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Introduction

In 2015, the overall crash mortality rate within the US was 
10.9 per 100,000 person‑years.[1] Associated crash mortality rates 
for different US states ranged from 3 to 25 deaths per 100,000 
person‑years.[2] Because emergency medical services provide the 
critical link between injury and definitive critical care, the time 
between the occurrence of  a Motor Vehicle Crash (MVC) and 
arrival of  a patient to this care is an important element in regard 
to the possibility of  MVC mortality.[3] According to Brown 

et al.,[4] early arrival of  Emergency Medical Services (EMS) at a 
crash scene generally leads to stabilization of  occupants with life 
threatening injuries, timely triage, and transport to a hospital. In 
addition, Gopalakrishnan[5] shows that most deaths from road 
traffic injury (RTI) happen before hospital arrival, either at the 
location of  the accident, or as the injured individual is relocated to 
the hospital. Bakke et al.[6] indicate that 86% of  associated deaths 
come about prior to trauma care center arrival, further showing 
that approximately 39% of  these deaths can be prevented. 
According to several sources,[7,8] shorter EMS transportation 
periods leads to less likelihood of  fatalities. Gonzalez et al.,[9] 
Trowbridge et al.,[10] and Griffin[11] provide results from related 
investigations, with information related to outcomes, influencing 
factors, interacting quantities, and associated parameters which are 
related to MVC’s, EMS Response Time (ERT), and patient death.
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The interval between an MVC and EMS patient transport and 
delivery (for a particular event) is a result of  time delays. The 
magnitude of  this time is related to the number of  vehicle 
occupants, the time of  day, the volume of  road activity, the 
urban, suburban, or rural location of  the accident, and other 
factors. According to several sources,[9,12,13] response time (or 
alternatively, time of  travel) is defined as the interval between 
first notice of  a crash and the appearance of  the EMS team at 
the place of  the accident. The time taken for EMS to reach a 
crash site is strongly influenced by the location (rural, suburban, 
or urban) of  the crash site.[9,14]

Eftekhari et al.[15] indicates that the six major challenges related 
to preventable deaths in RTIs in the prehospital phase include 
“poor management of  the crash scene,” “lack of  adequate rules 
and regulations,” “poor management of  time,” “low quality of  
training,” “poor communication and coordination,” and “low 
quality of  victim management.” Included in the investigation are 
recommendations to reduce preventable deaths due to RTIs, which 
are related to mitigation of  the detrimental consequences of  these 
challenges. He et al.[16] give results related to EMS availability within 
a low‑population and remote state county. Improvements to EMS 
accessibility are of  particular interest. Using advanced investigation 
analysis tools, the authors demonstrate vital connections between 
such improvements and EMS performance measures. Provided 
are innovative results which are related to EMS Service coverage 
and timely service performance indexes, which are developed to 
evaluate the positioning and service quality of  each EMS station. 
With data from the Fatality Analysis Reporting System, Cruz and 
Ferenchak[17] analyze national trends in emergency response times 
from 1975 to 2017. Results from the study indicate that emergency 
response times have improved by approximately 50% over this 
timeframe. Of  particular interest are the impacts of  improved 
emergency response time (RT) on fatality‑based traffic safety 
analyses. In particular, the investigators indicate that a limiting 
factor in analyzing RTs is accurate reporting of  fatal crashes. For 
example, fatal crash information cannot be used for analysis if  
invalid or unknown emergency response times recorded.[17,18] Other 
recent investigations consider ERT issues related to all‑terrain 
vehicle crash location,[19] cardiac arrest,[20] ambulance crashes,[21] 
and machine learning analysis approaches.[22]

The present investigation is undertaken to provide information 
regarding the dependence of  ERT and the influences on this 
parameter resulting from variations of  a several independent 
variables. Of  interest are alterations of  travel time, day of  the week, 
time of  the day, weather, crash severity, and lighting conditions. Of  
particular focus are the effects of  these variables on ERT for the 
unique rural environment of  Pickens County, Alabama. Associated 
data collected for different crash variables are thus special because 
this county has a low population density, with only EMS control 
location. Understanding outcomes resulting from variations of  the 
considered parameters on ERT is crucial to minimize the possibility 
of  adverse outcomes which are tied to different types of  injuries, 
and vital to limit the prospect of  fatalities. As such, results from 
the present investigation are important to the practice of  primary 

care physicians because poor management of  time is a major 
challenge related to preventable deaths in RTIs,[15] and because 
management of  associated time issues is of  direct relevance to 
health care policies associated with trauma patient care.

Variable Selection, Analytic Results, and 
Resulting Data Trends

The county selected for consideration is positioned along the 
western, mid‑region state boundary of  Alabama, a U.S. state. Only a 
single facility for medical care is positioned within this county, which 
is also the singular dispatch location for EMS. The associated address 
is 241 Robert K Wilson Dr., Carrollton, AL 35447. Information on 
MVC accidents were obtained using the archived data associated 
with the Critical Analysis Reporting Environment. The period of  
January 2016 to December 2019 is considered, for which, records 
are available of  214 automobile crash events. Note that resulting 
data employed within the present investigation are associated only 
with situations wherein EMS actions were employed. Variables 
under consideration include ERT, crash severity, lighting condition, 
weather, time of  the day, day of  the week, and actual travel time. 
Here, travel time is calculated between the Pickens County hospital 
location and each of  the crash sites using Google Maps with travel 
time recorded in minutes for the fastest route.

To utilize GWR4 software for data analysis, a range of  varying 
code numbers are employed to quantify different values which 
are associated with each variable. If  code numbers for each 
variable are adjusted, the resulting coefficient remains same, but 
the intercept value is altered. For example, changing codes from 
81 to 84 to 201 to 204 for lighting condition does not change 
associated coefficient values after analysis. Note that using an 
opposite order of  numbers for a particular variable results in 
a different sign for the associated coefficient. For example, 
changing codes from 81 to 84 to 504 to 501 for lighting condition, 
the coefficient value for lighting alters its sign, without changing 
the value of  the associated coefficient.

Figures 1a to 6a show the ERT variation with respect to different 
independent variables, or with respect to the codes for the 
different independent variables. Within these figures, values of  
the dependent variable ERT, for different event occurrences, 
are thus provided for particular values of  different independent 
variables. Figures 1b to 6b show histogram data of  the number 
of  crashes with respect to different independent variables, or 
with respect to the codes for the different independent variables. 
The average ERT is provided within these figures just above the 
associated bar, which denotes the number of  crashes, for each 
independent variable value or code value. The code numbers for 
the variables are also provided in each of  these figures. Travel time 
is determined in minutes from google maps, as the calculated time 
between the hospital or EMS source location and the crash site.

Figure 1a presents the variation of  ERT as travel time changes. 
Included in this figure is a linear relationship which denotes 
conditions for which ERT is in quantitative agreement with 
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travel time. For most of  the physical conditions represented by 
the data in Figure 1a, ERT is higher in magnitude, compared 
with travel time. This is a consequence of  EMS personnel needs 
associated with extra required time for the initial communication, 
unit dispatch time, and scene time. In several situations, ERT is 
smaller in magnitude, compared with travel time. Such a situation 
arises when the EMS unit travels faster than normal driving limits. 
Alternatively, for some occasions, an EMS unit is positioned in 
closer proximity to the accident location, compared with the 
location of  the dispatch center. Figure 1b histogram shows that 
the travel time interval for the largest number of  crashes is for 
periods of  16 to 20 min. Average ERT within this figure generally 
show the expected trend of  an increase with travel time, with one 
exception. The average ERT value is higher than expected for the 
6 to 10 min travel time interval, because of  anomalous events. For 
this situation, larger delay times are generally associated with more 
serious injuries and scene times which are larger than average 
trends. Within Figure 1c, the variation of  EMS delay time with 

travel time is given. For these data, the difference between ERT 
and travel time is the EMS delay time. A negative delay time value 
thus indicates that ERT is shorter than travel time. The trend of  
data within Figure 1c shows that, as travel time becomes larger, 
delay time generally becomes smaller.

Figure 2 shows ERT variation with code for the variable—day 
of  the week. This figure indicates that per day about that same 
number of  crashes occur on weekdays and weekends with about 
31 crashes per day each weekday and about 30 crashes per day 
each weekend day. However, the average ERT is 17% lower for 
weekdays than for weekend days.

Figure 3 shows ERT variation with code for the variable—
crash severity. These data indicate that most of  the crashes 
are associated with a suspected minor injury, and that the 
widest range of  ERT values is also associated with a suspected 
minor injury. The ERT values corresponding to situations with 

Figure 1: (a) EMS response time (ERT) variation with travel time in minutes. (b) No. of crashes variation with code for the variable and travel 
time. Average ERT is given above bars for each code value. (c) EMS delay time variation with travel time in minutes

c
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Figure 2: (a) EMS response time (ERT) variation with code for the variable, day of the week. (b) No. of crashes variation with code for the variable 
and day of the week. Average ERT is given above bars for each code value

ba
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suspected serious injuries and fatal injuries are higher, likely due 
to the crash occurring on a higher speed roadway that are farther 
from the dispatch location in the more rural areas of  the county.

Figure 4 shows ERT variation with code for the variable—
weather. Here, data show that more crashes generally occur when 
the weather is clear. Such a characteristic is consistent with overall 
weather patterns within the state of  Alabama. Clear weather 
is also associated with the largest range of  ERT magnitudes. 
Average ERT data are shortest with a cloudy weather condition, 
and longest for the mist/fog condition. The equivalence of  ERT 
values for clear weather and for the rain/sleet/hail/freezing 
rain situation is in part a result of  a significantly larger statistical 

sample of  data for the clear weather condition, with a larger 
range of  influences by other independent variables.

Figure 5 shows ERT variation with code for the variable—time of  
the day. More crashes occur, with a larger range of  ERT values, 
during 6.00 PM to 6.59 AM followed by 9.00 AM to 3.59 PM. 
This is because of  the time intervals are 13 hours and 7 hours 
compared with 2 hours for the other variable code values. The 
average ERT is longest during night time and during the evening 
rush time when visibility is potentially limited.

Figure 6 shows ERT variation with code for the variable—
lighting condition. More crashes generally occurred, with a wider 

Figure 3: (a) EMS response time (ERT) variation with code for the variable, crash severity. (b) No. of crashes variation with code for the variable 
and crash severity. Average ERT is given above bars for each code value

ba

Figure 4: (a) EMS response time (ERT) variation with code for the variable, weather. (b) No. of crashes variation with code for the variable and 
weather. Average ERT is given above bars for each code value

ba

Figure 5: (a) EMS response time (ERT) variation with code for the variable, time of the day. (b) No. of crashes variation with code for the variable 
and time of the day. Average ERT is given above bars for each code value

ba



Vanga, et al.: Effects of different crash data variables on EMS response time

Journal of Family Medicine and Primary Care 1466 Volume 11 : Issue 4 : April 2022

range of  ERT values, during daylight hours. Data indicate that 
ERT is often longer when the roadway is dark (not lighted). This 
is to be expected as finding the crash location in the dark is more 
difficult than in daylight conditions. The average ERT is shortest 
when roadways are dark, but lighted; characterized by improved 
visibility with less vehicles on the roadway.

Summary and Conclusions

This study considers the effects of  different crash data variables 
on ERT for a rural county in Alabama. The distinctive geographic 
realm of  Pickens County is considered for the analysis because 
of  its low population density, and because of  the very limited 
availability of  medical services for trauma care resulting from 
adverse traffic events. As such, this study addresses a collection 
of  parameters as they influence and affect ERT outcomes. On 
the basis of  the geographical variability results, day of  the week, 
time of  the day, weather, crash severity, and lighting conditions 
are local independent variables, and travel time is a global 
independent variable. Associated results are important to the 
practice of  primary care physicians because poor management 
of  time is a major challenge related to preventable deaths in 
RTIs,[15] and because management of  associated time issues is 
of  direct relevance to health care policies associated with trauma 
patient care.

Overall, key points, key messages, and new knowledge from 
the study are summarized as follows. First, the investigation 
outcomes provide evidence that ERT becomes larger as the 
travel time increases. ERT is also larger on weekends than on 
weekdays. This parameter is larger in the evening and night when 
compared with morning. When the weather is clear or cloudy, the 
ERT parameter is shorter. But when the weather is extreme, with 
mist, fog, or rain, the parameter is longer. When roads are dark, 
ERT is long. When daylight is present, the ERT is shorter. If  the 
crash is fatal, the parameter is longer compared with situations 
when crash injuries are non‑severe.

Compliance and Permissions
No patient consents are required in relation to the present 
investigation. All aspects of  this study and this paper are 

compliant with University of  Alabama in Huntsville guidelines 
and requirements. All data are available for public release upon 
written request to the corresponding author.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

References

1. National Highway Traffic Safety Administration. FARS annual 
crash statistics 2017. Available from: https://www.nhtsa.
gov/research‑data/fatalityanalysis‑reporting‑system‑fars.

2. Insurance Institute for Highway Safety Highway Loss Data 
Institute. General statistics 2015. Available from: https://
www.iihs.org/iihs/topics/t/generalstatistics/fatalityfacts/
state‑by‑state‑overview.

3. Estochen BM, Strauss T, Souleyrette RR. An Assessment of 
Emergency Response Vehicle Pre‑Deployment Using GIS 
Identification of High‑Accident Density Locations. Center 
for Transportation Research and Education, Iowa State 
University: Ames, Iowa, USA; 1998.

4. Brown J, Sajankila N, Claridge JA. Prehospital assessment 
of trauma. Surg Clin North Am 2017;97:961‑83.

5. Gopalakrishnan S. A public health perspective of road traffic 
accidents. J Family MedPrim Care 2012;1:144‑50.

6. Bakke HK, Steinvik T, Eidissen SI, Gilbert M, Wisborg T. 
Bystander first aid in trauma–prevalence and quality: 
Aprospective observational study. Acta AnaesthScand 
2015;59:1187‑93.

7. Kumar A, Abudayyeh O, Fredericks T, Kuk M, Valente M, 
Butt K. Trend analyses of emergency medical services for 
motor vehicle crashes‑Michigan case study. J Transp Res 
Board 2017;2635:55‑61.

8. Byrne JP, Mann NC, Dai M, Mason SA, Karanicolas P, Rizoli S, 
et al. Association between emergency medical service 
response time and motor vehicle crash mortality in the 
United States. AMA Surg 2019;154:286‑93.

9. Gonzalez RP, Cummings GR, Phelan HA, Mulekar MS, 
Rodning CB. Does increased emergency medical services 
prehospital time affect patient mortality in rural motor vehicle 
crashes? Astatewide analysis. AmJ Surg 2009;197:30‑4.

Figure 6: (a) EMS response time (ERT) variation with code for the variable, lighting condition. (b) No. of crashes variation with code for the 
variable and lighting condition. Average ERT is given above bars for each code value

ba

https://www.nhtsa.gov
https://www.nhtsa.gov
https://www.iihs.org/iihs/topics
https://www.iihs.org/iihs/topics


Vanga, et al.: Effects of different crash data variables on EMS response time

Journal of Family Medicine and Primary Care 1467 Volume 11 : Issue 4 : April 2022

10. Trowbridge MJ, Gurka MJ, O’Connor RE. Urban sprawl 
and delayed ambulance arrival in the U.S. AmJPrev Med 
2009;37:3749‑97.

11. Griffin R, McGwin G. Emergency medical service providers’ 
experiences with traffic congestion. JEmerg Med 
2013;44:398‑405.

12. Lambert TE, Meyer PB. Ex‑urban sprawl as a factor in traffic 
fatalities and EMS response times in the southeastern 
United States. J Econ Issues 2006;40:941‑53.

13. Pons PT, Haukoos JS, Bludworth W, Cribley T, Pons KA, 
MarkovchickVJ. Paramedic response time: Does it affect 
patient survival? AcadEmerg Med 2005;12:594‑600.

14. National Cooperative Highway Research Program. A 
Synthesis of Highway Practice 451: Emergency Medical 
Services Response to Motor Vehicle Crashes in Rural Areas. 
Washington, D.C., USA, TRB, National Research Council; 
2013. Available from: http://onlinepubs.trb.org/onlinepubs/
nchrp/nchrp_syn_451.pdf. [Last accessed on 2022 Jan 20].

15. Eftekhari A, Tafti AD, Nasiriani K, Hajimaghsoudi M, 
Fallahzadeh H, Khorasani‑Zavareh D. Management 
of preventable deaths due to road traffic injuries in 
prehospital phase; Aqualitative study. ArchAcadEmerg Med 
2019;7:e32.

16. He Z, Qina X, Renger R, Souvannasacd E. Using spatial 
regression methods to evaluate rural emergency medical 
services (EMS). Am JEmerg Med 2019;37:1633‑42.

17. Cruz MC, Ferenchak NN. Emergency response times for 
fatal motor vehicle crashes 1975–2017. Transp Res Board 
2020;1:1‑7.

18. Maio RF, Burney RE, Lazzara S, Takla RB. Correlation 
between motor vehicle mortality rate and density of medical 
resources. PrehospDis Med 1990;5:335‑9.

19. Wubben BM, Denning GM, Jennissen CA. The effect of 
all‑terrain vehicle crash location on emergency medical 
services time intervals. Safety 2019;5:1‑14.

20. Holmen J, Herlitz J, Ricksten S‑E, Stromsoe A, Hagsberg E, 
Axelsson C, et al. Shortening ambulance response time 
increases survival in out‑of‑hospital cardiac arrest. J Am 
Heart Assoc 2020;9:e017048.

21. Jou R‑C, Chao M‑C. Fail to yield? An analysis of ambulance 
crashes in Taiwan. Sustainability 2021;13:1‑12.

22. Hosseinzadeh A, Haghani M, Kluger R. Exploring influencing 
factors on crash‑related emergency response time: 
Amachine learning approach. National Academy of Sciences, 
Transportation Research Board, 101st Annual Meeting, 
Washington, D.C., USA, 2022.

http://onlinepubs.trb.org/onlinepubs

