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Enhancing trauma registries by integrating traffic records
and geospatial analysis to improve bicyclist safety
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rauma registries are used to identify modifiable injury risk factors for trauma prevention efforts. However, these may miss factors
useful for prevention of bicycle-automobile collisions, such as vehicle speeds, driver intoxication, street conditions, and neighbor-
hood characteristics. We hypothesize that (GIS) analysis of trauma registry data matched with a traffic accident database could
identify risk factors for bicycle-automobile injuries and better inform injury prevention efforts.
METHODS: T
he trauma registry of a US Level I trauma center was used retrospectively to identify bicycle-motor vehicle collision admissions
from January 1, 2010, to December 31, 2018. Data collected included demographics, vitals, injury severity scores, toxicology, hel-
met use, and mortality.Matching with the Statewide Integrated Traffic Records System was done to provide collision, victim and
GIS information. The GIS mapping of collisions was done with census tract data including poverty level scoring. Incident hot spot
analysis to identify statistically significant incident clusters was done using the Getis Ord Gi* statistic.
RESULTS: O
f 25,535 registry admissions, 531 (2.1%) were bicyclists struck by automobiles, 425 (80.0%) were matched to Statewide Inte-
grated Traffic Records System. Younger age (odds ratio [OR], 1.026; 95% confidence interval [CI], 1.013–1.040, p < 0.001),
higher census tract poverty level percentage (OR, 0.976; 95% CI, 0.959–0.993, p = 0.007), and high school or less education
(OR, 0.60; 95 CI, 0.381–0.968; p = 0.036) were predictive of not wearing a helmet. Higher census tract poverty level percentage
(OR, 1.019; 95% CI, 1.004–1.034; p = 0.012) but not educational level was predictive of toxicology positive—bicyclists in auto-
mobile collisions. Geographic information systems analysis identified hot spots in the catchment area for toxicology-positive bi-
cyclists and lack of helmet use.
CONCLUSION: C
ombining trauma registry data and matched traffic accident records data with GIS analysis identifies additional risk factors for
bicyclist injury. Trauma centers should champion efforts to prospectively link public traffic accident data to their trauma registries.
(J Trauma Acute Care Surg. 2021;00: 00–00. Copyright © 2021 American Association for the Surgery of Trauma.)
LEVEL OF EVIDENCE: P
rognostic and Epidemiological, Level III

KEYWORDS: S
patial data analysis; GIS; trauma registry; bicycle; helmet.
I n 2018 in the United States, over 650 bicyclists died, and therewere almost 158,000 bicycle-automobile collision–related in-
juries.1 Current bicycle injury prevention measures that have
been proven include bicycle helmet programs and bicycle helmet
laws.2 Promising prevention measures include active lighting, in-
creased rider visibility, and roadway modifications.3 Trauma reg-
istries can be used to identify modifiable injury risk factors for
trauma prevention efforts, including bicyclist collisionswith auto-
mobiles. However, thesemaymiss factors useful for prevention of
bicycle-automobile collisions, such as vehicle speeds, driver in-
toxication, and patient group characteristics, such as financial
stress, educational level, and languages spoken. Geographic in-
formation systems (GIS) use software that can relate seemingly
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unrelated data to provide better understanding of spatial patterns
and relationships. The GIS studies in the trauma literature include
optimizing trauma center location,4,5 identifying underserviced
areas for quality trauma care,6,7 hotspot and cluster analysis for
traffic collisions,8 and helicopter basing and efficacy.9 Trauma
registries typically already contain some geospatial data, such as
home and injury location addresses. Traffic records databases
contain details about bicyclist automobile collisions not typically
found in trauma registries, such as vehicle speeds, driver intoxica-
tion, street and lighting conditions, and driver or cyclist fault.10

These records also include accurate exact collision locations,
allowing GIS mapping. The GIS analysis also allows the use of
census tract demographic data for both the collision location
and patient’s home for analysis.11

We hypothesize that GIS analysis of trauma registry data
matched with a traffic records database could identify additional risk
factors for bicycle-automobile injury helmet use or intoxication.

We also hypothesize that the addition of GIS analysis to
the trauma registry will better inform injury prevention efforts.
METHODS

The trauma registry of the UC San Diego Level I trauma
center was used retrospectively to identify bicycle-motor vehicle
1
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TABLE 1.

AQ7 Helmeted Bicyclist Unhelmeted Bicyclist p

n 126 299

Age (SD) 46.3 ± 17.3 37.5 ± 17.4 <0.001

Female sex 17/126 (13.4%) 53/299 (17.7%) 0.32

Non-White race 84/126 (66.7%) 144/299 (48.1%) <0.001

Uninsured 15/126 (11.9%) 50/299 (16.85) 0.21

Homeless 1/126 (0.08%) 45/299 (15.1%) <0.001

ISS mean (S.D.) 9.8 ± 10.2 10.2 ± 9.3 0.76

Median head-neck AIS score 2, IQR 0–2 2, IQR 0–2 0.198

Median LOS, d 1.20 (IQR, 0.86–3.1) 1.22 (IQR, 0.86–2.4) 0.86

In-hospital mortality 2/126 (1.6%) 9/299 (3.0%) 0.52

Discharge other than home 31/126 (24.6%) 47/299 (15.7%) 0.031

Intoxicated cyclist 12/111 (10.8%) 78/275 (28.3%) <0.001

Intoxicated motorist 2/126 (1.6%) 12/299 (4.0%) 0.20

Home census tract poverty score mean 14.5% ±12.2 20.1% ± 14.5 <0.001

Median home census tract education level Level 5 (bachelor’s), IQR 4–5 Level 4 (some college), IQR, 3–5 <0.001

Doucet et al.
J Trauma Acute Care Surg
Volume 00, Number 00
collision admissions from January 1, 2010, to December 31,
2018. Data collected included demographics, home and injury
location addresses, injury severity scores, blood alcohol, toxicol-
ogy, helmet use, hospital length of stay (LOS) and mortality.

Matching of the registry cases with the California State-
wide Integrated Traffic Records System (SWITRS) was done
to provide collision, bicyclist, driver, and geospatial information
for bicycle-automobile collisions within the County of San
Diego for the same period. Statewide Integrated Traffic Records
System is administered by the California Highway Patrol, and
includes all traffic collisions in California with a law enforce-
ment report. Matching was deterministic and was done by bicy-
clist age, bicyclist sex, zip code, date and time ±1 hour between
the SWITRS collision time and the trauma registry admission
time transfers from outside the County of San Diego were ex-
cluded. Outcomes of interest included toxicology—available
as “Alcohol Involved” in SWITRS collision data and “Party So-
briety” under SWITRS party data or from blood alcohol and
urine toxicology in the trauma registry. Helmet use was found
TABLE 2.

Toxicology Negative Bicyc

n 231

Age ± SD, y 41.1 ± 20.0

Female sex 37/231 (16.0%)

Non-White race 120 (51.9%)

Uninsured 33/231 (14.3%)

Homeless 7/231 (3.0%)

Helmeted 92/231 (39.8%)

ISS mean ± SD 9.2 ± 10.0

Median head-neck AIS score 2, IQR 2–2

Median LOS, d 1.28, IQR 1.0–2.2

In-hospital mortality 5/231 (2.2%)

Discharge other than home 189/231 (8.9%)

Drugs screen positive 0/231 (0%)

Home census tract poverty score mean 16.8 ± 13.7

Median home census tract education Level 4 (some college), IQR,

2
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as reported in SWITRS or the trauma registry. Missing variables
in either database were managed by excluding such cases from
analysis using that variable.

Geocoding, mapping, and geospatial analysis of matched
case SWITRS collision locations was done using ArcGIS Pro
2.6 (esri, Redlands, CA). Registry home addresses of cases were
also geocoded and used with US Census Bureau census tract
data to provide the below poverty level percentage for home cen-
sus tracts. The educational attainment level for cases was done
by selecting the predominant education level (< grade 9, grades
9–12, high school, some college, bachelor’s degree, graduate
degree) within the patient’s home address census tract from
the US Census Bureau’s American Community Survey 2014
to 2018 5-year estimates, Table B15002. The language spoken
at home was selected by home address census tract in the U.S.
Census Bureau’s American Community Survey 2014 to 2018
5-year estimates, Table B16007. Locations of bike lanes in San
Diego County for analysis of their associations with collisions
were obtained from SanGIS for Bike Paths (class I), which are
list Toxicology Positive Bicyclist p

194

38.9 ± 14.9 0.213

33/194 (17.0%) 0.783

108 (55.7%) 0.443

32/194 (16.5%) 0.529

39/194 (20.1%) <0.001

24/194 (17.5%) <0.001

10.7 ± 10.0 0.120

2, IQR 2–3 0.405

1.78 IQR 0.9–4.1 0.037

6/194 (3.1%) 0.548

158/194 (81.4%) 0.921

90/194 (46.4%) <0.001

20.3 ± 14.3 0.009

3–5 Level 4 (some college), IQR, 3–5 0.580

© 2021 American Association for the Surgery of Trauma.
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TABLE 3A. Logistic Regression—Helmet Worn

B p OR

95% CI

Lower Upper

Age, y 0.026 <0.001 1.026 1.013 1.040

Non-White 0.290 0.241 1.337 0.823 2.172

Intoxicated bicyclist −1.672 <0.001 5.32 2.72 10.38

Census Tract Poverty Level % −0.024 0.007 0.976 0.959 0.993

High school or less education −0.633 0.036 0.608 0.381 0.968

Constant −2.425 <0.001 0.088

TABLE 3B. Logistic Regression—Toxicology Positive

B p OR

95% CI

Lower Upper

Age −0.009 0.134 0.991 0.979 1.003

Non-White 0.441 0.046 1.555 1.008 2.400

Census Tract Poverty Level % 0.019 0.012 1.019 1.004 1.034

High school or less education −0.363 0.084 1.434 0.952 2.170

Constant −0.187 0.634 0.829
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Figure 1. Bicycle versus automobile helmet use hotspot analysis.

J Trauma Acute Care Surg
Volume 00, Number 00 Doucet et al.
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physically separated from traffic; bike lanes (class II), which are
defined by pavement striping and signage on streets; and Bike
Routes (class III), which are shared use with motor vehicle traf-
fic in the same travel lane and designated by signs only. Loca-
tions of alcoholic beverage control licenses in San Diego
County for analysis of association with intoxicated bicyclist col-
lisions was obtained from the California Department of Alco-
holic Beverage Control via SanGIS and esri.

The spatial clustering of bicycle-automobile collisions
and hotspots were assessed using spatial autocorrelation via
the Getis-Ord Gi* statistic in ArcGIS Pro.10 Analyses of descrip-
tive and tabular data were performed with IBM SPSS Statistics
27.χ2 Analysis was done for categorical data, means were com-
pared via ANOVA and distributions of educational level, LOS,
and head-neck Abbreviated Injury Scale (AIS) were compared
with the Mann-Whitney U test. Two-sided p values less than
0.05 were considered significant. Binary logistic regression
was used for the outcome variables of helmet use and toxicology,
selecting factors with a p value less than 0.01 in the univariate
analysis. The SWITRS data were used under the terms of the
data use agreement provided by the California Highway Patrol.
The study was exempted from further review by the UC San
Diego Human Research Protections Program.
3

tion for the Surgery of Trauma.



T1

T2

T3

F
ig

2
4/
C
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RESULTS

Out of 25,535 UC San Diego trauma registry admissions
from January 1, 2010, to December 31, 2018, 531 (2.1%) were
bicyclists struck by automobiles, and 425 (80.0%) of these admis-
sions were successfully matched to SWITRS. There were 11
(2.5%) bicyclist deaths after admission, all these were matched
between SWITRS and the trauma registry. Statewide Integrated
Traffic Records System also identified five automobile-bicyclist
collision scene deaths in the catchment that were not in the trauma
registry that were excluded from further study.

Table 1 shows the descriptive data for bicyclists grouped
by helmet use. One hundred twenty-six (29.0%) of 435 bicy-
clists had evidence of helmet use in SWITRS or the trauma reg-
istry. On average, unhelmeted bicyclists were almost a decade
younger than thosewearing a helmet. Non-White bicyclists were
significantly more likely to be wearing a helmet. Homeless per-
sons were significantly less likely to be wearing a helmet.
Unhelmeted bicyclists were almost three times likely to have a
positive alcohol or drug screening test. The shaded portion of
Table 1 contains data obtained from census tract data, showing
that unhelmeted bicyclists lived in census tracts with higher
home poverty rates than helmeted bicyclists (14.5% ± 12.2 vs.
20.1% ± 14.5, p < 0.001). Unhelmeted bicyclists were also more
likely to live in a census tract with a lower predominant level of
Figure 2. Bicycle versus automobile positive toxicology hotspot anal

4

Copyright © 2021 American Associa
educational attainment (Level 4 (some college), interquartile
range [IQR], 3–5 versus Level 5 (bachelor’s degree); IQR,
4–5, p < 0.001). Helmeted bicyclists were more likely to be
discharged to a long-term or rehabilitation facility. There were
no significant differences between groups in uninsured status,
hospital LOS, Injury Severity Score (ISS), head-neck AIS, or
mortality.

Table 2 shows the descriptive data for bicyclists grouped
by positive toxicology. One hundred ninety-four (44.6%) of
425 bicyclists had positive toxicology. Alcohol only was found
in 71 bicyclists, 73 had drugs detected by urinalysis without al-
cohol detected, and 50 had both drugs and alcohol detected.
Drug screening urinalysis was not done in 18 (4.2%) bicyclists.
There was no significant difference in age, sex, race, uninsured
status, ISS, head-neck AIS, or mortality between toxicology
positive and toxicology negative bicyclists. Homeless persons
were significantly more likely to be toxicology positive. The
shaded portion of Table 2 contains data obtained from census
tract data, showing that toxicology-positive bicyclists had higher
home census tract poverty rates. The predominant level of edu-
cational attainment did not have a significant association with
bicyclist positive toxicology.

Table 3A shows the binary logistic regression for predic-
tors of helmet use, these were increased age (odds ratio [OR],
1.026; 95% confidence interval [CI], 1.013–1.040; p < 0.001),
ysis.

© 2021 American Association for the Surgery of Trauma.
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home census tract poverty level percentage (OR, 0.976; 95% CI,
0.959–0.993; p = 0.007), and home census tract predominant ed-
ucation level at high school or less (OR, 0.608; 95% CI,
0.381–0.968; p = 0.036). Table 3B shows the binary logistic re-
gression for predictors of positive toxicology, these were
non-White persons (OR, 1.56; 95% CI, 1.008–2.40;
p = 0.046), and home census tract poverty level percentage
(OR, 1.019; 95% CI, 1.004–1.034; p = 0.012).

Automobile drivers were at-fault in 99 (22.8%) of 435 bi-
cycle collisions. Injury Severity Score was not significantly in-
creased when drivers were at fault, unless a speeding violation
(n = 8, ISS 16.8 ± 9.7 vs. 9.8 ± 9.9, p = 0.048) or an intoxication
violation was issued (n = 10, ISS 18.4 ± 16.9 vs. 9.8 ± 9.9,
p = 0.037).

Figure 1 shows the hotspot GIS spatial analysis for helmet
use, one cluster of 32 nonhelmeted bicyclist versus automobile
cases was found entirely in the City of Chula Vista, CA (Getis-
Org Gi* Z-Scores −3.84 to −2.84, p = 0.014 to 0.0006). The
largest cluster of helmeted bicyclist versus automobile cases
was 31 cases found entirely within the City of Coronado, CA
(Getis-Org Gi* Z-Scores 2.46 to 3.91, p = 0.014 to 0.0001).

Figure 2 shows the hotspot GIS analysis for toxicology
positive bicyclists, there was a cluster of 59 cases of toxicology
positive bicyclists involved with automobile collisions entirely
within the City of San Diego (Getis-Org Gi* Z-Scores 2.43 to
4.19, p = 0.0147 to 0.00003). These cases were in the neighbor-
hoods of GaslampQuarter, Core District, City College, Sherman
Heights, Grant Hill, Imperial Transit Center, Barrio Logan, and
Logan Heights. The cluster of bicyclists with positive toxicology
constrained an area of 3.02 sq mile, which contained 513 estab-
lishments licensed to sell alcohol in 2018.
Figure 5. Heat map of licensed alcohol establishment and intoxicate

© 2021 American Association for the Surgery of Trauma.
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A close up of the nonhelmeted hotspots is shown in Figure 3.
Geographic information systems analysis shows that the census
tracts for the area incorporated by the shape shows that the mean
percentage of the populationwho speak Spanish at home is higher
compared with the remainder of the catchment (54.3% ± 18 vs.
39.7% ± 9.4, p < 0.001).

The location of bike lanes and collisions is shown in
Figure 4. Overall, 208 (49%) of 425 collisions occurred on a
bike lane. There were 6 (1.4%) collisions of on bike paths (class
I), 70 (16.5%) on bike lanes (class II), and 132 (31.1%) on bike
routes (class III). Mean ISS was higher for bike lane collisions
than for non–bike lane collisions (11.0 ± 11.3 vs. 8.4 ± 8.4,
p = 0.007). Helmet use was not significantly different between
bike lane and non–bike lane collisions (63/152 (41.4%) vs, 63/
217 (46.1%), p = 0.56). There was no significant difference in
toxicology-positive bicyclists between bike-lane and non–bike
lane collisions (100/208 (48.0%) vs. 99/217 [48.6%], p = 0.61).

Figure 5 shows the locations of alcoholic beverage control
licenses and intoxicated bicyclist collision hotspots. Using a 2-km
radius buffer, 95% confidence interval hotspots (36.8 ± 10.8 adja-
cent, p = 0.01) and 99% CI hotspots (40.8 ± 14.5 adjacent,
p= 0.002)were locatedwith significantlymore neighboring alcohol
licensed establishments than nonhotspot locations (24.7 ± 13.9).

DISCUSSION

We have shown that GIS analysis of trauma registry data
matched with a traffic accident records database can identify ad-
ditional risk factors for bicycle-automobile injuries. We have
also shown that our injury prevention efforts will be better in-
formed by the hotspot analysis which clearly demonstrates
d bicyclist collision hotspots.

5
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Figure 3. Bicycle versus automobile helmet use hotspot closeup analysis.

Doucet et al.
J Trauma Acute Care Surg
Volume 00, Number 00
clusters in specific geographic areas of the catchment area. The
ability to add census tract data to registry data shows associa-
tions of education level and poverty level on bicycle helmet
use. Census tract data also provides useful information for injury
prevention efforts such as the predominant language spoken at
home in target areas. Trauma registries, whether trauma
center-based or nationally collected, should be constructed to al-
low geospatial analysis.

Helmet use by bicyclists has been shown to reduce the risk
of serious injury.12–14 Despite this, we saw relatively low use of
helmets in admitted bicyclists. Some of the barriers to helmet
use include psychological, financial and educational issues.15

This may be reflected in our results showing adverse census tract
poverty level and educational levels having an association with
lack of helmet use. Unhelmeted cyclists in this study were also
less likely to be discharged to rehabilitation or long-term care fa-
cilities, this is likely due to their being relatively underinsured
compared with helmeted cyclists. A meta-analysis of 21 studies
shows that the effect of mandatory bicycle helmet legislation for
all cyclists on head injuries results in a 20% reduction in serious
injuries; however, such legislation currently seems unlikely in
many US jurisdictions, except for children.16 Nonlegislative in-
terventions appear to be effective in increasing observed helmet
use, particularly community-based interventions and those pro-
grams providing free helmets.17 The clustering of unhelmeted
6
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bicyclists in automobile collisions provides the trauma center
with good targets for injury prevention. The hotspots for lack
of helmet use were predominantly at traffic light intersections
on straight city boulevards, which may provide a joint opportu-
nity with local officials and bicycle advocates to evaluate bicycle
traffic safety and policies. The census tract home language data
for the unhelmeted hotspots indicates that any injury prevention
efforts should be culturally appropriate and made available in
multiple languages.

The class of bike lane in San Diego County also influ-
ences the number of bicyclist-automobile collisions, with the
signage-only “Bike Route” being the most common involved
bike lane with injuries. Separating bicycles from automobiles
is an obvious prevention measure and in our study is associated
with very low rates of bicycle versus automobile injury. Advo-
cacy for better classes of bike lanes, including more Class I Bike
Paths is warranted.

The cluster of bicyclists with positive toxicology
constrained a dense area of only about 3 sq miles containing
513 establishments licensed to sell alcohol. The injured bicyclist
intoxicated by alcohol or drugs is a problem that has had relatively
little research. Alcohol and cannabis are associated with increased
risk of bicycle collisions and increased injury severity.18,19

Among bicyclist fatalities in the United States in 2014, about
21%had high blood alcohol concentrations.20 In the past 30 years,
© 2021 American Association for the Surgery of Trauma.
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Figure 4. Bicycle versus automobile collision location of collisions and bike lanes.

J Trauma Acute Care Surg
Volume 00, Number 00 Doucet et al.
targeted prevention interventions and legislation have been di-
rected at automobile drunk driverswith a dramatic reduction in fa-
tality numbers. However, no such efforts exist for intoxicated
bicyclists. In this data set of bicycle-automobile collisions, we
found many more intoxicated bicyclists than drivers. One factor
in some intoxicated bicyclist collisions is a history of driving un-
der the influence (DUI) in a motor vehicle, which in one study of
149 injured bicyclists in the ED, found 66 (44.2%) had prior driv-
ing under the influence convictions with suspension of driving
privileges.21 There appear to be opportunities for targeted injury
prevention efforts for intoxicated bicyclists in our catchment,
given the small geographic area. Unfortunately, we do not have
data on owned bikes versus rented rideshare bikes which became
ubiquitous at the end of the study period.

The trauma registry kept by US trauma centers is largely
used for quality and performance improvement, and to provide
data to the Trauma Quality Improvement Program to allow na-
tional benchmarking standards.22 Trauma registries can also be
linked to emergency medical services (EMS) registries and a call
has been issued by the American College of Surgeons’ Trauma
Quality Programs and the National Association of State Emer-
gency Medical Services Officials, with support from the Na-
tional Highway Traffic Safety Administration. They urge to
creation of a universally unique and anonymous identifier to
© 2021 American Association for the Surgery of Trauma.
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allow such linkages.23 The addition of EMS registry data pro-
vides additional information about the prehospital care of the
trauma patient and this may provide additional risk factors for
analysis of outcomes as well as additional data for quality and
performance improvement of EMS. The California Highway Pa-
trol’s SWITRS database is a rich source on each injury traffic
collision in the state of California, providing over 122 data fields
per case. Since 2002, each SWITRS record starts with a unique
barcode ID number, allowing collection of scene data by
law-enforcement agencies across the state. However, there has
yet been no attempt to link SWITRS to EMS data in
California. There have been efforts to link EMS records and traf-
fic records in some regions of Oregon, which is accomplished
by sharing of a universally unique and anonymous identifier be-
tween agencies at the accident scene.24 However, in California,
legal concerns over privacy have halted progress by the state
EMS agency despite the low cost of such a useful improvement
in the trauma and EMS registries. We believe that this should be
an area for continued advocacy and research for trauma centers,
providers, and their national associations.

Limitations of our study approach include the inability to
assign financial, educational, or language characteristics to indi-
vidual patients, for those variables we can only speak of the char-
acteristics of a census tract for a patient’s given home address,
7
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which is only useful for assessing associations in large groups of
patients. In some cases, opiates or benzodiazepines may have
been administered by EMS crews or trauma teams prior to uri-
nalysis. It is possible that there are systemic errors that mean that
many individual bicycle-automobile victims may be systemic
outliers from their census tract characteristics, although we be-
lieve that the results are representative from our experience.
Missing and incorrect data are always an issue for large data-
bases, which may be why we were unable to match 20% of our
bicyclists injured in automobile collisions in our catchment to
SWITRS data, although we believe that the remainder in the
study is a representative sample of our experience. The adoption
of a secure linkage between traffic records databases and the
EMS and trauma registries would resolve this issue.

Further studies of combination of traffic records databases
and trauma center registries are needed to validate our approach.
Although exact determination of educational level, income
and languages spoken may be impractical and excessively
intrusive for individual patients, use of census tract demo-
graphic data may allow for determination of likely character-
istics of groups of patients for epidemiological and injury
prevention purposes. The amount of GIS data available free
online has exploded in the past 10 years. Future GIS analysis
will include new social determinants for access to quality
trauma care and trauma outcomes.

CONCLUSION

Combining trauma registry data and matched traffic acci-
dent records data with GIS analysis identifies hotspots for
bicyclist-automobile collisions. The addition of census tract de-
mographic data can provide variables useful for injury preven-
tion efforts. Trauma center registries and national trauma
registries should be constructed to allow GIS analysis. Trauma
centers should champion efforts to prospectively link public traf-
fic accident data to EMS and trauma registries.
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