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Abstract

Objectives—Emergency department (ED) management of mild traumatic brain injury (TBI)
patients with any form of traumatic intracranial hemorrhage (ICH) is variable. Since 2000, our
center’s standard practice has been to obtain a repeat head computed tomography (CT) at least 6
hours after initial imaging. Patients are eligible for discharge if clinical and CT findings are stable.
Whether this practice is safe is unknown. This study characterized clinical outcomes in mild TBI
patients with acute traumatic ICH seen on initial ED neuroimaging.

Methods—This retrospective cohort study included patients presenting to the ED with blunt mild
TBI with Glasgow Coma Scale (GCS) scores of 14 or 15 and stable vital signs, during the period
from January 2001 to January 2010. Patients with any ICH on initial head CT and repeat head CT
within 24 hours were eligible. Cases were excluded for initial GCS < 14, injury > 24 hours old,
pregnancy, concomitant nonminor injuries, and coagulopathy. A single investigator abstracted
data from records using a standardized case report form and data dictionary. Primary endpoints
included death, neurosurgical procedures, and for discharged patients, return to the ED within 7
days. Differences in proportions were computed with 95% confidence intervals (ClIs).

Results—Of 1,011 patients who presented to the ED and had two head CTs within 24 hours, 323
(32%) met inclusion criteria. The median time between CT scans was 6 hours (interquartile range
=510 7 hours). A total of 153 (47%) patients had subarachnoid hemorrhage, 132 (41%) patients
had subdural hemorrhage, 11 (3%) patients had epidural hemorrhage, 78 (24%) patients had
cerebral contusions, and 59 (18%) patients had intraparenchymal hemorrhage. Four of 323 (1.2%,
95% CI = 0.3% to 3.2%) patients died within 2 weeks of injury. Three of the patients who died
had been admitted from the ED on their initial visits, and one had been discharged home. There
were 206 patients (64%) discharged from the ED, 28 (13.6%) of whom returned to the ED within
1 week. Of the 92 who were hospitalized, three (0.9%, 95% CI = 0.2% to 2.7%) required
neurosurgical intervention.
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Conclusion—Discharge after a repeat head CT and brief period of observation in the ED
allowed early discharge of a cohort of mild TBI patients with traumatic ICH without delayed
adverse outcomes. Whether this justifies the cost and radiation exposure involved with this pattern
of practice requires further study.

Every year, 1.5 million people suffer traumatic brain injury (TBI) in the United States,! with
approximately 10% of these demonstrating positive findings (intracranial hemorrhage
[ICH]) on computed tomography (CT).2 The emergency department (ED) provides
evaluation and treatment in almost 80% of these cases.3 Most TBI is in the mild category,
defined as a Glasgow Coma Scale (GCS) score of 13 or greater.* Mortality and
neurosurgical intervention are infrequent in mild TBI, regardless of cranial CT findings (0.1
and 0.9%, respectively).> Current disposition decisions for patients with mild TBI are
broadly guided by neurologic examination and, increasingly, head CT results. ED discharge
of a mild TBI patient with a GCS score of 14 or 15 and a normal head CT, particularly when
there is no predisposition to bleeding, is a generally accepted practice.36:” While mortality
and neurosurgical intervention are infrequent in mild TBI without ICH on CT, the risk
presumably increases if the initial CT scan reveals ICH of any type. To our knowledge, there
are no national guidelines regarding management of patients with GCS scores of 14 or 15
with positive head CT findings. Current American College of Emergency Physicians clinical
policy does not address patients with mild TBI and ICH on CT.8

The potential for poor or unexpected outcomes leads most institutions to admit any patient
with traumatic ICH to the hospital for close monitoring,? even if they otherwise fall within
the mild TBI severity category. Beyond this, prognostic uncertainty leads to wide variation
in management with respect to periods of observation, disposition, and intensity of repeat
assessments, including need for repeat head CT scanning. For example, the Scandinavian
Neurosurgical Society recommends that mild TBI patients with traumatic subarachnoid
hemorrhage be observed for at least 12 hours.3 Some institutions observe patients for 24
hours after initial injury, while others have suggested that this might not be necessary.3
Being able to determine which mild TBI patients with traumatic ICH will not require
intervention could help identify patients who may be safely discharged home directly from
the ED and potentially guide the intensity of observation and repeat imaging.

Sifri et al.10 showed that nearly one in 10 patients thought to have minor head injuries may
have positive findings on head CT. Less than 1% of these require neurosurgical
intervention,11 and the outcomes after disposition for patients with mild TBI and traumatic
ICH are largely unknown.2 A meta-analysis by Wang et al.13 suggested a wide range of
patients, between 8 and 67%, with mild TBI and traumatic ICH demonstrate radiologic
progression on repeat head CT.

In 2000, our Level | trauma center adopted the practice of reevaluating and reimaging
patients with mild TBI and traumatic ICH on initial head CT at least 6 hours after initial
imaging, with ED discharge if both clinical and CT findings were stable. In actual practice,
repeat scans ranged from 1 hour (required due to motion artifact) to 23 hours apart, with a
median interval time between imaging of 6 hours. The safety of this approach in the
management of ED mild TBI patients with traumatic ICH has not been rigorously studied.
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The purpose of this study was to characterize outcomes in mild TBI patients with acute
traumatic ICH seen on initial neuroimaging.

METHODS
Study Design

This was a retrospective cohort study and was approved by the institutional review board.

Study Setting and Population

The University of Cincinnati Medical Center is an urban, academic medical center that
serves as the region’s only Level | trauma center and is a quaternary care referral center
offering trauma and neurosurgery services with separate dedicated surgical and
neurosurgical intensive care units. The ED provides patient care for approximately 90,000
encounters annually and had the capability to place patients in ED observation throughout
the study period. Patients presenting to the ED between January 2001 and December 2010
were identified for inclusion. A neurosurgery consultation was generated for all patients who
were found to have ICH of any type.

Study Protocol

During the study period, our institution had neither standard discharge instructions for
patients nor established patterns of follow-up for post-mild TBI symptoms, and discharge
instructions were communicated according to each practitioner’s practice pattern. Patients
were seen in follow-up at the discretion of the attending neurosurgeon evaluating the patient.
While the Centers for Disease Control and Prevention has national guidelines
recommending that a patient who sustains a head injury should not return to sports until seen
by a primary care physician,* there are no formal national guidelines dictating outpatient
management postinjury, such as optimal blood pressure control in hypertensive patients,
time frame for avoidance of anti-coagulation, or the timing of prophylactic antiepileptic use
in patients with mild TBI who are found to have traumatic ICH on head CT.

Potential study subjects were identified from the cohort of all patients who underwent two
head CTs in the ED within a 24-hour period between 2001 and 2010. A single data
abstractor (NK) reviewed each identified case using explicitly defined inclusion and
exclusion criteria. The CT scanner used during the study period, a third-generation eight-
slice GE CT scanner, did not change.

Patients were included if they suffered blunt head injury, presented within 24 hours of injury
with a GCS of 14 or 15, had evidence of traumatic ICH on initial head CT, and had a second
head CT performed within 24 hours in the ED. Traumatic ICH was defined as epidural
hemorrhage, subdural hemorrhage, traumatic subarachnoid hemorrhage, cerebral contusion,
cerebral hematoma, or any combination thereof. The inclusion GCS score was of that
documented by the clinical team. Retrospective calculation of GCS from chart data was not
done.

Despite the fact that mild TBI is traditionally defined as GCS 13 to 15 following a traumatic
disruption of brain function,1®> we chose to limit our included patients to those with GCS
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scores of 14 or 15. This is because patients with GCS scores of 13 or lower have a greater
chance of being admitted, compared to those patients with GCS scores of 14 or greater.16
Furthermore, a growing body of literature supports transitioning patients with GCS scores of
13 into the “moderate” category of TBI and that this should not be considered mild TBI.5

Patients were excluded if they had no documented GCS scores, unknown time of injury, or
head CT scans performed or interpreted at outside hospitals; were pregnant; had penetrating
head injury; were intubated prior to ED evaluation; had abnormal ED vital signs (systolic
blood pressure [sBP] < 89 mm Hg, respiratory rate > 29 breaths/min, SO, < 92% on room
air) at any point during their ED visits; or had known coagulopathy, inherited or acquired.
Inherited coagulopathies were defined as hemophilia A or B, von Willebrand disease,
Bernard-Soulier syndrome, Wiskott-Aldrich syndrome, or Glanzmann’s thrombasthenia.
Acquired coagulopathies were defined as liver failure, warfarin use, heparin product use,
and disseminated intravascular coagulation as defined by laboratory measures of
international normalized ratio (INR) = 1.4, activated partial thromboplastin time > 39
seconds, or platelet count < 50 x 109%/L. Patients with reported use of anticoagulant
medications such as warfarin with INR < 1.4 or antiplatelet medications such as aspirin,
clopidogrel (Plavix), prasugrel (Effient), ticlopidine (Ticlid), cilostazol (Pletal), or
dipyridamole (Aggrenox) were not excluded. Prisoners were not excluded. Patients were
excluded if they had other nonminor injuries, defined as injuries for which a patient would
otherwise not be discharged home. Patients under the age of 18 years were not included,
because there is a freestanding children’s hospital located less than 1 mile from our
institution, so very few children present to our ED.

Study Protocol

Patients meeting study criteria underwent a detailed chart review, including review of ED
visit dictations, ED nursing notes, laboratory results, and radiology reports. All emergency
physician, consultant, and radiology dictations were contained in the electronic medical
record. Nursing notes that were originally handwritten and then scanned into the electronic
medical record were also reviewed.

A standardized case report form with explicit data dictionary was used for abstraction by a
single investigator (NK). The primary abstractor was an emergency medicine resident at the
time of the study. The first 30 charts were reviewed in duplicate by two separate reviewers
(NK and a research assistant) to ensure accuracy. An additional 50 charts were selected for
duplicate abstraction sporadically throughout the study period. Discrepancies were resolved
by investigator adjudication but did not lead to changes in definitions or procedures during
the study. These discrepancies were largely related to information that was not found in the
charts by one investigator, but was found by the primary investigator (NK). The adjudication
process entailed the primary investigator reviewing the abstracted charts thoroughly and
correcting errors or information that had not been found initially. Data were entered into the
database by a single abstractor; therefore, a measure of agreement could not be obtained.

Information regarding head CT findings was obtained from attending radiology reports. Our
institution has ACGME-accredited radiology residency and fellowship programs. The initial
head CT was generally interpreted by radiology residents, supervised by attending radiology
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faculty. Overnight radiology resident interpretations were overread by attendings in the
morning. There were instances in which the preliminary CT interpretation was reported as
normal and the patient was discharged, but subsequent overreads by the attending radiologist
identified an abnormality. By standing ED policy, in these cases, patients were instructed to
return to the ED. These events were rare, although we do not know precisely how frequent,
as our review methods did not capture this detail. Identified patients from this category who
returned to the ED and were discharged following second head CT scans are considered for
analysis to be in the “discharged” category.

Primary outcomes included death within 30 days, neurosurgical intervention within 2 weeks,
and for discharged patients, return to the ED within 7 days. We chose 7 days for return ED
visit to increase the likelihood that these return visits would be related to the initial injuries.
The follow-up period for mortality and neurosurgical procedure was 1 year after
presentation to the ED. We did not calculate the median period of follow-up time if patients
did not return within 1 week to the ED. When death occurred, a more extensive chart review
was performed to describe the events surrounding this outcome. The Social Security Death
Index Master File was searched for patients who did not return to the ED following their
injuries to ensure that no deaths were undetected by chart review.

Data Analysis

Study data were collected and managed using REDCap electronic data capture tools hosted
at the University of Cincinnati. REDCap (Research Electronic Data Capture) is a secure,
Web-based application designed to support data capture for research studies, providing: 1)
an intuitive interface for validated data entry, 2) audit trails for tracking data manipulation
and export procedures, 3) automated export procedures for seamless data downloads to
common statistical packages, and 4) procedures for importing data from external sources.’
The primary analysis estimated the proportion of patients with adverse outcomes with 95%
confidence intervals (Cls). We also aimed to explore factors potentially associated with
adverse outcomes in mild TBI patients (GCS 14 to 15) with traumatic ICH. Differences in
proportions were computed with 95% Cls. All statistical analyses were conducted using
SPSS 21.0. Missing data were minimal and were left missing. Missing data are noted where
applicable.

RESULTS

There were 1,011 patients identified for possible inclusion. Of these, 323 (32%) met all
study criteria (Figure 1). Of those subjects excluded, the most commonly met exclusion
criteria were initial GCS scores less than 14 (34%) and a reason other than trauma for repeat
head CT within 24 hours, such as spontaneous ICH, spontaneous subarachnoid hemorrhage
or stroke (33%) (Figure 1).

The mean (£SD) age of the 323 included patients was 42 (£19) years. A total of 195 (60%)
were white and 236 (73%) were male. The cohort, grouped by disposition, is described in
Table 1. Symptoms and CT findings are detailed in Table 2. Study patients presented with a
wide variety of symptoms, with the most frequent being headache (67%) and memory
alteration (70%). A second head CT was normal in 32% of patients despite the presence of
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findings on initial head CT. Initial head CT findings included 153 (47%) patients with
subarachnoid hemorrhage, 132 (41%) with subdural hemorrhage, 11 (3%) with epidural
hemorrhage, 78 (24%) with cerebral contusions, and 59 (18%) with intraparenchymal
hemorrhage. The most frequent findings on the second CT scans were subarachnoid
hemorrhage (35%) and subdural hematomas (33%).

Patients were reimaged between 1 and 24 hours after their initial head CT scans. The median
time to reimaging was 6 hours (interquartile range = 5 to 7 hours), and 80% of patients were
reimaged within 9 hours of their initial head CT scans. These times did not vary between the
admitted, observed, or discharged groups. For patients discharged from the ED, the mean
(xSD) length of stay was 23 (£10) hours.

A total of 25 of 323 (8%) patients were placed into observation status in the ED. These 25
patients were all discharged home from the ED.

A total of four of 323 patients (1.2%, 95% CI = 0.3% to 3.2%) died following injury (at 3, 5,
11, and 12 days, respectively) as described in Table 3. Three of the 323 patients (0.9%, 95%
Cl =0.2% to 2.7%) required neurosurgical intervention (Figure 1). One patient requiring
neurosurgical intervention ultimately died. A total of 28 (8.7%, 95% CI = 5.8% to 12.5%)
had return visits to the ED within 1 week. Twenty-one of 28 (75%) of these return visits
were for reasons related to their initial injuries, such as headache, suture removal, and
dizziness, but none of the patients presenting for return visits were admitted. Examination of
the Social Security Death Index did not identify any deaths missed by chart review.

DISCUSSION

Our data suggest that for mild TBI patients with ICH on initial head CT, who subsequently
undergo clinical observation and repeat head CT with stable or improved clinical
examinations and CT findings, the probability of death is low (0.5%, 95% CI = 0.1% to
2.7%). In our cohort, two of the reported deaths, patients C and D, may likely not have been
attributed to the sequelae of mild TBI with ICH (Table 3). These findings suggest that this
practice may be safe in a very specific cohort of patients. This practice has the added
advantage of potentially avoiding unnecessary admissions in mild TBI patients. Whether
this justifies the corresponding increase in ED resource utilization and radiation exposure is
unknown and deserves further exploration.

A key benefit of this study is its focus on patients with GCS scores of 14 or 15. Many
studies have examined outcomes following traumatic ICH, but their findings tend to be
dominated by moderate to severe TBI cases. While outcomes of mild TBI are generally less
severe, the condition is far more prevalent. This suggests that safe and efficient ED
evaluation and management strategies for mild TBI patients would be of great value.

Our study found that clinical deterioration was rare even with radiographic progression of
ICH. However, there were no delayed adverse clinical outcomes detected that were not
associated with radiographic progression. While preliminary, these findings suggest that
optimal risk stratification may include radiographic phenotyping of the initial CT findings
and a concurrent period of observation for clinical deterioration. These findings also suggest
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that repeat CT imaging in the absence of clinical deterioration for the mild TBI patient with
GCS > 13 and traumatic ICH on initial CT may be unnecessary.

Thirty-two percent of our patients had positive findings on initial head CT, but had no
abnormal findings on repeat head CT. This novel finding can be interpreted as an indication
that 1) there is a subset of patients with small radiographic abnormalities which rapidly
resolve, 2) there is a high rate of false-positive findings on initial CT imaging, or 3) the lack
of findings on repeat CT imaging may represent a group of false negative scans. Regardless,
this calls into question the benefit of initial and repeat head CT scans for this particular
subset of patients. Whether there are viable methods to selectively reduce imaging for this
group would require further study. The high rate of discrepancy found between initial and
repeat CT imaging also suggests there may be many patients in the United States who
receive extended medical evaluation as a result of small intracranial radiographic
abnormalities in the setting of TBI and calls into question the accuracy of epidemiologic
estimates of the rate of traumatic ICH in the setting of mild TBI. With respect to our study,
the observed rate of illness severity among patients with true-positive findings on initial
head CT is higher than the rate calculated for all patients in the cohort.

Determining the true balance of benefit (e.g., reduced cost or early intervention) and harm
(increased cost or radiation) resulting from repeat CT imaging and/or extended observation
will require further study. Our institutional practice allowed for many patients to be
discharged who would otherwise have been hospitalized, and our results suggest that clinical
deterioration in the absence of radiographic progression is highly unlikely. However, it
remains unknown if: 1) these patients truly require or benefit from hospitalization, 2) they
might be discharged without repeat CT imaging, or 3) serial clinical evaluation over time is
preferable to serial radiographic imaging.

While reducing the number of CTs performed for mild TBI patients by 10% could result in
more than $10 million in savings each year,18:19 a repeat CT scan showing lack of
radiographic progression might avoid an otherwise expensive admission, especially
recognizing that many hospitals currently admit these patients to an intensive care unit for
intensive neurologic monitoring. Conversely, the risks of radiation exposure from CT scans
is a growing concern, the true burden of which is largely unknown in the adult population;
however, radiation exposure from diagnostic imaging has been correlated with increased
cancer risks in children.20 It would seem the risks of cancer secondary to radiation exposure
are lower than that of adverse outcomes in this population. For instance, Smith-Bindman and
colleagues?! demonstrated that an estimated one in 8,100 women who undergo head CT
scans at age 40 years will develop cancer from that scan.2! For a 20-year-old patient, those
risks double, and for a 60-year-old patient, the risk is approximately 50% lower. It may also
be that magnetic resonance imaging becomes increasingly used as a way to decrease
radiation exposure. Although this would be more time-consuming, a recent study evaluating
subarachnoid hemorrhage of all types (traumatic and nontraumatic) suggested that
susceptibility weighted imaging combined with fluid attenuated inversion recovery
sequencing would be 100% sensitive in detecting subarachnoid hemorrhage.?2 Thus, the
optimal imaging strategy for mild TBI patients with ICH remains unknown.
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LIMITATIONS

The results should be interpreted in the context of the limitations of the study. As a
retrospective chart review, the only information available was that recorded by the clinical
care team. Missing data may not have been random and thus bias may have been introduced.

Of particular importance are the limitations associated with the outcome measures. Although
the Social Security Death Index was examined to capture any patients who died outside of
our institution, adverse outcomes other than death were missed if patients did not return to
our institution for care. During the study period, there were nine other hospitals in the
county. Thus, if patients did not return to our institution for care, we would have had an
underestimation of minor adverse outcomes, especially return visits. However, the region’s
other hospitals rarely accept neurotrauma patients; therefore, any significant consequences
following the discharge of these patients would have likely been captured

Another limitation of our study is that data collection was primarily completed by a single
chart abstractor. Due to time constraints, dual abstraction could not be performed on every
chart. However, as a method to ensure accuracy, 50 charts were selected for duplicate
abstraction throughout the study period. Discrepancies were not captured in these cases, and
interobserver reliability was not calculated.

In addition, our outcome assessment was limited to mortality, surgical intervention, and
repeat visits. Other sequelae such as functional outcome, the ability to perform activities of
daily living, and symptoms related to the patients’ injuries could not be assessed. While our
sample included patients presenting over a decade, our sample size was too small to estimate
the adverse event rate with sufficient precision to broadly influence practice; prospective
confirmatory studies are needed. Additionally, as more novel anticoagulants are being
introduced, future practice patterns will be influenced in unpredictable ways. In future
studies, factors such as cost and radiation exposure should be considered in evaluating the
potential benefits of repeat imaging and disposition from the ED for mild TBI patients.

CONCLUSIONS

In ED patients with mild traumatic brain injury and traumatic intracranial hemorrhage, the
lack of clinical and radiographic progression over a period of 6 to 24 hours portends a low
probability of adverse outcomes. Discharge after repeat head computed tomography and
brief observation in the ED allowed early discharge of a specific cohort of mild traumatic
brain injury patients with traumatic intracranial hemorrhage without significant short-term
adverse outcomes. Given the limitations of this study, these results provide a foundation for
further investigation in this important area of high-risk ED patient management.
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1,011 patients
screened

229-Initial ED GCS<14 or not documented

219-No blunt head injury

109-First CT negative

32-Patient presented > 24 hrs from injury

29-Other major injuries

24-Charts not found/insufficient chart documentation
23-Coagulopathy (INR > 1.4, aPTT > 39 sec, platelets < 50,000)
12-First or second head CT not performed within 24 hours in study ED
8-Unstable baseline vitals or patient intubated on arrival

2-Bleeding attributed to intracranial aneurysm

1-Inherited coagulopathy

323 patients
meeting inclusion

criteria
|
[ I 1
92 patients 25 patients 206 patients
admitted observed discharged

l—l—|

2 patients died
(patients A, C)*

3 required surgical

intervention

Figure 1.

L 1 patient died

(patient B)*

28 with return ED
visits

1 patient died
(patient D)*

Page 11

Patient outcomes. *See Table 3 for patient cases. aPTT = activated partial thromboplastin
time; GCS = Glasgow Coma Scale; INR = international normalized ratio.
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Table 3

Description of Patients Who Died

A

66-year-old male with a past medical history of renal insufficiency, hypertension, coronary artery disease, prior nephrectomy, renal cell
cancer, peripheral vascular disease, peptic ulcer disease, seizure disorder, and hyperlipidemia who fell from a roof and presented with an
initial GCS score of 15. CT demonstrated intrafalcine subdural hematoma, left subdural hematoma, and intraparenchymal hemorrhage in
the left lateral posterior temporal lobe, with diffuse left cerebral hemisphere sulcal effacement. Second head CT demonstrated a mild
increase of the left temporal hemorrhage, but was otherwise unchanged. He remained in status epilepticus. He declined rapidly (less than 1
hour) after arrival to the ED and began seizing. After 11 days in status epilepticus the patient’s family withdrew care.

68-year-old female with past medical history of ventriculoperitoneal shunt, meningioma resection, end-stage renal disease not on dialysis,
coronary artery disease, depression, dyslipidemia, diabetes mellitus, and Menier’s disease who presented after a fall from standing height
with an initial GCS score of 14. Pertinent medications included aspirin and clopidogrel. Her initial scan demonstrated subdural
hemorrhage along the left lateral convexity, subfalcine subdural, subdural along tentorium bilaterally, subarachnoid hemorrhage within the
bilateral sylvian fissures, and anterior interhemispheric fissure with effacement of lateral ventricles bilaterally. A second head CT obtained
3 hours later demonstrated worsening of all hemorrhages, as well as 8 mm of midline shift. She decompensated rapidly in the ED to a GCS
score of 9 and was taken to the operating room for decompression, and the family withdrew care 3 days later.

71-year-old male with a past medical history of hypertension, diabetes mellitus, coronary artery disease, congestive heart failure, and
chronic renal insufficiency who presented after a syncopal episode and had a concomitant urinary tract infection and pneumonia. His
initial GCS score was 15, and he was found to have a small punctate cerebellar hemorrhage versus calcification that remained unchanged
on subsequent head CTs obtained throughout his hospital course. He ultimately died of septic shock.

79-year-old male with past medical history of coronary artery disease, diabetes mellitus, and pancreatic cancer who had been diagnosed
with an unspecified movement disorder (likely Parkinson’s) previously, who presented after a fall from standing height. His initial GCS
score was 15. His initial head CT demonstrated a small traumatic subarachnoid hemorrhage that had resolved by the second head CT. He
was discharged home, but returned 2 days later after another witnessed fall from standing height. His head CT at that time demonstrated a
large intraparenchymal hemorrhage, with left-sided parafalcine and left supratentorial subdural blood and a small amount of
intraventricular extension. His family withdrew care.

GCS = Glasgow Coma Scale.
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