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Abstract

Introduction: traumatic brain injury is a global public health
problem due to its severity and high rates of morbimortality
worldwide. Identifying predictors associated with increased
mortality and unfavorable functional outcomes after the
traumatic brain injury event is crucial for minimizing morbidity
and mortality rates. Therefore, this study aims to establish a
protocol to investigate the predictors of mortality and functional
recovery after severe traumatic brain injury in Brazil.

Methods: The study will include all patients admitted for
severe traumatic brain injury (Glasgow Coma Scale < 8) at the
State Hospital of Urgency and Emergency, which is the referral
trauma hospital of Espirito Santo. The outcomes of interest
are hospital mortality and functional recovery 24 months after
hospital discharge. Subjects will be followed up at seventy-two
hours, three months, six months, twelve months, and twenty-
four months after the trauma. Morbidity will be determined
by assessing: 1) the level of motor and cognitive disability,
2) functional impairment and quality of life, and 3) aspects of
rehabilitation treatment. Additionally, the traumatic brain injury
load, estimated by the years of life lost, will be calculated.

Discussion: the results of this study will help identify variables
that can predict morbidity and mortality, as well as diagnostic
and therapeutic targets for patients with severe traumatic brain
injury. Furthermore, the findings will have practical implications
for: 1) the development of public policies, 2) investments in
hospital infrastructure 3) understanding the socioeconomic
impact of functional loss in the individuals.

Study registration: the study received approval from the
Ethics Committee of the Federal University of Espirito Santo
under protocol number 4.222.002 on August 18, 2020.

Keywords: traumatic brain injury, mortality, functionality,
predictors, protocol.
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Authors summary

Why was this study done?

Traumatic brain injury (TBI) is recognized as a significant global health problem with substantial public health costs and impacts.
Therefore, prognostic studies that aims to investigate the predictors of hospital mortality and long-term functional outcomes after
severe TBI are crucial for improving patient care, treatment strategies, and resource allocation. However, conducting a prospective
cohort study presents many challenges that may compromise the study’s integrity, reliability, and the practical application of its findings.
Therefore, our study aims to report a protocol to develop a comprehensive and longitudinal assessment of morbimortality in TBI
patients.

What did the researchers do and find?

In this protocol for a prospective cohort study on predictors of mortality and functional recovery following severe traumatic brain
injury, it will be investigated the clinical and sociodemographic variables associated with hospital mortality and functional outcomes
at 24 months post-trauma. Previous research has suggested that certain variables, such as age, injury severity, altered computed
tomography findings, time to receive pre-care, and duration of mechanical ventilation, may influence the outcome after severe TBI.

What do these findings mean?

Considering that no study in Brazil has systematically followed patients from hospital admission until 2 years after injury to assess
mortality and their level of functionality, such protocol serves as a structured and systematic roadmap that outlines the objectives,
methods, and procedures of the study. Its significance lies in providing a clear and well-defined plan for researchers to follow, ensuring

the study’s transparency, reliability, and scientific rigor.

Highlights

A protocol for a cohort study to identify predictors of mortality and functional recovery after severe traumatic brain injury.
Clinical and sociodemographic data will be collected prospectively and systematically.
The outcomes of interest include hospital mortality and functional recovery 2 years after hospital discharge.

Hl INTRODUCTION

Traumatic brain injury (TBI) is the leading cause
of death and disability in young adults worldwide'?.
TBI is considered a global public health problem due to
deficiencies in the structure and function of the body and
the limitations of activity resulting from brain injury®. It
can lead to various sequelae, that can vary depending on the
severity of the injury, the area of the brain affected, and the
individual’s overall health. Some of the main sequelae of
TBI include cognitive’ and motor impairments® emotional
and behavioral changes’, social and vocational challenges®,
which are long-term or permanent effects resulting from
the initial injury.

Damages of traumatic brain injury (TBI) can be
categorized into primary and secondary®. Primary damages
are related with the mechanical impact on the brain,
while secondary damages arise due to neurochemical and
immunoexcitotoxic processes over time'®!, Tissue damage
is due to excitotoxicity, intracellular calcium overload
and oxidative stress'?, neuroinflammation with activation
of astrocytes and microglia and increased production of
local immune mediators'>!4. At the same time, several
neuroprotective'® and anti-inflammatory mechanisms'® are
activated to minimize damage'’.

Despite the complexity of the physiological
damages caused by TBI, certain factors have been identified
in previous prognostic studies!!%!? as being associated with
acute mortality and long-term functional recovery, such as
the initial Glasgow Coma Scale (GCS) score, age of the
patient, presence of intracranial hemorrhage, and the extent
of diffuse axonal injury. Prognostic studies are statistical
models that combine two or more variables from patient
data to predict clinical outcome and influence therapeutic
strategies®.

Identifying predictors of outcome after TBI
can benefit clinicians and researchers in optimizing
neurofunctional rehabilitation, designing and analyzing
clinical trials, and providing accurate prognosis
information to aid patient decision-making. However,
conducting a prospective prognostic study presents several
challenges, including patient recruitment and retention,
data collection, long-term follow-up, data standardization,
and generalizability of findings. Therefore, the aim of this
study is to establish a feasible protocol for conducting a
prospective observational cohort study on predictors of
outcome after severe traumatic brain injury (TBI).

B METHODS
Study Design

A protocol for a observational, prospective cohort
study.

Study Location
The State Hospital for Urgency and Emergency
(HEUE), Vitoria, Espirito Santo.

Study Population and Eligibility Criteria

All patients admitted for severe TBI on admission
(Glasgow Coma Scale <8) at the State Hospital for
Urgency and Emergency (HEUE) during the study period
will be included. Predictive variables and outcomes will
be prospectively collected from admission until hospital
discharge/death and by telephone at 3, 6, 12, and 24 months
after trauma (Figure 1).

Inclusion criteria will be age >18 years, TBI
diagnosis and GCS score 8 or lower during hospitalization.
Exclusion criteria will be age <18 years old, hospitalization
for chronic sequelae of TBI, significant decompensated
premorbid conditions (Figure 2).
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Severe TBI patients admitted at HEUE

Age <18 years old

Excluded

Included in the study

hospitalization for chronic sequelae of TBI
significant decompensated premorbid conditions

Death during hospitalization

Hospital Discharge

Excl

Impossible to contact at any

uded point during follow-up

Completed 24-

month follow-up

Figure 1: Flow chart of the study
TBI= Traumatic Brain Injury; IC= Informed Consent; GOS-E= Glasgow

Outcome Scale Extended.

Severe TBI IC Data Collection  Hospital Discharge

3 months

12 months

6 months

GOS-E

Hospital Admission
Assessment

Follow-up GOS-E  Follow-up GOSE

Follow-up GOSE Follow-up GOSE

Figure 2: Study Design

HEUE= State Hospital of Urgency and Emergency; TBI= Traumatic Brain Injury.

Data Collection
The outcomes of interest (i.¢., dependent variable)
will be:

* Mortality: dichotomous outcome, categorized as
yes or no, collected at hospital discharge, 3, 6, 12 and 24
months after the trauma.

» Functional recovery: categorical variable,
assessed at hospital discharge, 3, 6, 12 and 24 months
after trauma, using the Glasgow Outcome Scale Extended
(GOS-E). The GOS-E is a globally used scale to assess
functional outcomes in patients affected by traumatic
brain injury (TBI), especially severe cases. It is applied
through a structured interview, which can be conducted in
person or over the phone, with the patient or a close family

J Hum Growth Dev. 2023; 33(2):260-266. DOI: 10.36311/jhgd.v33.14

member if the patient cannot comprehend or communicate
sufficiently well?22. GOS-E scores range from 1 to &:
full recovery (8 points); good recovery (7 points); upper
moderate disability (6 points); lower moderate disability
(5 points); upper severe disability (4 points); lower severe
disability (3 points); persistent vegetative state (2 points);
and death (1 point)®. For analysis purposes, patients will
be classified into 4 groups: good recovery (7 and 8 points),
moderate disability (5 and 6 points), severe disability (3
and 4 points), and vegetative state (2 points).

The following predictive variables (independent
variables) will be collected:

» Age: continuous variable, defined based on

929 262



participants’ date of birth and reported in years.

* Sex: dichotomous variable categorized as male or
female.

* Cause of injury: categorical variable presented as
motor vehicle accident, fall, gunshot, physical aggression,
and pedestrian vs. auto.

* Level of Consciousness on admission to the
emergency room: obtained by the Glasgow Coma Scale
(GCS) score.

* Level of Injury severity: obtained by calculating
the Injury Severity Score (ISS).

* Probability of survival (Ps): Obtained by
calculating the Trauma and Injury Severity Score (TRISS),
which varies from 0 to 100%.

* Pupillary response: categorical variable classified
as isochoric, miotic, anisochoric, and mydriatic.

» Computed Tomography (CT) lesions by Marshall
CT classification: categorized into Lesion Type I, II, III,
and IV.

* Performing  Decompressive
dichotomous variable (yes or no).

* General vital signs: Systolic Blood Pressure
(SBP), Diastolic Blood Pressure (DBP), Heart Rate (HR),
Respiratory Rate (RR), Temperature, and Glycemia.

* Days of Mechanical Ventilation; Days in ICU;
Total days of hospitalization.

¢ Level of Education: years.

Craniectomy:

Data Analysis

Descriptive statistics will be performed using means
and standard deviation (SD) for continuous variables and
proportions for categorical variables. For the mortality
outcome, a binomial logistic regression analysis will be
conducted for each variable individually with the aim
of identifying potential predictors. Variables considered
statistically significant were analyzed in a final binomial
logistic regression model, with significance at “p” < 0.05.

In patients who survived the trauma, the functional
recovery will be assessed at 3, 6, 12 and 24 months post-
injury using multinomial logistic regression (GOSE 2 vs.
3-4, 5-6, 7-8). Significance will be considered at “p” <
0.05. The magnitude of the association between hospital
mortality/functional outcome and predictor variables will
be measured by the odds ratio (OR), and the respective 95%
confidence interval will be reported for each predictor. The
analyses will be conducted using the Statistical Package
for the Social Sciences (SPSS) version 21 (IBM Corp.,
Chicago, IL).

Ethical and Legal Aspects of the Research

This study was approved by the Research Ethics
Committee of the Health Sciences Center of the Federal
University of Espirito Santo and all volunteers should sign
the Informed Consent Form, agreeing to participate in
the study. The study has been authorized by SESA since
October 2019. The STROBE recommendations will be
used to ensure an adequate description of the method and
results of this observational study.

www. jhgd.com.br
B DISCUSSION

The outcome of traumatic brain injury (TBI) is
influenced by a combination of factors, some of which
can be modified and others that cannot®. These factors
include age, sex, level of education, cause of injury,
level of injury severity, pre-existing health conditions,
time to receive definitive care, and the quality of clinical
treatment!'®1°2%2728  Identifying the key variables
associated with TBI outcomes is crucial in reducing
mortality and morbidity. This process plays a vital role
in risk assessment, optimizing resource allocation, and
improving clinical treatment approaches.

At the end of the study, it will be possible to
identify clinical and functional variables that can be
considered predictors of mortality and functional recovery
in patients with severe TBI 2 years after trauma. Thus,
it will be possible to identify the epidemiological profile
and the number of patients disabled by motor, cognitive
or psychiatric problems caused by severe TBI in a period
of 2 years after trauma. This information will serve as
the basis for public health planning and management in
our state. As the follow-up of patients will be carried out
systematically through telephone contact from the first
days after discharge and periodically, it is intended to
minimize losses for follow-up as much as possible.

This study has several notable strengths that
contribute to its reliability. Firstly, the data collection will
be carried out prospectively, ensuring the accuracy and
trustworthiness of patient information. Secondly, the study
will be benefited from a large sample size obtained from a
referral traumahospital, which enhances the generalizability
of the findings. Importantly, the participating reference
center treats a significant proportion of severe TBI cases
in the covered geographical areas during the study period.
This suggests the inclusion of a representative sample of
severe TBI cases within the region. Additionally, this study
stands out as one of the few in Latin America that will have
prospectively assessed predictors of hospital mortality in
severe TBI patients. The scarcity of similar studies in the
region highlights the uniqueness and importance of this
research, providing valuable insights into the significance
of considering regional disparities when devising and
implementing TBI management strategies worldwide.

Author Contributions

All authors contributed to the manuscript.

Jessica Vaz Gongalves: Participated in data
collection, data analysis, statistical analysis and writing of
the text. Ramon da Silva Pereira: Participated in the study
design, statistical analysis, discussion of results and final
version of the text. Rodrigo Miranda Groberio: Participated
in the study design, data collection phase and revision of
the text. Lucas Rodrigues Nascimento: Participated in
the general orientation of the research, definition of the
study design and final revision of the text. Walter Gomes
da Silva: Participated in the general orientation of the
research, definition of the study design, statistical analysis,
discussion of results and final version of the text. Hellen
Siler Vasconcellos: Participated in the general orientation
of the research, definition of the study design, statistical
analysis, discussion of results and final version of the text.

J Hum Growth Dev. 2023; 33(2):260-266. DOI: 10.36311/jhgd.v33.14929 263



Carla Bernardo Louzada: Participated in the
general orientation of the research, definition of the
study design, statistical analysis, discussion of results
and final version of the text. Larissa Cunha Silva Santos
Ramos: Participated in the general orientation of the
research, definition of the study design, statistical analysis,
discussion of results and final version of the text. Thais
da Silva Rodrigues: Participated in the general orientation
of the research, definition of the study design, statistical
analysis, discussion of results and final version of the
text. Hanna Souza de Almeida: Participated in the general
orientation of the research, definition of the study design,
statistical analysis, discussion of results and final version
of the text. Fernando Zanela da Silva Aréas: Participated
in the general orientation of the research, definition of the
study design, statistical analysis, discussion of results and
final version of the text.

B REFERENCES

(vl

wH
www. jhgd.com.br
Funding
This work was supported by the Fundacdo de
Amparo a Pesquisa e Inovagao do Espirito Santo — FAPES
(EDITAL  FAPES/CNPq/Decit-SCTIE-MS/SESA  N°
09/2020 — PPSUS), Brazil. The authors declare that the
funder will not participate in the collection, analysis and
interpretation of the study data.

Acknowledgments
Fundagdo de Amparo a Pesquisa e Inovacdo do
Espirito Santo (FAPES).

Conflicts of Interest
The authors declare that they have no conflicting
interests.

1. Areas FZ, Schwarzbold ML, Diaz AP, Rodrigues IK, Sousa DS, Ferreira CL, Quevedo J, Lin K, Kupek
E, Ritter C, Dal Pizzol F, Walz R. Predictors of Hospital Mortality and the Related Burden of Disease in
Severe Traumatic Brain Injury: A Prospective Multicentric Study in Brazil. Front Neurol. 2019;25;10:432.

2. Magalhdes ALG, Barros JLVM, Cardoso MGF, Rocha NP, Faleiro RM, Souza LC, Miranda AS, Teixeira
AL. Traumatic brain injury in Brazil: an epidemiological study and systematic review of the literature. Arq

Neuropsiquiatr. 2022;80(4):410-423.

3. Areas, FZS, Gongalves, JV . Traumatismo Cranio encefalico no Brasil: Uma silenciosa e devastadora

epidemia. Rev Bras Pesq Saude, v. 26, p. 6, 2022

4. Réa-Neto A, da Silva Junior ED, Hassler G, Dos Santos VB, Bernardelli RS, Kozesinski-Nakatani AC,
Martins-Junior MJ, Reese FB, Cosentino MB, Oliveira MC, Teive HAG. Epidemiological and clinical
characteristics predictive of ICU mortality of patients with traumatic brain injury treated at a trauma
referral hospital - a cohort study. BMC Neurol. 2023;23(1):101.

5. Adamovich-Zeitlin R, Wanda PA, Solomon E, et al. Biomarkers of memory variability in traumatic brain

injury. Brain Commun. 2020;3(1):202.

6. DeverA, Powell D, Graham L, et al. Gait Impairment in Traumatic Brain 76 Injury: A Systematic Review.

Sensors (Basel). 2022;22(4):1480.

7. McDonald S, Genova H. The effect of severe traumatic brain injury on social cognition, emotion
regulation, and mood. Handb Clin Neurol. 2021;183:235-260.

8. Saint-Jean M, Allain P, Besnard J. A sociocognitive approach to social problem solving in patients with
traumatic brain injury: a pilot study. Brain Inj. 2019;33(1):40-47.

9. Kaur P, Sharma S. Recent Advances in Pathophysiology of Traumatic Brain Injury. Curr Neuropharmacol.

2018;16(8):1224-1238.

10. Pavlovic D, Pekic S, Stojanovic M, Popovic V. Traumatic brain injury: neuropathological, neurocognitive
and neurobehavioral sequelae. Pituitary. 2019 Jun;22(3):270-282.

11. Frattalone AR, Ling GS. Moderate and severe traumatic brain injury: pathophysiology and management.

Neurosurg Clin N Am. 2013 Jul;24(3):309-19.

12. Blaylock RL, Maroon J. Immunoexcitotoxicity as a central mechanism in chronic traumatic
encephalopathy-A unifying hypothesis. Surg Neurol Int. 2011;2:107.

13. Witcher KG, Bray CE, Chunchai T, et al. Traumatic Brain Injury Causes Chronic Cortical Inflammation
and Neuronal Dysfunction Mediated by Microglia. J Neurosci. 2021;41(7):1597-1616.

14. Wang KK, Yang Z, Zhu T, et al. An update on diagnostic and prognostic biomarkers for traumatic brain

injury. Expert Rev Mol Diagn. 2018;18(2):165-180.

15. O’leary RA, Nichol AD. Pathophysiology of severe traumatic brain injury. J Neurosurg Sci.

2018;62(5):542-548.

16. Frattalone AR, Ling GS. Moderate and severe traumatic brain injury: pathophysiology and management.

Neurosurg Clin N Am. 2013;24(3):309-19.

J Hum Growth Dev. 2023; 33(2):260-266. DOI: 10.36311/jhgd.v33.14929 264



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

TR
HGD @@

www. jhgd.com.br
Chen T, Liu WB, Ren X, Li YF, Li W, Hang CH, Wang YH. Whole Body Vibration Attenuates Brain
Damage Dev and Neuroinflammation Following Experimental Traumatic Brain Injury. Front Cell Biol.
2022;10:847859.

Junior JR, Welling LC, Schafranski M, Yeng LT, do Prado RR, Koterba E, de Andrade AF, Teixeira MJ,
Figueiredo EG. Prognostic model for patients with traumatic brain injuries and abnormal computed
tomography scans. J Clin Neurosci. 2017;42:122-128.

MRC CRASH Trial Collaborators; Perel P, Arango M, Clayton T, Edwards P, Komolafe E, Poccock S,
Roberts |, Shakur H, Steyerberg E, Yutthakasemsunt S. Predicting outcome after traumatic brain injury:
practical prognostic models based on large cohort of international patients. BMJ. 2008;336(7641):425-9.

Eagle SR, Pease M, Nwachuku E, Deng H, Okonkwo DO. Prognostic Models for Traumatic Brain Injury
Have Good Discrimination but Poor Overall Model Performance for Predicting Mortality and Unfavorable
Outcomes. Neurosurgery. 2023;1;92(1):137-143.

Bossers SM, van der Naalt J, Jacobs B, Schwarte LA, Verheul R, Schober P. Faceto-Face Versus
Telephonic Extended Glasgow Outcome Score Testing After Traumatic Brain Injury. J Head Trauma
Rehabil. 2021;01;36(3):134-138.

Pettigrew LE, Wilson JT, Teasdale GM. Reliability of ratings on the Glasgow Outcome Scales from in-
person and telephone structured interviews. J Head Trauma Rehabil. 2003;18(3):252-8.

Wilson L, Boase K, Nelson LD, Temkin NR, Giacino JT, Markowitz AJ, Maas A, Menon DK, Teasdale

G, Manley GT. A Manual for the Glasgow Outcome ScaleExtended Interview. J Neurotrauma.
20211;38(17):2435-2446.

Bilgi K, Gopalakrishna KN, Chakrabarti D, Rao GSU. Outcome Prediction of TBI: Are There Parameters
That Affect the IMPACT and CRASH Models? World Neurosurg. 2021;146:590-596.

Steyerberg EW, Mushkudiani N, Perel P, Butcher |, Lu J, McHugh GS, Murray GD, Marmarou A, Roberts
I, Habbema JD, Maas Al. Predicting outcome after traumatic brain injury: development and international
validation of prognostic scores based on admission characteristics. PLoS Med. 2008;5(8):165.

Gao G, Wu X, Feng J, Hui J, Mao Q, Lecky F, Lingsma H, Maas AIR, Jiang J; China CENTER-TBI
Registry Participants. Clinical characteristics and outcomes in patients with traumatic brain injury in
China: a prospective, multicentre, longitudinal, observational study. Lancet Neurol. 2020;19(8):670-677.

Bonow RH, Barber J, Temkin NR, Videtta W, Rondina C, Petroni G, Lujan S, Alanis V, La Fuente G,
Lavadenz A, Merida R, Jibaja M, Gonzales L, Falcao A, Romero R, Dikmen S, Pridgeon J, Chesnut RM;
Global Neurotrauma Research Group. The Outcome of Severe Traumatic Brain Injury in Latin America.
World Neurosurg. 2018;111:82-90.

Bertotti MM, Martins ET, Aréas FZS, Vascouto HD, Rangel NB, Melo HM, Lin K, Kupek E, Pizzol FD,
Walz R. Glasgow coma scale pupil score (GCS-P) and the hospital mortality in severe t traumatic brain
injury: analysis of 1,066 Brazilian patients. Arq Neuropsiquiatr. 2023; 81:452-459

J Hum Growth Dev. 2023; 33(2):260-266. DOI: 10.36311/jhgd.v33.14929 265



-l

www. jhgd.com.br

JHG

Resumo

Introdugao: traumatismo cranioencefalico € um problema global de saude publica devido a sua gravidade
e altas taxas de morbimortalidade em todo o mundo. Identificar preditores associados ao aumento
da mortalidade e desfechos funcionais desfavoraveis apés o evento do traumatismo craniencefalico
€ primordial para minimizar as taxas de morbidade e mortalidade. Portanto, este estudo tem como
objetivo estabelecer um protocolo para investigar os preditores de mortalidade e recuperagao funcional
apos traumatismo cranioencefalico grave no Brasil.

Métodos: este estudo tem como objetivo investigar os preditores de mortalidade e recuperacao funcional
em pacientes com traumatismo cranioencefalico, além de fornecer uma visdo geral do traumatismo
cranioencefalico no estado do Espirito Santo. O estudo abrangera todos os pacientes internados
por traumatismo cranioencefalico grave (Escala de Coma de Glasgow < 8) no Hospital Estadual de
Urgéncia e Emergéncia, o hospital de referéncia para traumas no Espirito Santo. Os desfechos de
interesse incluem mortalidade hospitalar e recuperacéo funcional apés 24 meses da alta hospitalar.
Os participantes serdo acompanhados em setenta e duas horas, trés meses, seis meses, doze meses
e vinte e quatro meses apos o trauma. A morbidade sera determinada pela avaliagdo de: 1) nivel de
incapacidade motora e cognitiva, 2) comprometimento funcional e qualidade de vida, e 3) aspectos do
tratamento e reabilitacdo. Além disso, a carga de traumatismo cranioencefalico, estimada em anos de
vida perdidos, sera calculada.

Discussao: os resultados deste estudo ajudarao a identificar variaveis que podem predizer a morbidade
e a mortalidade apds traumatismo cranioencefalico grave. Além disso, as descobertas terao implicagdes
praticas para: 1) o desenvolvimento de politicas publicas, 2) investimentos em infraestrutura hospitalar
e 3) compreensao do impacto socioecondémico da perda funcional nesses individuos.

Registro do estudo: o estudo recebeu aprovagdo do Comité de Etica da Universidade Federal do
Espirito Santo sob o niumero de protocolo 4.222.002 em 18 de agosto de 2020.

Palavras-chave: traumatismo cranioencefalico, mortalidade, funcionalidade, preditores, protocolo.
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