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Background: Traumatic brain injury (TBI) with intracranial hemorrhage management results in clinical practice variability, complexity, 
and/or limitations in acute care surgical and radiological workflow, which can prompt neurosurgical consultation, even when unnec-
essary. To facilitate an interdisciplinary practice for minimal-risk TBI, our objective was to create and sustain a neurotrauma protocol 
change that we hypothesized would not result in outcome differences. 
Methods: A retrospective pre-post cohort study was conducted over an 8-month period to evaluate the protocol change toward trau-
ma team management of TBI with isolated pneumocephalus and/or subarachnoid hemorrhage (SAH) given a normal neurologic exam 
(i.e., minimal-risk TBI) without neurosurgery consultation. Demographics of age and Glasgow coma scale (GCS) were collected and ex-
pressed in means. Target outcomes consisted of protocol compliance, management compliance (e.g., nursing neurologic checks, 
thromboembolism prophylaxis, seizure prophylaxis, speech-cognitive testing, follow-up), neurological worsening, increasing therapeu-
tic intensity levels, and TBI-related 30-day readmission. 
Results: Of the 49 patients included, 21 were in the pre-group (age, 54.19 years; GCS, 15) and 28 were in the post-group (age, 52.25 
years; GCS, 15). There was 5% and 36% non-compliance with pre- and post-protocol practices in terms of neurosurgery consultation 
rates. In both pre- and post-periods, management compliance was similar, and none of the TBI patients experienced a worsening neu-
rologic exam, increased therapeutic intensity level, or re-admission. 
Conclusion: Minimal TBI-risk protocol compliance was weaker after the practice change although management compliance and out-
comes remained unchanged. This work supports that minimal-risk TBI patients with SAH and normal neurologic exams can be safely 
managed by trauma teams without neurosurgery consultation. 
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INTRODUCTION 

Management of severe brain injuries can require invasive neuro-
surgical intervention, such as intracranial monitoring, surgical re-
moval of skull fragments for relief of cerebral edema, or surgical 
evacuation of intracranial hemorrhage. Minimal-risk traumatic 
brain injuries (TBIs), on the contrary, can be managed almost ex-
clusively without surgical or invasive interventions [1] and such 
consults may be medically unnecessary [1,2]. Minimal-risk TBI 
can be defined as an injury of blunt mechanism with Glasgow 
coma scale (GCS) 15, no baseline use of anticoagulants/antiplate-
lets, no witnessed seizures, and admission head computed tomog-
raphy (CT) radiographic pattern including either isolated pneu-
mocephalus without displaced skull fracture and/or subarachnoid 
hemorrhage without displaced skull fracture. Further, it has been 
noted that neurosurgical consultation for management of these 
minimal-risk TBIs can overburden neurosurgery providers [1,2]. 

In one practice environment, brain injury guidelines were creat-
ed and categorized TBI into three tiers based on a variety of inju-
ry-related radiographic and clinical factors. These three tiers of 
TBI were then associated with treatment plans [3]. This work 
supported that minimal-risk TBIs can be safely and effectively 
managed without the consultation of a neurosurgery service [3], 
and has the potential to reduce cost [4]. Variability in complexity 
and/or limitations in acute care surgical and radiological work-
flow can lead to neurosurgical consultation, even when clinically 
unnecessary based on existing evidence. 

To facilitate a first step toward modifying interdisciplinary neu-
rotrauma practice, our objective was to create and sustain a quality 
improvement protocol change for minimal-risk TBI management. 
We hypothesized the protocol change in practice towards exclu-
sive trauma team leadership of minimal-risk TBI (i.e., no neuro-
surgery consultation) would not result in outcome differences 
with respect to protocol compliance, management compliance 
(e.g., nursing neurologic checks, thromboembolism prophylaxis, 
seizure prophylaxis, speech-cognitive testing, follow-up), neuro-
logical worsening, increasing therapeutic intensity levels, and 
TBI-related 30-day readmission. 

METHODS 

A retrospective pre-post cohort study was conducted over an 
8-month period to evaluate the protocol change toward trauma 
team leadership (without neurosurgery consultation) of adult 
blunt mechanism TBI patients fitting the criteria of minimal-risk 
TBI. The quality improvement protocol applied to individuals 
meeting the aforementioned inclusion criteria for minimal-risk 

TBI. For these patients, neurosurgery consultation was not indi-
cated. These patients received neurological checks every 4 hours, 
a speech therapy consult was placed for in-depth cognitive evalua-
tion, deep-venous thrombosis (DVT) prophylaxis was held ac-
cording to established institutional practice [5], and levetiracetam 
was ordered for post-TBI seizure prophylaxis per existing institu-
tional protocol [6]. The admission head CT radiographic pattern 
was either isolated pneumocephalus without displaced skull frac-
ture and/or subarachnoid hemorrhage without displaced skull 
fracture. Data sources included the electronic medical record, the 
trauma registry, daily trauma census, and radiology images. 

All other neurotrauma injury patterns on admission head CT 
were excluded (e.g., subdural hemorrhage, epidural hemorrhage, 
intraparenchymal hemorrhage or contusion, intraventricular 
hemorrhage, depressed skull fracture). Our quality improvement 
change also excluded patients with observed injury-related sei-
zures or those on anticoagulants and/or antiplatelet agents (see 
Fig. 1 for eligibility criteria). This conservative focus on mini-
mal-risk TBI patients served as an acceptable institutional strategy 
across the disciplines of emergency medicine, radiology, trauma 
surgery, nursing, and neurosurgery.  

Our aforementioned eligibility criteria and protocol change (i.e., 
no neurosurgery consultation for those eligible) were incorporat-
ed into a management guideline (Fig. 1). The document was then 
disseminated electronically to all emergency department faculty 
and residents; trauma faculty, fellows, and residents; trauma ad-
vanced practice providers; multidisciplinary trauma performance 
improvement team members (including radiology); and neuro-
surgery faculty and residents. 

Demographics of age, sex, and GCS were collected and expressed 
in medians. The mechanism of injury and initial head CT findings 
(brain injury type) were noted for each patient as well as the status 
of neurosurgical consultation (i.e., presence or absence). Our out-
comes consisted of protocol compliance, management compliance 
(e.g., nursing neurologic checks, thromboembolism prophylaxis, 
seizure prophylaxis, speech-cognitive testing, follow-up), neurologi-
cal worsening (as defined by decline in GCS of 1 or more points 
that is unexplained by alternative cause), increasing therapeutic in-
tensity levels, and TBI-related 30-day readmission. 

TBI management compliance was defined using five elements 
that were captured and identically relevant in the pre- and post- 
implementation periods. Orders were assessed for pharmacologic 
DVT prophylaxis being held for 72 hours following the time of 
admission for TBI [5]. Similarly, orders were reviewed for institu-
tional seizure prophylaxis protocol compliance [6]. Formal cogni-
tive evaluation by speech therapy and frequency of neurologic ex-
ams were also captured. Neurological exam orders placed outside 
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of 2 hours from admission orders were considered compliance 
failure. Lastly, trauma clinic follow-up orders were assessed for 
compliance. Table 1 highlights the timing thresholds for each 
management compliance metric. Results are presented using de-
scriptive statistics (n, %) for pre- and post-periods. Comparisons 
between groups were conducted using independent samples 
t-tests, chi-square, or Fisher’s exact tests. IBM SPSS ver. 25 (IBM 
Corp., Armonk, NY, USA) was used to conduct statistical analy-
ses with alpha set to 0.05. 

RESULTS 

Of the 49 patients included in this retrospective study, 21 were in 
the pre-intervention group and 28 were in the post-intervention 
group. Demographic information including age, biologic sex, ad-
mission GCS, mechanism of injury, and TBI type for each group 

is shown in Table 2. Subarachnoid hemorrhage without presence 
of skull fracture on admission head CT was the most common 
minimal-risk TBI type in both groups; pre-protocol (n = 16, 
76.2%) and post-protocol (n = 25, 89.3%). 

Of the patients in the pre-protocol group, 20 (95.2%) had neu-
rosurgery consults placed for TBI management. One patient (5%) 
in the pre-protocol group had a neurosurgery consult placed for 
spinal injuries. For this patient, separate recommendations for 
TBI management were not included in the neurosurgery notes 
(i.e., protocol non-compliance). Ten patients (35.7%) in the 
post-protocol group inappropriately received a neurosurgery con-
sult for TBI management (i.e., protocol non-compliance). In both 
pre- and post-implementation periods, management compliance 
was similar (Table 3), and none of the TBI patients experienced a 
worsening neurologic exam, increased therapeutic intensity level, 
or re-admission for complaint related to TBI within thirty days of 

Minimal-risk traumatic brain injury pathway
for adult ED patients being admitted to trauma service

Positive head CT

Traumatic SAH present 
with/without non-displaced  

skull fracture

Isolated pneumocephalus  
with/without non-displaced  

skull fracture

Any decline in neurologic exam
Unexplained GCS decline 

New focal neurologic sign or seizure
Abnormal pupillary exam

New delirium
New agitation

Concerns and/or other 
findings

(e.g., IPH, EDH, SDH, non-
traumatic bleed, displaced skull 
fracture, ED attending request)

Neurosurgery consultation

New/progressive CT findings

STAT head CT

YesNo

Blunt trauma GCS = 15 without seizures at trauma consultation for admission

Pre-injury anticoagulants or antiplatelet agents?

Q2h neurological checks  
for 24-hr post-injury

Surgery Ok 12-hr post-injury 
Speech-cognition consult

Post-TBI seizure/DVT protocols

Q4h neurological checks  
for 24-hr post-injury

Surgery Ok 12-hr post-injury 
Speech-cognition consult

Post-TBI seizure/DVT protocols

Fig. 1. Minimal-risk traumatic brain injury without neurosurgery. ED, emergency department; CT, computed tomography; GCS, Glasgow 
coma scale; SAH, subarachnoid hemorrhage; IPH, intraparenchymal hemorrhage; EDH, epidural hemorrhage; SDH, subdural hemorrhage; 
Q4h, every 4 hours; Surgery OK 12 hr post-injury, surgery authorized on/after 12 hours post-injury; Q2h, every 2 hours; TBI, traumatic brain 
injury; DVT, deep-venous thrombosis.
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discharge. 

DISCUSSION 

Although our minimal-risk TBI protocol compliance was weaker 
after the practice change (i.e., at times, older practices continued), 
our management compliance and outcomes remained un-
changed, thus supporting existing literature that minimal-risk TBI 
patients with subarachnoid hemorrhage and normal neurologic 
exams can be safely managed by trauma team leadership without 
neurosurgery consultation. When evaluating patient outcomes, 
none of the patients in either group meeting mild TBI criteria ex-
perienced a worsening neurologic exam that required repeat im-
aging, invasive measures, or escalation of care during hospitaliza-

tion. There was no change in 30-day readmissions related to TBI. 
These results also support that a minimal-risk TBI patient can be 
safely and effectively managed without a neurosurgery consulta-
tion based on existing practice management guidelines [1,3]. 

One limitation of this minimum-risk TBI study is the sample 
size. Ideally, one future direction for this protocol change is to 
grow the target population to encompass more patients meeting 
the generalized mild TBI definition, as outlined in existing studies 
[1,7-9]. Another noted limitation is its retrospective nature. This 
could be potentially limiting due to reliance on the unstructured 
text documentation, and potential inability to note pertinent or 
confounding variables due to lack of documentation. In addition, 
the minimal-risk TBI population was a smaller, more conservative 
target population that may have limited our observations of ad-

Table 1. Minimal-risk TBI management domains

Order Order entry timing
Neurologic evaluation checks at appropriate time intervals Within 2 hours of admission
TBI seizure prophylactic guidelines Within 1 hour of admission
Withholding DVT prophylaxis Held for 72 hours following time of injury
Cognitive evaluation During hospitalization
Follow-up request for trauma clinic By time of discharge

A retrospective pre-post cohort study was conducted over an 8-month period to evaluate the protocol change toward trauma team management 
of TBI with isolated pneumocephalus and/or subarachnoid hemorrhage given a normal neurologic exam (i.e., minimal-risk TBI) without neurosurgery 
consultation.
TBI, traumatic brain injury; DVT, deep-venous thrombosis.

Table 2. Patient demographics of minimal-risk TBI

Variable Pre-protocol implementation (n=21) Post-protocol implementation (n=28)
Age (yr) 54.19±20.28 52.25±20.54
Male (%) 52.38 57.14
GCS 15 (%) 100 100
Mechanism of injury
 MVCa) 4 (19.0) 14 (50.0)
 Assault 2 (9.5) 0
 Fall (ground level) 7 (33.3) 5 (17.9)
 Fall (from height) 2 (9.5) 4 (14.3)
 Other blunt mechanism 6 (28.6) 5 (17.9)
AC/AP 0 0
TBI type
 SAH with non-displaced skull fracture 1 (4.8) 1 (3.6)
 SAH without skull fracture 16 (76.2) 25 (89.3)
 Pneumocephalus with non-displaced skull fracture 2 (9.5) 0
 Pneumocephalus without skull fracture 2 (9.5) 2 (7.1)

Values are presented as mean±standard deviation or number (%). A retrospective pre-post cohort study was conducted over an 8-month period to 
evaluate the protocol change toward trauma team management of TBI with isolated pneumocephalus and/or SAH given a normal neurologic exam (i.e., 
minimal-risk TBI) without neurosurgery consultation.
TBI, traumatic brain injury; GCS, Glasgow coma scale; MVC, motor vehicle collision; AC/AP, anti-coagulant/anti-platelet use; SAH, subarachnoid 
hemorrhage.
a)Significant difference at α=0.05.
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verse events. However, given priorities of patient safety, optimal 
implementation, and quality improvement, this approach of as-
sessing minimal TBI patients was a strategically safe and appropri-
ate first step. We noted an additional limitation where 35.7% of 
patients in the post-protocol group had inappropriate Neurosur-
gery consultations, and we believe this can be explained by the 
general challenge with implementing quality improvement 
change guidelines as providers tend to revert to historical practice. 
Another limitation is the reliance on different radiologists’ inter-
pretations of head CT findings. Additionally, results may not nec-
essarily be generalizable as this study was executed at a single aca-
demic medical institution, but we crafted our minimal-risk TBI 
protocol to be broadly applicable without a neuroradiologist, for 
example, clinical safety was prioritized over rigorous subarachnoid 
hemorrhage classification to facilitate execution in other institu-
tions where this expertise is not available. 

Strengths of this study include the analysis of objective mea-
sures such as order entry which can easily be evaluated in chart re-
view. Standardized chart review processes also strengthened the 
data collection process of this study. However, there is general op-
portunity for improvement in each of the TBI-related manage-
ment orders based on existing protocols and practices at our insti-
tution. A potential method for improvement could include an 
electronic order set within the medical record that would trigger 
providers to enter the target TBI-management orders. By devel-

Table 3. Minimal-risk compliance with TBI management

Outcome
Pre-protocol  

(compliant, consult of 
neurosurgery)

Pre-protocol  
(non-compliant)

Post-protocol  
(non-compliant)

Post-protocol  
(compliant, no consult 

of neurosurgery)
P-valuea)

SAH 16 1 10 16 0.307
 Neurocheck complete 7 (43.8) 0 6 (60.0) 11 (68.8)
 Neurocheck incomplete 0 0 1 (10.0) 0
 Not ordered 9 (56.2) 1 (100.0) 3 (30.0) 5 (31.2)
Pneumocephalus 4 0 0 2 0.472
 Neurocheck complete 1 (25) - - 1 (50)
 Neurocheck incomplete 2 (50) - - 0
 Not ordered 1 (25) - - 1 (50)
Cognitive evaluation 17 (85) 0 10 (100) 16 (88.9) 0.033
DVT prophylaxis held for 72 hours post-TBI 13 (65.0) 0 7 (70.0) 14 (77.8) 0.385
Seizure prophylaxis 16 (100.0) 1 (100.0) 9 (90.0) 15 (83.3) 0.876
Follow-up clinic order 16 (100.0) 1 (100.0) 8 (80.0) 17 (94.4) 0.555

Values are presented as number (%). A retrospective pre-post cohort study was conducted over an 8-month period to evaluate the protocol change toward 
trauma team management of TBI with isolated pneumocephalus and/or SAH given a normal neurologic exam (i.e., minimal-risk TBI) without neurosurgery 
consultation.
TBI, traumatic brain injury; SAH, subarachnoid hemorrhage; Neurocheck complete, assesses the accuracy with which neurologic checks were ordered, 
such that neurological exam orders placed outside of 2 hours from admission orders were considered compliance completions; Neurocheck incomplete, 
assesses the accuracy with which neurologic checks were ordered, such that neurological exam orders placed outside of 2 hours from admission orders 
were considered compliance failures; DVT, deep-venous thrombosis.
a)Significant difference at α=0.05.

oping a minimal-risk TBI order set, the template could then be 
copied into the consult notes of TBI patients, and therefore would 
prompt providers to order elements of the minimal TBI manage-
ment pathway more consistently. 

This study supports existing evidence that patients who present 
neurologically intact with low-risk, blunt mechanism TBIs with 
intracranial hemorrhage can be safely managed by a mature trau-
ma team without the need for neurosurgical consultation. Al-
though this was a retrospective cohort study on a subgroup of a 
mild TBI population, the results are encouraging for this protocol 
to be further expanded in a more generalizable mild TBI popula-
tion. In summary, the implementation of a new protocol to man-
age minimal TBI patients without neurosurgical consultation 
yielded no significant negative patient outcomes and supports the 
claim that minimal-risk TBI patients managed with the applica-
tion of this protocol are done so in a way comparable to a prior era 
with neurosurgical consultation. 
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