model in equation (1), the following
estimated probabilities of poor neurological outcome are obtained
for the different GCS values at discharge from ICU: GCS at discharge
from ICU 3: 0.978 probabilities of poor neurological outcome, for 4:
0.963, 5: 0.939, 6: 0.902, 7: 0.846, 8: 0.766, 9: 0.662, 10: 0.538, 11:
0.410,12:0.293, 13: 0.198, 14: 0.128 and 15: 0.081 (Figure 2). The
goodness-of-fit of the proposed model is moderate, around 36%
obtained from the Nagelkerke R®.

£, 10 11 12 13 14 15

Figure 2: Probability of poor neurological outcome for GCS values at discharge from ICU.
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Discussion

Manuel Giagni Trauma Hospital is the only public medical
center specialized in trauma in Paraguay. As a result, it deals with
most of the polytraumatized patients in the country. This is also
noticeable because of the high number of patients they receive from
the country side in despite of long distances. Therefore, the study
population can be considered representative at a country level. The
study population is characterized for being mostly composed of
male sex and young. Traffic accidents are the main cause of injury,
matching the world trend [5,15]. Age on admission is a risk factor
for mortality six months after discharge, the risk is greater at older
age, also described by other authors as a prognostic factor in the
acute phase of trauma [1,16], as well, as a functional prognostic
factor [17]. However, in our study, functional capacity is not affected
by age. Probably, mortality is dependent on the patient’s biological
reserve; on the other hand the neurological outcome depends on
the neurological damage suffered.

According to this study, women have a higher risk of hospital
mortality, which is an interesting research topic. However, it is not
possible to explain this phenomenon with this study due to the
sample size of this gender. At six months, gender does not represent
a risk factor of mortality. Hospital mortality of moderate TBI was
22.58% and 31.91% for severe TBI, these results are similar to
other studies [2,3,4,18]. In our study, the mortality rate of MoSTBI
after six months was 43.90%, these results are similar to the results
of the medical treatment group “RESCUEicp Trial Collaborators”
which got a 48.9% mortality rate of severe TBI after six months
[15]. However, in the group of surgical treatment, mortality
after six months was 26.9%. Despite the fact that decompressive
craniectomy was performed upon admission to the emergency
room, in our study population, the gap between our results and
RESCUEicp Trial Collaborators” results could be explained by the
time it takes to arrive at MGTH (average hours 10.05 + 14.02).

The patients who died in the hospital had fewer average days
in ICU and did not display statistically significant differences in the
average days of sedation and mechanical ventilation. However, in
the population discharged from the hospital, those who died had, on
average, more days of sedation, mechanical ventilation and length
of stay in ICU. This could indicate that patients with MoSTBI die in
the hospital and not because of the complications of hospitalization.
However, in the medium-term (six months after discharge from the
ICU) the effect of complications during hospitalization (in ICU) is
perceived in mortality rates. The fact that the Marshall CT Score
(p-value 0.001) is higher in those who died in the hospital, also
supports this conjecture.

It is striking that the GCS on admission is not a risk factor
for hospital mortality, not even for mortality six months after
discharge. This could be due to multiple factors, such as the
long time it takes to arrive to the emergency room for most
patients (average hours before admission 10.05 + 14.02) and the
implications that this entails, such as previous intubation, sedation,
among others. However, the GCS measured at discharge from the
ICU represented a risk factor for mortality after six months, being
higher in those who survived. As expected, the APACHE II score was

a negative prognostic factor for mortality during hospitalization
and at six months. Likewise, the presence of shock at admission was
associated with higher hospital mortality [19].

The consequence in the medium-term of the MoSTBI, it was
measured with the maximum functional capacity attained after
six months of ICU discharge (as measured by the Barthel Index).
The results were: 57.60% reach independence, an important
percentage shows different degrees of dependence, even with a
total and severe dependency level of 25.5%. For moderate or severe
TBI in the sub-acute phase (54 *+ 24 days post injury) Sandhaug
et al. [20] described that 57% of patients with moderate TBI and
91% of patients with severe TBI remained inactive, even 24% of
patients with severe TBI had severe disability. The RESCUEicp
group used the Glasgow Outcome Scale Extended (GOSE) to
assess the neurological outcome at six months. According to their
findings, 30.4% of patients in the surgical treatment group and
16, 5% of patients in the medical treatment group had severe
dependence (vegetative state and dependence on others for care).
They also found that in 42.8% of patients in the surgical treatment
group and 34.6% of the patients in the medical treatment group
showed positive neurological outcome (independence in the home,
moderate disability and good recovery) [15]. It should be noted that
although our results were similar to those found in these studies,
none of our patients had formal rehabilitation support at discharge
from the hospital.

For Sandhaug et al. [20], the GCS at admission to rehabilitation,
the total score at the functional level at admission to rehabilitation,
the length of stay in the rehabilitation unit and the duration of
posttraumatic amnesia were predictors of functional level upon
discharge of rehabilitation. In our study, we evaluated the clinical
variables of severity during hospitalization based on the results
at six months after discharge from the ICU. After assessing these
clinical variables, we determined that patients with plus average
days on mechanical ventilation, length of stay in ICU, GCS at
discharge from ICU and infectious complications, presented worse
neurological outcomes. On the other hand, we observed that
patients with the worst neurological outcomes were associated
with a lower Marshall score. We found no theoretical explanations
for this result, so we can propose another study with a larger sample
size to further study this phenomenon. After the logistic regression
analysis, GCS at discharge from ICU was identified as a predictor
of poor neurological outcome in our studied population. With just
one variable the predicted capacity is moderate. To improve this
predicted capacity, other clinical variables should be considered
during the patient’s internment in the ICU. This study should then
be replicated. Although, with the proposed model it is possible
to estimate the probabilities of poor neurological prognosis at
medium-term without the necessity of conducting a follow-up of
the patients. This implies a very important simplification of costs
and other complications that the follow up of patient required.

It is important to bear in mind that the functional capacities
assessed by the Barthel index are very basic in a person’s daily
life. Some of these activities could be as elementary as eating,
moving between chair and bed, washing oneself, bowel control,
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etc. Although these activities are essential, they do not cover all
the aspects of living a full and productive life, such as working
and relating with other people. Kamal et al. In a study conducted
in a trauma center in India, they describe that after six months
only 15.72% of patients had a recovery considered good [21].
Colanatonio et al. in a study to follow-up what happens to patients
with moderate to severe TBI up to 24 years after, found that only
29% of patients were working full-time, whereas those who were
more limited in activities such as money management and shopping
had significant relationships between the limitations of cognitive
activity and residual deterioration in follow- up [22]. This type of
work, as well as the evaluation of the consequences on families and
the society is still pending research in Paraguay.

Limitations of this Research

The main limitation of this research was the inability to follow-
up all the cases. Currently, actions are in place to deal with this issue.
However, social, cultural and economic characteristics of Paraguay
make it difficult to contact the patients for follow-up. Additionally,
it is important to put in place a personalized follow-up of patients
in order to analyze indicators related to cognitive, behavioral and
social life capabilities in addition to physical abilities.

Conclusion

The GCS measured at discharge from ICU is a predictor of poor
neurological outcome in the medium-term of TBI. The measurement
of this score once the patient has survived the acute phase could
identify those most vulnerable and put in them a greater effort of
rehabilitation.
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