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EXECUTIVE SUMMARY 

Background and Problem 

Despite advances in traffic safety and injury prevention, a considerable number of fatal and 
nonfatal injuries occur on Texas roadways each year. This comes at tremendous costs both in 
terms of years of life lost; loss of quality of life in terms of physical and mental health, treatment 
expenses, property loss; and other monetary expenses. The combined cost of fatal crashes in 
Texas from 2003–2013 was over $200 billion according to the Texas Department of 
Transportation (TxDOT). Consequently, additional collaborative research is needed in order to 
reduce the burden of traffic crashes and related injuries on Texans. A number of data systems 
exist in Texas that could be linked in order to create an integrated crash and injury data system so 
that a complete picture of crashes and their consequences could be created. Joining these systems 
enables new approaches toward the development of crash prevention programs and 
countermeasures using a wide array of multidisciplinary engineering and public health 
approaches as well as clinical interventions that improve treatment outcomes and decrease 
recovery times. Furthermore, it allows for understanding the long-term outcomes of individuals 
who survive serious injury. This pilot study was a multidisciplinary, collaborative effort between 
researchers at the Texas A&M Transportation Institute (TTI), the Texas A&M Health Science 
Center School of Public Health (TAMHSC-SPH), and the University of Texas Health Science 
Center at Houston (UTHealth)/Memorial Herman Hospital (MHH) Texas Trauma Institute. 

Approach and Methodology 

To assess the feasibility of constructing an integrated crash and injury data system in Texas, this 
pilot study achieved two objectives in a short time frame (approximately two months after 
receipt of Institutional Review Board [IRB] approval) and with limited resources: (1) Linked 
motor-vehicle crash data from TxDOT Crash Record Information System (CRIS) with patient 
trauma records from MHH Texas Trauma Institute/UTHealth at Houston and (2) Demonstrated 
that analyzing the linked dataset can yield new information supportive of injury prevention 
efforts. This analysis included identifying crash-related factors associated with a diagnosis of 
traumatic brain injury, among the most costly and devastating injuries. It also involved 
examining agreement in the two data sources with respect to the coding of injury severity and 
alcohol involvement.  

To achieve the first objective, investigators from UTHealth obtained CRIS records and trauma 
registry records from MHH Texas Trauma Institute/UTHealth. Using the record linkage 
software, LinkSolv (Strategic Matching, Inc., Morrisonville, NY), the two sets of data were 
joined using a robust probabilistic approach. Prior to conducting the actual linkage, a number of 
data management steps were completed using Microsoft Excel and Access v.14 (Redmond, WA: 
Microsoft), Stat Transfer v.12 (Seattle, WA: Circle Systems), and SAS v9.4 (Cary, NC: SAS 
Institute Inc.) software packages. Prior to secure transfer of the data from UTHealth to 
TAMHSC-SPH for preliminary analyses, data were de-identified in accordance with approvals 
from the Institutional Review Boards at UTHealth and Texas A&M University (TAMU).  

To achieve the second objective, investigators from TTI, TAMHSC-SPH, and UTHealth 
conducted a series of analyses to address two areas. To identify crash-related factors associated 
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with a diagnosis of traumatic brain injury (TBI), a descriptive analysis was completed in the 
form of a crash tree. Next a case-control study was conducted to identify crash-related variables 
statistically significantly associated with TBI and to estimate the strength of these associations. A 
multiple logistic regression model was constructed using a backward selection approach 
(α=0.05). Adjusted odds ratios and associated 95 percent confidence intervals were computed. 
To examine agreement in the two data sources with respect to the coding of injury severity and 
alcohol involvement, frequency distributions and cross-tabulations were computed. Analyses 
were completed using StataSE v.13.1 (College Station, TX: StataCorp LP) and SAS 9.4 (Cary, 
NC: SAS Institute Inc.) statistical software packages. 

Key Findings 

The linkage process was initiated by joining CRIS data for primary persons involved in a motor 
vehicle crash (e.g., drivers) that occurred in Harris County in the year 2010 with 2010 trauma 
registry data from our partnering Level I Houston trauma center. Only patients with the most 
severe injuries are triaged to a Level I trauma center. There are two such centers in Houston. 
Preparation and standardization of the source datasets and training in the appropriate installation, 
operation, and interpretation of the linkage software required substantial lead time. Given the 
limited time frame available for completion of the pilot project (approximately two months after 
receipt of IRB approvals) and limited resources, researchers conducted preliminary analysis of 
the initial linked dataset with subsequent analyses ongoing. This initial CRIS dataset included 
132,628 records of unique individuals with over 250 different data fields. The partnering Level I 
center admitted a total of 2,139 unique patients in 2010 for injuries possibly relating to a motor 
vehicle crash. Because the initial CRIS database included only primary individuals, the vast 
majority of whom did not incur serious injuries, researchers anticipated identifying 
approximately 300–500 unique matches between CRIS and trauma registry records. The 
computerized algorithm researchers used to link crash and hospital records identified 445 unique 
individuals whose match probability exceeded the pre-established threshold.  

Approximately, 68.8 percent were male, 50.8 percent were White (non-Hispanic), and 
25.8 percent were Hispanic. The average age of these patients was 38.6 years. Demographics for 
the non-matched primary individuals listed on CRIS followed a similar distribution: 56.4 percent 
were male, 36.8 percent were White (non-Hispanic), and 30.6 percent were Hispanic. The 
average age of these persons was 37.2 years. Another 220 unique records of primary individuals 
involved in a 2010 crash that occurred in one of the 8 Texas counties (other than Harris) served 
by the Level I partner were also identified as high-probability matches. The majority of the 
analyses presented in this report are based on the 445 matches for primary crash victims in Harris 
County in 2010. Various methods were applied to check the quality and completeness of the 
matches. Our analysis suggested that the matches were robust yielding accurate and complete 
matches with few, if any, missed patients/crash victims.  

Advances in trauma care over recent years have enabled improvement in trauma outcomes for 
those individuals who arrive at a trauma center alive. However, it is well-established that the 
majority of injury deaths occur on-scene, and less is known about trauma care strategies to 
reduce these early deaths. Using 2010–2013 CRIS data for Harris County, a trend analysis was 
conducted to identify changes over time in motor-vehicle crash deaths and in the proportion 
occurring on-scene. The proportion of deaths on-scene among primary and other crash victims 
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was 56.82 percent (of 359 total), 57.07 percent (of 368), 59.56 percent (of 361), and 
58.33 percent (of 372) in 2010, 2011, 2012, and 2013, respectively. No temporal trends were 
apparent. In the nine-county area served by MHH’s Level I Trauma Center, there were 521 
deaths from crashes in 2010 with 60.08 percent on-scene reflecting crashes that occurred in more 
remote rural areas. 

Traumatic Brain Injury 

A wide variety of injury diagnoses were included within the matched data. The most common 
single diagnosis was TBI with 168 cases. TBI was more common among motorcyclists, 
approximately eight times greater than other motorists, (aOR=8.7; 95 percent CI=4.2–18.1), 
those not wearing restraints (aOR=22.8; 95 percent CI=12.4–41.7), those involved in a head-on 
collision (aOR=11.6; 95 percent CI=4.7–28.6), those who were speeding (aOR=8.5; 95 percent 
CI=1.5–50.5), those who were ejected from their vehicle (aOR=18.6; 95 percent CI=6.6–53.0), 
and those involved in a rural crash (aOR=1.9; 95 percent CI=1.3–2.7). Three variables (i.e., 
gender, DUI-alcohol, and signalized intersection) were not retained in the final model. Despite 
accounting for 58.6 percent of the records in this analysis, male gender was not statistically 
significant in the final model developed to identify significant predictors of TBI.  

Injury Severity 

In CRIS, crashes were coded according to KABCO as: 0.5 percent killed (K), 2.4 percent 
incapacitating (A), 9.7 percent non-incapacitating (B), 22.4 percent possible injury (C), 
63.2 percent no injury (O), and 1.9 percent unknown. Matched observations were coded as: 
9.4 percent killed, 47.9 percent incapacitating, 27.6 percent non-incapacitating, 14.4 percent 
possible injury, 0.2 percent no injury, and 0.4 percent unknown. A total of 42 patients were 
coded with an outcome of deceased based on the trauma registry records. Of these patients, 
100 percent were correctly coded as K in the CRIS records. This validates that CRIS is 
extremely good at identifying and coding fatal crashes. Lower agreement was observed for the 
coding of the severity of nonfatal injuries. This observation is supported by analyzing the 
distribution of injury severity codes (i.e., Maximum Abbreviated Injury Scale [MAIS]) that are 
assigned by clinicians and reported hospital costs in the trauma record stratified by KABCO 
category. Based on the analysis of MAIS injury scores and the KABCO coding, there were 265 
patients with a MAIS score 3 or above and a KABCO code of A, B, or C. Of these 265, 
40 percent (n=106) were coded as B or C. Given that these patients had a MAIS score of 3 or 
greater, assigning an injury severity of non-incapacitating or possible injury is likely to represent 
a substantial underassessment of the degree of injury severity.  

Driving under the Influence of Alcohol 

Of 71 patients who reached the legally intoxicated (i.e., blood alcohol concentration [BAC] of 
0.08 g/dL) threshold based on the trauma data, 70 percent (n=50) lacked a BAC test in the CRIS 
records and 55 percent (n=39) lacked either a BAC test or did not have alcohol identified as a 
contributing factor in the CRIS records. In addition among the 445 drivers examined, there were 
nine patients identified by CRIS as legally intoxicated with alcohol, but who did not have an 
alcohol test result in the trauma dataset. Based on this limited analysis, both the crash and trauma 
records are needed if the goal is complete ascertainment of alcohol-related crashes.  
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Conclusions and Recommendations 

This pilot project demonstrated that the linkage of trauma patient records with records in TxDOT 
CRIS is feasible and that linkages of high quality can be produced using a rigorous probabilistic 
approach. It also demonstrated how new information could be derived from the linked dataset via 
meaningful statistical analyses. This effort, spearheaded by TTI, was successful because of the 
multi-disciplinary, inter-institutional collaboration. The limitations of only having access to a 
small, pilot dataset highlighted the need to create a more comprehensive data system that 
represents the state of Texas. For example, if data from only one hospital are available, it is not 
possible to develop a profile of injuries associated with a particular crash type. Only by having 
data from an entire region or on a statewide basis would such a determination be possible. 
Additionally, it is not possible to accurately pinpoint problems, generalize findings, and set 
priorities from a limited dataset. 

Based on these findings and the experience of linking the records, observations and 
recommendations were put forward. Overall, considerable computer, data management, 
programming, statistical, clinical, epidemiologic, engineering, and law enforcement resources are 
required to prepare source data, link and appropriately analyze data, and properly interpret 
results and disseminate findings. These parameters should be taken into consideration when 
allocating resources for a larger, statewide system. With respect to patient confidentiality and 
ethical use of the data, all stakeholders should advise, as a committee, on best practices for the 
de-identification of a larger, statewide dataset. The committee also should advise on the use of 
these data and how to communicate findings and their impact back to researchers, policy makers, 
and the public. Analysis of the current, initial pilot project dataset is limited by sample size and 
geographic representation. While researchers demonstrated that new information could be gained 
by its analysis, the limitations of the current pilot dataset also illustrated the potential benefits of 
a larger data system.  

Given the large population and geographic size of Texas, an effort to create a statewide data 
system would provide ample sample size to support extensive injury prevention research and 
outreach that could benefit Texas and the nation. As an example, TBI research has largely 
focused on severe cases. Less is known about mild and moderate TBI, specifically the economic 
impact of these less severe yet still costly cases (1). This gap in research could be addressed 
using a larger, crash-injury data system. In addition, the larger data system would support the 
creation of crash-injury profiles for additional diagnoses. Findings also support continuing 
analysis of the current pilot project dataset as more linkages are completed for subsequent years 
and additional counties. Continued analysis also will allow for examining clinical outcomes and 
their improvement such as identifying factors associated with survival times. A more 
comprehensive database would also allow researchers to determine if there are systemic issues 
with underreporting injury severity and alcohol involvement on crash records. 

In summary, researchers found that CRIS and trauma records each had strengths that can be used 
to address the limitations of the other data source. By linking data sources, a more complete 
picture of motor vehicle crashes and associated injuries can be gained in order to support the 
development of countermeasures on multiple levels (i.e., person, vehicle, and environment) via 
multidisciplinary, team science approaches (i.e., engaging medicine, engineering, legislative, law 



5 
 

enforcement and public health sectors). The number of serious injuries in our pilot dataset, which 
represented only severely injured patients involved in crashes in Harris County and treated at 
MHH in 2010, along with their reported hospital charges ($59,483,803) and costs based on 
National Safety Council (NSC) estimates ($78,454,800) confirm the urgent public health 
imperative and critical need for a statewide crash-injury data system to save lives, ensure quality 
of life, and reduce unnecessary spending.  
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BACKGROUND AND PROBLEM 

Despite advances in the development and implementation of various countermeasures aimed at 
the driver, agent, and environment, traffic crashes continue to kill and severely injure many in 
the United States, and Texas, on an annual basis and at tremendous economic costs while also 
negatively impacting physical and mental function and productivity (2, 3). For example from 
2003–2013, over 37,000 Texans lost their lives in traffic crashes at an estimated economic cost 
of over $200 billion (4). In 2013, there was not a single deathless day on Texas roadways (5). A 
number of drivers and passengers also experience a substantial number of nonfatal injuries on the 
Texas roadways each year. In 2013 alone, 232,041 persons were injured in traffic crashes with 
89,270 sustaining a serious injury (5). Clearly, much work remains to be done in order to prevent 
the short- and long-term consequences associated with traffic crash-related injuries.  

Many agencies and groups gather data and work to reduce the number and negative impact of 
crashes every day. However, these interrelated activities are not always coordinated. Efforts are 
often duplicated, and time and resources are wasted as a result. Current systems that capture 
aspects of the crash (e.g., reports) or related consequences such as injuries and related health 
outcomes (e.g., hospital records) are not currently linked in Texas. If these systems were joined, 
truly understanding the complete crash occurrence and consequences would be possible. More 
specifically, the benefits of linking data reports, pre-hospital emergency medical service (EMS), 
run sheets, in-hospital trauma registries, and national death indexes are as follows:  

• Reliable early indicators of bleeding and injury severity have yet to be established, and 
trauma care continues to rely on outdated surrogate variables that inevitably bias 
critically needed resuscitation intervention trials and comparative effectiveness research 
(6). 

• Conflicting findings from observational studies and randomized clinical trials will 
continue to fuel contentious debates among trauma care providers until there is reliable 
and reproducible data that accurately reflect: 1) the circumstances and characteristics of 
the injury at the scene and 2) the timing and dynamics of the injured patient’s response 
from the time of the EMS team’s arrival through the patient’s transport, Emergency 
Department admission, hospitalization, and discharge. The comprehensive and detailed 
evidence base needed to advance clinical practice in trauma is sorely lacking and 
incomplete (7).  

• The development of effective risk assessment, injury prevention, and trauma intervention 
strategies depends on the systematic collection and availability of well-defined, valid 
electronic data spanning as much of the patient’s entire injury experience as possible 
from occurrence through treatment and both short- and long-term outcomes (7). 

• Gaining expertise in the sophisticated linkage, analysis and computer modeling of 
complex and highly dynamic trauma patient data will help advance the fields of 
bioinformatics, epidemiology, biostatistics, and engineering. It will also contribute novel 
methodological tools that can be applied to benefit other patient populations and to 
advance other clinical disciplines (8). 
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• Developing and evaluating countermeasures targeting road geometry, lane markings, 
traffic signs and traffic lights, pedestrian controls, and other traffic engineering 
approaches.  

• Identifying problems that can be addressed using human factors, biomechanics, and 
computational modeling/computer simulation methodologies to prevent crashes, decrease 
injury severity, and improve patient outcomes.  

Collectively, this enables previously impracticable prevention efforts. Realizing the strength and 
advantages of this linkage approach, a handful of other states is endeavoring to make such a 
system a reality for their motorists.  
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APPROACH AND METHODOLOGY 

Objectives 

This pilot study informed the development and use of an integrated crash and injury data system 
in Texas by accomplishing the following two objectives during a short time frame:  

To link motor-vehicle crash data from TxDOT CRIS with patient trauma records from 
MHH Texas Trauma Institute/UTHealth at Houston.  
 

1. To demonstrate that analyzing the linked dataset can yield new information supportive of 
injury prevention efforts. This analysis included identifying crash-related factors 
associated with a diagnosis of traumatic brain injury and examining agreement in the two 
datasets with respect to the coding of injury severity and alcohol involvement.  

 
Work Plan  

In order to achieve the project objectives, eight project tasks were undertaken and completed as 
described below. These tasks were:  

1. Establish communication methods among project collaborators and stakeholders and 
schedule regular project meetings.  

2. Prepare and submit IRB applications to UTHealth and TAMU. 
3. Develop a manual of procedures. 
4. Link data files and create a dataset. 
5. Conduct data analysis. 
6. Develop preliminary recommendations to inform the development and use of a larger 

integrated, crash and injury data system for Texas. 
7. Conduct process and short-term outcome evaluation. 
8. Prepare deliverables including this report.  

These are grouped within two broad categories: (1) project planning, management, and 
evaluation and (2) data linkage, analysis, and interpretation.  

Project Planning, Management, and Evaluation 

Upon initiation of the project, means of communication (e.g., email, phone, in-person) and 
meeting schedules, both scheduled and ad hoc, were established among project collaborators 
(task #1). Project collaborators created key documents to better define and guide the project and 
to support its evaluation. These included a project logic model and evaluation documentation 
tool (Figure 1 and Table 1), an illustrated overview of a crash-injury data system (Figure 2), and 
an illustrated example of how a crash-injury profile, a goal for a larger project, could inform 
trauma treatment (Figure 3).  
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Figure 1. LOGIC MODEL: Integrated Crash and Injury Data System for Surveillance and Prevention in Texas (Pilot Linkage). 
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Figure 2. Integrated Crash and Injury Data System for Surveillance and Prevention in Texas. 
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Figure 3. Example Crash-Injury Profile: Informing Trauma Treatment. 
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Table 1. Pilot Study Activity and Intermediate Outcome Evaluation Documentation Table. 

Activity/Intermediate Outcome Documentation 

Activities  
Meet with project staff and collaborators Emails and notes from phone and in-person 

meetings between Eva Shipp, Shubhangi 
Maindale, Alva Ferdinand, Mark Benden, 
Deb del Junco, Erin Fox, Jeff Tomasek, 
Robert Wunderlich, Zack Gala, Marcie Perez, 
and Srinivas Geedipally. 

Meet with stakeholders Emails and notes from phone and in-person 
meetings between Robert Wunderlich, 
Department of State Health Services, 
TxDOT, and TAMU/TAMHSC/TTI 
administration 

Obtain IRB approval from UTHealth Approval letter dated July 8, 2014 
Obtain IRB approval from TAMHSC Approval letter dated August 21, 2014 
Conduct preliminary analysis of crash 
data 

Intern report and poster presentation 

Train undergraduate intern in crash data 
management and analysis 

Intern report and poster presentation 

Link trauma records from MHH with 
crash data from TxDOT CRIS database 

Documentation from UTHealth and linked 
dataset 

Conduct analysis of linked dataset Reported findings from MHH, TTI, and SPH 

Intermediate Outcomes 
Multidisciplinary network well-
positioned to complete a larger scale 
project 

Emails and notes from phone and in-person 
meetings between Eva Shipp, Shubhangi 
Maindale, Alva Ferdinand, Mark Benden, 
Deb del Junco, Erin Fox, Jeff Tomasek, 
Robert Wunderlich, Zack Gala, Marcie Perez, 
and Srinivas Geedipally 

Lessons learned from pilot linkage  Documentation from UTHealth 
New information on how linked data can 
improve our understanding of 
crashes/injury among Texas motorists  

Results from statistical analyses; Information 
sheet developed by TTI; news article 

 
The project logic model provides a framework for the project by defining assumptions, 
identifying available resources, describing outputs that are produced with available resource, 
describing activities supported by those resources, intermediate or short-term outcomes 
achievable within the time frame of the project, and overall long-term impacts that the project 
supports. The project evaluation focused on the extent to which the project activities and project 
deliverables were completed and the short-term outcomes are achieved (tasks #7 and #8) as 
recorded in the evaluation documentation tool. Throughout the duration of the project, the logic 
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model was reviewed, and progress toward completing activities and achieving intermediate 
outcomes was monitored.  

As illustrated in the project logic model, two key activities included submitting applications to 
two institutional review boards (task #2), and creating and maintaining an electronic manual of 
procedures (task #3). To meet ethical requirements for the conduct of research with human 
subjects or their data, this project entailed submitting applications for review and approval to the 
UTHealth Committee for the Protection of Human Subjects and TAMU IRB. Approvals were 
obtained on July 8, 2014, and August 21, 2014, respectively. An electronic manual of procedures 
was created and maintained throughout the duration of the project in order to facilitate 
communication, document key procedures, and inform any subsequent, larger projects.  

Data Linkage and Analysis Plan 

This study focused on Houston, Texas, and the surrounding area. According to the U.S. Census 
Bureau (9), the estimated population for Houston (city) in 2012 was 2,160,821. In 2010, 
43.8 percent of the population was classified as Hispanic or Latino, 25.6 percent as White alone 
(not Hispanic or Latino), 23.7 percent as Black or African American alone, 6.0 percent as Asian 
alone, and 4.1 percent as two or more races or other. In 2010, approximately 49.8 percent of the 
population was female, 25.9 percent were under that age of 18 years while 9.0 percent were 65 
years old or older (9). The study population also may include individuals involved in crashes 
within the surrounding TxDOT Houston District and the MHH Trauma Center catchment area. 
The Houston District includes the following counties (estimated population in 2013): Brazoria 
(330,242), Ft. Bend (652,365), Galveston (306,782), Harris (4,336,853), Montgomery (499,137), 
and Waller (45,213) (9). Additional counties included in the trauma center catchment area will 
also be included in the dataset: Austin (28,847), Colorado (20,752), Matagorda (36,592), 
Wharton (41,216), and Walker (68,817) (9). 

To initiate the linkage, collaborators at UTHealth procured the necessary data. Data came from 
the TxDOT CRIS and the patient trauma registry records from MHH Texas Trauma 
Institute/UTHealth at Houston. Records covered the years 2010–2013. Of note, not all 
individuals involved in a crash in the study population during this time period will have 
sustained an injury of sufficient severity to be seen in a trauma center and have their medical 
information included on the trauma registry. Severely injured patients also could have been taken 
to the other Level I trauma center in Houston, Ben Taub General Hospital. As such, findings are 
only generalizable to patients seen at MHH/UTHealth. 

TxDOT CRIS 

In Texas when a crash occurs, the Texas Peace Officer who arrives at the crash scene completes 
a data collection form referred to as the Form CR-3. The CR-3 includes basic demographic 
information about those involved in the crash and certain crash characteristics. Officers are 
required to complete this form for any crash resulting in an injury or in at least $1000 worth of 
property damage. Officers submit these crash forms to TxDOT either electronically via the web-
based CRIS system or in a paper format. Data are entered into an electronic database maintained 
by TxDOT known as CRIS. Data for the current pilot linkage study were extracted from the 
CRIS database. TxDOT makes CRIS data available for electronic download in a .csv format. For 
a complete description of these fields, see the attachment titled, “TxDOT State of Texas 
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Instructions to Police for Reporting Crashes 2012 Edition.” Only crashes that resulted in an 
injury or $1000 in property damage were included in this pilot study. 

 UTHealth/Memorial Herman Hospital 

The trauma patient records came from the Trauma Registry maintained by MHH Texas Trauma 
Institute, a Level I Trauma Center located in the Texas Medical Center (TMC). It is one of only 
two Level I Trauma Centers in Houston and its Life Flight emergency rescue serves a 150-mile 
radius encompassing nine counties within the Texas Department of Health’s Southeast Texas 
Regional Advisory Council (SETRAC). SETRAC is one of 22 regional advisory councils in 
Texas that oversee and coordinate emergency preparedness, injury prevention, and emergency 
and trauma care for their area populations. MHH Texas Trauma Institute sees, on average, 5,072 
adult and 1,187 pediatric cases each year with 10,361 seen across the entire MHH system (10). 
Patients and the information about them included in the Trauma Registry had to fulfill the 
eligibility criteria and data standards of MHH, Texas Trauma Institute, UTHealth, and the 
American College of Surgeons’ National Trauma Data Bank.  

After procuring the data, collaborators at UTHealth prepared the data for the linkage using a 
series of complex data management steps. Various software packages were required in order to 
complete this data cleaning and preparation task. These included Microsoft Excel and Access 
v.14 (Redmond, WA: Microsoft), Stat Transfer v.12 (Seattle, WA: Circle Systems), and SAS 
v9.4 (Cary, NC: SAS Institute Inc.). In broad terms, this process involved pinpointing any 
problems with the data (e.g., missing or out-of-range values, miscoded values) and identifying 
individual level variables that could be used to isolate records belonging to the same person. A 
matching algorithm was developed based on these individual level variables. Next, the format of 
the two datasets was standardized so that the records representing the same individual could be 
joined. Finally, the prepared data were linked using the matching software, LinkSolv 
(Morrisonville, NY: Strategic Matching, Inc.). Only records with a high level of confidence that, 
in fact, they represented the same person were joined and included in the dataset for analysis. 
Data were de-identified prior to secure transfer to TAMHSC-SPH.  

Preliminary data analysis (task 5) was undertaken by investigators at UTHealth, at TAMHSC-
SPH and TTI using StataSE v.13.1 (College Station, TX: StataCorp LP) and SAS 9.4 (Cary, NC: 
SAS Institute Inc.) statistical software packages. Initially, all variables were described using 
descriptive measures and to ensure successful transfer of the data files from UTHealth. 
Subsequent analyses were conducted to (1) examine the classification of injury severity and how 
well the crash report data and the trauma data correlate, (2) examine the variation in hospital 
charges by injury severity, (3) examine how well the crash report data and the trauma data 
correlate with respect to the identification of driving under the influence of alcohol (i.e., 
0.08 mg/dL), and (4) understand the crash characteristics associated with a diagnosis of 
traumatic brain injury.  

Analysis of Traumatic Brain Injury 

To demonstrate how new information regarding specific injury types could be derived from a 
linked dataset, researchers identified crash characteristics associated with a diagnosis of TBI in 
the trauma records. The variable, TBI, from the trauma records was used as the outcome 
variable. First, a descriptive analysis was undertaken by constructing a crash tree, a standard 
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approach used to analyze crash data. Variables included in the crash tree were those describing 
rural/urban location, intersection, non-intersection, or driveway configuration, signalized or non-
signalized intersection, collision type, and first harmful event. Next, a case-control study was 
conducted wherein cases were 135 patients with a diagnosis of TBI with complete data and 
89,288 controls who were not taken to any trauma hospital and who also had complete data 
(based on the CRIS variable “prsn_taken_to”). A multiple logistic regression model was 
constructed to estimate the magnitude of the association between crash characteristics (e.g., 
rural/urban status, motorcyclist, first harmful event, restraint use, intersection location and 
signalization, collision type, speeding, ejection, airbag deployment, light conditions, and alcohol 
involvement) and TBI after adjusting for other factors (e.g., age, gender, and race/ethnicity). A 
backward elimination variable selection approach was used. Variables significant at the p < 0.05 
were allowed to remain in the model. Clustering by crash could violate the assumption of 
independence of observations. The cluster command was invoked in STATA to account for 
multiple drivers involved in the same crash by adjusting the standard errors to compute more 
robust estimates. Adjusted odds ratios and corresponding 95 percent confidence intervals were 
computed.  

Analysis of Injury Severity 

Much of what is known about injury severity and crashes in Texas is based solely on CRIS 
records. As a result, understanding injury severity is limited by what the officer on the scene 
observes. Consequently, injury severity may be under or overestimated. If countermeasures, 
including policies, to reduce crash-related injury are developed based on misclassified data, it 
could lead to ineffective prevention efforts and wasted resources. To examine potential 
misclassification of injury severity, researchers compared how well the CRIS records agreed 
with clinical assessments of injury severity using the approach described below.  

Injury severity in CRIS records is coded according to the KABCO system. If a death occurred 
due to the crash at the time of the crash or within 30 days, the K injury code is applied. A code of 
A is defined as a severe injury that prevents continuation of normal activities (e.g., broken 
bones). A code of B is defined as evident injury (e.g., bruises, abrasions, or minor lacerations) 
that does not prevent continuation of normal activities. A code of C is defined as injury which is 
reported or observed by behavior, but lacks a visible wound (e.g., limping or complaint of pain). 
A code of O indicates a crash that results in no injuries or for which there is no evidence of an 
injury.  

The MHH data files included injury severity variables as coded by the trauma clinicians. These 
included the standard Abbreviated Injury Scale (AIS) and the Injury Severity Score (ISS). The 
AIS involves assigning an individual score to each of nine body regions (i.e., head, face, neck, 
thorax, abdomen, spine, upper extremity, lower extremity, and unspecified). Scores range from 
one (minor) to six (maximal/death) with a nine indicative of no score specified. ISS is the sum of 
the squares of the highest individual AIS scores in the top three body regions. However, the ISS 
involves collapsing AIS categories into six categories. For example, head and neck are grouped 
together. Scores for the ISS range from 0–75 with 99 indicating unknown severity. MAIS was 
computed based on the AIS variables. MAIS is the highest severity value of any of the assigned 
AIS scores.  
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To understand how well the KABCO classification correlated with the injury severity as 
assigned by the trauma clinicians, the distribution of ISS and MAIS was plotted by KABCO 
categories using boxplots. In addition, total hospital charges can function as a surrogate for 
injury severity since more severe injuries can be more costly to treat. The total and average 
hospital charges were computed by KABCO category.  

Analysis of Driving under the Influence of Alcohol 

In general, there is a concern that the involvement of alcohol is underestimated in crash records 
due to difficulty detecting blood alcohol levels at the crash scene. As a result, the coding of 
alcohol-involved crashes was compared against actual measured blood alcohol levels from the 
trauma records. CRIS records include three variables that can be used to identify crashes where 
alcohol potential played a contributing factor. Researchers examined only the alcohol assessment 
as measured via BAC and also created a dummy variable to indicate an alcohol-involved crash. 
An alcohol-involved crash was coded as positive, negative, or missing based on endorsement of 
at least one of two variables (CONTRIB_FACTR_ID=67 Under influence-alcohol or 45 Had 
been drinking; DRIVER SUBSTANCE TEST RESULT = Positive). The trauma record included 
a variable, ETOH, which quantified the blood alcohol in mg/dL (which was later converted to 
g/dL), or was coded as not taken or not applicable. To examine how well CRIS records 
corresponded with the trauma data with respect to the identification of legally intoxicated with 
alcohol drivers, a cross-tabulation was conducted between these two variables and the 
proportional agreement was computed.  
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KEY FINDINGS 

Each year, hundreds of thousands of crash records are included in CRIS and tens of thousands of 
patient records are included in the MHH database. Consequently, data linkage needed to occur in 
batches in order to not overwhelm computing resources. The linkage began using a blocked 
approach such that only records from the year 2010 for Harris County that represented primary 
persons (i.e., drivers) sustaining the most severe injuries (i.e., level I) were used. The amount of 
time required to complete this process was substantial. Since this pilot was conducted with 
limited resources, personnel time, and calendar time (i.e., two months post procurement of IRB 
approvals), our analyses were conducted on this initial set of linked records. Subsequent linkages 
are underway as well as related analyses discussed in the section below. To inform future efforts, 
in order to link data from 2010–2013 for the 11 counties in the study population, researchers 
estimated that four full-time programmers plus an epidemiologist/programmer would be required 
for a period of six months. In terms of computing resources, these linkages cannot occur in a 
cloud-based environment. They must be completed on a computer hard drive when using 
matching software such as LinkSolv (Strategic Matching, Inc., Morrisonville, NY). A 64-bit 
processor is recommended and the largest hard drive allowed by budgetary constraints.  

This initial CRIS dataset included 132,628 records of unique individuals with over 250 different 
data fields. Our partnering Level I center admitted a total of 2,139 unique patients in 2010 for 
injuries possibly relating to a motor vehicle crash. Because the initial CRIS database included 
only primary individuals, the vast majority of whom did not incur serious injuries, researchers 
anticipated identifying approximately 300–500 unique matches between CRIS and trauma 
registry records. The computerized algorithm used to link crash and hospital records identified 
445 unique individuals whose match probability exceeded the pre-established threshold. 
Approximately, 68.8 percent were male, 50.8 percent were White (non-Hispanic), and 
25.8 percent were Hispanic. The average age of these patients was 38.6 years. Demographics for 
the non-matched primary individuals listed on CRIS followed a similar distribution: 56.4 percent 
were male, 36.8 percent were White (non-Hispanic), and 30.6 percent were Hispanic. The 
average age of these persons was 37.2 years. Another 220 unique records of primary individuals 
involved in a 2010 crash that occurred in one of the eight SETRAC counties other than Harris 
were also identified as high-probability matches.  

As a check of the quality of our matching, researchers examined the potential for missed 
patients/crash victims. For example, in 2010 for the SETRAC area, there were 1,938 primary 
crash victims who were transported by an EMS provider to one of the nine MHH hospitals of 
which one is MHH-TMC. There were 665 total matches for primary crash victims. Of these, 498 
were transported directly from the scene to MHH-TMC and the other 167 were either transferred 
to MHH-TMC from another hospital or arrived at MHH-TMC on their own after refusing 
transport from EMS directly from the scene. There were 1,474 patients in the MHH database 
who could possibly have been involved in a motor-vehicle crash, but did not match with a CRIS 
primary person record. The majority of these are expected to match with an “other” person type 
in CRIS. There were 1,440 unmatched CRIS records for primary individuals who were possibly 
transported to MHH-TMC. To examine these for possible missed matches on the MHH trauma 
registry, three liberal matches were run using deterministic SAS programs: (1) match exactly on 
last name, age in years, and crash date; (2) match exactly on last name and crash date; and (3) 
match exactly on last name and age. This crude approach yielded only an additional 24 possible 
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matches indicating that our probabilistic matching protocol was accurate and complete. Next, 
researchers compared the number of deaths among primary persons who were taken to Ben Taub 
(the second Level I trauma center in the area) versus MHH. The number of primary in-hospital 
decedents was nearly equal between those taken to MHH (n=42) versus Ben Taub (n=46), which 
supports that the linkage missed few, if any, matches among primary persons with serious 
injuries.  

Deaths-on-Scene 

Advances in trauma care over recent years have enabled improvement in trauma outcomes for 
those individuals who arrive at a trauma center alive. However, the majority of injury deaths 
occur on-scene, and less is known about the success of strategies (e.g., changes in trauma care 
systems) to reduce these early deaths. Using 2010–2013 CRIS data for Harris County, a trend 
analysis was conducted to identify changes over time in motor-vehicle crash deaths and in the 
proportion occurring on-scene rather than in-hospital. The proportion of motor-vehicle crash-
related deaths among primary and other crash victims that occurred on-scene was 56.82 percent 
(n=204/359), 57.07 percent (n=210/368), 59.56 percent (n=215/361), and 58.33 percent 
(n=217/372) in 2010, 2011, 2012, and 2013, respectively. No temporal trends were apparent. For 
the entire nine-county area served by MHH Texas Trauma Institute, there were 521 deaths from 
crashes in 2010 with 60.08 percent on-scene. The larger proportion of on-scene deaths 
(60 percent versus 57 percent) reflects the inclusion of crashes that occurred in rural areas where 
victims may have suffered more severe injuries or experienced longer waits for trauma care 
(11, 12).  

Analysis of Traumatic Brain Injury 

A wide variety of injury diagnoses were included within the matched data. The most common 
single diagnosis was TBI with 168 cases. Figure 4 displays the crash tree for TBI by urban or 
rural location. Among urban crashes, the greatest proportion was non-intersection related with a 
first contributing factor of a single vehicle run off road. Among rural crashes, the greatest 
proportion also was non-intersection related, but with a first contributing factor of striking a 
fixed object. Based on the case-control study, 15 variables were considered for inclusion in the 
multiple regression model. The final model included 12 variables (Table 2). TBI was more 
common among motorcyclists, approximately eight times greater than other motorists, 
(aOR=8.7; 95 percent CI=4.2–18.1), those not wearing restraints (aOR=22.8; 95 percent 
CI=12.4–41.7), those involved in a head-on collision (aOR=11.6; 95 percent CI=4.7–28.6), those 
who were speeding (aOR=8.5; 95 percent CI=1.5–50.5), those who were ejected from their 
vehicle (aOR=18.6; 95 percent CI=6.6–53.0), and those involved in a rural crash (aOR=1.9; 
95 percent CI=1.3–2.7). Three variables (i.e., gender, DUI-alcohol, and signalized intersection) 
were not retained in the final model. Despite accounting for 58.6 percent of the records in this 
analysis, male gender was not statistically significant in the final model.  
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Figure 4. Crash Tree Displaying the Frequency of Crash Characteristics for Crashes Involving a Diagnosis of Traumatic 

Brain Injury, Primary Drivers, Harris County, 2010.
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Table 2. Unadjusted and Adjusted Associations between Demographic and Crash 
Variables and Traumatic Brain Injury Diagnosis, Primary Drivers, Harris County, 2010 

(n=89,423). 

  Variable % OR 95% CI P-Value OR 95% CI P-Value 
Age        
<18 years 3.3 6.1 2.9–12.9 0.000 3.3 1.5–7.2 0.003 
18–24 years 20.9 1.8 0.9–3.5 0.074 1.5 0.7–3.0 0.281 
25–34 years 25.5 1.6 0.8–3.0 0.155 1.8 0.9–3.5 0.085 
35–44 years 20.3 1.0   1.0   
45–54 years 15.9 2.2 1.1–4.2 0.020 2.3 1.2–4.6 0.014 
55–64 years 9.3 2.8 1.4–5.6 0.004 3.7 1.7–7.8 0.001 
65+ years 4.9 3.3 1.5–7.2 0.003 6.7 3.0–15.2 0.000 
Race        
Other 60.2 1.0   1.0   
White 39.8 1.7 1.2–2.4 0.001 1.5 1.1–2.3 0.028 
Motorcyclist        
No 99.7 1.0   1.0   
Yes 0.3 73.2 46.3–115.8 0.000 8.7 4.2–18.1 0.000 
1st Harmful 
Event 

       

M-V transport 91.6 1.0   1.0   
Overturned 0.3 41.5 20.4–84.7 0.000 3.3 0.9–12.0 0.074 
Pedestrian 0.6 45.2 26.7–76.5 0.000 21.3 6.9–66.0 0.000 
Parked car 1.4 4.4 1.6–12.1 0.004 1.7 0.4–7.0 0.462 
Pedalcyclist 0.4 12.2 3.8–38.7 0.000 7.1 1.4–34.7 0.019 
Fixed Object 5.3 10.8 7.2–16.2 0.000 3.9 1.0–15.7 0.060 
Other Object 0.2 6.9 1.0–50.3 0.056 2.2 0.2–19.1 0.482 
Other Non-
Collision 

0.1 15.6 2.1–114.1 0.007 5.5 0.5–62.9 0.169 

Restraints        
Yes 0.6 1.0   1.0   
No 96.1 62.6 38.2–102.8 0.000 22.8 12.4–41.7 0.000 
Other/NA/Unk 3.3 23.2 16.0–33.8 0.000 4.3 2.6–7.0 0.000 
Intersection         
Intersection 55.1 1.0   1.00   
Non-intersection 44.9 2.8 1.9–4.1 0.000 2.8 1.5–5.4 0.002 
Collision Type        
Rearend 37.7 1.0   1.00   
Headon 1.0 32.0 13.8–74.5 0.000 11.6 4.7–28.6 0.000 
Single 6.3 22.3 12.0–41.1 0.000 1.7 0.4–7.2 0.476 
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  Variable % OR 95% CI P-Value OR 95% CI P-Value 
Sideswipe 12.0 1.9 0.8–4.7 0.141 1.6 0.7–4.0 0.295 
Angle 28.4 2.5 1.2–4.8 0.009 3.9 1.6–9.3 0.003 
Other 14.6 6.2 3.2–11.8 0.000 1.4 0.5–4.1 0.585 
Rural status        
Urban 70.7 1.0   1.0   
Rural 29.3 2.1 1.5–3.0 0.001 1.9 1.3–2.7 0.001 
Speeding        
No 99.7 1.0   1.0   
Yes 0.2 50.7 15.5–166.0 0.000 8.5 1.5–50.5 0.018 
Ejected        
No 99.9 1.0   1.0   
Yes 0.1 55.6 26.5–116.9 0.000 18.6 6.6–53.0 0.000 
Airbag deployed        
No 84.8 1.0   1.0   
Yes 11.3 14.6 9.3–22.9 0.000 8.8 5.3–14.7 0.000 
Unk 0.6 4.6 0.6–34.1 0.132 2.4 0.3–21.0 0.426 
NA 3.3 44.8 28.2–71.0 0.000 5.9 3.5–10.1 0.000 
Light conditions        
Daylight 77.0 1.0   1.0   
Dark, lighted 16.9 2.0 1.3–3.0 0.001 1.2 0.8–1.9 0.430 
Dark, not lighted 3.9 6.2 3.9–9.9 0.000 2.3 1.3–3.9 0.004 
Other 2.2 0.9 0.2–3.8 0.916 0.6 0.1–2.9 0.531 
Gender        
Female 41.4 1.0      
Male 58.6 2.1 1.4–3.1 0.000    
Alcohol        
Negative 99.2 1.0      
Positive 0.8 8.0 3.9–16.4 0.000    
Signal        
Yes 23.9 1.0      
No 76.1 2.5 1.5–4.3 0.001    

NOTES: Based on a case-control study design. To minimize small cell sizes, all eligible controls were included (i.e., 
were not taken to a ER). N=89,423 (n=135 TBI cases; n=89,288 controls). The proportion of missing values is 
similar for cases and controls. Statistically significant (p<0.05) variables retained in the model. To account for 
multiple primary drivers involved in the same crash, the cluster command was invoked in STATA to adjust the 
standard errors.  
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Injury Severity 

In CRIS, crashes were coded according to KABCO as: 0.5 percent killed (K), 2.4 percent 
incapacitating (A), 9.7 percent non-incapacitating (B), 22.4 percent possible injury (C), 
63.2 percent no injury (O), and 1.9 percent unknown. Matched observations were coded as: 
9.4 percent killed, 47.9 percent incapacitating, 27.6 percent non-incapacitating, 14.4 percent 
possible injury, 0.2 percent no injury, and 0.4 percent unknown. A total of 42 patients were 
coded with an outcome of deceased based on the trauma registry records. Of these patients, 
100 percent were correctly coded as K in the CRIS records. This validates that CRIS is 
extremely good at identifying and coding fatal crashes. Lower agreement was observed for the 
coding of the severity of nonfatal injuries. This observation is supported by analyzing the 
distribution of injury severity codes (i.e., MAIS) that are assigned by clinicians and reported 
hospital costs in the trauma record stratified by KABCO category. Based on the analysis of 
MAIS injury scores and the KABCO coding, there were 265 patients with a MAIS score 3 or 
above and a KABCO code of A, B, or C. Of these 265, 40 percent (n=106) were coded as B or C. 
Given that these patients had a MAIS score of 3 or greater, assigning an injury severity of non-
incapacitating or possible injury is likely to represent a substantial underassessment of the degree 
of injury severity.  

Figure 5 displays the distribution of ISS by KABCO categories. Those receiving the highest ISS 
were categorized as sustaining a fatal injury. Beyond fatal injuries, there was little variation in 
the distribution of severity scores by the remaining A, B, and C categories. Although, generally 
ISS and MAIS were lower as severity classification was less severe. Figure 6 displays the MAIS 
by KABCO category. A similar pattern is observed as displayed in Figure 5. The distribution of 
MAIS was highest for those coded as sustaining a fatal injury with little variation in the 
distribution of MAIS for the remaining KABCO categories.  



 

17 
 

 
Figure 5. Distribution of ISS by Crash Severity (KABC) Categories, Harris County, 2010. 

 
Figure 6. Distribution of MAIS by Crash Severity (KABC) Categories, Harris County, 2010. 
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Table 3 displays the amount of hospital charges by KABCO categories and a comparison with 
NSC estimates. The total hospital charges for the 445 linked patients were $59,483,803 with an 
average per patient of $133,671. The average per patient varied by KABCO category with 
$101,257 for killed, $183,131 for incapacitating injury, $86,307 for non-incapacitating injury, 
and $82,619 for possible injury. This suggests a similarity in severity for non-incapacitating and 
possible injury categories. NSC costs include estimates of wage and productivity losses, medical 
expense, administrative expenses, motor vehicle damage, and employers’ uninsured costs by 
KABCO category. The total estimated cost, according to the NSC estimates, was $78,454,800 or 
an average cost of $176,303 per patient. The ratio of hospital charges to NSC costs decreases as 
injury severity decreases. The ratio should be more similar across KABCO categories if those in 
the non-incapacitating and possible injury categories were not actually more serious injuries and 
more costly injuries that were misclassified as less severe.  

Table 3. Hospital Charges by CRIS Injury Severity Category (KABC) as Comparison with 
NSC Cost Estimates, Primary Drivers, Harris County, 2010. 

CRIS person injury severity Hospital 
charges NSC costs1 

𝐍𝐍𝐍 𝐜𝐜𝐜𝐜𝐜 
𝐇𝐜𝐜𝐇𝐇𝐜𝐇𝐇 𝐜𝐜𝐇𝐜𝐜𝐜𝐜

 

All (n=445)2 $59,483,803 $78,454,800 1.32 
Fatal (K) (n=42) $4,252,785 $59,220,000 13.92 
Incap. injury (A) (n=213) $39,006,855 $15,485,100 0.397 
Non-Incap. injury (B) (n=123) $10,615,813 $2,878,200 0.271 
Possible injury (C) (n=64) $5,287,587 $844,800 0.160 
ABC (n=400) $54,910,256 $19,208,100 0.350 
1NSC definition- The calculable costs of motor-vehicle crashes are wage and productivity losses, medical expenses, 
administrative expenses, motor vehicle damage, and employers’ uninsured costs. 
2Out of 445, one is coded as severity=0; one has a missing value; and one is coded as property damage only. 
 
Driving under the Influence of Alcohol 

Table 4 displays a comparison of CRIS records and trauma records with respect to blood alcohol 
concentration tests and crashes identified with alcohol as a contributing factor among primary 
drivers in Harris County in 2010. Of 71 patients who reached the legally intoxicated (i.e., BAC 
of 0.08 g/dL) threshold based on the trauma data, 70 percent (n=50) lacked a BAC test in the 
CRIS records, and 55 percent (n=39) lacked a BAC test or was not identified as having alcohol 
as a contributing factor in the CRIS records. In addition of the 445 drivers examined in this 
analysis, there were nine patients identified by CRIS as legally intoxicated with alcohol, but who 
did not have an alcohol test result in the trauma dataset. Based on this limited analysis, both the 
crash and trauma records are needed if the goal is complete ascertainment of alcohol-related 
crashes. 
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Table 4. Comparison of CRIS Records and Trauma Records with Respect to Blood 
Alcohol Concentration Tests and Crashes Identified with Alcohol as a Contributing 

Factor among Primary Drivers, Harris County, 2010. 

 CRIS BAC test result 

H
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l B
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C
 (g
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) t
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t 
re
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lt 

 Positive 
alcohol test 

Negative 
alcohol test 

Missing 
value 

(assume no 
test done) 

Total 

0   0 9 49 58 
0.01–0.07 0 2 27 29 
>0.08 21 0 50 71 
Not applicable 0 1 18 19 
Not tested 9 9 250 268 
Total 30 21 394 445 

 CRIS BAC test result or alcohol identified as a contributing factor 

H
os

pi
ta

l B
A

C
 (g

/d
L

) t
es

t r
es

ul
t  Positive 

alcohol test or 
alcohol 

identified as a 
contributing 

factor 

Negative 
alcohol test 
and alcohol 

not a 
contributing 

factor 

Missing 
Value 

(assume no 
test done) 

Total 

0 0 9 49 58 
0.01–0.07 3 1 25 29 
>0.08 32 0 39 71 
Not applicable 0 1 18 19 
Not tested 19 9 240 268 
Total 54 20 371 445 
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CONCLUSIONS AND RECOMMENDATIONS 

This pilot project demonstrated that the linkage of trauma patient records with records in the 
TxDOT CRIS is feasible and that linkages of high quality can be produced using a rigorous 
probabilistic approach. Researchers created an initial linked dataset consisting of trauma and 
CRIS records representing crashes among primary persons in Harris County in 2010. Initial 
linkages were among those patients coded with the most severe injury classification in the 
trauma records (Level I). Researchers then illustrated how new information could be derived 
from the linked dataset via meaningful statistical analyses. The limitations of only having access 
to a small, pilot dataset highlighted the need to create a data system that represents Texas.  

In our initial linked dataset for Harris County in 2010, researchers were able to identify a notable 
number of patients with a diagnosis of TBI. Prevention of TBI is of great benefit to public health 
given its high costs in terms of treatment, loss of quality of life, impact on family members, and 
strain on the healthcare system (1). Despite the relatively small number of these cases (n=135), 
researchers demonstrated that crash-related variables with the strongest associations could be 
identified and prioritized for intervention. The model suggested that demographic variables such 
as gender are not as important as other contributors to TBI including operating a motorcycle in 
an unlit, rural area at night. It also illustrated how analyses, such as this one, could not be 
completed with only trauma data. All crashes are needed from CRIS records in order to identify 
a comparison or control group (i.e., drivers not taken to a trauma center) in addition to the crash 
variables provided by CRIS records. Given a larger dataset, spanning multiple years and 
geographic locations across the state, analyses similar to this could be completed for each 
diagnosis/type of injury and crash-injury profiles generated as proposed in Figure 3. Our analysis 
demonstrated that the creation of crash-injury profiles is possible for guiding countermeasure 
development, but a larger sample size is needed.  

Our analysis of agreement between the two data sources with respect to injury severity and the 
involvement of alcohol further illustrated that neither CRIS nor trauma records alone is sufficient 
for fully understanding either parameter. In Texas, this could present a substantial problem since 
the majority of crash analyses and prioritization of prevention efforts is based on the KABCO 
system alone. Similarly, the identification of alcohol-related crashes may be limited if only CRIS 
or trauma records are used. Of the 445 drivers examined, CRIS identified 9 cases that the trauma 
records missed, while the trauma records identified at least 39 cases that were missed by CRIS. 
A complete picture of alcohol involvement in crashes requires data from both sources. As noted 
above, only analyzing trauma data provides no opportunity for analyzing crashes of low injury 
severity and making fruitful comparisons, with respect to crash-related variables, across injury 
severities.  

Based on these findings and the experience of linking the records, the following includes key 
observations and recommendations in terms of expanded efforts (task 6): 

• The linkage process on a larger scale likely would be complex, time consuming, and 
require substantial resources. Based on the data fields used to link our records, 
researchers hypothesize that linkage with other databases such as EMS run sheets, death 
certificates, autopsy reports, and other types of patient records also is feasible. In 
addition, considerable data management was required to transform the linked data into a 
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dataset suitable for statistical analysis. For example, several variables needed to be re-
categorized or recoded and dummy variables needed to be created. These issues should 
be considered in the allocation of resources for the creation of a larger statewide system.  

• Stakeholders should advise, as a committee, on best practices for the de-identification of 
a larger, statewide dataset, the use of these data, and how to communicate findings and 
their impact back to researchers, policy makers, and the public.  

• Analysis of our current pilot project dataset is limited by sample size and geographic 
representation. While researchers demonstrated that new information could be gained by 
its analysis, the limitations of the current pilot dataset also illustrated the potential 
benefits of a larger data system. Given the large population and geographic size of Texas, 
an effort to create a statewide data system would provide ample sample size to support 
extensive injury prevention research and outreach that could benefit Texas, its diverse 
population, and the nation.  

• Examples of research that could be supported by a larger dataset and inform the 
development of countermeasures includes, but are not limited to: (1) examining 
diagnoses beyond traumatic brain injury and generating in-depth crash-injury profiles, (2) 
identifying trends in treatment and survival over time, (3) examining variation in crash 
outcomes by geography, demographic, and other variables, (4) examining the impact of 
changes in traffic and treatment policies on injury outcomes, (5) identifying priority areas 
that could be addressed by engineering controls, and (6) conducting cost-benefit analyses 
to prioritize prevention efforts and their evaluation. As an example with respect to TBI, 
research has largely focused on severe cases. Less is known about mild and moderate 
TBI, specifically the economic impact of these less severe yet still costly cases (1). This 
gap in research could be addressed using a larger, crash-injury data system.  

• Analysis of the current pilot project dataset is ongoing. Continued analysis also will allow 
for identifying factors associated with survival time.  

In summary, researchers found that CRIS and trauma records each had strengths that can be used 
to address the limitations of the other data source. By linking data sources, a more complete 
picture of motor vehicle crashes and associated injuries can be gained in order to support the 
development of countermeasures on multiple levels (i.e., person, vehicle, and environment) via 
multidisciplinary, team science approaches (i.e., engaging medicine, engineering, legislative, law 
enforcement, and public health sectors). The linking of data systems in Texas could additionally 
inform policy makers and other stakeholders in assessing the impact of various policies and 
injury control measures on roadway outcomes. Given wide variation in injury risk and burden 
among various Texan communities, linking data systems that are better suited to identify specific 
injury problems across various geographic locations in Texas would aid in the implementation of 
targeted injury control and mitigation strategies. The number of serious injuries in our pilot 
dataset representing crashes in Harris County and severely injured patients treated at MHH in 
2010 alone, their reported hospital charges ($59,483,803), and costs based on NSC estimates 
($78,454,800) confirm the urgent public health imperative and critical need for a statewide 
crash-injury data system to save lives, ensure quality of life, and reduce unnecessary spending.  
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