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Abstract
Study Objective—The objective of this study was to derive a clinical decision instrument with a
sensitivity of at least 95% (with upper and lower bounds of the 95% CIs within a 5% range) to
identify adult emergency department patients with mild traumatic intracranial hemorrhage (tICH)
who are at low risk for requiring critical care resources during hospitalization and thus may not
need admission to the ICU.

Methods—This was a prospective, observational study of adult patients with mild tICH (initial
Glasgow Coma Scale [GCS] score 13 to 15 with tICH) presenting to a Level 1 trauma center from
July 2009 to February 2013. The need for ICU admission was defined as the presence of an acute
critical care intervention (intubation, neurosurgical intervention, blood product transfusion,
vasopressor or inotrope administration, invasive monitoring for hemodynamic instability,
emergent treatment for arrhythmia or cardiopulmonary resuscitation, therapeutic angiography).
We derived the clinical decision instrument using binary recursive partitioning (with a
misclassification cost of 20 to 1). The accuracy of the decision instrument was compared to the
treating physician’s (emergency medicine faculty) clinical impression.

Results—A total of 600 patients with mild tICH were enrolled; 116 patients (19%) had a critical
care intervention. The derived instrument consisted of four predictor variables: admission GCS
score less than 15, non-isolated head injury, age 65 years or older, and evidence of swelling or

© 2013 American College of Emergency Physicians. Published by Mosby, Inc. All rights reserved.

Corresponding Author: Daniel Nishijima, MD, MAS, University of California, Davis Medical Center, 4150 V. St. PSSB, 2100,
Sacramento, CA 95817, TEL (916) 734.1376, FAX (916) 734.7950, daniel.nishijima@ucdmc.ucdavis.edu.

Conflict of interest:
None

Author Contributions:
All authors helped conceive, design, and supervise the study. DN, MS, JH, JG, and JL conducted data collection. DN and JH analyzed
the data. DN drafted the manuscript and all authors contributed to its revision. DN takes responsibility of the paper as a whole.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Ann Emerg Med. Author manuscript; available in PMC 2015 April 01.

Published in final edited form as:
Ann Emerg Med. 2014 April ; 63(4): 448–456.e2. doi:10.1016/j.annemergmed.2013.11.003.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



shift on initial cranial computed tomography scan. The decision instrument identified 114 of 116
patients requiring an acute critical care intervention (sensitivity 98.3%; 95% CI 93.9–99.5%) if at
least one variable was present, and 192 of 484 patients that did not have an acute critical care
intervention (specificity 39.7%; 95% CI 35.4–44.1%) if no variables were present. Physician
clinical impression was slightly less sensitive (90.1%; 95% CI 83.1–94.4%) but overall similar to
the clinical decision instrument.

Conclusion—We derived a clinical decision instrument which identifies a subset of patients
with mild tICH that are at low risk for acute critical care intervention and thus may not require
ICU admission. Physician clinical impression had similar test characteristics as the decision
instrument. Since the results are based on single center data without a validation cohort, external
validation is required.

Introduction
Background

Patients with mild traumatic brain injury (Glasgow Coma Scale [GCS] score 13 to 15) with
intracranial hemorrhage are often admitted to the intensive care unit (ICU) for early
detection of secondary brain injury from cerebral edema, increased intracranial pressure, and
cerebral ischemia.1 These secondary insults are the leading cause of inpatient death
following traumatic intracranial hemorrhage (tICH).2 Most patients with mild tICH,
however, do not develop hemorrhage progression or need acute neurosurgical
intervention.3–5 While guidelines suggest the need for in-patient observation and serial
neurological evaluations, there are no clear recommendations addressing the need for ICU
admission in this group of patients.6–9 Moreover, there is wide variability of ICU use among
trauma centers.10

Importance
With escalating health care costs, there is increasing demand to improve the efficiency and
effectiveness of health care delivery. Particularly pertinent is the utilization of ICU
resources, which is both costly (one-third of acute hospital charges) and limited (8% of
hospital beds).11 Appropriate utilization of ICU resources is important to provide safe and
efficient health care. ICU admission decisions are highly variable and subjective, often
leading to inappropriate admissions to both the ICU and hospital ward. Patients mis-triaged
to a non-ICU setting, who then decompensate and require in-hospital transfer to the ICU,
have increased mortality.12–16 Patients initially admitted to the ICU but never requiring
critical care resources are a poor utilization of health care resources. These inappropriate
admissions lead to ICU and emergency department (ED) crowding, prolonged ED boarding
times, and adverse patient outcomes.17,18

Goals of this Investigation
The objective of this study was to derive a clinical decision instrument to identify adult ED
patients with mild tICH (defined as GCS score 13 to 15 with tICH) who are at low risk for
requiring an acute critical care intervention. We hypothesized that a clinical decision
instrument with a sensitivity of at least 95% (with upper and lower bounds of the 95%
confidence intervals [CI] within a 5% range) can identify a group of patients with mild tICH
that may be safely managed in a non-ICU setting. The accuracy of the decision instrument
was compared to the treating physician’s (emergency medicine faculty) clinical impression.
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METHODS
Study Design and Setting

We conducted a single-center, prospective cohort study of adult trauma patients who
sustained mild tICH and were evaluated at a Level 1 trauma center from July 2009 to
February 2013. The center has an annual ED census of 65,000 patients of which 4,700 are
evaluated by the trauma service. The institutional review board at the study site approved the
study.

Selection of Participants
We included consecutive patients 18 years of age and older with radiographic evidence of
acute tICH on initial ED cranial computed tomography (CT) and an initial ED GCS score of
13 to 15. Radiographic evidence of tICH included subarachnoid hemorrhage, epidural
hematoma, subdural hematoma, intraventricular hemorrhage, intraparenchymal hemorrhage/
contusion, or diffuse axonal injury (with or without hemorrhage) on cranial CT scan as
interpreted by the faculty neuroradiologist. We excluded patients with documented pre-
existing “Do-Not-Resuscitate” (DNR) orders and patients with pre-injury anticoagulation
use (at study site it is standard practice to reverse anticoagulated patients with tICH with
blood products [critical care intervention]). At the study site, patients with mild tICH are
routinely admitted under the trauma or neurological surgical service to the hospital for
neurologic monitoring for a minimum of 24 hours following injury. Admission decisions at
the study site are made collectively by input from EM, trauma surgery, and neurological
surgery.

Study Protocol
We collected ED data using a standardized data collection form. Data were coded as present,
unknown, or missing. Variables included age, sex, co-morbidities, pre-injury antiplatelet use
(aspirin or clopidogrel), mechanism of injury, ED vital signs (initial and range) including
systolic blood pressure, heart rate, respiratory rate, oxygen saturation, and the initial ED and
admission GCS scores. ED laboratory variables collected included initial platelet count,
international normalized ratio (INR) level, and hematocrit. We abstracted demographic (e.g.,
age, sex) and laboratory data from electronic medical records (EMR) while clinical data
(e.g., GCS score, mechanism of injury) were obtained directly from the treating board-
certified emergency medicine (EM) faculty physicians. We designed and modified the ED
data collection form and survey using input from EM physicians and trauma surgeons. This
data collection form was pilot tested and modified prior to the start of the study. All data
collection was facilitated by research associates who are undergraduate students with
specific research training for data collection. Research associates completed study specific
training sessions every two months. Data abstractors were not blinded to study objectives.

Two trained research coordinators collected additional radiographic and hospital course
variables. We coded radiograph and CT imaging into anatomical categorical variables based
on attending radiologist text report. We also recorded hospital and ICU length of stay (days).

To describe injury severity, an Abbreviated Injury Score (AIS) for head and neck, face,
chest, abdomen, extremities, and external body regions, and an Injury Severity Score (ISS)
were calculated for each patient.19 The AIS and ISS are scoring systems developed to
measure injury severity based on anatomical injuries divided by body regions.19 Injury
severity calculations were conducted by research coordinators who received initial training
and direct supervision for the first twenty patients by one of the study authors (DN).
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To measure inter-observer reliability of the variables considered for inclusion into the
clinical decision instrument, a second independent physician completed the same data form
within one hour of the initial survey on a convenience sample of 6% of the patients. Raters
were masked to each other’s results. To evaluate for enrollment bias, we compared
demographic, injury severity, ED disposition, and outcomes of the enrolled patients to those
eligible but not enrolled.

To assess clinician impression for the patient’s need for ICU level of care, we surveyed the
treating EM faculty physician at the time of hospital admission. Survey questions included
the physician impression that 1) the patient will need ICU level of care (yes/no), and 2) the
patient will require an acute critical care intervention within 48 hours from hospital
admission (categorized as < 1%, 1 to 5%, > 5% to 10%, > 10 to 20%, > 20% to 50%, and >
50%). Categories at lower levels of risk had a smaller range since we believed clinician
threshold for admission to the ICU was generally at lower levels of risk.

Outcome Measures
We defined the need for ICU admission as the presence of an acute critical care intervention
within 48 hours of ED arrival (Table 1). The list of critical care interventions was derived
and modified from the Task Force of American College of Critical Care Medicine
Guidelines for ICU admission.20 This list is based on a combination of prior literature and
expert opinion. We chose a 48-hour endpoint as this was considered a reasonable timeframe
to evaluate for neurological deterioration from a tICH. Prior studies suggest that critical care
interventions after 48 hours were not due to neurological deterioration from tICH but rather
other causes (e.g., intubation for hospital acquired infection).3,21 This time frame of 48
hours for neurological observation is also consistent with prior literature4,22 and published
guidelines.6

Data Analysis
We entered data into a Microsoft Access 2003 database (Microsoft, Redmond, WA) and
analyzed data using STATA 11.0 statistical software (STATA Corp, College Station, TX).
We described the study population using descriptive statistics.

We derived the decision instrument with binary recursive partitioning using Classification
and Regression Trees (CART) software (Salford Systems, San Diego, CA).23 We used the
Ginni splitting function in CART and set the misclassification cost for missing a patient with
a critical care intervention at 20:1. This represents the cost of misclassifying twenty patients
who did not receive a critical care intervention for one patient who did receive a critical care
intervention.

We considered variables for inclusion into the clinical decision instrument, based on prior
literature and biological/physiological plausibility and determined clinically sensible cutoff
values of predictor variables a priori. We considered the following variables for inclusion
into the decision instrument: age 65 years or older, non-fall from standing mechanism of
injury (fall from height, motor vehicle collision, pedestrian/bicyclist struck, direct blow to
the head, other or unknown mechanism of injury), pre-injury antiplatelet use (aspirin or
clopidogrel), the presence of any pre-defined high risk co-morbidity (atrial fibrillation or
atrial flutter, bleeding disorder, congestive heart failure, coronary artery disease, end stage
liver disease, pulmonary disease requring home oxygen, and end stage renal disease
requiring dialysis) GCS score less than 15 at the time of admission, hypotension (systolic
blood pressure less than 90 mmHg at any point in the ED), hypoxia (pulse oximetry reading
less than 95% at any point in the ED), presence of intracranial swelling (cisterns are
compressed or absent) or midline shift on initial cranial CT, presence of a depressed skull
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fracture, and non-isolated head injury. Our definition of non-isolated head injury was
modified from the AIS severity scoring system (injuries associated with AIS scores 3 or
greater) and included spinal injuries (any spinal vertebral fractures or cord injury), clinically
important facial fractures (LeFort II or III fractures), serious thoracic injuries (≥ 2 rib
fractures, pulmonary contusion, vascular injury, pneumothorax/hemothorax), intra-
abdominal injuries (injuries to spleen, liver, urinary tract, gastrointestinal tract, pancreas,
gallbladder, adrenal gland, intra-abdominal vascular structure, or traumatic fascial defect),
any femur or pelvic fracture, and severe burns (>20% body surface area of 2nd or 3rd degree
burns).19 Relative risk (RR) ratios were calculated for variables considered for inclusion in
the clinical decision instrument.

To measure the accuracy of clinician impression that the patient would require ICU
admission, we calculated sensitivity, specificity, positive and negative predictive values, and
likelihood ratios based on the two by two table generated by treating EM faculty response to
the clinical impression question, “Do you think this patient needs to be admitted to the
ICU?”. We also calculated test characteristics based on the question, “What is the
probability of the patient requiring an ICU intervention during the first 48 hours of
hospitalization? Responses marked 1% or greater (or if the physician document the patient
had already received a critical care intervention) were considered to require ICU admission
by clinician suspicion and responses marked <1% were considered to not require ICU
admission by clinician suspicion. In addition, we calculated the prevalence of acute critical
care interventions for each of the different levels of risk as specified by the treating EM
faculty.

We conducted a sensitivity analysis to evaluate the test characteristics (i.e., sensitivity and
specificity) of the derived clinical decision instrument and the physician clinical impression
to predict intubation or neurosurgical intervention within 48 hours of ED arrival since these
two critical care interventions were most likely directly associated with brain injury.

Based on prior retrospective pilot data (estimated prevalence of critical care intervention of
20% and sensitivity of decision instrument of 98%), we estimated a sample size of
approximately 500 patients to derive a clinical decision instrument with a sensitivity with
sufficiently narrow confidence intervals (upper and lower bounds within a 5% range).3,24

Results
Characteristics of study subjects

A total of 600 patients with mild tICH on cranial CT were enrolled (Figure 1). The mean age
was 52 years old (SD 22) and 425 were male (70.8%). Three patients (0.5%) died within the
first 48 hours after ED triage. All patients were either admitted to the ICU (558, 93.0%) or
the floor (42, 7.0%). The most common mechanisms of injury were fall from standing (197,
32.8%) and direct blow to the head (125, 20.8%). The majority of patients (406, 67.7%) had
an initial ED GCS score of 15; 32 (5.3%) of patients had a GCS score of 13. The most
common cranial CT findings were subdural hematoma (282, 47.0%), subarachnoid
hemorrhage (275, 45.8%), and intraparenchymal hemorrhage/contusion (221, 36.8%). Table
2 provides complete patient characteristics. A total of 116 (19.3%) patients had an acute
critical care intervention (195 interventions overall, median of one intervention) with RBC
transfusion (55, 9.2%), mechanical ventilation (50, 8.3%), and neurosurgical intervention
(39, 6.5%) the most common types of critical care interventions (Table 3).

Comparison of patients enrolled and those eligible but not enrolled (20%) demonstrated
similar patient characteristics (age, isolated head injury), injury severity (GCS score, AIS for
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head and neck, ISS, mortality at 48 hours), ED disposition, and outcome (acute critical care
intervention) (eTable 1).

Main results
Clinical decision instrument—Binary recursive partitioning derived a decision
instrument with the following four predictor variables for requiring an acute critical care
intervention: admission GCS less than 15 (RR 2.95; 95% CI 2.12–4.12), non-isolated head
injury (RR 2.74; 95% CI 1.99–3.78), age 65 years or older (RR 1.46; 95% CI 1.05–2.03),
and the presence of swelling or shift on initial cranial CT (RR 4.11; 95% CI 3.08–5.48)
(Figure 2 and eTable 2). The test characteristics of the clinical decision instrument for
identifying patients requiring an acute critical care intervention is presented in Table 4. We
measured inter-rater agreement of the clinical decision instrument variables in 37 patients
(6.2%). All variables except for the presence of hypotension prior to admission had
substantial agreement (eTable 3).25

Two patients were misclassified by the decision instrument (determined to be low risk but
had an acute critical care intervention) (Table 5). Neither patient required a neurosurgical
intervention. One patient received a unit of fresh frozen plasma (FFP) and no other
interventions and one patient was intubated as his actions were a danger to himself. Both
patients, misclassified by the decision instrument, survived to hospital discharge.

Physician clinical impression—Compared to the clinical decision instrument,
physician clinical impression had a slightly lower sensitivity (Table 6). Based on the
question, “Do you think this patient needs to be admitted to the ICU?”, eleven patients were
not identified by physician clinical impression (eTable 4). The prevalence of acute critical
care interventions was roughly similar to physician clinical impression, with higher
prevalence rates seen in higher levels of risk (eFigure).

Sensitivity analysis based on the outcome of intubation or neurological intervention
demonstrated similar test characteristics of the clinical decision instrument (sensitivity
98.6%, specificity 36.6%) and physician clinical impression (sensitivity 93.0%, specificity
46.5%) (eTable 5).

Limitations
This study should be interpreted in the context of several limitations. It was conducted at a
single, Level 1 trauma center where severity of injury, hospital resources, and management
of mild tICH might not be generalizable to other settings. The clinical decision instrument
and clinician impression should be externally evaluated in a different patient population to
ensure generalizability of the rule.24 At the study site, the large majority of patients were
admitted to the ICU and thus we are unable to appropriately evaluate patients with mild
tICH that were managed in a non-ICU setting. Moreover, ICU admission may have
unexpected advantages (i.e., more frequent nursing care) that prevented a critical care
intervention from occurring and thus would not be identified in our study. Since we did not
collect data on individual physicians, we were unable to adjust the results of physician
clinical impression for clustering by provider. We determined the presence of tICH based on
the faculty neuroradiologist cranial CT interpretation. CT scan interpretations that diagnosed
very minor tICH however, may be subjective (i.e., read as negative for tICH by another
radiologist).
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Discussion
In this study we derived a clinical decision instrument to identify a subset of patients with
mild tICH who are at low risk for requiring an acute critical care intervention. These low-
risk patients represented 31% of all ICU admissions among the study cohort, suggesting the
potential for the decision instrument to substantially improve ICU resource utilization.

An important component in clinical decision instrument development is comparison of the
instrument to physician clinical impression.24 In this study, physician clinical impression
performed similarly to the clinical decision instrument, though slightly less sensitive and
more specific. This implies our clinical decision instrument may not have an advantage over
ED faculty clinical impression in identifying low risk patients with tICH who do not need
ICU admission.

Physician clinical impression, however, was inconsistent with actual admission practice. The
large majority of patients (85%) considered by treating physicians to not need an ICU
admission, were nonetheless admitted to the ICU. This suggests ICU admission in the
setting of mild tICH may depend on a number of factors independent of clinical suspicion,
such as local policy and practice, hospital resources, patient and family preferences, and
legal liability.18,26 Given the complexity of factors involved in ICU admission decisions in
adult patients with mild tICH, the potential role of this clinical decision instrument may be
to objectively reaffirm clinical judgment or as an aid to be used in conjunction with clinical
judgment.

Prior studies have evaluated baseline characteristics to predict outcome in traumatic patients
with tICH.27–29 Trauma scoring systems including the ISS 30 and the Revised Trauma Score
(RTS)31 predict mortality and other functional outcomes32 but are not designed as an ICU
triage tool as they are calculated after all injuries are identified and the patient is discharged
from the hospital. A number of other prediction models specific to traumatic brain injury
exist, however the methodology is limited, and they are not clinically practical.32

Some authors have suggested that patients with a GCS score of 13 be excluded from the
“mild” category due to their increased risk for clinically important intracranial injuries.33

We included patients with an initial ED GCS score of 13 to 15 since some of these patients
with an initial ED GCS score of 13 or 14 may improve during their ED course. Patients with
improving GCS scores tend have better outcomes compared to patients with GCS scores that
remain low33 In our study, 24% (46 of 194) of patients with an initial ED GCS score less
than 15, improved to a GCS score of 15 at the time of admission.

These four variables (non-isolated head injury, admission GCS less than 15, age 65 years or
older, and the presence of swelling or shift on initial cranial CT) are known to be prognostic
in patients with tICH,32,34–37 but they have not been formally studied to predict the need for
ICU admission. Only a single study attempts to predict the need for specialized ICU
admission in patients with tICH using variables prior to disposition decision-making.28 In
that study, patient age and pupillary reactivity were significant predictors for the need of
ICU admission, however, the authors were unable to develop a sufficiently accurate
prediction model. This study, however, only evaluated patients with GCS scores less than 13
and had a high threshold for defining the need for ICU admission (as their outcome variable
was raised intracranial pressure and neurosurgical intervention). Compared to these prior
trauma scoring systems and prediction models, our decision instrument focuses on patients
with mild tICH in the ED and uses data readily available to clinicians at the time of
decision-making.
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Our decision instrument failed to identify two patients who ultimately underwent a critical
care intervention, a finding potentially causing concern among some clinicians. Closer
inspection of these cases, however, indicates that the failure of the clinical decision
instrument to identify these patients would likely have little impact on the patients’ actual
outcomes. One patient received one unit of FFP that was likely of limited clinical
importance and probably not recommended as the patient’s INR was normal. The other
patient was endotracheally intubated in the ED as he was a danger to himself and combative.
He was extubated five hours after intubation. On review of the chart, the patient did not
appear to have neurological deterioration and did not require any neurosurgical
interventions.

The list of critical care interventions was adapted from prior published guidelines that
broadly defined disease and physiological conditions that warrant ICU admission.20 This list
was narrowed to represent critical care interventions specific for the injured patient. While
most critical care interventions are universally equated to requiring ICU admission (i.e.,
mechanical ventilation, neurosurgical intervention, invasive monitoring) certain
interventions (specifically RBC and FFP transfusion) may not require ICU admission. We
opted to include RBC and FFP transfusion as an outcome measure to ensure a conservative
model. However due to the lack of clear guidelines for platelet transfusion we did not
include it as a critical care intervention.38 A sensitivity analysis evaluating the derived
clinical decision instrument and the physician clinical impression to predict intubation or
neurosurgical intervention (critical care interventions most likely directly associated with
brain injury) demonstrated similar test characteristics to the primary analysis.

In conclusion, we were able to derive a clinical decision instrument which accurately
identifies a subset of patients with mild tICH that are at low risk for acute critical care
intervention and thus may not require ICU admission. Physician clinical impression had
similar test characteristics as the decision instrument. Since the results are based on single
center data without a validation cohort, external validation is required.
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Figure 1.
Study flowchart
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Figure 2.
Derived model from binary recursive partitioning
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Table 1

List of critical care interventions

Critical care intervention Definition

Mechanical ventilation Use of mechanical ventilation for acute respiratory failure

Neurosurgical intervention Craniotomy/craniectomy, burr hole evaluation of hematoma, placement of a subdural drain, placement of an
intracranial pressure monitor/intraventricular catheter/intracranial oxygen probe, or treatment with mannitol or
hypertonic saline

Vasopressor or inotrope use Use of dopamine, norepinephrine, epinephrine, dobutamine, phenylephrine, or vasopressin for hemodynamic
instability

RBC transfusion Transfusion of packed red blood cells

FFP transfusion Transfusion of fresh frozen plasma

Invasive monitoring Use of central venous catheter to measure central venous pressure (not for venous access alone), or the use an
arterial line to measure blood pressure, or the use of a pulmonary artery catheter to measure pulmonary artery
wedge pressure

Cardiac arrest or arrhythmia Cardiac arrest requiring cardiopulmonary resuscitation or non-sinus arrhythmia less than 40 or greater than 120
beats/minute with the need for urgent intervention

Interventional angiography Use of interventional angiography for therapeutic purposes
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Table 2

Patient characteristics, n=600

Characteristic n (%)

 Patient history

  Age, mean (SD) 52 (22)

  Male 425 (70.8%)

  History of antiplatelet use 79 (13.2%)

  History of arrhythmia 17 (2.8%)

  History of bleeding disorder 0 (0%)

  History of congestive heart failure 19 (3.2%)

  History of coronary artery disease 56 (9.3%)

  History of end stage liver disease 4 (0.7%)

  History of pulmonary disease requiring home oxygen 2 (0.3%)

  History of end stage renal disease 8 (1.3%)

  History of any comorbidity 85 (14.2%)

 Mechanism of injury

  Fall from standing height or less 197 (32.8%)

  Fall from greater than standing height 68 (11.3%)

  Motor vehicle collision 118 (19.7%)

  Pedestrian/bicyclist struck 42 (7.0%)

  Direct blow to the head 125 (20.8%)

  Unknown mechanism of injury 19 (3.2%)

  Other mechanism of injury 31 (3.4%)

 Initial vital signs/GCS/laboratory results

  Initial systolic blood pressure (mmHg), mean (SD) 137 (SD 23)

  Initial heart rate (beats per min), mean (SD) 87 (SD 18)

  Initial respiratory rate (breaths per min), mean (SD) 18 (SD 4)

  Initial ED GCS score, median (IQR) 15 (IQR 14–15)

  Initial platelet count (per ml), median (IQR) 213 (IQR 177–257)

  Initial INR, median (IQR) 1.03 (IQR 0.97–1.08)

  Initial hematocrit (%), median (IQR) 40 (IQR 36–43)

  Alcohol level 80–200 mg/dl 59 (9.8%)

  Alcohol level >200 mg/dl 84 (14.0%)

 Injury severity

  Initial ED GCS score 13 32 (5.3%)

  Initial ED GCS score 14 162 (27.0%)

  Initial ED GCS score 15 406 (67.7%)

  Admission GCS score 15 396 (66.0%)

  Isolated head injurya 443 (73.7%)

  Abbreviated injury score for head and neck, median (IQR) 4 (IQR 3–4)
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Characteristic n (%)

  Injury severity score, median (IQR) 16 (IQR 10–20)

  Mortality at 48 hours 3 (0.5%)

 Cranial CT scan findings

  Depressed skull fracture 20 (3.3%)

  Nondepressed skull fracture 99 (16.5%)

  Intraparenchymal hemorrhage/contusion 221 (36.8%)

  Subdural hematoma 282 (47.0%)

  Epidural hematoma 52 (8.7%)

  Subarachnoid hemorrhage 275 (45.8%)

  Interventricular hemorrhage 24 (4.0%)

  Diffuse axonal injury 0 (0%)

  Presence of cerebral shift 52 (8.7%)

  Presence of cerebral mass effect 47 (7.8%)

  Presence of herniation 2 (0.3%)

 ED disposition and hospital length of stay

  Admission to the ICU 558 (93.0%)

  Admission to the floor 42 (7.0%)

  Hospital length of stay (days), median (IQR) 3 (2–6)

  ICU length of stay (days), median (IQR) 1 (1–2)

Abbreviations: SD, standard deviation; GCS, Glasgow Coma Scale; IQR, Interquartile range; INR; international normalized ratio; CT, computed
tomography; ICU, intensive care unit

a
see text for definition
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Table 3

Critical care interventions, n=600

Critical care interventiona n (%)

RBC transfusion 55 (9.2%)

Mechanical ventilation 50 (8.3%)

Neurosurgical intervention 39 (6.5%)

FFP transfusion 30 (5.0%)

Invasive monitoring 12 (2.0%)

Cardiac arrest or arrhythmias requiring treatment 5 (0.8%)

Vasopressor or inotrope use 2 (0.3%)

Interventional angiography 2 (0.3%)

Abbreviations: RBC, red blood cell; FFP, fresh frozen plasma

a
see Table 1 for definitions of critical care intervention
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Table 4

Test performance of the clinical decision instrument to identify patients with an acute critical care
intervention, n=600

n % (95% CI)

Sensitivity 114/116 98.3% (93.9–99.5%)

Specificity 192/484 39.7% (35.4–44.1%)

Positive predictive value 114/406 28.1% (23.9–32.6%)

Negative predictive value 292/294 99.0% (96.3–99.7%)

Abbreviations: CI, confidence interval

Ann Emerg Med. Author manuscript; available in PMC 2015 April 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nishijima et al. Page 18

Ta
bl

e 
5

Pa
tie

nt
s 

m
is

cl
as

si
fi

ed
 a

s 
lo

w
 r

is
k 

by
 th

e 
cl

in
ic

al
 d

ec
is

io
n 

in
st

ru
m

en
t (

n=
60

0)

A
ge

, g
en

de
r

M
ec

ha
ni

sm
C

ra
ni

al
 C

T
 f

in
di

ng
s

C
ri

ti
ca

l c
ar

e
in

te
rv

en
ti

on
 (

C
C

I)
T

im
e 

to
 C

C
I

af
te

r 
E

D
 t

ri
ag

e
C

om
m

en
ts

L
O

S 
in

 d
ay

s
(I

C
U

, h
os

pi
ta

l)

55
, M

Fa
ll 

fr
om

 b
ic

yc
le

Sm
al

l I
PH

FF
P 

tr
an

sf
us

io
n 

(1
 u

ni
t)

4 
ho

ur
s

Pr
e-

in
ju

ry
 c

lo
pi

do
gr

el
 u

se
, a

ls
o 

tr
an

sf
us

ed
 o

ne
 u

ni
t o

f 
pl

at
el

et
s,

IN
R

 1
.0

7
5,

 5

62
, M

Pe
de

st
ri

an
 s

tr
uc

k
SD

H
In

tu
ba

tio
n

4 
ho

ur
s

Pa
tie

nt
 w

as
 a

 d
an

ge
r 

to
 h

im
se

lf
 in

 th
e 

E
D

, r
ef

us
in

g 
to

 w
ea

r 
a

ce
rv

ic
al

 c
ol

la
r 

an
d 

w
al

ki
ng

 a
ro

un
d.

 I
nt

ub
at

ed
 f

or
 p

at
ie

nt
 s

af
et

y.
E

xt
ub

at
ed

 f
iv

e 
ho

ur
s 

af
te

r 
in

tu
ba

tio
n.

11
, 1

5

A
bb

re
vi

at
io

ns
: C

T
, c

om
pu

te
d 

to
m

og
ra

ph
y;

 E
D

, e
m

er
ge

nc
y 

de
pa

rt
m

en
t; 

L
O

S,
 le

ng
th

 o
f 

st
ay

; I
C

U
, i

nt
en

si
ve

 c
ar

e 
un

it;
 I

PH
, i

nt
ra

pa
re

nc
hy

m
al

 h
em

or
rh

ag
e;

 M
V

C
, m

ot
or

 v
eh

ic
le

 c
ol

lis
io

n;
 S

D
H

, s
ub

du
ra

l
he

m
at

om
a;

 F
FP

, f
re

sh
 f

ro
ze

n 
pl

as
m

a;
 I

N
R

, i
nt

er
na

tio
na

l n
or

m
al

iz
ed

 r
at

io

Ann Emerg Med. Author manuscript; available in PMC 2015 April 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nishijima et al. Page 19

Ta
bl

e 
6

T
es

t c
ha

ra
ct

er
is

tic
s 

of
 p

hy
si

ci
an

 c
lin

ic
al

 im
pr

es
si

on
 c

om
pa

re
d 

to
 th

e 
cl

in
ic

al
 d

ec
is

io
n 

in
st

ru
m

en
t b

as
ed

 o
n 

th
e 

ou
tc

om
e 

of
 a

cu
te

 c
ri

tic
al

 c
ar

e 
in

te
rv

en
tio

na

C
lin

ic
ia

n
Se

ns
it

iv
it

y
Sp

ec
if

ic
it

y
L

R
+

L
R

−

C
lin

ic
al

 d
ec

is
io

n 
in

st
ru

m
en

t
11

4/
11

6,
 9

8.
3%

 (
93

.9
–9

9.
5%

)
19

2/
48

4,
 3

9.
7%

 (
35

.4
–4

4.
1%

)
1.

63
 (

1.
51

–1
.7

6)
0.

04
 (

0.
01

–0
.1

7)

“D
o 

yo
u 

th
in

k 
th

is
 p

at
ie

nt
 n

ee
ds

 to
 b

e 
ad

m
itt

ed
 to

 th
e 

IC
U

?”
b

10
0/

11
1,

 9
0.

1%
 (

83
.1

–9
4.

4%
)

22
4/

45
5,

 4
9.

2%
 (

44
.7

–5
3.

8%
)

1.
78

 (
1.

59
–1

.9
8)

0.
20

 (
0.

11
–0

.3
6)

“I
n 

yo
ur

 b
es

t e
st

im
at

io
n,

 w
ha

t i
s 

th
e 

pr
ob

ab
ili

ty
 o

f 
th

e 
pa

tie
nt

 r
eq

ui
ri

ng
 a

n 
IC

U
 in

te
rv

en
tio

n
du

ri
ng

 th
e 

fi
rs

t 4
8 

ho
ur

s 
of

 th
is

 p
at

ie
nt

’s
 h

os
pi

ta
liz

at
io

n?
”c

10
1/

11
1,

 9
1.

0%
 (

84
.2

–9
5.

0%
)

17
9/

45
3,

 3
9.

5%
 (

35
.1

–4
4.

1%
)

1.
50

 (
1.

37
–1

.6
5)

0.
23

 (
0.

13
–0

.4
2)

A
bb

re
vi

at
io

ns
: L

R
, l

ik
el

ih
oo

d 
ra

tio

a T
he

 tr
ea

tin
g 

E
M

 f
ac

ul
ty

 w
as

 s
ur

ve
ye

d 
at

 th
e 

tim
e 

of
 a

dm
is

si
on

 to
 e

va
lu

at
e 

cl
in

ic
al

 im
pr

es
si

on
 (

56
6 

of
 6

00
 p

at
ie

nt
s)

.

b R
es

po
ns

es
 w

er
e 

re
po

rt
ed

 o
n 

56
6 

pa
tie

nt
s.

 R
es

po
ns

es
 m

ar
ke

d 
“y

es
” 

w
er

e 
co

ns
id

er
ed

 to
 r

eq
ui

re
 I

C
U

 a
dm

is
si

on
 a

nd
 r

es
po

ns
es

 m
ar

ke
d 

“n
o”

 w
er

e 
co

ns
id

er
ed

 n
ot

 to
 r

eq
ui

re
 I

C
U

 a
dm

is
si

on
.

c R
es

po
ns

es
 w

er
e 

re
po

rt
ed

 o
n 

56
4 

pa
tie

nt
s.

 T
he

 r
es

po
ns

es
 w

er
e 

ca
te

go
ri

ze
d 

as
: <

1%
, 1

–5
%

, >
5–

10
%

, >
10

–5
0%

, >
50

%
, a

nd
 a

lr
ea

dy
 r

ec
ei

ve
d 

a 
cr

iti
ca

l c
ar

e 
in

te
rv

en
tio

n.
 R

es
po

ns
es

 m
ar

ke
d 

1%
 o

r 
gr

ea
te

r 
(o

r
th

e 
pa

tie
nt

 a
lr

ea
dy

 r
ec

ei
ve

d 
a 

cr
iti

ca
l c

ar
e 

in
te

rv
en

tio
n)

 w
er

e 
co

ns
id

er
ed

 to
 r

eq
ui

re
 I

C
U

 a
dm

is
si

on
 a

nd
 r

es
po

ns
es

 m
ar

ke
d 

<
1%

 w
er

e 
co

ns
id

er
ed

 to
 n

ot
 r

eq
ui

re
 I

C
U

 a
dm

is
si

on
.

Ann Emerg Med. Author manuscript; available in PMC 2015 April 01.


