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Trauma injuries can lead to the death if proper care is not
administered to the patient on a timely fashion.

Easy access to trauma care centers (TCC) is even more 
important when considering unexpected events such as the 
COVID-19 pandemic. 

TCCs are uniquely impacted by COVID-19 given the need
for rapid invasive interventions in severely injured and the
growing incidence of community infection.

Trauma incidents are one of the leading causes for disability, 
mortality, and morbidity for patients under the age of 44 in the 
U.S. and has an economic burden of $671 billion annually. 

Multiple studies have concluded that access to trauma care 
centers (TCC) is not even for all populations, especially rural 
and urban groups.

MOTIVATION
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MOTIVATION

This research studies the design and expansion of the state of Texas trauma care 
system

The state of Texas plans to expand the availability of high-level trauma centers as 
laid out in the 2019-2020 Texas State Health Plan 

The report recommended a comprehensive study to ascertain the true extent of 
accessible trauma care for the state particularly for rural zones that have limited 
road networks to provide access and services. 

32.4% of Texans live further than 20 miles from a Level-I TCC and 12.1% live a 
distance of more than 50 miles. 

Poor access to trauma care services result in higher mortality rates among citizens 
before hospital admissions (Hashmi et al. 2019)



5

A study conducted in 2018 showed 280 state designated trauma facilities in Texas.

• Level I   Trauma Centers:   18

• Level II  Trauma Centers:   23

• Level III Trauma Centers:   54

• Level IV Trauma Centers: 185

BACKGROUND

• TCCs are classified as Level-I to Level-IV  

• Level-I and Level-II TCCs offer the highest level of services to patients with 

traumatic injuries. 

• Level-III and Level-IV are intermediate facilities that help in stabilizing the patient. 



Current Research 

• Branas et al. (2000) developed the TRAMAH (Trauma Resource Allocation Model for 

Hospitals and Ambulances) to determine travel times for patients to reach trauma centers.

• Horst et al. (2017) proposed to add new trauma centers to an existing framework using 

geospatial mapping. 

• Ahmadi- Javid et al.(2017) reviewed papers discussing the various location-allocation 

models present for solving trauma center accessibility. The focus is to maximize access to 

patients.
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BACKGROUND

Limitations of Current Research 

• Deterministic population groups do not account for uncertainty in demand. Uncertainty into 

models must be incorporated.

• Hierarchical trauma levels not incorporated into present day models. Models assume every 

trauma facility treats all injuries.

• Transportation networks are and speed limits are not considered. Studies do not show 

varying driving times according to changing speed limits.   



RESEARCH OBJECTIVES

The two major objectives of this research are:

1. To collect and analyze data on trauma injuries at different population regions in Texas 

(i.e. cities, suburban, and rural) and to forecast service needs based on zip code 

locations.

2. To develop a decision-making model for the Stochastic Trauma System Configuration 

Problem (STSCP)
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➢ Data analysis performed using Public Use Data Files (PUDF)

o EMS 2014 - 2016

o Trauma 2014 - 2016

➢ Data limited in terms of providing a patient identifier

➢ Injury locations were provided with 3-digit zip codes (each three-digit zip code 

includes multiple counties)

IRB

o September 16, 2019, IRB submitted 

o October 14, 2019, Revisions submitted

o November 1, 2019, Revisions submitted

o December 10, 2019, Revisions submitted

o February 12, 2019, Packet forwarded to management

o April 13, 2020, Package reviewed by legal department

o May 19, 2020, Dr. Perez presented research to DSHS

o August 5, 2020, Dr. Perez asked for status 

o August 12, 2020, Dr. Perez asked for status – sent to legal, review, and approval 

o September 28, 2020, Dr. Perez asked for status – waiting legal, review, and approval 8

LIMITATIONS



METHODOLOGY
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Research Objective 1 : To collect and analyze data on trauma injuries
at different population regions in Texas (i.e. cities, suburban, and rural)
and to forecast service needs based on zip code locations.

3 separate stages:

Stage 1: Generation of data sets for analysis 

Stage 2: Evaluate several forecast models based on time series

Stage 3: Analyse results as a function of forecast accuracy and 
variability

METHODOLOGY
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• Texas State Health Department provided data for a period of three years.

METHODOLOGY

Research Objective 1 [Stage 1]:
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Forecasting Models and Parameters:

• Forecast Models will use subjective or objective information for the prediction of an 

outcome of one or more periods in the future setting. 

• Propose to employ class of models based on Exponentially Weighted Moving 

Average (EWMA)

Research Objective 1 [Stage 2]:

METHODOLOGY
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Research Objective 1 [Stage 2]:

• The selection of the appropriate model is based on the existence of a trend and/or 

seasonality in the plotted time series.

• Trends to be investigated in this research are Holt’s (Additive) and, if with seasonality, 

then Holt-Winter (Multiplicative) 

METHODOLOGY



• Analyzing the results as a function of forecast accuracy.

• Partitioning the data as in-sample(), used to estimate the forecast model parameters, and out-

of-sample(), used to estimate the accuracy of the model. 

• MA, EWMA, and ARIMA will be fitted to in-sample() time series. 

• The appropriate EWMA model will be selected based on the existence of trend or seasonality in 

the series. 

• MAPE will be applied to the out-of-sample data to assess model validity for future time periods.

• MAPE is calculated as shown below: 

𝑀𝐴𝑃𝐸 = 𝑇0
−1 

𝑡=𝑇

𝑇+𝑇0 𝑌𝑡+1|𝑡 − 𝑌𝑡+1

𝑌𝑡+1
∗ 100

• Also used to evaluate the improvement in the forecast across series given different information 

classes. 
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METHODOLOGY

Research Objective 1 [Stage 3]:
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CASE STUDY
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DESCRIPTIVE ANALYSIS RESULTS 

• An important insight from this graph is the declining trend for the three regions with the

highest numbers.

• The rest of the regions show an increase in the number of cases from 2014 to 2015 and then

a decline from year 2015 to 2016.

• It is important to consider the variable patterns for regions 780, 781, 783, and 788 since

these are mostly rural regions.

• Understanding the variability in these regions is important for the future expansion of the

trauma network in Texas.
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DESCRIPTIVE ANALYSIS RESULTS 

• A total of 53 TCCs facilities included in the studied region.

• Four of those facilities are Level-I TCCs, three are Level-II TCCs, and the rest are Level-III

and Level-IV.

• The results show that Level-I TCCs treat at least 35% of the trauma injuries per year
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DESCRIPTIVE ANALYSIS RESULTS 

Figure 4. Injury severity scores per trauma level for 2014 Figure 5. Injury severity scores per trauma level for 2015

Figure 6. Injury severity scores per trauma level for 2016



DESCRIPTIVE ANALYSIS RESULTS 

Figure 7. Injuries recorded by injury environment per regional location in 2014 



FORECAST MODEL RESULTS 



FORECAST MODEL RESULTS 



FORECAST MODEL RESULTS 



METHODOLOGY

Research Objective 2
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Research Objective II 

To develop a decision-making model for the Stochastic 

Trauma System Configuration Problem (STSCP)

Define the problem of expanding the current trauma network 

Recommend which existing hospitals should consider become TCCs based on 

the forecasted number of injuries per zip codes in trauma region P

Clinical intervention is expected within an hour from the moment of an injury 

incident as a general rule of thumb 

The travel times were computed using ArcGIS Pro which has a road network 

database, and the values are a result of calculations based on real time speed 

limits. 

The distances from zip codes to hospitals (i.e. TCCs and non TCCs) were 

computed using geocoded centroids that represent the population for the zip 

code. 
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Formulation : 
• A two-stage programming model will be formulated to address the Stochastic 

Trauma System Model.

METHODOLOGY
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METHODOLOGY
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Model Description

• Model objective: Maximize service coverage considering trauma network expansion

• Presence of facility at node to be indicated by 0 or 1.

• There is a maximum number of facilities that can be placed in a network.

• If a demand node is covered by a facility, based on the model, a hospital, it shall be 

denoted by 0 or 1.

• Travel times by air and ground will be placed in a set between facilities and demand 

nodes. 

• Matrices, 𝑁𝑖 and 𝑀𝑖, will be the data sets describing the travel times. 
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METHODOLOGY
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EXPERIMENTATION

Figure 13 Trauma centers placed for Benchmark-SystemFigure 3. Regional Advisory Council, Trauma service 

areas and counties
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Forecasting models can used to predict the number of 
patients that need trauma care based on varying 
scenarios.

Forecasting models can be integrated to stochastic 
optimization decision making models to recommend 
trauma system expansion.

The focus is to maximize access for citizens to TCCs in 
Texas 

Include scenarios which will analyse large scale natural 
disasters for similar circumstances and pandemics.  

CONCLUSIONS



Questions?
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