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Abstract
Background: Traumatic brain injury (TBI) has the highest 
incidence of all common neurological disorders and is as-
sociated with high morbidity and mortality. Management 
of TBI accounts for a large proportion of emergency sur-
gical, neurosurgical, and critical care practice. Although a 
vast majority of TBIs are managed non-operatively, neuro-
surgical interventions are an absolute life-saving necessity 
when required. The Brain Injury Guidelines (BIG) were 
developed to guide the triage, management, and appropri-
ate disposition of TBI patients based on patients’ medical 
history, clinical, and radiologic findings. 

Objectives: The aim of this review was to summa-
rize the public health burden due to TBI, the Brain Injury 
Guidelines, and the role of trauma and acute care sur-
geons in the management of TBI.

Findings: The brain injury guidelines classify head 
injury patients into BIG 1, BIG 2, or BIG 3 groups. The 
proposed management for BIG 1 is a 6-hour period of 

 observation in the emergency department, without the 
need for neurosurgical consultation (NSC) or a repeat head 
computed tomography (RHCT) scan. For BIG 2, the plan 
consists of hospitalization of the injured patient, and for 
BIG 3, hospitalization, RHCT, and NSC are suggested. In 
the recently validated AAST-BIG multi-institutional trial, 
none of the 301 BIG 1 patients worsened clinically, 4 pa-
tients (1.3%) had progression on RHCT with no change 
in management, and none required neurosurgical interven-
tion. In the BIG 2 category, 2 of 295 patients (0.7%) wors-
ened clinically, and 21 (7.1%) had progression on RHCT. 
None of the BIG 1 and BIG 2 patients had post-discharge 
emergency department visits or 30-day readmissions. 
Only BIG 3 patients required neurosurgical intervention 
(280 of 1,437 patients [19.5%]). Implementing BIG would 
have reduced CT scan use and NSC by 29% overall, with 
a 100% reduction in BIG 1 patients and a 98% reduction 
in BIG 2 patients.

Conclusions and Relevance: The Brain Injury 
Guidelines have been validated at 10 Level I and Level 
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II trauma centers in the recently concluded AAST BIG 
multi-institutional trial and have been established as a 
safe and effective tool to guide the management of TBI 
by acute care surgeons while at the same time reducing 
hospital costs. 

Keywords: BIG, Brain injury guideline, Traumatic 
brain injury, Brain injuries

Manuscript

Introduction
Traumatic brain injury (TBI) is the most common neu-
rologic disorder and a leading cause of death in adult 
trauma patients (1, 2). TBI poses a huge public health 
burden with over 1.7 million events annually in the US 
alone (3). Any blunt or penetrating force to the head can 
result in disruption of the intracranial tissues including 
ischemia, vascular damage, and breaches in the integri-
ty of the blood-brain barrier, all contributing to the de-
terioration of brain tissue (4). This can have both short-
term and delayed consequences for the patient, often 
leading to persistent issues like cognitive impairments, 
visual challenges, pain, sleep disturbances, and even 
post-traumatic epilepsy (5). This makes TBI complicat-
ed and challenging to treat. 

The management of TBI spans from the initial as-
sessment and stabilization to long-term rehabilitation 
(6). Several classification systems have been introduced 
for brain injuries, but conventionally, TBIs have been 
classified based on the Glasgow coma scale (GCS) score 
into mild (GCS 13-15), moderate (GCS 9-12), and se-
vere (GCS 3-8) TBI (7). In most of the guidelines, the 
management of severe TBI includes neurologic assess-
ment, imaging, neurosurgical consultation, and some-
times, neurosurgical interventions (8). However, not 
all TBIs are the same. Most mild to moderate injuries 
self-resolve without deterioration (9). Various clinical 
algorithms and guidelines have been developed to en-
sure standardized care of these patients (10, 11, 12, 13). 
However, despite these efforts, many TBI patients un-
dergo CT scans, neurosurgical consults, and repeat head 
computed tomography (RHCT) scans, which do not 
change the management in most cases and most of these 
patients get discharged home without any neurosurgi-
cal intervention. (6). Sometimes, when these patients 
have other injuries, the care of those injuries is also 
delayed because of unnecessary wait for  neurosurgical 

 consultation and observation for their head injuries. 
Due to the above-mentioned reasons, there is a need to 
implement evidence-based guidelines that can help tri-
age and manage TBI patients while improving health-
care resource utilization. Brain injury guidelines (BIG) 
were originally developed a decade ago to address these 
concerns (6). The purpose of this review is to provide 
a concise summary of the need, application, and future 
of BIG.

PICO Questions
Question 1: Do patients classified as BIG 1 and BIG 

2 categories according to the BIG require routine RHCT 
scans and neurosurgical consultations?

Question 2: Can pediatric TBI patients classified as 
BIG 1 be safely managed without neurosurgical consul-
tation?

Search Strategy
A systematic review was performed to answer our 

PICO questions in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) guidelines to determine the use of BIG 
and the deviation in management of TBI patients from 
the BIG protocol (Supplemental Digital Content 1). 

All studies investigating the BIG for the management 
of TBI patients were eligible for inclusion. We included 
observational trials, retrospective studies, and confer-
ence abstracts published between January 1, 2014, and 
July 1, 2024. Commentaries (e.g., expert opinion), case 
reports, case series, reviews, and studies published in 
non–peer-reviewed journals were excluded. The prima-
ry outcome of interest was the use of RHCT and neu-
rosurgical consultation in TBI patients managed using 
BIG. 

A comprehensive search of PubMed from January 
1, 2014, and July 1, 2024, was performed (Q.A.). The 
search strategy was reviewed by Q.A and B.J. using a 
Peer Review of Electronic Search Strategy checklist. 
All bibliographies were reviewed, and additional ref-
erences identified were screened and included in the 
analysis. The final accession of the database was per-
formed on July 1, 2024. All study titles were screened 
independently by both the authors (Q.A. and B.J.) to 
determine relevance. The abstracts of any title included 
by either reviewer were further evaluated. Selected ref-
erences then underwent full-text review separately by 
both investigators. Standardized data abstraction forms 
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were utilized to record variables of interest (e.g., author, 
study design, BIG classification, sample size, mortality, 
progression of ICH, repeat head CT, neurosurgical con-
sultation, and need for neurosurgical intervention). We 
attempted to obtain additional data from the authors of 
studies that met inclusion criteria but did not report all 
variables of interest. When provided with these data, 
these studies were incorporated into our analyses.

The Birth of BIG
Traditionally, TBI patients were managed by neu-

rosurgeons. However, with the limited availability of 
neurosurgeons, the role of trauma surgeons in manag-
ing mild TBI is critical. Considering the complexities 
of previous guidelines, an easy and practical algorithm 
for the management of head injury patients, the BIG 
(Figure 1), was developed (6). 

Figure 1. Brain Injury Guidelines

Over a three-year period, a retrospective cohort anal-
ysis of 3,803 blunt traumatic brain injury (TBI) patients 
was conducted at a level 1 trauma center. Patients with 
positive findings on initial head CT were included, while 
those requiring emergent surgery or transferred from oth-
er institutions were excluded. BIG was structured into 
three categories (BIG 1, BIG 2, and BIG 3) based on pa-
tients’ histories, examinations, and CT findings. Each cat-
egory had a specific therapeutic plan for hospitalization, 
further scans, and neurosurgical intervention. Patients 
stratified as BIG 1 should be observed for six hours, BIG 
2 patients should be hospitalized and observed without 
neurosurgical consultation and routine repeat head CT 
(RHCT), whereas neurosurgical consultation and RHCT 
are reserved for BIG 3 patients.

The study aimed to determine the concordance be-
tween guideline-based and actual therapeutic plans using 
statistical analysis. A kappa value of 0.97 was reported, 
implying a concordance of 97% between the assigned 
and the verified BIG categories, proving the accuracy 
and practicability of these guidelines (6).  

Clinical or radiologic progression 
One major concern with the BIG was the potential pro-

gression of intracranial bleeds with clinical or radiologic 
deterioration. Since BIG recommends observation with-
out neurosurgical consultation for BIG 1 and 2 patients, 
it would be a disaster to discharge a patient home from 
the observation unit with a risk of intracranial bleed pro-
gression post-discharge. Therefore, a low threshold was 
kept for progression to avoid any misfortunate events. In 
this study, only 2.6% of the BIG 2 patients and 21.6% of 
BIG 3 patients progressed on repeat head CT scans (6). 

Figure 2: Characteristics of 9 patients that failed BIG 2 criteria
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Only 4.2% of BIG 3 patients progressed on RHCT with 
neurologic deterioration. Based on RHCT, less than 3% 
of BIG 3 patients required neurosurgical intervention. 
The study concluded that if BIG had been followed, 342 
RHCT scans, 121 inpatient hospital admissions, and 434 
NSCs could have been avoided (6). 

In this study, all patients categorized as BIG 1 and BIG 
3 were consistent with the BIG. However, management 
9 patients categorized as BIG 2 were not in concordance 
with the established BIG 2. The details of 9 patients who 
failed the BIG 2 criteria are provided in Figure 2. Seven 
patients did not have any decline in neurologic examina-
tion but failed because of the progression of hemorrhage 
on RHCT. The remaining two patients had worsening 
neurologic examination, resulting in an upgrade of the 
patient to BIG 3 classification. However, none of these 9 
patients initially classified as BIG 2 required any neuro-
surgical interventions. This proves the safety and efficacy 
of the BIG guidelines. 

Role of Trauma and Acute Care Surgeons
BIG places acute care surgeons at the forefront of TBI 

management. Their expertise is pivotal in accurately clas-
sifying patients into the appropriate BIG categories, en-
suring timely interventions, and optimizing patient out-
comes. This highlights the evolving role of trauma and 
acute care surgeons in the modern healthcare landscape, 
where multidisciplinary collaboration is paramount.

BIG For Small
While the BIG were verified and validated as safe and 

practical, these could not be applied to pediatric patients 
as the original study was performed on adult patients 
only. The non-guided management of pediatric head in-
jury patients was even more concerning because of the 
excessive unnecessary radiation exposure of these pa-
tients with RHCT in addition to unnecessary neurosurgi-
cal consults and hospitalization (18). Radiation exposure 
in children has been shown to be associated with a sig-
nificantly high risk of developing life-threatening malig-
nancies later in life (19). Although some recommenda-
tions had been proposed for severe head injuries, there 
were no solid guidelines for mild traumatic brain inju-
ries in children till this point. Therefore, another study 
was conducted on the application of BIG in pediatric 
and adolescent patients (20). About 405 BIG 1 patients 
aged 21 or less were enrolled prospectively. Patients 
were stratified based on neurosurgical consultation into 

the neurosurgical consultation (NC) group and the no-
NC group. Overall, 32% of patients received RHCT with 
only 3.7% showing progression of the ICH and none of 
them requiring neurosurgical intervention. After the BIG 
1 implementation, the no-NC group was found to have 
no difference in the progression of intracranial bleed 
and neurosurgical intervention with a significant reduc-
tion in repeat head CT scans. This concluded the safety 
and efficacy of BIG in pediatric trauma patients. Since 
the patients were followed for 30 days after injury, this 
study also provided evidence for the long-term safety of 
the guidelines in these patients. This was the first of its 
kind study that suggested that pediatric patients without 
skull fractures with a small intracranial bleed (4mm or 
less) and a GCS of 13-15 can be safely observed without 
any neurosurgical consultation or intervention. With this 
observation, this study successfully concluded that BIG 
was safe and effective in both adults and pediatric pa-
tients in level 1 trauma centers. 

BIG for transfer recommendations
One major issue with head injury patients is the un-

necessary transfer of these patients to level 1 trauma cen-
ters for neurosurgical assessment (21). Interfacility trans-
fers affect trauma patient care of the receiving centers as 
well as the financial burden for the patients. Capron and 
colleagues in 2017 noted that 8.5% of BIG 2 and 19% of 
BIG 3 patients were transferred by helicopter (22). These 
transfers were costly, with an average rate of $2,300 for 
ground transfer and $35,000 for air transfer for approxi-
mately 50 miles, and it was potentially unsafe in extreme 
weather. This study used BIG in patients transferred from 
other facilities to their level 1 trauma center and showed 
that none of the transferred TBI patients, categorized as 
BIG 1, deteriorated and only one BIG 2 patient was ad-
mitted with worsening (22). They also showed that over-
all, only 8% of the patients transferred for intracranial 
injury and only 12% of the BIG 3 patients expectedly 
required neurosurgical procedures. These proved the 
efficacy of BIG in preventing unnecessary transfers in 
TBI patients and the safety of these guidelines in rec-
ommending transfer and neurosurgical consult in the 
BIG 3 patients. Like the concerns raised in our previous 
studies, this study also noted the controversial nature of 
BIG 2 categorization. Of 59 BIG 2 patients, there was 
no mortality, however, one required a lumbar-peritoneal 
shunt for persistent CSF leak and another one was read-
mitted (without neurosurgical interventions) for clinical 
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 deterioration. This study rightfully concluded that due to 
their potential for deterioration, the decision to transfer 
BIG 2 patients should be individualized.

Validation and Impact
After the successful development and verification, 

BIG were prospectively implemented in a level 1 trauma 
center to analyze the need for neurosurgical intervention 
and 30-day readmission rates in these patients (23). 254 
BIG 1 patients were included in the study with a compar-
ison of pre- and post-implementation of BIG. Although 
there was significant non-compliance with the guidelines 
during the training phase, compliance increased to 100% 
after implementation. 148 BIG-1 patients admitted after 
the guideline’s implementation were successfully dis-
charged home after a short observation in the emergency 
department without any deterioration and neurosurgical 
intervention. This validated the BIG for this cohort of 
patients and recommended against RHCT in examinable 
patients with a small ICH (<4mm). 

BIG were externally validated by multiple studies 
(24, 25, 26) including a recent American Association for 
the Surgery of Trauma (AAST) multi-institutional trial, 
involving 10 Level I and Level II trauma centers (27). 
However, the most useful application of these guidelines 
will be their implementation in lower-level centers and 
non-trauma centers. Level I and II trauma centers are the 
receiving hospitals for transferred patients while level 
III and non-trauma centers are the transferring facility. 
To control unnecessary transfers, it’s only reasonable to 
standardize the care at lower-level centers. The BIG was 
also recently validated in a level III trauma center (28). 
Through an analysis of three years of data from a level III 
trauma center, this study confirmed applicability of the 
BIG criteria in these centers. This underscores the cred-
ibility and practicability of these guidelines in diverse 
clinical settings. Notably, the guidelines’ endorsement 
translates into tangible benefits, including their potential 
economic implications (29, 30).

The primary aim of this review article is to provide a 
background on the need for the development of brain in-
jury guidelines that can help to reduce the use of health-
care resources, existing data on validation of BIG from 
various single- and multi-institutional studies, evaluating 

the use of BIG in pediatric patients, and to study the role 
of BIG to determine transfer decisions. However, apart 
from BIG, various guidelines are currently in use for 
the management of TBI patients. Some of them include 
Brain Trauma Foundation guidelines, guidelines from the 
Association of Anaesthetists, and the Neuro Anaesthesia 
and Critical Care Society, and clinical guidelines from 
the National Institute for Health and Care Excellence for 
assessment and early management of head injury (31, 32, 
33). The BIG differ from the above-mentioned guidelines 
in that BIG is primarily to triage the patients according 
to the injury severity and to reduce the use of RHCT and 
neurosurgical consultations in BIG 1 and BIG 2 patients. 
However, for BIG 3 patients, collaboration with neuro-
surgeons and the application of the above treatment path-
ways and clinical guidelines may be necessary. 

Conclusion and Relevance: 
The trajectory of TBI management has evolved sig-

nificantly with the introduction of BIG. Their validation 
through rigorous trials solidifies their relevance and ef-
fectiveness, while also shedding light on their potential 
economic advantages. BIG 1and BIG 2 patients can be 
managed safely without NSC and RHCT. Amidst chang-
ing paradigms and increasing demands, these guidelines 
not only transform the way TBI is managed but also em-
phasize the integral role played by trauma and acute care 
surgeons in shaping patient outcomes.
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