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ABSTRACT 

Background: Traumatic brain injuries (TBI) result in millions of emergency room visits 

annually. The brain injury guidelines (BIG) were created to provide healthcare organizations a 

reference for the management of TBI patients. According to the BIG, neurosurgical consults 

(NSC) are placed for every patient who is taking aspirin and has a TBI. For the purpose of this 

study, TBI is defined as having an intracranial hemorrhage (ICH) on a head computed 

tomography (CT).  

Objective: The purpose of this quality improvement project was to specifically analyze 

neurosurgical intervention (NSI) in those TBI patients who took aspirin (ASA) pre-injury 

versus NSI in those not taking ASA (or any other antiplatelet or anticoagulant). 

Design: This quality improvement project used a retrospective cohort analysis design. This study 

examined the acute management of prior TBI patients to help inform recommendations to update 

the BIG. 

Setting: Banner Desert Medical Center (BDMC), Mesa, AZ between April 25, 2017 and April 

25, 2019. 

Participants: Inclusion criteria for this study are patients who: (a) were treated at BDMC 

between April 25, 2017 and April 25, 2019, (b) are 18 years of age or older, (c) have a 

diagnosis of diffuse or focal TBI (ICD 10 codes: S06.2 and S06.2), and (d) have an ICH 

identified on the initial CT scan. 

Results: There were 16 patients (8%) classified as BIG 3 who would have been classified as a 

BIG 1 if they were not taking aspirin. A total of 29 patients (14%) were classified as BIG 1, 45 
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(22%) were classified as BIG 2, and 117 (56.5%) were classified as BIG 3. Patients classified as 

BIG 1 and BIG 1 and aspirin did not undergo any NSI. 

Conclusion: The incidence of NSI for TBI in BIG 1 and BIG 1 and taking aspirin patients did 

not differ. Neither group underwent any NSI. With none of the patients in either category 

requiring NSI, it is recommended that further retrospective and prospective studies be 

performed to validate altering the BIG to the modified brain injury guidelines. Patients who 

are taking aspirin and meet all of the other criteria of BIG 1 are classified as BIG 1 rather than 

BIG 3 in the modified version. 
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INTRODUCTION 

Traumatic brain injuries (TBI) resulted in approximately 2.8 million emergency room 

visits, hospitalizations, and deaths in the Unites States (US) in 2013 (Taylor, Bell, Breiding, 

& Likang, 2017). A TBI is an injury to the brain caused by an external force such as a fall, 

head-to-head collision, a motor vehicle accident, or physical abuse. There are a number of 

other factors that affect the severity of a TBI such as mechanism of injury, age, and use of 

medications. The use of anti-platelet medication and TBI is of central interest to this project. 

Anti-platelet medications are used to help prevent the platelets in the blood from sticking 

together in order to prevent blood clots which can cause a heart attack or stroke. A total of 

33% of adults, ages 40 and up, are currently taking aspirin and/or other antiplatelet agents 

(Qiuping, Dillon, Eberhardt, Wright, & Burt, 2015). As the US population continues to age, 

the number of patients taking antiplatelet medications, and suffering from TBIs may continue 

to increase.  

Background Knowledge 

Following a three-year retrospective cohort analysis of 3,803 TBI patients at Banner 

University Medical Center in Tucson, AZ, a Level I trauma center, Joseph et al. (2014a) 

developed the Brain Injury Guidelines (BIG) for standardized management of TBI patients. 

The BIG classifications are based on a variety of factors including: loss of conciseness, 

intoxication, antiplatelet and anticoagulant use, and head CT results (Joseph et al. 2014a). 

According to the BIG guidelines, BIG 1 patients are observed for six hours and do not require 

a neurosurgical consult (NSC), BIG 2 patients are admitted to the hospital but do not require a 

NSC, and BIG 3 patients are admitted to the hospital and receive a NSC (Joseph et al. 2014a). 
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Because the BIG automatically classify patients taking aspirin as BIG 3, they are admitted and 

receive a NSC (Joseph et al. 2014a). Grandhi et al. (2015) found that TBI patients taking 

preinjury warfarin alone had almost 2.5 times the risk of neurologic mortality compared to 

patients taking preinjury aspirin alone, indicating a lower risk for complications with the use 

of preinjury ASA. However, if the BIG guidelines are followed as they are currently defined, 

neurosurgeons and neurosurgical nurse practitioners are consulted for every TBI patient 

taking aspirin.  

Local Problem 

Arizona is well known as a retirement state. Elderly individuals who are tired of harsh 

winters filled with cold and snow often relocate to Arizona, particularly for the winter. The 

population of people ages 65 and up in Maricopa County, Arizona has been steadily 

increasing from 12.1% in 2010 to 14.8% in 2018 (U.S. Census Bureau, 2010; U.S. Census 

Bureau, 2018). This increase in the elderly population has placed an increasing amount of stress 

on our hospital systems in the valley. In 2012, there were a total of 286,938 emergency 

department (ED) discharges and 239,851 inpatient discharges among patients ages 65 and up. 

(Arizona Department of Health Services [ADHS], 2014). As the population continues to rise 

in Arizona, particularly the elderly population, the demand on hospitals will continue to 

increase.  

Banner Desert Medical Center (BDMC) became a Level I trauma center on April 25, 

2017 (ADHS, 2019). This hospital is one of three Level I trauma centers serving the east 

valley. The estimated population of the east valley as of July 1, 2018 is approximately 

1,475,612 (Arizona Office of Economic Opportunity [AOEO], 2018). Approximately one-
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third of the east valley (488,925) population resides in Mesa, Arizona, where BDMC is 

located. A large number of TBI patients are treated at BDMC making this an optimal location 

for this study. BDMC employs two full-time neurosurgeons and has a few consulting 

neurosurgeons who rotate trauma call. The number of neurosurgeons willing to participate in 

trauma call is decreasing due to physician shortage, increased ED use, as well as decrease in 

reimbursement (Shea & Timmons, 2016). Decreasing the number of unnecessary 

neurosurgical consults may relieve some of the stress on neurosurgeons. A neurosurgical 

consult is required at BDMC for those who are classified as BIG 3. If those patients who are 

classified as BIG 3 based solely on their taking ASA pre-injury but who otherwise meet BIG 

1 criteria do not need neurosurgical intervention (NSI) significantly more than those who do 

not take ASA pre-injury, then a revision to BIG might be recommended. Revising the BIG to 

classify patients taking aspirin pre-injury as BIG 1 rather than as BIG 3 may lead to both a 

reduction in neurosurgical consults and perhaps the number of hospital admissions. 

The purpose of this quality improvement (QI) project will be to specifically analyze 

NSI in those TBI patients who took ASA pre-injury versus NSI in those not taking ASA (or 

any other antiplatelet or anticoagulant). The term NSI includes surgery, external ventricular 

drain placement, or placement of a micro sensor. Implications of this study may inform future 

studies on the ability to decrease the consumption of resources including the number of NSCs 

(nurse practitioner & neurosurgeon workload), hospital length of stay, cost, appropriate level 

of care, and unnecessary transfers. 
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Purpose 

BIG 1 patients may or may not have had a loss of consciousness; they have a normal 

neurological exam, and are not intoxicated (Joseph et al. 2014a). Any subdural hemorrhage, 

epidural hematoma or an intraparenchymal hemorrhage must be less than or equal to 4mm, no 

greater than a trace subarachnoid hemorrhage, and no intraventricular hemorrhage. The overall 

purpose of this quality improvement project will be to extend the evidence base of the BIG study 

by examining whether those patients who were classified as BIG 3 based solely on taking pre-

injury ASA and who otherwise met BIG 1 criteria, could be reclassified as BIG 1 patients.  

Specific Aims 

Specific Aim 1 

The first specific aim is to identify the percentage of all TBI patients who were classified 

as BIG 3 based solely on taking pre-injury ASA and who otherwise met BIG 1 criteria.  

Specific Aim 2 

The second specific aim is to compare the incidence of NSI in patients taking pre-injury 

ASA as the sole reason for being classified as BIG 3 versus patients who are classified as BIG 1. 

Study Question 

Amongst patients seen in the emergency department (ED) for TBI, should those 

patients who meet all of the criteria of BIG 1 and are taking aspirin be reclassified as BIG 1, 

which requires no neurosurgical consultation, as opposed to being elevated to BIG 3, which 

does require neurosurgical consultation? 
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Theoretical Models 

Dissemination and Use of Research Evidence for Policy and Practice 

The Dissemination and Use of Research Evidence for Policy and Practice is an 

appropriate model for implementing the BIG. The model was developed in an attempt to 

assimilate numerous forms of knowledge from multiple sources in order to offer a wide-ranging 

representation of the evidence-based decision making pertinent to both health policy and clinical 

decision-making (Rycroft-Malone & Bucknall, 2011). Dobbins, Ciliska, Cockerill, Barnsley, and 

DiCenso (2002) developed their model in 2002 by combining research from several different 

areas including organizational behavior, culture, and managerial decision making along with 

EBP, research dissemination, and research utilization. They encourage incorporating research 

into policy and practice in an effort to promote evidence informed decision-making (Rycroft-

Malone & Bucknall, 2011). The combination of evidence informed decision-making and tactics 

to encourage its utilization is known as knowledge translation exchange (KTE).  

Roger’s Diffusion of Innovation 

The underlying theory behind the Dobbins et al. (2002) model is Roger’s Diffusion of 

Innovation (Rycroft-Malone & Bucknall, 2011). The five phases used in the Dobbins et al. 

(2002) model, which are derived from the diffusion of innovation, and include knowledge, 

persuasion, decision, implementation, and confirmation.  

Knowledge phase. During the knowledge phase, potential adaptors are made aware of 

the innovation through high quality evidence (Rycroft-Malone & Bucknall, 2011).  

Persuasion phase. In the persuasion phase, potential risks and benefits of the innovation 

are evaluated by adaptors (Rycroft-Malone & Bucknall, 2011).  
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Decision phase. Potential adaptors review values, beliefs, evidence, and organizational 

decision making whilst in the decision phase (Dobbins et al., 2002).  

Implementation phase. Putting the innovation adaption into action occurs during the 

implementation phase. This phase incorporates education, funding, decision to retain or edit 

previous practice, and training (Dobbins et al., 2002).  

Confirmation phase. The final phase, confirmation, is where the innovation adaption is 

assessed. The outcomes, including patient outcomes and organizational outcomes, as well as 

organizational performance indicators are reviewed to determine if the decision to adapt the 

innovation was correct (Dobbins et al., 2002).  

The Dobbins et al. (2002) model has been used often in multiple ways, most frequently in 

guiding individuals and organizations in the development of strategies to stimulate EBP 

(Rycroft-Malone & Bucknall, 2011). For example, Jack et al. (2009) received funding for their 

proposal, the uptake and utilization of research evidence by Ontario child welfare decision-

makers, in which they utilized the Dobbins et al. (2002) model (Rycroft-Malone & Bucknall, 

2011). The model for the dissemination and utilization of research for health-care policy and 

practice guided Jack et al. (2009) to detect which proposals to explore in their study. Kiefer et al. 

(2005) used components of the Dobbins et al. (2002) model to focus on EBP in their 

recommendations for a Population and Public Health Evidence Centre and Research Network 

(Rycroft-Malone & Bucknall, 2011). Knowledge and dissemination of research focusing on KTE 

are heavily focused on in Kiefer et al.’s (2005) recommendations. Multiple authors (Gagnon et 

al., 2008; Genius, 2004; Gifford, 2008; Jbilou, Amara, & Landry, 2007; Rappolt, Pearce, 

McEwan, & Polatajko, 2005; Zucker et al., 2006) have cited the Dobbins et al. (2002) model in 
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their work to promote the importance of EBP and KTE strategies (Rycroft-Malone & Bucknall, 

2011). The dissemination and utilization of research for health-care policy and practice model’s 

focus on EBP and KTE make it appealing to a wide array of researchers.  

Definitions of the Framework in Action 

The purpose of this quality improvement project is to add to the body of knowledge 

surrounding implementation of the BIG.  

The plan for implementation of the revised BIG uses the Dissemination and Use of 

Research Evidence for Policy and Practice model, which includes five phases: knowledge, 

persuasion, decision, implementation, and confirmation (Dobbins et al., 2002). 

Knowledge Persuasion Decision Implementation Confirmation

Identification of High 

Quality Evidence 

-NPG CPG: Head Injury.

Triage, assessment, 

Investigation and early 

management of head

injury in children, young

people and adults

-Systemic Reviews relating

to the BIG (Joesph, et al.

2014) have yet to be 

performed

-Further retrospective

analysis prior to applying

the BIG are needed

-A few studies have been 

done verifying the

effectiveness of the BIG

(Joseph, et al., 2014)

(Capron et al., 2017).

-Decrease the amount of

unnecessary neurosurgical 

consults

-Reduce the amount of

unnecessary hospital admissions

-3 neurology Nurse 

Practitioners (NP)

-2 neurosurgery NPs

-Medical library with

Librarian on site

-Research institution

-Level 1

trauma 

center

-Highly

trained

staff

-Centralized

urban

location

-Upper management has

Good relationships with

Local health agencies

-Organization is a park of

a wide ranging network

which owns many community 

hospitals throughout the valley

Decision to Adopt

Evidence-based

Decision making

-Educate all stakeholders of

The change

-Provide direct training to

providers who will guide 

the treatment of TBI 

patients

-Address all questions and

concerns of staff in a timely

manner

-Provide ongoing training

and education to those most

Affected by the change

Dissemination of Information

about Innovation

-Organizational decision 

must align with organizational 

values and beliefs

-Evidence based guidance to

change current practice

-Key stakeholders must buy in

(Policy makers, Physicians,

NPs, Management, Nurses

Process and Outcome evaluation

to judge success of

innovation

Process Measures

-Acceptance of change in 

practice

-Adherence to change in 

practice

Outcome Measures

-Patient outcomes

-Provider Satisfaction

-Cost analysis

-Efficiency 

 

FIGURE 1. The BIG implementation model. (Whetten, 2018) 

Literature review and evaluation of current evidence is the first step in the process. This 

evidence will be used during the persuasion and decision phases once stakeholders to adapt 

identified in order to persuade them into adapting the new guidelines (Dobbins et al., 2002). One 

major barrier to acceptance of the guideline is administrative endorsement. Educating 
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administrators using the evidence gathered during the knowledge phase as well as the potential 

financial savings are crucial to getting approval. Acceptance of the practice change is followed 

by the daunting tasks of implementation. Another significant barrier, resistance to change, is 

addressed during this phase. Transparent leadership as well as the use of adaptors identified by 

Rogers (1995) are the keys to mitigation of this barrier. Leadership must ensure all stakeholders 

are well educated regarding the need for the change as well as the evidence behind it. They must 

be available to answer any and all questions brought up by their employees. Identifying early 

adaptors and confirming they are enthusiastic about the change is essential in guiding the 

laggards to accept the change (Rogers, 1995). Education is generally the greatest cost associated 

with implementation lies within education. Providing educational handouts, decisional support 

aids for providers, creating online modules to explain the new process, and having additional 

personnel available to educate stakeholders, particularly the providers, are all added expenses. 

Although material and overtime pay can quickly add up, the effects are more than negated when 

looking at the potential cost savings provided by reduced transfers and NSC. Confirmation is the 

final implementation phase. Confirmation entails evaluation of the processes and outcomes to 

determine if adjustments are required. The process measures include awareness of the 

innovation, acceptance of the practice change, and adherence to the practice change. Data may 

be obtained via surveys, interviews, and chart reviews. Patient safety is the most important 

outcome, and should be closely monitored to ensure the change is effective. 
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Concepts 

The BIG guidelines are comprised of several components, which help clinicians classify 

the patient into one of the three categories of BIG 1, BIG 2, or BIG 3. The components are loss 

of consciousness, neurological examination, intoxication, Coumadin, aspirin, Plavix (CAMP), 

skull fracture, subdural hematoma (SDH), epidural hemorrhage (EDH), intraparenchymal 

hemorrhage (IPH), and intraventricular hemorrhage (IVH). The guidelines and therapeutic plan 

can be seen in Table 1.  

Patient with a normal neurological examination, which means they are aware of who they 

are, where they are, and what happened to them and can be classified as either BIG 1 or BIG 2, 

depending upon other components. Patients with an abnormal neurological exam are 

automatically placed in the BIG 3 category. Patients who are intoxicated will classify as either 

BIG 2 or BIG 3. Patients who were taking any anticoagulant or antiplatelet medication prior to 

their TBI, including aspirin, Coumadin, or Plavix, automatically fall into the BIG 3 category. 

The presence of a skull fracture, or a break in the skull, will lead the patient to a BIG 2 

classification if the fracture is non-displaced, or a BIG 3 classification if the skull fracture is 

displaced. The remaining five categories, subdural hematoma (SDH), epidural hematoma (EDH), 

intraparenchymal hemorrhage IPH; represent different types/locations of bleeding within the 

cranium. The presence and size of these is used to and any of the components of BIG 2 or BIG 3, 

they are classified in the higher category. For example, if a patient had no loss of consciousness, 

a normal neurological exam, was not intoxicated at the time of injury, had no skull fracture, and 

no intracranial bleed (BIG 1), but was taking aspirin, the patient would be classified as BIG 3.  
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TABLE 1. Brain injury guidelines and therapeutic plan. (Created by Joseph et al., 2014a) 

Brain Injury Guidelines 

Variables BIG 1 BIG 2 BIG 3 

LOC Yes/No Yes/No Yes/No 
Neurological examination Normal Normal Abnormal 

Intoxication No No/Yes No/Yes 
CAMP No No Yes 

Skull Fracture No Non-displaced Displaced 
SDH < 4 mm 5-7 mm > 8 
EDH < 4 mm 5-7 mm > 8 
IPH < 4 mm, 1 location 3-7 mm, 2 locations > 8, multiple locations 
SAH Trace Localized Scattered 
IVH No No Yes 

THERAPEUTIC PLAN 

Hospitalization No  
Observation (6 hours) 

Yes Yes 

RHCT No No Yes 
NSC No No Yes 

CAMP, coumadin, aspirin, plavix; EDH, epidural hemorrhage; IPH, intraparenchymal hemorrhage; IVH, intraventricular 
hemorrhage; LOC, loss of consciousness; NSC, neurosurgical consult; RHCT repeat head computed tomography; SDH, subdural 
hemorrhage; SAH, subarachnoid hemorrhage. 

The BIG classification determines the patient’s therapeutic plan. According to the 

guidelines, patients classified as BIG 1 do not require hospitalization, do not require a repeated 

head computed tomography (RHCT), and do not require a NSC. They should be placed in 

observation for six hours and can be safely discharged if stable. BIG 2 classified patients should 

be hospitalized, but they do not require a RHCT or NSC. BIG 3 patients are the most critical 

patients, therefore they should be hospitalized, have a RHCT, and a NSC should be obtained. If 

at any time a BIG 1 or BIG 2 classified patient’s condition deteriorates (i.e., increasing confusion 

or worsening of the neurological examination occurs), they should be upgraded to a higher 

classification based on the new findings. For example: if a BIG 1 patient who is being observed 

suddenly becomes confused and develops weakness on one side of the body, they would be 

reclassified as BIG 3, and a RHCT and NSC would be obtained immediately. 
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Synthesis of Evidence 

A literature search was conducted in CINHAL, PubMed, and Embase to determine the 

existing status of research regarding the need for neurosurgical intervention following a TBI in 

patients taking preinjury aspirin compared to other AP/AC agents. Key words included aspirin, 

traumatic brain injury, and neurosurgical intervention. The following limits were applied: 

English language, full text available, adult participants age 18 and up, published in the last six 

years. The search yielded 12 results, 10 of which are explained in detail in Table 2. The other 

articles were excluded because they were irrelevant to the study question. 

Results 

The study designs were all either retrospective cohort analyses or prospective analyses. 

Given the unplanned nature of TBI, other methodologies are not feasible. 

While these types of studies are not the highest level of evidence, conducting many 

studies and then performing a meta-analysis could provide a stronger level of evidence. Joseph et 

al. (2014) created the BIG guidelines, for management of patients with TBI. They defined their 

guidelines, and then compared their guideline therapeutic plan to the patients’ actual therapeutic 

plan. Failure of the guideline plan occurred in just 9 out of 1232 patients, resulting in an 

agreement between the guideline and therapeutic plans of k=0.98. Two studies identified 

opportunities to reduce the number of TBI patient transfers to Level I trauma centers by 

considering BIG and CT findings combined with warfarin use respectively (Capron et al., 2017; 

Yun et al., 2017). One study looked solely at patients with blunt head trauma patients taking 

AC/AP and found a delayed intracranial hemorrhage (ICH) in just 1.19% of patients, both of 

whom were taking preinjury warfarin (Docimo et al., 2013).  
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TABLE 2. Synthesis of evidence table. 

Reference Study Design Sample and 

Settings 

Methods Main Outcome 

Measures 

Results Challenges to Scientific 

Rigor 

Capron et 
al., 2017 

Retrospective 
cohort 
analysis 

Sample  
 
Patients with head 
injuries who were 
transferred to this 
level 1 trauma 
center with 
significant CT 
findings, and no 
concurrent non-
cranial injury 
(n=340) 
  
Setting  
 
Carle Foundation 
Hospital, A level 1 
trauma center 
located in Urbana, 
Illinois.  
 

A retrospective medical 
record was performed on 
patients who met the 
criteria from January 2012 
and December 2013. This 
involved a detailed chart 
review including: 
demographics (age, sex), 
AC/AP use, mechanism if 
injury, history of 
intoxication and loss of 
consciousness, Vital signs, 
and GCS, NSI, and LOS & 
time spent in the ICU 

Primary 
 
BIG classification 
 
Secondary 
 
Neurosurgical 
intervention 
required 
 
GCS score on 
presentation 
 
Data analyzed using 
unpaired 2 tailed t-
tests and x2 tests. A 
p-value <0.05 was 
considered 
statically significant  

Primary 
 
BIG 1: 46 patients 
 
BIG 2: 59 patients 
 
BIG 3: 235 patients 
(14.9% taking warfarin, 
30.6% taking AP, and 
1.7% taking both) 
 
Secondary 
 
No BIG 1 patients 
required NSI 
 
One BIG 2 patient 
required NSI 
 
28 (11.9%) of BIG 3 
patients required NSI 
 
Patients requiring NSI 
had a lower mean GCS on 
presentation (10.6 vs. 
12.9, p <0.05) 
 
Patients who died (n=47) 
had a lower mean GCS on 
presentation (8.9 vs 13.6, 
p <0.0000001) 
 

Internal Validity 
 
History: Outcomes once 
patients are released from 
the hospital are not 
addresses in this study.  
 
Instrumentation: Results 
are based on NSI, they 
don’t measure patients 
pre-injury life compared 
to their post-injury life  
 
External Validity 
 
Replication: Limited to 
single site study 
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Reference Study Design Sample and 

Settings 

Methods Main Outcome 

Measures 

Results Challenges to Scientific 

Rigor 

Cull et al., 
2015 

 

Retrospective 
cohort 
analysis 

Sample 
 
Patients > 40 years 
old presenting to 
the hospital with 
blunt head trauma 
with complete data, 
either taking 
preinjury 
antiplatelet therapy 
(APT), or taking no 
preinjury APT. 
Patients taking 
preinjury warfarin 
were excluded 
(n=1547) 
 
Setting 
 
John H Stroger 
Hospital and Carle 
Foundation 
Hospital in 
Chicago, Illinois  
 

Trauma registries and 
electronic medical records 
(EMR) were reviewed for 
all patients ages 40 and 
older presenting with blunt 
head trauma between 
January 1st, 2008 and 
December 31st, 2011. They 
were distributed into two 
groups, those taking APT 
(Group 1) and those not 
taking APT (Group 2). 
Group one was further 
categorized by those taking 
aspirin alone, those taking 
clopidogrel alone, and 
those taking both  

Primary 
 
In hospital 
mortality, ICH, 
need for 
neurosurgical 
intervention 
 
Secondary 
 
Hospital LOS 

Primary 
 
There was no significant 
difference between the 
outcomes of Group 1 and 
Group 2 in mortality (OR, 
1.79; 95% CI, 0.89 to 
3.59), ICH (OR, 0.84; 
95% CI, 0.61 to 1.16), or 
neurosurgical intervention 
(OR, 1.26; 95% CI, 0.6 to 
2.67) 
 
Secondary 
 
LOS greater than 14 days 
was more common 
amongst those in group 1 
than those in group 2 
(OR, 1.85; 95% CI, 1.09 
to 3.12) 

Internal Validity 
 
History: The impact of 
comorbid conditions is 
not examined 
 
External Validity 
 
Representativeness: 
Although this is one of 
the larger sample sizes, 
there is an appropriate 
power to identify small 
differences amongst 
outcome groups, 
particularly the patients 
taking clopidogrel.  
 

Docimo et 
al., 2013 

Retrospective 
cohort 
analysis 

Sample  
 
Patients > 18 yeas 
old seen in the 
hospital for Blunt 
Head Trauma who 
were taking AC/AP 
prior to injury 
(n=168) 

A retrospective medical 
record review was done on 
patients who met the 
criteria from January 2009 
to December 2012. 
Observed data included 
demographics (age & 
gender), blunt head trauma, 
AC/AP use prior to injury,  

Primary 
 
Significant CT 
findings  
 
Secondary 
 
INR and delayed 
ICH 

Primary 
 
166 (98.8%) of patients 
had significant initial CT 
findings 
 
Secondary 
 
27 patients were found to  

Internal Validity 
 
History: The patients 
PMH (i.e. HTN, DM, 
clotting disorders) were 
not addressed in this 
study. 
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  Setting  
 
Lutheran Medical 
Center. Brooklyn, 
New York 

positive CT findings 
 

 have a INR >1.5 
 
16 patients (all taking 
warfarin) had an INR >2 
 
2 patients (both on 
warfarin) had an INR >3 
 
Only 2 patients (1.19%) 
were diagnosed with a 
delayed ICH, both were 
taking warfarin and had an 
INR >2 
 

External Validity 
 
Replication: Limited to 
single site study 
 
Representativeness: 
Small sample size 
 

Grandhi et 
al., 2015 

Retrospective 
cohort 
analysis 

Sample 
 
Elderly TBI 
patients (> 65 years 
old) with a closed 
head injury and 
evidence of ICH on 
CT (n=1,552) 
 
Setting 
 
University of 
Pittsburg Medical 
Center Presbyterian 
Hospital, Pittsburg, 
PA 

Data was reviewed form 
January 2006 through 
December 2010. Inclusion 
criteria were age (> 65), 
diagnosis of blunt TBI, 
evidence of ICH on CT 
scan, and patient was 
taking preinjury aspirin, 
clopidogrel, or warfarin, 
and patients had no 
preinjury use of aspirin, 
clopidogrel, or warfarin. 
Investigators used the data 
obtained to determine the 
effects of preinjury anti 
platelets and warfarin on 
TBI in the elderly.  

Primary 
 
Mortality, 
Neurosurgical 
Intervention 
 

Primary 
 
Warfarin was found to be a 
key predictor of increased 
mortality versus all 
antiplatelet medications 
(odds ratio, 2.27; p=0.05) 
 
Patients taking preinjury 
warfarin only required 
neurosurgical intervention 
the most at 23.9% (n=52) 
of 218 in that category. 
12.5% Patients taking pre 
injury aspirin underwent 
NSI 12.5% Patients taking 
pre injury aspirin and 
patients taking no preinjury 
AP/AC  
 

Internal Validity 
 
Misclassification bias: 
The use of antiplatelet 
therapy was based on 
the patient’s statement 
of current medications. 
Dosage and compliance 
were not verified. 
 
External Validity 
 
Replication: Limited to 
single site study 
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Reference Study Design Sample and 

Settings 

Methods Main Outcome 

Measures 

Results Challenges to Scientific 

Rigor 

     medication underwent 
NSI half as much as those 
taking pre injury warfarin 
(12.5% and 12.4% 
respectively. 
 

 

Joseph et 
al., 2014a 

Retrospective 
cohort 
analysis 

Sample  
 
Blunt TBI patients 
with positive initial 
CT findings were 
included (n=1,232)  
 
Setting  
 
Banner University 
medical center. A 
level-1 trauma 
center in Tucson, 
Arizona 

A three year (2009-2011) 
medical record review was 
done to determine patient 
demographics, medication 
history, vital signs, GCS, 
intoxication, mechanism of 
injury, neurologic exam, 
initial CT findings, RHCT 
findings, NSC need, 
Neurosurgical intervention, 
hospital and ICU LOS. 
Three BIG categories were 
created based on the chart 
reviews. 
 
 

Primary 
 
BIG categories with  
Cohen's 
kappa coefficient to 
assess agreement  
 
 Secondary 
 
Worsening findings 
on RHCT, 
Neurosurgical 
interventions 

Primary 
 
BIG 1: n=121 
BIG 2: n=313 
BIG 3: n=798 
Agreement between 
defined BIG categories 
and therapeutic plans was 
excellent (k=0.98, 95% 
CI, 0.97-0.99)  
 
Secondary 
 
72% (n=888) of patients 
received a RHCT 
 
2.6% of BIG 2 patients, 
and 21.6% of BIG 3 
patients showed 
worsening on RHCT 
 
13% (n=159) of patients 
required neurosurgical 
intervention, all met BIG 
3 criteria 
 

Internal Validity 
 
History: The patients 
PMH (i.e. HTN, DM, 
clotting disorders) were 
not addressed in this 
study. 
 
External Validity 
 
Replication: Limited to 
single site study. In order 
to lead to widespread 
implementation of the 
BIG, similar studies will 
need to be performed at 
various other trauma 
centers to confirm 
results.  
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Joseph et 
al., 2014b 
 

 

Prospective 
cohort 
analysis 

Sample 
 
All patients 
presenting with a 
TBI, who had an 
ICH, was taking 
pre-injury anti-
platelet medication, 
and had a recorded 
admission platelet 
count (n=264) 
 
Setting 
 
Banner University 
Medical Center, 
Tucson, AZ 

Data was retrieved and 
reviewed from March 2012 
through February 2014. 
Demographic data recorded 
included age, sex, GCS, 
mechanisim of injury, 
antiplatelet medications, 
vital signs, neurological 
exam findings, admission 
labs, platelet transfusion, 
findings of CT and RHCT, 
neurosurgical interventions, 
and hospital LOS to 
determine if the platelet 
count of TBI patients on 
preinjury antiplatelet 
therapy played a significant 
role in the clinical course 
and outcome.  

Primary 
 
Progression on 
RHCT 
 
Secondary 
 
Need for 
Neurosurgical 
Intervention 

Primary 
 
24% (n=29) of patients 
taking pre-injury low 
dose aspirin showed 
progression on RHCT, 
46.7% (n=43) of patients 
taking pre-injury high 
dose aspirin showed 
progression on RHCT, 
and 65.4% (n=34) of 
patients taking pre-injury 
clopidogrel showed 
progression on RHCT 
 
(p=0.001) 
 
Secondary 
 
5.8% (n=7) of patients 
taking low dose aspirin 
required neurosurgical 
intervention, 22.8% 
(n=92) of patients taking 
high dose aspirin required 
neurosurgical 
intervention, and 38.4% 
(n=20) of patients taking 
clopodigrel required 
neurosurgical intervention 
 
(p=0.01) 
 

Internal Validity 
 
Misclassification bias: 
The use of antiplatelet 
therapy was based on the 
patient’s statement of 
current medications. 
Dosage and compliance 
were not verified. 
 
Instrumentality: The 
decision to perform 
neurosurgical 
intervention was based 
on the attending 
neurosurgeon on call  
 
External Validity 
 
Replication: Limited to 
single site study 
 
Representativeness: 
Small sample size, 
particularly of patients 
taking pre-injury aspirin 
and anticoagulants 
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Joseph et 
al., 2014c 
 

 

Retrospective 
Cohort 
Analysis 

Sample 
 
Patients with a 
blunt trauma closed 
head injury and 
evidence of ICH on 
the initial CT scan 
(N=423) 
 
Setting 
 
Banner University 
Medical Center, 
Tucson, AZ 

Data was retrieved from 
February 2010 to March 
2011 on patients with a 
blunt trauma closed head 
injury. Those patients with 
positive initial CT findings 
of an ICH were divided 
into comidin aspirin Plavix 
(CAP) and no-CAP groups. 
The progression of their 
hospital course was then 
reviewed.  

Primary 
 
RHCT in CAP vs 
no-CAP groups 
 
Secondary 
 
Neurosurgical 
Interventions in 
CAP vs no-CAP 
groups 

Primary 
 
90.3% (n=56) of the 
RHCT scans in the CAP 
group were obtained as 
per routine protocol. 9.7% 
(n=6) o the RHCT scans 
in the CAP group were 
obtained due to 
worsening neurological 
findings (p=0.04) 
 
97% (n=237) of patients 
in the no-CAP group had 
RHCT as routine 
protocol, and less than 
1% (n=1) had a RHCT 
due to a worsening 
neurological examination 
(p=0.04) 
 
Secondary 
 
12.5% (n=9) of the 
patients in the CAP group 
required neurosurgical 
interventions versus 6% 
(n=21) in the no CAP 
group (p=0.3) 
 

Internal Validity 
 
Selection bias: initial 
international normalized 
ratio (INR) and platelet 
count were not taken into 
account in the study 
 
Selection bias: There was 
no subgroup analysis to 
determine the difference 
in outcome of patients on 
CAP.  
 
External Validity 
 
Replication: Limited to 
single site study 
 
Representativeness: 
Small sample size 
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Rigor 

Joseph et 
al., 2014d 

 

Prospective 
Cohort Study 

Sample 
 
Patients presenting 
with a TBI with CT 
evidence of an ICH  
(n=144) 
 
Setting 
 
Banner University 
Medical Center, 
Tucson, AZ 

Patients with a TBI with 
CT evidence of and ICH 
were prospectively 
enrolled. Two groups were 
created, the low-dose 
aspirin (ASA) group and 
the No-ASA group. 
Patients taking high dose 
aspirin, other antiplatelet 
therapy, and/or 
anticoagulation were 
excluded. Initial CT scans 
were reviewed, and the 
progression of their stay 
was measured  

Primary 
 
Progression in 
RHCT  
 
Secondary 
 
In hospital mortality 

Primary 
 
There was no difference 
in the progression of the 
RHCT in ASA versus 
No-ASA patients (25% 
versus 16.6%) p= 0.6 
 
Secondary 
 
There was no difference 
in mortality between ASA 
and No-ASA groups (0% 
versus 1.4%) p=0.9  

Internal Validity 
 
History: The patients 
PMH (i.e. HTN, DM, 
clotting disorders) were 
not addressed in this 
study. 
 
External Validity 
 
Replication: Limited to 
single site study 
 
Representativeness: 
Small sample size 
 

Martin et 
al., 2017 

 

Retrospective 
cohort 
analysis 

Sample 
 
Patients > 18 years 
old who presented 
with a TBI and an 
abbreviated injury 
severity-head score 
greater than zero 
(n=332) 
 
Setting 
 
University 
Cincinnati Medical 
Center, and Level 
III Trauma Center 

Data was retrieved from 
July 2013 through 2016. 
Medical records of TBI 
patients were reviewed to 
determine demographic 
data, mechanism of injury, 
admission GCS 
score, neurologic status, 
loss of consciousness, 
prehospital anticoagulant 
or antiplatelet agent use, 
hospital length of stay, 
transfer 
status, cranial imaging 
results, neurosurgical 
intervention, 
and discharge disposition. 
These patients were then  

Primary  
 
Need for 
neurosurgical 
intervention and 
mortally rates 
 
Secondary  
 
Anticoagulant and 
antiplatelet use 

Primary 
 
9% (n=30) of patients 
required neurosurgical 
intervention, and 8.7% 
(n=29) of patients died as 
a result of their injuries. 
All of these patients were 
classified as BIG 3 with 
the exception of 1 patient 
(0.3%) 
 
Secondary 
 
16.9% (n=56) of patients 
were taking aspirin. 6% 
(n=20) were taking 
clopidogrel. 6.9% (n=23)  

Internal Validity 
 
History: The patients 
PMH (i.e. HTN, DM, 
clotting disorders) were 
not addressed in this 
study. 
 
External Validity 
 
Replication: Limited to 
single site study 
 
Representativeness: 
Small sample size, 
particularly of patients 
taking pre-injury aspirin 
and anticoagulants 
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   classified using the original 
BIG criteria, then 
reclassified using the 
updated BIG guidelines for 
level III trauma centers 
 

 were taking warfarin. 3% 
(N=9) were taking other 
anticoagulants 

 

Nahmias 
et al., 
2018 

Prospective 
cohort study 

Sample  
 
Patients > 18 years 
old admitted to the 
hospital for trauma 
who met the 
inclusion criteria: 
GCS 14 to 15 with 
no focal neurologic 
deficits and a skull 
fracture; and small, 
nondiffuse 
SAH, IPH, SDH, 
and/or 
EDH > 4 mm 
(n=77) 
 
Setting  
 
University of 
California Irvine 
Medical Center 
 

Data was retrieved for 
patients seen in the trauma 
center form June 7, 2014 
through July 7, 2015 from 
online electronic database, 
including age, gender, 
mechanism 
of injury, GCS on 
admission, intoxication or 
illicit 
drug use on admission, 
aspirin use, initial systolic 
blood pressure and initial 
heart rate. A single trauma 
surgeon investigator 
reviewed all CT scans. 
Outpatient data was 
obtained from a 10-14 day 
follow up visit as well as a 
30-day follow up either in 
person or via phone.  

Primary 
 
Need for 
neurosurgical 
consultation and 
intervention 
 
Secondary 
 
Readmission rate 
and neurological 
morbidity and 
mortality rate 

Primary 
 
Zero patients required 
neurosurgical intervention 
(95% CI 0-4&) 
 
One patient (1.3%) 
required a neurosurgical 
consult  
 
Secondary 
 
2.7% of patients required 
readmissions for non-
neurologic reasons 
 
No patients experienced 
neurological morbidity  

Internal Validity 
 
History: The patients 
PMH (i.e. HTN, DM, 
clotting disorders) were 
not addressed in this 
study. 
 
External Validity 
 
Replication: Limited to 
single site study 
 
Representativeness: 
Small sample size 
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A majority of the studies used neurosurgical intervention as a primary or secondary 

outcome measure. Patients taking preinjury coumadin were found to require the highest 

percentage of neurosurgical intervention, comprising 38.4% in 1 study and 23.9% in another 

(Joseph et al., 2014b; Grandhi et al., 2015).  

Of patients taking AC/AP medication, those taking pre-injury low dose aspirin were at 

the lowest risk group for requiring neurosurgical interventions, 5.8% in 1 study, and 12.5% in 

two other studies (Joseph et al., 2014b; Grandhi et al., 2015; Joseph et al., 2014c).  

Many patients with TBI are transferred to Level I trauma centers regardless of clinical 

signs and symptoms for the sole purpose of having NSC available. Capron et al. (2017) found 

that the BIG classification can be used to discern which patients need to be transferred. Yun et al. 

(2017) identified patients’ taking preinjury warfarin and those with a subdural hematoma (SDH) 

>1 cm as the patients’ most likely to need admission to a Level I trauma center for NSC. Joseph 

et al. (2014) found that 424 NSCs could have been avoided using the BIG.  

The most controversial category proposed by Joseph et al. (2014) and Capron et al. 

(2017) in the BIG is BIG 2. One study (Joseph et al., 2014) found 2.6% of BIG 2 patients 

showed worsening on a repeated head CT, while another study (Capron et al., 2017) revealed one 

BIG 2 patient who required a lumbar peritoneal shunt, one BIG 2 patient who required 

readmission due to worsening symptoms, and seven patients who showed worsening on repeat 

imaging ultimately moving them into the BIG 3 category. The therapeutic plan for BIG 2 

patients requires hospitalization, but not a repeated head CT. Through assessment and careful 

monitoring for signs and symptoms of worsening neurological status are used to determine the 

necessity for additional imaging or other intervention.  
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Weaknesses 

The weaknesses in study design were similar across all studies. The role the patients past 

medical history played in the outcome of their TBI was not addressed in any of the studies. Most 

of the studies had a sample size of less than 450. All of the studies were conducted at just one or 

two facilities. One major weakness across all studies is that the use of preinjury antiplatelets and 

anticoagulants was based on the patient’s or family member statements. Dosage and compliance 

were not verified.  

Gaps  

Upon review of the literature, it is apparent that there is an evidentiary gap related to 

patients with TBI who take aspirin as their sole source of antiplatelet/anticoagulation preinjury 

and their subsequent need for NSC. There is currently insufficient research evidence to formulate 

practice guidelines for this subset of patients. To address this gap, studies should focus on 

determining if taking aspirin alone prior to suffering a mild TBI should be an independent reason 

to obtain a NSC as well as determining its relationship to subsequent NSI. The BIG guidelines 

are well developed, but there is room for refinement. This current study is designed as a 

retrospective analysis of patient with TBI at a Level I trauma center to determine if patients 

meeting BIG 1 criteria and are taking aspirin require a NSC/NSI. Looking more closely at the 

effects of aspirin on TBI may provide the needed evidence for the BIG to be redefined in order to 

further reduce the number of unnecessary NSCs and reduce overall hospital admission and/or 

length of stay. 
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METHODS 

Project Design 

This quality improvement (QI) project used a retrospective cohort analysis design. 

Retrospective studies offer researchers the opportunity to examine prior events in order to make 

recommendations for similar events that occur in the future (Polit & Beck, 2012). This study 

examined the acute management of prior TBI patients to help inform recommendations to update 

the BIG.  

Ethical Considerations 

Ethical considerations are extremely important for all research studies. This study 

provided respect for persons, beneficence, and justice.  

Respect for Persons 

Respect for persons embodies two ethical convictions: that individuals are to be treated as 

independent agents, and those with diminished independence are protected (USDHHS, 1979). 

As this study was a retrospective case study, there was no direct patient contact and all 

protected health information was removed.  

Beneficence  

Beneficence in research is intended to cause minimal harm to participants while 

providing substantial benefits for the future (Polit & Beck, 2012). The purpose of involving 

patients is studies in to produce advancement that might otherwise not be discovered (Polit & 

Beck, 2012). There was no direct patient contact involved in this study. There was risk to 

patients, and the results may positively impact future TBI patients and the healthcare system by 

reducing medical costs associated with avoidable transfers and unnecessary NSC.  
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Justice 

Justice includes the right to fair treatment and the right to privacy (Poit & Beck, 2012). 

As this study is retrospective, it did not affect the treatment of the patients included in the study. 

All protected health information was removed in order to protect each patient’s privacy.  

Setting 

This study took place at BDMC, a Level I trauma center in Mesa, AZ. This site was 

chosen due to its Level I trauma designation, its location, and size. 

Participants 

For this retrospective analysis, no patients, family members, or health care staff were 

contacted. Instead, a review of the electronic health records (EHR) at BDMC was conducted.  

Inclusion Criteria 

Inclusion criteria for this study are patients who: (a) were treated at BDMC between 

April 25, 2017 and April 25, 2019; (b) are 18 years of age or older; (c) have a diagnosis of 

diffuse or focal TBI (ICD 10 codes: S06.2 and S06.2); and, (d) have an ICH identified on the 

initial CT scan. These inclusion criteria were chosen because they mirror the population 

included in the development of the BIG (Joseph et al. 2014a). 

Exclusion Criteria 

Patients under the age of 18 and/or patients who did not have an identified ICH identified 

on the initial CT scan were excluded from the study. The BIG are intended for treatment of 

adults therefore children were excluded. Patients without an ICH do not meet the criteria for the 

BIG guidelines therefore, they were excluded. Patients with penetrating trauma such as gunshot 

wounds were also excluded as these guidelines are intended for closed head injuries.  
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Data Collection 

After obtaining Institutional Review Board (IRB) (Appendix A & B) and Banner Desert 

Medical Center (BDMC) site approvals (Appendix C & D), the trauma registry database was 

reviewed and EHRs were utilized to extract the relevant data. The EHR system at BDMC is 

Cerner (Cerner, nd). The following data was collected to calculate the BIG classification: LOC 

(yes or no), neurological examination (normal vs abnormal), intoxication (yes or no), CAMP 

(yes or no), skull fracture (yes or no), SDH (size), EDH (size), IPH (size and location), SAH 

(trace, localized, or scattered, IVH (yes or no). The treatment course was reviewed to determine 

if NSI (surgery, external ventricular drain placement, of micro sensor placement) was performed.  

Data Analysis 

Demographic data was analyzed using descriptive statistics and as appropriate, was 

expressed as means +/- SD or percentages. Specific Aim 1 identified the number and 

percentage of all TBI patients classified as BIG 3 based solely on taking ASA pre-injury (and 

who otherwise would be classified as BIG 1). For Specific Aim 2, we compared NSI in those 

taking ASA pre-injury as the sole criteria for being classified as BIG 3 vs. NSI in those not 

taking ASA pre-injury, data was expressed as means +/- SD or percentages. If the findings 

indicate that NSI between groups was not different, then refinement of the BIG may be 

supported.  

RESULTS 

The BDMC trauma registry provided a list of 255 TBI patients treated at BDMC 

between the time frame specified in this retrospective analysis, April 25, 2017 and April 25, 

2019. Of those 255 TBI patients, 48 were excluded for various reasons including age under 
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18, penetrating trauma, and brain bleeds believed to be caused by underlying pathology (i.e., 

tumor) rather than trauma. A total of 207 patients was included in the analysis, which is 

displayed in Table 3. We found that 30.9% of the patients included in this study were taking 

preinjury aspirin. 

TABLE 3. Overall patient characteristics. 

LOC 

Yes 99 
No 108 

Neurological Exam 

Normal 129 
Abnormal 78 

Intoxication 

Yes 31 
No 176 

Skull Fracture 

No  167 
Non-Displaced 32 
Displaced 8 

CAMP 

Coumadin 11 
Aspirin 64 
Plavix 16 
NOAC 12 
None 120 

SDH 

< 4mm  62 
5-7 mm  18 
>8 mm 26 

EDH 

< 4mm  1 
5-7 mm  1 
>8 mm 0 

IPH 

< 4 mm, 1 location  10 
3-7 mm, 2 locations  9 
> 8, multiple locations 17 

SAH 

Trace 94 
Localized 51 
Scattered 36 

IVH 

Yes 3 
No 204 
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TABLE 3 – Continued  

NSI   

Surgery 18 
EVD 2 
Micro sensor 3 
None 186 

In order to address the specific aims, these data (Table 3) were used to classify patients 

into 1 of 4 categories: BIG 1, BIG 1 and taking aspirin, BIG 2, and BIG 3. The first Specific 

Aim was to identify the percentage of all TBI patients who were classified as BIG 3 based solely 

on taking pre-injury ASA and who would otherwise met BIG 1 criterion. These data are 

summarized in Table 4. We show that 16 patients could be classified as a group “BIG 1 and 

aspirin” rather than BIG 3. More importantly, and similar to the BIG 1 group, none of the 

patients in the BIG 1 and aspirin category required a NSI. The group requiring the largest 

number of NSI was BIG 3, in which 17.1% underwent NSI (Table 4). The only other group that 

underwent NSI was BIG 2, in which just 2.2% of patients necessitated NSI. Patients classified as 

BIG 1 and BIG 1 and aspirin did not undergo any NSI. These outcomes are summarized in Table 

4. 

TABLE 4. Classifications and NSI. 

BIG 1 BIG 1 and aspirin BIG 2 BIG 3 

Total # of patients  29 16 45 117 

Number of patients requiring NSI 0 0 1 20 

Percentage of patients requiring NSI 0 0 2.2 17.1 

To describe these groups further, the age range among the two groups focused on in 

this study are displayed in Table 5. Patients in the BIG 1 category ranged in age from 27 to 

96, with a median age of 70 and mean age of 64.58 (SD 19.3). The patients in the BIG 1 and 

ASA category had a smaller age range of 59 to 90, and an older median age of 79.5 and mean 
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age of 78.63 (SD 8.37). While the mean age was higher in the BIG 1 + Aspirin group (p = 

0.008, t-test), NSI remained the same as BIG 1. 

TABLE 5. Age range. 

BIG 1 BIG 1 + Aspirin 

Age Range 27-96 58-90 

Median Age 70 79.5 

Mean Age 64.58 78.63 

SD 19.30 8.37 

While performing the data collection, we noticed that five of the 16 patients (31.25%) 

who were classified as BIG 1 and taking aspirin were brought directly to BDMC (Table 6). The 

remaining 11 patients (68.75%) who were classified as BIG 1 and taking aspirin were transferred 

from outside facilities including Banner Ironwood, Banner Baywood, Banner Gateway, and 

Banner Payson. The results for the patients classified as BIG 1 was similar with 13 of the 29 

patients (44.83%) being brought directly to BDMC and the remaining 16 patients (55.17%) 

being transferred from other facilities.  

TABLE 6. Mode of arrival to BDMC for BIG 1 and BIG 1 and aspirin. 

Arrival method BIG 1 +ASA BIG 1 Total  

Private Vehicle 1 (6.25%) 5 (17.24%) 6 (13.33%) 
Brought in by ambulance 4 (25%) 8 (27.59%) 12 (26.67%) 

Transferred from Baywood 7 (43.75%) 6 (20.69%) 13 (26.67%) 
Transferred from Gateway 2 (12.5%) 3 (10.34%) 5 (11.11%) 
Transferred from Payson 1 (6.25%) 2 (6.9%) 3 (6.67%) 

Transferred from Ironwood 1 (6.25%) 0 1 (2.22%) 
Transferred from Goldfield 0 3 (10.34%) 3 (6.67%) 

Transferred from Case Grande 0 2 (6.9%) 2 (4.44%) 

DISCUSSION 

The most significant finding of this project is that the incidence of NSI for TBI in BIG 

1 and BIG 1 and taking aspirin patients did not differ. No patients in either group underwent 
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NSI. According to the current BIG guidelines, BIG 1 patients are admitted for six hours and 

then discharged if they do not have worsening symptoms or require admission to the hospital 

for health reasons unrelated to their TBI (i.e., syncope or seizure). In this retrospective 

analysis, those patients meeting BIG 1 criteria and taking aspirin were classified as BIG 3 and 

thus, the they were admitted to the hospital, and most received a NSC. For this project, we 

separately analyzed those classified as BIG 1 and those who were classified as BIG 3 based 

solely on their taking ASA. This is an important finding because these data are a first indication 

that BIG classification may be changed with no significant outcome to patients but with 

improved hospital efficiencies and use of scarce resources (neuro consult) while decreasing 

costs.  

Previous studies confirm our findings that the rate of NSI is low for TBI patients taking 

aspirin, particularly low dose aspirin. One study compared the rate of NSI on patients taking low 

dose aspirin (81mg) to the rate of NSI on patients taking high dose aspirin (325mg) (Joseph et 

al., 2014b). They found that patients taking low dose aspirin underwent NSI less frequently 

(5.8%) than those taking high dose aspirin (22.8%) (Joseph et al., 2014b). This study focused on 

platelet count and therefore did not classify patients according to the BIG. This lack of 

classification likely explains the higher occurrence of NSI in the Joseph et al (2014b) study 

compared to the current study as size and location of the brain bleeds were not taken into 

account. It is possible to learn more from these data through a secondary analysis designed, 

similar to the current study, to examine NSI outcomes among patients classified as BIG 1, with 

and without aspirin.  
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Grandhi et al, 2015 examined the rate of NSI among patients taking coumadin and 

antiplatelet agents with a closed head TBI. They found that the rate of NSI amongst patients 

taking coumadin (23.4%) was almost twice as high as those takin aspirin only (12.5%) (Grandhi 

et al., 2015). Moreover, the rate of NSI in patients taking no antiplatelets or anticoagulants was 

12.4% and almost equal to the rate of NSI in patients taking aspirin only (Grandhi et al., 2015). 

However, patients were not classified using the BIG in this study and a direct comparison may 

not be made.  

While both of the above-mentioned studies found a lower incidence amongst TBI patients 

on lower dose ASA in relation to high dose aspirin or anticoagulation, these studies are not 

comparable to this study due to lack of BIG classification. These studies looked at all cases of 

patients taking aspirin rather than separating them by BIG classification. The patients taking 

aspirin who underwent NSI may have had a SDH >8 mm, or an EDH >8, or an IVH. All of these 

patients would have been classified as BIG 3; therefore, they would not have been included in 

the BIG 1 and taking aspirin group in this current study. This is a likely explanation for the 

differences in NSI among patients taking ASA in the previous studies in which there were small 

percentages who underwent NSI and the current study in which no BIG 1 or BIG 1 and Aspirin 

patients required NSI.  

This project shows that patients taking aspirin with a minor TBI did not require NSI. 

Performing further studies focusing on classifying TBI patients according to the BIG and 

comparing the incidence of NSI between each group and their preinjury use of 

antiplatelets/anticoagulants is necessary to validate this current preliminary study and to provide 

evidence to support BIG modification. 
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When comparing the mean age of patients between this study and the original BIG study, 

we noted that there is much lower mean age in the original BIG study (Joseph et al., 2014a). The 

original BIG study included TBI patients of all ages, while this current study only included TBI 

patients 18 years and older. Another pertinent finding is that the percentage of patients taking 

aspirin in this study (30.9%) is twice as high as the percentage of patients taking aspirin in the 

original BIG study (15%) (Joseph et al., 2014a). These discoveries of older patients with a higher 

percentage of aspirin use lends support to the significance of the findings in this study. The older 

mean age and higher rate of aspirin use amongst this study population did not lead to a higher 

occurrence of NSI.  

Perhaps the most interesting unintended finding of this study is the amount of transfers 

of BIG 1 patient taking aspirin from other healthcare facilities. Among the 16 BIG 1 and 

aspirin patients identified in this project, 68.75% of them were transferred and none of them 

necessitated NSI. The cost of these hospital transfers is unknown. A study on neurosurgical 

hospital transfers based in Alabama found it cost an estimated $1.46 million to transport patients 

by ambulance to a tertiary care facility from other hospitals over a two-year period (Kuhn, 

Warmus, Davis, Oster, & Guthrie, 2019). This area should be explored on a wider scale to 

identify the opportunity to reduce healthcare costs related to unnecessary hospital transfers.  

Study Strengths 

The aims of this study were to identify the percentage of TBI patients who were 

classified as BIG 3 based solely on taking pre-injury ASA and who otherwise met BIG 1 criteria 

and compare the incidence of NSI among the two groups. A robust trauma database was used to 

address both of the study aims and found there was no NSI in either group. A single investigator 
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personally reviewing CT films (when available), radiology reports, trauma surgeon 

interpretations, and neurosurgeons’ interpretations did interpretation of CT results. This study 

was modeled after the BIG (brain injury guidelines) project which is the gold standard for 

classification (Joseph et al., 2014a). This study is the first to extend the findings of the original 

BIG project so that important issues (appropriate use of resources) can be examined (Joseph et 

al., 2014a). 

Study Limitations 

This study has several limitations including those inherent with its retrospective 

design. There is a relatively small sample size of 207 patients, particularly when compared to 

the original study, which included over 1,200 patients over at three-year period. This is a 

single site study, and med compliance is not verified. The need for NSI was determined by the 

neurosurgeon on call, thus the treatment plan was dependent on each individual 

neurosurgeons’ assessment and plan. Long-term outcomes were not assessed in this study.  

Relation to Project Framework and Dissemination of Findings 

This project adds to knowledge base for the first phase of the Dissemination and Use of 

Research Evidence for Policy and Practice model (Figure 1). The results of this study along with 

the existing research can be used during the persuasion and decision phases of the framework. 

Two studies reviewed in the synthesis of evidence also used NSI as outcome measures for TBI 

patients taking antiplatelet and/or anticoagulant medications. Both studies found patients taking 

aspirin underwent NSI less than those taking plavix or anticoagulant medications.  

The results of this quality improvement project will be shared with key stakeholders at 

BDMC including the trauma program manager and the research and evidence-based practice 
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committee. This project will be presented at the next Nursing Research and EBP Committee 

meeting on January 13, 2020.  

Future Implications for Practice 

Future implications of this study lead to the need for additional studies, which focus on 

the ability to decrease the consumption of resources including the number of NSCs (nurse 

practitioner and neurosurgeon workload), hospital length of stay, cost, appropriate level of 

care & unnecessary transfers. Future studies may include multi-site studies, prospective 

studies, and studies on necessity of transferring patients who are BIG 1 and taking aspirin. A 

secondary analysis of the initial BIG study with data verification on de-identified data, which 

focuses on the rate of NSI for patients who are classified as BIG 1 and taking aspirin may 

reveal evidence to support the modification of the BIG.  

With none of the patients in either category requiring NSI, it is recommended that 

further retrospective and prospective studies be performed to validate the findings of the 

current study prior to altering the BIG to the modified brain injury guidelines (Table 7). Such 

modification would be that patients who are taking aspirin and meet all of the other criteria of 

BIG 1 are classified as BIG 1 rather than BIG 3.  
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TABLE 7. Modified brain injury guidelines and therapeutic plan.  

Modified Brain Injury Guidelines 

Variables BIG 1 BIG 2 BIG 3 

LOC Yes/No Yes/No Yes/No 
Neurological examination Normal Normal Abnormal 

Intoxication No No/Yes No/Yes 
CAMP No/Aspirin only No Yes 

Skull Fracture No Non-displaced Displaced 
SDH < 4 mm 5-7 mm > 8 
EDH < 4 mm 5-7 mm > 8 
IPH < 4 mm, 1 location 3-7 mm, 2 locations > 8, multiple locations 
SAH Trace Localized Scattered 
IVH No No Yes 

THERAPEUTIC PLAN 

Hospitalization No  
Observation (6 hours) 

Yes Yes 

RHCT No No Yes 
NSC No No Yes 

CAMP, coumadin, aspirin, plavix; EDH, epidural hemorrhage; IPH, intraparenchymal hemorrhage; IVH, intraventricular 
hemorrhage; LOC, loss of consciousness; NSC, neurosurgical consult; RHCT repeat head computed tomography; SDH, subdural 
hemorrhage; SAH, subarachnoid hemorrhage. 

Conclusion 

The occurrence of TBI is on the rise and well-defined guidelines on the initial 

management are needed in order provide safe, quality, affordable care. The BIG are easy to 

implement and provide healthcare systems a simple reference to care for TBI patients while 

optimizing resources. This project explored whether those patients currently classified as BIG 

3 based solely on taking aspirin and who receive neurosurgical consults actually require 

neurosurgical intervention. The results of this project provide novel data indicating that in a 

small sample, patients who meet BIG 1 criteria (small TBI) and take aspirin did not require 

NSI. These data support the need for future studies and if validated, modification of BIG. 

Validating the findings of this study with additional studies is needed to provide a large 

evidence base prior to widespread implementation. 
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