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, Abstract—Background: Motorcycle crash–related
injury mechanism is a criterion in the Centers for Disease
Control and Prevention field triage guidelines of injured pa-
tients, with a recommendation to transport affected patients
to a trauma center need not be the highest level. Objective:
This study examines the evidence behind this recommenda-
tion because severe injuries can result from motorcycle
crashes and patients can benefit from treatment at higher-
level trauma centers. Methods: This retrospective cohort
study used the National Trauma Data Bank 2015 dataset.
We conducted descriptive analyses (univariate and bivar-
iate) followed by adjusted multivariate analysis to examine
the association between trauma center designation levels
and survival to hospital discharge. Results: A total of
28,821 patients with motorcycle injuries were included.
Most patients weremen (n = 25,361; 88%) and aged between
16 and 64 years (n = 26,989; 93.6%). Survival rates were
higher in level II (n = 10,658; 95.3%) and III (n = 2,129;
95.5%) trauma centers compared to level I centers
(n = 14,498; 94.6%). After adjusting for confounders,
decreased survival to hospital discharge was noted for pa-
tients treated at level III trauma centers compared to those
at level I centers (odds ratio 0.543; 95% confidence interval
0.390–0.729). No difference in survival was noted between
level I and II centers. Conclusions: Patients with motorcycle
crash–related injuries treated at higher-level trauma center
(I or II) had increased survival. This warrants a re-
evaluation and adjustment of the field triage criterion for
such patients. Examining the evidence behind field triage
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guidelines in trauma systems is needed for improved patient
outcomes. � 2020 Elsevier Inc. All rights reserved.

, Keywords—motorcycle crash-related injury; trauma;
mortality; trauma center level

INTRODUCTION

Motorcycle crash–related injury constitutes a significant
cause of mortality and morbidity, along with a substantial
financial burden worldwide. In the United States, motor-
cycle crash incidence is 68% higher than that for other au-
tomobiles, with a 28 times higher fatality rate, and
accounting for up to 14% of all automobile crash fatalities
(1). When compared with car crashes, patients involved
in motorcycle crashes have higher injury prevalence
(3�), injury severity (10�), mortality (5�), and medical
costs (6�) (2).

The American College of Surgeons (ACS) designates
trauma centers into four levels (level I or highest to level
IV or lowest). The trauma center level is assigned based
on trauma volume, resources, and educational and
research commitment (3). Similarly, state designation of
trauma center level is also used in the United States for
trauma centers. Trauma center designation and higher
trauma center levels have been previously associated
with improved outcomes (4). The overall mortality rate
was previously reported to be 25% lower for patients
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NTDB 2015 Dataset
(n = 917,865)

PaƟents who presented 
to the ED with 

motorcycle accident-
related injury (n=37,903)

Excluded (n=9082)
PaƟents whose age = -99 (n=202; 0.5%)
PaƟents whose age ≤ 15 (n=552; 1.5%)

DisposiƟon of the paƟent at the Ɵme of discharge 
from the ED

Not Known/Not Recorded (n=574; 1.5%)
Not Applicable (n=502; 1.3%)

LeŌ against medical advice (n=82; 0.2%)
Other (jail, insƟtuƟonal care facility, mental health, 

etc) (n=208; 0.5%)
Transferred to another hospital (n=866; 2.3%)

The disposiƟon of the paƟent at hospital discharge
Not Known/Not Recorded (n=10; 0%)

Inter-hospital facility transfer (n=6,426; 17.0%)

The total number of the paƟents 
aŌer the exclusion criteria

(n=29,192)

Excluded (n=371)
PaƟents who presented to ACS 

verificaƟon level being as “not verified” 
or state designaƟon being as “not 

verified”

The total number of paƟents aŌer 
exclusion of those who presented to 
ACS verificaƟon level being as “not 

verified” or state designaƟon being as 
“not verified” (n=28,821)

Excluded (n=76; 0.3%)
PaƟents transferred to Level IV trauma 

centers

Total number of paƟents remaining 
who underwent staƟsƟcal analysis 

(n=28,745)

Figure 1. Study sample selection criteria. Note: There are
overlaps among the categories of the excluded variables.
More specifically, some patientswho had inter-hospital facil-
ity transfer had as emergency department (ED) disposition
one of the excluded categories. Also, some patients whose
age was not recorded or were 15 years or younger were
transferred or had as ED disposition one of the excluded cat-
egories. These overlaps explain why the final number on

500 H. Elsemesmani et al.
with traumatic injuries when treated at a trauma center
compared to a non–trauma center (5). This difference in
outcomes was more pronounced for patients with severe
injuries based on stratification using the Abbreviated
Injury Scale (5). Moreover, the treatment of trauma pa-
tients at level I trauma centers was also significantly asso-
ciated with both lower mortality and lower severe
disability at discharge compared to those treated at level
II trauma centers (3).

Prehospital field triage criteria are used to guide pre-
hospital providers to identify patients with severe trau-
matic injuries and to transport them to appropriate
receiving facilities, mainly trauma centers (4). However,
criteria for trauma patients’ referral to trauma center
levels are still vague and lack sufficient validity (3).

Several prehospital parameters, such as training level
and total number of emergency medicine technician
(EMT) personnel, response, scene, and transport times,
have been found to be significantly associated with mor-
tality rates in trauma patients (6). The Centers for Disease
Control and Prevention (CDC) guidelines for field triage
of injured patients use the mechanism of injury of ‘‘mo-
torcycles > 20mph’’ as criterion in step 3 for recommend-
ing transport to a trauma center need not be the highest
trauma level (7). Patients with motorcycle crash–related
injuries are, however, more likely to be severely injured
and might benefit from treatment at higher-level trauma
centers. This study examines the association between
trauma center level and outcomes of patients with motor-
cycle crash-related injuries in an attempt to provide a
more evidence-based recommendation for prehospital
field triage in this patient population.
METHODS

In this retrospective cohort study, we used the 2015 data-
set of the National Trauma Data Bank (NTDB). The
NTDB is the largest registry for trauma patients in the
United States, collecting data from more than 900 centers
and consisting of more than 7.5 million medical records
of trauma patients. This dataset includes prehospital
and in-hospital patient data along with injury characteris-
tics and severity (8).

We included adult patients (aged 16 years or older)
with motorcycle crash–related injuries (coded variable
under ‘‘mechanism’’ in the dataset); motorcycle crash–
which the data analysis was conducted cannot be calculated
just by subtracting the number of excluded patients from the
selected sample. Also, the total number of patients in levels I,
II, and III do not add up to the total number of patients
because patients admitted to level IV centers and others
were excluded. ACS = American College of Surgeons;
ED = emergency department; NTDB = National Trauma
Data Bank.



Table 1. General and Demographic Characteristics

Characteristic

Trauma Designation Level

p ValueAll Levels (n = 28,821*) I (n = 15,332) II (n = 11,184) III (n = 2229)

Age (years)
Median (IQR) 40 (27–53) — — — <0.001
Mean 6 SD 40.99 6 15.128 — — —

Gender
Female 3452 (12) 1870 (12.2) 1307 (11.7) 271 (12.2) 0.439
Male 25,361 (88) 13,459 (87.8) 9873 (88.3) 1957 (87.8)
Not known/not recorded 8 (0) — — —

Race
White 22,082 (76.6) 11,536 (77.0) 8673 (80.1) 1810 (84.0) <0.001
Asian 444 (1.5) 190 (1.3) 231 (2.1) 22 (1.0)
African-American 3311 (11.5) 2114 (14.1) 1009 (9.3) 181 (8.4)
Other† 2211 (7.7) 1145 (7.6) 919 (8.5) 143 (6.6)
Not known/not recorded 773 (2.7) — — —

Comorbidities‡

Yes 12,975 (45) 6758 (44.1) 5041 (45.1) 1145 (51.4) <0.001
No 15,846 (55) 8574 (55.9) 6143 (54.9) 1084 (48.6)

Mode of transportation
Ground ambulance 21,978 (76.3) 11,417 (74.7) 8802 (79.2) 1702 (78.0) <0.001
Air medical transport 4564 (15.8) 2939 (19.2) 1550 (13.9) 74 (3.4)
Public/private vehicle walk-in 1854 (6.4) 690 (4.5) 746 (6.7) 400 (18.3)
Police and other 267 (0.9) 238 (1.6) 22 (0.2) 7 (0.3)
Not known/not recorded 158 (0.5) — — —

Patient disposition (hospital)
Discharged home 18,736 (65) 10,281 (67.1) 7085 (63.3) 1319 (59.2) <0.001
Deceased/expired 812 (2.8) 509 (3.3) 279 (2.5) 22 (1.0)
Transferred to other destination 5642 (19.6) 3167 (20.7) 2207 (19.7) 257 (11.5)
Left against medical advice 261 (0.9) 130 (0.8) 113 (1.0) 18 (0.8)
Not applicable (died in ED) 3370 (11.7) 1245 (8.1) 1500 (13.4) 613 (27.5)

Died in ED/hospital
Yes 1466 (5.1) 834 (5.4) 526 (4.7) 100 (4.5) 0.011
No 27,355 (94.6) 14,498 (94.6) 10,658 (95.3) 2129 (95.5)

Hospital geographic region
Northeast 3791 (13.2) 2406 (15.8) 1270 (11.4) 115 (5.2) <0.001
Midwest 4720 (16.4) 2568 (16.8) 1787 (16.0) 357 (16.0)
South 12,134 (42.1) 6926 (45.4) 4163 (37.2) 987 (44.3)
West 8116 (28.2) 3372 (22.1) 3964 (35.4) 770 (34.5)

Alcohol use
No 22,610 (78.4) 12,178 (79.4) 8587 (76.8) 1784 (80.0) <0.001
Yes 6211 (21.6) 3154 (20.6) 2597 (23.2) 445 (20.0)

Drug use
No 22,696 (78.7) 12,239 (79.8) 8606 (76.9) 1787 (80.2) <0.001
Yes 6125 (21.3) 3093 (20.2) 2578 (23.1) 442 (19.8)

Primary method of payment
Self-pay 4391 (15.2) 2408 (15.7) 1631 (14.6) 329 (14.8) <0.001
Medicaid 3380 (11.7) 1891 (12.3) 1267 (11.3) 219 (9.8)
Medicare 1750 (6.1) 910 (5.9) 698 (6.2) 139 (6.2)
Private/commercial Insurance 16,939 (58.8) 8959 (58.4) 6626 (59.2) 1315 (59.0)
Other governmental 1099 (3.8) 553 (3.6) 444 (4.0) 100 (4.5)

GCS (ED)
Severe # 8 2737 (9.5) 1666 (11.0) 935 (8.5) 130 (6.0) <0.001
Moderate 9–12 550 (1.9) 298 (2.0) 229 (2.1) 22 (1.0)
Mild 13–15 25,087 (87.0) 13,160 (87.0) 9827 (89.4) 2031 (93.0)

ED = emergency department; GCS = Glasgow Coma Scale; IQR = interquartile range; SD = standard deviation.
* The number of patients in levels I, II, and III do not add up to the total number of patients because level IV patients and others were
excluded.
† Other race is the combination of the following categories: American Indian andNativeHawaiian or Other Pacific Islander andOther Race.
‡ Comorbidities: Advanced directive limiting care, alcohol use disorder, attention deficit disorder/attention deficit hyperactivity disorder,
bleeding disorder, cerebrovascular accident, chronic obstructive pulmonary disease, chronic renal failure, cirrhosis, congenital anomalies,
congestive heart failure, current smoker, currently receiving chemotherapy for cancer, dementia, diabetes mellitus, disseminated cancer,
drug use disorder, functionally dependent health status, history of angina within 30 days, history of myocardial infarction, history of pe-
ripheral vascular disease, hypertension requiring medication, major psychiatric illness, steroid use, other.
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Table 2. Event and Injury Characteristics

Characteristic

Trauma Designation Level

p ValueAll Levels (n = 28,821*) I (n = 15,332) II (n = 11,184) III (n = 2229)

Nature of injury
Fractures 23,950 (83.1) 13,082 (85.3) 9117 (81.5) 1692 (75.9) <0.001
Internal organ 14,838 (51.5) 8197 (53.5) 5707 (51.0) 899 (40.3) <0.001
Open wounds 11,934 (41.4) 6763 (44.1) 4423 (39.5) 721 (32.3) <0.001
Blood vessels 1269 (4.4) 879 (5.7) 360 (3.2) 26 (1.2) <0.001
Dislocation 3528 (12.2) 2071 (13.5) 1278 (11.4) 166 (7.4) <0.001
Sprains and strains 2721 (9.4) 1336 (8.7) 1140 (10.2) 239 (10.7) <0.001
Unspecified 1505 (5.2) 586 (3.8) 744 (6.7) 172 (7.7) <0.001
Other† 1521 (5.3) 933 (6.1) 531 (4.7) 52 (2.3) <0.001

Region of injury
Torso 13,652 (47.4) 7618 (49.7) 5116 (45.7) 892 (40.0) <0.001
Head and neck 13838 (48) 7553 (49.3) 5405 (48.3) 851 (38.2) <0.001
Extremities 21,162 (73.4) 11418 (74.5) 8150 (72.9) 1534 (68.8) <0.001
Spine and back 6461 (22.4) 3694 (24.1) 2380 (21.3) 376 (16.9) <0.001
Forearm and elbow 3 (0) 0 (0) 2 (0) 1 (0) 0.052
Unclassifiable 1267 (4.4) 797 (5.2) 397 (3.5) 70 (3.1) <0.001

Injury Severity Score‡

Median and IQR 10 (5–17) — — — <0.001
Mean 6 SD 12.87 6 10.558 13.81 6 10.885 12.27 6 10.203 9.48 6 8.999 <0.001

Total elapsed time,§,jj min{ 256.26 6 495.702 283.90 6 538.815 225.68 6 448.276 222.93 6 398.039 <0.001
Total length of stay, days

Median and IQR 4 (2–8) — — — <0.001
Mean 6 SD 6.69 6 9.713 — — — <0.001

IQR = interquartile range; SD = standard deviation.
* The number of patients in levels I, II, and III do not add up to the total number of patients because level IV patients and others were
excluded.
† Other includes the following nature of injury: amputations, burns, nerves, system-wide and late effects.
‡ Injury Severity Score reflecting the patients’ injuries directly submitted by the facility regardless of the method of calculation.
§ Games-Howell post-hoc test was used to identify the significant groups: 1 > 2 > 3.
jj Games-Howell post-hoc test was used to identify the significant groups: 1 > 2; 1 > 3.
{ Total elapsed time from dispatch of the emergency medical (EMS) transporting unit to hospital arrival of the EMS transporting unit.
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related injuries are defined as those resulting from ‘‘blunt
unintentional collisions with another vehicle, person, or
stationary object’’ that can lead to morbidities or mortal-
ities (8). Exclusion criteria included patients younger
than 16 years, those of undetermined age, those with un-
known outcomes at disposition from the hospital, those
with unknown outcomes at disposition from the emer-
gency department (ED) (left against medical advice, un-
known, not applicable, transferred to another hospital)
and those who underwent inter-facility transfer (due to
unknown outcomes). We also excluded trauma patients
who presented to ACS verification level and state desig-
nation being as ‘‘not verified.’’ We combined both ACS
designation and state designation into one variable,
trauma level designation, with the highest level selected
as the trauma center level (9). We also excluded patients
treated at level IV centers from both bivariate and multi-
variate analysis due to their low frequencies. Figure 1
shows the study sample selection criteria.

The Institutional Review Board at the American
University of Beirut Medical Center (AUBMC)
approved the use of the deidentified dataset for this
study.
Data Analysis

We used the Statistical Package for the Social Sciences,
version 24 (SPSS Inc., Chicago, IL) to perform all sta-
tistical analyses. We presented frequencies and percent-
ages to describe categorical variables, and used
mean 6 standard deviation (SD), median, and inter-
quartile range (IQR) to summarize continuous variables.
We conducted multiple imputation procedures to pro-
vide accurate estimates for variables in which percent
of the category ‘‘not known/not recorded’’ was > 5%
(total elapsed time, ethnicity, whether the patient used
alcohol or drugs, and the patient’s primary payment
method).

We stratified all categorical variables by trauma desig-
nation levels, and we compared their percentages using
Pearson c2 or Fisher exact tests.We estimated homogene-
ity of the variances of the continuous variables using the
Levene’s test, which revealed a violation of the assump-
tion of homogeneity. We used Welch analysis of variance
with the Games-Howell post-hoc test to compare the
means of continuous variables according to the trauma
designation levels.



Table 3. Logistic Regression Model of Hospital Survival

Variable Odds Ratio* 95% CI p Value

Trauma designation level (I)
II 0.883 0.756–1.031 0.116
III 0.584 0.427–0.797 0.001

Age (16–64 years)
$ 65 years 0.37 0.273–0.501 <0.001

Gender (female)
Male 0.698 0.543–0.897 0.005

Comorbidity (no)
Yes 1.47 1.263–1.711 <0.001

Whether patient used alcohol (no)
Yes 1.906 1.593–2.280 <0.001

Whether patient used drug (no)
Yes 2.275 1.879–2.755 <0.001

The patient’s primary method of payment (self-pay)
Medicaid 2.404 1.841–3.138 <0.001
Medicare 1.827 1.272–2.625 0.001
Private/commercial insurance 2.503 2.079–3.012 <0.001
Other government 3.557 2.209–5.726 <0.001
Other and not billed (for any reason) 1.929 1.319–2.822 0.001

Nature of injury as defined by the Barell Injury Diagnosis Matrix: blood vessels (no)
Yes 0.429 0.344–0.535 <0.001

Nature of injury as defined by the Barell Injury Diagnosis Matrix: internal organ (no)
Yes 1.57 1.247–1.977 <0.001

Nature of injury as defined by the Barell Injury Diagnosis Matrix: sprains and strains
(no)
Yes 3.094 2.188–4.375 <0.001

Nature of injury as defined by the Barell Injury Diagnosis Matrix: unspecified (no)
Yes 0.389 0.298–0.507 <0.001

ICD-9 body region as defined by the Barell Injury Diagnosis Matrix: extremities (no)
Yes 1.324 1.127–1.556 0.001

ICD-9 body region as defined by the Barell Injury Diagnosis Matrix: head and neck
(no)
Yes 1.394 1.134–1.713 0.002

ICD-9 body region as defined by the Barell Injury Diagnosis Matrix: torso (no)
Yes 0.54 0.444–0.657 <0.001

ICD-9 body region as defined by the Barell Injury Diagnosis Matrix: unclassifiable
by site (No)
Yes 0.64 0.496–0.826 0.001

Injury Severity Score (#15)
# 16 0.291 0.234–0.361 <0.001

GCS total (ED) (severe (#8)
Moderate (9–12) 9.205 6.496–13.043 <0.001
Mild (13–15) 73.944 60.342–90.612 <0.001

Total elapsed time from dispatch of the EMS transporting unit to hospital arrival of
the EMS transporting unit (#1 h)
> 1 h 1.804 1.534–2.122 <0.001

CI = confidence interval; GCS = Glasgow Coma Scale; ED = emergency department; EMS = emergency medical services.
* Adjusted for: trauma designation level, age, gender, geographic region for the hospital, comorbidity, whether patient used alcohol,
whether patient used drugs, the patient’s primary method of payment, The Injury Severity Score reflecting the patient’s injuries directly
submitted by the facility regardless of the method of calculation, Nature of injury as defined by the Barell Injury Diagnosis Matrix (blood
vessels, fractures, internal organ, open wounds, sprains and strains, unspecified, other), International Classification of Diseases, 9th Revi-
sion body region as defined by the Barell Injury DiagnosisMatrix (extremities, head and neck, spine and back, torso, unclassifiable by site),
GCS total (ED), and total elapsed time from dispatch of the EMS transporting unit to hospital arrival of the EMS transporting unit.
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We also conducted another bivariate analysis (not
shown), more specifically, the patients’ demographic
and clinical characteristics were stratified by the outcome
variable (hospital survival: yes/no). Most variables were
significantly associated with the patient’s survival, except
race, ethnicity, hospital teaching status, and one of the na-
ture of injuries as ‘‘dislocation.’’ We then included all sig-
nificant independent factors in the multivariate analysis
using a backward selection procedure to assess the effect
of the trauma designation levels on the patient’s survival.
We used p value of # 0.05 to denote statistical signifi-
cance. The Hosmer and Lemeshow test showed that the
logistic regression model is a good fit to the data
(p = 0.520). Also, the receiver operating characteristic
curve indicated that this model discriminated the two cat-
egories of the outcome perfectly (hospital survival: yes/
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no) (area under the curve 0.951; 95% confidence interval
[CI] 0.945–0.958; p < 0.001).

RESULTS

The study population included 28,821 patients with
motorcycle crash–related injuries. The median age of
the patient population was 40 (IQR 27–53), with most be-
ing male (n = 25,361; 88%) and white (n = 22,082;
76.6%). Patients were transported to hospitals mainly
by ground ambulance (n = 21,978; 76.3%), followed by
air transport (n = 4,564; 15.8%). The overall rate of sur-
vival to hospital discharge was 94.6% (n = 27,355).
More than 90% of the patients were transferred to trauma
center levels I and II (n = 15,332; 53.2% and n = 11,184;
38.8%, respectively) (Table 1).

Injuries consisted of fractures (n = 23,950; 83.1%), in-
ternal organ injury (n = 14,838; 51.5%), open wounds
(n = 11,934; 41.4%), dislocations (n = 3528; 12.2%),
and sprains/strains (n = 2721; 9.4%). Extremities were
the most commonly injured body location (n = 21,162;
73.4%) followed by head and neck (n = 13,838;
48.0%), torso (n = 13,652; 47.4%), and spine and back
(n = 6461; 22.4%). The median Injury Severity Score
(ISS) was 10 (IQR 5–17). The median length of stay at
the hospital was 4 days (IQR 2–8) (Table 2).

In the bivariate analysis, the survival rate was signifi-
cantly higher in level II (95.3%) but not in level III
(95.5%) trauma centers compared to level I trauma cen-
ters (94.6%) (difference in proportion 0.0074 and
0.0095; 95% CI, 0.002 to 0.0126 and –0.0005 to
0.0182, for levels II and II compared with III, respec-
tively) (Table 1).

After adjusting for several variables that were clini-
cally significant or significantly different at the bivariate
level, including demographic, injury, and event character-
istics confounders (age, gender, ethnicity, hospital teach-
ing status, hospital region, alcohol and drug use, method
of payment, Glasgow Coma Scale, race, comorbidities,
mode of transportation, nature and region of injury, nature
of trauma, ISS, and total elapsed time), patients with
motorcycle crash–related injuries who were treated at
trauma centers level III were less likely to survive
compared to those transferred to trauma centers of level
I (OR 0.584; 95% CI 0.427–0.797). Survival rates for pa-
tients treated at trauma centers of levels I and II were not
significantly different (Table 3).

DISCUSSION

This study evaluated the relationship between trauma
center level designation and outcomes of patients with
motorcycle crash–related injuries. Overall rates of sur-
vival of this subpopulation were 94.6%, 95.3%, and
95.5% in trauma centers of levels I, II, and III, respec-
tively. However, after adjusting for significant con-
founders, treatment at level III trauma centers was
significantly associated with decreased survival to hos-
pital discharge compared with level I or II trauma cen-
ters.

The findings of this study, mainly survival benefit with
treatment at higher-level trauma centers, are in line with
those from previous studies that examined the association
between trauma center level designation and outcomes
(3,10,11). Significantly lower mortality and morbid
disability at discharge were previously reported for pa-
tients treated in level I trauma centers compared with
those treated in level II trauma centers, as well as
increased adjusted mortality in ACS-designated level II
centers compared with ACS-designated level I centers
(3,10,12,13). Furthermore, a study published by Glance
et al. showed decreased mortality in severely injured pa-
tients (ISS > 25) when admitted to level I trauma centers
compared with those admitted to level II (11). Also,
another study by DuBose et al. that assessed the relation-
ship between ACS trauma level designation and several
outcomes in patients with severe traumatic brain injuries
reported increased mortality, complication rate, and rate
of initial neurologic insult progression in patients at
trauma level II centers compared with those at trauma
level I centers (14). However, contrary to those studies,
this study showed no survival benefit for trauma patients
with motorcycle crash–related injuries treated at level I
compared with those treated at level II centers. This con-
flicting finding may be related to the following: motor-
cycle crash–related injuries are mainly blunt injuries,
and previous studies that examined both penetrating
and blunt injuries reported higher mortality rates with
penetrating injuries compared with blunt injuries, even
for similar ISS, and improved outcomes for patients
with mainly penetrating injuries at higher-level trauma
centers (15,16). Additionally, in this patient population,
the mean 6 SD ISS for patients transferred to level I
and II trauma centers was 13.81 6 0.88 and
12.27 6 10.2, respectively. However, in other trauma
studies in which survival benefit was present in level I
trauma centers compared with level II centers, patients
with ISS$ 25 benefited most (11,13). These characteris-
tics of our study, in addition to minor differences between
trauma center levels I and II in terms of volumes, pro-
viders’ experience, resources, and program availability,
did not translate into significant differences in outcomes
for patients with motorcycle crash–related injuries at
level I vs. level II trauma centers.

Conversely, a study published by Kaji et al. in 2017
showed significantly lower mortality rates in level II cen-
ters compared with level I (17). Potential factors contrib-
uting to this conflicting finding are related to
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geographical differences (rural vs. urban) and adjustment
for different confounders.

Our study, however, differs from previous ones assess-
ing the association between trauma center level designa-
tion and outcomes in several ways. First, included
patients were from a national registry collecting data
from several states as opposed to studies limited to one
setting, such as the study done by Cudnik et al., which
included patients from the state of Ohio only (10). Addi-
tionally, the injury severity in our study population might
be different compared with other studies (10,13).
Different trauma center levels (I, II, and III) were also
included in our study, while other studies examined
only specific levels (I and II only) (11).

Trauma center designation is based mostly on struc-
tural and process elements and less on outcomes. These
elements that are verified part of the application for a
trauma center designation by both ACS and state are
also not well studied in the literature. Higher-level trauma
centers are usually characterized by the availability of
highly qualified and experienced trauma surgeons, higher
acuity and volume, and availability of more resources
(18,19). The relationship between these factors and out-
comes is not clear; previous studies reported no associa-
tion between hospital volumes and outcomes of trauma
patients or a negative association between survival and
trauma center volume (20). Another study by Haas
et al. also reported no role of quick assessment and inter-
vention in the survival benefit of level I trauma centers
(21). Although it would be difficult to examine each char-
acteristic of trauma centers separately in terms of out-
comes, and outcomes may be more attributed to the
overall coordination of the resources within a trauma sys-
tem, future studies should validate characteristics of
trauma centers in a more evidence-based approach, while
taking important outcomes into account.

As mentioned before, CDC guidelines for field triage
of injured patients identify injury mechanism by motor-
cycle with speed > 20 mph at time of collision as a triage
criterion in step 3 and recommend the transport of these
patients to a trauma center need not be the highest trauma
level. However, the results of this study identified survival
benefit at level I and II trauma centers for patients with
motorcycle crash–related injuries regardless of the injury
severity. It is recommended that the triage criteria for pa-
tients with motorcycle crash–related injuries be adjusted
to guide providers to transport these patients to higher-
level trauma centers for improved outcomes.

Limitations

The study has few limitations, some that are inherent to
its retrospective nature. For instance, a potential limita-
tion is the variability in data documentation among
different hospitals contributing to the NTDB. Neverthe-
less, documentation in different hospitals, especially
that acquired from ‘‘outlier’’ hospitals, is under contin-
uous monitoring and assessment by the NTDB to verify
its quality (9). Although inter-facility transfers are usu-
ally common in trauma systems, these were excluded
due to unknown outcomes. This might have affected pa-
tient outcomes because transfers are usually done to
higher-level trauma centers for severe injuries. The speed
at which the motorcycle collision occurred is not reported
in the dataset, which limits our ability to analyze and
compare survival rates of motorcycle crash–related injury
patients with collisions at different speeds. It also pre-
vents any recommendation about field triage that is
related to the motorcycle speed at which the collision
occurred. Another limitation is related to the exclusion
of patients who died on scene. These patients are usually
excluded from NTDB, which may lead to overestimation
of survival rates. Moreover, our study examined different
trauma centers levels using a variable combined from
both ACS verification and state designation, without
including non–trauma centers. This also limits the ability
to compare outcomes of patients with motorcycle crash–
related injuries between trauma and non–trauma centers.
CONCLUSIONS

In this study, treatment at a higher-level trauma center
(levels I or II) was associated with increased survival
for patients with motorcycle crash–related injuries. This
warrants a re-evaluation and adjustment of the field triage
criterion for patients with motorcycle crash–related in-
juries. Examining the evidence behind field triage guide-
lines in trauma systems is also needed for better resource
utilization and improved patient outcomes.
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ARTICLE SUMMARY

1. Why is this topic important?
Motorcycle crash–related injury mechanism is a crite-

rion in the Centers for Disease Control and Prevention
field triage guidelines of injured patients. Triage recom-
mendation is to transport affected patients to a trauma
center need not be the highest level.
2. What does this study attempt to show?

This study examines whether patients with motorcycle
crash-related injuries would benefit from treatment at
higher-level trauma centers.
3. What are the key findings?

Patients with motorcycle crash–related injuries who
were treated at level III trauma centers were less likely
to survive compared with those transferred to level I
trauma centers (odds ratio 0.543; 95% confidence interval
0.390–0.729). Survival rates for patients treated at level I
and II trauma centers were not significantly different.
4. How is patient care impacted?

A re-evaluation and adjustment of the field triage crite-
rion for patients with motorcycle crash–related injuries is
needed. The evidence behind field triage guidelines in
trauma systems should also be examined.
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