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Introduction

Traumatic brain injury (TBI) is the most common cause of death and disability in young 

people.1 Each year, TBI accounts for an estimated 1.1 million emergency department (ED) 

visits, 235,000 hospitalizations and 50,000 deaths in the United States (US).2 TBI is 

generally classified as mild (Glasgow coma scale [GCS] 13-15), moderate (GCS 9-12), and 

severe (GCS 3-8).3 Approximately 95% of patients with TBI are categorized as mild.4

Patients with moderate and severe TBI have a high morbidity and mortality and almost 

uniformly require intensive care unit (ICU) admission for neurologic monitoring and 

concentrated therapy.5 ICU care allows for early detection of secondary brain injury from 

cerebral edema, increased intracranial pressure, and cerebral ischemia.6 These secondary 

insults are the leading cause of inpatient death following TBI.7 However in patients with 

traumatic intracranial hemorrhage (tICH) and normal mental status, hemorrhage progression 

and neurosurgical intervention is infrequent.8, 9 Thus, the need for ICU admission in patients 

with mild TBI is less certain and routine ICU admission may lead to overutilization of 

critical care resources.

ICU admission is indicated if there is a decreased risk of morbidity and mortality associated 

with intensive care treatment.10 While guidelines suggest the need for in-patient observation 

for repeated neurological evaluations in patients with tICH, there are no clear 

recommendations when ICU admission is warranted.4 Admission criteria to ICUs vary 

widely and there is significant variability in the management of patients with mild TBI.11, 12 

Previous attempts to determine evidence based criteria for ICU admission have failed due to 

the lack of scientific evidence.10
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Given that intensive care in the USA is a costly and limited resource, appropriate utilization 

of ICU resources is important in providing efficient health care. Critical care beds in the US 

account for approximately 8% of hospital beds, but 28% of acute hospital care charges.13 

Moreover, ICUs are often overcrowded, which lead to increased refusal for admissions to 

intensive care,14 prolonged ED boarding times, and adverse patient outcomes.15

The purpose of this study is to evaluate the need for ICU admission in adult ED patients with 

TBI and tICH. We hypothesize that a subset of ED patients with TBI and tICH can be 

considered low risk for requiring future inpatient critical care resources.

Materials and Methods

This is a retrospective cohort study of all adult trauma patients who sustained a tICH and 

were evaluated at a Level 1 trauma center from May 2006 through April 2008. The 

institutional review board at the study site approved the study.

Patients were identified from the hospital trauma registry using the International Statistical 

Classification of Diseases and Related Health Problems (ninth edition) (ICD-9) codes 

specific for tICH (codes 851-854). Following the initial query, the electronic medical record 

(EMR) was reviewed to determine eligibility for study inclusion. Patients were eligible if 

they were at least 18 years old and sustained a tICH on computerized tomography (CT) scan. 

The presence or absence of tICH was based on the dictated attending radiologist report of 

the cranial CT. tICH was defined as subarachnoid hemorrhage, epidural hematoma, subdural 

hematoma, intraventricular hemorrhage, intraparenchymal hemorrhage/contusion, and 

diffuse axonal injury.

Trauma patients at the study site are managed in the ED by both trauma surgeons and 

emergency medicine physicians. Patients that do not require immediate surgical intervention 

receive diagnostic and therapeutic management in the ED and are then triaged to home, an 

in-patient ICU bed, or an in-patient non-ICU bed. At the study site, patients with tICH 

detected on cranial CT are generally admitted to the ICU for neurologic monitoring for a 

minimum of 24 hours following injury.

We defined the need for ICU admission as the presence of a critical care intervention. The 

list of definitions of critical care interventions was derived from the Task Force of American 

College of Critical Care Medicine Guidelines for ICU admission 16 and represented specific 

interventions or patient conditions that would warrant intensive care monitoring or 

management. Definitions of critical care interventions are included in Table 1.

Patients were categorized into two cohorts based on the presence or absence of a critical care 

intervention prior to admission to the ICU. Time to admission to the ICU was defined as the 

time an admission bed request was placed while the patient was in the ED. Admission bed 

requests are placed with computerized order entry. We chose this cutoff to minimize 

potential bias from patients “boarding” in the ED while waiting for a bed that is 

geographically in the ICU. Once an ICU bed request is placed, the trauma service manages 

the patient in the ED. We considered the cohort of patients that received a critical care 

intervention prior to admission to the ICU as high risk to require ICU resources. Patients that 
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did not receive a critical care intervention prior to admission were considered low risk. This 

low risk group was then further evaluated for the presence of a critical care intervention 

during their hospitalization. Any critical care intervention that occurred after admission in 

the low risk group was defined as a delayed critical care intervention. If a critical care 

intervention occurred while the patient was physically in the ED but after admission (bed 

request), it was coded as a delayed critical care intervention. Delayed critical care 

intervention was then further coded into either within 48 hours of admission (time from ICU 

bed request placement) or at any time during hospitalization (Figure 1).

Data collection followed previously published guidelines on retrospective chart review.17 We 

abstracted data from the physician and nursing notes, laboratory and imaging studies, ED 

and inpatient orders, and procedures from the EMR. Data was collected on a standardized 

data collection form with pre-defined variables by a single data abstractor trained to the 

methodology of data collection (DKN). The data abstractor was not blinded to study 

hypothesis. Variables collected included age, gender, mechanism of injury, past medical 

history, initial ED GCS, loss of consciousness, initial ED blood pressure, initial ED 

respiratory rate, alcohol intoxication, treatment with packed red blood cells (PRBC), fresh 

frozen plasma (FFP), recombinant activated factor VII (rFVIIa), initial cranial CT results, 

initial platelet count and international normalized ratio (INR) level, and initial two 

hematocrit measurements. Blood urea nitrogen (BUN), creatinine (Cr), bicarbonate (HCO3-) 

and anion gap (AG) were also recorded. ICU and hospital length of stay were also recorded. 

Alcohol intoxication was considered positive if laboratory ethanol level ≥ 10 mg/dL. A unit 

of PRBC equals approximately 300 ml and a unit of FFP is approximately 400 ml. Cranial 

CT results were coded into anatomical categorical variables based on attending radiologist 

text report. ED data were abstracted prior to knowledge of patient outcomes. Data missing 

from the medical record was coded as missing in the dataset.

An Abbreviated Injury Score (AIS) for head and neck, face, chest, abdomen, extremities, 

and external body regions and the overall Injury Severity Score (ISS) were previously 

available from the trauma registry.18 These calculations were previously imputed into the 

trauma registry by data abstractors who were trained in these calculations. A Marshall Score 

was calculated for this study following previously described methodology.19 The AIS and 

ISS are scoring systems developed to measure injury severity based on anatomical injuries 

divided by body regions.18 The Marshall Score is a previously defined classification system 

that predicts patient outcome based on cranial CT findings (see Table 2 for classification of 

Marshall Score).19

The primary outcome measure of this study is the presence of a delayed critical care 

intervention in the first 48 hours after admission in the group of patients that did not receive 

a critical care intervention prior to ICU admission (low risk group). A 48 hour cutoff was 

selected as this is a reasonable time frame for observation for neurological decline from a 

tICH. Secondary outcome measures included delayed critical care intervention at any point 

during hospitalization, 48 hour and in-hospital mortality, emergency surgery (defined as 

surgery requiring general anesthesia within 24 hours of admission), and discharge from the 

ICU or hospital within 24 and 48 hours.
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Data was entered into a spreadsheet and analyzed using STATA 10.0 statistical software 

(STATA Corp, College Station, TX). Interval data were reported as the mean ± standard 

deviation (SDs) or median and interquartile range (IQRs). Proportions were presented with 

95% confidence intervals. Categorical data was analyzed with chi-square test or Fisher’s 

exact test in cases of small cell size. Continuous data was analyzed with Student’s t-test for 

normally distributed data or wilcoxon rank-sum test for non-parametric data or ordinal data.

Results

A total of 320 medical records were identified from the trauma registry (Figure 1). Three 

hundred and seven (95.9%) patients were admitted to the ICU, 11 (3.4%) patients were 

admitted to a non-ICU setting, one patient died in the ED, and one patient was discharged 

home from the ED after a period of observation. Baseline characteristics are presented in 

Table 2. Mean age was 47.6 years old (± 21.1 years) and 221 patients (69.1%) were male. 

Twenty-five (7.8%) patients were taking an anticoagulant or antiplatelet medication (aspirin, 

clopidogrel, or warfarin). A total of 231 (72.2%) patients sustained an isolated head injury 

which was defined as AIS < 3 in non-head body region. The median GCS was 14 with the 

majority of patients having a GCS 13-15 (68.8%). The most common cranial injury was 

intraparenchymal hemorrhage (56.9%) and subdural hemorrhage (33.1%). See Table 2 for 

complete patient characteristics.

One hundred and thirty-three of 320 (41.6%) patients had a critical care intervention prior to 

admission (high risk group). Mechanical ventilation (35.6%) and RBC transfusion (15.6%) 

were the most common forms of critical care intervention (Table 3). When comparing the 

high and low risk groups, there were no significant differences in patient demographics, past 

medical history, medication use, and laboratory studies. Intraventricular hemorrhage, 

presence of cerebral shift, presence of cerebral mass effect, and presence of cerebral 

herniation were more prevalent in the high risk group. Patients in the high risk group were 

also more likely to have multi-system trauma, have an ISS > 15, and have a Marshall score > 

2. Table 4 compares injury severity between groups.

In the low risk group of 187 patients that did not receive a critical care intervention prior to 

admission, two patients (1.1%; 95% CI 0.1, 3.8%) met the primary outcome measure of 

delayed critical care intervention within the first 48 hours of hospitalization. Both patients 

received RBC transfusion as their critical care intervention with one patient eventually dying 

during hospitalization from pneumonia on hospital day number 21. None of the 146 patients 

(0%; 95%CI 0, 2.5) less than 70 years of age had a delayed critical care intervention within 

the first 48 hours of admission.

Four patients (2.1%, 95% CI 0.6, 5.4%) met the secondary outcome measure of delayed 

critical care intervention after 48 hours of hospitalization. These interventions occurred 

between 3 and 10 days post-injury. Of the 6 patients who sustained a delayed critical care 

intervention at any point during hospitalization, no patient suffered a neurological decline or 

the need for neurosurgical intervention due to worsening of the patient’s tICH (see Table 5 

for patient details).
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No patients (0%, 95% CI 0, 2.0%) in the low risk group had an emergent surgery. One 

patient died in this group (0.5%; 95% CI 0, 2.9%) and no patients died within 48 hours of 

admission (0%, 95% CI 0, 2.0%). The mean hospital LOS was 4.7 days (95% CI 3.8, 5.6 

days) and the mean ICU LOS was 2.0 days (95% CI 1.4, 3.0 days) in the low risk group. 

One hundred and twelve (59.4%) patients in the low risk group were discharged from either 

the ICU or hospital within 24 hours and 142 (75.9%) patients were discharged within 48 

hours (Table 6).

The majority (218/317, 68.8%, 95% CI 63.6, 73.9%) of patients had mild TBI (GCS 13-15). 

Patients with mild TBI were more likely to survive, have shorter hospital LOS, and not have 

a critical care intervention prior to admission compared to moderate and severe TBI.

Discussion

The initial goal of our study was to develop a model to predict ED patients with tICH who 

are at high risk of delayed critical care intervention and therefore would warrant ICU 

admission. However our primary outcome measure of delayed critical care intervention was 

identified in only 1.1% of the study cohort. This rate was much lower than expected and we 

were therefore unable to statistically develop a prediction model. These results indicate, 

however, that patients with mild TBI not receiving a critical care intervention prior to 

hospital admission have a low rate of requiring a critical care intervention in the next 48 

hours.

Furthermore, these low risk patients are at low risk of requiring a critical care intervention 

during their entire hospitalization. The absence of a critical care intervention prior to 

admission may serve as a triage tool by itself to screen for a subset of patients with tICH that 

are low risk for requiring ICU resources and may be safely managed in a non-ICU setting. 

Triaging these low risk patients to a non-ICU setting may serve to decrease acute hospital 

costs as well as decompress overcrowded ICUs and decrease ED boarding times. Given that 

the majority of patients sustaining a tICH fall into this low risk category, the impact of this 

triage is likely substantial.

Using previously published data from US hospitals in 2004, the average cost per day of an 

ICU bed is $2,575 while a ward bed costs $1,488.20 If all patients who met the low risk 

criteria (no critical care intervention prior to admission) were admitted to the ward rather 

than the ICU for the mean duration of ICU stay (2.0 days) then the estimated savings during 

the study period would have been $203,268/year. This does not account for the potential 

additional cost from the patients mistriaged to the ward or the potential decreased length of 

hospital stay if patients are admitted directly to the ward. Future studies evaluating ICU 

resource utilization should include a cost-effectiveness analysis to adequately assess the cost 

versus benefit of implementation of an ICU triage model. A potential cost-effectiveness 

analysis might evaluate the cost of one misclassified patient (patient considered low risk but 

then requires a critical care intervention) or in-hospital death.

Prior studies have evaluated baseline characteristics to predict outcome in traumatic brain 

injury.21–23 However there has been only one study that attempted to predict critical care 
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intervention in traumatic brain injury using baseline characteristics.22 This study however, 

had a relatively high threshold for requiring ICU admission (raised intracranial pressure and 

need for neurosurgical intervention) and those authors were unable to develop a sufficient 

prediction model.

Some clinicians may wish to identify all patients requiring delayed critical care 

interventions. To further increase the sensitivity of predicting delayed critical care 

interventions, an age cutoff may be implemented. Post hoc analysis demonstrated that if 

patients over 70 years of age were excluded from the low risk group, no patient undergoing 

delayed critical care intervention within 48 hours of admission would be missed in our 

cohort. In addition, many clinicians would wish to closely monitor anti-coagulated patients 

and patients with epidural hematomas in an ICU setting as these patients are believed at high 

risk for further bleeding and neurosurgical interventions.24

In this study, hospital and ICU length of stay in the low risk group was comparable to prior 

studies involving mild TBI patients.8 We found a high rate of low risk patients discharged 

from the ICU or hospital within 24 or 48 hours. This suggests a majority of low risk patients 

are being admitted and observed in the ICU for short time periods and are then transitioned 

to a ward bed or even home. However due to the low rate of admissions to non-ICU settings, 

we were unable to identify differences in hospital length of stay in low risk patients admitted 

to the ICU compared to non-ICU settings.

The study has several limitations. This study is retrospective and is subject to the limitations 

of medical record review. This study was also limited to a single center where local 

admission criteria and management of TBI might not be generalizable to other settings. Due 

to the lack of literature and guidelines for in-hospital triage of patients with TBI, the 

standard management of these patients is unclear. Prior studies demonstrate wide variability 

in the management of patients with TBI11, 12 and other studies suggest little benefit from 

hospital admission for minor head injury.25, 26

As the vast majority of patients were admitted to the ICU, we were unable to describe 

patients with tICH that were managed in a non-ICU setting. There may be unexpected 

advantages with ICU care in these patients that may have prevented a critical care 

intervention from occurring. For example, TBI patients admitted to the ICU at our center 

have neurological checks ordered to be performed by nursing staff every one hour compared 

to every two hours or greater in non-ICU settings.

The list of critical care interventions is based on prior guidelines which were based on expert 

opinion.16 Ideally, this list would be based on evidence demonstrating improved outcomes in 

an ICU setting versus a non-ICU setting. We defined this list of critical care interventions a 

priori based on interventions best managed in an ICU setting. Analysis of the six patients 

receiving a delayed critical care intervention during their hospitalization demonstrated that 

none of the critical care interventions were likely a result of the head injury sustained.

In conclusion, patients with tICH and the absence of a critical care intervention prior to ICU 

admission are at very low risk for a delayed critical care intervention during hospitalization. 

Future studies to validate whether the absence of a critical care intervention prior to 
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admission in patients with tICH, can serve as a safe, cost-effective triage tool for ICU 

admission.
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Figure. 
Flowchart of patient enrollment

ICD: international classification of diseases; tICH: traumatic intracranial hemorrhage
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Table 1

Definitions of critical care interventions

Critical care intervention Definition

Vasopressor or inotrope use Use of dopamine, norepinephrine, epinephrine, dobutamine, phenylephrine, or vasopressin for vasopressor 
or inotropic support

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

Mechanical ventilation Mechanical ventilation for acute respiratory failure

Cardiac arrest Cardiac arrest requiring cardiopulmonary resuscitation

Arrhythmia Non-sinus arrhythmia less than 40 or greater than 120 beats/minute with the need for urgent intervention

RBC transfusion Transfusion of packed red blood cells

FFP transfusion Transfusion of fresh frozen plasma

Recombinant activated factor VII Use of recombinant activated factor VII

Interventional angiography Use of interventional angiography for therapeutic purposes

Neurosurgical intervention Placement of an intracranial pressure monitor, burr hole, craniotomy, subdural drain, intraventricular 
catheter, or treatment with mannitol or hypertonic saline

J Trauma. Author manuscript; available in PMC 2016 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nishijima et al. Page 11

Table 2

Patient characteristics

Characteristic Patients Median or Mean With IQR or 95%CI

Demographics

  Age (yr) 320/320 47.6 (5.4–89.8)

  Male 221/320 69.1% (63.1–74.1)

Mechanism of injury

  Fall 69/320 21.6% (17.2–26.5)

  Fall from height 23/320 7.2% (4.6–10.6)

  Motor vehicle accident 136/320 43.5% (37.0–48.1)

  Pedestrian struck 21/320 6.6% (4.1–10.0)

  Bike 13/320 4.1% (2.2–6.8)

  Gunshot wound 6/320 1.9% (0.7–4.0)

  Direct blow 43/320 13.4% (9.9–17.7)

  Unknown mechanism 9/320 2.8% (1.3–5.3)

Medication

  Aspirin 13/320 4.1% (21.8–68.5)

  Clopidogrel 4/320 1.3% (0.3–3.2)

  Warfarin 8/320 2.5% (10.9–48.7)

  Any anticoagulant 25/320 7.8% (5.1–11.3)

Injury severity

  GCS 317/320 14 (10–15)

  Mild TBI: GCS 13–15 218/317 68.8% (63.6–73.9)

  Moderate TBI: GCS 9–12 26/317 8.2% (5.2–11.2)

  Severe TBI: GCS < 8 72/317 22.7% (18.1–27.4)

  Isolated head injury 231/320 72.2% (67.3–77.1)

  Loss of consciousness reported 104/320 32.5% (27.3–37.7)

  Injury severity score 320/320 17 (13–25)

  Marshall Score† 320/320 2 (2–2)

Cranial CT scan injuries

  Depressed skull fracture 2/320 0.6% (0–2.2)

  Nondepressed skull fracture 20/320 6.3% (3.6–8.9)

  Intraparenchymal hemorrhage 182/320 56.9% (51.4–62.3)

  Subdural hemorrhage 106/320 33.1% (28.0–38.3)

  Epidural hemorrhage 14/320 4.4% (2.1–6.6)

  Herniation 18/320 5.6% (3.1–8.2)

  Diffuse axonal injury 9/320 2.8% (1.0–4.6)

  Subarachnoid hemorrhage 146/320 45.6% (40.1–51.1)

  Interventricular hemorrhage 31/320 9.7% (6.4–12.9)
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Characteristic Patients Median or Mean With IQR or 95%CI

  Presence of cerebral shift 31/320 9.7% (6.4–12.9)

  Presence of cerebral mass effect 37/320 11.6% (8.0–15.1)

†
CT Class 1, no lesions present; CT Class 2, lesions and/or midline shift ≤ 5 mm, cisterns present; no high- or mixed-density lesions > 25 mm; CT 

Class 3 (swelling), midline shift ≤ 5mm, cisterns compressed or absent, no high- or mixed-density lesions > 25 mm; CT Class 4 (shift), midline 
shift > 5 mm, no high- or mixed-density lesions >25 mm; CT Class 5, any surgically evacuated mass; CT Class 6, high- or mixed-density lesions 
>25 ml.

GCS: Glascow Coma Score; TBI: traumatic brain injury; CT: computed tomography; IQR: Interquartile range; CI: confidence interval
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Table 3

Critical care intervention prior to admission

Critical care intervention* Patients Mean With 95% CI

Critical care intervention in ED 133/320 41.6% (36.1–47.0)

- Vasopressor or inotrope use 3/320 0.9% (0.2–2.7)

- Invasive monitoring 3/320 0.9% (0.2–2.7)

- Mechanical ventilation 114/320 35.6% (30.4–41.1)

- Cardiac arrest 0/320 0% (0–1.1%)

- Arrhythmias requiring treatment 3/320 0.9% (0.2–2.7)

- RBC transfusion 50/320 15.6% (11.8–20.1)

- FFP transfusion 29/320 9.1% (6.2–12.8)

- rFVIIa 4/320 1.3% (0.3–3.2)

- Interventional angiography 1/320 0.3% (0–1.7)

- Neurosurgical intervention 18/320 5.6% (3.4–8.7)

*
see table 1 for definitions of critical care intervention

RBC: red blood cell; FFP: fresh frozen plasma; rFVIIa: recombinant activated factor VII; CI: confidence interval

J Trauma. Author manuscript; available in PMC 2016 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nishijima et al. Page 14

Ta
b

le
 4

C
om

pa
ri

so
n 

of
 s

ev
er

ity
 o

f 
in

ju
ry

 b
et

w
ee

n 
gr

ou
ps

C
ha

ra
ct

er
is

ti
c

G
ro

up
 1

 (
L

ow
 r

is
k)

: 
D

id
 n

ot
 h

av
e

a 
cr

it
ic

al
 c

ar
e 

in
te

rv
en

ti
on

 p
ri

or
to

 a
dm

is
si

on
 (

n=
18

7)

G
ro

up
 2

 (
H

ig
h 

ri
sk

):
 H

ad
 a

cr
it

ic
al

 c
ar

e 
in

te
rv

en
ti

on
 p

ri
or

 t
o

ad
m

is
si

on
(n

=1
33

)

p 
va

lu
e

P
at

ie
nt

s
M

ed
ia

n 
or

 M
ea

n 
W

it
h

IQ
R

 o
r 

95
%

 C
I

P
at

ie
nt

s
M

ed
ia

n 
or

 M
ea

n 
W

it
h

IQ
R

 o
r 

95
%

 C
I

G
C

S*
18

4/
18

7
15

 (
14

–1
5)

13
3/

13
3

7 
(3

–1
5)

.

M
ild

 T
B

I:
 G

C
S 

13
–1

5
17

9/
18

4
97

.3
%

 (
94

.9
–9

9.
6)

39
/1

33
29

.3
%

 (
21

.6
–3

7.
1)

<
0.

00
1

M
od

er
at

e 
T

B
I:

 G
C

S 
9–

12
5/

18
4

2.
7%

 (
0.

4–
5.

1)
21

/1
33

15
.8

%
 (

9.
6–

22
.0

)
<

0.
00

1

Se
ve

re
 T

B
I:

 G
C

S 
<

 8
0/

18
4

0%
 (

0–
2.

0)
72

/1
33

54
.1

%
 (

45
.7

–6
2.

6)
<

0.
00

1

Is
ol

at
ed

 h
ea

d
15

5/
18

7
83

.8
%

 (
78

.5
–8

9.
1)

76
/1

33
56

.3
%

 (
47

.9
–6

4.
7)

<
0.

00
1

L
os

s 
of

 c
on

sc
io

us
ne

ss
60

/1
87

32
.4

%
 (

25
.7

–3
9.

2)
44

/1
33

32
.6

%
 (

24
.7

–4
0.

5)
0.

73

In
ju

ry
 s

ev
er

ity
 s

co
re

18
7/

18
7

16
 (

10
–2

0)
18

7/
18

7
25

 (
17

–3
3)

.

In
ju

ry
 s

ev
er

ity
 s

co
re

 >
 1

5
73

/1
87

39
.0

%
 (

32
.0

–4
6.

4)
11

8/
13

3
88

.7
%

 (
82

.1
–9

3.
5)

<
0.

00
1

M
ar

sh
al

l S
co

re
18

7/
18

7
2 

(2
–2

)
13

3/
13

3
2 

(2
–3

)
.

M
ar

sh
al

l S
co

re
 >

 2
3/

18
7

1.
6%

 (
0.

3–
4.

6)
44

/1
33

33
.1

%
 (

25
.2

–4
1.

8)
<

0.
00

1

G
C

S:
 G

la
sc

ow
 C

om
a 

Sc
or

e;
 T

B
I:

 tr
au

m
at

ic
 b

ra
in

 in
ju

ry
; L

O
C

: 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; 
IQ

R
: i

nt
er

qu
ar

til
e 

ra
ng

e;
 C

I:
 c

on
fi

de
nc

e 
in

te
rv

al

* 3 
pa

tie
nt

s 
di

d 
no

t h
av

e 
G

C
S 

re
co

rd
ed

J Trauma. Author manuscript; available in PMC 2016 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nishijima et al. Page 15

Ta
b

le
 5

Pa
tie

nt
s 

th
at

 d
id

 n
ot

 r
ec

ei
ve

 a
 c

ri
tic

al
 c

ar
e 

in
te

rv
en

tio
n 

pr
io

r 
to

 a
dm

is
si

on
 b

ut
 r

eq
ui

re
d 

a 
cr

iti
ca

l c
ar

e 
in

te
rv

en
tio

n 
du

ri
ng

 h
os

pi
ta

liz
at

io
n

P
at

ie
nt

G
C

S,
IS

S
H

ad
 a

 c
ri

ti
ca

l
ca

re
in

te
rv

en
ti

on
pr

io
r 

to
ad

m
is

si
on

?

H
ad

 a
 c

ri
ti

ca
l c

ar
e

in
te

rv
en

ti
on

 w
ith

in
 t

he
fi

rs
t 

48
 h

ou
rs

 o
f

ad
m

is
si

on
?

H
ad

 a
 c

ri
ti

ca
l c

ar
e 

in
te

rv
en

ti
on

 a
ft

er
 t

he
fi

rs
t 

48
 h

ou
rs

 o
f 

ad
m

is
si

on
?

Su
rv

iv
ed

 t
o 

di
sc

ha
rg

e
L

O
S

(I
C

U
,

ho
sp

it
al

)

62
 y

ea
r 

ol
d 

m
al

e 
w

ith
 f

al
l

fr
om

 s
ta

nd
in

g
14

, 3
2

N
o

N
o

Y
es

, i
nt

ub
at

ed
 f

or
 r

es
pi

ra
to

ry
 f

ai
lu

re
 d

ue
 to

m
ul

tip
le

 r
ib

 f
ra

ct
ur

es
 o

n 
H

D
 #

3
Y

es
18

, 1
9

62
 y

ea
r 

ol
d 

m
al

e 
in

 M
V

A
15

, 1
6

N
o

N
o

Y
es

, i
nt

ub
at

ed
 f

or
 d

el
ir

iu
m

 tr
em

en
s 

on
 H

D
 #

3
Y

es
13

, 2
7

81
 y

ea
r 

ol
d 

fe
m

al
e 

w
ith

fa
ll 

fr
om

 s
ta

nd
in

g
15

, 1
7

N
o

Y
es

, t
ra

ns
fu

se
d 

1 
un

it 
of

PR
B

C
 1

6 
ho

ur
s 

af
te

r
ad

m
is

si
on

N
o

Y
es

4,
 7

80
 y

ea
r 

ol
d 

fe
m

al
e 

w
ith

fa
ll 

fr
om

 s
ta

nd
in

g
13

, 2
4

N
o

N
o

Y
es

, t
ra

ns
fu

se
d 

1 
un

it 
PR

B
C

 o
n 

H
D

 #
4

N
o,

 d
ie

d 
du

e 
to

 r
es

pi
ra

to
ry

 f
ai

lu
re

fr
om

 m
ul

tip
le

 r
ib

 f
ra

ct
ur

es
 o

n 
H

D
#1

1 
(m

ad
e 

D
N

R
 d

ur
in

g
ho

sp
ita

liz
at

io
n)

11
, 1

1

49
 y

ea
r 

ol
d 

m
al

e 
in

 M
V

A
14

, 2
1

N
o

N
o

Y
es

, i
nt

ub
at

ed
 f

or
 p

ro
ce

du
ra

l s
ed

at
io

n 
du

e 
to

cl
au

st
ro

ph
ob

ia
 f

or
 M

R
I 

on
 H

D
 #

3
Y

es
6,

 1
2

89
 y

ea
r 

ol
d 

fe
m

al
e 

in
M

V
A

9,
 3

8
N

o
Y

es
, P

R
B

C
 tr

an
sf

us
io

n 
21

ho
ur

s 
af

te
r 

ad
m

is
si

on
Y

es
, i

nt
ub

at
ed

 f
or

 r
es

pi
ra

to
ry

 f
ai

lu
re

 d
ue

 to
pn

eu
m

on
ia

 o
n 

H
D

 #
10

N
o,

 d
ie

d 
fr

om
 p

ne
um

on
ia

 o
n 

H
D

 #
21

5,
 2

1

L
O

S:
 le

ng
th

 o
f 

st
ay

; I
C

U
: i

nt
en

si
ve

 c
ar

e 
un

it;
 M

V
A

: m
ot

or
 v

eh
ic

le
 a

cc
id

en
t; 

G
C

S:
 G

la
sc

ow
 C

om
a 

Sc
or

e;
 I

SS
: i

nj
ur

y 
se

ve
ri

ty
 s

co
re

; H
D

: h
os

pi
ta

l d
ay

; P
R

B
C

: p
ac

ke
d 

re
d 

bl
oo

d 
ce

lls
; D

N
R

: d
o 

no
t 

re
su

sc
ita

te
; M

R
I 

=
 m

ag
ne

tic
 r

es
on

an
ce

 im
ag

in
g

J Trauma. Author manuscript; available in PMC 2016 August 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nishijima et al. Page 16

Ta
b

le
 6

C
om

pa
ri

so
n 

of
 s

ec
on

da
ry

 o
ut

co
m

es
 b

et
w

ee
n 

gr
ou

ps

C
ha

ra
ct

er
is

ti
c

G
ro

up
 1

 (
L

ow
 r

is
k)

: 
D

id
 n

ot
 h

av
e

a 
cr

it
ic

al
 c

ar
e 

in
te

rv
en

ti
on

 p
ri

or
to

 a
dm

is
si

on
 (

n=
18

7)

G
ro

up
 2

 (
H

ig
h 

ri
sk

):
 H

ad
 a

cr
it

ic
al

 c
ar

e 
in

te
rv

en
ti

on
 p

ri
or

 t
o

ad
m

is
si

on
 (

n=
13

3)

p 
va

lu
e

P
at

ie
nt

s
M

ed
ia

n 
or

 M
ea

n 
W

it
h

IQ
R

 o
r 

95
%

 C
I

P
at

ie
nt

s
M

ed
ia

n 
or

 M
ea

n 
W

it
h

IQ
R

 o
r 

95
%

 C
I

E
m

er
ge

nt
 s

ur
ge

ry
0/

18
7

0%
 (

0–
2.

0)
28

/1
33

21
.1

%
 (

14
.5

–2
9.

0)
<

0.
00

1

M
or

ta
lit

y 
in

 h
os

pi
ta

l
2/

18
7

1.
1%

 (
0.

1–
3.

8)
31

/1
33

23
.3

%
 (

14
.5

–3
1.

4)
<

0.
00

1

M
or

ta
lit

y 
w

ith
in

 4
8 

ho
ur

s
0/

18
7

0 
(0

–2
.0

)
15

/1
33

11
.3

%
 (

6.
5–

17
.9

)
<

0.
00

1

M
ea

n 
ho

sp
ita

l L
O

S 
(d

ay
s)

.
4.

7 
(3

.8
–5

.6
)

.
21

.9
 (

14
.2

–2
9.

7)
<

0.
00

1

M
ea

n 
IC

U
 L

O
S 

(d
ay

s)
.

2.
0 

(1
.4

–3
.0

)
.

8.
1 

(6
.1

–1
0.

1)
<

0.
00

1

Pa
tie

nt
s 

di
sc

ha
rg

ed
 in

 2
4 

ho
ur

s*
11

2/
18

7
59

.9
%

 (
52

.5
–6

7.
0)

17
/1

33
12

.8
%

 (
7.

6–
19

.7
)

<
0.

00
1

Pa
tie

nt
s 

di
sc

ha
rg

ed
 in

 4
8 

ho
ur

s*
14

2/
18

7
75

.9
%

 (
69

.2
–8

1.
9)

24
/1

33
18

.0
%

 (
11

.9
–2

5.
6)

<
0.

00
1

L
O

S:
 le

ng
th

 o
f 

st
ay

; I
C

U
: i

nt
en

si
ve

 c
ar

e 
un

it;
 E

D
: e

m
er

ge
nc

y 
de

pa
rt

m
en

t; 
C

I:
 c

on
fi

de
nc

e 
in

te
rv

al

* di
sc

ha
rg

e 
fr

om
 e

ith
er

 I
C

U
 o

r 
ho

sp
ita

l

J Trauma. Author manuscript; available in PMC 2016 August 04.


	Introduction
	Materials and Methods
	Results
	Discussion
	References
	Figure
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

